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PART 'I Ï

FEASABILITY STI.JDY OF THE PR$POSED INTERACTIVT
GRApnlCs cGNsoLE .'v¡DloGRAPHlc"

CHAPTER 3

THE PR,OPOSED ¡NTERACTIVE GRAPHICS CONSOLE
..VIDIOGRAPHIC''

7.1 II{TRODUCTICi\i

-æ
The previous chapter d.escribed the requirements

cf an IGC and rndicated the current techni,ques and methcds

in i:lplerilenting thern. The emphasis ln;as mainly cn the

hardr,iare re quireilent s .

BriefIY these ldere:
(i) a graphics disPlaY subsYStem'

( ii) an infcrmaticri input subsystem (incIu-ding

analphanumerickeybcard)co.pablecfacceptj-ng
user-sirecified graphic i¡rfcrmaticn and iiaving

user rtPcintabilitYil .

( iii) vectcr and alp.hanurneric generatÍng subsystens.

(iv¡ a display refresh stcre tc maintain the'display
informaticn in a iliclcer-free mcde '

(v) ccntrcl a-nd scftt¿are sunpcrt'

of inter.est in ihis prcject are the requirernents

(i)r (ii) a.nd (iv). 'Ihe requirements cf scft-urare support

is excluded because this is a hardr'rare-orientated studyt

r,¡hile vectcr afid charactcr generating subsystems are

exclu-ded- alsoo because these aï'e readil.y ar¡ailable I are re|-

atively i-nexpensive ( sevtral hundrecls of dclLars), anc
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sc d.ivelselJ'irrplemented, that for any given applicaticn
several cpticns g](iSt.

This chapter contai.ns an introducticn to the

propcsed IGC, based on the aboøe requirementsralong

wlth scne of the problems to be encorntered in realÍzLne

this IGC.

Laterchaptersccrrtainamoredetailedacccunt
of the derivaticns of seme of the expressicns and concepts

int roduc ed.

,Ihe proposed IGC is called TtVIDIOGP.APHICil (Ji¿ec

Integrated lisplay and Jnput pptical ruIHics ' Interactive

Conscle)sinceitj-saselfgg¡f,¿jaecsystembasec]'cnTV
equlpment and. TV-mode operatlcn (ttvid'eorr) and is fully
lnteraetive betr¡een the user and the cPU; alsoroptlcal
systems play a major part in tts ,itnplementaticn'

3.2. GEI{Esrs -oF 
t'vIDIoGRåPHrcrl

3.2.1 The. Dlsolav Subsvste¡n

Inchocsingastartingpcintfortlredeslgnof
a workable, yet economicr IGC satlsfying the abcve

requlrement s, the Displ ay Subsy stern is the most logical

choice. After all, presentlng informaticn graphlcally

rnrâsr and stiII is, lLhe rrraiSOn dretrefr of ccmputer Graphlcs'

It was seen in the prevlous chapter that a

displaysubsystembasedcnaCRTwasnotonlythemost
eeonomic solutlcn, but also perhaps the onl-y realistic
scrutlon for soine tÍ¡ne tc come, considerlng such factors

as speed of respcnse , size factors etc '

ThemosteccnomlcofCRTsarethcseoperating
ln a TV-raster-scan modei a commerclat TV receiver strlpBed



134

of lne,"sentials like the audio and the RF-IF and detection
stages eosts in the vicinity of about S1 00(A) .

CRTs operatine in a TV-raster-scan node are the
o*-¡{-{na ^^in1' a¡¡rrn¡l r.rhlnh {tha nz.nnnqad svstetÍ iS desipnpd-

? i I Tha Gn.enhíe Tnnu.t Subsvstem

0f the Input graphlcs d.evlees the cnly one

fnherentty eompatable wlth the TV-raster-scan rnode is a

TV canera, foeussed, cn some area cn uhleh the requlred.

graphlc input |s being drawn. There are several types of
TV eameras based. on dl-fferent photoelectrle effects, but

the si mnl aqt ¡nrl mnst eennômí eel - are tircse cajneras UsinC.

n\Il rì i n n ll trrhas- h.cspd n n nhntnnnndl-:ati ve eff eef o

vldieons also have certain deslrable properties
fron our vieupolnt. 0n tne other hand. they have d'isadvant-

agesl particularly their slov, speed. of response to changes

ln ltlumf-natlon, which need be overecme. Vidieon ealneras

start in cost from abcut BOO(¿); the average cost ls of
the crder of Soo -fi000.

A Llser could feasibly rrwrltetr, or rather rrdrawlr,

wlth a very narrow light-bea¡l prcJecting devlee or P€trr

proJeeted Dntc an area whieh is in turn imaged cntc the

Vldleon tube lrnage target. hlith the scanning beans cf
both the CHI and the Vidleon eamera synehronized to tne

same tlmlng scurce, the CRI would display whatever lras

being d,rawn on tne input area in the same relative poslticn
cn the CRT screen as cn the lnput arear by feeding the

output cf the TV ea'nera into the CRT input.

The next logieal step is to have proiected cnto

the input area scanned by the Vidlecn cameraran image of
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the CIìT scrcen, tc enable pcsitrcning cf input graphics
relative tc displayed graphic data. this prcjected image,

hovrever, catrnct interfere with the irnage disprlayed cn the
CRI; tnat is, it must nct be detected by the Vldieon
calnera, cthen^rise a double image on the CR'l display would
appear (unless exact 1:1 geometrical positicning is
present). After eaeh seatrning eyele, this nduublerr image

vrculd itself rrdoublefr agaln, to finally result irr atr

apparently rneanlngless display.

The Vidiecn musf tiius seleetively aeeept data
as seen cn the lnpirt area, either f,hrough optical
fittering or thrcugh simple lieht intensity Ievel detect-
lngr by making the user-input data cf a much higher
Ileht lritenslty than the projected CRT backgrcund refer-
enc e inf crrnation.

1.2.1- The Disp-Ie[ Refresh StoraEe Svbsvstem.

The problem of provlding a display refresh
nremory capable cf refreshing at .sctne 25-frHz rate still
remains. Typically the number of lccatj-cns on a TV-type
dis¡;Lay apprcaches 4'5,1O) loeaticns. To refresh this at
2JfIz recluires refresh rates at just over 1OI{.hz; cnly
cyelic stores can achieve these rates. Some fornr of fast-
aceess randcm storage is still ¡recoessary to store the
updating infcrtnaticn during the interval when this
infcrmaticn is specified, to the instant when it is iniec-
ted intc the cycllc memcry.

The idea arose cf havins the TV canera lock
bacir at its own output. being dlsplaved on thg CRT screen.
The in,;ut to the TV canera would, at each cyele (a TV

frame time cf 4oms duration), be lts ctó,n output at the
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previcus cycIe. The display i¡culd thus be self-perpet-
uating at IV refresh rates (i.e. 2JHz) satisfying the

requirement of a flicker-free display.

1.2-\ The ootics Subsvstem.

An optics systen is necessary to extract from

this d,irect ttline-of-sightrt arrangement of the cRT

scanned by the TV camerar âo irnage of the cRT d.ispla5'

screenrtc enable d.lrect user-specif ied. graphic s tc be

input and for direct user viewing.
is the Schmidt Optical S.vstem used some years ago in
dcmestic -tV-projecticn reeeiver s (24312\) ?245) "

similarly the electric link between the output

frcm tie TV canera and, the input tc the cRT need be

accessed. tc enable input and or.ltput of graphics informa-

ticn between the IGC and the CPU.

1.2. ( The St,oraqe Prccess.
The aetual storage prccess, althcugh apparently

si4ilar tc a cyclic menory such as a delay line, differs
frcm the latter ln that stor:age, within the nefresh cycle

interval, is due tc physical charge stcrage cn the vidiccn
phctcccnductlve surface; the delays present due tc
prcpagaticn tirne between the CRI and. the Vidiccn and in
the electrcnic link, are negligible with the refresh
interval. Hculever, the address of a particular locaticn
isr as in cyclj-c memcries, directly related tc its time

locaticn frcm the start or the end, cf the refresh cycle

interval. Its numerical- cocrdlnates may be given by the

horizcntal scan line count and lts tlme count within
each hori zontaL scan line.
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A furrctional sehematlc cf ItUIDIOGRApHfCTt

is shown in t'ig.60, with the majcr features Iabetled.

\^2 -6 Bni ef Dcsoni nt l nn nf Su ta¡¡ Onor.qti nns a

The actual signals circulating r¡rithin the CRT-
Vidiean closed loop are of two fcrms:

(1) opttcal signals within the iloptlcaltr loop
segment.

( ii) electrical signals within the rrelectricalrr Ioop
segment.

7^2 ^^1 Ontiea'l Sipne'l s^

In the optical secticn of the system, that is
CRt to Vidlccn, CRT to User and User to Vidlccn, graphles
display data and associated informaticn orÍginates as

Iuminous flux cn the CRT screen and is transmltted there-
frcmi part of this flux is available to the rser for his
observance on a viewing screen and another part is lmaged
onto the Vldiccn phctoccnduetor target for recirculaticn
in the elcsed Vldiccn-CRT locp to maintain the display.

The actual optlcal signal, correspcnding to scrne

partleular dlsplay element formlng a part of scme graphlc
figurer ctrrve, alphanurnerlc etc, manifests itself as

emltted trrightnerr"B( t)' cf scme peak value r lòeated gt so&e

glven CRT sereen cocrdinatesrand decreaslng wlth tlme
depending cn the CRT phosphor persistance characterlstic.

The lurninous flux associated with thls bright-
ness'B(t)] when incident on the user disptay screen at a

screen positicn correspcnding to the CRT-screen cccrdlnates,
is viewed by the user.' Similarlya aricther porticn of thÈs

ernitted luminous flux is lmaged and incident on the

Vidicon phctoeonductcr target and generates a stored
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charge at a locaticn ccrresponding to the CRT screen

eocrdi-nates.

Other cptiqal signals originate frcm the userrs
tight-emitting pen which, by the rrSuperpcsiticn Optics
Syst€fi"r are guided and imaged as luminous flux onto the
Vidiccn tar:iet, again r¡ith resultant stcred charge.

the result is that during each systenrrrframe

timeil ct rtscan tj_me i_nte.r:val tinet'(i.e. the tilne recluired
fcr an image to be displayed, and equal tc l+oms), a charge

patbern is built up rn l.he Viciiccn target, t he tragniturle

aird Icc¡riirtr cf ',,¡hich ccrrespond tc the CRT-screen-cr

user-i-nibiated signals (and also from noise or stray
signals etc),

z ) 
^ 

-) - R] petri ea'l Sisnals
The scanning mechanism cf the Vidiccn converts

this tr,,¡c-dimensicnal eharge storage pattern intc a one-

dirriensicnal time sequenc e, the duraticn of which is one

f ra¡ne tirr,e interval. The Dutput slgnal frcm the Vidicctt
1s tirus a sequence of current (or vcltage) pulsesr whcse

amplitude is prcporticnal tc the stored charge Dn the

phctc-ccnductor (ana hence prcpcrtional to the incident
lurninous ftux), and whcse pcsiticn in time, relafive tc
the beginnlng cf tlie scan interval, is depend.ent cn the

loc¡rti¡n cf the criginating stcred charge on the Vidicort
phctoccnducting target (and henee cn the location cn the

CRT screen).

The Vidicon thus converts optieat slgnals intc
electric signals and inserts them into the frelectricalrl

locp segment.
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Electrlcal signals propagate f'rom the Vidicon

tc the ciìI, frurn the vidlcon to the cPU I-0 lnterface,
and frcrn the CPU via the I/0 interface tc the CRT'

Upon arriving at bhe CRTr these electric pt¡lse signals

are agai¡ ccnverted by the CRT scanning mechanlsm and by

eathcdcluminescencerintc the CRf screen Iuminance, the

magnitude of r¡hich is proportional tc the CRT in¡rut pulse

amplitude; the resultant cRr screen display poslticn

depends Ðn its time arrival relative tc the beginning of

the CRI scan ti¡e'
Ihe display refresh cycle is thus reinitiated agaln.

1.2.6J Sienal Requirements.
Fcr such a system tc have any practical

significance or o5€r the fcllowing must be satisfied¡

(i) The positioning and ccnversi-cn cf the cPtical
signals to bhe time-PuIse seqLlence ( ttre !tvÍdecrr

signal) b;' the Vidicon, and conversely, the

ccnversion frcm videc signal to C RT screen

poslticnt must be in an exact 1:1 sPabial and

ti.rne relationshlp, between the twc deviees and

must be id,entical at every successive scan

interval.' 0therwise durlng successlve scan

intervals the display elements are progress lve -
Iy displaced,; and because 25 such scan intervals
(in a 625-Line system) eceur per seccnd, a

system without the above requirement would'

result in a very transient display, that ist
after several cyeles, the dlsplay wculd be

shifted frcm the display screen and disappear

f rom vlew.
The mcst obvicus requirement is thus a

stea{y disptavl
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(ii¡ Disirla¡' irrfcrrnaticn, rnce inserted optically
by the user L"lght-emitting Pen, cr electrlcally
by tire CPU vla the I/ 0 Interfac e, rnust be self -
r"raintaining 1.e. self-refreshing, It 1s useless

tc have a system where inserted new dl splay

infcrmatic¡r d,lsappears after several frame tlme

intervals.

Thus the resultant vidiccn vld.eo signalsr'nuhen

fed lntc the CRT'must result in ad.eq.mte screen luminance

at eorrespcnding locaticns so as tc :

(f)

( ii)

provide ad.equate user-screen display brightness

fcr user viewing ccmfort.
r^rhen incident cn the Vidiccn target, they must

regeneraLe ad.equate Vidicon output signals to

restart the eYele again.

Varlaticns in CRT luminance cr Vldiccn
output signal mean variaticns in successive

frame time intervals wittr resultant increase

or decrease in signal arnplltude, until elther
the signal vanlshes (tuminance variaticn
decreasing) r or until perhaps the equlpment

breakdown pcint is reached (Iutninance, and

hence signal variaticn, increasing).

SinceVidiccnsandCRTsare'whennorrrally
operated, analog ( i.e. linear signal) devlces, st¡ch

signal variaticns are tc be expected (noise, fcr examplet

charrges the absoluts signal amplitud'e) '

Ccnstant signal levels for the op tlcal and

electrical signals are required this is ensured if an

electric signal Level Detector is used' to detect and
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ccntrcl signal amPlitude.

1.2.7 Signal LeveI ,ìeouirenents.
1.2.7.1 Introducticn

Variatlons in signal cutput Ievel (whether

uithln the CRT luminance or Vidiecn cutput pulse ampli-'.-

tuae) are most apparent at the injecticn of new dispaly
informaticn, as bcth cievlces show, tc some degree, build-
up and decay effects in phcsphcr luminance and photc-

ccnd.uctivity with input signal variaticns. 0f critieal
i-arportance is whether tLre resultant crrtput signalsrafter
new display informaticn injecticn, are adeqtrate to be

r¡ signal Levelrr detected.

This requÌ_rernent, and the requirement ensuring

that dispaty lccaticnsrafter each recycting ii-r the CRT-

Vld.iccn lccprare always displayed in identical pcsiticnst
is best per.f crmed on the electrical signal. This

electrical vid.eosignal between Vidiccn and CRTt it was

seen, ccnsists of a time seqLrence of pulses, the pcsiticn

of whichrrrrl-thin this time sequence, is indlcative of

1ts display positicn cocrd.inates, and the a.mplitude of

each pulse ind.ieative of the cRT screen luminance.

Ccnstantdisplafpositicnatsuccesslveeycles
means ccnstant time-seqLrence pcsiticn. Deviaticns frcm

1:1 Vldiccn and CRT spatial relaticnship are manÍfested'

by pulse positicn devlaticns frcm scme nominal values.

Appropriate pulse repositicnine (say by variable detays)

is tiius equivalent to display spatial repcsiticningt
lead.ing tc a resultant 1:1 spatial relaticnshlp; a stable,

static disptay thus resu.lts. The method of doing this is
described in chaPter B.



1)2

Constant displa¡l luminance, and ensuring that
ner¡r injecied displa! infcrmatÍcn remains displayed,
implies the maintenance of a ccnstant elecl'ric slgnal
level.

7 t n ) î.\øc:eaq nf E]anl-r'inql Sionq'l q

Two types of electric signals are reccgnized,
ttlrlrrand ttir2t', thus requirlng two Slgnal Level Detectors,
having deteetlng IeveIt "iL1rr and ttiL2t' respectively, t^rlth

it,z > aaaaaaaaaaaa

a olaaea

aaaaaaaaaaaa

3.1

The flrst class of slgnals, "1=1 
t', has the

requirement of

ir,r < 3.2

The Vldiccn output signals are fed. directly
tc both Level Detectors in parallel. t'111t' enables the
t'illrrdetectærr0Nrr; lts cutput ls the input tc the CRT.

So long as expressicn 3,1 is satisfied, the system does

not d.ifferentiate between the origin of this sj-gnali lt
may originate from the CRI screen or frcm the user llght-
pen. These slgnals thus specify user lnput graphics

data or exlsting disPlaY data.

The seccnd class of signals ls deflned by

is2 > .3.3.

and criginate fron the user and speclfy user interactlcn
wlth existing dlsplay infcrmaticn.

Basically when interacting or pointing to
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existing dlsplay infcrmaticn, the user does one of two

tlilngs. FIe may :

(1)
( 1i)

wlsh to erase an existing display element.
lndicate an existing display element cn whleh

some operatlcn need. be performed. This requires
a transfer tc the CPU or else (for graphlcs
operaticns such as I'ScAtrEtrr TTROTATEIr ete) to
the Dlsplay Processor.

Thus rr I slgnals indicate display locaticn erasure orlr
s2

transfer cf disPIaY locati'cn cocrdinates to the CPU

fl 0 Interfaee or the Display Processor I I o Interface.

For erasure, the ,,1lu2t' detector may inhibit the
ttiLltr d.etector and thus cause a rrno-slgnalr! ccndition to
appear (and hence erasure).

Fcr f lO Interface detecticn, the ttiLztt Detector

opens a gate uhich make the t'iL1tt output sÍgnals available
tc the I/O Interface at the appropriate ti¡re intervals.

These signal requirements are discussed in
greater detall in seeticns ) .3.5 -s ) .3.6.

1.2.8 Svstem Features.
The above systetn offers additlcnal iuteresting

pcssibilities. In additicn tc displayr EraPhie input and

storage capablllti-es, the system requires mlnj-maI CPU

inberventicn. Display refresh is eertainly self-maintain-

lng withcut CPU interventlon. More significantly no CPU

lnterrupts cceur r^rhen user-Speclfied graphics are lnput.
Display refresh stcrage capacity inherently matches the

eapability ( both ln speed cf updating and in capaclty) to

the graphics Input and Display subsystems'
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The speed of upd.ating or erasing is such that
a whole dlsplay can be read-in cr erased wlthin a frame

tlme (trOms); hcwever the average access time to each

dlsplay Iocatlon, i^rhether tc write-ln or erase, is half
the f rame time.'

1 2,q ¡Jasic iìpnui nement s fnr F'essabilltv

As elaborated. in more detail below the successfLrl

implementaticn cf the system depend's on three main factors:

(i)

( ii)

( ili)

the generaticn of adequate llght energy by the

CRI and ad.equate light energy incident on the

Vidiccn target stfrface.
adequate speed cf respcnse by the Vldicon to
the ineid.ent lieht energy, within the relatively
shcrt f rams t,i-me interval cf hOms.

É-:ecmetrical linearit;i cf eaeh sub-sy stem durittg

display arei.ì. scanning to be suctt that eaeh

display locaticn is located at each successive

frame in exaclly the same pcsiticn as in the

previcus frame.

the remaitrder cf this chapt er is a brief
summary cf the propcsed sysLem, bhe problem areasr and

an outline cf the maior requj-rements indicablng bhe

feasabllity of the propcsed IGC. The expressicns used'

within this feasability study are derived ln later chapters

cr Appendice s, antl cnly a t'capsuled.rr f easability st.uqy is
given tc prcvid.e an cverfieu and feellng for the maicr

requirements cf the system develcped in the later ctrapbers'

3.3.
3.3.1

SRIEX' DgSiIIPTION OF SU'3-WST-E]"IS

Cathode Rav Tube

The main funeticn of the cRT ls to convert pulse-
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ti¡ne inf crn'laticn at it s input bc positicn inf crmaticn cn

its display sereen. Each lccaticn cn the screen is
sequentially accessed j-n a predetermined crder (the
Itrastelfrscan) by Ceflecting the scanning electron beam

with a time-varyÍng magnetic (or eleetrcstatic) fiel-dì
l'his bearn is blanked cut where nc infcrmaticn is requlred
to be displayed; otherr¡rise at loeaticns where infcrmatj-on
is to be displayed, the beam is unblanked. At these
Ioeaticns tire electrcn beam strikes the phcsphor screen
whereup)n lts klnetic erìergy ls ccnverted tc radiant
energy (frcattrcdcluminescencerr ( secticn 2.3:7.2.) ) .
Depending cn the beam energy (beam current and aeceler-
ating screen potential), and 3n bhe phcsphor typeo radiant
elrergy cf a given intensity, spectral dist"ributicn, and
ti¡:e dlstributicn is emitted ancl that lccaticn lreccmes

vlslble f rcil the cut sicle of the CRI screen. Fig.61
lllustrates a schematic of a CRT.

In the propcsed IGC, part of this vlsible
radiant enertly is pro j ected onto a screen tc be visible
by Lhe usìg¡, wltile the r:ernalnder 1.ç available for
projecticn cnt,c the Vidiccn canlera target surface.

0f interest here are bhe follcwlng 3

(i) the amcun'L_-o[' vj-sj-bIe radiant enerev senerated

-þl¿-_!-&_ cRl[.
This is tc b,: adequate f cr both the user I s
viewing ecmfcrt and to ensu-re fast Vidiccn
respcnse. FDr ccmmercially available CRTs,

the ernitted luminance may vary by several
orders of magnitude.

( ii) Ihre time variabirn of this rarliant enerpv

The output cf the radiant energy within each
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( lii)

frame time interval cf 40nls is nct constant;
in TV-CRjls it usually faLls tc approximately
O.1 - 0.2/, of its peak value after 40ms. The

actual tirne variatlcn depends on bhe phosphor

used.-
The eecmetrlcal :l ittearities cf the CRf and.

capabllities cf thls for ccrrectlon.
In ccmmercial CRTs, lineari-ty varies from O.5'
1OY" (for definiticn of Iinearity see secticn

^-\z .1./ . / ) .

In this studyrfigures are qucted fcr several

cRTs. The cä which was avallable was a 1l+rr (8tt x 10.5tt

sereen size) FYE TV-monitor, of about 1955 vintager cn

Ioan frcm ldREr Satisbury (Department of Supply) '

¡.1.2 Vidiccn TV Camera

The main functicn of the Vidiccn TV-eamera is
to intercept ad.e.quate radiant energy emitted by the CRT

to generate an cutput signal of suffieient strength tc
restart the display eyele again by feed.ing this signal

baek tc the CRT. '

As shown Ln Fig.62, the image of the display

cn the CRT screen is fceussed. ontc a phctoeonductive

layer cf size O.375tt x O.5ttr whose conductivity inereases

as the inbensit¡' cf the llluminaticn increases' A

voltage, prcvided byrVsl "f 
scme tens cf vclts exj-sts

across the photocDnductcr; the signal plate prcviding this
l't/.rn i= transpare.nt at the high vcltage side, lrrhile the

phctoccnd.uctcr surface facing the inslde of the tube is
ncminally at cathcde voltage (0v), kept thus by the

scanning eleetrcn beam. Variaticn ofüVsÍ .Iters the
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rr sensltivltytt of the vicliccn tc the incldent irlu¡ninaticn
the great."lVr"i=, the larger is the output slgnal for
atry given illumlnation.

The photoconductor is alnrost an insulatcr with
no incident illu¡ninaticn; any current flow due tclVst
(the rrdark currentrr) i.s negligibte (abcut O.O1u.A say).
When the photoconductcr is illuminated, the ccnductivlty
inereases greatlyl and under the electrl-c fleld due to

tVrl charge leakage cccurs due tc these resultanü photo-
currents. A potential[Avr( results Dn the cathode sid.e of
the photoconductor d.ue tc the charge leakagerq'jgiven by

A Vf = Q/"^ where tt"rt' is the capacltance cf the photo-
conductor element at that locaticn" Typicat tv f, AVrî It
several vclts at the end cf a frarne time interval. Thus

a charg."q'o" tOurn distribution occurs cn the photoccnd.uct-

cr target which is representative of the incideot lllumin-
at icn.

A scanning electron beam, analogcus in many

respects tc the electrcn bear¡r in a CRTr accesses each

locaticn cn the photcconductor in a sequent.ial predeter-
mined order - again by deflecting this beam by a time
varying magneti-c fietd. The beam restores or neutralizes
this accurnulated charg. oQÍ the resultant charging current
appears at the signal plate and across the si-gnal resistcr
generating the resultant video cutput signal. Ïts
amplitude is prcpcrticnal to the charget/q r'"nd hence

proporticnal tc the incident illuminaticn.

the rer¡ui-rment here is tc have as large a charge
image as pcsslble for a given illullnaticn, and to have

the electrcn b':am ccmpletely discharge the charge in the
short instant the bearn is present at that locati-cn, i.e.
during the ¡beam dwelI timeil, This reduces rrimage lagtr .
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0f interest here are the follcr¡j-ng:
(f) 'Ihe qecmetrical linea4itv of the Vl4Lcont

when ccnvertirrg the positi-cn coordinates of the

stcred charge Iocaticns cn the photoconductive

surface tc the pulse time cocrdinates. Nominally

in Vid.lcons linearities are of the order cf 1-5%.

(il) The rrlasrr or frane-to-frame Storaqe characterÇ

istics (not to be confused with the necessary

requirement of' charge storage @
time interval ). Ihis has the result that a

eharge image representative of the incident

image, is ncü s¡¿s€d completely by the electron

beam at the one scan, bul, perslst s (r¡ith reduced

amplitude) fcr several scan pericds until
ccmpletely erased. This poses problems wlth the

desired requlrement cf'complete erasure of

infcrmaticn wlthin a single scani unless ccmplete

( cr near complete) erastlr€ occurs, d'ifficulty
willbeexperienced'inerasingdlsplayinfcrmaticn.

( irl)
changes in ilLurnlnation.
Vidiccns are rrnotoriouslyrrslow in response tc

changes in illuminaticn. In our case the

requirementisthatwithincnefraletj-rnelnter-
val, adequate charge be built up due to the

CHI phosphor-type lllumlnatlon' Similarlyt
r¡hen d.isplay informaticn is tc be erased, the

photc-ccnductive lag must not be àuch as tc
generate a spuri-cus slgnal at the next scan'

Littled'ataexistsasfarastransientprop-
erties cf Vidiccns gc. The expressicns derived' for

VldiccntransientbehaviourinAppendixl0andused'with-
inthlsfeasibitltystud.yuerecheckedagalnstwhatever
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data was avallable. Tltus results are glven for several
dlfferent available Vidiccns.

Ihe available Vidiccn is a SOl\Iy lvj-1016 withln
a purchased. SONY CV-1OO Vidicon carnera; very lÍttle
infornaticn is available about this tube eveê after
dlrect inquiry frcm the manufactür€rso

1,1'^ 4 Snhmidt Ontíe¡'l Svsf.pm a

The main functtcn of the Sch¡nidt Optieal System

is tc project the CRT display infcrmatÍcn onto a viewlng
screen tc be observed by the user and simultanecusly to
enable the user tc input neu¡ infcrmaticn. Thls latter
capability is effected by tire phcsphor ccatirig cn the CRT

screen being a natural diffusing-reflectlng stirfaee (a
frlambertrrrefleeting surface) of similar prcperties as a

rf rcnt-p rojecticnrr whlte ser€et1. The phosphor screetr thus

p erfo¡ms the functicn of an optical add.er, adding emitted
CRf-Iuminance and, any reflected Iuminance orig inating
f rcm. say, a lieht emitting pen held by the user and

projected onto bhe CRt screen.

The Schmidt Optlcs has been chosen for several

reasons:
(i) 0f the varicus alternatives of other optlcs

ccnfiguraticns, this system is the most

efficient so far as lisht ubilLzation goes.

Ihe cost of such a system is very favcurable
ccmpared r¿ith lts alternatives, due tc its
availability (at least frcm surplirs stock) as

a sub-ccmpcnent cf domest'ic TV prcjecticn
receivers of some twenty years ago.

( 1r)
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The actuar optics system required is bhat f.rcm
an RCA Projecticn IV system (Z)3r2\\,2)5) . Ffg;6¡ shows
the principal llght rays of the Optles system.'

¡^<-l+ Tho T,isht Þan enrì P¡niantlnn S,^r.aon

The main functlon of the Light Pen is tc enable
the user to input ner¡, display informatÍcn and tc be able
to polnt tc graphics features cn the dlspaly.

Since the rser sees the CRT dlspf,¿y projected
cn a screen, he iicints the Llght-enitting Pen at lceaticns
on the screen whenever ner,'r infcrmaticn is to be input.
The sereen materlal is Iight di,ffusing and has rrdlrectivefl
properties, that isr when light j.s projeeted onto it, lt
tends to ccneentrate the transmitted light in a preferred
directicn, usually in a ccne of about 20n - JOo about the
normal tc the screen. Slnce the screen is at the real
tmage plane of the Schmidt Optics Systern, the conjugate
focal plane being the CRT sc re en, a high intensity spot
projected. by the user appears cn the other side of the
screen as a hlgh intensity spot (as it is a dÍffusine
sereen) and i5 re.verse i¡aged onto the CRT screen, Ihe
reflecting-diffusing phosphor screen of the CRT reflects
this spct cnto the Vidlccn photoconductive target.

Si¡ilarly as for the CRI, the tieht pen must
emit adequate visible radiant energll ,lhich, when imaged

cnto the [idiccn, generate s wlthin a frane t j-¡ne interval
ad.equate cutput signal. This "Iight pen"rnust nct be

ccnf usecl vrith the usualnti-gtit cletectingI pen used. current-
Iy with CRTs and described in Appendix 5.

3.1+. OLITLIT'iE O¡. FEASABILITY STUDY

The salier:t poirits cn i,uhich the f easability cf
the system is baseu ctì, are in turn:
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3.) .1 A

3.\ .2

deouate ti sht
the CRI and the Vldic
interval to e

suitable outP
(1)

(ri)

(iü)

energy transfer between

each frame ti¡eon during
nable the Vidlcon to generate a

ut slgnal. Thls ile-pends in turn on!

The brightness, and rlse and faII time

characterlstic cf the CHI phosphor under

excitaticn, and the spectrum of lts
rad.iant energy cutPut.
The lens and imaging sYstern of the

Vidiccn camerargoverning the quantity

of radiant energy reaching the photo-

conductive Vlaicon target.
The rise and fall time of phctocurrents

in the phctoccnciuctor under changes of

illumination.

Cornplete or ne9r-e ompIete erasure of stcred

char d s cn the photoconductor after a single

scan of the Vldiccn electron beam, t c ensLtre

that no s urlcus si nals are resent at

subsecluent scans. Thls requlrcs a stu(y cf the

scannlng nnechanism cf the Vldicon'

The measurement cause s and correction of disPlaY
5.\ .t

dlstcrtlcn of the CRT and Vldlcon
informatlon i.s generat ed.

to ensure that
at the identicaldls ray

Iocaticns at each sue cessive frame. Othe rwlse
untlldlsplaf drtft occurs frcm frame to frame

thedlsplaydriftsoutthedlsplayScreenarea.

An efflcfent ( from the viewPoint of light
utillzatlcn effic iencY) tics sYstem, such asop

5,\ .\ .

the Schrnldt OPtlcal stem which enables t he
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3.).5

sup erpositicn of irna¿es, partlcularly user
sp ee if ied g raphic s inf cr¡nat i cn,

In ccnclusic¡i, Iayout, slze, special features
etc cf the proposed IGC are mentioned.



CHAPTER 4

LTGHT ENERGY REQUIREMENTS IN ..VID¡OGRAPHIC''

\.1 . I'i (1 CRI P

\.1 .1 . Iq.t-rodu-ctio_!r
The prirnary f uncti cn cf the CRT is to generate

radiant ene1.gy at prei,eterrnined Iccaticns cn the CRT

Screen, a fracticn of vrhlch is incident cn the Vidiccn
phctc-ccnductive target; this fraccion ma-y be quite small

even '¡¡ith a relatively eff icient cpbical system.

Of this light generated cn the CRT scÏ'eerr, the

f ollcrrring are the ma j-n scurc,€ S cf losses aS far as light
reaching the Vidicon is ccncerrted :

(i)

( ii)

( iii)

( iv)

reflecticn and- absor.oticn frcrn the Elass face-
plate in frcnt of the CRT phcsphcr screen.

Iight emissicn in the directi cn cf the user

viewing screen.
light emissicn 1n direclicns cther than viet¡¡-

ing screen and Vldiccn optical system directicns'
lcsses in tlie vioiccn camera cptical system such

cLù

(a) reflections at Lenses

.( b) reflecticn at Vidiccn faceplate.

Typically abcut 5Y" of the lieht flux emitted
frcm the CRT is incident cn the phctcccrrcluct,cr. 0f this
Iight fl-ux actually incident cn the phctcconductive target
only a very small- fracticn is ccnverted intc carriers
resulting in the phctccurreni; this fracticn may be
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typically 1-2%. Thus less than O.1% of the light flux
emitted frcm the CHI' directly ecntributes to the Vldlcon
output slgnal.

A crude way tc see thls poor utlllzation cf
CRT Lu'r'ilnance is tc ccmpare the beam current power in
the CffI with the output beam current polrer of the Vld1ccn.
For the CIil bean, currents of 1-2m4, aceelerated by a
voltage cf some 1S{Vrare requlredrwith about 2-5% efficlency
ln generating light flux. In the Vidicon, a beam of some

1lú, accelerated by a voltage of some .5OOV, to fully
dlscharge the stcred eharge, is typlcal.

The

thus

2.10-

o.02ß

3 5x l'5.10 x 0.05

whleh ccmpares favourably with the prevlcus value of
ttle ss than O'17,1

\ ^t -l Phnsnhnr L u¡n inanc e In CRI s

Analytic expressions relatlng the brightness
of the CRT screen light output or luminanee with such

factors as beam current, type of phosþhorr aceeleratlng
potential etc, are well known (see Appendlx A.þ.a ).
For partleular Cils, however, manufacturers supply curves
whlch directly give the above necessary relationships or
frcm whlch the requlred information can qulte easily be

deduced. These are of the form shown ln Fig.6\.

Typically brlghtness ranges frcm about JOft-t
(foot-lamberts) to more than tOhft-f., ln projection CRIs.

beam po!ùer ratio R-p

=l0Ox

ln the tr^ro d.evlces ls
1o-6

Rp
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In Îablc 1 are listed, amongst other pararneters, the
brightneás for several CRTs. The CRTs tisted, are nct
representative but r¡ere sel-ected fcr their high Iwnlnance,
as this is one cf bhe major requiretnents in this study.

The CRT luminance is ln fact the average
Luminance percej-ved by an observer over a uhcle frarne
time interval. The light flux emitted, and hence the
brightness, are nct ccnstant but vary greatly, frcm the
maximun occuring just after the instant cf excltation , to
a fracticn cf a percent cf its peak brightness after cne

frame tÍrne interval. This Iu¡ninance dec4y varies frcm
phcsphcr tc phosphor, and to a smaller degree depends cn

the incident beam current (see fcr example d.ecay curves
1n (2\8) ).

The decay char'aeterlstic ( sometirnes caIIed the
rrperslstanee[ characteristic) of t'l¡I" phosphcr, the phcsphcr

with the required characteristic frcm our viewpcint, is
shcwn in Fig.6\(a). It is assumed that there is nc

great change in the forrr of the perslstance at varicus
bea.ar currents; this is a valld assumption when the curves
shor¡n in (2\B) are atralysed.

tl ll
If"B(t)" is the Iumlnance varlaticn with time,
the average Iuminance variation is simplytthen BAV,

,, 1 t'lF
oAv --TF 

Jou,r, 
dt. . . . ...

ls the fra¡ne time interval (\Oms).

a .\ .1a

ts(t) is of the form (see Appendlx A.9.3) 2

1'F

dt

where T F

B(t) = Bpe
a a a a ).2
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,vJhe-renK "ancl"* """e ccnstants. Thus

1B.,-
AV

d
a a . ).3

B Tpeak F

This integral on the RHS s,y¿luates tc 0.016
for rrhlil phcsphor ( see Appendix 4.9.3) , Siving

Bpgak ã' 6S Bw ' ' ' '. ' ' ' ' ' ' ' '\'4

Hence the Iuminance-bime variabicn curve ean
be callbrated in ft-L for varicus levels of average
luminance, BAV. Leverenz in (ù6) states thaL,tBo."ktt
for projecticn CRls can scmetlmes reaeh lOift-t!

The maximi;m peak brightness or lumj-nanee is
alsc given in Table 1. It has been assumed fcr these
calculaticns that the decay characteristic cf trP-l+rr

phcsphcr (US usage) is identical bc r|i/Jrr phosphcr (Uit

usage). In facb bhe deeay oflP4'is specified tc be such

that rrbri-thtness dces rrct exceed 7f. cf peak brightness
31ns afier excitaticn is remcved.rr (Z\9¡, the majcr
crltericn being its spectral ccntent making it suitable
for mcncchrome TV. "P-4becay curves are thus rarely glven.
Ihis shculci be ecrnpared with O,16% cf peak brightness,
\Oms after excltatlcn has been remcved, for rrWt¡ phsophcr.

It rr',ust i:e ncted that althcugh the figu-res giverr
in TabIe 1 give the maxirnur available brightness cutput
Ir:..rrr bhe CììT ccnsidered, the actual cutput depends cn
the bearn current used (tne other parameters being usually
fixed) , irrhich depends cn the available videc sigrral at
the lnput cf the tube and the biasing pcint of this



5:rr f ng ,p .1 57

BIu¿ cunfntmt

uo2tot= !3¡y

t6¡6¿= zòo-¡¡

B Yeltow

I

I

-l_

\

\

\

ù9oo g

å
I

E
:s'

"\o

Bnv
ñ

ñ
o

0.0t 0.1 I

TIME IN MS.

l0 T¡ 100

(a ) PERsrsrANcE cuRvE
À , i.l0'4AVE NGTH A

(¡) *en¡.1ffi.

ô
I

olr'
rÐ¡
5s
FfoÈo.
F
l
o
Lo
$o
f

o(''

o
0 t00 200 300 400

FINAL ANODE CURRENT rc¡o¡ (rA)

500

(c) trnfããñe€ vB. B€en Cur r€nt fer avallable CRT rfAï-t6-^8"

1

iffifs
+++

..¿

J-
t.

t
J

+l-
,f

ilr
r.f -f

\iI

I

¡
t-.

j
:

I
-1

1

i
I

ffií#

,¡ .¡' ;

vq.oa- l'tv

Qort? cæ ¿e¡ r 2t7ññtAW¡é-{8

T*--? -

I
I
I

I

Vs, - lOOv
Yo¡ odjurtrd to lÈr o0rt¡.ilñì tocur - i

F:.f i jf 'tal'.liii- :f !t ,¿r! ìh,cs1';¡çr' ì':;r: 
':î 

.r:¡:¡iJ 5ì''l '' i:':':



15'7

ccntrcl grid relat-,ive tc the cathcde ernitting the beam

(see Append.ix a.9.2). The maxirnum brightnessrhowever,

indlcates the potenbially avallable light cutput from a

glven CRl'.

l+^l - 4 Rui'l rìun Cher tani t ì e s ^f ltWlr Phn snhors

The fact that some rsnanent, light cutput remains

for longer than the frame time intervalr aakes it clear
thât the tieht output, and hence brightness at any instantt
is nct cnly due tc the energy delivered by the beam

c urrent at the beginning cf that partic ul.ar f rame t j.me

inter.val but alsc due tc the remanent tight cutput frcrn

previcus excitaticn.

data has

ness ls

Thus at, sâ.[ r the n'th excitation after nehr

been displayed at scme point, the average bright-

n-1

il B¿v*fum

I u*,-

a 4.5a a

AVn
L=1

r¡he re t,BAVn,, is the a\¡erage brightness after the n-th
exc ltati-cnt
,,BA,/,t1s the average brightnessì due to the

incident beam energYt
,tBRit,is the ccntributicn due tc the remanenf

Uriãntness cf the i-bh-pricr excitation.

Fcr neh, infor,maticn displayed cn the clìT screen

durlng the first frame interval, there is no remanent

brlghtness; thus

i=0
o
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r hus; Lile cìiff ererlce' 1n ouLpulr brigrtne ss l¡etween

t[e stcarly case :ri¡;]ttness after n-frame time inbcrvals anC

the initial frame time interval brightness, AB, ls

rl

AVn'

n-1

¡ -.1J-- |

this should be as srnall as possible cctnpared
lt

Ae

It can be

n+æ

I u*,. 4.6

. )r7

a

oaaaa

a

+æ

F

i¿lth ..l

I u*,.

shor¡,rn (Appendix 4.9.\ ) tfrat

fi
1 B(t) dt.

T
1=1 F

whlch when evaluated for rrW[ phsophor |s much Iess than

10Í of tsAvo. Hence a variatlcn in output brightness
durlng the d.isplay of infcrrnaticn occursr bhis being the

relatively srnalL Ibuildup eff ectrr, with

Bnv(worst case) ) o'V B¿v(steady stat.).-4.8

Thls It¡¡iinance vari-aticn is relatively negligible-

The abcve dlscussicn assumes that efficlency in
ecnverting the ineident beam energy into light flux does

nct vary appreciably betr¡een the previcusly unexcited
phosphor and the stead.y-state previously excited phcsphor.

The majcr factor causing any such varlaticn in efficiency
w culd, Lre ciranges in tenperature cf the phosphcrr âs part

of the i-ncident beam energy 1s ccnverted tc thermal enefgy.

As the excitaticn progressesr the steady state temperature

slowly rises. Any variaticn in lumlnance due tc this is
neslisible (z\6¡.
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t+-l^l+ Sneetrr-,ln ^f ¡r!'il| PHOSPIìOR

l,-cr calculati,cns cf expected cutput signals frcm
the Vidiccn tube illumin¿rted bl,'radiant energy emitt'ed
-frcm a CRt phosphor tc be valid, allowance must be made

fcr the fact that the spectral distributicn cf this
illuminaticn differs greatly frci¡ the spectral distribu-
tion cf the illuminati¡n frcm which performance curves of
the Vldiccn supplied by the manufacturers are derived.

The sensitivity of the Vidiccn, governing its
cutput signal rnagnj-tude, varles greatly t^tith tii.e wave-

Iength cf the incident illuminant, to a greater or lesser
degree approximating blie spectral sensitivity cf bhe

human eye; a typical sensitivity curve is shown in Fig.66(dI

In Apperd¡r 4.8.2.2 il is shown that the tctal
cutput signal curl'ent for a Vidicon is given by

/^

rvhe re I'SÀ"i. the photoconductcr sensitivity response
( see Fig.66(o)).

i D 

^"ir 
the illun'rinantts spectral energy distribu-

ticn ( see Fis.6\( b) ) .
ana{ }..1' urldt À2â, the Iiirrit s cf the integr;aticn
usually correspondl.ng to fBO0¿ and 7600A

re spectivelJl, the wave Iength linrit s cf visible
radiaticn.

In Appenciix A .8.2 are ealculated the relative
cutput cur,rentsrwhen Vldlcons having the twc major classes
cf Phctcccnductcrs (see A.10-3.V)are illurninated by 1ft-L
of rr''/irr phcs¡rhcr brightness and 1ft-L of the standard

¿

1

51 .DI.dtr amps
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illt¡r:in¿lnt used irr d.eriving tlle Vidicctl characterlstic s

as sui;plied by the :rranufacturers.

It is shoi^rn that for arì,Photcccnductor class lrt
Vldlcon, 1ft-C (fcct-candle - see Appendix 8.1.5 ) of ttWtt

phcsphcr produces abcut LOl, næe output signal bhan 1ft-C
cf Sbandard Illuminant fcr whicrl the curves are given;

while for a rrPhctcccnd.uctor class flrr vidlccn, 1 ft-c
of rrlrr¡ft phcsphor prcduces about 1Jl" Less current than 1ft-C

cf the Standard IIIurninant.

As a flrst approximaticn then, the manufacturersr

curves can be used tc es.timate current cutputs when the

illu¡ninant is due to rrhJrr phcsphcr.

\.1.q Sumrnar.v

(1) Table 1 lists the peak and. avarage maxinrunt

brightness or lu¡nj.nance available for several

representative high-brightness output cRls wlth
ttÏür type phcsphor.

(2) The varlation of this cutpub brjs htness at
any ti.rne within the frame time interval is
glven by the decay curve ln Flg. 6\(a) apprDp;

riatelyscaledbythemaximumoutputbrightness.

( l) Relatively inslgnificant bulldup of brightness
occurs, t he variaticn between the louest peak

brightness and the steady-state peak brightness

being much Iess than 1O1,. For calculating the

worst case CRI cutput brightness, a scaling

factcr cf 0.9 is used.

(\) The speetral characteristics of rrl¡'Irr phcsphor

lllumlnaticn are such that for phctocond'uctors
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\ .2.

ofnclass Ii the expected signal cutput is given
by that read cff the cutput current-j-ncident
illuminaticn (Fie .66(a) ( u)) rnultiplied by j .5.
Fcr photoccnduetors of I'cLass IIf this multiplying
factcr is O.86 ( see Fie.66( b) (a) ) .

fT.T.TIì,'íT¡JÂ'ITÔN TÌ{(:TI¡T]N'T OI\T \ITDTIION PTJÔ'I-'ÔIiCìNDTTCTTVFI

TARGET.

The scanned area cn the photoccnductir¡e target
of 1ff Vidicons (t¡re usual síze) is 9,6 x 12'8mnr (4:l
aspect ratic) cr O "þ75' x O.5" . The dlsplay area cn the
CRT screen is (H * lH)m., say. A 1:1 poslticnlng relaticn-
shlp between the CRI and Vidiccn display and imaging areas
is required - ( see secticn 7.1 .2) "

the mcst ccmmon lenses avai-lable with Vldlcon
cameras have focal lengthr lftt, of ZJmm.

If ìrlagnificaticn, rrMrrr ls defined as the ratic
cf the linear di¡ensicns cf the Vidicon imageuHito that
cf the CiìT screen obieet i.€.

g'6 (H irr mrns)
H

and ¡rflt, the rrF-numberrr is defined as the inverse ratio cf
aperture, or usef uI diameter of the lensr trdrrr tc the f ccal
Lengthr nftt l.e.

then it can be shcwn (Appendix A.8.t.r) that the illu¡rin-
ance rrErr incident cn the inage plane, (coplanar with the
photoccnductor when the Vidieon lens is fccussed) is g.i-ven

by:

¡I

ô
F=r

;
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L+

E(t) = T. B(t). Ccs g ...(ft-candles ì..\.9
4r2. ( 1+¡1) 

2

vlhere
¡,8(t)tr is the brightness lltuminating the vidiccn
target in ft-L.
rrTrr is the transmissicn of the Iens system

(which allor¡s fcr internal reflecticn,
Iosses etc)rand typlcally is equal to O'75.

trÌ'{lr and rrFrr are as above.
ilgl' is the angle between the centre of the optics

system and the point on the phctoccnductor

where rrE(t)rr 1s being measured.

i.€. I = arcfan + 2

f 1+ I'l )

and x and y are the cocrdinates of the point

1n questicn.

The illuminaticn decreases 
"51 

Hrrincreases ( tfris
can be shcwn by d.lff erentiaticn ( i.e. fcr the smaller CFfIs)

and at pcints nearer the ccrners of the vidlcon image areas'.

rrlvln for the cRTs listed in Table 1r varies frcm

o,1\ to o.o3. using an average value cf M = 0.1 and 1=25rnm¡

cor\g'i. prctted. in Fig .65(e). wit¡rrn the area indlcated
by rrcircle Bt', 

"o=+9 
is greater than O'9'

I

ldou the smallestuF-number" io " 
typical lens ls

usr¡atly î=1 ,9 (F varies in approximate sbeP ratic s o1 rt',
up lo î=22r by varying a d.iaphragm). This value of trFrr is
also aeceptable frcm its ability to focus curved object

planes (such as a CHI screen cn a flat image field (see

Appendix 4.8.J.\).

Thus the maxirnum llluminance on the Vidicon
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target avaiJ.able f'rcm the typ.ical CRTs in Table 1r ls
glven by

\
E( r) O,75 . Cos co - B( r) . . ( ft-candle s). .\ .1 o

. \.10a

4.(r"Ð?(1.j)2
\o. o\J.Cos ç,ts( t) aa

and uithin the circl.tBniodicateci in Flg .65(b) t

o.oJg B( t)
( t¡hen IJ( t ) is in ft-Ls).

(ft-canCIes)
. . .\.11

Lzt a,'a SI(;ifAT, BUILDUP Iil UIDIC0Ì,1 AilD RESPONSE T0 r¡'v\jrr PHO'qPriOfr,

ILLLÌ'iINAT I0l\I-
\.J.'l Intro¡Lqc"b.þn

Ihe mechanisnt cf charge storage cn thre Vidlccn

r-,hctoconductive target due tc incident illuminatictr ''¡as

briefly rneulicned i¡r secticn J .2.2. The higher ihe
irreident illwninatirn, Ihe greater is ti,e charge built up

r.,ritich, wtren neutralized by the electrcn scanning beam at

eaeh fra:ne tirne interval, prcduces at the signal plafe cf
the Vidicon (and hence at the carnera output) a ccrrespond-

ingly higher cutput videc signal.

This charge, ¿ind henc e. the signal, is bhat due

tc t he illurLir:aticn r¡¡itirin the frame tinre interval cf
l+Ons; sirrce the illumination is ccnstantly changing witl'iin
this interval, having thc fcrm cf the rrhllr phosphcr,¡ersist-
ance eur',¡e in Fi¡;.ó\(a), the phctccurrent which prc¿uces

bhe charge buildup alsc ccntinually changes. IÌre respcnse

cf the phctcconductcr tc these changes in illrrrriinaticu must

thus ì:e l<ncv;n tc ensure that it is adequately fasb tc
enable sufficient charge tc buildup'n¡ithin the fra¡ne tiine

int ervaL .
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As irLnted at briefly befcre, bhe rise and fall
time ccnstants c-e sÍgnals in a Viriiccn are cDmparable with
the frai'¡e tiLre interval; this is fcr illuminaticns in
the ranüe cf' 0.1 lCft-candles, that is, those enccuntered

1¡t usual eVeryday surrcunding s. l{cweVer the tirne-constant s

strcnglSr depend cn the illuminaticn ,decreasing with increas-
ing illuninaticn. ft is seen thus that at tlte beginning

cf each frane time, where the illuminaticn is highestt
charge buildup is expected tc be fe.stest, while towards

the end cf the frame tinie interval, the photocurrent will
be gr€atly reduced, anrl the time ccnstant, thcugh hlgh,

ensures that litlle phctocurrent flcvis in the next frame

time interval due to the slow decay in the previcus frame

ti-rne interval . The CRT-generated illr¡ninance is thus

ideally suited tc the 'r/idiccn rectruirements 
"

'¡,icrk dcne cn the transient respcnse cf phcto-

ccnducbcrs, garticularly in Vidicon applicaticnsr and

available data, iS scarce. This is due tc several reascnss

(i) There are still scme gaps to be filled before

the thecry cf photoccnductivlty explains
ad.equately scrne cf experr'n ental results obtained.

( ii)

( lii)

Vid.icons are mainly used for closed-circuit TV

cr Iive -TV applicaticns where illuninaticn is
ccnstant; therefore no need is seen tc research

the behaviour of Vldicons under ccndltions which

are unlike lY t c occ u.r .

Present day t echniques of manufacturing the

Vl-dlccn, particularly its photoconductive surface,

are such that valld mcdels of the photoccnductcr

stru-cture, thickness etc, are diff lc ult to make '
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Quality ccnbrol is such that parameter variaticns
of JO!" cr mcre frcm nominal values iìre quite
c cr"nli, cfl .

Scme manufacturers provide tttransient respcnse
curvesrr cf the Vidiccn tc changes in illuminaticn,
particularly graphs cf bhe cutput signal remaining when

illuminaticn has been blocked ( see f cr exanp.le Fig.66(c) ) .
These curves must be treated with some reservaticnsr âs

a seccndary delay is also present thereln, nct due tc
photc-ccnductive effect. The presence of a remanent signal
is detected when the electrcn scanni-ng beam depcsits charge

tc neutralize any remainlng slgnal charge. lloweverr âs

mentioned previcusly, tire scanning beam is a far from

perfect means cf supolying charge tc the photcccnductcr,
this being particularly sc at Icrr¡ signal out,1:uts, or to
point Lc the reascn, ,.rhen the remanent iroltage AV1=Q lr^,
(v¡here lt trtt is the remanent chi:rge, t'ar" is the capacitance
cf the element asscciated with the eharge), approaches

the pctential cf the cathode from which the beam was

er;:itted. This either happens when the inj.tial charge{ Q"

is lcw ( j-.e. Iov; iIIu¡rinaticn) or r¡hèn the beam has erased

rrcst cf the charge due tc high i|luminaticn. fn either
case, the inability tc supply charge results in the charge

requiring a longer tirrle tc be erased, resulting irl an

increased d.elay. \l,lhat the manufacturers I respcnse curves

thus give is the delay of the signal due to :

( r)
( ii)

^Dhcb cc urre nt t i¡n e de IaY .

ItCapacitiveil cn rrBeam Dischargerr rlelay, which
beccnres significant at lcw values cf the

rernaining signal.

To extract a meaningful decay time ccnsbant of
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the phctocurrent, cnly the ti'iitial decay , near the high
signal cutput, shculd be used.

The Itbeam dischargerr delay is not present at
photoeurrent and signal charge buildupr and fcr this
reason, cbserved rise-times cf photcc Lrrrent s hP,ve alu'ays

been stated tc be faster bhan phctocc-ndive decays (252).

l+ 72 nnanliql Ri ê ê n¡:l Tlonqr¡ nf Þhntnntrì^nenfs

It has been usual to assune (and tentatlve
theoretical reascns have been put forr,^¡ard tc back this
up) that photccurrent buitdup and deÔay is gcverned by an

expcnential lar^r, althcuigh, simllarly as for phcsphcrs,

ccmbinaticns of exponentials and pcwer law relaticrtshlps
can be used. tc best fit the observed rise tir¡es and fall
ti¡rres. In this study it is assuined a single time ccnstant
gcverns bcth phctccurrent buildup and decay.

f"" 
"n¡,'cr decay

where

It j-s easy tc shcw that the general relaticnship
buildup or decay governed by an expcnential rise
law, is given bJtl

r(t) = ro * (rss ro) (r ."n({) . . ).12
nI(t)ti, the resultant quantlty (such as the photo-

t For example \.rith initlal value Io = orthe abcve
reduces tc the usual bulldup express]-cn

r( r) = rss ( I .*p(* ))

For an exponential decay, r,lith the initial value Io, and
iinar vali¡e rss = ot the-above reduees to

r( r) = rc exp(t')
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current) at time rrtrrr

ttIott is the initlal c urrent at time b 0 ,

ilr ll is the final current at ti¡ne t =êo<]c

ttrtt is the time constant governing the buildup
or decay.

In secticn 4.5.[+rit is shcr¡n that the ave-

rage phctocurrent t't't', for any given illumlnaticn rrErrt

is equal bo the signal cutput current tti.", for that
ilLuminaticn t'Eil ( obtained frcm the t'f r' vs Err curves

supplied by the manufacturers (see Fig.66(b)D, divided
by rrmrr, the number cf pcint elements on the Vldiccn target,
v¡hlch ideally is cf the order of l+'J x lO5 (but in practiee

cf the crd.er cf 3'5 x 1O5).

thus 1 (t) = 
ttt') 

. . . . . . . . . . \.1f
Pm"tt"""

Hcwever, it is simpler for our purpose tc use

ip(t) in the expressicns fcr current buildup;
beccme evident below.

In evaluating the phctocurrent buildup and decay

using expressicn \"12t ãf iterative method must be used

't' ¡r |¡ " and."7Lre functicns cf illuminatign llgll , r"rhichas 1o-, lsa ¿

for rìvlrr phcsphcr illuminaticn, ccnstantly varies r¡itLr time

within a franne tinle intervar; thus 
t'i 

s(t)t, "t.u(t)" and'

'Z(t)t are themselves functicns cf time. AnalyticalIy, the

expressicn is extremely hard, if not irnpcssible, tc sclve.

is(t) = m

this wiII

Fcr small intervals of tirne, 
t'A

ily cf equal Length, bhe illu¡ninaticnoE(t

flti, not necessar-

)t' can be consider-
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ed c cnstant, , tlrus nrakin6tr.=(t)" "rd Z(t)" ""nutu.rt 
over

that ittt erval .

l'urthermcre, fcr A ri< 
"(t)

reduces fc

Iìence expression ).12 reduces tc the lterative

At Atf orm

int e r vaI

where

and

is( a r)

i (t+ at) = i(t) + \t i(tr'Sa¡)

) 1o)'
2= 1o * (1ss( . l+,1\

At any arbitrary timervrithin the frame tirne

(ir.(t +
S

\.1l+( a)

tti.(t+At)tt1s the signal current (=m.1p(t)) at

time ilt + A tr, ,
,¡1(t),,is the signal current at the beginning cf
the time interval rr Atrrr (and evaluated at the

previcus iterabicn)t
ttirr(¡+ A!¡ is the signal current read cff the
r¡I vs Err curves for an illumination ecrrespcnd-

f or bhis ts glven belot¡.

4.3.1. Photocurrent Tlme Ccnstants

An expresslon forz(t) has been fcund in seeticn

A.1O.l+ The form of the expressicn was suggested initlally
bygraphicalcurvefittingtothefewavailabletime
ccnstants cf vldlcons, at varicus levels cf lllr¡rinatlcnt
in the literaturei however its present form is based cn

theoreticalgrcunds,and'whenuse',d,toevaluatetj.rne
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ccnstatlts for which data was available, the calculated ancl

given values of the time coustants check tc within +15Í .

There are two types cf photoconductors cf
interest, called Class I and Class II Photoconductors

respectively. It 1s shoun in Append.ix 4.10.\ that
(a) for Class I phctoconductcrs

T , C. I .(E)T-1 ( Seccnds) . .l+ .15

where

t+'Z x 10-

ttRd,' is the frdark currentfr reslstance, obtained

frcm the rrDark Current vs Vsrr curves supplled.

by the manufactureres and evaluated at a

partie ular'rv]' ( see Fig. 66( a) ) ; it is of the

order of rcgir
rrCrr is the capacitance cf the Vldicon photocon-

duetor target, and. ls of the orderr of 150O PFr
t,Iott is the signal current at an illuminaticn
[Err of 1 ft-candle at the given currentr and

fcund frcm the rrls vs Err curves or illight
transfer characteristicsil ( see Flg.66( b) .
trErt is the illuminaticn in ft-candlest
rrTrr is the rrgamfiâlr cr slcpe of the rrfs vs Erl

curves and is the ord'er of 0'6 - O"]t but may

decrease to abcut O'3 - O'\ at very high levels
cf illuminaticn.

The factor \. z x 10-6 arises frcm the number of

photors in a ft-cafidl€ of ltlurninatlon incident of the
t/idlc cn targ et .

Typicatly for a dark current of 0'O2uao

_o.35
T - \¡(p) -mé- (rrErr in ft-candres) . ' ' .\ .1 5( a)
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( b) .{'cr a photoconductor cf class II
R C. I .(E) l'- 1

a . 4.16T
b'2x1oii(a+l'ib)

whe le the cluantities R6r Cr fc, E, Y are as ebcve

and a + þ = 1

1 < lf ( lO and depends on the rtdark currenLrr,
jncreasing vrith it.

'Iypically fcr a dark current cf 0'02ua

T' = 25G)-o'J5msr ( trlt' in ft-candles) . .4 .l 6( a)

The accu-racy of this expre ssicn \ .16, ','lhen

eValua.tcd i:; raLiteT pcf,r.. l'he el:ect nuneric¿.1 y¡llit€s cf
r¡alr, rr br¡,rr"'Írr cannct be stated witil any certainty as they
depend cn the kncwleclge cf the sclid state structure of
the phctcccnductor, cne of the quantitles uhich is
difficult tc determineras stated previcusly. þfcreover

thls infcrmaticn is rarely released ( even if it were

knownl) by ttre ¡nanufacturers tc safeguardlproprietary
righi s.l

Ti:e nwrerical values given in expressicn \.16(a) are based

mcre cn experlrrental valUes given in inatrUfacturersr data

sheets rather tharr cn expressicn ).16 and in cur case have

Lreen r,reighed in a ccnservative d.lrectlcn.

l+ 4 t+ PhnL.ror:rnent Buíldun
The current'or-rildup curves can now be evaluated

using expres;sicns \.1\(à), l-n.15(u) l+.16(a), as all the

values therein can ncw be evaluated for a given lllurnina=
ticn r¡Etr and ihus can be evaluated at any given ti-rne rrtn.

A sample evaluaticn is given ln Appendix ¡.1O.4.
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Curves are plctted fcr :

( i) se ¿eral values cf peak illuninance il.Ð( t) p.uktr,
knor^ling the capabilities of cRI ruminancã arrd
/icÌiecn lens lisht-catching ability ( see secticn
).2) .

(ii) fcr several frarne time intervals to indicate any
current builciup cver several cycles and to
determine phctccurrent flow remaining when
illuminaticn has been cut-cff (i.e. at disptay
I ccaticns requiring tc belrerased l()..

( f ii) f cr several values cf ,tid,,, bhe rrdark currentrr,
at the saine level of iIIr¡nlriance ( cnly plctteci
fcr a photoccnductcr cf class II).

Ihe data fcr the buildup curves calculated and
graphed have been talcen f'rcm existing Vldlccns represent-
ative cf class I & II phctoccnduct crs f cr which cj.ata is
avaiLabLe ( narr:ely rrdark currentil and trcurrent sensitivityr').
Ihe current amplitudes are modified b.t the factcrs indica-
ted in section \.1 .\ tc allovr for the cliff erent spectrum
cf trt{rr phcsphcr frcm the Tungsterr Filament IlLu¡ninating
scurce used by the manufacturers.

Ihe resultant plotted rrphctccurrent builduptt
curves are shcuin in Fig s.67(a) t 67(b) .
At the first fr¿une-time interval t'i"tt, the initiaL current
value, is taken as the d rrk current ttldt' . At subsequent
fra¡ne tinle inter',/elsr fhe initial current is the photc-
current flovring at the end cf the previcus frame time
lrrt erval . \

Frcrn the se c urve s the expec t ed signal c u¡rent '

cutput due tc the scanning electrcn beam at the end cf each
frarne time interval can be easily deduced ( see hcwever
secticn 5.2.).
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Durrj.ng Íl [']îrrric tinrc irlt;trrv,ir I , Lire clt;rr¡iu tt,dl

b rllt up at any ¡;cint )rr wiflcii ¿tlr iIl uminatic¡t of peak

brighttiestì rrA^rr falls is clearly given by
p

F
ip( r) dt

T

a . \.17

. h.18

. \.19

wheretO tc Tut'is the frame ti-rne interval.

This crrarg. 
tQ"gives rise tc a potential AV, at

that ¡lcint in ccnj uncticn uith the capacltanc. tt"rt' at
that point thrcugn the usual relaticnship Q = cmAVT.

i'üov¡ the scanning electrcn beam ac t s as e urrent scurc e and

neutralizes this charge"qnvia a discharge current trans-
rnltted to the signal plate and hence detected at the

Vidicon tube cutpub as the required signal output. Assuuì-

ing c cmplete charge era:ure ( see hcwevel secticn J .2) , I'he

bearc neut,ralizes this charg. 
tqt in the beam dwelI-t jrne " tJ:

at that locaticn; thistdwell timeltis cf the ord'er of O-"¡1 rs.

Thus 1"
Avr
T.

d
(frcm t = ffl

Asaconstarrt-velocityscanningbeanlsu'sed,
the whcle Vidiccn irnage area of 

nm'loeations is scanned in
apprcxirnabely t'TFt , the f rarne tirr:e interr¡al ( neglecting

that f racticn cf 'Tp"r spen t in f lyback ti-rne etc - whlch is
typically of the order cf 1O%).

c
trl

Thus t.Td = TF

AV
tF'and thus ln

ci" = m.

1-

a a a a

and substituting fcr Q frcm \.17 and Q = cmAVT,

1

tF

then jtt''p
(t).at

a .4.20
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The reasori .fcr ptctting i..('u) rn.io(L ), rather

than the phct cc ur-rent re sncnse ,h(ült'ue C cm e s appa-rent nolt .

T'he cu-cr,-u-t c nlreni signai i-s tiiereL-..¡ Lhe mean cf f ne area

Uncier ihe cu-rrent buiLdup curVes fcr ee-cÌl i'r'anle tirne

in,cerve,l a.s plctieo in Figs.67(a)r(ir). Irrorn Lhese the

curves .c'i!ìs. 68, 6E are plci;'ced'.

ifence fr¡n the inea.rrs ci theãe ãurirent builoup- -

integrals ( cbta.inecì- b.y gra;riricai apprcxiinatictrs as anal-yt'ic

exioï'e ss j-cns , a..j meni j-cned ¡:revicu:;ly ) aTe dijllic ui"It if
¡ct irnitossibLe tc obi;ain) , the outpLlt, current signa.l s

_1_i_=" l_f"t the lcLlcwing ccndiiicr¡9 q1e1 
"þtqine 

C:

(i)thecu-tpuucu-r,r:entexlJecLedalterne\'diSpla.yilf¡r-"
maticn has been input - call this "isí". Thj-s is
prcpcr'uicnal bc l,ne area cf the first cycLe cf
Fi¿s.6-/

( ii) the cutput c u.rrent expecteci af ter ihe d.isplay ir:fcr-
matic¡ ha.s been displayed f cr scme time " caLl ':his
rr i ^". This is proporiicn¿rl bc the arca cf the*sn
3rd. cyc i e i-n I LZs "l¿7 .

( iii) the cu.tpu-t cu.rrent expec'r,ec-i af l.er' tire dì.spIay j.nf'¡r--

naticn has been eraseo, du.e tc re.,Ìenent ,ohcf æu.rr.':-ni

existing - caLL ti,is "i..j-". This is prcpcrticnaL
tc the area cí the \th c.ycle iti l-ig s.6l

It is cLear iicìr'- the lig s -ó7( a) ( b) thai
i=.( isi (isn e

L

(1)
Vidiccn cutput signal-s are recluired to:
prcviOe the refresh ir:fcrlnaticri fcr the next

frame by f eed-ing this signal inic the CRT '

be aøailable for prccessiiig by the CPU'(?)

CIea-rIy "i.i" and r¡ir.rtt ar€ these truc signals;

tlreiramplitudesVary'yetthepeakluninancereciuiredat
the ctìT at al-l frarne times, v¡hich they initiaue, are tc



.4<o
f-g,

o.8

o.2

Facing p .1 7l+

21.3

rl6

oj3
et

ra

34

o
o.o2 o.l

o.oc)5 0.ot

Fis're 6s, oúiD"r 
tTl#TEll"'i#.'¡"* t*'*---( 

"."d n¡noc VE. Slentl Phtc V.1t¡8c).

Eftl PErr lt[Utl]lttCE in ft-C

TC,. I'1,-rti-.;i ':f C,btai!-nk¿1,1 "'Iol*t -case 'lu.frel',i-l

U'

il¿t-¡¡ "'

rt, 'r ¡nC, I h

afJÊ9
": Ì r^Ii rrì L. ca ¡ e

0lilrucT0R [7262r
E[tf P=1qg¡,'t

P IIllÏcrrss

it,
L

-t
I

+

sü

i¡¿w

,2

t{tf

r .i '.r'r ' i.)
,,-, ¡ l,

.!' ¡¡

tùr 
-

att{¡¡

2tI

tE

fi



7)1

be constant. The signal current when no illuninaticn is
present, "i=ait', is an unr,¡anted signal and must not
reinitiate the refresh cycIe.
A Level Deteeting Gireuit perfcrms both of these require-
ments. If the switching level tttll tt ls set sc that

isei < I .).211 sit n a a a
S

then nc outpub occurs fcr the unr¡ranted signal ttlrai.tt, and

a ccnstanL output slgnal resulbs for t'iritt and ttirrrtt.

Due tc the variaticn in illuminaticn across the
Vidlcon ( sectlcn ).2), and the reducticn in lIlr:rninaticn
ln the first frame ti¡re interval after display input (due

'tc phosphor bulldup effects - section \ .1 .3), ttiLlr¡ must
be set tc ca.Eer fcr l,he worst case signal.

Thus

tc ent re
1s 1" . . . . . . \.22

edge, first cycIe.I
Bulldup effecfs in the phcsphor ccntribute Iess

than 1CY' cf the luminance; thus ttiritt need be ev¿¡luated
at 1O?ß Iess than 1ts ncminal brlghtness value.

Edge illuminaticn degradaticn 1s about 10S of
that brlghtness value again.

Thus the worst caser'l f irst frame time intervalll
current signalr at the edge, is due tc an illuminatlcn cf
8OÍ cf the ncmi-nal value. lhe resultant ttlo, r' 1s

prctted in Flg.68; the ccnstructicn "^ wcrst case

ls self explanatcry and given in Fig. 70.

The discri;r inadion between the output current
slgnals at various levels of illuminance can be obtalned
qulte sirnply by ncrmalizing these currents with respect
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tc ttlrnttr âs ttlrnt' is the usual steady case slgnal current.

In practice these curves in Figs.68-6? need. be

modified tc scme degree, allowing the actual discrimination
between the varlcus classes of signals to be debermined.

The cutput current signals are rncdifieù.(invariably with
the result that the diserjininaticn between the required
and unr,;anted signals is lowered) due tc bhe following
rea sons :

(1) the lncomplete discharge of the stored charge
rr Qrr by the V'idic cn scanning bearn .

the loss cf scannlng bearn energy, the magnitude
cf which depends cn the angle of deflecticn cf
the beam with respect to the tube axis,
asymmetry of charge discharge due tc the unllat-
eral dlrecüion of travel cf the scanning beam

during the raster sean.

(2)

(3)

Ihe resultant effect of these is dese-ribed in
the following chapter. The degree of slgnal current
modificaticn due to these varicus effeets is Left till then.

.l'icdifying sliehtly the curves of Figs.68-69
makes ttiem still cf ccnsiderable use.

Equaticn l+.19 ean be rewritten as

ôV*
1, = (mcr) .!{ t . . . . . o . . . . .\.19(a)

-¡'

and thus 6vt =TF ls =þt. . . . . . . .).23
fißm re

tt6VTt'1s the surface potentlal change associated
with the outpurt slgnal "irt', rather than the
surface potenttal rr AV rr of the photcconductcr.
ttTrrr, the frame time interval, .equal to \O .1O-3

sec cnds .

where
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rrCrr is the Vidiccn target capacitance ¿¡rtd equal
tc about 15OO pF (and equal tc nism)

Henc € e u'al uat i_ng ,
6Vf = 26'7 x 10

6.1 b̂
I a . ).zi(a)

This can be indicated cn the R.H. ordinate axis
of the eurves of Figs.68-69.

The actual values cfiôV-t"ccrrespcnding tc any

Blven AV, (attowing for bean discharge effeets) I are read
cf f f rcm Fig./4. Ccnsequently knowingr ôV, J' tfte cutput
signal eurrenL. tti.t'can be sÌ-rnply read cff these curves.
The cperative valuãs of rôVr'l'under varying conditicns 1s

left tlll secticn 5.2.3.

l+ ^z^6 Resnonse tc User Sneeified Innuts
A second set of current output signals is of

relevence, aamely those generated by the light pen during
rsêr-sp€cified graphlcs lnput or user-lndlcated display
features for CPU processing cr for erasure.

Fcr the inputting cf graphic infor¡naticn, the

illunlnance must be such as tc result in an cutput signalt
IabeIIed tri"oi-tt sc that isuilif,tr and henee beeome part
cf the display information. The spectral ccmpcslticn and

tille variaticn cf Lurnlnance of the light scurce may be

dlfferent to the CRT lu¡nlnance. The form of the photo-
eurrent bulldup may ttrus be different to that fcund
abcve; the bulldup and hence þhe expected output stgnal,
will be left till secticn 6,6. ':.'

The second typè of signalrresultlng from pcint-
ing tc displayed features, needs be differentiated frcm
the above. A second Current Level Detector is used and
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enabled rrONrr Ïrhenever the se signal s are required.
Calllng the signal frcm an iadieated feature for CPU

prccessing, ttiron", r¿hlte the signal frcm a feature tc be

erased, t'1.o.tt, the seccnd level detector r¿hen enables,
rnust have its level ttiL2t', such that

I s0l I 1.oo, is ue 2\l+
asi

The signals rri.ontt, "iroatt, are cbtained by

superpcsing the llght-pen emitted l-uminancernrrr'( t) " on the
CCI generated luminanc."EaRr(t)'r"t the CRT screen. Clearly
then the luminanees add, tc r'esult in a combined illuminance,

E(t) = E s¡(L)+Errr(t)

thus, as E sun, E-" ue

then i
sì un, ue suii

il
a

. )'.25

. \.26

. \.26(a)

e ui

]- q

iis t'i.oitt need lre cf the same crcLer as ttirntt,
t'iritt, then as the illuminaticn due to the lieht pen is
ccnsbant f or bcth tti.oit' and rrlrontj ttlroat', then

Epgm(t)> Ecnt(t).. .. .. . . \'.2?

Frcm ihe ak¡cve expre ssicn \ .25¡ the total
tllumlnance ET(t) thus can be

E(r) >
Fcr.bhe rtJraserr signal irr particular, the subse-

qr:ent frarne-time CRt illiminaticn id.eally need be such that
JCitt = Or wnile the remanent photccurrents,still fIcning,
generabe a'n unvranted signal tt1.o.utt. This slgnal, belng
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rlue tc ¡ì rlLrcir ir.i¡¡her illuuninaÍ,icrr thau rri ,t lrnt' ma.vsi 't

SÂteven be rlorrþarai-rie Ln arnplil;ude to ttirit', ,'i which are
vl ¿r rl ì; e (1 fi i ¡l rIÍ.1 I ,'i .

'Ihe signai c tu'rent t'i=.utt is plcttecl in e ¿lch cf

ilre set cf r:tl.rves in h'ig.68. ft-is merelytti"utt, eValu-

ate.J at Zg(;) but plottecl at the illr¡nlnatrce "rl(t) 
( see

tire ge)!-f-e:(planatory constructie¡¡ i4' Fl'_g-.|O).- 
, ì

CLearly phctoccnductor CIass I is urlsuitable

fcr our purpose as i=o.u= l"rrleaving-little or ilo

d,iselj-rninaticn fcr the LeveI Detector iL1 '

I]}rcbcccriilucicr Class II is stiII Verj/ s.ui.t,abIe

frr cur irur!)cse
oispl-aY feature
superpcs;ing i;:l€
¡rVrit inãt' spe ed

tire light nen I
tile Li'rie tre Pe

. S j-nc e iire su'rai:Iy Curing the tirne wiren

s are lreLr:-g poinicrl 1;c, cíìr'e 
"i-r': 

t'iserl in

Pen cver these dispta'y fe¿ibures ånd

is red.uced, then scme means of reducing

Lrminanc e :ìcurc e can be introdrrc ed during

n is usecl jn the pcinting rncde' v'lhen

c.cc3rìrlisneo at electrcn-ic spee

cjisc.u.ss,:d i.rr gecticn 6'6,5 - 6 '

sc re e rr) tlie ccnircr cf ''lligltn pen lr¡ninance can be

cls. -[Lris is; f urther
6r8'

Fj-i:.7.['lltustratesl,heSlgnalLeveDeteetlnglcgle'

t'ãái; t-- ¿ef ine s the- nia j or classeç cf signal

o'rt pur; s, f rc:l tÌt',: Vidic 3n camera ancl their relative

arnplitu-ces rr3cess¿rl'y tc satisfy the intended requirerïetlis'

\.¡.7 [:ti]tl:¡ilY
(1) i,iitÌrin a frame tirne lnte'r'vaI cf \Oms, ad'equate

si-gnals rilu.s'r,'oe generated in the Vidlccrl cat¡Ìra

lc'oeclebectedandt,crestartandtitaintaintire
cli splaY-ref re sh stcraÊ e '
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('¿)

(3)

(\)

(5)

(ó)

Q)

'the tire ccnsbanIs gcverning signal btiiLciup

irr Vid,icctisr are siguificanb ccr,rpared ltitil the

frarne t.iiile interval, except ¡et high levr':ls cf
iIlürninaticit.
fhe CriT rr,'rrr phcsphcr luminance is extretnely
suitabie havlng the ccnditicns cf a very hish
illuminati¡n fcr higti signal buildup at tLle

beginning c-f the frame tinre and lov¡ signal
out pul at the end of the f ra¡ne.

Expressicns for the tirne ccnstants gcverning

the rise and fall ti¡nes cf the signal buildup

h¿lve been derived,. and in conjuncticn wÍth the

general expressicn fcr expcnential buildup or

decay, typical current signal cutput cuj'ves have

been derived based cn data readily obtainable
frcm manufaeturersr eurves (Fig .67) .

Frcm such curves the relatlve rattos of the cut-
pu.t signals fcr vari-cus conditicns can be

cbtained. f or various level s of peak illuminat j-cn.

The level of illuminaticn required, and hence

the required CRTr can be determined fcr a given

phctcccnductcr (Fig 68-69) .

Cnce having selected. the Ievels cf cutput

currents, the Iuminance required frcm the lisht
source supplying the user light pen can be

specified. (Ãxpressicrr ).27) .

The abcve are based cn the assumpticn that
ccmplete ch;-'.rge erasure cccurs witir the electrcn
scanning beanr tc generate the cutput signed; this
in fact, is nct rluite true and the effect cf the

l¡eam scanning cn the amplitudes of the output

-"igrrals is dealt '¡itlt in the next chapter'
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CHAPTER 5

BEAM DISCHARGE OF VIDICON PHOTOCONDUCTOR

5.1 Il'lTíODU(ITl0ii
I'he c ilrve s in I¡'ig s .6i:-69, s;rcr,ving t he expei: t, ed

cutout cunre.:rt, signal fcr varicus sba.rtitrg ccri{iticns ¿tnd

levels r.rf ilLr¡¡iiraiirrL., ¿issumed that the discharge current
itror¡ided by !he Vidic¡Lr elecbrcn Ï¡ea¡n cctlpleLel;' disch:,:.rged

ln.e built u¡..' charge rr;rr (g-:iving rise tc ttre pc';':trtiaflÀVrl)
riurilg i;he b:¡rni <iueIi- Li¡r.t IUt, l¡Ìtich is cf l,ire crcer O.1¡-rs.

.ihis a.ssu,res Lh¿l'¿ the scanning beatrr is a perfecb current
scurcei in f¿;ct ii; is far -flrcm -.ör partic''tlarly a'î, Icv;

valur:s cf st.tiecl ch:llge. The result is itrccrnOlef e sbored-

ciiarge cji schi,Lrge ,Jrrring the init,ie-l scan, leai'iil¿ tc airt-
prrt, l;iglral I',-ií.iLrcti..,tr, r;iru.s i:rin¡jj-ng blre reL.luire'i :i6nal
t'iritt a¿rci til,: un¡¡atlted signal s Ie rtels t'i"*utt cLcser tc-
gel,irer, tedur:it,g Llie Ciscrir:L j-nabicn betr.veen thetn. .lhis
ni¡,nåL ¡¿¡lt,C1;iCrt i,'r; ¿l- Sl i^:nCl.Jn AS il beûÍl diSCli;lr¿e l;igrt

or, t,capacil;i,,'e Lagt' meriiitneri pldvicu-sly in secticrl ll .J.'1 .

'ihis si¡1nirJ- :>utput reducticn and any cther factors
cofr[-ti br.r.t,-llt¡; i;l cutpu-b signal lecluctirns need l:e itluesti-
¡ilterl .

ir i,le(icrrrl, eÍ'Í'ect, clue tc sicrìltlritLllr I'o: tilbs i;¡et'¡ìl-llìû

j;Ir¡: sca.rrll-i tr¡; rlear:l is d.eflectecl a(jrCSS'a finite har¡',eb aree

cf' sor c 12!'?'¡ x !'Ôlnrrig, cn ¿ì f lat targeb surf ace ' il¡e scarrtri¡-ü

i-tr,l¿ir,r thus rici:,q rict land lLcrmâLLy cn bhe target at ¡:cints
¿ìr,iiì.!, frotn tnr: cenlL:e cf t;he target. '¿igain th-is has the

efr ect cf in<:cmpletely di-"chargirlg the stcred charges, tlte
rleviatiln lrlm ccrrroLete dis:harge T¡ecoming prosresslively
larfler aí-ì tht: <teflectict'r angle itrcl'eaSes. lhe inccmplebe

discharge ciirr be preciicted at any given landing angle

anci t;hus ¿:t ¿ttlJ.' Lccaticn f,Il the target; thus it can be

cc¡npensated :lcr. Alternativelyrrrcareful' Vidiccn tuþe
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designr r'€sulting in cer'tain eLectric field distril¡uticns
exisbing near the target atrd ensuring that the beam lands
ncrmally at all pcints cn the target, is required.

A third effect, which is; extremely diflicult tc
ealculate quantitatel.Vr is mcre selective yet irr the
cuLput si¡itraI degradatirn. I'he ciirecticn cf movement cf
the scarrning beam is åsymnetrical witn respect tc tile
7id1c¡n target cent,re. 'I'he beam srtJeeps, say f rcm left tc
right anrì, ftore slclvly, frcm tcp tc bottcrn, thal being ti-le
u*cual ilraster scant¡. idcr^r on the pirctcccnductcr target in
üile 'ricinity cf ihe b'.:arn, a ¡rctential dÍff erence exist s

iietween tire lccaticn j ust previrusl.y scanne<1 and the lcca-
.lion abcut tc be -qcanned, resulting in an eleclric field in
the directicn cî mction cf tlie ncving beanr t 1íving a lccal-
ized deflecticn cf' the beam ( cf' sigrrificant rnagriitude) away

from the ncrmal; this appreciably changes the atrgle of the

bean uitir respect tc ttre ncrmal tc the target surface. f i:e

ncnrinal angle cf the scanning beam tc the ncrlnal due to
scanning varies frcm say rr+grr tc rr-grr ( see Fig.77) . The

l.rcal Lzeo elecbric fleld beam deflecticn shifts the beat'n

by say rrçorr degrees unirlirectlonally - hence the angle cf
the beam at landing varie s f rcr;', ('.f.+o.) tc ( -q;+oc) ; tlLis angle
is aSyûtnietrical, wit,, the result that asyillltetrical devia-
ticns frctn ccnrplete discharge cecur.

The difficulty ln predicting the magnitude of
tliis ef f ect is a¡rparent i it varj-e s with the initial sb ored

charge (and thus with thie lllunrlnaticn), bhe characteristics
cf ti:e'aewn, and the resultißg field ccnfigurati¡n between

the target and. the accelerating mesh. Qualltative resuLts
hcwever, ea.n be predicted ( 253) .

Tl:us three major effects lead to the degradabicn

of the output signals. These are :
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(i)
( ii)

the nature of the discharge beam itself.
the angle cf the cieflected beam ( eff'ects cf uhieh

are predicta'cIe and henee rnay be ccmpensated fcr
ea sily i..
the asymmetry of the scanning dlrecticn with
respect tc Llre phctcconductcr target and lccal-
ized. electric fleld effects irr the vicinity cf
the beam Ianding Iccaticns.
Al so vr-rriat icns in scannitlg velccity prcduce

sinilar output, signal defects.

( iii)

It will be shcwn iu the follcwing secticns that
the nragniLud,e of the degradaticn cf the output signal is
not very significant in cur applicati-crl'

jlcwever, because tL¡e Iiterature Dtl vidicons

rnenticnsnb.rt discharge lagrand cther output signal degrad-

i¡1g factcrs as having ccnsiderable effect, the explanaticn

cf the causes ancl resultant magnitudes of signal variaticns
neld ire given.
fhe d,egradaticn cf Vidiccn signal cutprrt may be (and' is)
certainly nctice¿rbIe -in low-l'evel, Live-scene vidiccn

åpplicaticn, 'out irr cur case, uhere current Level Detect j-cn

is used, Lhe degrad.aticn is nct so sericus enough.

5.2. tsE¡i.Í DJSCI1A¡IGE E¡-¡-EC!-'S

,.2 .1 Intrcducticn
Tlieelectrcnbeamcf|.ib'larnpscriginatesfrctt

tire,fidiccn cathcderr^rhich is usually kept at ground pcten-

tial(0V).Afterbeingacceleratedbythefinala[cdeand'
rnesh, bcttr cf vrhich are at scme +Joov, it is retard'ed by the

retarding eLectric fieldf E¡in.xisting betweetl the mesh and

the target pctential dist"ï¡,rtion rAVr| wl:ich may be up tc

+10-1 5V.
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Ihe separaticn betvieen mesh and target is cf tire
order cf 2-3mns. Ihis retarding fiela¡E{ ensures that
seccndary emissicn is kept negligible and that the electrcn
l¡eam lands ncrmally to the photcccnductor surface. So long
as AVI>V CATHODE 

(=0V), the be¿¡,ri lands Ðn the target
giving rise tc the discirarge cr rrtarget currentrr, ttiT,t

v,lhe r e
fcr AVr;0.... 5.11b1T a

This is calIed the trnclmal current rangert (251 ,Z52t2jÐ.

Hor,¡ever due tc the electrcn velccity distrlbuticn
cf the beamrâo t'intrinsic current rangerralso occurs, which
ls cf the fcrm

iT = iO.exp(a.AV1)¡ A[,f <O. . . " .J.2

where rrarr is a ccnstant of the crder cf 10.

The ilcurrent vs. AVItt curve over all ïanges of
f, AV" lit called the rrbeam acceptancerr curve. Praetical beam

aeeeptance eurrves vary frcm the ideal curve deseribed by

expressicns 5.1 and 5.2, due Lo!
( 1 ) a shift in the cri.qin vrhere the tvic curves rneet,

by scme AVc = 2V, due tc a contact potential
( see below) .

(2) the slcpe cf the curve in thehntrinsic ra.gerü
defined by rrarr being nct 10 but scme value below

10, is less steep than thât predicted in express-
icn 5.2.

Several eurv€Sr cne ideal, the others derived
frcm (251 1252) are shcwn plctted in Fig .72(a) .

lhe actual method cf obtaining practical beari acceptance
curves is tc use rrVidiccnsrr with the photoccnductor layer
cmit,ted, and just, the back-plate present at ,"t.ofrtl
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ccÌ'resnrridinË t" "AV,i,'l 'I'hu.u nrod.if ieci rtVldicctisrr h¿lve

been shcv¡n tc apprcximate the actual case (25I) .

It would a¡:pear at first stght that the presence

cf the intrinsic range is of nc ccnsequence as the signal
plate vcltag.t,VS,'( see FLE.62) is always pcsitive, Ieading

tc a po-eitive l'ÀVrlrd.ue tc trdark currentrr flowr and any

photocurrents flcwing alnays lead. to a positlve uÀUrt.

However, a rrccntact ¡totentialr' ( see Appendix 4.10"2) of
scme +j,8-2V exlsts betrueen the phcLoconductor and the

electrcn beam; the actual value depend.s cn the type cf
photcccnductcr used. Electrcnsrwhether frcm phctcns or

beam electronsrmust have a minimwn energy cf abcut *ZeY

Ic be injected into the phctoccndu"ctcr tc generatetcr

beecmercarrier's, a fact cften fcrgotten or o¡nitted' in beam

diseharge effects. This has the effect of changing ühe

I'origintr of transiticn betrveen the lrncrmallr and the
rrintrinsicx current ranges.

Thus the abcve expressicns nch' beccme !

iT=ib ( Avr )2'[.t. 5.1 ( a)

and ir = io.exP (a.avr).....(Av, 1i,|.¡)' 5.2(a)

q.2.2r Bean Imoed,ance

As a rcugh approximaticn, expressicn 5'2(a) can

be dlfferentiated,rtc result in an ejffective beam impedance

uRlrr (see Append,ix 
^.?.2 

) , where it is fcund that
u1

rb = ã;; t thts is of the o"¿t" of lo6-l o7!L '

ItisfurthershowninAppendlxA.T.zthatthÍs
impeclenc.'Rbt leads to a Ti¡e Constant

T .CB = RbC = t!,
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rvlhe re rrCrr is the Vicliccn target capacitance (s1500pf)
rra[ the bearn accepbance ccnstant with a ncminal

value cf 10, but in practice varying frcm

2 tc 5 (252).

'' irt' i¡ bhe taaget c ui'rent .

At barget currents cf scme O'05,¡r¿, wnenrnf

beccmes operative, ttÏ.CL3" has values of the order cf 5-1Oms.

and proEressively increases as ttiTt decreases.

5.2 .1 tsea.n Discharee
During the discharge of AVf bY the

currentttt, during the dwell time TuæO'1us,

current is gcverned by the usual relaticn

-17
d( avr)

trI

ruhere t'rrtt is the capacitance of a gig-tg target
element (and equal tc abcut 

fP 
pf ú 3.3x1o-1 ã'l

Sclvin8thisexpressioninccnjuneticnwith
5.1(a) and. J.2(a) (see Appendix 4.7.2 ) results in

-g_ , for AV,t >

e

beam

the target

.5.3AV (r) ib

c
m

T c
m

and -i b(3=!.e)
( exp( -a.AV( t) exp( -24) ) '= _1

c¡,

for AVt ( 2V . - . . 5.\

the synbols are as defitled before and rrtorr is
the time taken for AUT(t) to reach to +2V

from the tine that the dwell timettut'begi'ns'

uhe re

These two expressicns may be plotted for tt AVT(t)
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ys, ij-r.neil fo¡' seve¡'al values cf lreai:; current t' i.t' arcund a
norninal value of ib = 1uA. Ihe actu¿L exprerrl.n, plotte¿
are derived and glven in Appendlx A,?.) ; values cf

"^=3.3.10-1b a p j.5-and fcur values of ,,10t,, are u.sed.
The re sult is shown in f ig .'/J.

These are ideal curves in the sense that a

ccnstant value cf a = 3,5 Is used. fn practicer âs can
be seen Ln b-Lg.l2, ttarr varies, with the result that such
actuar curves wculd exhibit scme non-linearities around
the value of AVT(t) - +2V.

Thus if ,l 
AVT( t)", trr. r/idicon target surface

potential is kncwn, thenrt't.]rseconds J-ater, (i.e. a
rrbeam dwell tirne instantrr later), the remaining AVf (t)r
labelled AV,IR( t), can be f ound.
potential

6'ú,r ( t ) avl(r) - avr"tt)

Ihe nett chatrlse in

.(frcm \.19(a) ).

ls thus the
t'iatt, thus¡

cluantlty contributing tc the cutput signal

ia = c0.

As curves in Figs .68-69 have"tu,i¡¡rl¿1s¿ shcwn,

tne resultant signal cutput current can be read directly
off l'ig .68-69.

f-rc¡n the curves in tr-i3,73¡ a more usef ul set cf
curves cen be cblalned. For each value cf rAVrlfor a

p:.rrhicl.,-l-:;' i:.:rri. current t'ibt', rtôVT(t)rr can be obtaj-necl.
Plotbirrg rr A/,t(t) vq ôV.(t)t' fcr a dr¡ell tinre TU = 0.1trs,
resirlts in Fig./\. Frrrn curves cf l-ig./4 ancl curves cf
lig,.68-6), actual cutput current signals allclving for
bean discharge defects frcrn the Vidiccn can be cbtained
cìirectl..l,.
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'liic I¡:wer (i!ll've .Ln l¡'1ll .7ì|r bein¡;o6,lr(t)o
is caIIed tire I'volbage stabilizaticn

r.rnibs

i¡eIci,r Lire f'À''/,f ""urre
curve, A/rsl'

5..3 .1 Int rcduc t i cn

During any f rame time intei'val, there is a charge

buildup resulting in a resultant'faV{ iust pricr to beam

cl.ischarge; thls build.u^o is due tc either photccurren't;s cr
ndark currentsrr. I'he stead.X state or equilibriurn cutput

slgnal clearly eccurs where the nett potential rise during

¡ì f rarne t!ne interr¡al is eclual tcilô V,I( t)t: i¡e ¿j-scharge

pctential diff erellce. Any clianges in ilLLr¡rit-taticn uhethr:r

ciue t c f i€1r ,fi si:lay inf ¡r'i:iat i:'l-i, or i; c di;qpIay e rasure t

irlrpLySf,]i.€bu.lIclupcrd.'3Câiiefi'ectcver,seve::alfratnetitre
intervals.

'lhe tiuc sttacly state condibicn's are clea'rl-y:

(i) nc inforlirat,orl <lisplayed fcr at Ieast several

fr¿-ine iiile intert/als'
( ii) iiLf crnratilrI ctisplayed f cr at least several f r3-r;t€

tine intervaLs.

Fi

i,-Jl,nc infcrrii¿ltilD displayed, the l,argeb currenb

fIcu ,,i,i,,, is LÌue tc the I'darkt' cu'rent during bhe frene tj-tne

.lnterval; Lliis is ecluivalent at bhe cutput tc scole current

value cf say o.01ua, r.rhen the charge built up by thet'darL;x

current; is clischarged during the dwell tirne rt'l'dtr' Ihis

cul,nut current beiug d-ue tc a ¡rett <liscliarge, the pctential

cir:inge asscciated r¡ittr the dark current of o'01Èa can ire

reacl cff frcnl lîig.68. Fcr a phctcconductcI. class II (a'

Vic1iccn 7262A), this is due tc at 6Vrncf about O'N. CaIl

tlris ôVSf D/rRK =Q'J',1 .
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ii'rcm Fig. 7\, this gives a value of AVf p¿nf
of scne 0.6-1.3V'depending on the beam cur,rent, pricr tc
discharge. The ordinate cn the Voltage stabilizaticn
c urve ,, A f STDrr c crre spcnding t ot sgorili. the r¡dark c urrentr¡
stabilizatlcn pctential i.e. at Iocaticns r¡here no dlsplay
inf crrnaticn cec ursrthis is the value cf tLre surface
pctential itruiier.ii,'ully after bearn scannlng.

'Ihe above is shcwn in Fig.75(a) .

q^4-1^ Sìrtna'l lltri'l dun nf I'Jer,r Dì snl av ïnfrrmst i on

Assr¡ne nev/ display irrforrnaticn is injected at
scne lccaticn. Frcm !-ig.7|ft) this provides soine nett
additicnal charge resuIting in"AO,., i After tire firsb
scerr discha;:ge the surface pcbentia-l drcps by

[_r
ôvT1t

leavin¡¡ a. rieb undischarged potentie.l- r¡dvrr ecmp¿ìrecl rrritir
t Avsr D¿;tKr¡ rtrere

d'/ =avt'tl -avsr ll,.iìi(

Ii:r practice tiie maximum accu¡íulated rrdVt', callr:d
tt7¡:.,t', ien lre seen f rcm curves c-f, .,.îigs . '7) r75(b) tc i:e Less
i;i:arr ¡ibcLtt 1.t'.

In acLual cases, the upper curve is -"Lightly
steeper at higher values cf t'AV,l. r¡ , thus alLcrvi.ng the
steaciy state ccnci i ticn ho be reacited in seve ral- i'rame titnes.
.ìlhe r:¿rxirr,¿r differe::ee in the cutput signal between ihe
iriitiaL sigrral out anrl hhs sbearly sta.te vuc.lue ean be scen

lc be rÌr la.rger tiran¡tUU."( see Fig,75( b).), and is cf the
crrler of a ,¡oli . îhisr VUrl' is relatively itisignr-ficant
vith iire signal rnagnitutles in questicn. At lor'¡ cutput
signal rì enccuntereci iri 'J'V-wcrk this may be noticeable as a

ì:uildup ef-f eCl in brightness.

-ftie lruildup prDcess is shclvu cn Fig .75(b) .
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5--i-\ Sistrel Las after Ei"asure nf Dìsn ÃtiI Inf nrrnâf i nn

Ihe rernaining signal s seen at successive scans
after display irif crmaticn has been erased is shcnn ln Fig.
75(e) . Ì,'rcr, Fig.67(a) and 67(b) it is clear that photo-
c urrenb stil.L flows fter illu,ilaticn has been eliminatecl
and the resultant unr,ranted cutput currents or rather
equivelent charge buildup [V can be obtained frcm curves
rrir't' anrì tt,LS5 jtt of Fig .68. 'lhe se re sultant 4V,,, j-ncrease s

give rise tc the incrementr labelL. ,"ô [!l] in ¡-tig . 75(e)
resulting in the neth "¡ut¡r" uiscirarg. *t' th. subsequettt sc¡ii'l

inte.'vsls rthe photccurrent builciup is prcgressrivety small ¿r
and sJ are the cutput signals.

5 .7.5 -iacnit ude cf Beam Discharee i,ae or rrCanacitive
!,sÂ"

It is seen that if "AV* jr ttre stabil izaticn vcltage
curve has zerc slope tiren nc delay and trence nc output
signal degladaticn occurs due tc bearn òiqpharge lag. liath-
eriratically tlris is shc'¡;n in Appendix 1.7.6(b).

In practice it is seen 'that tire slcpe cf 'r A Ur,a¡

is sriall, givlng a rnaxiri,to" Vg¡r" between" ôVr,r cf 15V to"6 V, n

of abcui; 1V, cf Iess t¡la¿r 1 Volh. tlence the efi'ect cf beant

ciischarge lag can b., f cr cur purpcse any\'Jay, negleeted
in ccm,-rariscn uith bhe lag due tc ¡thotccurrents flcwing
after j-LlLi,:inatlcn has been cut cff. This could have been

anticipateci frcm thc f¡ict that'1'.Cgr blle lrbeam dischargerl
Time Ccn.stant is cf the crder of 5mst ccmpared witil the

birne constant cf phctccur-rent decay at the er:.d. cf bhe fra¡ne

tine interval, due tc trVJrr phcsphor, which is cf the crder
cf È ZJns.

iìcwever, the ttA[t vs. ôUt and A,/STtt curves form

a riseful functicn in lltustrating the actual beam discharge
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ef'f ecL, ar'1s:1ng lr rrn causes obher ttlan the natune of the
beam ltselt. These effects are developed more fully in
-cecticrrs 5.+ and 5.5.

5.) . Ì'1oDIFICATIoN 0F pHoTOCOI.IUUCTOR STATIILIZATION

PO'IEI{TIAL DUì' 1'O DEFT,ECTION

The electron beam in the Vidicon tube is
deflected by a ti¡e varying mae,netlc field superimposed
on a long axial rnagnetic field cf high intensity which
provides bearn fccussing (see sec. 9.3.3) and alsc helps to
ensure that the bean lands ncrmally ontc the photoconductcr.
Ihe beam is ernitted frcm a cathcde at scrne pctentiat"Ud
ancl accelerated by the final ancde and mesh immedlately in
frcnt of'the phctoconductor, v¡hich is at scme potential

t Ui C usual ly abcut +JOOv) .

Frcm tr'ig.76(a) rthe worst case arrgle at which the
beam strikes the phctoccnductor(the angl-e deviaticn frcm
the ncrmal)(assuning axial magnetic field dces nct realign
the beam after <ieflecticn -- srt€ belou), is

g=arctan tÑ'....... . 5.j
L

r,lhe re
'HtandtVtu". the coordlnates cf the Iocaticn
r¿here the beam strikes, frcm the ceutral display
axis (0,0),
andtL'ls the length cf the regicn of cleflectlcn,
apprcximately 75nns. iu a 1rr Vidicon.

l-or 12'B x 9.,6rnnt photcccnduetive targetlgrr*'
is of the order cf lo'1 rads (about !60).
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ilrom secticn 5.3 abcr¡e it is seen that the

photoconduetor surface just after scannihg 1s rrstabil-

lzedttr cr discharged to ncminally cathcde poteiitial
Vn(=0V) . Due tc contac l; potential, the lntrÍusic range

of beam current landirig¡and the presence of a dark currentt
the stabilized vcltage I'AVrrtt is cf the crder of 0'5-1V
(vo+o - 5-1) volts).

Ncw the energy

electrcn beam is glven bY

relaticnshi¡r of electrons in an

equating the etrectrlc fleld ener-

lt: l"l"lt: . . r 5.6

rqhe re rr err is the elec tron charge
Itmr¡ is the mass of the electron
rr v¡r is the final electron velocity
ttVAt and llV^lr are as above.

If the beam is at scme angletçt to the central
axis cf bhe scanned area, then

e( uu-vi)

o.2

c s2cp

| ^u2 
sio2e . 5.6(a)

gy uith the resultant. klnç
e(VA-VK) = $ ^u2

e(vo-v6) = | ^u2c

i{ence frorn expressicn 5.6,

ç+

e('/¡-Vrç-( YA-VK) Sln q)= ,l
¿

os2g.2 1 u2c .5.6( b)m

or t ^"2c
5.6(e)

rn¡here vi

Sin2g for VK=0

For the acc-4Ierated electrcn beam under

= VK + ('üA-VK) Sin2q

v^o

deflecticns thexcathod.ei potent ial thus beccme" Vu|.
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The photcconductor surface thus becomes ncminally
stabtr ized, at t¡i = v¿ Sin29. with the ccntact potentlar
cperative, this stabilized. potentlal t'ÀVrr" is "VOsLn2g + O'rq

Vclts; F'cr VO e+frOY t.d 9rn"* = O'1 : A VSTr.*o 3'5V.
the dark current flowing enables charge tc leak away

during the first few cycles after switch on until the
surface pobentlal reaches 

r 
ÅVåT i

The upshot of this is that the nett voltage
across the photoconducÙor is (Vs sfgnal plate - vosin2g);
see Flg.76(b) .

The vcltage varj-aticn frcm the centre cf the

target, wher€ g=c, t. the corner of the display area r¡here

VOsin2g = J'OVr is then

VoIt s

(i)

( ri.¡

This has tv;o effeets cn signal current levels:

the signal current is reduced at locaticns aÏJay

frcm the centre of the phoboconductive target.
the dark current is also redueed at locaticns
away from the centre of the target.

rdearly it can be shown that (Appendix A'10' 2 )

vzP=(I s c a a a a a a .5.7

that isrthe output signal current is proportianal to the

square of the voltage across the photoeonducto" rt'vptt .

In practice, frcm the I'Is vs Ell curves cn which

several transfer cUrVes at varicUs lrd.ark cUrrentsrr are
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!I ctt ed, and f rcm the rrDark C urrerrt vs. Vrrì c urve s ( Fig .66)
( and irence r',iark Cui'rent vs. Vpil r âs the stabilizaticn
voltag" lAVsttlapprcaches zeto), the actual rrf, vs. Vrrl

relaticnship can be fcund. Thus fcr lcw illurninaticn, the
abcve expcnent in expressicn 5.7 ís nctlzrt but abcut'1.7!'
At hlgher lieht levels lt is abcut'1.5T this is fcr a

class II phctcccnductor (the RCA 7262t+ in particular).

f.(V) defleetion j.5 _1.7
. . o . 5.8

¿Vs Vt Sln
Thus

I s centre V
Þ̂

Sl'nilar expressicns have been derlved in (Zr(>).

The reducticn in output signal with respect tc
the nomlnal output at the centre cf the targeb is given
thus by expre ss-icn J.8 and plcttecl in Flg . ?6(c) , Two

values 9f ttgtt are chosen correspcndlng tc the ci rcles
Iabelled ArBrC ln Flg.65( ¡) .

For a photoccnductor cf class I, the expcnent
ls scmewhat higher, abcut'1 .8 2.1: 'Ihe change In the
value of exponents cause a variaticn ü'rcm the cu.rves itr
¡-ig.76(c) cf less than 516.

In Vidiccns used fcr ncrmaL IV-applicati-cns,
the reductlc¡r cf cutput signals due tc this effect causes

the trpcrthcler¡ eff ect Q¡e). The centre ¡f the i-mage

:.:p¡.reûrs ¡-,.t ilorn¿rl brightness, while tcr,¡ards the ecl¡;es cf
thc ¡ricturr., br,ighbitess' i)i-'cgressiveLy becci' eS, \^lDrSe rvhen

viei.¿ed otr a 'IV-CRT.

Sirnilarly the relatictrship betv¿een the amplitude
cf thet da i,Ic c u.rrentl arirl ti're vcltage acrCSS the .LlhotDc cn-

ductcr i s obtaiaeo directly frcm rnanufacturers t curvesrF5g.&{â
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'Lhus i
a

\I I'.PI(u
d

Ão
a

r,¡here rt Ê¡r vl.irie s f rcm abcut J tc 4 .

Tlrel dark current" being cf lhe order of O.Oi u4,
eqy valjati:r, (at mcst abcut 9% at vr2 1!V) can be

treglecteci.

In practice (Z5O), the rerlucticrr in output
signai o tti...t' Iess than that preriicted by r?xpr€ssicn 5,8.
Ir: earl t/idiccri tubes this was mainl,,,' due tc the lack cf
unifcrrnit:,' in phctoccnductcr thickness, ensuring that scrne

rleglee oI ccrrecti¡rr resu-ltecl ( see secti-¡n ,.5.7), and

also clue tc the lorrg axial Í'cct.is;qitrg field beirig present,
reduc-itrl; l:he angle ¡¡ qrr at target lanrling , In pre senf- clay

Vidiccn l,ubes, lhe latl:er is hhc riìascn for,the cutput
signal variaticn being less than predicted abcve.

'j'he ccr.'rr:c t-icn cf this Ì'e su.ltant ncn-c anstancy
of cuipu-t signal v¡itlt def lectictr is sinrple and cbr¡i¡us.
Since it is caused by the cathcde pctential Vl( apparently
beingt'*üA sin2qrr, then by f eeding- in a vcltage cf
tt-V.A sinzgrt, derlved and ccntrclled frctn l,he deflectictr
s;ysterr:, aI t]re cathcde, tlie resulbing rretrrcabhcde vclbagerr

is ccnst¡rnt aud zerJ. Ihis is ciescrii;ed iu secbicn 9.3.6.

1'hus ssswriing that this cDrrecticn circuit has

beeri inccrpcrated, the discharge curves in Fiß.7\. and t.ire

currerit cutput signal s in Fig . 6?)-69 need nct be aIl,r:red.

irr ì.ÍODIFÏC T
I I.J O¡' PI]OTOCOI,DUCTOP, STI,]JILIZATIOi.ü0

PCTììlTIriL DUi I0 ASYI'lt"fETRY 0F SC¿irÌ'{IirlG

i;r'orlucti on5 .5.1 I
In tile viciriit.l'cf the photcccnductcr barget,
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and cn the target ifself, pobentials exist, either due tc
tne retarding mesh adjacent tc the target, at scfie +JOOv:

cr due tc the charge accurnulaticns on the target.
Asscciaied lvitir these pctentials are electric fields whj-cil

have ecmpcnenbs crthogonal to the electrcn beam; thus

opportunity exists for bea.m cleflecticn by these electrie
fietd ecrnpcnents. Any bearn hending is equivalent, as

shorr¡n abcve in secticn 5.4, to raising the catircde
pctential and hence raising the target stabilizaticn
pctentiaL; tLris in turil affects the effective vcltage
across the phctoccnductcr, hence the sensitivityrand hence

the magnitude of the output eurrent signal ttir". ivlany cf
these electric fields, and hence the degradaticn in the

output signals, have asymmetry with respeci üc the centre
cf the Vidlc cn target , the maitt caltse being bhe unidirect-
lonal scan cf tire el-ectrcn beam frcm left to rj-¿hb and

from top tc bcttcm of the scanned itnage.

Atthcugh the cumulative effect cf all- of'these
defects is smaller tharl the discri-rninaticn it:tervals
betr¡een the Level Det ectcr switchitrg level- s and the

Iarge st unwanted signal t'i.aett, an explanaticn arid in<lica-
t,ion cf t,he amplitude cf th ese defects is necessary. ihe
defects resulting due tc these effects beccme significaut
cnly in fidlccn ap¡rlicaticns such as in live-cr film-
p.iclrup applicatÍcns.

q^c-2 âm Defl pe t ì¡n dr 'rê J:n RpÈendi ns Ìvlesh FieLd

The mesh, in-between the cathode and the phcto-

ccnductcr and adjacent to it, is at sdne +JOOV and scme

2mms. distant frcm the target (althcugh the actu'al values

aay vary frc¡r these nominal values). Ccnsequently a

retarding ftelOlËnrr ncrmal to the phctccofrd,uctor surface
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exlsts, and is cf the orcler cf 1.5 x lOiVotbs/cnrr âs the
surface pctential öf bhe photoconductor lsrat r¡rcst, scme

+10 -15V .

During scanning the elecbrcn beam passes through
the rnesh at some deflecticn angle rrg['(given by exp{essicn

5.5). An electrle field compcnent equal to ttlR slnprr

exlsts, orthogcnal tc the beam, exertlng a fcrce cn it
and deflecting it (see Flg,7'7). The added defleeticn
tends tc increase the angle of beam landing al¡,ay frcm the
direction ncrmal tc the photoeonduetor surface ( see Appen-

dlx L.7.5 ). Due tc the non-ncrmal beam landing, elec-
trons, which wculd normally land on the target, are
deflected and captured by the mesh; the stabilizaticn
potential tAvsr" thus rlses.

Houever, a secondary effect ls present" The

spot size cn a Vldicon Larget cf area 1 2'8 x 9' 6mms in a

625-ttne systemrwith abcut 58O active display linesrls
about 2.1O-3 cms. square; the beam'diameter is assumed, tc
be of about the sane dimensi-ons.

fn the funr¡ediate vicinity of the beam and the
photoconductor, the stabltized. potentialflAVrrß just behind

the beam is 0'5-1V sBJ/r while the potentlal cf the area
just tc be scanned is, s.qyt at some +10V. ttlithin^the beam-

u¡idth dirnenslonsran elect'ric flefa'$o" of so¡ne # =

4.5 * lOfuottsfcm. exists, tangential and parall-ãf -tt the
target surface. The ccmpcnent of titis fleld orthogonal
to a bearrr apprcaching at scme angle rr9rr to the ncrmalris

-EOCosg 
arEn

lt deflect
, fcr small ttgtt, and its dlrecticn is srl.ch that
s or bends the beam towards the unscanned area;

i.e. beam-bendlng is ln the scanning dlrectlon. Thls ls
showo in Fig .f 8.

Thls then ls a unid.lrecticnal beam bending
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effect as distlnct frcm the previcus beam bending effecL.

The nett resultant beam bending is the result
of the two fields, the retarding fietAl^,Efl cf abcut 1.5.1O3
V cm.rand the localized. surface potential fietdip,!r acting
cn a beam approaching the suface at an angular deviation
rrgrr frc¡n ncrmal apprcachr âs in the greater part of the
beam retarding region between mesh and photoconductor,
cnlyrPptts operative.

The two fields oppcse in the Left-hand half cf
the Vidicon target area and add in the Right-hand halft
the resultant being smal-lest in the extreme Left-hand ci
the target surface and. largest at the Rlght-hand or end

of the hcrlzontal llne scan. Thus the stabilized voltage
rl6Vrrris lcwest at the left hand edge and greatest at the

right hand edge.
CatL these stabilized VoLtages tt AVST R-Htt and ItAVS' 

L-Htt
respectively.

The nett vcltage across the photoconductcr thus

varies frcm VS - AVS' R-H to Vg - AiSf l-u
with VS - ôVst R-H ( Vs - ÀVsr L-H. . .5.10

where 'V=t it the signal plate voltagel

Frcm |tDark Current vs. Photocotrductor VoltageÙ

curves and ¡rSignal Current vs. Dark Currenttt relabicnships
(Figs.66) and fcr si.rnllar reascns as explalned leading to
expresslcn 5.8, this lmplies that the dark current and

signal current are greatest at the left hand side of the

Vidicon scan area (i.e, near the begÍnning of the scan

line.
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Ihe actual rnagnitude of the beam deflecticn
causing this signal amplitude v¡rrlatj-cn is difflcult to
calculate since

(a) the nett resultant electric field varies across

the finite beam cross secticn, causing.differ-
entlal beam deflecticn.

( b) bhe current denslty distributicn ls nct ccnstant
across the beam and is nct always determinate.

(c) the potential step difference between scanned

and unscanned areas differs frcm point tc pcint
dependlng cn the incident illumlnaticn. Alsot
the potentlal difference across the beam is not

a step but varies gradually.

Referenc e (25Ð merbicns such a caleulaticn for
resultant bean d.eflecticn (or rather resultant stabilized
pctentiat) but belng computer sclved,, and then under

extremely simplifylng ccnditicns, cnly qualitative results,
already pred.ieted above r are repcrted.

These bearn landing variaticns help tc explain
twc assymmetrical defects often seen in vldiecns:

(i)

( 11)

The uneveness in current signalr Partleularly
in the d.ark current level, frcm sorne relafively
high level at the beginning of the scanning lirte
to a relatively low level at the end cf seanning

line ( see Fig.8O(c) ) ¡ known as Ìshadlng effeetsrr.
edge trflarerr or rrflicker[, best described by the

presence at the scanned area edger corresponding

tc the beginning of the liner of a I'ripplingt'

or rruìaterfallrr eff ect. Continuously rippllng
striaticns of var;'iing and scmetj-mes intense
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anrplltude are seen even at low intensity
illuminatlon, when the result 1s viewed cn a CRT.

6.q.r Dark Current Asvmmetrv

In Vidiccns with no eompensating cathode

clrcuits to correot fcr beam landing elrors due to Scanning

d.ef leeticn ( sectiotr 5.\) , the photoccnductor surface is
stabtlized. at some voltage AVS' = (VOsin'9 * O'5) Volts,
which at the edges cf the scanned area i.s in the crder cf
3À volts. - The unsymrnetrical beam deflection near the

phctocond.uctor rnay lcwer the stabilized pctenbial tc say

about 2V at the L.H. edge, 3V al the centre and J-6V at
the R.H. ed,ge.

For a signal plate voltagerVrlof some + 35V¡ and'

nctlng that id * Ul'o (frcrn expression 5.9), then the

ratlos of dark current at the L.H. edger centre of scanned

area and R.H. edge are!

J.8vs-2

Evaluating,
1

vs -3

'1a

entre
aa

I

L .H. sid,e

For a RcA 7262Arthe dark current for Vt ='32 volts
is between O.01 uA and o'12rrå (259) .

The variaticn between L.H. and R.H. edges may

thus be, in the uorst case, o"olr.la whlch, althctrgh nct

crltical ecnsld.erlng the swltchlng current IeveI detector
level, i" sigrrif icant .
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1.6
c urrent tr

lhus

i

R.H.

For the output signal
(frcm expression 5.8).

istt . variaticn,

edg e

1.6
5 .12

igæV,

a
t

e entre

1 '6'(HI 
',is -2

V"-J

v
a

vs- 5

vs-l
a a

giving 1 . dt 1 o.93

lL.H. side c entre R.H slde

The 7% cr thelea'o¡ut s decrease at the extrer¡e R.H.edge

naX thus l¡e neglected, since adequate discriminaticn'
betweeri the Current LeveI Detector switch.ing ler¡eI and

r¡iclr i9 ¡:rcvicled.

q.q.4 EgFe RiÞPte and ¡'Iieker
slnce the rrripplerr or l'fliekertreffect is visible

cn a CRT tc an observer when the Vidicon camera cutput is
displayed, it implies a cumulative effect over at least tt^rc

frame tirne inbervals (and hence twc beam scans), and thus

posslbly is alsc asscciated with effects cver altertlabe or

interlaced flelds cf a fr¿rme (obherr,¡ise if bhe effect uas

cver cne frame tj-rle interval cr less ((\Oms) it wculd nct

be deteeted by the cbserverrs eye).

Ihe degree by which t e beam ls bent or d.eflected

befcre.reaching tlie phctcconductcr depends greatly cn the

field prcCuced by the potential difference betr^reen the

scanned and, unscanned secticn of the phctoecndirctcr

ad.jacent tc the bearn. This in turn depends on tþe charge

a
a

a
¡
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t'lo built r¡) rit l,he indivictual ciis,olay Iccationsl cibher
d.ue tc inciclent illr-minatirn cr tc fhe dark current
Ieakage due tc the signal plate vcltagut'vgtl and alsc cn

the angle cf the beam incident cnto the photcccnductcr

target i.e, cn the beam locaticn on the scanned area.
The beam bending Icwers the stai:ilizaticn potentialrAVS,I"
where the tr,¿c beam deflections cppcse and caneel cut.
Ho.rever at Iccat,icns with high built up charges t'Qt',

resulting in high target pctentials tt AVT1 " pricr to
diseharge, the resulting nett beâm deflecting field.f1!nr'

ltay be such as to nct only cancel this retardÍng mesh and

prirr,ary bearn bettcling, cut intrcduce Some bear¡ ben'ling in
the ciiposite directicn, raising the stabilizatj-cn potential
ane!J. Fig,79(a.Z) illustrates this, The stabilizaticn
pctential¡fiVorrmay thus have an initial negative slcpe at
tru u6V-lrand ä'oositive slope at iiighert'ðVrl

At cther secticns cf the Vidiccn targetr alJay

frc:ri tire Ief t -Ìrand side , bealn bending bec one s unidirect-i:-.'naI

fcr aIIüòVr,r ancl hence fcr all cutpuü signal eul'rent

amplit ucle s. The vcltage stabil LzaLicn c u.rve has a pcsitive
slcpe ',vith-j-n those regicns.

It is tiris negative stabilizaticn vcltage slcpe

tirat caifses the ttedge ripplitrSrt. Intuitively cne can see

that frcm the cu¡Ves in FLg.79 scme I'strangerr eff ects
'v;cuIC ccc urr âs negative slcpes in d.evice characteristic s

invariabl¡r i-n,ply instability and/cr cscillatirns. In this
cas€ the ¡rcseillaticnsrt are varÍaticns in the output

discharge potentialhôVrU and. hence variaticns' in output
signalsrmanifesting themselves as visiblettripplestlof
varying intensity r¡hen vi-er,vecl c,n a CRT. In Append.ix 1.7.6
it is shcun that for a negati.re slope cf the stabilizat j-cn

vcltage curverttôUT{(and hence ilir") is cscillatcry over
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severel f'r¿rme ti-mes, either as overdamped osciLlaticns
cr resenerated clamped cscilLaticrls. Ihe deriva-ticn and

calculaticns are a further develcpment cf wcrk reported
in (25\) .

the eff,;et cf edge ripple is tc have dark current
Ievels near the extrerne L.H. edge at up tc twice the
amplitude ctherwise gredicted, due to a culnulative build-
up effect. Ccosequently the dark current Ievel t'id.tt need

be kept lcr.r tc say less than 0'0luA, ctherwise it may be

detected by the Current Level Detector in the ldcrst case

of ( íru. + ia) being greater thanlttrf , and be displayed
as a legitirnate dlsplay lceaticn"

lÉr: Searrned Area Edee Effects
The scanned area cf 12'8 x 9'6 mms is located

centrally cn a circular sUrface cf Some 25rnn diarnetetr.

The electrcn scanning beam accesses cnly the seanned area

and. d.ischarges it r'lith the result that the remainder cf
the surrcunding photcconductor frcm the bearn side is at a

potential of 
rVrf tn. signal plate vcltage. Ccn*sequently

at the edges of the scanned. area, therìe are large potential
differences cf the crder of r¡V, AVTtt.

If r,vs,, is say +f5v ancl t'ÀvT *"*t' abcut +10-1 5v

und.er hieh illuminance, eleetric fields of the crder cf
10 = 5.1O3V! .^ exist r some o'O6nirn cr 3

3 x 2.1o-3

Iccati¡ns avray from the edge cf the scatrned area. The

directj-cn of the resultant lream deflecticn is tcr,^,rards the

edge and tirus syrrimetrical arcund. the centre of the scannecL

area and additive tc tl-re prjlary beam bending effects due

t c scanning. The eff ect in the inuned.iate vicinity oI' the

scanned. area edges 1s a higher stabllizatiog pctential
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I'AVST"and. hence Lov¡er sensitiviby and Io\^rer cutput signal.
This is shcv¡n in Fig.80(a).

Van Pold.er Q*) |ras measured the effect of t'his

edge electric fleld fcr ttPlrxrbiconf a tube very slmilar
to a Viciiccn in applicaticn and ccnotructicn, except for
the different type of photoeonductcr used. Dimensicns cf
the target, Fesh sLze etc, and. mesh and anod.e potentials
are similar, and. bhus his results serv€ as gccd guide fcr
the Vldlcon.

An experi.rnentally d.erived curve for bhe stabil-
Lzing pctentiat'hvrrlr¿s â functicn cf distance frcrn the

edge cf the
{c

scanned. area and. other f,actcrsr given by himt

avst = 2
,...r.'J.1 J

V

1+63
+ 225

where u 
AVSTT' is the stabit LzLng pctential

s O"t ls the signal plate voltage ( say + 35V

ln our case)
rr V¡r is the ancde accelerating voltage (+IOOV

in cur ease).
l x rr jS the distance from the edge of the

scanned area, where'favS,i' is measured'
tr d It is the ¡resh tc phctoconductcr spaci-ng

(Znn in our case) .

A simple calculaticn shows that for the values of

the ccnstants insertear¡AVji (eliminating other effects)¡
is kept belcr,¡ +1 '5V for dj-stántces greater than 0.\2mms

frorq the scanned area sides. Thus for the 12'B x 9'6rurrs.

scanned arear scme 1l+% of this area has a AVS' > 1'fV due

to edge effects. As this edge degradatlcn effect cannot

Vn.x
100 d
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( or rather dces nct v;arrant) be ccrrected for, tlie
effective rrseful scanned area is redueed tc sonre B5-gOn

cf its nominal area. ¡o AVSTnnominal¡¡vs.ttt is shcr¡n plotted
in Fig. 80( b) .

.ìlhe very large increases iníf4Vrrlgreatly reduce
the signaLr particularly the dark current.(according tc
explessicns f.8 and 5,9)r-in the first few percent cf line
lengths ab the beginning and end. of eaeh scanning line and
almost the whcle first few and last few scanning lines.
Thls is shor^¡n in Fig.BO(c) fcr a typicar vidlccn output
signal.

Fcr magnetic bea¡n deflecLicn, a current waveform,
ncminally sawtccth-shaped, drives the deflecticn ecils
Iocabed arcund the Vidleon tuÌre, producing a time varying
magnetic fteld which ccntrols the deftection of the bea¡¡i

and hence the sequence of seanning and the dì-scliarge cf
the chargerq0at the dlsplay loeaticns"

Any non-Iinearities 1n the s,canning current
uaveform nct only eause gecmetrlcal distcrtion in the
image as cbserved on a Cil, but because they deternrine
the tr spes¿tt cf beam deflectlcn, they alsc determlne f or
hcw long the dwell tinuttTdtt is for each locaticn, and
hence the amount of charge capable cf belng supplied iry

the beam at each such locaticn. Thus far it has been

assl¡med that the dwell time ttTd,t.has been eonstant fcr
each lccation i.e. that the trscanning velocitytt cf the
bear¡ ha s be en c cnstant .

IdeaIIy the electron beam should travel such
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that ectrual distance lncrements tt¡srt Dn the phctoconductor
should be scanned i.n equal lnt erval s cf tlrne rr Atrr i irr_.rLc r,:

As = K cms-sec, the scanning velocity.
At whereK=accnstant

5.1)

5 .16

5.1\( a)

It can be shown ( see Appendix A.6.4 ) that fcr
Iovr velocity eleetron beams (accelerated by some pctentials
cf the order of s,ay + IOOV) superimpcsed on a strcng axial
rnagnetic field to give fccussing and gccd bearr-Ianding
properties, the beam deflection rrStr is very nearly equal
to [L tan grtwhere rrLrr is the length cf the deflecting
field, taken as an approximatlcn as the distance between

the final beam aperture and the targetrand is of the order
cf 75nn, while trgtr is the deftecticn angle (see !'ig.'/6(a)).
AIso it can be shown that

t::n <p - k.t(t). . . . . . . . . . . . . .5.1 5

r,+here tri(Ð is the driving current fcr the deflection coils
: rrKtt is a ccnstant.

Fcr g 43 6o, g æ, tang differlng by less than
O.5%. Hence,

SrL.g d L.k.i(t).

For a nominally llnear sawtooth current waveform

i(t) = c.t

'"'b.ltg the slope cf the current waveform: r€sulting in
S = L.k.C.t . . . . . . . . '.'. . . . . . 5.1 7

As
ãã-L.k.c, a ccnstantor

a

In seetj-cn 5.5.2 it was mentloned that a beam

appreachirrg the retarding mesh at some rrgtr is acted upon

by ttre ccmpcnent of the retarding field crthogonal to the
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deflected. beam tc give ad.ded. bearn d.eflecticn. This

added deflecticn can be shown tc be approxirnately e qual

to ,td.q,fwhere rrdrr ls the mesh to phctoccnductor spacing

and aboub Znm. The actual def lectlon dÍstanc. 
ustton 'the

photoccnductor beccmes

S = Lg + dq = (L + d)q uhÍch still gives a

constant scanning velocitY
ÀStË=(L+d)k'c
Actual scanning current r¡aveforms are (fn

ccmmerciat TV caineras at least) non-Ilnear to a greater cr

lesser degree. From expression 5.17

A€ - r .r- é:(t) . . . . r â . . . . '5.14(b)
ãT = l¿or!. At

gives the scanning veloclty as a functicn cf the slcpe of

the sawtocth current. The dwetl ti-¡ne ttTdt per element is
cIearIY

element d.imensi?P, As
seanning veloclty -0Ê-,

a s/aÍl

CT
t

a aaaaaaaaa. .5.1 B

Frcm Fig.?3 it is clear that the largertT*n

the Icwer is the stabllizaticn potentialt6vs,i'for a given

beam current and. thus the higher the sensitivity and the

Iarger the output current signalr Particularly thei'd'arkrl

current tti,ltt.

significant variaticns in dwell tinrer (and if
the scanning viavef crlr is apiircxinated by a secticn cf an

exponential discharge, such variatictrs may be cf the order

of J 159¡' crî the ncminal value cf'tr'j!r Sive significant
varlaticns ir,.tt6V,r." and "AVSd fcr very lcw beam currents
(and thrrs f cr hj-ghly focussed bealns such as required in
film pickup applicaticns). Even then the effect is mainly
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apparent as va.riaticns -in the Level of the d¡rriç current '

Duringirrtervalsr,¡hentheScatlningvelocityis
higher and hence the disptay is mcre distorted (apparent

bythe¡|stretclringllorelongati116cfobjectssldevlqys
uhen vicued. on a CRT), the smaller is the beam dlvell tj¡e
,,Td, rthe higher isilVr{, and the lower is the da-rk current

"oär'if 
ncticeable, the less bright is,,that part cf the

d.isplay. cclversely, rr sid.e ccmpressed' distorted, secticns

of a display lndicate slol¡,er than nominal scannlng

velccities, alrd hence brighter e.nd higher level dark

e urrent s.

Anyloealizedncn-linearitiesintliescanni.ng
current r.lavefcrrns, suctr as transient ripples near tlie

beginningcfthelrcrizcnbalscanninglines,maygire
rccalizec variaticns irr #r@ ,t 2¿1 cr mcre. These can

be clearly seen cn a cRT dispray as brightnessrrripples¡'

Ðr ratiler siaticnary vertical bars cf varyirig uidth atrd

decreasing it:terisit¡r elray frcrn the Left-hand ed'ge of the

inage disPl4Y.

Since, as seen later (ChaPter ? ) , ver7

li.ea'scan.i'g current r¡evefcrms are required, it is

assumeclsi¡;rralcurrentd'egrad'aticnd'uetcthiseffectdces
rictoccul.;and.hencetypicalvariaticnscfdarkcurrent
under these ccnditicns need' hot be calculated'

q

The sensitivity of the phctoconductor has been

ass¡med (and stated. thus in manufacturer'É'r d'ata sheets) tc

be ¿ f irnctj-cn of the vcltage ac¡6css it ncminally the

slgna! plate vcltag.r'Vr'l In actual fact (see Appendix

4.1O.5 ),tne sensitivity is a functicn of the electric
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field streng;th acrcss tLie phctcccnductor. UsitLg the

vDlt&ß€ I ra.tirer than electric field strength, is valid
if the ,,:hctceond.uctsr thickness is cstlstant. If the

piictoccnductcr lras a thj-eknes'. ai it s centre cf trl{rr 
:

tlren i fst

Presentd'aymanuf.acturingprocesSesensurea
unifcï'm thicicrress cver the whcle target area (256¡257)

thus giving ncrninally equal sensitlvity Dver the whole

scanned area . VariaLicns in thickness ccc u'r i'rcm tube tc

ia
v=l
rtl I

l{crmalized tc J:he ncminal tltickness tri"'Jrrr

,id æ'(#) ã '('J
Fct' a. thickne s s' cf t'ti + A i'Jrr

is, Ld.ot(HJ*t(vs(1-#r'' ' '5'1e

Sarly manufacturing prcc€sses cf vidiccn targets

resultecl in the thick;ness being rnuch hhinner at the ed'ges

cf the 1;a.rget (an¿ thus 0A'n'tr"is negative) Q56r25'/) . llence

this had the effect cf aíJparently increasing the slgnal

plate vcltage tc vs(1 * #), bhus increasing the sensiti-
vity and the slgnal and dãrk currents. Ihis ccppensated

fcr the reducticn in seirsitiviby due tc beam landing

errors due tc priniary beam deflecticns and the decrease cí

illuminatic¡-, d.ue to the ¡rCosqç Lar'r¡r ( expressicn \'9) At

very high t,vsl giving dark currents of the order o'1-o'2Lt'{,

the added sensitivlty resurlted. in rrEclge lllarerr , a high

interisity' halaticn cf the image as viewed. Dn bhe ÜRT, and

;iuite st¡nificant Left-ìiand ed,¡3e trflickerrrcr ripple due

tc the beam bending of the hlgh resultant potentials at

the scanned, area ed.ge ( section 5.5.5)
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tube ano are in the rarráje cf 2-3t1 ¡ but uithin the one

tube rthe film thicliness is ccnstant. (The Viclicon in the
eamera purchased has a unìform thickness in the range of
tt3-6 micronstr). The ttiicliness variation can be seen

f rcm manufacturers I data in the l'd.ark culrentrlcharacter-
i stle s; anl, given'dark c urrentl' val ue lie s in a rang e cf
backplate vcltagesiVrlrof approxirnately 2t1 spreadr Fig .66(a).

Since the thickness affects the capacitance alsc
by a factcr' cf say 221, tC * rt), then expressicns lnvolving
rrCr¡ rthe phctoconductor target capacitance(particularly the
expressicn fcr the time constant cf photccurrent rise ti¡ne
and decay in expressj-cns 3.15 and 3.16) also may vary by

a faetcr of 2:1. Ihis is indeed bhe case as seen frcm
publlshed data giving signal-cutput decay spread e./..
RCA 7735È, lìCA 81 l\ data sheets (e59D.

Localized variaticns in the photcccnductcr may

stitl cccur ( see for example phctos cf Vldiccn phctc-
conducbor cross-section thlcknesses in (258)) cr else
Icealized surface ccntarilnaticn may be present: say cn the
signal plate coôductlhg film, Siving rise bc scme different
ccnLact pctential. Ïhese btemlshes rnanlfest ühe¡nselves as
Itdark spct srt i. e. lccaticns where signal current s are lcwer
ttran at cther loeaLicns, indicatinS either ccnbarnj-naticn

and ccntact pctential vcltage drops, cr else localized
iricreased thicknesses.

The quatity and grade cf the Vldiccn tube (anA

hence bhe pricel ) Aetermines the number, sLze and locaticn
of these d.ark spcts on the irnage area (say within or

outside tire marked circles as in Fig .65(bn Q7o). The

number cf these faults j-s small (several at the most)

and bhe resultant change is output signal current
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arnplitudes is such as tc be ncticeable and t'obiecticnablerl

cn high quality CRTs and. in critical applicaticns.
'Ihe signal arnplltude variaticn is such that with the switch-

ing current levels operabler these effects (or rather
defects) can be neglected.

'.6 
.BËIÆ[g

The deviaticns frcm ideal scanning are
princlpally due to non-normal beam landing, either due to:-

(i) trprimarirr, ncn-ncrmal beam landlngr {ue to bearn

deflectlon.
(il) rrseeondaryrrr non-normal bean land.ing due to

locallzed eLectri-c fields ln the irnmediate

vicinity of the phctoconductive snrface.

ItPrlmary¡t beam-Landing errcrs are significant
uhile the rrseccndaryrr beam-landing errorso while causing

cutput signal varlaticns, are of nc ecnsequênce fcr our

applleaticn since the discrimj-naticn between bhe switching

level and. the wcrst case unwanted signal "i.a.tt is larger
than thetr cwulatj-ve effect, partlcutArly in phctcccnduct-

crs of class II ( see Fig.68) .

]{cr^rever the different classes of signal variaticn, causes

¿¿nd. expeeted cutput signal variaticns need be tlienticnedt

partj-eularly as little of this work is available in the

Iiterature, and uhat there is, is usually descriptive
(ZjZJ53r25)12551256). The effect cf these signal varia-
ticns unless explained, niay be thcuglrt to be significant
particularly as the resultant defects are amplified and

appear mcre significant than in fact they arer beeause

when observed Ðn a CRT, they are enhanced by the ttgamftarl

of the CRT transfer charaeteristic being larger than unity
(usually gamma is abcut 2). What the observer sees is
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1,..,

the
sqii,ere ('!:ai,,i,,a" = 2) cf tile s:i¡¡ral cte-flec t s rather than
si¡rra.l def ects therr selves.

The cnly significant secondary beam-landing

errcr occuÌ's arcuud the edges cf the scanned area cf the
Vidiccn barget, reducirrg the useful (for our purpose)
scanned area by scme 1O-151/".

The magnitude cf these seccndaïy effects Ís
baseci cn the assumpti-cn that the scanni-ng bearn apprcaches
the retarding rnesh and the phctcccnductlve target at the
cieflecticn angle rr(Ptr, tc the ncríraL. In fact current
modern Tidiccn deslgn have features ertsuring near-ncrmal
beam landing. The main design api)rcach tc this is firstly
tc use a It separate meshrr ecnnectictr whet'eby the retardirtg
nesh is: separated frcrii ttie f or.:usslng cyllnrlrici'il el.ect rccle

anrì ¿it scme higher potential than it, and seccndiy, shapitrg

the fceussing elecürcd.e etc Q58) " Simultanecusl¡r the

focussing and henee the rescluticn is Í-mprcved; ncn-crtkrcg-
cnal- beam landlng means a greater crcSs-secticnal area cf
the beam strlking the target hence a reductlcn.tn the

re soI ut icn.

5.7 ù t,.rfl 'lo J.\IOTSE TiJ VIDICOÌ.IS

5.7 .1 Intrcducticn
Signal-tc-ncise in Vidiccn output signals need

be ccljsidered hereras nclse causes sigrial deviaticns frcm

the nomina.I values and hence the pcssibility cf Current
Level Detecticn exists when nc required signals are

presentiresulting in false display Iocaticns being gener-

ated.o ,

There are tr¡c main ncise source s 3

(1) the input ncise due tc the fluctuaticns in the

illuminaticn.
(e) the ncise injected by the tube and 'oy bhe

associated cutput video signal amplificl-s.
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t; -7 j, i'lni se Dup f.r '[l ] unr i treh i on

Photons in the incident llluminaticn have a

Pclsson distributlcn Q61) as regards their arrlval at

the photcconductor. The root-rtearr-Sguare fluctuaticn
rrlürr of the nttmber of phcton arrivals (glving rise tc
nolse) is glven bY

N=ñ
.where rrtlrr is the average Ãumber of photons reaching

the Vf.diccn elernent area (calculated in Appen-

dlx 8.2.3) and thus ccntributing to rrSrrr the

signal which results in the photocurrents
producing the output current signals.

The Quantum Efficiency ¡lQ¡r is defined as

lt Nu¡nber of the nhotolts Used. to prod.uce the sisnal rl

itumber cf photons reaching the photo condlfctcr

thus e

cr $=nQ

ct¡
n

Irr V1-dicons, rrQrr is cf the order of 1fi ( see

Appendtx 4.10.1 ). Clearly the required Signal tc Noise

Ratio is

# =aË = lft-. . . . . Ò . . . . 5.2o

In Appendix a.z.l fi is shown that 1ft-candle of
'jlungsten Filament illumination at Z87Ool< is equivalent tc
aìrcut 2.6 x 1013 phctcns per seccnd falling on an area of

12.8 x 9.6mn2. Average iltuminaticn in ÎV applicaticns is
abcut t f t-candles. (This is apprcxirnatel-v equal tc the
Itsiearly s;i:j,l,,r¡ lllL¡r,iLraticn in cu.r caser Elven bylrtctal
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li;.ininance)r witnin a .irane tiile interral, clivirled h,y \Oms),"

The period of illr.lninaticn is crie frame time
interval cf abcut \Oms, and there being ).5 x 1O5 elernents
in a Vidiccn targeL area, then

J x 2,6 x tol ix \O,lo-i x 0.01nQ=
)'5 * 1o5

1fi{=jt+o:1

per frarne tjne
per element.

Hence
l,t

a a a 5.2o(a)

whlch is cf the order quoted in the literature, usually
stated to be JOO : 1 (262).

This ncise d.ue tc illumination manifests itself
as input noise tc hhe first stage cf the Videc ainplifler
at the cutput cf the Vldiccn phctoconductcr target,

q ^'? ^ 3 Net t S-N At Out out

It is shcwn (262) that for a T\/ video-bandwidth
a*pllfierrusually cf l+.fl'î,hzr this input ncise current to
the flrst stage airiplifier is cf the ord.er cf znA.' the
usual I¡rr<liecri output signal amplitudes of 0.J-Qo 5uA were

¿ri::red fcr, üc glve fi ratlcs of abcuü 1CO¡ 1 (262) r by

apprcnriatlf. selecting the beam current, tube sizer phctc-
ccnductor thickness etc.

It is cansld.cred that a visual S-N cf abcut

lO : 1 (thrat i s, ,n. f f I uct uat j.ons as perc eived by the vier,rrer

cn a CRT sereen) is needed befcre any noise beccmes

vlsible Dn a CIII as rrgrainirress¡r etc Q8). Using express-
i-cns 5.?O, 52O(a) 7 such a fi ratic equal tc n occurs at a

phctctr arrival rate ccrrespcnding tc abcut 0.05 ft-candles;
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t,his illtlliilratictr i-" cften the lirnit cn the E-axis cf
the rrI vs iJr¡ curves supplied b.v the manufacturers. A

ninimun cl)er'är,,tn* $ ratic at ti-e Vidiccn canrera output
greater than þ¡1 can thus be ccnsid.ered bc be operabive.

q,'? U k-qrrl i:-ii-'r'ao Onpz.¡L i nø Tnlanr¡¡l

It is shcrvn in Appendix A.T.T that
( f ) r,,ith a worst case signal "i SEEtt cf abcut 0.1 5uA

( ii) â ronrrâl minitrrunr deslred slgnal rrir¡ñ of abcut
O.35,tA

(lii) a svritching level in the current level detector
cf rtiLltt of O.25uA

then fcr a fault-free perlod of B hcurs cf ccntinucus
cperaticn (a fault being defined as an unwanted signal
being detected as a vranted signal), the requiretnent is ttrat

Sñ *3?

Ihe se rectruirement s are easily met wlth the
¡ninirnunr usual fi >
lcnger tha.n the abcve stated requirement cf B hcurs fault-
free cperaticn.

5. i3. $UMMAFY

( 1 ) lJhe act ual cutpub c urrent signal f rcm a Vldicon
is due tc the scanning electrcn beam depcslting
adequate charge at charge depleüed Iocaticns
during the beam dwell timer' ttTdtt; bhe output
signal is the charge-restoring' capacitive current.
The outpub signal anrplitude depends cn

(i) the initial charge leaked. auay (due to
the phctocurrent-secticn l+.J) .

(li) the effectiveness cf the electrcn beam

in resbcring this charge.
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(2.) Tire effectiveness cf the beam in restoling this
charge is affected bY

(1) the magnltude cf the beam current,
usuallY of the crder cf 0.5 -1 u-A at
photoconductor target apprcach.

(ff) the presence cf a ccntacb potential of
abcut + 2V, charglng up the phctoccnductcr
target tc the rrstabtlizatLcn pctentialil,

'r AVr,rl'of about O.5 - 1V.

(Ð The Qb-oam acceptance characteristicil is
such that r,'¡hen the bearn electron energy

expressed in vclts apprcaches the cctrtact
pctential (abcut 2V)¡the beam exhibits an

inped.auce cf some 1OtJL, whi"ch in conjuncti-cn
with the photDconductor target capaciÙance,

results in a tirne ccnstant, the rrbeam discharge
time ecnstantrr , of the order of 5 10ms and

eauses nbeari di.scharge laglr. This occurs at
signal le'¡els cf the order of 0'O5uA or lessn
ri.ence r^llth expected cutput signals itl cur case

cf scme O.3 - O-l+u3, beam discharge lag causes

nD great problems.

( \) FLg,.'73 shows the ¡ Potential Dlff erenc e A V.f due

tc Charge iSuild.up¡ vs Ti¡err for several bearn

currents. Frcm these curves are deri-ved ct¡rves

in Fig.'/\ whlch give the expected cutput
potential changes rtôVT vs Inltial potentials AV,ttt

on the photoccnductor, for several beam currents.
lrlegligibte variatlcn ccc Lrrs between the varicus
bearn currents¡except at low beam currents. The

Iower curve t ÀV",n" i= cai-led the ItVoltage Stabil-
* tJI

izaticn Curve'i variaticns in this curve cause
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the seccnciary signal variaticn eff ecls.
The expected cutput current signals can be

cblained by thet6Vrnarnplitude read cff from the
Fig./\ and seeing what the cutput current tti'"
is from Figs.68-69. Althcugh the abcve curves
are for ideal cases, aetual deviaticns frcm real
and ideal cases is significant cnly at low
values oftöor"and hence not detected., as current
Level Detecticn is used.

(Ð The primary deflecticn cf the scannlng,'-b-eam cver lhe
scanned area causes, in the worst case, non-orthcg-
onal apprcach of the bearn to the phctoconductor
target, which is equivalent tc a rj-se in the
stabil ízaticn pctentialrÀVg,ntl of the target, this
i¡rcrease being a functicn of the angle deviaticn
auay frcr; the normal. This in turn deereases
the output signal amplitude in the rvorst case by

up to 10 1J7, of the ncminal val-ue at the centre
of the target,
about ll)V.

for signal plate voltageslVrr of

In practice the decelerating mesh and its
strucbure near the photDconductcr target ensure

bhat the beam landing is more ncrmal tc the
target than described. abcve; particularly when
It separate meshlr Vidteons are used.

Since the signal eurrent decrease, whe'bher for
thefrwcrst easstlp¡ in the partially compensated
rrseparate meshrr connect icnr is synnretrical
about the target axis, and determinate, it can

be ccmpensated for by certaj-n uavefcrms, derived
frcm the scanning r,,raveforrns, fed at tlt. cathode'
This ls described. Iater 1n secticn ') .3.6 .
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( ¿,) Se veral sec cndary eff ec t s âre pr';sent, inainly
causirrg asyíûi:Ìtetrical signal decrease cr increase
at the edges of the scanned area. These are
described in secticns 5.5. 'Iheir effect is
very apparent in normal usâge of Vidiccns (i.e
where continucus IeveI signals are used ccrres-
pcnding tc the grey shades cf still or live
scenes), particularly when viewed cn a CRTr which
tends tc accentuate these defects. The Current
Level Detectcrs ensures that they dc nct cause

spuricus signals.
The cnly significant defect cccurs near the
i¡'rmediate edges cf the scaLrned area, leading,
in the ncrse case,to a reducticn cf the usable
scanned area by abcut 10 15%.

Q) Signal tc l,icise in Vidiccns and the asscciated
videc anpllfiers is mcre than adequate tc ensure

that noise dces nct generate unlranted signals o.r

eauses uni':anted slgnal erasu.res.
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CHAPTER ó

THE OPTIEAL SYSTEM
: D¡SPLÅY, USHR

lN "vlÐltGRAFHlc"
PUT AN Ð L¡GHT PEN

6.1 ïii'iBCDlr:gTrcI
The l_r;n-rinanc e geileraied clL bhe cP,'I screen is

nct cnly for the ou-rvncse cf illuninatin8 the Vic-iccn
photcccncluctcr tar:get tc maintain 1"he d-ispla.y refresh
c.vcIe, i:ut mu.st be avaiLai:le tc the us€r f cr vie\'Ji rlg

-¡rhateveï is OispLayed cn Lhe CRT å"".*n. An I'opti.cS Systemt'

is requireC. Cc extract sL:.fficiant CRI Li:minance fcr this
purpose, with¡ut unquly recluc irrg the lumiilanc e reaching

the Viciiccn cr eveil directly inberfer-ing in ihe t/idicctr-

cRT line cf sight; a screen cn r¡hicÁ this dispiay i-nfor-
maticn is proiected. fcr user v.ietiing is alsc l:equired'

simiIa.rIy, tc ena'oIe ühe user tc directly inpui
graphic s inf or¡ration or to enable hirn t c be able tc point

tc, or seLect, any oisplay graphic featu-re, prcvisicn must

be nade tc f irst,l.y have a tieht esritting devic e in the

fcrm cf a hand held device such as a perL Dr prcbe, and

secDndly, t,c have an cptica.l -systern (since a light-emiiting
pen is useC) tc prc jec-', this inf crniatì cn cntc tile Vidiccn
phctoccnd.u-ctcr target. Thus an I'User-DispIay Optics Systenl¡

is required as r^¡eLl as a r¡User-Graphic s Input 0ptics Syst'e¡lr'l

These Lvrc cptics systems, eantlct be treated ccmpletely

indepenclentlY of eacir other.

The cRI generated luninance j.s plDiected ontD a

viewing Screen. The user u.tilizes this image Dn the screen

as his ref erence sy stem f or pcinting tt, or inoutting r neI/r

inf ormaticrr by prci ecting lieht cn ihe scÏeerr l;ith his pen;

being light-transroittive, tbe scre€n oermits this Iight bc

be projected bacl" tcruards the directicn cf the CRT'
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Thts llght pen luminance tnust be su.perlmposi:cl cn the

appropriate display locaticn ancì must be irnaged such

that, for thE Vlhicon, tt app'ears as bhough this
Iuminanee originates for the CRT. Qptically ther¡ the

user-originated. light signals and the cRT screen luminance

rnust be superimpcsedrfor acceptance by the ÎiÍdicon. 'lhe

Superpcsiticn0ptics thus tink the User-Display and User-

eraphics Input 6ptics bystems; the twc systems are thus

tnttrnatelY linked tcgether.
only the light pen and its llght source can be treated

independently tc a certain degree' Hcwever, their spectral

characteristlc s, alnplltude rand' persistance charact eristic s

must match the cRT rri^Iil phcsphor characteristics and yet

still be capable cf being differentiated by Level cuL:'rent

Detectcrs of differing swltching l-evels- (see secticn 3'2'

6.3.) ,

ACE (U.D.1 )T US6.2
6.2.1

TSPLAY

S

TI'IT ERF

S I'

In secticn 2,2.2"2 the ninimum lirightness

requlrements of a urser display are given as apprcximately

5fr-L minirnum fcr viewing, with loft-L being quite adequate

ThecontrastraÙicistcbebebterthan5zl..Thedisplay
area is t,c be cf the crder cf about loll x 1Ol| cr mcre and

its viel,;ing positicn tc be such as tc allcw for ccmfortable

vier.ilngiitistoþeSclooated.nstoallowcomfcrtableaccesS
by a hand hclding a liehb pen - i'e' at about chest and

eyelevelrscme20||a\^'ayfromtheuser'Thed'ispla'ybright-- lr { -,-- h las
ness is" B¿yl the average brigi'rtness¡ anc- 

eoa*ro P 6l B¿V ' ' ' ' ' ' ' ' ' 4'4

the peak viewing-brightnesses required are frcm scme

IOO 6OOet-Lamberts (pea'r), for 5 - 1O ft-L screen nright-

ngss.
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The primary ain of the User-Display Optics
Sy stern is tc generate a display ctr the user-vieulng screen

cf the abcve briglrtness and size parameters.

6.2.2 Lr¡ninanee Re_qulrements for the User-Disol"v
Interface U.D.f

The cRT screen is very nearlya perferÉ'tly diffusing
IHmlnance scurce ( a |tlambert radiatortt)( 267 ), bhat isrits
Iuminance appears apprcxlmately ccnstatrt whatever the view-

ing angle frcm the frcnt of the screen ( unlike a directed
bean cr parallel light souree which can only be viewed

frcrn certaln dlrections) .

Scme of this omni-directicnal luninance ls
intercepted by the Vtdlcon c¿rmera lens, when lt is placed

ln a dlrect line-of-sight r,rlth bhe CRI, the twc tube axls

being collinear (to enable 1:1 display spatial relation-
ship). To extract lumÍnous flux for screen prcjecticnt
either ene of twc methcds is required. These are shown

in Figure 8l:
(i) elther lumincus flux is extracted from this

direct line cf sight" Ilght '"rn.tt by arr optlcal
beam-splitter (a semi-silvered mlrrcr)rrequlring
abean.adderlatertnthesame]-ightconeto
enable u'ser-graPhies inPut.

(ii) or else luminous flux is collected from the

annular region outslde the cone of light incident
on the vidÍeDn camera lens.'' This could feasibly
be by means of a large annular lens cr an

' annular reflectlng spherical rnirror' For

practicalreascnsofcptlcalquality,mounting
problems and cost, the attnular lens ccncept will
nct be exPlored further.
It will be seen that bhe cptimum sclutlon will be
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_re6icne. Dlrect "optloal sqpcrpcsltlenft ls enebredby lhe CRT eore-en beln6_a rne-fleotfvJ-Aiffusl;g"-
eurface ( a Lambert Sulfaoe ). ' -----
(¡) Llgirt Di.vlslon wlth ãtrherlcal i,ilrror Sptlcs"

!'aclng p.221

î!.,,;ure 81. tP.t Lunlnance Utllløatlon fsr Vldlcon

and Dls¡r1sy Screeno
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based cn a variaticn of annular reflecting
spherical mirrorsrcr lþg schmidt 0ptical system

as it ls knor^ln.

Theapparentlyl|obvious||solutlcnofline-cf-
slght beam splitting, illth a simple ref lecting mirror'
wlthcut a viewlng screen is not permissable. The require-

ment is that a real irnage of the cRT display be obtaíned

r¡rith flxed size and. fixed poslticn on a screenrcn which

pclnts etc" may be pcslticned wlth a lieht pen and detected

therefrom. The formation of such a real image requires

the presence cf some form cf animagj¡g optlcal systern, such

asconvergentlenseSorconvergentreflectingspherical
mlrrors. A si-rnpIe mirror r^¡ith a beain-splftter viewing

system uith no lens irnagj-ng-cpbtcsrmeans that the result-

ant vler¡ed Tntage cf the CRT d'isplay, ls a vi rtunl image cn

theeye'sretina,theobserverIseyebeingnovJpartofthe
optical system. The cRT display uould appear ln an optical
rrtLlnnell r lts s|ze and vier¡abili-ty depending on the poslticn

cf the viewerrs eye. 0f coursertight-pen beam prÐiection

r.lould. be impcssibre in attempting tc input graphic infcr-

mation.
The selecticn cf cne cf the twc optic systernst

, lb"nr,nrssive Iens-optlcs vllth '&am Splitter and' Ædersfr

cr *Fef Lectlve Spherical i'Íirror Optic s! r^riII d'epend cn

efficiency'ccstand'llnearltyandsu.perposlticnperform-
ance. It r^lilI be seen that thenreflective optlc"ttit by

far the mcre supericrrcn all c'ountsoof the twc systerns'

O.Z.). ,.I rensm sslve Le

6.2i3.1 Lens Proiection 0ptics Svstem

A pcssible conflguraticn ls shcwn in Flg'82'

in which are incruded the prcjective optlcs, beam splitter
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and graphics -input optics. It can be easily verified thåt
'the ser€en irnaþand superlmposed image onto the Vidicon

have ccrrect crientaticn. The lurnincus fIt¡< in the cone

ecotributing tc the Vidicon itlu¡nination is lntercepted'

by a bearn-splitter ttBSltt, whj-ch ideally transmlts say 50%

cf thre incident flux and reflects 50% ør it (in practice

these raticS may be Ûariedi losses i.e.rabsorpticntllcsses
are alsc invariably Dresent). The reflected rays are

gathe'red b)'a lens system ttLl' and projected' Dnto screen

,St, I vla a f rcnt surface rnlrror ttMltt.

Usergraphies-inputisenabled'oytneprojeeted
ttght beam beilg ref Iected by "lul1t', beam-split by rrl3p2rr 

r

f rcnt surface reflected by mlrrc" ttM2t'? and f,ocu'ssed and

pro j ected by a lens sy stem t'L2tt , and thenc e beam-added by

nBAlr,r tc be incident onto the Vidiccn target" Iypical

Transmissicn trTtr, apd. Reflectlon t'Rrr Coefficiants are

marked next to the cptical lens or mirror. lllerelx cn the

basls cI' the result'ant losses and beam splitting, the

fractirrrcflight,'TSCRT''reachingthescreenfrcmtheCF{T
reaehing the vidiccn f rcm the u.ser tight-pen ttTv-LP", and

reaching the vidieDn frcm the cRT L,/-cRTttr âre as fcrrohrs:

-CRT I
CRT tc Screen Transrnissicn Coefficient

6.1

(i) ts

Ts-cnt = RBsl . TL1 . TBs2. F'l'l

= O.75. O.75. Q'5. O'95.TS

-0'267T5...."..'

1' Ïs aaa

. 6.1(a)

h'here ttTst is the Sereen Trarlsmission ( see secticn ó'4'5)

(ii) r ,Light pen -t o-tlidic cn Transmissicn Coeffi-

rv-i.p = Ts'\'f f iìgsz'1¿2'rL2:RBA1 'Tv ' ' '(> ''2

='TS, o.gr. 0,50. O.95. O"75..C:75..o'7r.
- O'1 9TS . . . . . ' ' ' ' ' ' ' ' ' '6'2(a)

a
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( iri ) rv_cnr

f ,V-CRÍ

CììT to Vidicon I'ransmissicn Coefficiant

= Tast .TB.gt'1v' ' '

= o'25. O'2J. o'75

= O'O\7. . . . . .

oloao

a

.6.3

. 6.3(a)

clearly the tr.ansmissi.cn coefficiants are very

lor¡ due bc the number cf beam-splitters, l-ens systems etc '
In practice they r,,rould be lower still d'ue to losses in
the bean sPlitters and adders.

7 ) T,pñs- rni pnl i nn O nti eel Efficienev

The light utilizaticn efficiency cf i;he prci ect-

icl-r lens system ls very low also. Onl-y cne TV-sysbem was

avallable eolnmercially some years â8or uslng lens optì-est

due tc bhis pccr efficiency (268) ' This used a 5u

d.iameter by 6r, 'Icng-I.nr'"ssembly in ccnjunction with a

\rr* 5rr screeir'area CRT, The pro j ecticn length was such

as tc result 1n an image magnificaticn of.\, resultlng in

a screen i¡nage of 16tt x 12tt. The lensqplnuml¡er ( see

section \.2 ) uas 1'9. '

on the
sy stem I

using expfession \.9r the resultant illuminaticn
Screen is,witLi this eomr:lercially available cptics

.*r.B(t). Cos4q . . . . . . o \"9

t*¡'2 (r + M't2

where TS-Cnf = O'27 TS (frcm expressicn 6'l(a))
l{ =l+
F = 1.9

v¡ith the varlatlon of illuminaticn over the screen being

negLec t ed.
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Evaluatlng this results in

E(t) = o.ooo7\,8(t).Ts o a a

A ndlreetiveu screen is used ( see below Secticn

6.\,5.?)virich results ln t TS æ 3-).

hence E(t) ã o'oo25.B(t). . . . ' ' o ' ' o '6'4(a)
Thus for every lOOOft-L of cRT llluminaticn only 2'5ft-L
are resultant on the us€r-screen' . Thus BnU >/ 2OOOft-t

ls required for satlsfactory vier¡er conditlcns'

The resultant iltuminatlcn on the Vidicon is given' .

a t a 6.\

. 6.5

b¡r E(t)n = tu-r*r' g(t)co'hg

4r'2 (r+M)2
rt b ¡ . . . \'.9

r^rhere lv_cnÎ =

F=
Þf=

Hene e

o.0\7 (from expressicrr /o.3(a) ) .

126 (see Fig.65(a)).

l+

and. the variatlon due to Cis S can be neglected.

Evaluating this expressic-n results in
E(t)v=0'00256 B(t). ' ' ' ' ' ' I '

then

If BAv> 2OOoft-L

E(t)Vpeak >
a s B( t) p."t, = 63BaV ( f rcm expre sslcn l+ 

'l+)

E(t)Vpeak >

FrcmFlg.68,thisllluminatLoniscertaj.nly
adequate fcr the system tc operate stlccessf uIIy.
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6-P ^l^l- Lens-Prnieetíon D.i sedvnñt¡pe s

Although apparerr.tly feasible (frcm a lieht flux
quantity viewpcint anyway) this scheme has serious
disadvantag e s i

(1.) A large lens (5" diameter) has signifieant
spherlcal aberraticns, distorticn and varlous
other def ects causing Icss cf picture ctruality.
It is heavy and poses mcuntlng prcblems.

(ii) Ihe overall sji stem of the several beam-adders

and splitters irnplies several transmittive-
reflective planes, which beeause they have

finite thickness, may give rj-se tc double ltnages
( cne each from each surface of the plane) lea¿-
ing to ecntrast degradaticn and possibly spurious
signals. To reduce these effects, very thin
films ancl planes need be used, further creating
prcblems cf fragllityr mounting etc.

(lii) '-[he superpDsltlcn cf two images by twc lens
systems tc enable user-graphies input causes

prcblerns Ín aligrunent, and mcre importantly¡d.ue tc
different distortlcn of the Ienses, it
greatly increases the problem of ensuring that
1 :1 spatlal relaticnships are maintained. j-n the

CRT and Vld.iccn disPIaY areas .

(iv¡ Overall cost (tne lens opties being relatively
expensive) and relaüively pccr 'tight utillzati-cn,
ln adciiticn tc the above pcintsrpreclude this
aPPrcach.

ó.2.4 Refleetive Ìuiirrcr TV-Prci ection 0ptic s

The advantages cf reflective spherical rnirror
optics over the transmissive Iens optics are many-fold and

l¡rlefly are as follows :
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(t)

0t

( iii)

(rv ¡

(v)

'Ihe Ileht gathering and utill zalLcn efficieney
is much highernd.ue tc the'Finurnber being
several times smaller than for an equivalent
focal Iength lens.
The aberraticns and resulLant image defects
( includ.ingtrd.cuble i-rnaget eff ects) are almost
absent in reflective optics. Image quality is
hlgh fcr lvide-aperture converging spherical
¡nlrrcrs.
Beam splitters (and beam adders) need not be

used because luminous flux is gathered (for
prcjectirn) cutside the direct line of sight
tight ccne between CRT and Vldlcon. The

'Principle of optical Gonj ugacylt b*tru..n real
image and object planes enables superpcsitlcn
t c be made directly cn the vlewing screen ( tfre
real i-mage ptane) and cn the CRT screen (the
real cbject plane). Hence problems of alignment,
different distcrticn due tc tr^ro separate Iens
systems etg as aboverdo not en$er;

0verall Iieht utllizaticn is increased
because light for the Vldicbn and viewing
screen 1s gathered frcm different âr€âs¡
Prcjectj.cn TV-Units uslng spherical surface
ref leetive cptic s ( called rrSchm j-dt Pro j ecticn
0ptic sr') have been eommereially available for
ever 20 y ears" These techniques are l¡iell known

and developed tc a fine art.. Cost and lmplemen-
tation is very eccncmical- several hundreds of
dcllars including CRT and viewj,ng screen .

With projecticn TV, hieh Iuminance CRIs are
usedrwhich is exactly the requlrement for the
purpcses of generating and maintaining the
dlsplay in the CRT-Vidiccn lcop.
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e f f ir.: j- c;rc;
ide¿ri-.

ÄiI Ln al j , f rct-r Lhe vier^rpci-rrt cI' ¡rer"f crrnanee,
¿irrcl ccst;, tre Schmidt IT-L)rojecticrr 0pbics is

o . Jr SC II.I TDT Tf./ PROJTCT TOì'T OPT TC S

6 .3.1 Int rcduc tlcn
Prcjecticr TV based cn Schmidt Optics was

develcped some 25-n years ago to provlde adequately
ì-arge displays (15tt x 20rr,rsay) capable of being viewed by

at least several pecple (27O). The then eurr€nt direct-
vler^ilng TV sets k,ere small in size (9tt diameter screens

at the mcst), as difflculby was experienced in manufactur-
ing larger direct-vier'ring CRI s. As these proþIems

were cverccfier the Prcjecticn TV-units vlere phased out.
Units are still produced commercially, a.lmost excl usively
fcr clcsed-clrcult audienee vler,ring, or theatre TV view-
lngl the¡,'also have military applicaticn in grDup-vlewing

cf dlsplays partlcularly where" overlays'r( e.g. map Srids
ete) aeed be superimpcsed.

To mlnimize ccsts cf irnplementaticn, one of the

ccmnerciarr¡; availabte TV-units need be-usedr Df whlch

there are three main typesoshown in Flg.8J(a). The Philcc
System (272) is unsuitable because it has not gct a sult-
able transmisslcn vi ewing screen enabling user-graphles
j-r-rput, r'rhiIe the Ptiiltips System (Z\5,271) has tcc smaII

a CRi screen Ieading to focussing difficultles in the
Vidtccn carnera lenses. The RCA Syst en' (2)3r27O) satisf les
most of the requirements for VIDIOGRAPHIC, frcn screen

properties and adequate CRI size and lumlnance, and event

tc the presence of a shaped central. ring in the spherical
mlrrcr surface prcvlding d.lrect line of slght between

CRT and Vidiccn. A slight modlflcaticn required is
ensurlng that the CRt phosphor (þ4'- US¿ usage) has the
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tlme-perslstance properties of PhiIllps-type rrl^lrr phcsphcr
shcwn in Flg.6\. the dimensicns of a Phillips tt¡4¡91 3-5$tt
( tg)are such that a dlreet substituticn for a rtRCASlrI p\tt

can be made. Flg.85(b) shol'rs the layout and dimenslorrs
of the maJor components in thls systen.

The llterature cn Sch¡nidt TV prcJecticn optles,
both generalrand. of indi.vldual systems-, 1s very ccmprehensive
and readily avallable ( z)3rZ\\rz)5tT?O ); thenefore no
great depth cf theory and detailsare necessary here.
The basic laws of d"effeetive Mi"""r Optics can be found.
ln any elementary physies or optics textbook.

6.¡.2 Seh¡nl dt 0ntJes Svslem Onet.atÍnn
Very briefly, referrtng tc Flg.83(b), the CRT

screenrthe object plane, ls at the focaL plane of the
spherlcal mirror. Light rays emitted frcm pcint{Btsayr
are reflected at the spherlcal surfacs ( scme cf these"

are lneldent cn the Vt¿f"on photceonductlve target), the
normal to whieh ( j-.e. radlus of the spherical mÍrror)
passes thrcught the centre of the sphere of which the
mlrror 1s a segment of . At thls eentrè ls a trcorrector

lensrri rays reflected off the mlrror pass through this
lens and are sllghtly refraeted tc correct for spherical
aberratlon. These eorrected rays are reflected frcm a
frcnt surface rnirrortMttand focussed. on the i-rnage plane,
vihere a transmisslve vler^rlng screen 1s l-oeated. The

mlrror reorients the proJected image in the correct
crlentaticrr to compensate for the spherical mirror
lnversicn.

The effectlve aperture, and hence effectiverFj
nur:b-er cn r,,lhich depends l,he Iight gathering efficiency
cf the systemris determined by the aperture or diameter
cf the ccrlrectcr 'Iens, which in turn depends cn the
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dia¡eter cf the ref lecting spherical mirrcr. '-

At Í'irst si¡1ht it may appear that as objects
cther than the object plane are in tþe field of vier^r and

field cf prcjecticn, these rtrill alsc be imaged ancl

visilrle cn the prciecticn sereen. Hor,¡ever only the

ol¡jects cn the focal ttplao€rr are imaged and fccussed cn

the screeni cther cbjeets, such as mountlngs, Ieads etc,nct
belng at the fccal plane are immedlately defccussed
( tfris foeussing being very crltical) and hence not
registered cn the screen. Further, the fact that the

obJeet at the focal plane ls not a point sou.rce but a

scu.rce cf area \t' x 3'! cn a 5u diameter CRT, i,;ith deflec-
ticn coils, mountings ete (see Fig.65(b)), implies that a

pcrticn cf the reflected lieht frcm the rnirrcr is b!-ocked-

frcm reaching tl:e sereen, by a CRT tu!-.e and assoclaterl
n.cuntings. This light bloekage iniplies that a central
darker spct appears on the proiectlcn screenras Iess light
enitt,erL frcm the central Ioeaticns .on the CRT sereen

reaches the projectlcn screen (analogolls, althcugh cf
cppcsite effeet, tc the rrpcrthcle effectrr lu Vlc-liconst

section 5.\ .). .lr,Isc, the pcssibitity of multlple
refleeticns betv¡een the CRT screen glass faceplate and

the spherica.l mlrrcr ts present, introduelng stray signals

and hence loss of contrast.

For this reasctl, the centrel part cf the spireríeal

mirrcr, approxlmatell¡ cf a radius equal to the radius cf
the CRI screen, is blacked out (i.e. made ncn¿refleeting)
as in the Phllips sy st em , or ¿ìs in the RC A s.y st em, drilLed
o[t. Ccntrast 1s imprcved,but resultant screen imai]e

i:rightness is t'educed.

This d.rilled aperture alLol,¡s the direct line-
of-sight i¡cident illuminatlcn betr^¡een CRT and Vidicon.
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6.3.". Advantaqes of Schrnidt 0ntic s
'i'he twc major advantages ¿rre:

( Ð The prirne advantage of the Schrnidt 0ptics over
Lens Opüics is d.ue to the fact that only cne
reflecting surface is present, with a si-rnple

mathematically deflned surface. Produeticn
methcds are thus relativeLy simple with
resultant low costs.
Because only sinipie reflectlcn and not
refracbicn occurs, chrcmatic aberaticn, bhat
is wavelength-dependent ltght ray bending,
with resultant picture defects (toloure¿ edg-
.t\ing) is absent.

(Ð A major elass cf ünage defeets oceur with
lenses and reflecticn ccnvergent mj-rrDrs,
called r¡Jrd-crder aberaticnstrt which are due tr,
and whcse r,ragnitude depends ctrr the dlstance
of a refracted (or reflected) ray frcm the
principal optics axis of the systetn.
Thes¡ aberaticns cause elemenf distcrtlcn,
defccussing and gecrnetrical displacement of
the whcle irnage.

Since iri a spherlcal reflecting surface, there
is nc preferred optical axis as all incident rays are
ref leetecl abcut bhe ncrmal tc the surface, anci all' cf
iliese ncrnals pass thrcugh the centre cf curlature of
the rnirrcr and are thus rrprlnctpal ray sti ¡nost cf these
Jrd-order aberaticns are ideally absent. fn practiee
t;uo aberratlcnsr(out of a total of f recognlsed Jrd-order
aberrations) remain:
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(1) Soherical aberraticJr
even fcr principal ray
periphery of the refle
't-, a diíf erent focus t
of the object plane.
aberraticn is about *

C)

equivalent sized Iens.

(as this is still present
s) I where rays from bþ"
ctinil rnirror. are brought
hat those from the centre
However, the spherlcal
of that present j-n an

(2) Distortlcn, which is due to the fact that the
magnlficatlcn is not constant for alI points
in the field of view. The result is an image

distcrted by 'rpincushlcn distorticnrr r at
Ieast in the Sehmldt Optics used for TV projecticn

i3ecause of the lack cf optical defeets, high
quality irnages result (cornpared with Lens Optics) even

f cr large mirrcrs; the aperture of bhe mlrrcr of course
gcverns the light gathering efficiency, and enables such

bright lnages to be obtained with these reflective cptics.

Tc ccrrect fcr spherical aberraticn, a correct-
ing lens is placed at the centre of curvature. This has

ttle effect alsc cf itrbrcducing an cptical axls itrto the
lystemrand hence J-rd crder aberratirnsrwhich hcwever still
iìre lr:.;i i-3-i-,,lLe. f l': ccf'r':cting Iens alsc eff ectively
riefirie:: i-rrL aperiLire Ior ccl.recï;e(ìr i'cct¡ssed I-ighi; rays.
tilc apcrbu-re cf the Iens is chosen ccmpatable,.vj-bh the
d''rìtr,:t,¡r' cll the reflecbing mirrcr.

The cptical relationships (analcgcus tc the
le¡.s optical relatirtiships given in !-ig.65(a)) cf' the

-ÇeinriC't; c¡riical system, and cf the equivalent Iens
s¡'stei,lrare given in Fig.8\(a).
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It is found tirat the ccnrect-Lng lens has the

eff ect cf shif ting the t¡princi¡:aII surface, i.e. the

apparent surface at wjrich ref lected ray s appeÐ.r to be

symmetrical abcut I (and which nrri inally is the rnirror
surfac.), is sirifted by scme 2c * O'O\il behind the frcnt
surfaee. Tne focal plane is also shifted forvard by sDme

o. o28..

Ihe fccal lerrgth is f I =

the radius cf the spherical mirror.

1. 0\R , where'Rt'i,
2

L¡ a

(i) unlike Lens o¡ttic s r^'here variable inage size is
r;cssible by shifbing the lens relative to cbiect
plaire 1ê given spherj-caI rnlrror with a particular
ccrrecting .letls has a fixed f ccussed. irnage size.
Different ilrag e sizes require differeut correct-
ing lenses. Their shape is very crltical fcr
different imale magnificaticn dÌ:e tc their Iarge

aperture. They are relatively easy tc prcduce

being eitirer cf gelatin cn glass (ù5¡ or

r;:clrloecl cut cf a plastic material caILed. rrLuciterl

(z)t) .

The iìCA system has a flxed magnificatlcn
producing an inage on the screen cf 2\r' x lBrr in
size.

Gi) Spherical r¡irrcrs can be made tc almcst any size

but beyond diamters of scme 1O-1 2t' (ù5 ) their
or,rn i^reight begins tc i¡rtroduce surfacê distcrtícns
resultlng in ncn-ideal spherical surfaeerand thus

image def ect s. ilxtra strengthetring and rigidity
is ¡rct vrarranted by the extra cost.
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Adjustmenì;s fcr optil;rm foeussability and image

linearitr)' are fairly critical I [jaftic ularly the

lateral or sid.evray displacement of the ccrrect-
ing lens sc that its centre is nct colncldent with

urith the cptic axis. 0n each TV rlroiecticn
unit, special adjustment screws etc are

pr.:videclruhich when use'd with a special alignq'

ment lamp,quickly align the cRT and the''correetiâg

Iens r¡ith respect to the mirror and. sereen (Zlp¡.

S s

Ov) An e;tra disadvantage, perhaps even danger, is
the presence of x-rays generated frorn the hieh-

iritensity lu.ninance cRI, Lrhich has final ancde

acceleratingpotentialsoftheord.erofzSKvor
mcre. The CRT and' fflrrcr is enclcsed' in a

nehal r¡irarrelil wlth the clìT (pcirrted auay from

the viewers tcwarcls the grcund); any X-rays

arethusdirectedtcvlardsthefLocrrolabscrb-
ed bY bhe rnetal barrel.

Ihe expressicn \.9 giving the lurninance on the

optic axis a'u blle jna3e plane is valid, for cctlvergent

mi¡¡or sysbems as well as lerts; the cnly dlfference belng

tirat the magnlficati¡ri j-n a mirrcr reflecticn system is

d.eflned as negative 1.ê'

i'nage sizg = =Êl . . . . . ' 6.6
i'' - - cbieet size x'

The effective F-n*rber in ençpressim\.9 can be found from

the ccr|eeting lens aperture and the exact focal length

dirnensicns.
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Ihis and the ¿rL"lcve data is nct ¿lL',ta.ys suppliecl and thus

this fcrmula cannct T¡e readily used'

l.llrat is give¡ are the effectiVe angles subtended by the

point cn the cptical axisrat the bcundaries cf the mirror

and the blanked out area ( see ìi'igure Bl+( b) ); these are \2o

and 23o respectivelY.

It is shcrvn in Appendix B:3.1 that for a

circular planar diffusing illuLrinating scurce of bright-
nessr¡( t)r r¡hich subtends a semianglen q"at some point, the

illu¡rinaticnü E(t)" at that point is given by

tJ( r) B( t),Sin2cp a 6,7

Ccnversely if the brightness at that pcint

il Iuulrinance within that area si¡btended by a

i qrrls given by the same expressicn.
,lhe net illu¡ninance cn thc spherical mirrqr is

thus E( t) = B( t)cnt ( sin2(\zo) s1n2( 23o) .. . .6.8

since the circurar area of semi-angle g=23c is blarrked-

cut ancl does not contribute to the illuminance. This

ilruminance being j-rnaged ontc a screenr is fully urtirized

but is further red.uced b..v reflecticn and transmisbicn

lcsses at the i'¡irrcr surfaces and the cofrecting lenst

and by the ir.ira¡1 e/obiecl magniflcation.^.The area of each

el.ement on the finage is increased by'l42torr." bhe cbject
cn the screen is clecreased' bY the

i st' 81 t ¡n, the
semiangle cf

size; hence illuminance
sane factcr, "¡'12r'.

Thus the screen illtr¡iinance ¡ü(t) S is given by

ç sin2( r+zc) sin2( 23o) ) 1s.T,,"L (:l -L)-i

.6.9
E( r)s = 13( t)

l'1
2
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where t¡ B( t)CRTt' is the Iuminance of the CRT screen
uTStt Ís the sereen transmlssicn
rrlvltt is bhe projecticn system magnifieaticn and

equal tc rr6n

,,TML, = t{c .\,Í. Ta, wher. o 
E{c'; 

*ni *". the

reflecticns coefflciant of the two mlrror
surfaees, say 0'9?5 each andnRr"ls the

transmissicn factôr of the correcting Iens

equal to abcut O'9(2\\)
t¡ Lrr 1s the ad.ded loss due to blockage by the

mountingr lead.s eterand is of the order
of 5 1O7".

Evaluating fcr these values results ln

E(t)S = O.oo65,B(t)CRT.TS . . . . . . . 6.9(a)

l¡litti a tlirective Screen, aS menticned in secticn 6 ,2.3.2
,¡¡it,h TS = l{.

E(t) = o.026 B(t)cRT

Thls is to be compared with expresslcn 6.4(a)

for the llluminance incid.ent on the screen due to a lens

imaging systern an irnprcvement by a factor of 10 in
illr¡¡rinance uslng. Schmldt optic s over that obbaÍned

using lens oPtlcs.

Ilence wlth
¡(t)cnT_AV = 35o ft-Ë.

E(t)S=9ft-c'-givingascreenbrightnessof
gft-t. Frcm-secticn 2.2.2.2t this is just ad.equate fcr
user ccmfort.

6 .j.6

a .6 .9( b)

Uslng expressicn B

ta.9r the peak iLIumÍnat'lcn
peak - 6lBgV, and expresslon

on the Vldiccn evaluates to

U
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(fcr F = 1.9),
r( r)

i:),-j'¿1i,. ,i ot 905 fL-(ri'ìlliLr:"j'

'iliis, fi')rr, .i'ig.63, is tcc high a peak illrilnirration, ..

r',ívLtt'¿ r'ise bc bcc largr: a signal current w-ibh the

i)cssi-blliLy cÍ Vidiccn cverdrive ancl phctoccnductcr
Lirealçrlcvrn, iìeduç iug i;he Vidic cn lens apert ure t o an

î =2.t,rerluces E(t)puat U to 4Zo ft-canílles, l,,riiich is
e'rrirrentl¡r sr-ritable from Vldiccn consideraticns.

¿.L
'J ¡'î

ó.1*.1

îlì5 LTSSìì - fIglllli0 DISPLAY SCIìEEN

Introduc tion
The functiotr cf the user-dispLay screen j-s bc

accept iieident illr.r¡inati¡niE(t)cntof""r the prciecticn
CrìT vj-a the Sciu¡idt Prcjection Optics and re-radiate this
itlu¡ninaticr. as a visible image of brightness "er(t)'l
SimLrltatrecusly it accepts Bser-l-nitiated iltumlnatirntEr(Ð
from the light emltting pen and reradiates thls as visual
brighüner='t(t)r bact onto the CRT and thence cnto the
Vidleon Phctoconduetor target.

The screen 1s thus rertruired to be b.i-directlonal,
capable of accepting and transmitùing llght frcm bobh

cì.irecti¡ns. For screens this i-q an unusual reqr.iirement,
Iifht i'Iux acceptance being re ruired from otrly one

directicn; but sitrce in TV projecticn, rear-prDjecticn
scr€ens Éìre used, which thus ¡sr¿uireto be trarrsr;,ìtting,
the requi-r'enent cf iridirectic¡rality is lnhelently tnet.

'Ihe ilaramete¡'s ct' interest are the tr'¿:ns¡'rissi¡.¡t.r

ccefiiciants cf the scl'een linliing bhe incident CRT

i-L luninat icnu ilr*,( t)t vritir the cutput brightnes, 
n;rr(t)tl

rl

i) e ft) Ts1 . EcaT(L). ó .10
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and similar-IIrIinJrin.l the Ileht pen illuninaticn t(t)
v¡ith the br-iglltn,'.t s inciclent cn the CRT ard Vicliccn E'L(t)

BL(L) = Tsz.BL(t). . . . . . . . -6.11

Asscciated rvíbh tìre t-r'atrsmissicn cceffieiatrts
are tlie relllecti'cn ancl Icss coefficiant s, r^¡hich vary r¿ith

the riirecticn cf li8ht ineidence.

such ti.ata is nct readily availatlle, nct cnly irr the

general literature i;ub alsc is difficult tc obtain f'ro¡t

the ¡i:anuf¿rcturers; bire ncmenelature and Per.fOrmance

parai¡eters,and even thecry of Screen perfcrmance are not

irel-l- cleveLrped or starrd.ardized' (27))'

'fhederivaticncftliese,)araffetersisnoba
trivial ex€rcise; it is a necessary cner Efficient
t;'ansmissiorL anri ili¿ti resultant image brightness det ermine

the rec.u-irerrent fcr t|e CRT screen brightnef s and sirnul^

tanecusly determine tþe incident illunination cn the

Vlriicon. Tìrc resuLtatrt light-pe'fì illu:rinaticrr rn t'he

0.u is cLetermined 'r¡y Lhe screen and its light sourcet

r.riricit in cur cus€r r¡ill be shor''¡n to be alsc the CRT

screen. AII cí these retluirerirents are interdependent

alyJ nust i:e evaluatecl tc rleterlnj-ne ccnipatability.

Tne requirements fcr iì sereen are maximurl

tr.ansrniss.icu ancl ntlni¡nu:i reflecticn and abscrpbicn. The

trarrsroittr:d Light flrrx is tc be distributed iri strch a

i:_.anner as tc be cptinally utiltzed by the vieluer;

similarly light-pen ernitted tight flux is Lc be cptimally
utll-ized by ttre CRT-VIdicon system.
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(r.Lt.?, Recuirement cf Disr¡Igl' Screen

The Scllr.liC.t Ir rc j ec:tictl Optic s f or¡n s a real
irirage cf the C.ìT screen display at the plane uhere the

screen is Iocated. If a ccnpletely transparent ¡rscreenrt

tr,âs used, tþe Iighl, ray cjirectictrs htould be unaffected'

UnIess i;he user's eye l¡i¿ìs in the direct tjne-of-sigirt of

such a ray, he uiLI rtot rrseerr it ( see Fig.85(a) ) .

Fcr the image to be Visible cn the screen frsm

clte f ixed ey e positicn, tire screell nust bend by ref racticn

cr rrdiff u.ssiDn¡¡ r â certain amcunt cf the i ncident

iIIuu;rinaticrr in the rlirecticn cf the userrs eye ( see

I¡ii5,.,35(a). Ihis, in the sltnplest case, i= byt¡rcughen-

.irg ui)t' a glass screen surface ( e.g. Itgl'cund glassr'

surf¡rce). ihe surface tLren nra.y tte litrened to a collecticn
o-(., sÍrií1L]- IenseS cf VaryLng raclius o-f curvature 

' 
ancl hence

cJ] var¡ri¡1g resultant directicn cf refracted^ rays. since

these rÌerÌsesü are ranclctnly oriented and cf randotit ilfccaI

leligt].rsr,, tilere is nc pref erred clirecticn cf refracticn'
An incident light îay 3t-I si.eh a surface is t|rus vislble t

by virtue c.fl this cmni-direct-icnal refracticn, frcn all
positicns above thls surface (see Fig' 85(b)' Such a

re s:ultarit ¡'screerLil ilas very nearly ccmplete lighl;
riiffuslr;g prcperties and is a gcccl ap¡lrcximatictl i;c a

icleal Lar:rbert radiatcr. Practical Icsses'oy reflecticn
arrd abscrpt icn ar:e less ùhan l5l"; thus abcr]t '357" 

of the

i ncideirt iIIu¡ninaticn is transmitted atrd re-radiated ( 27\) .

Alternatively'su.rfacedeviaticnsfronrcptical
f.Iat^es-" can be made regularr f€su-Lting i¡i light re.flract icn

Í lt pre.flerr.ed direcLicns, the preferrect directicn being

r,¡here the vj-euer is expectedror su'ppcsedrto be' Such

directi¡nal re-racliaticn gives rise tc high It'lrrinance

in these rlirectic¡rs, mrleh higher than r¡'culcl be expected'
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in a Lambert radiatcr ( see Fig. B¡( n) . This gives rise
tc rrssreen gaintt ¿ssocj-i.rted r^lith such trdlrectional screensT

Itt projecticn TÇ the viewing audience sits at
scme 6t - B t direetly iit f rontrwith the screen at eye

Ievel;'uhe required dlrection of the screen luminance Ís
l¡ell defined and the screen surfaces are approprlately
shaped tc gi"¡en this directicnal beamlng of Iuminance.
SirniLarl! 2 Ln cur application, the user is e;<pected tc have

his eyes at scme 20 2\rt away from the screen, tc allow
fcr ccmfortable arm m cvements in accesslng screen locaticns
witir the pen. For the RCA screen dimensj-cns of 2\rt x 1Btt,

this gives a maxirnun viewing semi-cone angle (at a corner)
of scme 35D . This can ì¡e red.uceci tc almost zerD degrees
by smaIL head rnovement sr' nct necessitating seating
:rovement. Such rncvements may be necessary to reduce the

Iurincu-s flux requirements cf the system (see ¡'iS.B6:BB)

i,Íovements tc reduce the semi-ccne angle are not unreason-
able tc expectcr demandras the user invariablyt uhetr

urishing tc examine scme porticns of the displayriuvariably
rvill rrhave a closer lockt'. Particularly when pcsitioning
gra¡:hi c inpub cr selecting disp'Layed data, h. t¡ill
¡rexercise caretr; in other words he wif l reduce the semi-

cone angle tc elimÍnate expected parallax or alignment
errcr. ft is thus assl¡red that the screen-to-viewer
serni-cone-angIe is effectively Oc.

0".\.3 Sereen Performance and Transnlsslon Galn
6 .) .3.1 Intrcduction

0f the light ineldent on the screenr a fraction
t trttts transmitted, a fractlon'T*t l"- reflected and a

fractirn t tru ts abscrbed ( or s.Iostrt).. l'hus

TS*Tn*TL = 1 ,.... .. .. 6.1 2
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'Ihe avaj-lable transmitte cl tlght ls thus ( I - TR - Tt,)

and tìris; ueeùs be maximized.(TÊ * Tr), in additicn to
reduclng useful lumincus flrrxrreduces contrast and hence

i1uge quality. The refleeted fractlcnota', enables the"inci-
dent illuminaticnto bë visible frcm the próiecticn side.
UsuallJrtTot ls of the order of 0,1 - o,2rwhilettJt ts of
bhe orcler of O.Ol cr Iess ( unless special r¡dark glassrr is
usecl) (275) .

6 .) .3.2 Transmiésicn Gain Coeff iciant
An ideal transmitlingfdiffuslng screen (Larnbert

surface screen) radiates 1ft-L of l-trnninance .flcr each 1ft-
candle of illu¡ninaticn. If the sereen transmisslcnsT rr

s
fcr scme given angle of observaticnnpris defined. as (Zù)

t, (ß) =
Resul tant luminance in ft-L
Incident illumlnaticn irr ft-C

then clearlyrfor an ideal Lambert surface;TS - 1t fcr all
viewing anglesras the lu¡ninance for such a surfi¡ce is
independerrt of the viewing angle. 'Iracing paper¡ Erourtd
gLass etc. tenci tc apprcach this ccndition.

lrDirecticnal screens I have the prcperty that
TS(e) >1 fcr sorne angles of observaticn, resulting in
ilsereen gainr'; values cf up tc 10 or mcre have been

obtained (zZ\ i76) . .

Hcwever, a screenrbeing a passive devieer cannct add

Iwr;inous enerßy. Any increase in luminous flux in a

preferred directicn, resulting ln rrgainrr, must be at the
expense cf deere¿:sed 1u¡ninance at other directicns.
A dlrecticnal screen tLrus exhibits a directional lumitrance
pattern, in mar\y ways analDgous tc a pclar plot of
antenna directivity (zZÐ ( see Fies86r gO) . The axis of
this directicnal lobe shculd ideatty be directed towards
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the vlewer.

l{cw a lu¡rinance cf 1 candeLafsq, ft, (cr r ft-C) 
.

radiates rr lumens into a heririsphere of 2n. sterad.ians if
the surface is perfectl-y diffusing; in this case, by the
definitlcnrTg(Ê) = 1. If however the sereen is direct-
ional anri lunrinance is ccnfined tc a lobe semiangl. ttfu.,t'

(rtthe lobe bend anglett)¡ the solid angle subtended by

the lobe can be found by sJ-mple integratlon to be

JI! = 2¡(1 - Cos I ) steradlans . . . . 6.13

As the total available Ir¡nlnous flux'Fnls n Iumensrthe
resultant lurnlnance is B(t) =

1T

1. e. B( r) (ft-I,). .6.1 \
Tft

6aa

a a a a a .6.1 5

. . .6.15(a)

21t\1 -Cosp )t.

As for a perfeetly diffuslng surface Ê(t) = 1 ft-Lr the
directive screen surface results ln an effective ideal

1

rs(9) = 2(1 - cosBr) a

Slnce cnly a fraction.(1 - ÎR - Tf,,) æ o'8 of
ineident lu¡nlnance is transmitted, the aetual galn within
this resultant lcbe of max. bend-angle or lobe seml-angle

'Ê¡1" ls 1-Tn-Ttr = O'\rsF=
2(1 -Cos(fu)) 1-cos fu)

This is plotted cn Flg. 87, (dotted curve).
In the RCA projeeticn system, the uorst case prcJection
bean ineidence, occuring at the corners, is incldent to
the screen at 3?o (calculated from the screen directicns
and CRI distanees). Assuming an ideal screen giving
equal dj-rective properties over the screen arearaêd the

user tc be able to observe these corner locations trhen
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eentrall.y placed w. r. tc the screen 2Or¡ aurayr r€quires
a lobe wldth of lobe bend angl."ßL ,"rl'

9L 
'o"* 

) 19c+n > 56o '€'F q = 3?

Thls gi-ves a potentially maxirnrrrn screen f,?ansmissicn

Galn of 0.9. Allowing for head mcvernents results in
l3orf æ 190. Evaluatlng expressicn 6.1 5(") for this, Eives
a sre€n trattsmi-ssicn gain cf 7'2.

llence small h,:ad ticv(3rnelLi,s increase the user
seree'n luminance by a factor cf ideal-Iy by a maximurn

cf 8.

6.).3.j
It ls found in practice Qfu) that for the

maJorlty of rear-proJectlcn screens, a certaln ei¡pirical
relatlcnship appears tc hcld linking

(a) the maxirnum gain
( b) the lobe r¿idth
(c) the refledt j.cn cceff iciant.

This is shcr,¡n ln Fig, B/ reprcduced frcm (Z?\). 'Ihe aetual
relalicnshtp is nct stated but fcr eomparison our derived
expressicn 6.15(ù Is also plotbed. The form cf both

expressicns is very similai except for the scaling. This
is tc be expeeted as at higher bend angles the reflecticn
anci losses increase. Frcm the experimental curvesr for
a max.bend angle cf 19J at the cornersra maxiir;um gain
cf 6 can be expecled r,r¡itn the lt¡ninance at the ccrners
beirrg abcut J tirnes Less bright than that e trserved at tlte
c entre .

An average Transmissicn Gain TS = \ is thus
assumed over most of the display screefl. This r'ras the
valu-e used in secticn ó.3r5.
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An aver'¿ige ref'l ectictr of aì:lcul; 1ilf" i5 ¡rreset:1,;

and irrcluciirrg lcsses of' abcut 5%, about BO-fÐ% of Lhe

irrcldent iIl¡-uninaticri is u;il Lzed.
T he value of these cl-lrves is significant. For most

rear-prcjecticn screens the expected lunlinance for a

given illr:ninaticn can be directly found at any angle of
o trservaticn iretv¡een the vi-;rwe¡ and the prci ecticn axis
of the cbserved screen location.

6-\.4. RCA Pro.'iecticn Unit Screen.
Two partic ular screens are cf itrt ere st :

(a) tiiat prcvided witir the RC.A Proiecti?n TV 
"rhich

r^rilL be shcr*n to have nrcst advantages and

hence be the most suitable.

(b) a simple plastic rear proiecticn screen for
c cmparison.

The RCA screen (277 ) is a complex three Layer

screen (Fig 89) ¡ cptimized fcr vj.er¡ers wlth a small

bend angle betvreen them and the extreme locaticnScn the

screen , idith smalL head moverients by- the usêr. (ge.'iifg,BB)
a smalt bend angle alsc results fn our applica'blcn.

The maior component cf the RCA projecticn
sereen is aiFrðsoel Lcn^{whkh Ís a clrcuIarIJ' grccved Iens

r¿hcse glooves ensure the salne slcpe as a f ult 3" thick
Iens 1¡culri have, f ts eff ect 1s tc eff ectively refract
ti¡e Þcjecticn tRT-incicient beam lgqglff, the observer
b:,' scme 25c tc Joc at the corners (see Flg.B9(a)).

C cnsequently r,;ith liltle of head, rnDVement s, the

user is apparently in llne wlth the lobe axls l.e. the
bend angle is very near zevo arid full maximt¡cl screen

transmissiot: galn is available -
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'i'lte ou[;s lde screeri layer. cor]slstsj cf' vertical
ribsr aFprcximately 1OO/inch. Thi.tbin".stthe viewing
angle towarcls a narrcwer verticaL vler,ririg angle - in
lact cf' scme J l rJD rnax. usef ul lrend angle. A slightly
diffusÍng, opaque middle layer (causlng a large
reflecticn and absorpticn factcr (Tf + Tg) of ai:cut 0.f)
reduces the interferance effects (rtMclre Fringestr)
between the Fresnel Lens'ccrrugaticnsttand the vertical
ribs. A repcrted trfaxirnur,l usef ul Transmissicn Gain of
7.5 ovei' a lield cf vi,:r,,r of ¡110r Vertical a.nd'y?Jo hcrirrtal
is repcrted. Actual tests (t'cbjective evaluaticnr¡)
re'pcrted in ( 275) and shcwn in ii'ig.90(a) Índicate gains
of \,!. For the screen perfcrmance at the edge of the
screenli'1g.90(b), the cLlrves are d'isplaced by some ?o

tcwarcls the eentre cf the cpiical axfs indicating that
the Frestrel lens has refracted the ligirt rays'tty scme

(19 + 7'¡o* 260 towards the víer,¡er.

The relativeLy large reflecticns (sspeculartti.e
mirror-type reflecticns) refer tc reflectlcns frcm the
user side cf the screen an,:'J are prcnounced due tc the
vertical ribbed structure of the frcnt screen secticn.
Hcwever the bctal reflected luminous flux is small -
eompare ttie reflecticn lcbe v¡idth with the transniitted
I c be wid b i:r.

l-¡r ccmpariscri, the pelfornianee cf simple
plastic sereen is shcvrn in Fig.9O(c) . A servicealrle,
transnissicn gain cf abcut 1.3 cccurs at FOpf a,19o.
Hcr'¡ever having a peak gain of abcut 7, vlsible and
prcbably annoying Itporth¡lerr ef'fects or rrhct spctsrl
would be visible by the viewer.

Fcr this reagcnrarid f or excesslve head mcve-
mentsrand fcr the reason in secticn 6.\.! belcw,
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this and mcst cther screens are unsuitable. bJhere

tire irr'cjecticn clisl,ailce and Screerì size rai,ios are greater

i. € . ',vhere smaller maxitnum berld angle s ccc ur, other
screens are very usef irl; buL in this RCA proi ecticn scheme

v¡ith a fixrfl CRT bc screen bend-angler a Fresnel Lens

1s nlcst necessarY.

A T rarrstris-sicu G ai-n cceff iciant TS = I+ is
thusâÍ:ìfìWledfcrtheSc'reenandtlreRCAscreenismost
eminently suit,able for our applicaticn''

6.\.q Oualitv cf-ProìectÍcn Screqn Imase due tc
Seiunldt 0pbics,

An objective repcrt (273'l described the lnage

ccntrast, llnearity and quality sf a T\r pIèciecticn system;

this r¡as the Phitli.ps system but generalities can be

extended tc the RCA system. The test reported rr€Xcellent

picture" v¡ith ugccd Iinearityr(presumably at least as

gccd or better than witli direct-vievi receivers), r¡ith
r.plcture detail as gocd. as in directly viewed tubesr¡.

6 .5. ,rriE USER- cRAPi{rcg TNPIJT SLEI4
6.5.1 Screen Reouirements f or user Lieht-Pen+Inpu!'

In a lr¡nincus fLux-transmitting screen such as

a reer-proJecticn screelt, the rllrecticn cf tight rays

can be reve¡se{ (Tfrg t'Prl_nctple of Reversabili'ty') IZTB)

.åy this PrlncipJ-eri.tr""o.,be iaken tbat +rhabås þråe
lcr a CRT- g:nerated. j-nciberít screen llluminatiÐn an¿

.resul-tant viev¡er si4e sereen Iw¡l¡¿nc€¡ is true fcr the

user-generated screen iltu¡¡inaticn from the Iight-pen and

tire resultant screen lr¡rtlnance cn the CltT-sid'e cf the

screen; such a lurriincus spct then becornes, as explalned

in more oetail in secticn 6.5.2, the object generating

an lmage cn the CiìT screen and henceir¡Íll be reflected back

cntc the Vidiccn photcconductive target '
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'I'he llght beam at the exlt-pupil of the Iieht
pen must be held in a <lirecticn such that its optical
axls are aligned i^rith blie apparent cptical axisror rather
lobe axis of the screen lunlnancerfor the above trans-
mlssicn gain coefficiant TS = \ tc be valid' At other

clirecticns, the dlrectivity pattern will have ühe effect
that a signÍficant fracticn will be rad'iated in directicns
nct itrtercepted by the CRT prgiecticn optics and hence

r,;asted; in f act strqy Iight witl be generated and cause

Icss cf ccntrast. The per-r [ight beam direction 1s thus

fairly cribicat I

I,lct only doe s a particular userts ahgle cf pen

grip vary f rcni time tc ti¡e, but the axis along rvhich the

pen shculd be aligned r,,;ith (the clj-recti crr cf the lieht-pen
projecteo beam nith the screen) varies over: the screen .

variaticns of incicient illurninaticn on the ciìT due tc bhe

Ilght pen shculct nct vary by more that 2;1 at the worst

case, cthennrise false signals may be generated' The

plasbic rear-prciectlcn screen provides a variation cf
I r¡¡,lnanee cf abcut J*\:1 over the' screen ( unless

excessive head. nlcvementsrand thus peÂ directicnstare
used) if lor no cther reason then, this is su-fficient
tc disclr.Lalify this type of screen f or t¡s€.

The RCA screen o'n the other handr by its
ì.-resnel len s, ensures that exit-ing CRI generated beatns

have maxi¡tt¡r' intensity (and thus the lcbe axis) nearL.y

perpendicular to the Screen surface over the whcle screen

( aetually n ear the erige they ccnverge at scrne 7o towards

the eenbral sei,een cptical axis (see Fig.90(b)i this is
cf neglieible slgnificance)' nrìscouentlv for efficient
nefl utilizaticn - the cnIr,' e o uireme nt is that the lleht
ne hp hpld v ntieal tn t ha sô1.êon surface - and if the
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Ìrser i s e entral ly prac edo he wir L arrn;ay s, even when the
pen is 'perpendicularrr to the screen, give a slight pen
hclding bias ln his dj-recticn i.e. tcwards the screen
cptical axis., alÍgnlng the pen even rnore clc sely tc the
sllghtly ecnvergent Iobe axis due tc the Fresnel Lens
acticn. Prcvisicn thus shculd be made in the pen fcr
ensuring it has a preferred mcde of operaticn rvhen it is
ncrmal tc the screen surface. Then the Transmissich
Gain coefficiant T(S) = \ can be fully .justified when

used.
6 -q.Z Ootleal fmase SuoernosÍ tl on

f n an optics systern where real images are
f ormed frcm real cbjects ( such as in systerns with ccn-
vergent Ienses cr convergent spherLcal mirrcrsrwhich can
re sult ln real inragies which can be prcJ ected or inter-
ceptecl by sereens), the tvo planes, bhe cbJect p.Iane

correspondlng tc tlie CRT screen, and the resultant image
plane, corresponding to the projecticn screen, are ealled
ilcorrjugate planesrr. Thls means that Ilght emanatlng
from elttrer plane wlII tle broughb tc a focus at the other
ptane ( 2ß),

r hus tire resultant Iurnlncus llght spot
alipearlng cn the CttT-sÍcie of tire pro j ectlcn screen,
caused by the enritting light-Þêtrr beecmes the object ln
the Schnnidt Optical system, and is imaged. and focussed
at lts conjugate plane, the CRT screenrr^rhich nour beccmes

the lr:age plane j ffrf:, of çeu¡se,is valid ln ccncurrence
wlth the CRT screen belng slmultaneouslythe objeet plane
fcr its olr,n emlttlng luminanee for the user dÍsplay'screen

Thus by rroptleal conjLrgacyn of real objects
and real images, images can be projected simultanecusly
on both CRT and projeeticn screen by both the CRT
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and ttre userIs pen rand lt is this Principle r¡hich enables

user-graphics tc be inserted intc VIDIQGRAPHIC (hence

the acrcnym component þtical ).

z Tha 11 llT côrÉâ î e ârì Rafll ant I nø surfeee

'-the cRT sereen ltself ls a very gocd. diff using

reflecting surface ("Lambertr radiatcr) whether for
cathcdclumj-nescent originating Itght flux cr whether for
refrecticn cf incident projeeted' rieht ( z6l): rt ls
nct quite an ideal Lambert reflecting surfaee (having

preferred reflect,icn/diffusion for certain h,ayeIerg ths

the leclourr¡ of the CRT being not' Ìt'¡hitent), atrd thus has

a certain riegree cf absorpticn' Its effective transmit-

tance is nearly zetor âs an alwninized backing layer is
prese¡t vhich ref,lects back specul-arly ( i.e n lllilror-type
reflecticn), any lumincus flux r^rhich is being transmitted'

¡- or tiic incirl¿:nt Lu¡ j_ncus flux expressicn 6.12 hclds

i.e. IS*TR*TL=1... -. .. 6'12

nhere ttTS is the transmittance a9 O

¡T- " is th'e' trcss dúé'tc-atrsorptionr saf Otf+'
L,

resultitrg inrT{, the reflectien coefficiantrbeing equal

tc O'6.
rirus O.6 cf the incident lumincus flux cn the

CilT screen is reflecbed back ancl rediffussed cver a

solid angle cf 2r steradians. A fracticn of thls
Lur.:inance is intercepted by the vidiccn lens atld inserted'
j.ntc the cRT- Vidiccn lccp for storage refresh.

Icleally thenrtlte incident illuminstic,r .)tr''che

V|clir: crr pltct,cc cilciuctcr shows nc d if f erentíaticti betlveen

cRI cathorlclumineseence and light- pen orlginated
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refLected iLluminesceneer âssuning the spectral energy

distribul;ictr cf the lieht pen illuminaticn is nc

different tc the rrl¡Jrr phcsphor spectrum; this is the casê

if the CRT is the tight source fcr the tlght pen"

r¡.5.4 - CRl--scrcgq-lf runfnetisn dqs to '
Fcr a screen cf d'imenstcns l Brr x 2\¡t t and a

62, Iitle -t/-systeni ci- abcut 580 active lines, the 'lispla,y
elernent dirrensi3ns are api)rcxirnately O. OJrt x O'03r' .

Assu,le that the light pen has an exil aperture

cf dr,x <1rr, and a focussing lens whichrwhen in optitrum

proximit;; i:c the screenrhas a resultant illw inating
spct secti¡n equal tc say O'O\5 x O'0\5t' (the reascn for
the light-pen iLlucainating spot being larger than an

element is ex¡,Iainecl in secticn 9,3. )

If the llluminatton at the exlt pupil ls E,(9
ft-Csrthen the llf ümlnatlon 'o

ls o< fí." ) lsr h (t)

u{ ith the screen Tr

fS = \ (r^rhich includes 1n it the loss and reflecticn
f ãc tcrs), the re sultant 'orightne ss or lu¡nlnanc e cn the

ûRI' side cf the sereen is

B(r) Ts. t(b).
u (.+)', 'rc'r

)'
a 6 ,16

. 6 .16( a)a

This Iuminance is intercepted by the sctl; idt
0r¡tical sysl;ern and ì-maged cntc the, cRT screenr resulting
in a CRT screen illurninatlcn Ef,-Cnf ( t) .



250

An expressicn analogcus to [.9 and. 6.) is used.,

-GW[(t)= E,(t) (Sin29, Stn291 ) TcRT.TNïL.(l-1,)ccshBE!

where ltF
"L

n'.1
tJ

¿(t + Ì'f)

1

(t'67¡ ¿

a a a a .6,17

l¡ I I
t(t) are as deflned previcusly,(r)

)-CRT
It

RT
is the transrnisslcn factor of the CRT

scrGen , O,/

Ì,

ltrnl¡-f,Èrn'¡IL "Mc "'ltl'^cLt
the Iosses due to reflectlon

llT lt
LI

and transmissicn cf the mirrcrs and

correcticn Iense s É O' 85.
0'O5, the loss due to blockage by leads,
mountings etc.
1

i, the magnificaticn
is the semi-c cne angle f crmed by the
reflecting mj-rrcr at the céntre of the
CRT screen and equal to )2o.

is the seni-ccne angle forrned by the
blocked cut secticn of the mirrcr, at
the centre of the CRT. screen and equal to
Ð?
ls the angle bet',veen the optic axis and

Iccaticts lying cn the CRT screen cn the
circle eorresponding to circle rB of -

Fig.65(b) . i¡lithin this circre Ccs-F ) otf

( r) = -{#*) '. ,"( r), ( sin2( t+à")- sLr.2e31)

t's' lr

n gr¡

il

2

ttql t'

Hene. EL_CRT

0val [ating ,
%-ciìr(r)

I o'7.o '85.0r 9l',r1"85

. ':6 .17rù

o-\: (
Þ.%(r)..rt-c... 6:tfu)
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This then is the inc.ident illuminaticn cn the
C,ìT screen due tc an light Lren exib,pupil illuminaticn

rlr1(t).
Assr¡i:ing a Eeflecticn Factor TO aOt*O'6, 6O/" of thls
illuminanee i-s reflected altd rediffused back cver 2tr

steradians. The resultant CRT screen brightness thus
bec cl; e s

Þ.Ï, 
-CRT

(t) = o'6 EL-ctu.-.ft-L. a 6.1 B

I
and su'cstituting for E

tsL_cRT( r) E (t). "ft-L... . 6.18(a)
&

¡-CRT
(t) *

,

= O.25

i¡'or this CRT screen lumlnance to be indisting-
uishable frcrn the CRI cathodoluminescen€ it must have

the same amplitude-time relaticnship as rtWrr type phcs¡,,hor

and result in scrrre \OO-5OO ft-Candles of peak illrrminaticn
on the Vidicon phctoecncluctor crrfrom Flg.6Brthere must

be a effective equlvalent average CRT brighüness of sDme

ËAU r-,1OO 1\0 ft-L,.

6 .5.! CRT S6i'cen'Rcflqctloþs
6.5.5.1 In!ernal iìefleetlcns and Loss cf Contrast.

0f interest is the possiblllity of stray reflect-
ions etc occuring cn the prciecticn CRT screen due to the

llght-emitttng peri proiected lllurninaticn. ff presentt
these may cause :

( a) 1o s s of usef uI lurninanc e

(b) generaticn cf stray reflecticns Ieading to:'
( i) pcssible enrondo¡r,s' signals tnjected

intc the CRI-Vidlcon Ioop generating
unwanted display features.

(ii) reflectlcn back onto the rear-project-
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icn screen, causing Icss cf contrast
and stray unwanted display features.

The phcsphor CÊT surface is effectrvely a

Lam l¡erl racliat,cr radiating lumincus f Iux, whether
cathcdclu,'Ìrinescent-orlginating Iu¡nj-ncus flux cr reflected
tight-pen criginating lumincus fluxrin all directicns
cutr¡ard from lhe screen i-.e. in a lrconeltof 2tr sterads.
( see !'ig.91( a). Inc-tdent rays striking the upper surface
( cr glass face-air interface) cf the glass faceplate at
angles greater than bhe I'critical ariglerrfcr gIass,
(wtrich is cf the crder of 4l -\zo frcm the ncrmal tc the
screenrfcr tiris type of glass) r¡iIl- be irrternall"y reflect-
edr and beirrg incident cn the phcsphcr ser€en again, will
be reflected and rescattered, Thus, around a prÍ-rnary

lu¡.inous flux radiating display loeaticn, secotid,-:i'y

radiating sciirees appear due to these intenval reflecticns"
Since the primary sctttce radiates equally weIL in all
directicns, these seccndary'sources are lccated rtequally

wellrr ai'cund it and make their appearance as rrhalosrl

around. the prÍmary scurcés. These secondary scurces in
turn gj-ve rise to further reflectionsi the result is a

primar"li souree surrcuncied by well defined I'halosrrcf

iricreasitig diam€ter and' decreasing Iuminance amplitudes.
Phctcgl.al)hs cf tLrese are quite commcn in the literature
( see f or exarnple in (2671 . The presence cf these ha.Ios

c I early indicates the reflecting diffuslng prcperty of
lunincus flux of the CIìT sereen phc sphcr !

Because a fracticn of the lurnlnance origlnating from the
prj-r:nary loeati.rn is used tc generate these unwanted

signals, nct cnly is the primary scurce luminance (the
r¡signalr¡) decreased, but this fracticn alsc generates

unwanted signals (ttnolsett); the contract then decreases

sirarply, as dces the usef ul luminance.
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The halaticn is reduced or nearly elÏninated by

having the glass .face made cf lct^r transimittance or
t'abscrbing" material with a transmissicn ccefficiant
T" êO'5 - O,7 (267),

From the Fig.91(a), it can be seen that for
the primary halcr rays ¡eed to traverse at least three

glass screen thlcknesses (all-owing fcr ray refractlon,
this is ncre like \ screen thicknesses) ccrnpared with

cne screen thiekne ss f cr the primary* ""Y. t¡iith the

phcsphcr aefrecticn//diffusicn FactcrnTo u*1, of sqy o' 6,

the primary halo is red.uced (fcr a glass screen,TS= O'7)

tc (O,Z) 3 x O.6 = O.2 of its previcus value" The pritnary

lunina¿ce is reduced t c O'7 cf its previcurs value w-hen

ncrmal glass faceplates are used, ind.icating that ccntrast

has imprcved by about \r at the cost cf reducticn of

I uminanc e .

In praetice, with lowe"t tr'l contrast imprcvement by

factcrs cf 6 to tB has been repcrted' ( 267)

similarly any external incident illumination
at an angle <\lc-)2o to the normalrwil1 travel at

Ieast two screen gLass thicknesses before belng reftecteo/

diffused and emitted againrcompared wlth the CiìT phosphor-

ernitted rumlnance traverling through one grass thickn€ss.

For the lieht pen originatlng luminance off bhe cRT sereent

a facto" TCRT = O'7 was allowed' for, itr expression 6'17'

Som.:ofthedimensionsand'parametersofthe
schnidt optlcs sy stern may noh, be explained. The size of

the aperture lens in bcth the RCA and the PhÍllips system,
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Ìlct,h cf lririch use rear-prc j ecticn screensr ie such as tc
;rllow a rnaximufn semi-ccne angle fpcm the centre cf the

CitT screen tc the rnirrcr of \Zo (in the PhllLips system,

38D) .

Presumably the reason is as follows. RaXs reflected off
the mirrcr and incicie¡t cn the rear-prcjecticn screen have a

certain fracticri0T*r"reflected back (or rather refl eeted,f

dtffused) making that ray visible when vleued frcm the

rear cf the screen. Part cf this reflected luminous flux
travel s along the same d,irectionrbut in the reverse

direeticn as the original incident ray. It is reflected'

off the mirror ancl incici¿nt cn the screen. If the angle

cf incidence is >l+2c cr thereabouts (the critlcal angle

fcr reflectic¡r for glass), a sizeable fraeticn 1s

specularly reflected off the Elass facepl-ate to be

1¡lsidqnt crr the mirr.cr i,rnd reflected back cntc the glass

faceclate agaiti. IlcvreVer beeause of finite glass face-

plate tiricl',ness and rêflaetion effectsrits apparent

crigirr on the CtìT phcsphcr screen is not the original
Iccatic¡ bub some adjacent lceaticn ( see Fig.91 ( b)).

l'he I'esuIt'is C¡lI spot sizes of apparetlfly

lar¿er clia,: etr:r' ruiL:. rielccussecl ol' diff used spct bound-

arles. Hence a los*= of resoluticn results'
If a thlck faceplate is present, double images may even

become visible.

Clearlymaklngtheeffectivemlrroraperture
sueh Lhat the exlt angle at the glassfalr interface is
Iess t,han \2c ensures that the image defects and loss of

¡sscluticn dc ncb cccur. Reflected rayS cf angular

irrcidence r,vilich result in gra zlng cr shallor'l travel paths

in the glass faceplabe are quickly attenuated due tc the

T¡'ansn i ssicn cf the glas. TCiìTâ' O'7.



255

'llllc sí.rirìir c"¡tlettutiotL :i['cDlrrse ]rcltis ['of r"ays

projecteri l:rtc Lhe CIil sc1'een frctn tiie tight emibting
:t,er). The efi'ec:tive niaxinlwr ccrle semi-angIe l¡eing less
thair tile critical angl-e oI'\2c etlsure ütlat no double

reflecti.¡n etc are seen ctr the viewitrg screen.

i',cr€c'v€r it nray be shcun from the synrtnetry

cf ttle reflecticrr systern in Sphertcal Mirror Optics, that
rays exiting at Þ q'l bc the ncrmal tc the cRT Sllass

faceplate frcm screen locati¡trs cther than that at the

cerrtre cf tlre CR-l sereenrdc nct intercepÙ the ccrrecting
let-rs anol irence ar.e nct focusseC cn tile prciecticn Screen.

Tiris is cf ccurse cnly true fcr systems i¡here fhe

maxin uii serni-ccne angle cf acceptance by the mirror frcm

ttre CFtT screen centre i=r 911'. Ihis is shcrvn by the trtrc

rays cn the left-hand sid.e cf Fig.91(c). Iience if any

stray lj¡¡hb rays f1.cr¡ v¡hateVer source everibuaLly are

irrcidenl crÌ the C¡lT screen they are eithe r attenuated by

the cRr Srass faceplate cf Tsoo'6, Dl if they are

reflected., their angle cf incideuce tc ihe Blass faceplate
belng >)Zc, they are not fdcussed on the rear prciecticn
screen as for all inte,nts and prrpcse¡this -is the same

case as'Ci{I screen rays exlting at >

It is thus seen that stray reflectlcns and

stray light are of little consequence in a Sch¡nidt Optics

System.

similarly unless the central regicn cf the mirror
( cf dimerlsicns approxirr ately equal tc the CR'I screen

dirrensicns), is blacked. out, or drilled cut f cr Vid'icon

tube posittcning, multiple reflecticns betr¡een mirror and

CRT Fhcsphor are pcssible. For o€âr-ro1'ftâl exiting rayst

r,,¡ith ì;he eentral mirror portirn being present, the mirror
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re íllect;.ì(i ray s t^,oul d ile tnci<ieni; cr) bhe Clll' sci'een å8airr.t

causing rìecclida.t'¡,' itriagr:si 1;c Ïesult; tiie ref Iecticrt c-f tire
l.RT sereen is nct by specular reflecticn buü by reflecticir/
rìiffusion f.rcm the CiìI phcsphor".

l"or pro jecüed Light ray s onto the ClìT scl'een

frcm tire ccrrjugate image screen due tc the ligtrt ernitting

[)en, the rays v¡ill follcv; the sarne paths as the CRI emitted
ray s irleideut cn tne vielling sereens ( except f cr reversicn
cf d.irecticn). 'i'hat porticn cf this lt-lninous flux not

directly intercepted by tire spherical rnirrcr and iïaged
cntc Ehe CrtT scren, effectively generates stray light rays

cr may ¡lenerate stray light rays.
-Lheir effect is the salne as the abcve described stray light
rej,'s and thus nay be ncgleeted,

6.6 rr¡ iT,.ì T Tn iJr[ì Ë!]viT,llrl'T Phli\l illti) T.TGii'l' SOIIRC Ð{dG

6.6.j '1he iìe o ui prì ]' j s'ht -Pen User Sicnal s
In secticn \.3.6 the requirements fcr the twc

r: ajcr clílsses cf user input signals \{ere giverii These

íìre lisied cn TabLe 2 . Briefly these'brere:

(r) (ìn:¡nhíes Informaticn Inout Sisnalj
lrlhen il.lurninaticn due tc these signals is
prc j ected cntc the' CRT and thetrce a f racticn of
this is intercepted bi the Vid.iccn, the resultant
cutput current is tc þe nc differetrt than the

cutput current due tc the CRT emitted display
inf ormaticn. Ihe trobi ective critericnrt however

is that tlris cutput cllrreflt signal is tc be

capable cf being detected by the ttiL.lt' Level
Detec bcr.

Gl.) Pcitrtine lruncticn and Erase' Input Sisnals
The lieht pen illuminaticn is lncident on
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6 .6.2
//i:).o.Z.l

existinS; Lum irrous display Iccaticns anrl tire
lesuIl;anb r/idiccn output signal is tc'oe
capable cf - being detected by the ttiLAf'

Level iJetectcr whi le tire Iatter is enaì.lled'crt'l
Depe.iding cn r.;haterer functicn 1s tc be dcne

ai bhat Iocat.Lcn ( via enabling the apprcp.riate
f uncticn buttcns), the j.nclicated dispLay Ioca-
ticns mav be requirecl tc runain displayedocr
br: erased implying that at the next fran:e scan

i;ire signal cui;put c uL'rent at that Lccabi¡n be

Iess tha¡rtttr.,t.
Further it vjas indicat ed ( secticrr ) .3 "6) that
tl're r¡Eraserr signal r^ras the most difficult Ðne

tc inrplenent. A reducticn in light pen

Iw¡inance fcr the rrerasert signal may be required
p:;rticuLarly ícr a GIass II Þnotcccnciuctcr,
ciherv;ise, ,- tire Vidiccn phctctarget may beccme

damated. otherwise; if the liglit pen source has

the sarne int ensity and perSl stanc e a s the tthlrt

CRT phcsphcr, the above requirements are
satisfied.

User Actions Durine Lleht Pen OperatoJ:s
ttnal a ^f' Tn^i d nf Dan r,li {-h l?¿enanl- 1-n Sanaan

As already lnclicated in sectl cn 6.5.1 , the angl-e

at which the ligtrt pen is held greatly affects the quantity
of lunincus flux reaching the CRT screen and hence the
Vidicon photoconductcr target. Ideally wlth a RCA screen
v¡lLh a Fresnel lens, the light pen shculd be held perpen-
dicular tc the sereen surface, uith a slight blas cf some

several degrees off this normalr pcinted towards the centre
of the screen. Pen grip is thus of irnportance with a

directicnal screen.
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Fcr this reasen
s are urls uitabL e f cr the Iight Pell.

H T t
Seca;r,:L), the speecÌ r,;itir r'çÌi-icir the peu is mcved

î,ay af f ec t itle signal or-rtpu-t am pL j-l; ulde

I¡or the ciìT generateri iLlulninatici-i il--tc-ident

ctl t he vioic cn : c u.Ì.re nt signal s are g ene rat ed cnIJ¡ cnc e

perf.ra-neti¡¡lejnterv¡r].a,nclr.ead'cutcnceiJ(jrfrainei.e.
ev€ry l+O¡ns. Otr the other hanci, 

"';hen 
tile u-ser is pcilit-

1ng tc S3|ne Locatj-cn fcr eraSut'e sâ,)/l tha.r, Locaiicn r:lay

be j-lLu.'¡inated fcr ihe i¡rterr¡ai tiiat tne iight pen is

staticnalryatthatlcca.ticn,i'lhichrnaybecnecItmDr,e
secDnds, c1u'i te f easibly. This is a very shcrt tirne f cr

the rser bu"t is e,qrr-ivalent ic 2 j {LÔ-íccn-cRT recycLe tiirie -"'

since the,,iL2t, IeveL cleLectcr cclitrcls sciOe Icgic and

may t,ie up tá; CpU tlO interface ciepenri-ing Dn the partlc-

u-Iar functicn being perfcrrned, then for aS lcn'g aS tne

pen is incio-eui cn the saífle lccaticn, tlO itrterru"¡ts fcr

that Iccaticn r,liIl Dcc rr '

Agreatad.vantager.lillresultiftheligntpen
lu rinance 1s blaruced cuit af ter the iirst scan i'e ' after

ithasperfctrned.it-"requiredfurictjSlI.Thesigrialtc
enablethistcþed.cnemaybeoerivedfrcnithecuiputcf
the t'i- ^" detectDr. A Ii'ght scu'rce is tiru-s requirect

r,rhic" "tíitches cff cr blanlcs cff cn ccmnand in less than

ccnstant iilurnina'cicn light\o ms.

s ourc e

A ccnterbalancing advantage cccurs' ccíìlpensat-

ing f cr the uneven wri ting speed cf the rser ' .r1e sults cf

user acticns are cirectly ano- ii:tmedia.tely visible tc the

user. An inoica-tecl IocaLicrr fcr erasu're rnay remain

d.isplay ed, vrhile the a'Jjacent Icca+'icn has been erased

say. Thls is seen by the u-ser ano as he originaies these

commands and acticns, he d.eterrrlines -whet'irer ihe displayed'
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result Ís ccrrect or not. If not, then he may immediate-
ly take correctlve'actl"cn wlthout tying r.lp the CPU¡

because wrcngi dispLay in.f ormaticn ( i.e. incorrectly
lccated or not erased) does not tie up or involve the
CPU ffO interface.

Any errors occuring due to other causes, say by

ercessive ncise ( see sectj-cn j.7) may be corrected. by

this way.

6.6. ¡ Reouirement s of the L:Lgl¡tjgn
In add,iticn tc being able to generate the two

classes cf signals described briefly in section 6.6,lrthe
following requirements are needed å

(i)

( ii)

l. l-J-1J

( lv)

(v)

the availability of at least two luminance levels,
one arnplj.tude for graphlcs infornaticn input,
the otherrlower Ievel for rrpointlngrr and rt€rasert

signal s.
The pen nrust be held very nearly perpendicular
tc the screen surfacerparticularly when a direct-
lcnal screen wlth a,Fresnal 'lens ls used.
Spectral and Persístance characterlstics of rrt¡ilr

phcsphor are d,eslrable for the light scurce.
The light source of the lieht pen tc be capable
of belng blanked off under slgnal ccmmand at
arLy instant wtbh negllgibte tirne delay,
The cutput lllumlnatton of the lleht pen"Et(t) ll

from expressicn 6.1 8(a) ls glven as

EL(r¡ = -ÞdS). (**u): . 6.1s(b)

where hdrr ls the dia.meter of the exll pupll of
the pen and lt ls assüned then this ls focussed
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by a converging lens tc a spct cf diameter
0. O\ 5' x o,-O\5t' . The lens may be assured to
have a Þansmlssicn Cceffieiant cf I.lJ.

tt-ro(t)i is the resultant CRT screen lumi.nance
r¡hich must be able tc satisfy the Vidicon required
llluminaticn. This, as was indicated in Fig.í:B is of
the order cf >100-12O ft-L average luminance of
'tJ¡! type'phosphcr. .. t^I1th Bp¿ttt = 63 Bourthe ts¿-cnr(t)pdAj(
ls cf the order cf 7000ft-t (neak) anA is the value used

in the caLcuLatlons following.

Fcr a lieht-pen illuminaticn having a different
perslbtance or Iu¡ninance-ti¡ne relaticnship, the.abcve
figures vrill differ. Hcwever, they will need tc be of
the same apprcxirnate order of nragnitude.

Evaluating ó.18(b) for a l,rl-phosphor lllurnlnation
with tire above values, results in a requlredtf"tt)pEAI(ttof

EL(t)ppor = 2' 8.Io o.o\q 2
. . .ft-L. .6.1 8( c)

t+
a d

r,'ílth the useful light pen exit pupil rrö¡¡ cf the order of
]-l+x(o.olr5)t', this indlcates a peak lleht pen exlt pupil
Iuminanee requi-rement of

h(t)pg¡lç = 3.103....ft-L . .. . . . . .6.18(d)

Such luninances are quite readily feasible r¿ith avallable
Ilght sources such as flash-Ianps or even constant
lll¡¡ninatlcn la.nps. ì.fore sor this lumlnance is even more

readily avallable from the CIürr^lhere peak Iuminances of
1 . j .1 O 2f t -L are avalla bl e (2r9r::
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6. . .l+ Cc¡nmerciallv Available Illurnina!Å49,-Sol¿rc es

ilefcre examirring the proposed cRT-derived Iight
pen illuurlinatcr, the ctJrerr mcre obvicus ilLurninatlng
scurces wiII Ì¡e briefly examitredr under theif ¿rbility tc
ineet i-"it: r.e luirements enulrlera-ted in the preVicus secticn.

The mc-st cotlllTrcn Iaboratcry lllumitrators,
partieularly for o¡rtic fibre illu¡¡inatorsr are'oased on

â projection lamp of scme \t' Iength whieh has a parabcllc

refLector t¡ithin the bulbrreflecting in a nearly paralleL

hream the Ir¡.tincus fIux frcnr the incandescent filament Q79)':

This llear:r jn ttlrn is fccussed b.l'a ecnverging Iens

(extei:na.I t¡ the bulb) critD bh: fibre optic tei:minals.
:ihe refl e,ctcr Ìras a rtrlicltroict¡ reflecting fiLn, that is
a r¡Javelength selective ref lectcr; it ref Iect s visible
Iight but transrnits. irrfra-red, generated by 'the filamentt

av,ray f rcrn i:he cptical f ibres. A c cclihg fan is requ.ired"

tsu.Ibs have a slicrt lif : of some 1OO-200 hours and co st in

tne vicinity cf S 5-1O ( 2BO ) . 0f 1 lO r,ratt rating, tlteir
e u.rrent is r"r. j 1 Atn¡t average. The sbead.y illrrminat j cn

cn scme are¿-l ,O'31 x O'JJ' is scne 2O-5O.1OJft-C and can

L¡e varied b¡' varyrug the supply voltage.

Provi<ling a Iuuirinance-time characteristic of

si:iiiLar. fcrnl tc i,v-ph.)sphDr persist¡lnce by switching 150-

r,ratüs ?5 tirnes/sec. prcvlde certain prDblems (particularly
as tir¡e-ccnstants are requirecl tc be negligible j-.e. Less

tha.n 1-Znsj), an¿ Icwers lamp tife greatly. lielay-operateci

nechanic¿¡I shutters (derived frcm ccmmercLal catÏeras)

cculd be used. insbead.; shutter cpening and clcsing times

of the crder of 2-Ans a-re quit e c crnmon ( 281 )' Ihe re sult-

ant required illt-¡,irinaticn is a sequence cf narr6r¡l puLses

o-f scme lOms uidth spaced' every \Orns.

0Í' the other pcssible light scurces ( z7g )
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Ilashlarnps are ccnpletely unsu.LLabIe as the.y

extremely shcrt life (less than 1O\ flashes,
tc a tife of a fel¡ mirrutes in cur sysLem) 

"

irave

equivalenb

trlash Discharge lubes such as are used.in
*,rcbrsccpes cculd pctenblalLy be'used bub rer:lui-re high
cperatirug vcLtages ( several KI/) and are experL-sive.

6 6-c Ârlr¡r nf.nçt a nf lisins CRT Luminanee ås a Lisht SourceS

Scme a''Jvantage s are obvious. The persístanc e

spec Errul and pctentially high available lumi-nance cf the

crcler cf 1,5.lO5ft-l are what is exactly required frcm

cur vir:"lpcitrt.

Hcwever, tire fcllouing aclditi-cnal Sdvanfages

are al s ¡ pre sent :
(i ) Ihe Vidiccn hes an unusable peripheral area

acljacent to ibs scanned area bcundaries cf
scme 1O-15% cf its tctal scanned area (section

. 5.5.5). As bhe CRT and bhe Vidieon are required
tc have a 1:1 display area spatial reLaticnship,
abcut 1O-'lJ/, cf the CRT display area is also
unusable fcr display purposes. -lhis ar-oa ean

be used as the tlehh scuree fcr the Iight penl

(fi) r i:e CltT light sfuree is a I'ccld-lightt' scu.rce.

Irr ineandescent light scurc€slsolne 8O% ct bhe

vrattage is cDnverted to unwanted thermal energy
( hence the re..¿uired rtd.j-chrcicrr ref leet or
mentloned abcve). Thls, when optic fibres are
used tc chaunel the Lunlnous flux tc bhe lÍght
penr requires forced-air ccclihg and cDrlsequent

ir,.crease in cost sLze and noise.
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( ]) 'L.hc miìjl)r ¡1r.ly,rrnha,le ltcrve vcr is the pr-rber:tia1.l.y

I.ast switcliirrg speerl atrcl ccnbrol oj'the 1i.gh1,

pen illurninaticn. 'Ihe Iight pen ilLutlii:raticn
may'be clue tc several individual Ilminous

loeaticns on the cRT screen ( the availaÏ¡le

area for this is the periphery of the display
' area). Each cf these lccaticns has a defined'

sequence cf svritching cn ( due tc the ra.ster scan)

andprovidingitscontributicntctheresultant
totali-ttuninaticn;theecllecticnofthis
illwninating flux is dcne by cptic fibres'
Theenablingcfeachcftheseccntributì-ng
scurces can l¡e ccntrclLed selectively by

ccntrcllingthenumbercfenabled'lccaticnsat
any Dne regionrdetermines the resultant peak

illr¡ninaticn. tsy controllinEr within a frame

time, whieh cf the ccntributing grÔups cf

Iocaticns.r¡itl be enabled, alters the combj'neC

perslstance c urve cf the illtlrrinaticri ( see f ie '92)'

llss¿Lls€ all of these eontributing scurces

are capable ci being switched cn or off' either

selectivety cr in totc , at. speeds inherentl'y

c crn pata.'ole v¡ith the CIü and r/idic on tlm iìrg

s,v stem, an extremely flexible and versatile

prograrunable tight source results'

the final advantage is cost. all the retluired

ccn'pcr¡ents tc construct the light source and

pen are itrhe rentIY Pre sent '

(l+)

6 .6 .6 .Flbñe odtl,c s

6.ó.6.1 Introducticn
Themeanscfcollectingthelu¡nincusflt¡cfrcrn

theCRllightscurceand'transmittingittothel.exit
pupilr' ( trre cutput aperture) of the tight emitting pen
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is ti:rcugh n cptical fibrestr . Opticerl f ibres are thi¡t
f i;;res (approxiniately o'OO1¡ + o'o2t' in diameter), most

commcnly Df Elass or plasticrwhich can rtchannelrt cr
guide Itu'ij-ncus f Lux, itrcident Dn one end of t.he f ibre t

alcng flrei¡ leggth wibh vel'y sarnll attenuaticn; the

transmitted lu¡nincus fIr¡r ls emitted from the other end

cf the fibre. The major ad.vantage is that the transmitted

tlgirt fcllcvrs the curve cf the transmitting optic fibre;
the curvature cân be up tc about 10 times the radÍus of

an iridj-vidual fib¡e radius (see !'ig 93 ).Ccst is very

cireap; about 6!c(US) per foot cf bundle ccntaining 6)

individual libres (280) . The theory cf operati-cn and

capabillties cf optic fibres have been adequately

describeo elseruhere Q8Z'2857 and are cf no great concern

here. 0f prirle interest here are the te::minal properties

cf ttle cptic f ibres; optical fibres, r¡ltll thus be treated

as Itblack boxesrr, with iriterest centered on the aJnol,lnt of

lunincus ftux aocepted b.v the flbre, the fraction
transi-itted, the maximum angles cf exit and entry cf light
rays, ano the transmissicn spectrumo The efficiency and

cpblmlzabicn of light fIr¡< efficiency depend cn these.

For fibres cf diameter rrdrr appreciabl-y greater

than the r\tavelengt'h of the traiismitted light ( i ' e ' d> 5-

1O ßicrons), llght can be ccnsidered. tc propagate thcugh

the fibre by a series of reflecticns frorn wall to waII

(see F1g.g3GÐ. Iience, cnly the rays which are j-ncidenb cn

tLre entry pupil at an angle equal tc Dr lessr such that

totat intelnal reflections ean occurr are propagated'

Tc reduce tight leakagejctaddlngrof each fibre by material

of lovrer lndex of refractlcn ls used;as the thickness of

eladding is cnly. several mieronsrthe total cross seeticn-

aI area of the fibre 1s effectlvely the same as that cross

secticn area thrcugh r,vhich Iight ls propatated..
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l, (, 6 ) Tnolrlant Tl'l rrrninq'l-.irn 1n Ontia F'ihr.a ñntr.r¡ Pnnìl

I:, is a trivial exereise t c shcri,¡ ( using Snell I s

Iar,r of refracticn) that the ccndj-ticn fcr total i¡lternal
reflecticn is

sini< ntg -T 6 .19
o

whe re lr il¡

"rl ,tt

¡-or a f ibre in air (nl 
o=1) I 

ttitt

fcr plastic and glass fibres.
thls data.

is the angle of incidence tc the flbre axis
is the refractive index of the mediu¡n where

thb incident lumincus flux is present.
is the refractive index of core material
is the refractive index of the cladding
material.

is betueen Jooand 60c both
l"lanufacturers usually supply

,r,T*u

ttT"

Sin tr lr"rotl def initrg the c one cf llght acc eptanc e,

is thus the measure of luri;incus flux gatherlng effici-ency.
f-cr â Lambert iIIr¡;Ínating scurce cf 

nto( t)"ft-i,, tt is shcwn

iri (Appendix 8.3.'l) that the llIum-lnaticn at the centre of the

fibreJroo(tt"is
B ( t) sin (i). " 6.20E (r)

ùOF
¿
max a

Vfhen an cptic fibre is cemented' tc the CRT

gl¡iss faceplate, bhe distance of tire fibre frcm the CRT

phcsphcr (the Lambert ilLt¡rrinating scurce) is equal tc
Ittrr, the f¿lceplate tirickn€ss. It is assumed the cement

is opticall.y transulent ¡ Df negligible thickness, and of
refractive index similar to glass (about 1'5-1'6)i the

adilesives used tc cement cOmpound lenses suggest themselves.

Frcm Fig.93(e)the resulbant field of illuminaticn which

contributes to the illui,lnaticn on the optie fibre has

a ratlio" t Fril where
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rf. = L' l;;tn i + d
,
a.

i,l-rr: rrtrr i'oi' orc.ic,: b.i.:lir CRTIs is cf the order of o.1Lo .l j' i
andtaking t - O'13rOlo = 1'5\ (gl¿rss faceplate)

hr ã O.55 (r typical value)¡r€sults

rr irr ez 21 O

and the radiusilF""f the conbributing fleId of illumínaticn
beÍng (O'0 5 * Ê)'. Frr a f,ibre thickness d. = O.01tt, the
total diameber cf the f ield cf illuminaticn is 0.1 1 tr .

As the angle subtenCed by the fibre at the illwninating
scurce is Iess than 1D, therCor\gnvarlaticn over the fibre
is negligible.
Fro¡n expressicr, 6-19, the average illu¡ni.naticn fcr I= 21c

across the cptic flbre cï'oss secticrirEO.F(t)t¡ni,

in

Eor-(t)rr'.j = o.t¡ Bs(t)...ft-c. .6.2o(a)

Ihis is contributed by that field of illumination of O.11rl

dlar-leter.

irlhen a bundle of .tlbres with a tctal effective
diamet."'Dtiu used. rather than a single fibrerthen
irecause the illuninating source is a Lambert radiatcr,
lhe effective diameter cf'the illt¡ninating source neeessary
tc prcvide a ccnstant illuminatÍcn for the optic fil¡res is
z( t.tani * Ðr) o (0. 1 + D) i

a

/, (- 71ì¡^ncnioc.inn nf Trrmirrnrrc flrrv ín fln1.i^ frihz.a.

The transmitteci incicieit¡ iILutr'.iuati:,¡ is nor'l

srbjeel; tc atfenu¿rti:)n r./hen travellirig thrcugh the fibre
ler:gtirs. .trrcm Flg. 9r(b) ,shcwing the 

ttransmissicn vs lengtht'
cl fibres, it 1s seen that the plastic t'CilOFONtr fibres
a|e supericr tc the glas-q fib-res. Fcr a 6t length (the
Iength recluired) abcut 3AT' cîtrnhibetrlight is transmitted.
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-llhe fibres alsc shc',; pref,erred !rarrsmissicn fcr
varicris 1,râv€lengthe; tiiis is shc'r¿n Ln Fig. 9\(a). Greater

attenu-aticn Decurs at lcti vravelengbh ( blue) than at the

cthers.
Again for visibte vravelength, the plastic fibre

is superior tc the glass fibre . -.'

Ccnsecluerrtly ItCiìOFoivrr plastic fibres are selected for use.

the f,reclr.Lency selectivity in tr¿lnsrnissicn has

i¡een aLIcwed, fcr in thertransrnissicn vs lengthllcurves aS

il'l:cse ere the average transmissicn fcr ¡rr'¿hite lightrr.

'ilius thre ilLt¡ninaticri acrDss kh. exit pupil cf

ihe cpbic f ibres cf 6r length, Ec¡¡'(t)ç1rn,r is

Eor(t)our = o'J.o'1J.Bs(t) ..ft-c. 6.2o

= Q'O\2.8s(t)...ft-c- . . .6.20(a)

ás the peak I unirtanc e 
t13r( t) rr",i cr the CIìT

;:lrcsphcr cen 'oe 1.5:lO5ft-L, the illurninaticn at the Iight
perì. exit pupil can be

Ð0,n(t)our,"#63oort-c ' ' ' ' ' ' '6'zo(n)

i'-6-6 l+ Out ¡rut nrnr n2rìee a Exi t Puoil nf Ontics Fibres
The lwnit-r.cus flr¡r at th:: exit pFpil disperses

irr a ccne cf light (see Fj,e.93(b)rvhcse semi-angle is
give¡ 'o¡. a¡ identical expressi-cn tc 6.19 (due tc the

Principle cf ;teversability cf lieht rays in optÍcs).
Hcwe ver, bhe cuüput r''rediw;i being ncu air, vith a refractive
indexT"= 1 andas
exit ser¡ j -e cne angl

x,tc
el is glv

''dqs tak.en as O.55¡ the

en frcm
,l 

e
r ; tttô

Sin i
c "ÌrL g"' = o .55 .

:rrrsr.j.l.t, Lrrg itr t¡if, = 33).

. "5.1 9(a)



268

'I'hls atrguler dlspet'sictr meíìns an eff'ec: tive
illunineted rrspctrr at clistancetStfrcm the exit pupil
cf d.iameter " oJ, vhere

D, = 2Þ.tan io + D

vhere rri)rr is the f ibre bund.le diamet er.
Ccnsequently a short fceal length cbnverglng lens is used

irr the light pen tc intercept this emitted exit pupil
Iwnincus flux and. loeus it to lhe requlred spct of

diarneter O.O\5" (see Fie.97(b)).

6.6.7 .Îhe CRT Illu¡ninatlne Source

6 .6.'f .1 rntroducticn
Expressicn 6.2o(a) gives the maxirlum cutput

illqm i¡rabit¿l at the exi+:. pupll of the fibre optics

iri.rndle, for a given Clìl Luminatree.

In secbicn 6 .6.3t the expre-*sicn 6.18(c) waS derived

llriki¡g the requlrerJ cubput luminance for the light p€n

ç.rith the resrltant Vid.iccn illuninatlcrr cf abcut \OOft-C

peakrnhen the light pen Iuminance is proiected intc cRT-

T./idiccrr system. Tl:is was

t( t)t"*
i,¡lre r e

¡¡ dr¡ is the cliameter of the exit pupil of the

pen and. thus the d.iameter of ltght fibre bundlet
,,0. Ol+5tt ts the resultant spot cn the screen

(a fccussing lens beirrg used). '

Equating these twD expressicns 6.18(c) and 6;2O(a)1

z'8 .t o\ *€hr) 2 ft-c 6.18(c)

results in
d = O'Ol+5

o.o\2. ,3s( t)
inche s a a ./o.21
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ihus iì tr.adeoTf betrueetr the active diafieter cf'the

fibre þurudle ildrr (anri hence the nunber of fibres required)

and ïlie iIIu¡ritiating screen lu;ninance' ng(t)lexists.

(-,
il.,.trcr a maxi-r,um peak C 'lI lurn inanc e

U

1,5,1c5r,_Lrthe active fibre burrdle d,iarueter results in

d = 0.095t" 6 .2t (a)

(t) c.fl

a a a

As each I'CROFolîìt fibre has a dianieter of

O.O1Ot( 286 )¡abcut gO I'CROFON" fibres are tirus re'truireC'

CIìOFON fibres (as Elass fibres alsc)r are

suppliccr Lccse Dr in bu-ndles cf 32 cr 6\ fibres iu ¡'\iL

jacEet,s. Ïhe end's of the fibres need' be opticaily

pctished and capped fcr ncrmal light guiding applicaticu'

Itisbriusassr¡ited'bhatbctrretrdsofeachcpticfibreis
pc1-isiied ;crior tc attaciring tc the CRI EIass faceplate '

Sr3r,rs¡"1 ccmplicatirns arise becaLlse cf the

ilni',,e s(:antling speed cf the beam r¡hich generates this

It.rtr:inance cL' tl:e CRT iLlumi-natirn scurce ' Abcve it 'r¡as

assumed" thal; all pcinb s of the, iltuminating area -rn the

CR,Isc].eenlraveid.enticalpefsistanceatanygirrentj¡e
and lfls:jtical lumj-nances '

IhetcpstripcntheCilTscreenavailablefcr
iIIu:ij-natingisO'12r'r"'icle(cc''respcnd'ingtc3l'cfthe
scarrrred are¿i. dinensicn at each side-Sê€" secticn 5 '5'5' '
ircr a ju iri¡5h c3Jr raster area cD'respond.lng tc a field

trrneititerv¿rlcf2Oms(zfieldiritervals=lframetj-me
i.ter,¡ar in 2¡1 interlaeed. scannlng)ro'12u crrrespcnd's
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.allcuing fcr 9/" ftY back) tc

x 18.3 ms = 0'735 ms

In APPend.ix A.9.3 it i
fDr tr,¡tr" ¡.rircsphor iri the interval

o -12
a 6.21a

3

Frcm Fig .6\( a) , the persistanc e e urve f cr rrl"tr¡l

¡hcsphcr, the lumlnanc e O'735ns aft:r the st:rrt of

excitation, is only scme O'1I+B'EAK(t)

clearly tlien fcr the illrrminating area r¡hich

take s o.735ns tc generate, the e-tf ective overalL average

lu¡ninance ís scmewhere betweentBru"at and'*O'1\'trror,1

Ihis nust be the lur,rinance used in tc calculate the cutput

light pen illurninance.

given bY apPrcximatelY¡

B(t) = orr^r.l
\

s shcun thab the clecaY

betv¡een 10us cc'lttls is

I

lo;\7
I

1
L

9 5.-10 't

Usingthisrelationshipandthefactthata
kn¡r,rn nu ber cf illr¡:ninating lccaticns occurs within the

tine interval o.?3rrs. rthe eff ective average Lu,'rinanee

r,rithin that interval cccuring at t = O'735ns e-fter t'he

start cf the frame interval is shcr¡n, in Appendix A.9.3

tc be equal to

Bpggf AV= c'23 Bppl¡t... . ' ' ' 6'22

CcnsequentlyifgofiþresvJererequired.fcra
ecnstant peak luminanc. S'EAK, t'hen # = 3go lLbres,

for the abcve reduced luminarcës are requlred.

AllowingaareacfwidthO.os'.ateaehendcf
tÌ:e ill+ninating strip (see secticn 6.6.62) Ieaves a



FEcing Ð,27j
rl

TO TIGHT
IB

ON

0.05" 7

0.0ó

3

0.t2"

-t,,I3"_l_S NORmAt
CRT DISPTAY AREA J

-l

(r) rayrut ¡f
Llgbt Poa

GBf fllnlnatl¡a 8¡uroc frr thc
r¡ I 5n ProJcotl¡a c8f.

4¡
t¡¡

='

=-

P€ \

00
R

I

EIUtTAilT
IIöHT PEil

ilAltcE

4.
m3 ms 35ms

(Þ) Brsultr¡¿ lrllarmc at thc- 6Rl tlu t¡ pr¡Jootl.a
rnd rcfl.oûtlfn rt 0R! sorcc¡ ttr t thr tÞoyc tfr-tfr _ffb¡r_!!qþt_ pcn' o¡rparcü rltb tb nrrully
c¡ltt¡dl CRl lftDeltorr

-

=-

=10ml TltttE
t[[urútilA ID AT AI{Y LOCA Trõ-¡¡ DUAltcl

c0ilsTÀil-l-SCAN I]{TER At rs AtwAYs

¡( ) rt], ùaaoy ¡t ltutalte flu¡ WEl,
CRI l¡ortl¡n.

(

Flgør 95, ORT ILI 8¡uro¡ fa! P¡¡t.



271

strip r,r-idï;ll of (\ - 0.1)t' = 3'9" r¡here fibres can l:e
lccatecl and bonded tc ccllect the Iwrinance. Ihis¡ puiely
by ccincid.e¡ce, exactly acccmcdates 39A fibres bcnded

sid e by sic.e in a line r âs each cROFOi{ fibre is of o'0.ltl

diar:eter. The uidth avallable fcr the iILu¡¡inating strip
is O'12t', but as explainecl in secticn 6 -6.6.2 the

nec e ssaï,j/ diameter ( cr strip width) of the ilLurrrinatitrg
sou.rce f cr a single f ibre ls O'11r' ( see Fie.95(ù)

lilhen bunCled intc a circ ular bundle, at the

cther end, 39O fibres each cf 0'O1rr diamet'-'r have a

a cliarieter cf Scme O'1ótt -O'1-/t'. Thls need.s be focussed

dor,ln b, the Iight pen tip Iens tc scrne dr - O'91¡5tt i.e'
a reiucticn magnification cf some 3'5.

1[e sec crid clif f erenc e between the re sultant light
pen illu¡rinaticn and tÌre CRT lrrminance is the fact that
the raster is interlacecl 2:1. That is, althcugh each

partieular Iccatj-cn is accessed eVery \,'Jmsr adiacent

Iine Iccaticns are aceessed relablve tc each otherr eVery

2Orns. -[hus alternate Li-nes, raiher tharr ccnsecutive Iities
are t'adjacenttr. Iti the iILL.Lminating CRI' ar.ea crly half
cf the Iines are excited successively and then 20ms later,
the other alternate Iines are exc j-ted. ConsectruentlS' the

resultant Iurrr:inance reachirig the pen exit pupil ccnsists
cf peak lwrinanc. 

I er(tìpilAK t.u."y 
2oms and nct peak

I *in*n" et .,8. ( , ) prOrf .r.?y \Om s. This is shown 1n !-ig .95( b)

Iixcept fcr ampLitude and repetiticn rate being dcubledt

the persistence is flearl¡r that cf the Ci:ìI luminance '

The ttrird difference, althcugti nct very sericus,

is the fact that the tieht pen lumlnance has its peak

aluays fixed in ti¡ne - cne peak at the start cf the fra¡ne

Lim e en,1 the cther 2Orn s lat er. The instant cf scanning
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however fcr any glvert I oc¡,rt1ltt may oeeur anywhere

r¡ithin thcse \0ms. Hclrever the time betr¿een scanning
for any given point is still 4Oms.. Tirus even thorrgh

the trvc origins may nct coincide, fv¡c ccmplete cycles
cf lieht pen illtrqrÍnaticn are incident at any given
lccaticn rqhen the lieht pen is held staticnary. Ihe
+.otal light flux incident on any lccaticn is thus
c cnstant .

6, 6 '1, Rpcrr'l tnnt f.uml nånnp Sipnnl s flnnm CRT T'l I unr i naneti nn

Ccnsider the f ollo ving fwc types of signal at
some g iven Iccaticn due to a..Iight pen contalning somc

3b l9o cRoF0lri fibres. A peak or tBP*M *o".o",

every 2Oms and the pæsistanee is as fortthe !,t-phcsphcr;
hence the curves of Fig.68 are valid in determining the
net pctential buildup cn the *iidlccn photcccnductcr"

Frcm. Fig^.68 for Phctoccnducbcr Çlass II, it -is

seqn that fo" t¡(E)pPeK"(.qoiu"lent tc a incident photc-
c¡rid.uctor for"rrofirresultirig in 4OO ft-eandl.es) a net
phctcccnductor potential rise of abcut 5'3V cccurs. 2Oms

Later another peak occurs givÍng ancther 5"3V potentlal
rlse. 'fhus with \Oms, 10.6V pctentlal rlse has cccured
as ccnpared with abcut + B.5Y for a peak of .r3ro*(t)
Lr¡iinance every 4Oms ( s'ee Flg.68) . Ccnsequently after
the first eomplete scan time interval, a signal current
1s generated greater than for a CRll generated lwninance
for display refresh.

Simitarly when pointing the lieht pen at an

existing lccation, the twc lt¡niriances surc. If the loca-
tlcn is somewhere in the centre cf the dlsplay, the
sr.urmed lu¡rinances and summed Iumincus fluxes may be

a
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adequate to generate a scan output current sufflcient
tc switch the t'il2ttLevel Detectcr befcre the second

half-frame light pen signal is generated. Ihe output
signal frcm the "LL2" Level Detectcr then switclies off the

CRT illumlnating elements, which staJ¡s off until the

next display locaticn is being pclnted tc, when the

illwninating Ioeaticns are enabled on agaln. This

sr,ritcliing off of the illurninaticn and its necessity tc
do sc ls left till the fcltowing seetlcn 6.6.8'

Ncrmally hcwever the futl frame-time interval
with the c cr-Ltributicns each 2Oms apart, must be super-

irn¡rcsed on e.tl er:istin¿ Lumincus lccatirn tc ef i'ec bively

resu_ll, in a.n illurninaticn elual tc bhe resultant vidiccu
ilLuminaticn as given in expressicn ).25(u) .

'l hus E(t) = 2 P(t)cnT .\.25( a)

',,;lil-r¡¡ '¡¿1r'i]-J sr,lit;ctl Lhe t'i, ^L¿'

is err¿ibLeo 3ll.
Ie veL cletector ctrr when -ttll

b.ó.,2¡"; SUm¡iaf;r,'- _ _ _

Ihe resultant light pen Iwninances, even th:u-gh

nct id.er:hicel tt CRt- emj-tted Iu.rnin¿rnce frcm a given

lcC¡:bilrt, ¡;¡1jç;r¡11írteIy Életrer¿¡.te Lhi: two clal;ses cl trSer-

ir-itiateci sigrrals. Tlie reqt1iremr:nts fcr tl-ie cHl illwnin.-
a|"in6 soLl-rc€ are:

( t) cR'f Iu¡r,inance at illuninating area tc i¡e set tc
a rnaxj.i:rtr¡' (abcurt 25o}fl'-L*l) rscttLnE the video

slgnat at ühose locatTôirs to the naxl¡um 1evel.
(?) a strip at the top of the CRI dlsplay alea O'12ri

y¡lde and. the wþole wldth (\tt¡ of the scanned

area, is the light pen illìxnlnatlng area'
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(i) a rc-\,; cÎ J?t}-39O, O'01Or¡ diameter CROI'O¡ì

plilstic f ibresr 6n in length tc be used.

(\) bcth e¡rds cf each fibre are cpticalL.y pclished.
One set of encis is tc be made intc a circurlar
burrdle cf seme 0.16" - O.1?tt diameter', bcnded

tcgether anrl pclished flat - this is; f he exit
pupil cf the fibre buriclle.

(5) Ihe cther ends are Lc be bcnded via scme

adhesive such ¿rs Canada llalsam etc in e linet
aojaeenb to ea.ch otlter, O'O55u frcrn Ihe tcp
cf t,he CRT raster area i.e. mid-',¡¿r.F alcng the
avallable iilulihaticn striP.

(6) '-[he fibre bundle to be encased ln a PVC sheath.

t¡ ^7 ''Hi LIG}U P.Iii
r.):?.1. fntrcdocticn - Li¡:ht Pen Re-quiremenbs.

rhe functicn cf the lighb pen is tc prcvide
the rne¿1ns f or Ehe user L c ciirectLy i-n,out graphic irif cnma-

t,j-cr, or tc select, b). pcinting, certain dispLay features
flcr f ur.tl:rer CPU orccelsilìg rcr f'cr illcealized prcce-"sing[
such as crasu-re.

Ihe light pen emits Iumiricus flux¡ (cliannelled

f rom the CRT illui¿rinating scurc e area via the optic
fibres) r.;hich is incidenb cn the vielvitrg screen and thence

via tlie Sch¡nidt Optics t-o b+! reflected cff the Cril
phosphcr cntc the tidiccn phctcccnductcr target; frcm

there bhe itrforriabicu is either channelled itrtc the CPU

I lO lnterface, cr is ci.rculated fcr display refresh
pUf pÐS€-q.
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Às the Light peu is iri direct use by Lhe

cpe ,'at cr, c ertain f eat ure s arc requir.ed of t he pen f cr
sirnple, eff ecbive cperaLicn:

(1) The pen must be capable of being guideci f c
the desired screen lccation by the user
holding it; it thus must have ease cf handling.
A slighhly thicker than ncrmal tt2Ocilball point pen

barrel is required; cne endr-the rrlrrritlng tiptt
f or the lumincurs f lux exit pupil, while at
the cther end the optic fibre bundle, supplyÍng
the luminou.s fluxris inserted. ,

(2) 1'he tisht pen rnust have ease of'operaticrr. A

Í'unctirn itey bcarci ( see sec b Lcrt 2.Lt.lt.n j-s

necessary tc r^icrk i¡ith the lighb pen ( e.g.
I'SC.EL3 feature Brt by such and such a f¿.ctcr
b:,' pushitrg f u-ncli¡n buttcns r¡ SC.ALE¡I lvhile, by

tne light getrr feature I'Brr is seLecbed direcbLy
c.ff the screen). Hcweverrcn the Iight pe.nra

sirnple ccntrcl si,vitch, the I'modeil swiLcn is to bc

lccatsfl r,rhich is used tc indicate wlietherrcL¿iss I
si-gnalst(graphic infcrmaticn input) 

""n.Lass 
II

signal."t (ttpcinted tcil f e-atures lerluiring process-

irrg cr r?râ.sure| are reqaired. As'cIa.ss I I signals
require cnly tc i¡e detected b:¡ ühe ttiL1" level
detectcr, wiiich is al'¡ray s enabled cñ; nc switch
is requireiÌ f c-r this. 'Ihe rrO'rfrr sv¡iüch pcsiticti
iLidicates iilat the f cll-cwing user-pert acticns
specily lccaticns f cr prccessing cr erestr.re. As

tt:ese Lccatiotts are detected by the ttiL2tt

level detector, t,he sl^ritch is thtrs rnerely tc
enabLe the t'iL2tt Detectcr Ðll. In ther0!-l-rl
pcsiticru, the ttirrt' Detectcr is inhi bited.
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Ihis is the cnl¡r üser cperated sr¡itch cn bhe

lsnrLc differerttiate tire mcde cf user signaLs

tc be ca;.'r'iecl cut. Several extra cptic fibres
may chånnel lieht frcm a larnp ( say 1! watts) tc
illu.ninate an,,iL2t' Levet Detectcr rr0Ì\t¡ Ïndica-

tcr,made cf say a red filter glass, indicating
the iloi{n statué cf this Level Detectcr. Ihe u.ser

sv¡itch thus alsc enablss cI| inhibibs bhis small

i.dicatcr Iarìp.

( l) -rhe lu.mincus flux generated frcm the Peor

a fracticn cf v¡hich is eventually itrcident crr

the Vidiccri , is a very critical factcr' The

usefulliehtftuxemittedanqjradiatedbythe
ligtrt pen de¡lends cn the directicn cf the pen

t c ti.re ncr¡:,aI cf bhe viewing screen an j cn the

d1stance cf this €creen frcm tite perr tipi bhe

pen tip thus requlres careful (anci eve&

tic r.iticalt) pen-alignmeni and ti¡, pcsiticninÊ .

Ihisalignlng;isdcnetrautomaticallyrrbytwc
pressure sensitive ccntacts Iocated near the

pen exit pupil. When the ccntacts are I'in

ccntactr', the Clrl illLlninat-in.g scurce is enabled

cn;ctheruiservlteltthereisncpr:nti;lpressureor
uneven pressure, the cRT Iuminarice is inl'iibifed'

'ifie tr^¡o contacts are tcgether cnly if the

pen 1s touching the screen and slightly press-

ing against it at a ncrmal r Dr near ncrmal

screen incidence: this is beoause 'the ccntacts

are placed symmetrically abcut the pen axis'
Sirnultaneously when bhe pen is in this

pcsiticn, the lieht output at the exít pupil

cf'the pen is at the ccrreet image Dr fccussed

planerwith the exit beam being ncw paralleI
anci. ci the ccrrect diarneter of O'O\5tt and' of
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cDrrecb irLtensitY.
.Ihus unless the pen is ccrrectl"\'positicned,

rlc cutput Iight 'is generated as the Cttl lieht
emitbing source 1s inhibitidl The user

adjusts the pen ccntadt until a signal is
registered. This ilONrr ccndíticn rnay be seen

by the user by several extra optie fibres
illuminating a gg ItOlrl indlc.atorrt near the

pen tipr which themselves are tapped off the

CRT llluninating source.
At any cüher tirne, rnrhile the pen is in

tlLe r,readyrr pcsiticn or resting cn the ccnscle,

or approaches bhe screenrthen as nD light is
emitted., no sbray,signals Dr reflectictrs etc

<1ue tc i-trare generated.

(\) Ancther featu-re associated with the light pen

is the fcllowing:
Assume a display feature is tc l¡e pclnted

tc, s¿ìy fcr erasing. It is then required that

as scDn as the,,iL2,'Level Detectcr ltas deteqteci

tlris signal, the CRT illuminating scurce area

isr tc be irlanked off. Otherr,lise a cycLe cf
graptrlc input ¿lt Ùhat lccaticn ancl iL s erasure t

wculd corltinue during the time the pen l^¡as

Iccated. a.b that spct for the following reascn:

The,tilzt,Level Detectcr as scDn as it detects

the signal fcr erasure, outputs enulonibitt
si.gnal r,;hich blanks the videc output signal at

that lccation. As bhe t'iL1t' Level detectcr
thrrcugh which all Videc $ignals passt has a

stlghtdelaycfscmeo.luscrlessintrcduced
uith respect tc the ttiL2tt Legel Detectcr, thls
inhibiü signal is merely apptied tc the cutput
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ñr' l-.1',r, rr i rr LeveI cletectcr output ( see Í'ig.71)¿L ''L1

i.e. the viciec pulser correspcrrding Ic the

required lccaticn tc be erased, cutputted frcm

tlre " ILz" IeveI Detectcrrtrblanks itself cutrl

b:r inhibiting the same videc pulse when it is
Dutput frcm the ttill t' Le vel Detector.

iitrc signal at that lccaticn is lnput into
the ClìT and thus that pcint in tlie first CRT-

ïidicon cYcIe is erased.
iJcwever the light peu is sbill lccated at that
pcsiticn, emitting adequate Iuminous flux tc,
at Least, b. detected by the t'iL1tt Level Detee tcr
which is aliuay s enabledr even thcugh the t'iL2"

LeveI Detector is enabled. This is effectively
the same ecnditicn as thcugh new graphic infcr'-
maticn i s be ing in,out at that lccaL i urr . Thus

at the next (tne 2nd) Vidiccn-CiìI cycl-e a spct

reappears cn the CRT which then is detected by

the Vidiccn ancl then r'rill be erased againr âs

l,ne light pen is still in the tt g¡¿se¡t mcde.

Tiiis trerasure - vrrit rng in - erasureil cycle wilI
e:rist fcr as lcng as the peri is at that lccaticn,
and since each erasu.r€-write-in c)¡cle takes 2

frame times (8Oms), while at the very best the

u-ser time reacticn is appreciabl¡" greater than

his fastest reacbicn time (about 2O0ms), at

Ieast several such unr¡anted cycle s lvill be

present ancl the lccaticn may nct be erased!
Slmilarty lf the locaticn was lndicated fcr
further prccessing, requiring the CPUr the CPU

I/O Interface wculd be in a I'receiverr mode as

Icng as ther¡functlcn and eraserr s'r,'¡itch was

euabled, and uculd recelve pcint ccordinates
cf that ind,icated lccaticn every alternate frame
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ti-riie interval.
The ¿:bcve utidesired situaticn may be

eliminated by using perhaps a reduced. illumin-
ating scurce, ccntroLled by enabling the trmoderl

switch.
Hcwever, it is simpler tc use the t'iL1t'

cutput signal, indicating that the lccaticn has

been suceessfully detected, tc inhibit the

illuminating scurce (See Flg. 96 ) The user may

keep the pen at the lccaticn as lcng as he

1il'es'¡rlthcut causing unuanted rerase-write-in'

cj/cle s cr tying up the CPU I- 0 Interf ace '
Ihe green "illuminating scurce r¡gNIliEhtr being

sr¡itched off , indicate s t c him erasure cr

lccaticn-acceptance fcr CPU prccessing has been

achieved.
lJhen'the pen bip is lifted cff tc pcint

tr scme other features, ancl brought dcwn again

tc the required Iccaticnr-the illwninating
source is enabled cn again by fhe pressure

sensitive switch.
Fig.9.6sitowsablcckschernaticcftheligittpen
aad of the ¿ssDCiated subs:¡stem' Ïi is seen

tnirt the user nas cnly thertmcde-switcltil tc

cperatedirectlyifgraphic¿lsplayfeaturesne':d
be pcinted tc cr erase<i.

(t) l¡ühen ¡'pcintingt'ls required. tc features not

clispia¡'ed, then the pen subsy stem talces 2 fri:tle

irtelvals t:l i.terfcrn this functicn. vtith the
,,iLZ,t Le,¡el Detect or enablecl rtite f irst ligLtt
perisignal'cnåblarilclccaticn,lnerelywrites--L.l
tir:rt pcint, r"rltich is detecteci by tlie ttiLlt'
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Detectcr but is rrct a,iequate bc be cletecr,ed
itr the " i, ^r' De t ect cr. At the next .['T¿llre- Lr¿

-i nt erval hire tr,,,lc I u¡¡ iruanc e s .sum, cLue t s h he

previcu.s cyclerrr.vritten inI pcint arici ì,he

tighb-eiiiii;iing [)en, ¿rnd ilience are detected
lr.y- bhe ttir -,t' Deteetor anct the required f,unctio,n' Lt¿
j-s: car'r'iecì out.

-6-7-2 ConstrLrct-irn cf the Lisht Pen

Other than bhc spring Icadeci two-ccntact
.r1¡itch, anri the user clJerated 0l{-Oi'F Itrncde-switci:it¡, the
pen j-s cJir]írletely passive.

fhe rrriting tip has a srnali aþerture, frcnr
',¡h.j,clr t.iir--: c'Jlrput lunincus flux is ernitterl. The cther'
r rld ci til,: pctì has t;he fj-bre bundle of some O'?:t' dianreter
(r,rh-i-ch j-ncLuCes a prcbective cuter ccver) an(l the t,¡,rc sets
ci fii;rr: Ì:uir,.fIes cf serne 1C-20 Í'iþres eacli, cne r¿undle

il li¡iinating the [rnccie sr,vitch' Iight (Red)',¿iiich inciic¡¡tes
tite rrûìr¡i-stabus cf this s",vitch, the cther bundle illumin-
aLÌ ng tire (Green) Light indicating the ilONre-stabus cf the
ii-L;r,rilruting scurce. Ihls green Light tr0l{rr, means that
tile pen is prcperly pcsiticned fcr cperaticn, and -if the
rr,t:cde _cr^riLcliil i-" enabled, bhenowhen the gr.een light
sr..:iLches cff, it mr:ans tirat the functiori cr er¿ìsu.re fcr
tire Icc¿¡ t,i.;n indicaterl lias kieen c¿lrried cut. IabLe 3

Lisr.s lire sl,atus c-fl tlie pen, according tc the lighi;s seen

b.y tne ir.ser. lile cable out cf the pêtrr'in additicir tc the

f j bre cptic hiundles, al sc carries the slgnal leads f rctn

the tr,;c *"t¡itches.

.61 .2 The LiEht Pen Optics
fhe cptical fibre bundle carrying tìre lumincus

f,lux frci',r the Ci-ìT illi¡ninabing scurce tc thc exit pupilt
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is ri.sOrnÊJ CI,16t' c1j-¡Iiret::r.active a.rca, anrl has il,s

l;urir:arice etrtil;teri in a cene cf semi'angIe cf 33o ' ( see

secticn 6.b.6.5). i'his lurtlilicus flux is reqLtÍ'i:ed tc be

nfu.nrr€l-ierl rt intc ¿rÍi area. cf abcut o'o\5tt ciia-r¡leternr'vith

're 
exiì; right rays essentiarly pararreL bc tiie ligirt

pen axis. ihis dir.ectivity cf the lieht ray s is required

'D¡ÌcaLrsethell.ser-ScreenFresneLLenswillthanrefract
theser¿ì.VSaIcrrgth.:r.quirecir]irecticnfcr,¡;rcjeitictl.
cntc tit,: Schllidt Ref'Ieclive 0pbics (see sectirn 6'l+'tr )'

;iithfibrecpbicsrini:igesizereducticn
andhelicecc]]Ï.espcndingluminanceincreâS€risachieved
re.rÏe-Îíj-cierrtlyartdeccncrnicaltybyu"singtap.:r'ecicclles

c-flsitllilarcctistructj-c¡randmater.iala-ccpticalfibres
( ::ìti ), except, thal, the siiles rather than 'oeing parallel

ai'eIa;rered(seeFig.9"/G).AlLtheLightirrcj-dentcrttite
iargeCrcss-SecIic¿lalarea,isauailableatthet.eliuce.J
en¿j. r-hus ilna¡:'e reclucticn cccurs.'¡ibh the ccrrespcnditr[:

irierease i t: Iulnittance. Ihe angLe of exit of lire rÐys aLsc

ii:e t'eå'Ls€ . Fîcvlever it is stated ( 28l+ ) that rri¡ith c¿:ref ul

,Jes1-¡;r-r anrl cohs'tructi:lir" cgnes cf reducticn of image

:izeb.'\-lcan.oeachievedr¡itirbrightnessirrcreasesof
16-?5. ii lerus systelil r'iu'sb sbiLi 'oe used tc redir::ct the

tiglit rifJrsì clirecticn'

i'io'",revet', þesat;se cf the ¡tossì-blr: clif'l'icully iir

cbbaiilii:¡1 t;ire rertruire-i cD(1e dimerrsicns anr] ¡-lcs:s-ibIe lr-L¡ilr

ccsl(?) ',,ire fcllcuinp; tv;c Iens systern j-s s'gSeste<1

(¡.ig ,97('ù). f t';c ccrlVergent Ienses are used' 'itr a

cirif-Lgi-iraij.crj sJ"le-r;llaL aii¿ilsgcus tc a telescli)e systenl

,.;h¡: r.e J,i:e entr;, ii,cideni ray s Dll bhe efitry lerus ¡ìre

naralItI ¿ìno tne exit rays are ccnver'g'ent' In cur ¡gquire-

;n ent, bhe eniry incioent ray s are 'livergent anc¡ the exit

¡¿r, s are tc ì¡e sss€utially parallel' the pri-rary cbject-
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ive Ieris tL 
f' ci \¡eI'.v :;hcrb f ccal length antl lnrge

D.i)erburr: (lcv F-nu,rrber) inbercepts tile rays v¡hich are

ernilted frcn the fj-bre cpti-c bundle exit pupil in a

semi-c rne angle cf 33c . The se are thus brcugiit tc a

real i:nase plane uhj-cir is at the lccus (focal cbject
plane) cf tire seccnd ccnverging lensnLj'. The image plane

cf titis, i.ç, ;it, Ðr near, irif iniby, and thus lhe exit rays
are sSs€rrtially parallel cr nearlJ.' parallel. I'his is
t.he ¡srluired ccnditicn.

Tire v¡hcle peri is hcused iru scme ball pcint
cr pen-t;'pe plastic cil-sing.
It feabLì.r:'es sim¡:licity e lcia cost, neal trautcnlaticil

cperaticnrand perfcrms aIl the required user-graphic
display iriteracticn f uncticns.

6.9.
ó .8.1 '.ECAPITULAT 

IOì\I

Þ UL]-

( 1) T¡ enable the u.ser to view the CRI dlsplay
sirnuLtanecusly r,lhile bhe fidiccn intercept s a

fracticn cf ihe CRT emitted lumj-nance, and to
enable the user tc in¡tut graphics Ítifcrtnatic¡t
and inLeract r,vith the ctispLa.y by selecL Ing

display features for f urther prccessi tlg cr
erasure, an cptlcs subsystetn is rectruired.
iì-urther, a real i¡nage of the CRI display must

l¡e available cn a screen tc enable the abcve

two functicns tc be perfcrmed..

(2) Ihe RCA Schnicit TV Pro j ecticn Optical S¡r stem

is the sysbem chcsen. It has several advantages
over other sy st €itl s ¡

(1) A very efficient lieht utilization.

t
ù
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(ii) Ì''lc -interference ruibr tlie Ciì'I lwnirrance
prcjecbed cn the Vidiccn photoccnductor
target.

( lii) It enables direcb ,rs€r-input inf'crmaticn
superpcsiticri cn the CRT screen r,¿ith

no misaliilnrnent and l,tence no regisbra-
ticn probleffs. Sir:rultanecusly it
allcvs the CIl.l screen, which is a

Larnbert radiatcr/reflectcr rtc accept
this user-genelated input information
for inserticn in the CRT-Vidiccn Ioop.

(iv) Stra¡' reflecticns and hence the possibil-
it:t of unl¡,a'nted signals is negligible.

(v) Such'l'/ prcjccticn systems are cDmmerc-

ially available at very rea -scnable c osL .

( l) Tfe user-vietnring Sereen must -he eapable c-t

bi-direetic¡raI accepbance and transmissÍcn cf
incidenù lumincus flux. this is ccm¡latable
uith IV Projecticn Ur.its using reer-prciecticn.

, -L'he screens available prcviçle Light "gainl and

!hu ¡-r'esnel L,ens prcvided t¡ith bhe screen

cptiliize bcth tiser-viei,ting and ligiit-pen
efficiency 'À'hen the Iight pen 1s held trcrmal tc
the sc r'e en surf ac e .

( t) Fcr the light pen illuminating source r the CRI
¡'dead areâsrt aròund the scanned area periphery
prcvide an excellenü', high Iuminance prcgramm-

abIe, s', sten-titrring-ecmpatable. light sÐurce.
Sc¡ne 180-J90 r¡CR0¡-0¡il' O.OlOrr dia¡neter plastic
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cpi,ical libres, cf a bctal cf 0 -16-0.17'l
di¡;r..reter are necessary to supply adequate
Lu.ni-ncus flux tc the üser Light pen frcm the
CÌìT illuminating Iight srurces. A 6l ler:gth
optical fibre bundle is requì-red.

( Ð The light ¡ren has several de sirable f eat ure s:
(i) screen pressure ccntact when the light

pen is correctly allgned (ncrmal bo

the screen) enables the li8ht scurce cn

and allcws Ðen cperaticn.

(Ð a user rrmode switchtr enabling the ,'iLz"
Level Detectcr, tc indicate display
featu-re selecticn for CPU prccessing cr
erasu.re.

( iii) a Feetl ilack lccp betr,ieen the "il2ttlevel
Detectcr and the CRT illr¡r:inating
scurce ruhich allows fcr the inhibiticn
cf the light scLrrc e when the ttiL2t'

Detectcr has detected tire apprcpriate
lccatictr sigual. This elir.inates any

undesLred successiveI readin-erase t

rrcseillatiDnsrr and dces nct tie up the
CPU I-0 Interface unnecessarilyrwhich
r''cuId ctherwise oecur.

( fv) 
tSt"to. lighisut, indieate lighb pen status.

6.8.2 iìecapitulaticn of Chapters l+-q-6

Chapter 6 ecneludes the feasabilfty study cf
UlDI0GiìåPiiIC fcrm the viewpoint of bhe ability of
adequate lumincus energy belng generated within the



sh¡r't frame-time
Lc p:r'f cr,i:

itrter',¡aLs cf LtOms, tc enabLe bhe systecr

display refresli cf a nhcle Citl display
within a fL.'arne time interval, taking ncte
of the Icng resírcnse titnes cf the plictc-
currents and ndischarge Iagrr effects in
Vidic cn t t..be s ,

and enable netu, flra¡:hic inÍ'crnaL-icn i;c be

iniLirL, either vj-a the CPU I/0 j-r:terface,

r".rhic n is a reLat Lvely trivial mat her, Dr

mcre irlpcrtantly by the rserrusing a Iisht
enitting pen.

enabLe the vieuer to cbserve the CIll tlisplay.

(i)

( ii)

('r1r ,

'ln.ose three ma j cr requ-irernent s have been shcrun ic k;e lìuibe

feasibl e :it nc grcat expetlse cr cUnplex circuitry. Inrlee d

the',¡ir;Ie ain¡ cf tiie feasaàility stutly is the ccnstructicn
cf a veí.y eccnomical, versatilerÍet sirnple-tc-use inter-
active grapirics s1.'stem. It ha.s been shcvrn that VIDIOG¡t¡Pir-

IC cert,aiiillr dces these things.

Chapter \ dealt mainly wlth the primary soLtrce

cf li.:ht ener'gy cr flux uithin the systetn, availabie frcm

the CI{i', tl:e amcunt oÍ' r"hls f'Iux incident cn the phctc-

c:ltuiu.cb-ive t,arget cf the Vidiccnrand finally bhe re*cpcnse

¡¡nd ideal signals ¿rv¿rilar¿Le at the Vidiccn output due tc
il,e Cill originating illwrrinaticn. ft was. indicated that
the rr¡lrr i:hcsphcr perslstance 1,,/aS erninently suitalrle fcr
ti:is applicaficn.

Chaoter 5 deaLt with the real (as distinct frcm

the ideal), signal outpu-ts frcm the Vidieon due tc lhe

electrcn süanning beam neu¡t t'aLLzing the charge buildup
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clUe bc ptictccuï'renLS. Á sy'stematic examinati:rti ci the

deviaticrrs frcm icteal ccnditicns. cccuring irl the vidlcon
t,ur¡e were made and the expecl:ed rna¡¡n-itude cf üire deviaticns
1/ere calc ulateci. It was shcwn thaÛ bec¿'ruse a C ur;rettt leveL

Detectcrvlasused¡¡1;tireoutputtcdetermit.iewhethera
valici si:liral r.,,'es pres:ent cI nct, the ¿¡bcve signal- rle-fecls

rlt.ie ir Lilcrìe cier,,iati.¡iis cculrl be igncred. Ihe re luired
/idiccfl il-Iuruinati-'rl.r ccri'iiti:lls \',?'?11C tnu¡ ca'palrl-e of

i:eing c llc ul ¡:t e d .

nter 6 cI'::riL r'ritir t,lic llser-VIl-''0Oii ì1ii)iIIC

iriLeraet,ì ¡¡ - tire )istlIa.y- t/it:v,rirtil E:u'r:-s.¡ sbr':rL; lrtitÏ hiie

(ir.l1,ir-Ì r.::¡-inf ¡r,'al,icl-i i.n¡iut riubsysteir"' . The liglrb 'iuaLrt-

itlefì,îequired tc enable this were calculated and shcufl

b: be iuile f e¿r::-ii¡le ¿rnd easil;r ¡rch.[4ved l¡i1;h a 1] /-

Plcject.i",n lJtiii arlrj Fibr.e 0ptics. The Iight pen? a \re'ry

../er9ei,i]-e rlevit:e, rê:'iUj r.esr minimuû LìSer activat j-lti.

IL ltilS i;itiis i:e.:rr Sncuii ],iiab VIDIcGij;PiiIC is

_f r:al:il;l.e j.'r.:¡lr t¡1r,ì r¡i:i,;pcinl, cil inihi,liLi-ttg, :rtainf;i:iriitrSt

',¡ier^r,Ltrl: fifl,l irrteracf,ilr¡1 r¡i¡¡.t sDniri *etlr:r¿ ted ¿rei¡rltic

di sp] aY .

In Iit,.: f rl1or''.1-li;; thÎee cita¡ll¡:r's;, l'ire ci;hr:r ntajrr

r.e 1ui.r,.JiÌient, bil:iÌ; ci-' cür arld /iriiccn ctisplny Linearity ¡rIirJ'

l,he nai r:i;ena[ce cf a $-eatly cr :;batic clisplay is d'iscu-s;sctj '
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CHAPTER 7

DISPLAY DISTORTION:
EFFECTS ¡N ..V¡D¡OGRAPIdIC'" MEASUREMENT
AND DISTORTION ¡NFORMATIOþ{ STORAGE

7.1 Intr!du.ci,æ!

7.1 .1 Scons cf Prcblem

r.he feasaì¡iIiiy cf vIDI0Gì1ÄPllIC depends )n f'"'ro

nain requirelrent s 'ceing net:

(i) the generati:n cf a detectable signal ancl.

tiremainte¡-anceoftiL-ìssjgnal-intlieC|ìT-
vid,ic¡Lr Lcl,o -f cr oispl-ay reíresn:rl-rig ivithj-n the

slicrt frame intervals cf \orns. 'ihj-s o.epends

on adecluate light flu.x beilg ler'Leratect ai ea.ch

required lccaticrr. ilhe requirenetlt r.'Jas fcu-nd

to i¡e ccmpLetely f easibLe in Cita¡:ters \ - 6 '
( ii) the rnaintenance cf a steady clisplay cnce the

disPIaY is generaied.
Itiscfl]cl-]-setchaveadispla,vwhichgradu-

, ally shifis cíî the viei,ring area cr uhich expantis

cff the screen or ccmpieteL.y disap¡rears aft'er a

f ei,v f ra¡le s.

It is the maintenance cf a steaoy display, and

tlre requirelnents tc achieve tii-Ls i;hab is the

ccnceï.n cf ihis and tLle f cLlc''¡ing tr,,;c chapters.

r7 1

".v Di st c t ì ¡¡ Effect s

Gecriletr.icaLcrDisplayDisbcrticnispresentin
atl cptical ancl elecirc-cptical deuices tc a Lesser or

greater degree. It is tne presence ci sucil gecrílebi'icaL

disborticn rLiat cau.ses, in Dur case r resuLtant ncn-si'eady

displa5r, unless sDme ccrrective acticn is taken'

) Dl Snl
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Af,;r,;itTre Say bh¿rt ctrly Lire Clt-L Jlas sjcme di s¡t,ct'Lictr

ûreselit. ilacli (jisolay Lcc¡rticti in a 'Iü raster sicân is
,1:ì ss:rc i1i;ed r,;ith the tirrle iritervirL betweetr tiie beg'itiling

cf ¿i i'i,ame-tirne i¡.rter,¡aI (ccri'espcnd|ng tc the iLpper left-
iiar¿rj ccÌ-ner ci the ciisplay area) ancl the cccurerlce c.1:- LLre

vj-rlec Ð11.1 se ildicabirrg tÌrat particular dislrlay lcca.tirrl.
I..leaLly nc distcrtisL.r irnplies tirat the same ccllstarlt

fac tor betr,reen Lhe tirne iriterv¿il and the lccatil¡i ci' the

i,esnltrnL locatictrsrap¡tIies fcr atL lccati¡rlsi on the

iìisplay. Distcrti:irr irrlpLies tilat scne deviati¡rr frcni

l.::e j-:le¡rl cI' ncnxinaÌ lrcsiticrt l'esults whetl bhat Iccaticn

aj)pearrì)ntheclisliay'ihi-s<ieviaLiou,inr'rhatisterni-
ed â l,¡¡cllti.lirrearity|. .lisplay, iS of bhe crder cf 17" c't

i;he display neight, sâ.v. Thrs f cr a cRI-/itliccn lcc¡'r, at

eacir succe:;sir¡e frame (i-e o €v€tf \0ms cr 25 tilrres per

secrt.,ii,f,aiiJ, lcc¿')tictr is crisplaceci ily 1Í' cf the dis¡rlay

heigiil; lr:,,1Ì its ncir,in¿lI pcsiticn; Li:ris clispLaced lcc¿iti¡lt

is <jeiected by l,he /id.iccn atrd recirculated bacli tc the

CjJ,', l;ecc:r,ili its lIe1"J ir;:ilirlal positiDn' ¿¡ain it is

ctis¡,lacct,i ':'y 1f" cf bhe display height' frcrt its ncniinal

(i.u. ilrei,icus) Iccat i¡ri. Af i;er several ira'ntes, whicit is

:-;tilI ¡r i'l'acticn cÍ a secgndr appreciable clis¡lla;'rngve-
'iretit ',.,lcul ¡ì h¿¡.r'e occurecl, with tlie c cnsequent resu-It

l,ir¡:t Liie rjser i,,¡culu see a ti"ansient displav and nctiring

eLsei,rIl ¡rtier:¡:ts at writJ-ng-irr ei display data' fcr

e}iâfl]ple'r¡]ul.rlresirlti.rrthatrvr.itten-indatadis;er.ppear-
iti:: ir':.rrrl il,r.'; i¡i ç:'ç i;ef cre 5e lias f inishe 11 rnrriti¡g it in!

Áslìu¡je"uLla{-.eaclrcfthesubsystemsintrcdt-t-cing
tiisi;;rLi.ln, tirat is tire cM, tlie vicilccn and the 'licliccn

Ieiis, ( see beIc,n') ccnl;ri'ori.be a O'01;"/" distDrtisn ccrlti:cnent

in l;;r€ s¿ìrile directicr' ( such rrlinearrr optc - electrcnic

cJevt. :e s: ¿rre veI'j¡ lîereIy met witnr and then ctll-'y it-: '-1e-
search L,:iis).
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ilacl'r ['r;rne tii;',e titen, a locat.i cn i.s ciÍ srrl¿çs¿

b.v uir f l O'03:í oi Lhe Cisplay height. .FcI' the displa;''
tc be displ;rced by a hatf of the -flrane height (i.e. to
'half dis¿ppear" frcm vier+) takes

f rarne s
0.0 J

50

cr -L
2'

67 seconds
x

Clearly e ren the r¡be sü' of available er1uiptrent lvill be

totally unsu.itable f'or cur purpcses of nT¿'lintaining a steaQy

dispLa¡'.

^trr¡en CRIs , r/idiccns, etc lvhich at scrne givert

ilst;rnt; :iríty be distcrticn-fre€r tliLl eithcr v¿ittt t,etnoe.r-

ature, -qui.D,nly-vcltagc v¿rriaf;i¡ns cr ageing etc, l:la ¿e

riishcrïicti itttrcduced, thus precluding steady d.isplays.

îirus whclly'distorticn-freut CRI and Vj-diccns

als reriuiled vrith a 1 :1 gecrnetrical p ositicn relat.icnshiP
betr,¡een the CRT disP lay and the r/ldicon scanned area.

''.1 . ¡ 'r Permissabler Dlstcrtic4
The ccnclusicn is that ccrrectictrs need- be

c¿l.rrieci cut cn the disPlaY IccaLicns tc relocate them tc
tireir ncrninal lcca ticns. The tirne intervals bebweetr each,

eerrecti:ln need be sucit, that I'rit hin this tinre interval,
the drj-ft due tc distcrticn at each lccatlcn, is tc be

*.ucll, that rvhetr repositicned, the display tt ¡lbterr¡ oll'

relcc¿¡ticri d.ces nct cause allnoyance tc the user.

1'his lrelocaticn iitterlr,rhich can be

is cf the same order as the tqlerable display

tclerated,
jitter
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nenticneclinsecticn2'2'2"itiiisis.abcubl-2eLement
sizesr or irt a 625 lirre ';¡'tt*, abcut HE * c'2% clisplay

cf hei¿",rib.

ihus there is a tracleoff betr¡een

(a) the amcuut cf distorticn in the systetn

('0)tlretirneintervalscfconrlcticrlcftheresuLt-
ant cumuLati-ve distcrticn'

Tireshcrtestintervalbetweenccr.rectlcriis
Dne frarne c:r \Or¡s fcr any given lccaticn , ancl ccnsequent-

Iy, if' thi:r inter'¡al is chcsen, the largest distorticn can

be tclerate.l before ccrr?cticn is required. As lrigh

distorticn is expected tc occur in the cheaper cDmmercial-

Lf available equipmen'u, ancl the aim of this the s j's

lcir-ecsi: eccricr:ie IGC r the ccrrecticn interval uiLl

set at a irarre birne iriterval cf \Oms'

isa
be

7J.\ Carrses cf Disbcrticn
rhree separate distcrtions are reccgnized' in

lrIDIüGl'iAi'l'iIC . TheY are

(a) rìistorticn itr' the CRT

( ti) distcL.ticn dne tc the Vidiccn lens systent

(c) clistcrticr'r in the tiidiccn

The SchmidL Optics s"ystem makes nD direct

ccntr'j.buticntctlredistcrticn,howeverdistcrtecltire
resulLant <iisplay cn the dispray screen may appear tc be'

Solcngastheuser'Ulte¡:.inputtinggraphicsin¡rutinfor-
:tl¿l|-icrlcl.pcirLtì-rrgtcleatures,lccatestlredesiredpciirts
ir.|} Csi.IeCt relati¡rr to existirr¿ Iocati:-¡ns, titese L].Ser.

l:eneí¡,rt,ri':l Lcc:-rtictrs, r":hr:n proiect;ecl 'oack by tire Scirmidt

optir::c :ntc 1,he cR1' f¡r reflecticrl again anci ¡;rrjecij':':'L'
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I.l 1rl,:t t,,r I /i i,i.i:¡rt ¡)ilrl i:.;íli;¡i.r,:l-,:;l' iiir';et, a.Ll s: t.t Ûi.-r.:r' i;i¡e sal -r 
'?

ii,il:l;.tt.it.; .:-l:s: irl¡ tile l-c(jiii;LCfis 3l-l tLre Vir:r,r'-!-ig sci.'ílen, ålt(i

',te ;;ll.l : rC¿.1i..,:d j-i l"iL:: CC1'I'4Ct ..,J,Sii;i3n tillen j-LrCj-tlenl, JJ-]

'.lrc CRi screen.

An indirect ccntributicn tc distcrtion is thatt
as a il¡gccd Linear¡t display is required cn the viewing

screen, and. because the flnit e sLze of the object -CP{l-

screen on the focat plane cf 't'he 5'pfrericàL mírfør iadúces

sonci Itpincushion dilstcrtíop, then f'cr a resuj-Lant linear
display, the actual CRT display is deliberately rrbarre|rr-

distorted to compensate for this. Hence as far as the

vidlccn is ccncerned, the cHI d"isplay has barrel distorticn
on the tcp of its usual distorticn.

The types cf distcrticn present, iri thecry

are preciictable, and analyticalLy describable. In
practice, hor^iever, due to manufacturing tclerancest

ccrnf)crielt misallgnrnent, stray fields etc, distcrticns are

ncn-anaiytically describable and the distorticn at cne

lccati;rn dces nct allc'¡r predic'rticn as tc the distorticn
at a neighbcuring loc¿rticn. Th.is compLicates the problent

cfl distcrticn correcticn even rÎore '

since distorticns are deviaticns frun ideal

ccndjtÍcrls wtrich are kncun, the correctj-cn catl be

aclii.eved by either cf tv¡o methcds

( i) " F-eed/Back
il

( ri) " Feed/Fcrward

A f trndamental problem exists with Feed/Back.

b-/ ts, a pcrticn of the resultant signal is f ed backtIri
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and generâtes a difference signal with the cncoming signalt

¡hich is thel used to modify the cnccming signal to be

required ccnditicn.Due to delays etc, the correcticn infor-
naticn thus generated ca nnot be used cn the original
signal but Ðn stgnals scme time later. Hcwever in our

system there is no dlrect ccrrelaticn between the distor-
tlon at adjacent loeaticns rand thus an nerror signaln

between twc stlcce ssive locaticns would have no meaning'

and correcticn would not restrlt.

,Ihis IeaveS cnly Fee-dr/Fcrl¡lard ccrrecticn, ttFeed

Forr,¡ard" (¡-F) implies apriori kncr¡rledge of the required

correcticns at any glven locaticnrand hence the storage

of these required ecrrecticns is need.ed. Since the

distortions at each point are ccn-'ider.ed unpredictable,

correcticri ir¡fcrr.laticn ntust be stcred f,or each i-ocati-on'

Thusafixedstoragecapableofbeingreadout
at video rates is required. The r¡hcle pcirLt cf the

eccncmical advantages of VIDIOGRAPHIC wculd- be lost if
the distorticn-eorrecticn fixed store \,rould be cf the

Sameprincipleandcostasthedlsplayrefreshstcreof
current interac!ive display units"
A rnajor P roblem thus is to obtain a very sinTple means

of storing the correc t icn information and readi- it -out

at video rates.

The seccnd majcr Prcblem (actually the first as

f ar as impl em enting VIDIOGRAPIIIC goe s) is tc cbtain thls
correcticn informaticn, both for the CRT and the Vidlcon

(the Vidlecn lens and üi¿icon tube may be treated as cne

unit) .

This involves the measurement of the display

di_storticn tc at least twice the maximurn distcrticn
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permitted Þer frame time interval(t... to at least O'17"),

Present day methods of obtalning displqv

distorticn are clunsy, expensive and not bLessed t¡ith
accuracy. computer Display cRTts are recognized to have

scme degree of distorticn and the order cf 1% distorticn
1s consid.ered. to be of Ithigh linearityrt. Consequentlyt

present day d,istortioh rneasurements are not considered

tc warrant greater preeision than about O'5/" distortion'

A simple accurate means cf obtalning display

distorticn was found based, on ll¿loire patterns (77) .

Thus the problem of display distortlonr so cfucj-al tc

bhe feasabilitY of VIDI0GRAPHICT re st s cn t\^ro Probl€ft s:

(i) the measurement of the d.istortion of the CRT

rticn based on this

7 .2.
? .2.1

and Vidlccn su bsy stern .

( ii) the eorrecticn of the disto
distcrticn informatiDn.

DISPLAY-DISTORTIOi{ anlX EFFECTS

Int roducticn
DlsplaydistortionsareintroducedintheCRT'

in the úiAiccn and.by the Vidlccn lens. Briefly they are:

(i) ln the CRjI, distorticn is introduced by the

non-Iinearitiesinthescanningwavefcrtn,fhe
screen curvature, the deltberate rrbarrel

distorticnsrr to compensate for the rtpin-cushicnrl

distcrticn introduced by the schmidt opticst and

tube element nÍsaligrunents and electro-optical
aberaticns.(Thesearefurtherdiscussedin
ChaPter 9).
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( ii)

( iil)

l¿¡ thg VId j-c cn, dl st orb ion s are ci'ue t o ncn-

linearities in the scanning waveform, flatness
of the Vidiccn photoconductiqe target, tube

element misaLignments and electro-optiea l-

abernations.
in the Camera lensr by the usual presence of
distortion and other cptical aberraticns.

Ihe minimizaticn of the above present distcr-
tions can be achieved if the maior causes of these

distorticns is analysed andrparticularly, if they can be

described by analytic expressicns in terms cf the

currents d.rlving theltr- and V- deflecticn ccils. Similar

analytic expressicns but of opposite signs whJ-eh, when

ad.ded, tc the deftecting scanning eurrent uavefcrms,

effectively red.uce bhe distorticn tc negligible values'

Lhe derivatlon of such analytic distortion expressicns

is Left t,iII Chapter 9.
Hcuever the unpredictable d.istortion due tc compcnent

misaliEnment, sLray fiel-d.s etc still rnay be present even

j-f the predi-ctable distortions are compensated for. It
is thus asswned that these smalL remanent distorticnst
along r¡ith the lens distorticnsrare stiII present.

r1 2ll c V

The total resultant distortion at any display

Iccaticn and its effect at subsequent frame time intervals
can be obtalned' Þ, three transfer curves linking:

( 1) the time position of an- input video pulse
rrv rr to the CRT with the resultant CIII

^cRI -T
locaticn tr*CRT-ptt '
This 1s called the nCRT Time/Positicn Transfer

c urve tj

Pc
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(ii)

( iir)

( iv)

the CRT screen position r' *CRT-pt' with the

resultant position cn the vid.lcon photoconductcr

target as lmaged by the Vidicon lensr tt*V-ptt.

This is called the rrlens lransfer Curver',

The Vid,iccn target Iccation, tt*V-ptt, with the

resultant video time pulse output frorn the

Vidiccn il*V-Tt'. This is called the rrVidi-con

Positicn/Tirne Transfer Curverr .

Sinc e the r/idic on time video pul se cut put i s

fed directly to the CRt input, except for an

identical delay time for all videc pulses

iritroduced by the ttiL1" LeveI Detector, the

transf er c Llrve Iinl<ing the Vid.lcon video pul se

output r^¡ith the CRT vid'ec pulse inpuÈ" is
considered tc be distort-i-cn free i"e" a line
of urrity slcpe. This is calied the rrElectric

Locp Transf er c urver' .

These transf er eurves are d'rawn in Fig 'pB'

Accmpletelocp,anti.-clockwisei.nthisFie.gB
is equivalent to a circulaticn of a particular locaticn
-signal arcund the ciìT-vidiccn loop and hence shows any

resultant displacement of a given locabLcnrif deviaticns

from ncn-Linearltiz (i.e- distorticn) is present " The

f i¡raI rrstea(y stateil positicn may be found by taking

encugir Iccps, untll twc successive Iocps are ccincident

or else until the lOcaticn runs off the trarrsfer curves'

'Ir¡Jc such sets of transfer curves, one for the

.ircrl zorftaL cccrdinates and. the other set for the vertical
ccordinatesrand thus for each set of scanning r¡aveformsr

arerequiredforboththeVldiconandtheCtü.
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For the example shcwn, display locatictis in
the r¡pper half of the display (lf the T-curves refer tc
the vertical- c oordinate s) shif t uprr.rards while point s

ln Lower half I are shifted downv¡ard. Thus a displayt
as represented by the positicn transfer curves of Fig.98

r¡rould graduaLly ttsplitrr intc two partsrunleSs corrective
acticn is taken.

?.2 a Modlfied ttDisplav Location Transferrr Curves

The actual effects for various conditions of
subsystem ncnclinearities can be seen nlore clearly if
the separate curves are combined together and located

wlthin the same quaôrant. It ls seen from Flg ' 98 that
the various transfer curves are related as followS,:

( i) for the CRT Ti¡ne-Position Transfer Curve

JCnt-p = YCRT-T + ôYCru ' ' ' ' '7'1

(ii) for the Lens Transfer Curve

XV-P = YCRT-P + ôfl ' ' ' ' ' ' ' '7'2

( iil) for the Vldicon Positicn.Time Transfer Curve

fv_r =Yv-P*ôfv ...- 7-3

( iv) for the Electric Loop Transfer Curve

fcnt-r = vV-T. . . . . .,. . . . 7.)

v¡n€ re , t'ôY¡t'r

by the CRT'

ively .

Clearly after one cycle cperating on the above

ttôYciïrtt

cau.sed

re spec t

öXVt' are the distorticns
I ens and Vldlc on subsY st e¡n s

expre s si cns,

Ycnr -e]
']

+ ôV Cnf + ôYË * ôYV

i+1
v

CRT -
i at É,
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h/here the subscripts rt j. + 1rr arid rri¡t- lnd,icate Successive

frame times. Glear:ly the term ttôyCRT + ôXL * ôl't' refer
to the totat system distortion afber one complete

Vidlcon - CnT cYcJ-e.

If elrpressicns 7.2t 7.3, 7.) are comblned to

grve + ôYL * ôYV .7.6

and.plottedwtthexpression/.lintheSamefirst
quadrant, the cc¡nbined rrlens-Vidiccn-CRTr¡ transfer curvet

tBt results (see Figs.g8 and 99).

The succ e ssive location of a given poi-tlt ,s¿y

,,yiÙ r o€r'ely f cllov¡s the rr staircase¡¡ betr'¡een the two

"o*"u.srand 
thus at a glance the expected effect cf systent

d.istortions on the graphlc d'isplay can be predicted''

Several such possibilities are shÓwn in FIg'99' Flg'99(a)

shor+s a graphic ¿isplay moving to the bottom of the

dt.splay area within four or five frame time intervals'
Thus in the rr steady staterr, there wiII be no display

vi sible .

Figure 99( b), shows the two transf er curves

rúerÐssilßrl at several Iocations. These ate called
|| stabLe pcints|t and cof,respcnd. to Iocaticns uhere

graphic d,ata""""omulates't this may be either data

writterl in at these locatlcnsr or else d'ata shifted from

other locati-ons.

It is clear that lf each display locaticn had

its oun rr,stabl-e pcinttr ¿ssociated. uith it, the data

locaticnsrsnce inserted. lnto the cRT-Vidiconowculd' re¡nain

at their criginal locaticns

u.*r-rl = 
rcRr-p'l

Ji+t -li
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Each locaticn having it s cv/n rrstable pcintr¡, of

ecurse is equivalent tc saying that the twc transfer
e¡.rves are ccincldent at all times, and this of course

ls an a.l¡ncst unattainable ccndition'

c{- bl e ooinLs. The nwnber of sta!:Ie pcints generated

is equal tc the number of rrsteady-stater¡ di-spl-ay

lccaticrìs !rer hcrizcntal cr vertical cocrctinate; the

total nLunber of display locaticn,s is equaL tc the product

c_t tÌle horizcntal and vertical .stable point s.

c urve ( see Fig.9B) , bYll r Ire

V

these Ioc¿¡ticns ' Ine resultant transfer curve instead cf

lreing I-i-near as nPrmall'Y t nol,J bec orn e s non-l j- rr e ar and

disccntinctfs. ln]hen tiris transfer curve is ccmbined intc
the r,Lefls-,/idicon-CRT¡¡ Transf er Curve, tire Latbs rtstraddles"

crDsses l;ile cRT Transfer cUrve a number of tirnesrequal

to the re:luj-red nunber cf Iocaticns' This is further

discussecl in section /.\.

Tlreinfonnaticn.required.tsprovideth.istj¡e.
advanee cr bime-retarclaticn information fcr cDrreeticn

lnust first Ìle cbtained. 'lilis j-s cbtained frcrn measuring

the rer.¡arrent distorticn cf eaclt subsystem, natnely that cf

the CtìT and that of the Lens-Victicon systenr '

7 .3.
7.3.1

Inatw o dimensiDnal display r each locaticn

has twc coordinatesr the t'çxrx)tt cr horizontal and

verticalcocrdinates,whicharegeneratedbytwoScanning
current waveforms, generating .-orthogcnal time-varying

i,UASiiäEi'iEI'iT ql DISPLAY DI ST0ilT IOi\tr

S
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def lection fieLds " Further, t',n C Sets of sy stem trarisf er

curves are used, cne fcr the hcrizontaL, the other fcr

theverticalcccrdinate,andeachcfthesecoord-inates
rgquires separat,e eorrection' Consequently tr¡c' distcr-

ticn measurementsr cne for the horizonl'aL, the cther for

tlieverticalcocrdinate,need'becbtainedforeachofthe
CRT and bhe lens-Ilidicon subsy stems '

Present day methods cf measurlng distor t iorr

Ieave rnuch to be desired'. Vjhatever method's exist are

based cn standards associated r¡ith ccfttÌiereíal T'tI receivers

( 2BB) . The Society of Informaticn Display has beent

for several Yearsr Preparing standards v'iith littLe publish-

ed results; a 1/,icrkshop ( 289) is currently being organ-

ized tc tirrash out these problems and set standaros'

Availabl-e methods are crie ntated towards

commercial TV receivers" Since up to 1O-15% dlstortions

(seethedefinlticncfdistortioninsecticn2'2"2'5)
are quiLe cDmiTron in TV receiversr particularly the

vert,ical distorticn in the upper half cf bhe displayt

'v¡iril e 3-J% are ccnsidered to be ttvery gocdtr liriearity 
'

thenecessityrortiientyaccuratedistortionmeasurement
is nct c cnsiderecl tc be cf demanding 'irnportance '

Innormalusage'ifthedistorticncr¡|Iinearity'l
l s stat eri n tc f aII within 27o'i cr I'better than 2%l) it means

thatarlygivend'isplaylocati¡nisexpectedtcfalluith-
in a c-il,cIe cf rarj.ius cf'o'o2H;'centered, at the nominal

Iocation, vrheren H'is the display height ' Indeed'the

accepted.waycfmea-curingd'istorticnofaTV-typedisplay
orCR,IisbytheRETMA||Ballt|ehart(seetheexample'
for a lprecision¡' display, shovtn in (2W)) ' This is a

S
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standard pattern, proviri.ed on a sllde, whlch is prDJ ect-

ed by a slide proiector onto the screen of the display

ilevice unrler measurement, This proiected regular

pattern consists of a number of eircles, of radii
0.01H and O;OZH, where"Htis the display height. hhen

prcjected frcm a certain d.lstance cnto the cRT, and

centered apprcpriaeLy, then an eleetrcnic pulse

generator generates a series of dobs on the CRTt ideally
to be lccated at the eentres cf these circles. For a

distcrticn-free cRT, the cltT generated spots coincide

with the centre6 cf the proiected" circles. Otheruri se,

under distorticn, they falt withtn cr cutside of the

clrcles. Depending cn their posÍtisnsr if they fall
vrithir, the 0.01H circle, the distorticn is, at that

Ioeaticn, t, better than 1%tt . I1 they fail within the

annulus bcunded. by the o'01Ii and c"o2H circlesr the

distorticn is tr better than Z/ott 1 and so orl. Linearity
ccntrols on the CRT are the¡¡ adjusted to relocate the

CRT spcts tc i¡ithin ttrese circles. '

(i)

(ii)

( TII/

( iv)
(v)

The disadvantages are clear:
accuracy expected can be no better than say

O.?-5/", if the result is photcgraphed and

carefulIY measured.
ilrere is no separat-icn between the hcrizontal
and vertir:aI distcrticn compcrlents'

possible scurces of errors exists in the pulse

g ene rat or .
bulkyr. and difficult tc set rP.

expensive test equipment.

0ther method s include the eomparison of vert j-cal

arrd hcri zon|aL Iinear patterns (rtcross-hatchtr patterns)

generatecl cn the CRT screenr with an ideally irienbical
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spaced cross-hatch pattern cn a transparency superitnpcsed

cn the CÌiT screen. Any devlations t'ôstl , between two

correspcnd,ing lines cn the patterns, that is, befween

the ciì.t generated line and the rrtransparency line' t

indicates distorticn and can be ealculated as

Distorticn, D%=ffl

tlíithacross-hatchpatternthet,wchorizontaland.
vertical components may be separated' cut' However' the

other disadvantages, enumerated for the RETI'IA ehart

methodstillapplytothismethcd"Theaccuracyisof
the saqÌe order, i.e" O'25% ot thereabouts for this method'

ForVidiccn(oranyotnerTV)cafierâSrnc
physical transparency is needed for the method using

either a cross-hatch pattern or a REf,M¿ rr baII!¡ cltart n A

[hard. ccpy,, of the RETMA chart Or standard' pattern is

plaeedinfrcntofthecalneraand.Seanned.bylt;thecamera
video cutput is combined. with the correspcnding standard

pulsegeneratoruirichw¿rsused.to¡eneratetheCRTpattern
previcusly. The result is displayed cn a CRT the

distcrticrr cf the cRT does not influence the res[Itant

display as the cornpariscn ( videc pulse ccmbination) Ï'as

dcne pricr tc the cRT (2'JB). The accuracy cf the results

is agairl of the sarne orcier as before'

Astheaccuracyrequired.ind.istorticnmeasuremdrt
}Jas seen tc be ofat least 0.1% in both the horizontal

and the vertlcal icccrdinates, cthert more accurate methods

needbedevlsed.tcimplementthecorrecticnstcenable
VIDIOGRAPIIIC to be realiz'ed'

D1 crt on lrl eâ sLl,rement S ìISI ne Mo ire Patt erns
-3.1.7

The method devised to deduee the horlzontal and
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Vertical CRT and Vidicon dlstorticns is based on rtl'icire

patterrlsrt r or rriulolre fring€sil. (2911292r77)

Ihe method meets the requirernents of

(1)
( J.I'

I]-]1i

ease cf measurement

low cost
high accuracy potentially to better than O'O17"-

Rather than redescribe the methcd, theory and results
in detail here, a reprlnt of th-' paper r¡here thís is all
d.escribed.¡along with results 1s attached in Appendlx 1'l .5

together with scme more results of dlrect relevence.
Qnly a very brlef outllne of the method. is given here.

Briefly, l4oire fringes occur when two nearly

identlcal patterns of Ilnes are superìtnposed. If the

patterns are identical in all respects, and aligned and

srperimposed, then the resultant is the safne as lf only

one pattern vtas vlewed. If the two patterns dÍfferr cr

are misaligned, certain lines cverlap and lntersect; these

overlaps or intersecticns are seen as darker regicns in
the resultant patter n and are the rrþÍoire fring€srr.
Tr^rc compcnents are thus necessary for the producticn of
j,iolre fringes. fn oUr methcd cne of the patterns is
generated cn the CFII (or scanned by the Vidiccn), vrhile

the cther is a Itreference transparencyr¡, SuperiÆpoSed in
front cf the CRT under test. If the two patterns are

identical, then nc l"ioire fringes result', hence no distor-
tlon is produced by the CRT or the Vidlccn. Otherwise if
i,,oire f ringes occur, then d-istcrtion is present.

ldhat makes this method especially attraetlve
for TV-mcde displays is the inherent raster line structure
of the raster scanning process. This provides the horizcn-
tal line pattern ccmponent for the CRT generated pattern.
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ihe otlier Irattern coílponent is a ve'tiCaI" bar" or "Iine"

4eneratorrthe result of ruhich is a set of I'finelf

ueltical lines on the ciìT. The two comblned, forrn a

ver:t rrfirrerr cross-hatch pattern"

An idear cross-hatch pattern cn a transparency is located

as near tc the CRI screen surface as possiblet to

elininate parallax eff ect s. The re sultant Inloire f ringe s

as seen by observing the CRT screen through titis cross-

hatch transparency are photographed (rthard ccpyt') and

frcmtrtesephotographsthed'istcrtionatanypointcnthe
CRT is cbtained ( see Fig.lOO) '
The d.istorticns are obtained f rom the l40ire f ringe spacing s

atthepointwheredistcrticnsisbeingevaluated..Both
thehcr'izontalandverticaldistcrtionsareobtained
separately frcm the one hard copy phctograph' satisfying

the requirement of ease of measurerneßt '

,Ihestand.ardpatternsarecom¡nerciallyavailabLe

patterns cn transparencies, very similar to printersr cr

photographers' rr sereensrr (tt screensr¡ are used to break up

half.tonesimagesintot¡dot||structurespriortoprinüing)
l2g3) .

Analternatemethod'offindingthehorizcntal
cr verticaL d,istortiorl separately is also given' Both

niethods irave tneir particular advantages '

Similarmethod'sareused'toobtaj-nthed.istor-
ticns cl ühe vidiicn-Iens combinatiDn. (see Appendix 11)

\ V

From such d.istcrticn measurements a set cf

distcrtic¡ r'cross-secticnilcr. ¡'prcfilesrr (see l'ig'12 in

the reprint in Appendj:r 11 ) can be drav¡n acrcss the

display area, for each of the hcrizcntal or vertical
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cÌi-ctcr,licns cf thc Tirliccn cr tfie CRT ' Jcining the

distcrticn.measurrJJn€ntofeachsignaßdmagnitude'a
ItdistcrtiJn ccnt¡ur rnap" cf the display. area san be

,c.rar¡n. h-ig.lo1 Ça) shows such a distortiDll contolrr map

f sr the hcrizcntal distcrtÍcn f or the PYE 1\t' TV nroni'tor

wlriclr uras available; the contDttÏ¡s aI. e fn o'2,q" d'istorticn

inere,tetrts. '

Thesigrrsarisebeeauseoftheunidirecticn-cf
theScanlij-ngcrhqrizorllaLraste.flinegeneration'aseach
Il-line is aluays generated frcm the teft-hand side of the

rastei of the area tc the right. similarry the ve'ticar

directicnofscanningisfrcmtcptobcttcmoftheraster.
IdealIy each hcrizontal cr vertical coordj-nabe is associat-

ed'witltthetimeintervalfrcil,tirebegirrnitrgcftLle
horiz.crrtalcrverticalscantctheinstantthatpointis
d.isplayed.Distorticrroccursifiireinstantatwhichthe
¡:articuLardisplaylccaticnund.ercÐnsideraticndoesnot
correspondtctheid-ealtiileiritervalfrcmthestartcf
the scarrning time interval . That t¡ instantrr of display

lceati:rn generati:n can oceur befcre or after itsnirlealo

itLst¿rnt of generaticn.

the conventicn adopted f or the si-gns of the

distortÍon .is:

(r)

(1i)

e pcsi{:ive s-il;n on the d'istcrtion ccntotrr lnaps

meetis thal the display Iocaticn is getlerated

an instarrt later, than the instant forrrno-
distcrtiDñr¡. such a display Iocaticn signal r';cul'ti

need- be advanced in tinie to be located al' the

ecrreet Locabicn.
a negative sign means that the displa'y locaticn

is generated an insta'nt before the itrstarrt fcr

'rnc-distorticnrr . Within such rggicns signal

generatirn recluire s a slight tirne delay to be

Iccated at the ccrrect Iccaticn'
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'1he necesrrary ,Lttforni¿ltion fcr display coFrecticn
can no\¡J Þe extracted from these distcrt.ion ccntcur maps.

Re61ic¡s in which the distcrtipn lies between O and -O'5%

s;ay I are delirteated.; this means that dispLay lccatjr)fis with-

in that ïegion rleed be advanced by an interval frcm Osecs.

tc rtO.OOSIHtt seecnds wherentri'ts the time taken tc generate

tlre active ( cr t'vislbLet') seeticn of the hcri zÐntal line t

and. in a 625.tine'system is of the order cf !\us. Sirnilar-
Iy regi-.ns cf distorticn f rcm O'! - 1'O%t -O'5 * -1 'OY"

etc are d.elineated. the resultant modifled distcrticn
iiap i s shown in Fig .1 O 1" (a ); in thi s Fig ure , the !rd.i st crtion
crigin¡,has been shifted by - O'8% (bV a<iciing'0.8% to all
e cntcurs) to make the d"istcrtiDn n€gat j-ve cver most of
the display regicn sc that cDrreeticns can Lre irnplemented'

bl¿ dei-ays, rather than b.y rrt j-me aclvancingn' cf the dispLay

Iccaticn pulses.

Fcur süeh distcrticn maps are necessary

(i) the hcrizontal and vertical dj-storticn map cf
the CRT displaY "

(ii) the horlzontal and vertical distcrticn map cf
t he Vi-dic cn .

7.) THhlOFf,r O {'0 R'l ToTD CO rìR FICT TOii] TiÚ''VTDTOG lJ,APHICII

7.1+.1 Requirements Df Displav Distlrticn Correcticns
'I'he purpDse cf systetn distorticn correcticn is

to ensure that display locations are Iocated at iclentical
locaticns during successive CRl-VidicDn cycles. Tkris, it
r.ras indicated above, i" identical to tire requirement of a

certain number Of rrstablert .gcintS or ltcrgSS cversrr of the

two separate CRT and CRT-Vidiccn-Iens transfer cürV€sr
l¡hen the se are located in the Itf irst quadranttt ¿S in
Figs.gB and 99.
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Allrrinfinlteil rturnber of stable poitrts cf

course rnearrs direct cclncidence cf the'ti¡c transfer
curves over their whcle length ( or duri¡rg the ccrnplete

scanrring t i¡le itrterval) ¡ and this is almost imposs-.sle

to achieve. The requirement is thus reduced tc gener-

abing as many stable pcints in the Hori zorLtaL cr

Vertieal system transfer curves as there are requlred'

¿1-eplay localirns 'per H- cr V- coord'inate '
If "l{iît' is the maximr¡n number cf hcrizorft'aL display loca-

ticn änd ttN'rt is the maximum number of vertical display

locaticns, then the resultÌng disptay available in
'/IDIOGRAPFiIC is pcsibicned cn a rrpcint grldÊr of Nr, * NV

Iccaticns. This is exactly the same as in the currently

available displays v¡ith say a 512 x J12rar XO2\ x 102\

addressable Iccaticrrs grid.

The f urrcticn .of the distortip¿-ccrr.ecticn
cireuits is to Provide rrl'l ll t]

e nnrl i nat e sv st em rå nsfe r e urve ^ and rrN

in the V-e oorditlat e sv st em transf e r c urve '

Fcr the 625-tj-ne TV system, complebe ideal

transfer curve ccincidence lmplies that NU^,600 and

Nn o 750 ( Vi¿eo.bandr,,lidth c 7.5blhz) i since this cannot

bã achleved in practice, ttN'tt and rrNv.rr are greatly

reducecl belcl¡ the above maxj¡um values, resulting in a

d.isplay grid cf scme 2oo x 2OO) sâY. sUch a relaf ively

eoarse di sple*y grid is quite adequate f or a working

interactive ¿1spi af for vrhich VIDIQGRAPHIC r'¡a's envisaged

f ur ( see chapter 1 - secticn 1 .3.)3) .

The number of required stable point."NiT and"No"

in the hcrizontal and vert j-cal sy stem transf er curve s is

thus zu} Per I{ cr V- cccrdlnate.
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Frcm Fig .99( b) it is seen tr,at stable point s

can occr,lr'' euen witlr hlglily rtorr-linear CR'I and CRT

Vidiccn-Iens transfer curves "

the thought imnediately comes tu mind that the problem

of corfection wculd be partially or wholly sclved, if
both cuIVes, although by themselves shovting ccrìslderable

drstorticn, can have this distcrtion tolerated so lcng as

t hey are cf tl¡e same magnit ude but of oppo sit e sign t c
eaeh cther. In the llf irst cluadrantl tnen, the se twc

curves wcuIrl be near-cclncidentr partially sclving the

need fcr distorticn correcticn.

'lhis arguement is valid if the system uas

required cfllSr tc mainiain a stable displaÍ and refresh it,
t.,ât i*., aIl of the signals circulating j-n the cRT-vidiccn-

Ioco tüould be acted upcn by both cRT- and cRT-Vj-dicon-lens
,llransfe1' curves. Hcr¡ever r,¡\rflen graphic data is extracted

f'rcm the electrÍc locp and diverted into the CeU Irio

interface, th.,, locat icn eoordinates correspcnding to the

graphic data do not co¡respcnd to the locations cocrdin-

ates as seen on the CRT display, due to the Lens-Vidiccn

clistortlcn. When these graphic d,isplay coordinates are

proecessed and reinserted into the systemr then due tc

the dlfferential distorticn over the display area, they

may appear, when yj-ewed frum the cRT screen on the u'ser

VIewer sereen, to k¡e in the Itwrong'r display lccaticns.
Thus the CRT and lens-r/idicon distorticns present may

generate, after CPU processing¡display errors and display

misalignmenf s.

similarly unless trre cRT transfer curve 1s itself
Iinear, then the CRT diiptay as prciected onto the user

vieurer Screen is di stortedr and. any ner'\t user-graphic data

input wiII become I'distorted.r¡ in the CRT-Vidiccn system

1.e. a stralght line input w'Lth the light pen and' a
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" straight ed.ge" l,riIl airpea1. currrecl by bhe salne degrr:e aS

l.re CRT distcrtion is, bui in Lhe cppcsÍte d.irect'i c"
,hen recì.isplayecl crr.e CRT-Vldiccn Cycle later, catLsing

risaliflnments and Icss cf trser ccnfid-ence.

For the same reâsolle newly inserted graphic data

frcm the CPU L/O interface liitl appear distorted whent
displayerl in the CRT displayi Eraphics data representing
a straight line sa.Y I will be distcrted by an amount

equlvalent tc the lens-Vj.ciiecn distortion, gain giving
rj-se tc display defects and l-css of u'ser-cctrfidence.

E1 ^ñ }'h^e-â Fâôe^,-ìc {-ha llRT ond fliì1' 'idinnn-T.ans-V
transfer curve s must themselves be linear,

Sirice the disptay is located cn a point grld of
l{n x IüV locationsr âlr.Y remanent distorticns which can be

tclerated (as ideal lirrearity cannot be realized), must

be less than hatf the spacing between the H- or V-

l-ccaticnsr so that a locaticn dlsplaced due to this
remanent distorticn, is still allocated and âssesiated
wlth its nominal locaticn.

CIearIy the ccarser the display grid, and thus
the larger the interlocaticn spacingr the greater ean the

remanent distorticn be tolerated. Thus a tradecff,
between the dlsplay capacity (given by N,, x lrl., locations)H I'

and the tclerated remarlent distorti-cn of the CRT or the

lens-Vidic cn c om blnaticn, can be made.

Hencerfrom this additicnal vier^rpoint of correct

r.e¡listraticn of input graphic data with exlsting display
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The total requirement for system Iinearity required of the

distortlcn correcticns circuits is as foIIol¡,s:

(1) the number of stable points within the area

ccntaining the disPIaY is:
(a)NH=2oostablepoir:.tsfortheH-coord-

inate sYstem transfer eLlrve.

( b) NV : 2OO stable points for the V-cocrd-

inate sYsbem transfer eurve'

2NV

the cRT must itself have a linear cRT transfer
curv€sr such that any remanent distortlcn
withtn the dlsPIaY region is

cRT"' ônH'*^n o 
. . . . . . .T.T(a)

ciu.. önv afrr* ' ' ' '

the Vidiccn-Iens combinatlcn must be made

Iinear in the same u,ay as the CRT ' Any remanent

distortion within the vid,icon display regi.cn on

lts scanned area is
Vldicon-lens , ..ônH 1

2N,,tl

( 1i)

( lii)

sueh that
/'

%Vidlccn-lens .. ônV <
. . .7.7( b)
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?.).2 Ìq.ethods of Distcrtion Correction
Since these itrdividual requi-rements are j-nter-

,elated fcr either t,he H- or v- cocrd.inate, then- for both

he CRT åncl the CRT-Vidicon-lens Transfer Curves, these

,equirements can be shown on the total system transfer

urves as in Fig.102(a). The cRT-Vidicon-Lens Transfer

iurve is merely therrsr¡n'r of f'"U"u. 2s and "curve Jn of Fig '98'
lhese transfer curves are effectively the current scanning

¡aveforms giving the time/current relaticnshiprdriving
;he electrcn beam-deflection coils i-n the cRT and the

Iidic cn.
Tcre-aligntheactualdistortediransfer

)urves with the ideel linear transf,er curve tc cbtaln

;he rectru.ired tlumber cf stable pci-nts, bwc apprcaches can

le talten:
( i) the actual slope of the scannitrg or transf er

c urve r: can be piec er¡ise alt eled at eac il Lcca-

ticrrorin.certainregionstcalignthecur'Ve
uiththeidealtransfercuTVe'andleavingthe
ti.ine tr.ansfer eurve unaltered. 

- This 1s calIed

the || Sca¡ning Vrlavef orm Correetion l'ietlrcdlt ,

(irig .102 ).
(ii.) the time-tr-ansfer curve is piecewise alteredt

ef'l]ectivelyrlelaying'oladvanc.i-ngeachtime
pulse, inclicating a displa.v Iccaticn, while the

scanning 'u¡ave{orm c-r. the transf'er curve is left
unàt.têied.ThlslseattedthelTime.Delay
Correction Methcdt' (¡-ig.1O j),
'lhe re sult is the sa-me f or bcth case s - the

IccaticnisdisplayedatalocirticnaSifan
ideal transfer curve werê cperating'

ijctlrrnethcdshavetheiradvantagesanddis-
a,luantage s ancl both metticds need be i-rnplernented, the
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main reason being the different rates at r¿hich the

lrcrizcniaLanclvcrticallocaticncccrdinatesare
generated during the Iinear raster scanni-ng processt

and the differing amcunt cf infornatlcn associated v¡ith a

changecfahorizcîtaLorverticalcoordlnate.

AhorizontallineinthedisplayrequireSsome
!\us to be display gerìera.ted (6\us fcr line i'terval and

lOusforflybacktine).ForNH:2O0tthisimpllesan
interval- cf some 0'Jus for each lccation (actually O'16us'

see secticn 7.5.)). Att'empting to eorrect the scanning

uavefcrmi-rnpliesthatthecorrecticnneed'beirnplemented
in abcut f, or sc of this locaticn intervar i.e. in scme

o.o8us. As the inductance cf the scanning coil fed by

this current scanning wauefcrrn is typical-ly of the order

oflmHinbcththeCiìTandtheViclicon,anddeflecticn
currentschangescfùlieor<i.erofo'5mAareareassociated
withe¿lchclrargeinlocatiorr,certainprckilernsarisewhen
suchcurrentsareswitched.atthosespeedscf.o.OEus.

sscanning Waveform CDrrecticn¡t is thus out of the questicn

for t,his, reason, for coI'recting the horizcntal subsystem

t ransf er c Llrve s .

Orrtheotherhanddelay-tngsinglelocaticn-indicating
pulses,byad.elaycfbirecrderofo.Juspcsenoprc,ttlems.

n tUS r

t
r ti il J

h rT l

V a

Fcr the vertical cocrdinater'it must be

relììembered bhat a correcticn cf a vertical ccordinat'e

rreans the same col'recticn applied tc aIl horizontal

Iocaticns associated uitir that V-ccordinate ' Attempting
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tc prcvide v¡:riable delays (as in the I'time 'delayt'

eo¡recticn nlethori) equally r¡el-l for up to 2OO horizcntal
Iocaticns requ.i res variable delay Iines, prog'rammable

shift-registers etcnwhich centainly inereases cost.

I{cwever, since a vertical location eocrdinate

changes nominally every 6\us (a H-rlne period) and a

lnducta¡ce of the orrler of 5OmH is ass¡clated witir the

v-deflection ccil, the need of switchlng variable
cr.rrfents cf the order of o,5nA or less poses little
probl€fis. In actual fact, a stairease scanning wavefcrm

is usecÌ, where the number of steps is equal tc ttNvtt. ( lOUs

or thereabcuts is availabi-e during which the variable
is generated; thls is thestep height (due tc cDr:rection)

horizcntal Iine tfly-ba'ci<'tirne 
)-

Henc e fcr tl're Ver t ieaL eoord i nate cDrrecticn.
n

nIt¡h !ü r u

both the CRT and the Vidicon.

7.).3 Vidåcon and CRT Distprticn Correctiort

7 .) .3.1 CRI Distorticg C.lrreqticn
The requirement for ttre CRI with a llnear

üransfer cu1ve is simply a linear video tirne-puls-e input

resulting in a linear pcint grid displlay. The time pulse

input is either frcm the CPU T/A interface, cr the

Vicllccn cutput, of equi-spaced. time pulses sychrcnized by

a crystaL ccntrolled clcckí each cIOck pulse represents

a pctential'display Iocation. The locaticn cf eacLt

l:ori zonlaL line (an¿ hence the vertical eoordinate) is
Cetermined by scme integral nuxnber of clock pulses. This

clock thus sets the basic timlng of the system'
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\/\lith no eorrecticn applied, the resultant CRT

display, r.vith the abcve linear pulse input, is a distcrted
dÍsplay given by two distorticn rnaps 9f the type shor¡n ln

Fig.101 .

ThehorizcntaLdistcrticnmapprovid'esthe
selective delay informaticn at eaeh horlzÐîtaL Iine

Ioeaticn tc give the constant separation CRT hcrizcntal

rccaticns. Because cnly ti_rne delay of dlspl.ay inf crmaticn

is possible and nct'tit. ad.vancei the rrorigint' of the

distorticn has been shifted to make the di-stcrticn
unidir:ectic¡ral cver the display area; thÍs has been shot''un

in Fig.101(b). over most of the area, the distortion is
frcmot,cly"implyingthatatthebeginnlngofeach
hcrizontal line (the teft-hand side of the disptay area)

thedisplaylocaticnsneed.bed'elayedbyatj-meinterval
eclual tc"o.olTgJ'where TH -- 5\t¡s, the pericd of the

display porticii of the horizcnlaL line lnterval. At the

right-hanc1 side cf the displayrthe distorticn being

nearl¡'o%,thetimedelayrequlredisalmcstnegliglble.

SimilarlyfrcrntheverticaldistortionmaPl
the informaticn generating the step ireight of the- staÍr-
ease scanning r,vavef orm is derlved ( see secticn 7 '5 '7)'

Itsimplifiesthedistortioncorlecticnrequire-
ments if no vertical pùncushion cr barrel dlstortion is
presentri.e. it is requireci that any plncushion or barrel

distcrtion is removed pricr tc this, eventif neceSSarYr

at the cost of introd.ucing extra non-Ij-near spacing

betr¡een the H- lines. The removal of such distcrticn is

cluitefeasibleasbarrelcrpincushiondistortionis
analytically predictable at any display Iccatlon' and

hence can be ccmpensated by waveforms of similar analytic
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descripticn (see sectj-ons 9"\). iìence it is assumed

that the horizontaL display lines are at least parallel
to each other over thetr Iength, even though their
spacing is ncn-Iinearo

The resultant CRT d'isplay wiII after the

necessary ilTiJne Delay correcticnsrrrfot the horizontal
cocrdinates of the locationrand rrScanning Wavefcrm

Correcticnrrrfor the vertical cocrdlnates, be llnear at all
displaY points.

,7 \ -1-2 v ldiecn DÍst ortion Correction
For the Vldiccn, the requirements are nearly

identii:al to those of the CRT. The input is a geometric-

aIII linear pcint-grid imaged cnto the photoecnductlve

target.Thescanningmechanism,conbrcllledbythe
scanning waveformr ot the ttVidicon Transfer ctlrvert, will
generate a pulse'train, rllhcse pulse time poslticn eorresÐ-'

Ðnd.s to the horizontal coordinate posltions of the point

grid. with nc di,storticn correcticns, the resultant tíme

pulse trainrwhen fed intc an ideal distortion-free cRT

vlll appear distorted, uith the resultant distortion rnaps

for the tl- and v- directlcn giving the lens-vidicon
distorticns.

Again thre horizontal distortion map has an

orlgin chosen tc make the ti¡e delay cenn'ection unidirect-
icnal.
For the vertical correction, similarly as for
ccrrection requlrements, plncushlcn or barrel

need be eliniinated, if need be at the cost of

the non-Iinear spacing between the horizontal
(see section %5).

the CRT

di storticn
increasing
Iine s
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One major difference exists between the CRT

lnd the Vidicon distortion correction. In the CRT, the

lnput tíme pulse positions and the resultant 4lsplay
Locaticns oceur in predictable Iocaticns. The vertlcai
staircase scanning waveform contains as many staj-rs as

lli
bhere are"NOocoordinates 1.e. horlzontal display Iines.
ln the Vidiccn photoccnd.uctor target, dlsplay Iocaticns
3an be incident in-between two adjacent horlzoltal
ilisplay lines, when graphic data is lnput rnanualLy with
the light pen. To be detected by the electron scanning

beam, the complete Vidleon d.isplay area ne€d' be scanned.

Ihus unllke ill the cil, the electron beam oeeds to

access all the scanned arear and not iust the scan lines
ecntaining the d'lsPIaY.

Thus, analogcus to the small hcrizcntal tlme

intervals equal tc Scme t ao. f ,)rsr âssociated with each

horlzontal display location, there 1s a vertical ttstrlpt'

area associated wlth each displ4y line; for 6oo actlve

diSplay liries, and IrIu = 2oolthree horlzontal raster lines

are associated wlth each dlsplay line. lrlhatever the

cutput detected by the t'iL1rr or ttll2tt Level Detectors

in an5, cf these three raster lines, it is as*scciabed vrith

the apprcpriate vertical display coordinate ' The

verticalscanningr¡avefcrmhasits|'stair-heightl|ccn-
trollecl by the vertical d.istortion map informatiDn.

TheresultantVidlconolrtputwillafterthe
neeessary t¡ Ti¡ne Delay - correctionsrr for the horizontal
cocrclinates and the rrscanning ]r'laveform Correctionsrt fcr
the vertical coorêinaÙes, consist of a eonstant time

interval pulse train, each pulse ccrresponding to the

linear pcint grid display imaged at its input photoccn-

ductive target.
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7 .5.
'7 .5.1

FORM OF DISTORT

The storage capaclty required for distorticn
infornraticn can be easily calculated.

For ccmûÌercialIy available projecticn cRTs and"

fidicon cam€r.âsr r¡ith pincushicn or trarrel distortion
remcved or minimized. by appropriate eorrecticn waveshapes

( see section ! .3)9.)) the rernanent distortion pricr tc
ecrrecti¡n is cf the orcer of O'2 'O'5% of display
hbleht (fcr the CiìT H-distorticn map shown in Fig.101 (a),
nc pincushicns distcrticn cDrT:eclicn r":as i-nLpLenented,

except fcr external correction magnets).

Fcr the maximui'r ciisplay capacity in a 625-tine
ÎV-sy stem, i{H o 75O and NU æ 600 r ixlplying that the

permissable distortion after correcticn which can be

t¡Ierateci is: according tc expressicn 7.'7,

STffiAGE .ANÐ

l)i c nnl- i nn fì nnr.oæt i

CORRECT ION INF'ORMAT ÏON

Tnfnpmet i nn Rpnn i rement s

5H (

¡v( = o.oB

o67no

37,

t ôJi*and"ôVocan be cDnsidered tc be the smallest

un-|hs cf distortict-r ccrrecticn, implying that they can be

used ¿s 
tci.istort j-cn eorrection inerement sl Thus to

ccrrect up to O.J/o tenane¡rt distcrtictr pr-i-or tc correcticnt
requires up tc ""tu ,, = fu = T.5"distortion unitsl
-thus up tc 3 bits of distortion informaticn for each H-

and V- ccordinate per display element need be sunplied.

thus as tÌrereare IIH.NV disptay lccaticnsrup tc

i\iHÌ$v.( t", (F) + lnr(Hl )¡it"
are required tc store display ccnnecticn information fcr
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ln( 2N r
5.5Jo6

bhe 0rlJ.', where D,¡Ct*, DtiCRt are the clisiplay clistorbicns

pricr to ecrrr:eti;n. Substituting f or{5Vn artcl"6[I"f rcm

above, and having a sirnilar expressicn fcr the vidicon e

tire maxiiluru total number of display di*qtcrticn correcticn
irifcrnlati.¡n requlred is

NÌJtiv (Urt2Nv.Dv-cnr) + lnr( 2l'lu.Dv-vru) + lnr( 2Ntu'-cRd

+ lnr( 2NrDH-vrIr, Lrit s . - - .'/ .B

For the maximum number of display IoeatÍon NgN,¡ æ )'5.1O5,

and for a remanent distorticn DV'DH = O'5Vns

.Dv-cRT ) * 3, thus a total number of \'5.105 x 12 =

bits is required. These are to be read-cub in 12

separate chanrLels (3 bits in parallel for each of the H

and, V eorreetions fcr the CRT and the Vidiccn) r 25 times

Der seccnd (the frame rate), implying 12 separate channels

with a access ancl read.-out rate at scme lOir-bit sf see eaeh'

In practice the abcve requirements can be

relaxeci scmewhatr âs between adjacent locaticns, display

distorticn do nct vary frcm 0 tc O'J/", but vary gradually;

andras the l.ccaticns and hence the distortion correeticn

infcrmaticn are accessed in an order predetermined by the

scanning prceess? infcrmaticn cf 1 bit per display lccation

isadequate,determiningwhetherthedistorticnneedbe
changed by cne distortiÐn correcticn unlt or not, antl one

bit for several locaticns determining the sign of this
inc re.ment . Thus cnly approximately NH'i{V bit s cf

eorrecticn inf.crrnaticn are required for each 11 and v-

cocrdinate fcr the CRT or the Vldicon'

The aetual infor¡naticn for display distorticn
ecrrecticn |¡DDG bitsrfor the above values Iies thus
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retween the val ue s I

Lr .\' j .1o5 íy.D.G 1 I z . )' 5.1a5 bit s 7.9

rhlch still requires a large capacity store capable of

¡elng read but at videc rates cf abcut 1oM-bits per

iee ond.
Alternatively for any arbitrary NHTNV Iess

;han the above maximum valuet

IttNv

(Ik( 2llu.Du-cRT) + r9 ( 2Nu.Dv-vrD)

+In2( Zltn.DH-CRT) * LIZ(2NV.DV-CRT)

Ij<D.D.G < 4U"Uu

'. . . . . 7.1A
n Sev

'I'o lmplement the abcve storage capaclty and

read-cut raLe requirements with magnetic ccre storage is

cut cf the question beeause :

(i)

( ii)

the required read-out rates of 1OM-bit seccnd

cannct as yet b'e achleved with current ccres '

thewholeexerciseofVIDIOGRAPHICr¡lculdbe
pointless, if magnetic cone stcrage for
distorticn correcticn informaticn far exceeds

the ccne stcrage required, if magnetic cor:e

stores v,ere used for dtsplay *sf¡ssh'

Ancther posslbleralternate methcd of storage

isvioeo-tapestoragerinwhichcaseatleast\stcred
frames and a maxlrnur of 12 (for the above values of

dlstcrt,icn) frames r¡ould need. to be scanned sirnultanecusly

and in synchronism. Synchronizlng problems at the

beginnlng of each runr and' d'uring the run, tape wear and'

hardware cost again would preclude this method.
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Othel f crm s cf f ixed ( o"'rea¿-only') r¡ith fast read-cut
times exclude themselves because of ccst.

Thus scme other form cf storage is requiredt
simultaneously necessitating scme tradeoffs between the

amcunt of distorticn informaticn storage required and lhe

nett nu¡nber cf display lccaticns available on the resultant
dl s play .

Another objecticn arisesr as tc whether the

locaticns by locati¡n display distortion can be obtained

exactly. Even thcugh the Moire fringes methcd of measuring

distortion can give an accuracy cf Llp tc and better than

o. 01f , the exact bcundary bet'¡een cne amcu'nt of distort icn

present ancl another is difficult to pinpoll precisely

The cÌisirlay distortj-cn itself is derived from the centre

tc centre spacing of Ùhe rest¡ltant lvlcire fringes; hcwever

it 1s a characteristic of i'iolre fringes, that as greater

accuracy is required and the smAILer the distorti¡ns being

n,easured, the width of the l'lolre fringes increasest

rnaking it difficult tc precisely locate the centre of a

fringe, particularly when the fringe is ncn-Iinear (see

Figure 1OO( b) , fcr exampte) . Ihus to be able tc precisel.Í

locate Iccatictis where distortion measurement accuracy is
better. than 0.06?7" (ôH = ftt, is rather hopeful. One

ean only say that within sucfi and such a regicn,

dlstcrtlcn is better cr \¡rorse than a certain value t accurate

tc O.O6f sayr but without specifying individual Iocations

too accurateLY.

Thisrandtheabovestoragerequirementsfcr
the maxi-mun number of display locaticns, make it necessary

for the number of displ.ay locaticns to -be reduced below the

ideal rnaximr¡n capacity of N" *75O and Nv ^ 600 tc the:
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2OO x 2OO locations grid dlsplayr saJ¡.

- 5^ i Disn] av Dí storti on Stnrasp hu Granhie¡l Mpens

It has been established that as exact display
dlstorticn for each lndividual lccaticn cannot be cbtained
exactly and because of bhe difflculties and ccst in
storing and reading-out such distcrtj-cn informaticn even
if lt vrere available, reductj-cn in the nu¡nber of displa.y
Iocaticn is necessary. The resultant reductlcn in
storage inf ornraticn, as can be seen from expressicn 7.8,
is greater than a simple llnear proporticnal reducticn
in the nuni ber of display locat j-cns.

It ls the logical pcliey when reducing the
number of display lccation, to eliminate them fro¡n the
areas where the display distorticn is the greatest. As

the dlstorticn increases ar¡tay frcm the central axls cf
the display area (see secticn 9.3-9.5)rthese peripheral
areas of the dlsplay area thus ean be the first to be

eIi¡lnated frcm display purposes.
However, these oeripheral areas can be used to store the
distnrticn informaticn in sraohi'cal form (and thus in
analoeue fcrml which mav be read-cut at the required
video rates ( imased onto the Vidicon ohctoconductive
tarset and read-out bv the Vidicon scannine electron beam )-

It wiII be seen that this graphical form cf
distorticn informaticn is nothlng more than a highly
Itecmpressedrr form of the dlsplay distortj.on maps as shown

in Fig.101. The lines forming these dlstorticn maps

leflne intervaLs, corresponding to certaj-n intervals on

bhe actual dlsplay area, within r¡hÍch certain correcticns
need be carried cut, such as defining the interval within
n¡hich each incoming videc puIse, representing a horj-zcntal
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dlsplay Iccaticn, need be retard-ed by a certain ti¡ne delay
sâyr of iength ccrrespcndlng tc the interval between twc
dlsplay locatlonst or else defining a time lnterval
prcporticnal to the step height of the vertical staircase
scannlng rdaveshape. The informaticn deflned by the
lntervals between the lines is thus in analcgue form and

the correcticn wlll thus be primarlly by analog clrcuits;
non-linearities are thus easily accomodated for.

The tuo side perlpheral areas, cn elther slde
of the central display area, can be used tc store this
inforrnaticn correcticn, the right hand perlpheral area
stcrlng the CRT distorticn informaticn, while the left-
hand peripheral area storing the Vidicon dlstorticn
infcrmaticn.

Ihe two remaining peripheral arees, top and

bottom cf the central display area are used partially for
the light pen illuminaticn source (a thin strip at the
tcp of scnie 3À7" ct display height), with the correspcnd-
ing secbicn on the Vidicon scanned area bloeked cff, while
the remainder of the twc top and bottcm areas can be

divided up into an electronicn,light button'keybcard (see

seeticn 1.3.3.2) and |tcuer'functlcn tight keys, used in
ccnjuncticn uith a lieht pen. 1'-1g.1Ol shows the dfvisicn
of the display area intc funetional areas.

7.5.\ Requirements of Graphical fnformatj-cn Storaee

Assune that NV = 200 and N, = 2OO ( reduced from
the ideal maxlmum values of NV = Ugo, NH = 75O). Let the

"il'tt Iccaticns cccupy the centraL j cf the dlsplay height,
i.rhil. ttNI-Itt occupies the central 6O/" ct the display width.
0n the RCA 18rt x 2\t' display screen, the aetive display
area ccrrespcnrling to NU x i'lU becomes 12rr x 1\. \t'.
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m 4 of a display height ccntaining 6oo acti,¡e

d,isplay I-i,,es] there are \oO lines, an¿ thus f or Nt, = 2oo

there are 2 active raster lines, one in each lnterlaced

f iel-d assocÍated with each d'isplay Iine ttNvt'I

For a'5\ustlong actlve dlsplay line, and if in 6O% line

Iength there are Nn = 2oo lccaticns' then a time interval

of
x O . 1 6¡rs.

200

is associated with each hori zonf'aL Iocaticn. A'ruSual'

display Iceaticn,cn the other hand,has a tirne interval of

scmg 0.08 : 9:J ¡J-s .?-s:soe!ated with it '
lfoverbhetctaldispta'vareatheremarlent

distcrticn pricr tc correcticn ís O"l - Q'J7" cf the display

Ìreight ( ttie value s are Laken f cr the sake of arguement)rihen

approxirnately, cver Lha.f certtral tìactivetr clisnlay area, ib

1s scme i.,t.? - O.3f" cf lire display heigtlt. If t¡LV¡' and rtl-r"

are t;he actual rraetiverrtLisplay area dirnenslctrs, ilien in
tei'ms cf clisPIaY heighb rrHr¡ 

t

o.67H

5)o-6

\ =3H
L

L,, = = x O'6H
Jl )

o. Blì
.7.11

implyilig the cìistorticn it: terms cf active display dimert-

sions rtl ¡¡ and. [L rather: than fult <lisplay height I'llil are

and

ô'ü =

ll

'/ iI

Di/ = W" \<

Dr{= e# <
From expressi:ln 7.7, the allcwable remenent

distcrtiens are resPeetivelY

2.200

=rk

o.25T,

atrC
öH= o.25r"

....7.13
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'i'hus tlie eDI'recticn ci.rcuitry frcm the stcred dis¡:Iay
distorticn eorrecticn infcrmaticn must be capable cf
ccrrecting a maximum'/-CcOrdinate distorticn of scrne

O.\5f, tc better than O,27/",and a maximu¡n H-ccordi¡rate

disbcrtj-Dn of some O'367" t'o better than O'25/'. The

mlni¡luntdistorticn correction, increment"can be taken

thus as 0.251A¡ implying that fcr bcth H- and v- distcrti¡n
eorrecticn, a ccrrecticn by at mcstr2 such units is
rÌecessary. ThiS iS of ccurse for the values chosen cf
o.J-o .57, d,i-storticn correetlcn, used cnly tc illustrate
this.

17(Ã Hori zontaL c rree t i cn Grenhiee'l Storace

The CRT and the Vidiccn i{orizontal Distorticn
l€p as c'otained frcm 'Moire Fringes measurement requires
the ndi=torticn crigi-¡'changed so that at either the

Ieft-ha¡d cr right-hand edge cf the active displqy area

idepending an the actual distcrticn), the neeessary

distcrticn correcticn is zero, while at aLL the other
display lceaticns, ccrrscticn can be implemented by a

variable time dela.y. The distorticn, obtained as a
percent distorticn cf full display height ttlj'is rescaled

tc express it as percent distcrtion of the h€r,^r active
di-splay a,rea d.irnensicns ttlVttr 

"L11t', as per expression 7.12.
,ier¡ distor.ticn ecntours itt"6Hf units are redraun. This is
shcwn irr Fig.lCL+(a) eDrresponding to the eDntours Sho-wn

in Fig.101 ( a) .

Ideallly fcr the case r^ihere a H-distortion prtcr
to eorreeticn is g j-.¡en by O'36% ( expressicn 7 .12), t'.to

eÐrrecticn regicns are cnly rìecessary frcm O tc O'2JÍ" atd
frcm O,?-j% tc O .36f". As the active display area ccrres-
pcnds t,c 5) x O.6 = 32'\ys, then O'2J% of 32'))ts ccrres-
pcnds tc a delaY cf O'OB1us.
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Ilcueverbeeausepincusicncrbarretdistorticrr,
particularly in the vertical directicn, must be removed

at even the ecst cf intrcducing extra Horizontal cistortlcrt
( say by rneans of external magnets ( see section !'4 ), the

actual ccrrecticn regicns may, fcr a tctal distorticn of

up tc O .36''; Vary from O9a t c o% ccrrecticn at bcth edges

of the active displa.Y area, and yet requlre ecrrecticn

dela.Ys cf up tc O'081 us in eertain central regions of

theactlvedisplayarea;thusthreeccrl'ecticnregicns
maybepresentinthiscase.TheH-distorticncfFig.lol
is redraun in FÍ*'10\ sholring the resealed dlstortiDn

ccntours,and.themethcdofdrawingtheccrresponding
dist,ortiDnmapuhÍclristcl¡eused'dlrectlyasthe
distorticninformatirn,and.locatedintheperlpheralareaS
reserved for this graphic distcrticn lnfcrmat'iDn'

Several features of these redraun graphic

distcrtisn maps rnust be menticned!

One such map i-e located in bhe Right-Ìranc

peripheral area, which prcvides the horizontal

distortiDn eorrecticn fcr the cRTrand ancther

such map is Iocated 1n the Left -þ¿nd peripheral

area prcvitling the distcrticn ecrreeticn fcr the

VÍdic cn.
the height of such a dlstcrticn ccrreeticn map

is ldentical to the height cf the rernaining

active d.isplay area' The top and bottom edges

of the map align r^rith the top and bottcm ed'ges

cf lhe aetive displaY area ¿lsc'

(i)

( r:i)

tbe greater the remanent distorticn prior tc

ccrreeti¡n, the greater is the nunlber of dis-

tcltlcn contours on each distortiQn ccrrecticn

(i-i i")
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( 1v)

(v)

(vf.)

map fcr a given minimum dlstortj-Dn correcticn
unitt ôH."

tlre full r¡lidth of the distorticn correetion map

represents the fuII width cf the active display
area. The contour spacing in the map directly
ecrresponds tc the areas on the display area

where a eertain correcticn is recluired.
each dlstcrtion nlap contains all cf the bcund-

aries for each dlstorticn correcticn reglcn,
even Íf these rleerl be drawrl-in or I'eloserlrl

out slde l,ire area coJ:T'es¡lcndlrrg lo lhe aet ive

dtrpl.ay are$. '.[lhus nh qrir:lt fìflån J-1r¡rl, l;lrn

rirrrile rlumber c[ )lnes, (alhfrr:uüh rllff'erenbl"y
s¡:ae ed) r,v [1I bc rletec berl.

Eac h suce e ssi.ve palr c.fl s ide o pul $e s rc orre s-

pcndi-ng to each palr of tirese rletecteci I irtes'
earl contrcl M ctlostahles whi eh def -Lrre f he

corresponcilng regicns in the actlve display

area, when the electrotr beam scans the active
display area, where the requlrecl delays cf up

tc O. OBl'Jrs are required to be i-rnplemented.

The fcllorving chapter describes the circuits
ncre full-v and hOtr the dlsplay correcticn cUrVes are used'

Çhapter 8 ccntalns f urther details cf II-distorticn itrfcr-
natlcn interPretaticn.

?.q.6 Dirne¡rslcns of Graohlcs Stcrage area'
20'{, or 10.Bus of the active horlzcntal lirie

Iength is available fcr storing the cRT distcrticn infcr-
lati¡n and another 1O'Bus is auailable for the Vidicon

di stcrticrl infcrmation.

About.9.fus," of this is requirerl fcr storing a

distortj_cn map ccntaining the 6 distorticn ccntcurst any
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successive pair specifying a re8ion r¡rhere eorrectlcn of

ui) tc 0.25r" need be carried out. r 7.Jus'of this is used

fcrtheactualdisptayareaccrrectlondata,thecther
,1 

us" for the distorticn ccntours drawn cutside the

area boundaries tc ccmplete the ccntours, r^rith the remain-

;"; " 1 usn fcr up tc f additicnal finJl afee àeet icn 1.6) .

0. a \r, x jl CRT display areai Z.lus" eorrespcnds

rc ft.+ = o'55"

ìilcr,¡ each distorticn ccntou.r can be Iccated with a precision

of I in tne ,r.¡orst cas€, cf J o.ooStt (particularly if
phctcgrapnic reducticn is used) " The percent pDsitioning

aecuraey is thus , '
+ 0"005

9%

o" 55

whieh cci.r,esponds tc a delineaticn of cDrrecticn bcundaries

ln the actlve display area of also ! O'gY" or abcut

+l.Slceaticns.Thismakestittted'iffereneetcthe
cveral I results -

'4 + 0.

lhe'¡thicknesst|ofth,*lines,ifmade0.01'|
ecrrespcnd to approximately 6ffoo = O'135Ps, which is

adequateasanominalspctsizeisusuallyO'Oo'||
(600 Lines in Jt')

!-{.?- Vertical Correcticn Graohical Storase

lo correet for the vertical distorticn, cnly

cne distcrticn rrcurveil is necessiary for each cf the CRT

and Vldtccn vertical scanning wavefcrms' It is assumed

thatpincushicncrbarreldistcrtionhasbeenremcved'
IeavingaltofthehcrizonlaLdisplirylinesparallel'
but nct necessarily equispaeed' Thus if a distcrticn
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l,proflle'¡ j-s taken thrcugh any vertical line across the

display'thisdistorticnorl|distorticntrace|'is
identical for aII such vertical linesi call this distcrtj-cn

trace " fV ,
horizontal

Any distcrticn ccrrecticn applied' tc any

rlisplay Iine shifts each locaticn rvithin that

line bY the same amcunt.

.rheresultantdistcrtioncorrecticnLinelsa
slngle lj.ne drawn in the vertical d'irecticn, closely

ad jacent tc one cf t,he R-H cr L-H edges of the display t

at a maximuin distance equivalent tc 1 us from the display

edgearlilt,husfrcmthehcrizcntalblankingititerval;
f cr a l+tt x 3t' tRT display¡ 1us eDrrespcnds Lo abcut O'Q'75"'

Ase>lplainedbelctnl,Ùhedistorticnccrr€cticnline'Ol]e
each f cr the Vldiccn and fcr t he CRI, is derived florn the

abcve l,e¡tticned '|distcrticn trace|| arro defj-nes a time

intervar, brt.ween the ad. jacent ectge of the dtsprav ( and

irenee tlre F--blanking interval edge) and. itseLf' which is

tlrerlnadepropcrtionaltotheccrrecticnrequiredtcnake
the display linear in the vertic¿'rl directicn' As such

a correcticn line is detected each H-line'interval (t'ìue

tc the raste I scan), trie resultant ccrrecticn is appl'ied

alsc to each tf-Iine, cr tc aII points r'rith the same

vertical cocrdinate.

Ideatly for a staircase scanning uavefcrm

r^rhere the resulti¡g screer". positic¡ ( eitiler cn the photo-

ecnduet j-ve target cr the CRT sòreen) is incrernented by

scme "Al¡'l the distance betr¡reen adiacent vertical Iinest

fcr ¿r scanrtlng current increment"Ali tt is recluired that

Ay = K AI . ' ' Ò ' ' ' ' '7'1)

and f cr any giv"n" nth-Lind' frcm the start cf the scan (rtn

ccunts ír.cm the "top cf the dispLay)rideal Iinearit.y cond'iticrs
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require that

In practice due to rlistcrticn, the" nth" lin.

vertical posj-tlcn is displaced. by scme "Atl resulting in

AIKnY = nA.Y .7.1\(a)

7 .15

7 .15(a)

7 .15(ù t

.7.17

v = y AY a

ôv
n-E
]-

I

= KnAI

¡I (-)i

a a

$ A'P is due to accumulated line dlsplacements' r'õytt frc¡rr

thelrideallocati:lns.Ihiscumuletivedisplacementis
apparent as the resultant distortion as a percent of tctal

displayheightrcbtainedfrom'l¡toirepatterndistorticn
measurement; this is the distcrticn trae. "{vtt.
As Av( n)

Y

wheretY'is the dispray rreightr"fv(n)u is the dlstortion at

the ¡nth, horizcntal Iine, and"AT(n)t'is the accumulated

dlstortion aL the'nttr" ttne '

fvt nl

uihat is recluired, it frctn expressicn 7 '"15t
n

=KnAI +)f.V
1

ôÍi
n . 7.16=KnAI + KE¡r
I

r,¡here rr6 f n is the intlividual Iine ccrrecticn eurrent '
As ,tnt', the line nurnber varies frcrn O tc 2OOt the

sumrr'ati¡ncanbereplacedbytheintegral

a ai.€.

As

t hen

rI
KEi

a a

EI- . dn

.'/ .B
AY('n)= fvtn)-Y =

K¡r = v.f'vtn)

õ ri K

a

[:
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"hn"*n {TC"ltt= tire derivative cf the distorticn trace

w.r tc rrnrr and can be cbtained graphicäIty frcrnnf V(n) :

i{ence the ciistcrticn c Drrecti¡n current required to be

added to each ncminal current lncremen t r¡Ar tt js d.eter-

¡rlned. by the slcp ecf the vertical distDrtictl trace.

Althcugii the nemanent distorticn is usually

r.rcn-analyticaLLy describable, a reascnable 
u 

assllriÎpticn

(see secticn p.l+ ), is a distorticnf V(n) r^rith a

parabclic distritluticrr; thus

f'otrrr ayz (n). . . ' ' ' ' ' ' ' 7'19

Fcr a r:enlanent distorticn cf abcut O.)5/,t cecuring at the

extretne .Ji-spla/ ed$es where v(rtÞ ICOAy ånA

a = o.\5.tc-2 1o-: (av)-z I

t.hus fiCrn> Za"y(a).Ay . . ' ?'2o

as the clifferentiatirn is cnly with respect to rrnr¡ and

tict, tc t'nAYt'iand hence

K¡I = 2r,¡t(n)Y.AY. .. "7'21
and suþsf,ituti4g J¡(n) = lOO Ay ancl Y = 2OO Ayr a - O'\ 5.19'6

(av)-2 -

results in KOI = 1'8.1o-2
= 1 'B.1o-2

a
_i.e. 6I = 1.8.1C-'AI

Ay
KAI | .2.1 ( a)

'7 .?2

a a

inrplying that the maxi¡ìu¡i eorrecticn required'is equal to

1.81Ã cf the current increment generating a step in the

current scanning staircase waveform.

Thus the variable interval or se¡:are.ticn iretween

Llie vertical correcticn informatirn line anci the end cf

tiie hcrizcntal branJ<ing pulse may be made propcrtional to
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eÍ
this required 5I.

If thls maximul line separaticn is made equiv-

alent tc 1us, and if the line can be lccated bc ! o'005rrt

theri as 1¡rs correspcnds tc {E inehes on a \t' x õt' CRTt

and 1Us is bo accomcdate up ío say 2% eorrecticn (t'8%

actually), the correcticn accuracy per vertical coordinate

is U

ÊO'oo5 : frxzT" =JO'1)f"'

Forthisdistorticntcbeccmeapparent'the
ccmplete distortion correcticn curve must be mislocated

i.¡ith the abcve errorr âs the resulting total horizontal

I ine displacement is due tc the cumulatii''e line mislocal-'icns'

Any errcrs in Iocating the distorticn eurve, wculd in

practice be distributeci abcut iLs ideal lccatì-cn, reducing

anytotalhcrizcntallinedisplacement.EVeninthe
r¡orst e¿rs€ I cf the di stortlcn Iine beirig di splac ed, the

above resulting errcr is stilt acceptable '¡ithin the

lirnlts as given b,y expressictr 7'13'

Asimilarsetcfdistorticneorrecticnlinesis
prcvicied in the R-i{ peripheral area for the cllT ccrrectj-cn

with Lire vertical ccrrecticn line nc\^r specify-ing atl

interval between its occurence and ttæ beginning cf the

horizc¡tal blanking pulse. The inf crmaticn in an-v scanninÉl

Iine is usecl tc correet the cRT in the f ollcvling

seann.ing Iine.

A typieal videc signal for cne H-tine' circu-

Latilg between the Vidicon and the CRT in the'relectric

locpj' *ith an explanaticn cf the significance of the

'/ideo pulses j-s shor¡in in Flg.1O5'
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U r
I hi s graphic c orrec t icn inf ormat icn may tre

drawn large scale, and phctcgraphically red'uced uith the

resultant phcto-negative being the correct form i'e'
transparent correcticn Lines oll a black opaque background'

Thetwosecticns'cnefortheCRjt'oaefortheVidiccn
are then afflxed cn the appropriate cRT display screen

I ccatlrn, shcun in Fi8 ' 1O5' The CRT I um i nanc e can be

enablecl cn beneath these areas so that more than adequate

luminance is available to indicate this cÐrrecticn

infcrr¡aticn for detecticn and imaging onto the vidiccn

phctoccncluctivetarget.Ateachhorizcntalscann.ing
Iine, a ¡reufrr cf this ccrrecticn informati¡n is detected

and output frorn the Vidicont att<l channelled' to the

apprcpriate correcticn circuitry ( see Fig'105) '

Sirice the areas of the Vidiccn v¡here titis
infcrmaticn is imaged on ls itself' not ccrrected ( cther

tl,an tc the remanent distcrticn prj-or to c.crrecticn),

1t rnay be thcught that extra unwa.nte<i distcrt-tcns are re-

iritrcducecl intc the sy stem ' These inserted distortions

írreinfactnegligible.Evenalloviingforthefactt'hat
tlre f ul I O'5{^ remartent distorticn appears acroSS the

distorticn correcticn storage arear of scme - 7'f¡s Itldqqt
glvi^g an effective distorticn there cf o'51/" x ft" 

3'B'q"

the faet that the futl correcticn infcrmaticn cnly has

a furr correeticn effect of some o-5f'¡ means that a 3'B/"

distorticn ir¡ bhis inf orniaticn has a (3'Bf" of o'5/') cverall

disf orticn effect i.e. a result'ant O'O2% added distorticn

may be introduced, which is totatly negligible'

B

For displays requiring a larger displa'Y

lrid'1.i,, x N.,rr of say \oo x \oo, which r^lculd :

point
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(1) elimtnate area available for graphic infcrmaticrt

st orag e t
yet Q) require more informaticn storage areat

a second vi¿ieon eamera (ccst $ Joo) is recluired', whose'

sole functicn is to scan in synchronis¡l r¡ith the master

sy stem tlning ( trre quartz-ccntrotLed clcck) , a f ixed'

disptav,bac}t-lit,ccntainingallthenecessarysybtem
oorrecticn infcrmatj-cn in graphic form as above '

In this case from BO-IOO% of the CRI dis¡:Iay

(andhenceoftheVidiconintheCRT-Vidiecnlocp)may
neerì to be utilized to get the required' display locaticnst

v¡hile up tc 1oo% of ancther dispraJ' area r'ïray be utirLzed

fcr ccrrecticn infcrmaticn storage '

't 6, SUI'IÌ,IARY

(1) 'Io maintain a st'eady ¿lsplay wl;ich dces tìct

mcve cff the viewing screenta 1:1 gecmetrical

oositicnal relati-cn between the CRT and

Vidicon scanned areas need be maintained'

Deviatlcns r'roln such 1 :1 relaticrlshins are due

tcCRTVidiconorCameralensdistcrticn.

(2t) T iris requlrement is almost impossible tc

achi.er¡e in pl'actice, as CRT and Vidicon distcrticn^s

are alr.iays present. I{ovlever if :

(i) the active dlsptav area is d'lvid'ed into

a grid cf flnite <iisplay sutrareas; whithin

eacÌì s uch area a display locaticn is

assumed tc be lccated' The area of eaclt

subarea is to be such that if a display

Iocaticn is shifted clue tc-CRT cr Vidicon

distcrticn, af ter cne CRT-t/idicon c'ycIe t
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the Lccaticn, alt hcugh displacedr stilt
f aI I s withitr it s cr¡tn subarea .

and (li) lf corrective acticn is taken tc relocate
tltese display lccaticns back tc titeir
nrmiual lccaticn after each CIìI-Vidiccn cycle.

a steaciy tiisplaY resulfs.

(Ð Relocaticns cf display lccaticns at each frame

interval implles that the inf crnati¡n spec i-fy-
ing t,he correcticn need be kncw'rrârld. be made

available at each frame time to aetivate the

neeessary eolrecticn circ uitry.

()-,) Pricr tc the speciflcatlcn'of correeticn ihfcr-
mùtirri, bhe clistcrticn of the CIìl anrl iridicori
need lle deteri:, j necl ve-Tl precisely to better
ti-ren C'19l. This has ,:een aciiieved by the

i,ioire h-ringe rnethod cf disicrtic¡i dete:r'nir:aticn.

( 5) ',the ciTI and 'fidiccn need be made ¿rs distcrticrt
free as pcssible, with the then rerr'anent

distcrticn tc be measured and hence ccrrected.
'Ihis [leans that!
( i) Ii-tiear sc anni-ng c urrent vravef orrrl s ne ecl be

useci.

Oi) pincushicrr and barret distorticn need be

removed b.y feeding in analytically defined
waveforms into bhe scanning circuits.

ûiÐ moderateLytirigh t'quality CRT ând, Vidicon
tubes need be used with nc gross rnis-align-
ment of the.major tube ccmpcnents with respect
to the CRI and Vidiecn tube axis. '
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(6) The remanent distorticn measured (up to 17"

distorticn may remain) can be expressed in the

form cf ndistcrticn maps¡r with distorticn
c ontours d.ef ining the reglcns r¡here certain

distortions Dccur. These mapst by suitably

ehanging signs and scales, can be ccnverted tc

a ccrrecticn distorticn map with eorrecticn

ccntours drar'¡n in'

Q) The distorticn ccrreeticn map directl.v generates

the required correcticn infcmation fcr the

ecrrecticn cireuits.

For the vertical distorticn correction infcr-

maticn, a vertical eoordinate distcrticn trace

resultsrdefining a hcrizontal interval betueen

it and scme straight vertical line at any

vertical cccrrlinate. This horizorltal interval

defines a tirne interval within eacLt hcrizcntal

scanning Iin'e ¡which direetly speelf ie s the

verttcal ecrrection'

(8)

(e) For the hori zoniaL distorticn, a ci'istcrticn

eorreeticn rnap nearly id'entical to the criginal

distcrticn map is reiluired, i'lith the difference

being that the ccrreeticn rnap is scaled dcun by

a factcr cf apprcximately l+:1 ' Certain other

ccding and ccntrol lines are drawn adjacent tc

thls tlistort,icn correcticn graphic storage

informaticntohelpdeccdeitandgateitto
the ap¡:rcpriate eorreeticn circuit s '

( 1O) 'f he graphic distcrticn inf crmaticn' bcth the
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(11)

rrvertlcal. dlstortlon tracerr an<i the rri-I-disLcrt-i-cn

ccrrecticn inaprr are stored, tc be avaiLable for
the correetien cl-rcults, by scrlblng them cn

black fi-l-m in the correct size (a reductÍcn cf
about l+:1 in the horlzontal dlrectlcn and full
scale in the vertlcal- directicn) and affixing
these scrlbed fitms in areas on either slde of

the centralLy lccated actlve display areao

Ihe active display arear ecntaining the aetual

interactlve dlsplay area of 2OO x 200 address-

able locaticnsr is located horizontally in the

central 6O% of the maxlnnum scanned area, and' in

for the Vidteon is located in the Left-Hand

remaining 2O7, of the H-scanned area, while the

distortlcn ccrrecticn infcrmaticn for the CRT

ls stored ln the Riebt Hand remaíning 2jfi of
the H-scanned area.-

l)uring the raster scan of the dlsplay aTear the

set of scribed tines within any given horizonb¿¡l

scanning liner i¡aged cnto the Vidica¡^ photo-

ta.rgetr are detected. at the. Vldicon output as

vid.eo pulses, proeessed by the correcticn clrcuits
and the necessary correeticn -informaticn gener-

at ed.
The remaining upper and lolùer parts of the display
can be used for rrlight buttonr¡ keybcard and

fu¡rctlcn keybcards. The thln strip at the top cf
tire cRT displav area is required as the illumin-
at.ing scurce for the light pen.

(1 ?)

(11)



CHAPTER B

DISPLAY DISTC RT|O N i-
CORRECTION IN''VIDËOGRAPHIC''

8.1 . vEI{IJg4!.__SC.,tN,jÍ-Li.c r,,iAvli¡Oi:'ùi GEIIEËIÁ'i'LOÌü S'ICÌìAGE Ai'{D

C O RiììTCT IOTI a

U.1 .'1 . Reqnire,ment_s

The vertical scanning Ìrêvefcrm-generating
circuits prcvide a driving cu-rrent r,¡a.vef crm f cr tlie
verticai def lection c cil. s cf ihe ViCic cn and the C,RT'

such that the Vidiccn scanning bean and CRT display-
g enerat ing beam are pcsiticned tc g enerat e tÌre '¿ert j-cal

cli splay c ccrdinat e s cf the re,'¿uired Iin:arity .

These circuits ancl the V-deft=cticn ccils are
recluired t c perf orm three f uncLicns:

(r)

( ii)

( rrr,¡

ensu-ring that pincusiricn cr barrel disi;orticn is
absent.
Ceflecting the eLecLrcn beam'tc nc¡ninal- displa.y
Iccaticns by a linear staircase scanning uave

f orrn.

accura.tely d.eflecting the bearn tc tne recluired
display lcc¿ticns, frcm infcrmaticn derived frcn
therVertical distorticn ccrrecticn linen infcr-
maticn.

Each cf t,he twc interl-aced fields in a- TV frane
interval ca.n ccntain u-p tc a bcu-L J00 active d.isplay line s

'ç,rith a pericd. cf 6L¡p-S asscciated r,vibh each line; .lOus

cf this pericd is the [hDri zonlaL blan]ced intervelr', allcr'l-
ing fcr electi'cn beani fly'cac}' t;c the L-ri edge cf the
display. 'Ihis lO;rs pericrj can be used tc generaie the
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ncainåLIy ] i near scaunj-ng staircase wavef crm, witrl the
ccrractirn being generated'u;ith-l-1. ihe intelvâl defined
by the lagging eCge cf ihe hcrizcntal blsnked interval
and therVertical dlstcrtion ccrrecticn tinel

are ve-r'y

(i)

Fcr bcth the Ciil and the Viciiccn the recluirements
sirni-Iar, except fcr the fclLoi,ring cliffer€nces:
Fcr bhe CRT, the display need be generated DnIy

at the requil'ed loeaticnsr that is, at 2OO

vertical cccrdinates, spaced vr-i-tfrin the central
4 cf the rl.is,:lay heighb. Henee nc fleld inter-
5
lae.ing is rt"¿uired, i'rith the twc fields being

superimpcsed directly. A staircase current
i+avefcrm is used fcr the V-sweep, cf JOO stepst

witii the cenbral 2AO steps defining the active
rlisplay erea.

fn the Vidicon, es the r+hcle cf t;he scanrled

area needs be scanned, ttle fieldsj ere interl.ac ed

by sta.rt j.ng the first H-line cf every alternate
field at half the verlical stairease step height'
v¡ibl'l tlte subsequent I{-lines at; ncrl:naL step

he ight . 'Ihe ttlo fields are thus f ully int er-
lacecl, uith bhe ti,¡c adjacent lines of the

Yid.lectr cutput ( in alternate fields) ¿s;ccciated

r,rith, and displayed atr a single CRT display
Llne.
The Ve rtlcal cccrcllnate ccrrecticn Ln the

Vidiccn is generate'J after the ncminal height
stairease stepr âs the trViCiccn'"/ertieal Dis-
tcrticn Ccrrecticn Line¡' is adjacent tc the

L-H dlsplay edge ( the start of the il- blanked

irlterval).
The ecrrecticn for the CRT is generated pricr tc
the ncrninal stepheight, as the rtCiU 'v¡ertlcal

( 1i)
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(ili)

The requirements for the
'¡ti avef crrn G ener.aticn and Ccrrecti-cn
aIL-v as follcvrs:

¡istorticn Ccnrecticn Ljleil is adjacerrt tc the
It-H ecrge o-[ the display ( tne end of the H_

blanlted lnler,¡al) .

'l'he rnagnltu'le cf the currents to drive the
deflecticu ccils are different in the I/i,Cicon
ând the Cä. f-or the Vlciicon, the current
amplitude tc prcvide the tctal display height
defleeticn is scme ZO-3OnA,while fcr the CRI

the eurrent anplitude is scme 5OOmA. Thus for
the Vidicon clrcults, outputs from I-C Dper-
aticnal arnpllfiers can be directly used to
dri'¡e the def lecticn ccil srwhile f cr the CRT,
several stages of pcrder amplifiers are requlreC.
In ccmnereial CKI s, the input. ,/-c cil scanning
uavefcrnn is often a vclbage wavefcrrn and nct a
eurrent wa-refcrmras the imoedance cf bhe V-cciis
ls malnl"v resi_stive and nct inductir¡e at the
relatively lcr,,r \,1- seanning fre<luencies of 5O-6Ottz.
It ls shcwn i.n Appendix A.6,2 hhat a vclhage
staircase,n¡avefcrm drj-,vlng typj_cal vertical
deÍ'1 :et.icn ecils (evaluated for the 14,' PYE'lV
r.onitcr) does nct satisfy the requirements cf
an e,trulvalent curnent staircage idavefcrmr âs
the translent effects due tc bhe snall ccil
inductance presentrmanifest theniselves as
display distcrticn, tcc large tc be eecncmically
ecnnected by the cireuits descrlbed below.
Current amplifiers are thus requirerl.

'Vertieal Seanning
Circ uit s are spec j.f ic -
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(i)

( iL)

the scanning staircese i^lavefci'm has a
repetiti¡n duraticn cf ZOrn.s, with each
staircase step of 6\us duraticn. the timing
c entrcl signal s are derivecl f rcm the sy st em

clock.
The number cf steps, allcwing for vertieal
retrace titne of about 2ms etc, is abcut 500;
the eentral 200 steps generate the active
display erea. For the CRT, successive stair-
ease '¡aveforms are ldenticell, l,;hÍIe for the
Vidicon the first step in alternate sta.ircase

'.";ar¡efcrms is half- il:e lieight cf the ctþer steps

ln the staircases', .llhis allctts f cr full
221 interlac lng in tlie Vldic cn.

( ii. j.) the step height Is generated r¿1thin tire 1Ojrs
ilhcrlzontal retrac."ti*., ctherv¡ise caILed the
rrHcrizontal tslanking fntervalfl

(iv) lhe eorreet t'Vertical Ccrrecticn Lineil rnust ire
detected w i.tl:in the videc signal f rcm amcng al.L

of the cther'eorrectirn lines. Ihe i¡rterval
between it-s occurence ( cr detecticn) and the

fi horizcntal blankingilsignal lagging eCge (or
leading edge, for the CRT), determines bhe

ecrreeticn tc be added tó the ncminal step
he lght .

(v) provisicn for pincushicn cr barrel distcrticn
rnust be prcvided. Ihe actual signals or l,\rave-

fcrmsfor ihis is prcvided elsewhere and explainal
ln seeticn p.\.

(vi) a surrning cireuit tc ecmbine all of the above
signaL s, consisting cf the nom j-nal seanning
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( vii)

t v1].r,

frcm the
separat e

staircas€r the distcrticn eDrrecti-cn, and
pincushirn distorticn eliminabicn, bo fcrm the
resultant scanning vrai¡efcrm tc generate a

linear display.

suitable amplifiers and current drivers tc
prcvide adequaüe pcvrer drive f cr the scanrr ing
c 9i-l s.

the V-s6rr€ction llne and associated. eorrectj_on
interval have been given in secticn 2.5.?"
The timiiig ccntrcl signals are alI derived

system clock, and are assumed tc be e.vailable Dr]

signal Lines.

Implenentation
i d in nn, Tm nl e¡¡enk.qti nrr

3.1.i
3 .1 .2.1

^A bloek diagram with the recluired ccntrci
tirring signals is sho¡n'n in Fig .106 and 1O7.

Iìef erring t c the se, the '/-scanning sy st enn i s as

f oIIct{s ¡

At the beginning cf each 2Oms field, lhe cutput feed-lng
the def lection ccil s is assumed tc f¡e z.ero. The ti¿c

tirning pulser ttTHSt' and f'THEtt r which define tl're 1l-

blanklng intei:ral, turn cn an R-S ¡'lip/nf op rr2r','rnrhcse

rrl rt cu'uput is thus a sharply defined lOus pul-ce al e

repet-i bicn interval cf 6\us. Thj-s lOus puLse is lleC intc
a t'Ccnstant Output Level Clrcutt tt?l"rEivirig a 1Op"s irng
cutpui pulse of ecnstant helght, vcltage su.ppLy-variati:n-
and terl,er::ltrp€-varlaticn,stabilized. This ccnsl,ant
pu.Ise, feci th::or:.gh Su¡nrner ¡t1rt, r,rhere lhe V-distorticn
eorreeti-:r¡r if,1 eombinedrccntrcls a fast-r'espcnse fuI-qe

tr.ntegratcr. The repetitive pulse ì-ttput generates a

Iinear ramp ct- l Ous duraticn f or each input pul se; the
cutput remains ccnstant at bhe ramp r¡alue after 10¡s,
fcr the I:Il*ring !\us (the display width) until the next
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pu.Ise,
result

rrnen the fcllowing ìrsteptt is generated. Ihe
is Lhe ncminal staÍrease as Shor¡n in Fig.106"

Similarly the pulse defining the Lagging edge

cf the lì-blanking interval and any pulse '¡ithjn an lnter-
.¡aI of 1us f rcm that lagging edge ( the V-ccrrecticn Line
pul se , vherr f ed intc ancther R-S Ff ip/FIop 'tr Jtr , def ine
a pulse cf up tc a maximum of 'l¡rs long. This is fed
intc a Ccnstant 0utput Level Circuit nl rr and surimecl at
SunneÌ ttlrt v¡ith the 10us pulse, resulting in a pu-lse

length cf ccnstant helght, ccntrolling the total step
height of the cutput of 1-,he integratorr BivinE the required
eorr:eterJ step height. Sinee the lOus pulse generates
apprcxlrnateLy 10096 of lhe step height ( t¡re V-ccrreeticn
being cnly 1 -2% aL the rncst), wliil e up t c 1.us pul se uiclth
cf the ecrrection iulse eorrespcnds tc a maximum cf 27"

sayr cf the step height, t[e trvc input resfstcrs at
ffSmner rrlrt wculd need tc be scaled by 5t1 w.r to each cths,

Ihe cutput of the Pulse Integratcr is fed intc
ancther St¡¡rner rt2tt rvhich suas. bhä,t and the analcg pin-
eushicn di.stcrtion eorreeticn'¡avefcrm derived eLsewhere
(see seetlon 9.4 ).

'Ihe resultant 1s apprcpriately scaled at this
srrrnmirig j uneticn; since the t/-ccil current required in
Vidiccns is of the order of. 2J-JOmn, f-C Op-Amps can be

uded d.irectly to drive the V- deflecticn cclls.

The stairease is generated until the last ( cr
ri bo-ttomr') dlsplay llne, whereupcn the vertical bl.anking

pul se singal t'TSEtt ( at abcut 1 8m s f rcm the beginning of
the V-scan) is geãerated. to Ínitiate the'r vertical retrac e1,
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Ihe seme V-bIank pu-lse signal. t'if$Ð" ccntrcls a t.Elil-

disehar¡¡e circuit for bhe I lrtegrator vrhich resei;s i;he

Irrtegratcr at zerc cutput until the next field scanning
wavefcrn at t = 20rns is initiateci again.

To prcvide alternate field interlaeing, every

alterñi¡ie vertieal field Itstart-scan¡tpulse ttlISg" is used

t¡ def ine a Slts time interval ( say via a Mcl'rcst¡ri:Ie t'1t')

which ¡,then apprcpriat eIy gat eri, ensure s thab the f irst
steirease step-defining pulse in alternate fields is cnly

5Us and not 1O,¡rs lcng; the first step in the scanli-ng

current wavef cr¡n is thus of half -height, re su.Iting i.n the
t¡earl being deflected by half ib-" ncrmal inter-'Lj-ne deflec-
t icn inc rern ent, ensuring 2¿1 interlac ing .

Ti¡e iabcve cireuit-c are ilplementcrj i_n rather
slmpIe,g.ot effective clreuitsr âlld described.rr,vith resuits
6irrerL irr en¿rpter 11 . The current stalrcase llnearity
(rrct ti:e ciispla¡i Li¡-e:¡rity) is bebter Lir¡rn (-)''r5y" Liricnr'.
filis st¿rircase ncn-liriearity itsel.t'is ¡r,."Lrt cf tni: s(ji:ìrI-

¡ing syslett. ncn-litrea.r'ityrrnanifesting itself as ci-lsnlu;r

dj-sf crtion. Thus rvhen therllertica.l D,ist,cl'tirrr Ma¡r'is

cbtairieri using t,he i:ic1re Fringe methcd, bhe abcve c-irc uit
shculd l¡e usedr 1¡rith the V-ccrrecticn input j nhibiteci.
The V-deilecbion block diagrem is shcr+n in Fif,.1O'f .

8.1 .2.?.- C¡tI Implsmentaticn
't he CRT scanning wavef crm g enerat i cn c i rc t-tit ry

is very similar bc lhe above with the e )rcepticn that:

(i)
(ii)

t;he 221 interlaeing subcircuit is Llct recluired.
ciiff erent tini ng pulses a.re usect tc deterrnirle
the correcticn interr¡aI, becâtJ.ss bher CÀ,î \i -
ccrrecticn pulse 

t'o""ur. pricr tc bhe i{-f}Lankiug
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interval ( cine tc being adjacent tc the L_l{
display edge). In the Iì-S ¡'Ii¡r [,-lcp ccrr.es_
pcnding tc R-S F-F r¡ Jrr, the nSetil puÍse is: ncvr
thetV-correcticn li r¡e "pulserr,vhile the rriÈesetrl

pulse is that defining the leading edge of tire
iI-blanking interval t'THS,t ( see Fig. jO6 ) .

trlr) the in¡tut tc the def lecticn ccil s neerl be cf
the order cf 5OqtA; ttrus I-C Op-Anos can nc
Icnger ire used. iTor l;he IV mcnitor und,er. tesì,,
tire seanning staircase lJa'¡efcrm rreerl be ariir:,,li-
fied tc scme 70-8Ot¡ krefcre being jnserbect intc
the existing CRT circuitry; tliese Line¡lr
amplif iers er¿ ¿rlsc described in Chapter 11.

The abcve cireuits can. be impler,.rerrtsrl luite
rearlil.y i'r.orn readil-v a.vailabLe I-C 0p- Arnps, RiJ, cï. _rTi,

Icglc, and reedj-Iy available Lransistcrs, the tctal co.sl;
of eecii r-deflecticn systern being less tharr $ lO(¿) .

;!,.2 . ¡loR,IZO¡lÎ.qL ,
ÅÌID COåRBCTTOTJ GENiIRAL C0t'{l'fi}i'tTS

I 1

.).¿.1

1'he Hcrizcntal Scanrring 1¡Iaveforirr Generaling
c ircnits prcvicle bhe driuing cur.r.ent v¡avef crm flcr. bhe
j:orizcntaL deflectj-cn cci-ls cf t;he vidiccn aniì the ctìr,
sucr¡ tiral tire Vidiccn scan[ing ;eaa anci CRT display-
gener:rling electrcn beam are positicned tc generale the
hcrj zorttaL disrrlay eocrclinates of the requir.erJ li¡,-:arib.y,
at thi: required display Iccaticns.

.fhe mechanism of generating theEe l:l-cccrrlinate
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ciislilly locrrti.Ot¡s: i.s r¡uibe cli1'Í't:rerrf Lc trre V- collrtjirtal;e,
as al sc is bhe methcd cf prcvi.Jing Lhe ccrrecticns tc
generaie tlie Iinear displaY.

Â ) i , eiì't Hnr.i z.¡nLn] C.rnnd i n;¡te Gp nerat i on

Fcr any fixed vertical cocrdinater tlre scanning

l¡ean is deflecbed irr the horizcnbaL directicri at ncminaJ-Iy

a constant rate. Lceations are displayed cn the CRT

ser"een by enabling: cn the electrcri beam at suc ll time
lnstants as to result in ncminally linear horizonf'aL
Ioeaticn poslticns, Ideally fcr a linear I{- scanning

current wavefcrm (or linear sawtooth ), and a ccnstant
tlnne .i.nterval pulse train modulating the electron beam,

a linear dlsplay in the l{-dlrectlcrt shculd -resu-I1,.

Distorti:n j.n the CRT tj-rne-positicn transfer crlrve
pr?elude:i 1;his. The stcred gra¡.rhic irlfcrtnatj-:rn ccntrcLs
variable delay circuits whleh selectively delay the ¡rulses
in the pulse-tr¿rin mcdulating the electrcn beam, such bilab

a llnear ii-direction display occurs.

Thus in a CiìT, a ncniinally linear hcrizontal
scar:ning vlavefcrm deflects the eLeetrcn bearn, '¡rhile a

cDnstant periqd cr rrsynchrcncr,Srr pulse train is the input
to ¿euerate the displa¡'; the ccrrecticn circuits repcsiticn
the pulses in the nulse train by selectively delaying
themr r€sultlng [n an rras.fnihrcncus pulse traitL. 'Jlhe

result is then a linear i{-coirdinate display.
For the fcllcwing secticns, the fcllowing nctaticn is useclt

(a) Ihe rrconstant time interval'Vld.eo input pulses
frcm the Vldleon or the CRT fed into the CiìÌ't
pricr to e crrecticnris called

" vrRT( n at) rrrrl
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ulth " Ât æ O-161 us ,belng the pulse pericd,
r¡ nr¡ being the pul se c cunt e orre sponding t o the

"ntht Horl zonlaL Iccat icn.

(b) The variably delayed or repositioned pulses
after ccrrectlrnrfed lnto the CRT electrcn beam

modulatlon elrcults generating the CRI screen
Iocatlcns 1-c called

fcxt(nat + t tn)oot or just"uanr(t)rut

where "ôtntt ls the required delay cDrresponding tc
the t nth horizontal" locatlon.

q ) 1 4 Vl¡lin.nn Hn i znntel-Cnnrdin¡ te Generatirnr
. In a Vid.rccn on the other hand, a somewhat

different prccess occurs. The linear CRI display cr the

Itnear user-input informaticn is irnaged cnto the Vicliccn
phctoccnduetor target via the Viclicon Camera IenÖ,

resulting in a distorted irnage; for a typical catnera

Iens anrl a. eorrectly allgned Vidiecn r¡ith respect tc the

lens, bhe lens dlstcrtlcn may be of the order of O'2J%ror

Lessrcf seanned area height. Over the scanned area

ccrrespon<ling to the acbive dlspLay area, bhe distorticn
may be O.15ß,or less.
åt any lixed vertical icordinate, the scanning beam is
defleeterl in the horizcntal directicn at nominally a

const¿¡trt rate. A video cutput pulse 1s generated at
tlie colncldence of the scanning bean and a stored charge

corresponditrg to an imaged CRI location, IdeaIIy for a

Lioear il-scanning current wavefcrrn arid a constant lihear
CRT disptay, the cutput video pulse train shculd have

eonstant time separaticn between pulses, Due tc the

ccmbinecl dlstorticn of the'cameI'a Iens and the" Vldiccn
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Transfer Curvef tf,e cutput viclec pulse tr.airr has ncn-
constanü interpulse-bir:e-separalicn and thus appears
ItdÍstcrtedT. l,iorevoer lscnrê expected video pulses may

be trhlssingrrfrcm scme lines or even trom ttadjacentrl

Ilnes vrithin a fleld due to remanent pincushicn distcr-
ticn, but wltn lnterlaced scanningrthese f'missingrr vldeo
pulses v¡lll appear ln the video signals in lines corres-
pcndlng tc adJaeent lines to the Iine frcrn wLtich the
Videc pulses are mlsslng, i.e. bhese pulses are displaced
into tl:e interlaeed field. Thus distortion occurs in both
eoordinates, due tc the lens dlstorticn not having a

preferred directlcn of dlstorticn. To aIIow fcr this
vertical distorticn, effectlvely analcgcus to pincusicn
cr bar"rel distortlcn in a CRT, 2t1 interlaced scanning is
used rcith the output cf 1 tine per field, (and thus a
tt strlptt cf 2 line wldth) is asscciated r¡ith each displa.v
H-l'ine of tire Cffi; vrhatever CRT lccatj-cn is imaged wibhin
that 2 lir¡e-wide sbripris redisplayed ontc cne CHI H-

dlspla¡' llne (see Fig.122(d))'

The remanent Vertlcal dlstorticn or pincushion
or barrel dlstortlon ls not qulte as severe as expected.
The Vldicon ean have lts own plncushlon or barrel
dlstortlOn corrected by slmllar war¡ef orm s , derived analytie-
alty as for elimlnattng CRI barrel or plncushicn dlstortlon
(see seetlon 9.\. 3 ). Depending on whether the lens
has barrel or pincushicn dlstorticn, the Vid.icon wave-

shape ean be under-or-cv€r eompensated to nulllfy the

lens distcrtion, leaving a renlanent pineusicn distcrticn
of less than O.1% or thereabcuts. This is very 'r:uch lesis

than a l ine width and thus a rrdistcrte'dI locaticn tuculd
stiLl fall rvithin the 2 Line-wide strlp asscc.i::ted r¡ith
eaeh Iccreticn.
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ïhe grEr¡rhi.c st,orr.-'d jnfcrmati¡n ccntrcl-s
V ¿rie i¡le Ð.elay G.ircuits r"rhich seleetively dela¡' the
pLLrseoq iî the video cutput train, repcsiticning them with
respeet tc each obher such that the interpulse tinre
separatiun is ecnstant.

In a Vldieon then, a ncrninally linear horl zontaL
scanning wavef cnn def I ee I s the eI ec t ron bea¡n, witir an
image of a linear CRI displayrscrnewhat dlstorted by the
canera lensrbeing lncident at the inputr i.e. the photc-
eonduclive target. The eorrecticn circuj-ts repcsiticn
the output videc pulses to result.in a linear time pulse
trai-n.

t

For the f cllcr+ing secticns, part ic rrlarly iri
seeticrr 3.\, the f cllor.ring notaticn is used:

( 1 ) the distorted pulse tr:ain frcm the Vidiccn
target cutputr r€quiring ecrrectirn¡is called

"v,/IÐ(nat + ôt.r)fot cr Just'ouro(t)oot"

where r' is the time de-¡iaticn of the nnth'hcrizon-

tal I ccati cn f rom it s ideal uncli st ort ed

Ioeaticn.

(2) the eorrected or repcslticned pulsesì after
correctlve delays have been lmplemented are
ealled 

n rr rluvro( n a t)

t¡ Atrr a' O'1ó1 Lrsrthe corrected ,oulse period,
r¡nrr ls the pulse ecunt Çcnrespcnding tc the"nthu

horizontal lccaticn.

rrôtn

r,l h e r.e
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il-:t -l -\ Dif t'er.en(:es lretr,¡een il- and U- eDrrcctiorr
T'he trçc cases cf Crìl and rfidicon I{- eccr,'!j-nate

deflecticn anrl eorreeticn are different and bhus uarranl;
separate treatment. It is alsc radically different tc
the fcrrr; cf cgrreeticn reqrrired anri i-rnplemented fcr the
vertieal-cocrdinate generation and ccrrecticn. The

differences are!

(i) './ertical distorticn correcticn clepends crì

altering the scanning wavef¡rm and thus lhe
oslticn cf the deflected beam w hile Hori zcntaL

distcrtlcn correction de pends cn the s elective
time delay cf bhe enabling ¡rulses of the elecL-
tron beam in tire CRT or the cutout t/ideo pulse

ln the Vidiccn no rnatter r,rhether the scanning
cf the beam is linear cr not ( i. e . scannlng
velocity is ccnstant cr nct). Ihe dlfference itr
rnethcd is due to the difference in the speeds

required tc rrhysiealLy repcsiticn electrcn
jeams - if the beam is tc be striflted (,r'ecrrected)
try cne lccaticn ,¡ibhinr saJr: 1

5
of tlie time rrcrnal.-

Iy take¡r by the beam tc travel frc¡n lcc¡lbicn to
Iocaticn, then abcut"l 2u"n ure available .lcr the
vertical cccrdinate and abcut"O.0Jus"fo" the
Horizcnta.I coordinate, a speecl rat ic of about
\oo:t !

( i j-) each vertical coordinate may be individually
corrected as the rast er scanning process ensures
that the rtunusablerr display area avaiLable fcr
ecrrectirn inforrnaticn stcrage is scanned ab

eaeh vertical coordinate, enabling any vertical
distortion ccrreeticn stcred tc be acces-"ed:
and ccrrecticn -tc be implemented for each line
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(i..e. fcr euelr ve'tieal eocrd.i-nate). iì'or the
l:cri zont'¿l c ccrdlnat e however, c ont irtucus
scanning cccurs within each active display line
and nc unusable displ¿y area is available betrveen

suece-"sive display Iocaticns tc stcre distorticn
correcticn inf crrnaticn. The distcrti cn inf orma-

ticn ls stored pricr tc the display for all cf
the 2OO Horizcntal dls¡rley Iocaticns per H-Iine.
Ccnsequently in the relatively timited area

available fcr thls cerrection infcrmaticn, the
correcticn inf crrnation is it sell Iin,ited anrl thus
resultant ccrrecti.cn cannot be as precise as

fcr t ire y-ccordinate. Consequently the display
capacity is set by the preclsicn cf !l-distcrticn
ccrrecticn capable cf being specifieri r¡rithin the

distcrticn eorrecticn space, Ihe I'ultitnaterl

wculd l¡e tc have as many ccrrectiotr lines wilhin
that area as there are hcrizontal locaticns
in this case 2OO eorrecticn lines'¡oulc need to
be stcredJ ff,is of ccurse is nct pcssible (see

secticn 7.5.5).

8.3.
VTlrIC0i{S

i.r z1 fnt ero etation of Grai:h c H-Distcrticn Ccrrection

Jq!.ry@.
Tc simplify the descripticn and avcid repetit-

icn, the il-'tistcrticn cf the Vidiccn prior tc correcticn
ls as*etli:ed tc be identical tc CRT distorticn shcwlt in
Fig.1C1 and having the fcrm cf the DistcrticnÇ orrecticn
rnf ¡r'mat1¡n as in Fig.1c\(a) ( in fact, with pincushi¡n
distcrticn remcved (and that in Fig.101 still has pitt-
eushicn ciÍ sbcrticn), the distortion is rnuch less and mcre
symmetrlcal abcut the centre cf the display; thus in actual
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pracbice rthe nur,iber of distcrtlcn regions requiring
ccr.rect.lcn irrcrements cf O ,25f" IrDuId be léss than that
shov¡n in Fia,1O\).

For twc adjaeent ccntcursr sa.V Lhe *O'25% and

-O.5% ecntoUr, it means that Iocaticns specified t^¡ithin

thab area need be delayed by a tinte interval varying frcm

O'21ß to 0'Jç of the time required te s\ceep across the

aetlve display area i.e. O,2J7o tc O "Jf, cf J2'\¡rs,the latter
belng the sqeeg time fcr the active area display. This,
rememberingthatlh=2ooloeaticnsarelocatedwith.i.nthat
sweep-ti-mermeans a delay equivalent of betr¡e.n ! to 'l

interlocaticn s!¡eep time lnterval 'A t; with other d.istor-
tÍcns cDrrecticn regicns requiring delays measured in
lncrements cf cne half of a interlocaticn sr^teep time

interval i.e.'*'itt' r¡Atrr is equal to # = Q'162vs.

The other infcrmaticn obtained frcm the distcr-
ticn eorr€cticn map is that ¡f't32-\o.t' i, the ele ctrcn
beam -sveep ti.¡ne aeross the active display area, then say

fcr the sectlcn AA' ln Fig.1O\(a), bhe interval where the
'ry'to'At "d.elay need. be implementedr lies betweenrlAs{ and

(f¿s * J-5)us and again between (Tes * 20'2)us and

Cf¿S * 28)us, r,rhere "TAStt eorresponds to the time fcr
the scannlng wavefom tc reaeh the Left-Hand bcundary

of the active dlsplay area. The 0 crrectlcn f nformaticn
O urves give exactly that same infcrmaticn, allcwing for
the fact that they are compressed by a faetor cf

n.\f2.5 = ).3221r âS the dlsplay inf rmaticn lles in an

ll-tilne sr^,eep interval of" 7' 5us l'

Specifically then, for the Llne AA' of Fig.1O\(a).'
(a) Iocaticns displayed in the reglon defined in

the ll-scanning tlme interval ,,ly-'.TeS' 
to ( TIS* J'5)ot

need be d.elayed frcm between ff-tonôtüs.
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(b)

(c)

display locaticns between (fOr+3.5)us tc
(1...+20.2')r¡s need. tle delayed frorn betweenlilJ r t ,ìL,

"At" tr t2^uua,

display Iccaticns between (TAS+
(10."+28) us . need be d^elayed from
n.ô L'."to 

,$ü.
20"2)us to

between

(d) the remaining display locaticns between

?-:.3 .2 . H-Di st crt i cn C Drree t i nn v Variebl e Del ¡u

:i#.'4ui"ihll As+32'\)us need be deraved

s

The variable delay can be provided by feeding
t'VV,Iìr( t) outtt , the Vidiccn output pulse train requiring
ecrreeticnrinto a paralleL set cf Shift Begisters, (cne
of uhieh is enabled on at any instant), vid.ec pulse by
ylcleo nulse, r,uhieh are then shifted pulse by pulse by a
clock pulse or 'A* o.t intervalrand cutput frcm the
Registers at "ôtu;"clock pulse intervals. The input is
th us the r¡dist""ted,' cr'anynchronoust vid,eo pulss train,
v¡hiLe tne output ls the correetedr'synchroncus'pulse train
with the apprcpriate oelay'rttVVÐ(nÂt)". The number cf
sir j ftsj per 6hift Register is 1 ,Z , 3, \ r...etc respectively,
anci the particular shift Reeister giving the requj.red delry
is enabred cn fcr a pericd equal tc that specified by the
Ill-stcrtion G.bireetion infcrmatj_cn, and lmplemented by
ccntror signals derived therefrcm. A set cf subcircuits
t';hich a.r'e activated by the c.orrecticn Infcrmaticn Lines
im¡rl.ernent the í.leneratlon of these sorrecticn intervals,
by 1 itieíìr Vcltage-ecntrolled M.onostabIes, whos. rll rr cì,rtput

pulse '¡i,lth in the Íquasistable"stateris made prcpcr-
tlcnal tc the tinie intervar specified by any twc ccnsee-
utive eDrlection infcrrnaticn (or,,dtstorticn linest,) .
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This is dcne by iittegrating a pulse r¿hcse duraticn is
clefiried by the ecrrespcnding twc ecnsecutive distorticn
ccntcur ¡rulses, and the resultirrg Integratcr vcltage
cutput bein$ the required ,Þlcnostable contrcl vcltage.
The cutput Xonostable pulse duraticn is the ccntrol
signal tc gate in tc the appropriate shift regÍster, the
ncncstairre rr0l\irr trigger pulse correspondlng exactry tc
one of the boundary ecrrecticn linesrand its duraticn
equal bc the required time interval between twc consec-
utive ccrrecticn contcur Iines.
Tc ensure that the prcper sequence of gating the strift
registe-rs i.s carrled cut, the rrccntrol I j_nesrr drawn
j usb pricr tc the correction i rrf,e¡6"¿1on lines are
neeessaly within bhe H-scan time interval betrtreen t=1 1 us
and 12us. These prcvide the aclditicnal ccntrcl fcr ccrrect
gating as explained in secticn 8.3.3.1 belcir.

slt st er,

listed

ßefore expliliruing the ir-defl_ecticn and correction
shc-un in Flg.10B-112, the subcircuit s re,luired are
beLcw- they are:

(i) Iirrear Hori zcntaL S.canni ng Current U'avefcrm
Generatcr. This ls described in chapter 1 1 .

l'cr bhe Vidlccn under test r âo cutput scannitrg
sawthccbh current wavefcrm cf 12O-1lOmA peak
tr peak is reluired. The relatively slmple one

<le.signed has a linearity of better th¿ln O.3To.

l^Iitirin the acEive display area its linearit.y is
better ti:ran O.?%. .

( i-i) a nurn ber cf linear Vctt a¿; e CcntroIIed. Mcncstables
( i¡Cì.is) r.'ihose nl rr cutput pulse length, the durra-
ticn cf tlie quasi-stable state, is direcbly
picporticnal tc the ccntrol voltage. These are
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( iii,)

temperature- and suppl y-vcltage-variation
stabilized and have linearÍty of the order
of 0.3ß over a pulse duration variaticn of
fr21 . The eireuit and performance are given
in chapterll.

The ccntrol voltage is taken'frcm a

si-rnpte lulse Integrator (the pulse length
being defined by the distortion correcticn
lines) through hfgh-1nput irnpedence analogue
buffers, The linearlty of the Integratcr is of
the order of O.t"l, or better. The elrcult and
perfommanee are given in chapter 1 1 .

Thus a number of varia¡1s fìulse-lengttr Inte-
qrators is re quired.

( iv) a set of l'variable-lengtht' Shift Iìegisters, whose

pulse irrputs are shifted by H-clock pulses cf
tr:iee the repetiticn rate cf the ncminal

.cf'vyrrr(n at + ôtn) jut
=0.rl81 us). Ihe length

and nur-nber of rer¡ui-red fllift R egistei:'s, is 1)

2: ,3 ....blts, the maximu¡n Iength dependiltg cn

i,ì-re narimur distorticn tc be ccrreetedl this
being

(qaximum' distorticn .cresenll o

o,25Í"

iror E.he case taken, as the disto.cticu tc be

ecrreeted, Í'rcm Fig.1o\, is up tc 1'257', it
inrplies bhat 5 Shift tiegisters are rectruired,

cf length 1 ) 2, 3, \, 5, bit pcsiticns respeet-
i vely .

effective repetiticn rate
( i. e . Du.I se pericd of 

n o*
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Each S irj..tf R eg_ister is enabled cn rvhen
t'VV'D( t) cutt' is gated in at the apprcpriate
t ir:e r¡rith the cutput cf a partic ular M cnc-
-stable. The cutputs of all the shift regi¿cters
are 0R-ed together, the cutput frcm blLi-c bein.g
the corrected linear videc pulse cutput
"VVfD( n At)t' cDrresponding tc the CRT display
Iwninance pcsiticns imaged cnto the phctc-ccn-
ductcr target of the Vidiccn.

( v) a¡,rprcprlal,e gatitrg ancl selecti¡n lcgic.
(ntl or TTL implemented), capable cf abcut
2OI'Ihz speeds is also required ( a='A t' ccrrespcnris
bc o,16lusr " or' t' 

"o"".spends 
to o.o8t u.s).

RIL cr ITL lcgic capable of at least cperel,ing
a.t )- 13t"Ihz is required).

lì 
" 

i [.I-C rrr.pa t i nn Tm n] om pnfief. i rn

The blccli diagrarn cf the circ uit is shcwn in
r-19 .109,1 1C,1 1 2 r,u1üh the requiretl timihg contrcl signal-sr
shcr.rn in þ.ig.108 and 111 .

(i)

( ii.)

Ihç explanabicn cf the circuit is in ti+c parts:
the subsystem r,rhich extracts and defiues'¡rittrin
tlie active display areâ, the regicns r¡here the
required ccrrecticns are tc be in;¡llemented,
( tnis sub-sy stem is al sc c cmncn f cr bhe CRT) .

the subsystem eonsisting cf the shift registers
where the variable delay ccrrecticn is irnplemen-
ted.

3-8-¡-l Generation cf H-Correcticn Control Sipnals
Referring tc Fig. lOgr the time crlgin of bhe

the start cf the hcri-sI-"tr:m rl-clcck i-s taken at'T"gi
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zcntaL blankÌ-ng interv¿:L ( see Fig.106). I'rcm the systern
!f,cloek, twc pul se s at " t=l 1p.s" ( r,TCS,, ) and f t
are used tc gate-in bhe I'ccntroLtt pulse. ttPaittpresent

ln the videc signal during thaf, interval,via the R-S FIip/
FIcp tt2)'i in the case shcwn in Fig.l0l+l trp bc 2 pulses
(eorresponding tc twc lines) can be expected. These are
usecl tc ccntrcl further logle. The futtcticn cf these
ccntrcl signals is explained further belcw. For the line
correspcndin¡l to AA' in l-1g.1OLt nc ccntrcl line signals
are presìent in thls interval and hence this lcgic is ncb

activeateci. Clcck pulses at'!=1 2/rr" andf t=zo'B us+fed. Ínto
t,he lì-S ¡-lip Flcp trl rr define a tirre interval vrithln wÌûeh
the actual distcrticn lnfcrmaticn is expected.

Il'cr'r it is bhe prÐperty of tlisbcrticn contcurs
tirab if a straight I j-ne ( such as AA' in Fig.1O\) ls drawn

ãeross an area ccntaining them, then the i¡¡tersecticn
bet-ween the line and any twc adiacent contcurs specify
elther the same clistcrtlcn contcLlrr cr else they specify
traro crntcurs cliff ering by cnly crre clistorticri ccntour unit.
COnsequenLly if any ccntcured area such as the distcrti¡n
c orre : t i¡n inf cr¡naticn area has aLI cf t,he c cntsurs
[cIoSecil', even by clcsing them outside the distcrticn areat
such a.s by the vertical lines within the inberval
f, = 12us tc fi = l fus), then any line drawn acrcss trhg

ccnt,Ours e uts them in a predetermined order, Speeifically
fcr the secticn AAt :

( 1') the 1-st Line enc cuntered 6nd f írsb pul se uithi.rr
tire H-cct'recticn time interval) defines'thetf09ß
Distcrticn Line.ll

(2) The 2nd liue (Zno lrulse) defines the'-o'25{^
Distcrtion Linel
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(ji) the frd line def ines the '-O.5iÃ D istorticn Line.'r'
(l+) the \tn Line deflnes the ,,-O,5% Distcrticn l,.ine. 

r

(il the 5l,h line deflnes the, -O.öe/,Ðistorticn Line."
(6) the 6th tine defines therrOfi Dlstcrticn Llne.{

AII of these 6 lines may or may not be present, but the
*qequence of llnes and the resulting pulses define the

distorticn reglons in the al¡ove sequence.

These pulses defining these lines are fed lntc
a 3-bit Ccunter rrClf ¡ and then each input pulse

is extracted by the resulting serial-to-parallel conversicry
two cDt'isgsutive pulses are fed into a number cf S-R Fflp/
Flcps F/Fs n9-1 Jr' (Fle.11o), r,rith the result that each of
these Ffip/Flops has a trlrr output cf duratlcn prcporticnal
to the time interr,ral between two suceesslve dlstortlon
ccrrecticn lines,

(1)
l'ícreover,
rlT ngrr is ¿ssociated r¡ith o .!o -o.251. corree-
tlcn, i.e. with the'up tc Vr correction Shift

êT
2(2)

(J)

(\)

î/F¡'at
2

FIF
AI
¿

F/F
ccr

Begister.
p1p tt 1Ott is âs-sesiated with the n between
t

tc Atu correcticn Shift, R'äelster.

(5)

n11r¡ is asscclated nith the trbetween At to
It ccrrecticn Shift Hègister.

rr 1 2tr is âsse¿lated with the trbetween A t to
ll

ccrrection S hift lRsglster.
tr1 Jtr ls asscclated with the I between

rection Shift kgister.
Ar'
2

to Ort

,Ihe output from each of these F.Frs is fed intc
a set cf Constant Output Level C l-rcuits ( see !-ig.110) which

are temperature- and- suoply-vcltage -varlaticn stablllzed.
The output of these ls further fed intc a set cf Linear
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PuI se f ntegrators tt1 -7tt . Ihe r e sultant cutput vcltage
at eaeh Integrator is directly prcporticnal tc the inter-
yals beti'¡een the distorticn correcticn Iines. Because

these intervals are scaled down by a ratic .cf Lt.32¿1, wittr
respect tc the aetual active display area, the Integratcr
0utput Vottage is proporticnal tc the correspcnding actlve
displ4y correcticn line intervals.

The cutputs cf these trntegraticns are fed, via
high-input impedance Buf-lers, tc 7 Iinear Vcltage Ccntrolled
I'loncstables rrV-C Moncs 1-7rt, When a trigg er pulse inltiates
the quasi-stable state, the resulting duratlcn of this
cutput pulse is dlrectly proportlcnal to the cohtrcl'voltage
and thus, by appropriate scaliogrcan be rnade ldentically
equal tc the H-sweep time duraticn betr¡een ühe two cprres-
pDndlng distcrticn Iines on the actj-ve dlsplay area.

At t t = 20.Bus" (,tTAStt);rthe L.H. boundary cf
the aetive dlsplay area, a H-clock pulse triggers V-C

I,fcnostable [1rr. The laggj-ng edge of the quasistaþle rr{rr

cutput pulse is detected. and trlggers V-C l"lonostable t'2t'

whose lagglng edge of the rtlrr output pulse subsequently

triggers'Þloncstable rt Jlr and sc crl.

Thus in synchronlsm wlth the hcrlzcntal scan-

nlng beam (synched by the ttTOgtt pulse)rthe Monostables ln
turn d,efine the reglcns on the active dlsplay reglcn
associated with the requlred Shift, Register correcti-on,

These ì,fcnostable cutputs are AIrID-ed ( gates ¡rt6-æi)

wtrth theVidiecn vid.eo cutput and fed as input into the

appropriate Shtft Register. As at any instant only cne

Moncstable is rrpnt', only one Shift Register has an input

and only cne type of correcticn is performed.
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i'he a bcye c i r.c uit ¿ìt'rang em ent i s val id f cr.
I's¡'r;t.riel, r'jc¡rl r¡ clisbcltitr, distribubiorrs abcut the cerrtre
n:,:j.s cf lhe act;ive oisplaf area i.e, where a clistcrticn
ccir;otìr carì be rrclosedil oy a line just oubside cf the
L.il ed¡e of lne clispla;,' distorticn ccrreciicn area. Ihis
symrìetry cf clistertierr is the usual distcrticn distributicn
uii,jer normal ccr:diticns. Hcwever the C:tT under ccnsider-
aiicn r,¡ii;l': tlre distcrtiJn rìap in l-ig.1Ol+, shc',¡s asymmetry
in tn,: i:cttcrrr R.ii. eJrn?r as evidenced by the ü-O .'/5F,nand

the!-l,Oß"c¡nt;ori.= il,esent ( see crcss-secticn li;l ) .
¡'Ccntru.r cl cr¿reil c,:-lnnct be irnp,1-ernented and yet thj-s case

rust be cij-fÍ'erentialed ircm the abc,¡e; ctherwise ti-re 
r-0.7r/"

clr,tcurltu,culri be reacl as nt-O .57" ccnbourr and LLsett -1%

c¡trloo"ttr,,rulcl lle rearl ¿ì s rl -o .?5f' "oi=tcrti)n ecrttourlletc,
i;¡' I,r:e. ii:cve i cZic deccding circuits. itDr this reascrr the
r,ecntlci I i¡,esl in t¡e int,erl¡all t = 'l 1Us tc | = 1?usl are
p:'eserrt,, :rrie l-ir':e each lor the pre sence cf each ad<iiticnal
e:iitcrìl' 3',¡€l' tr:::t s-1Ic'.ved fcr in the I'ncrnlaLlr ecrreeticn
'' eil i ol't .

ìlhe rre lnt, r'cI lirie sil gener¿r he signals and ccnbrcl logic via
F/;1 rr"'rr (!.ig.109) rr;i.icir ext,raets the required ccrrectjcn
l!nes Í'r:.,. tli.: seluence switching the l-bit ccunter rrC.¡ ll

lile f'-irs:t; rulse cccuring v¡ithin tl:is rrcc¡rLrcl

" "-o '7r7" ccntcur
t tc 2 At'shitt

tlii.,err interr¡¡:L i¡:riic,iLes tfre oresence
¡rrrd hetice a suiise,queirL regicn rvhere a

fúa¡:j.ster ccrr.Ìcti:i-r neeri be applled.

, F..ñ llr' ll'r.j..lllU:I 
"1

sei,\l'.rate ¡'lio

cfllz<L
¿

lhe I+ih Disicri,icn Line p ulse ncrmalLy associ-
:.r,,:'l r^rli.l l "- O,1%t'Litre is extracteci frcm the l-bif

via the R-S F/F t'3" and is used tc ccntrol
/i.rcc. iì-s lî/'t'"i" and trTrr F/F t¡7il..with

su'cse ru.e r:t PuI se Inte¡rator rr6r' , Vcltage Ccntrcl I ecl

lis,liCstabj a rr(.rt anci sjc c11. If nc SecCncl rrcontrCl l-inert
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pul-ses cccurs, it implies that the next (5th) D.istcrticn
Lirre, if present, (see ccntcur B.Br) is alsc 

""-O,Tj!,distcrtrcn ccntc,irit If scr ccntrcl returne tc the l-bit
Ccunter t'C1t' as FiF "7" , having detected. the twc pulses
cci'r'e spcadirrg tc the -O'75% ccntcurs enables the Ccunter
input again; the tr¡o crnsecutive distcrticn lines reset F/F'r7'f
bacþ, tc its rr0¡r si¿ite and reset ,1, lalsc tc its ttOt'súate.

If' tv,¡ c rrc ¡nt rcl line sil are pre sent , bhe se qu.enc e

c-f ihe ccntcur lines are ....rt -O"75%t tt-16Ãtt respectively;
aÊ;ain the Ccunter rrC.,rr is inhlblted as in the "-O,75Í.
deteetÍcn"eircuit . The N-ig.'l09 shcws a elreuit arrangement
caterirrg f cr 2 tt ecntrol linesrt .
Fcr very distorted displays, requiring mcre Ðistcrtirn
L irres il the Graphic DListorticn tnfcrmaticn, ad.ded gating
i cgie si;-r¡;e s cf iÌre f or¡n as Ai'Ð-gate r¡2il , R-S F/F rr4r' 

,

Aì,0-gate rrSrr ancl r¡T¡r 'r'f 'l t','6tt , is added in parallel.
A:;ein, slÌerr ccntr'¡I ¿ind rlisbcrticn Iines define intervals,
r.,hrcir r,;hen fed irifc further Pulse fntegratcrs, gener¡te
j-n lile î.cve fashi:n, the required display ccrrecticn
in -"y.nchrcni sn witLl bhe scanning beam.

The titrring diirgram in Fig .108 shcws the nature
of ihe i;itnicg signals and r esultanb Þlcncstable intervaLs
fcr tirr: Iine AA' in Fig.lO\(b).

Variai:'l e Dpl av Sl'rif t Repisters
The bank cf Shtft Registers requ-ired tc perform

tile v',r'ial¡Ie eDnrecticn delays cn the Vidlccn cutput
:ruIse l;r'ain is shcrrrn in FÍg.112.

iire SJlj-fL-Registers are built frcm R-S, or J-K,
I-C Flirrfiì'Io¡,rsr.and must be capable cf cperating up tc
e.i-ock rates cf 1j Mttz. Fairchild R3L i.'f icrologic rcr iretter

q T <i
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stiIl 'I11, arr,:

c hel: p encu.gh.

suit:¡l¡le frcm this vievrpoil:t an.J are alsc

ri're videc i.put purse-s f€qulrlng deray, even',¡¡itii the distc¡ticn -oresent, hare a ¡ninimu¡n inter_pulsetine irrtervar cf bhe .order crtA t æ o.l6us.n rhe .iirir"*cf th-os€ iru-lses frcrn'Register-rocaticn tc successiye
Register-lccatic,ns and the clearing cf previcrrs locatlcnst:i'j; ;'t 

1..:'- 
c,,locl< derived pulse rate cf repet itic. rateri T-^ ''0ì'Us. .fhus no pcssibility ea^ cccur cf, a videc

i nnu I ouL "e being in.ss¡l q¿ int c Í]n uncleared &gi st er_lcc¿rticni a¡y tl,,rc cor.iseeutive videc pulse are turo Register_l-ccaticns aÍrart.

ñDtdever bhe ',/iriic crt re spcrìse may be .cucll thai:
t'.'r),érrìjace.t positicn purses nxay not be displayed as tl+oseparaltr'.'pulses but rls Jne'ulse cf dcuble tlre purse nidt,h.(-:rt''se:lue.t'lJ f or a il-s r,'r j p/r,-l;:p, âo ambigucus frl rr wculdresulï j-i' the rset'r 

ancj "tìuuetl'por;;= 
""; 

j"...ot simultan_
ecusry, ;rsiReseLipurses are presented after eacir singre
¡rir-I se inpr-it . A J -K r¡Lip/rrop cn the cther .handrlías a true11.l Ù cul¡ri;t aflte" otseblrpuise regarrjless whether u,,r.rart---
rLrlse is Þresent or nct simurtaäecu-"ry. Thus a J-K l..lip/
,-+rcp is .rsed as the fi.rst stage of each correcticn shift
Hegist er.

Re-ierri.g tc ¡-ig .r 12, when a rccaticn is shiftedfr¡:r; the previrus Loeaticn tc the suecessive lccaticn, itisr del:¡'g''i by t'ôtAttr thetl^l;D-gate prcpagaticn delayn(i.e. Alilt-gate )t21ú, rr27il ete) and Ín the case of =hiftingbet'eerr ti-e first registsr locaticn cf each shift register
:;.n'l tire see¡'d register rocatiónsr by an additicnal ',,&to,,r.
tire "Oiì-gate prcpagatic¿r ¿etaf) .
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AS

ö't¿ + ot" (f . . . . . . . . g.1

1;irat sliift irulse.sets tc r'1t'the successive ¡-,/F stage cf
the shlf L Register pricr tc the next clcck pul se. sj_¡nul-
banecusr."'that shift r¡uLse is fed back tc clear the pre:.
r¡.icus F/l'; the gate-delayrnôtOt'ensure that nc race
i.rr'-rblsrri-" in the cleare<l elf Dccurs. The AlüD-gate (e.g.
Aiiu-gat,e 't21tt, t'24tt etc) ensu.re-q thab a true puLse is
prcpagel;ed by f;he sjmultanecus presence cf the FI-clcck
¡rulse anrl hiie r¡idec ¡rul se in the previcu, någister-Iccatlcn.

Eachr Snif'r, Hegister is enableci cn by gating in
t'[vrD( t) 

"r-ùtt 
uith the c crre sponding l,fcncstable ti¡ne inter-

v:.1 incliceting the regirrr r¡rith.in r,rhich that ccrrecticrr
lr¡l-t-ct ìre clr¡,ied cub. Sincs su.ch an lnterval defines a
ecrrect j.r¡, regi)rr frcm say -O.257, tc -O,5% ( bfre S hift
iie.lister cn Irig .11'2, f ed by Al{D-gate n jTtt ) equi'¡aIent tc
:ìe¡i.ste:" del ays cf frcm 1 tc 2 Register-loeaticn shifts 2
r,iie i'iput pui ses r.rithin "V.,/ID( t) cuttt require. deLays
frcm 

"roë aTttc ,,8*ÁT,r. .... pr.z

r.¡here AT + o. lr *--_ott, bo rrarr is the
del.a.y c orreetipn perf ormed by the first F F cf each
negisi:er'. Licnseluently the possibility exists of vldec
j-nnr.r.t puì ses being ccincident cr near-ccincident r¡ith the
:i-cl-cck sirifi pulses; with the FIF switching 

"ri¿ 
prcpa-

gatLcn delay= t'ôtF1 ¡r taken into account, a pulse requiring
crl¡, "'.4 -L'd.L"y may be instead delayed by.Á T + f in"tead.
liiis is i;ecause fcr oul-qes ecrresponding tc display rcca-
ticns acl jacent tc distorticn bcunclarles A ! + Or

ôtf¡f) AT . . . . . . . . . . . .

and thus

8.3
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resulting in the rrl rr cutput of ir.r,- t'1 5t'r sa.yr being
presentecl bc bhe AND-gat.n21', after the H- çlock pulse!
Only qt. t4.e fcllowing H-clock pulse (and thus' after an
added 

t 
?'u.Lay) will ilrat pulse be shifted tc the

follcrrlng register Locaticn. Thus dispray locations near
distcrticrr region bcundaries may be dlsplaced by half a

lccaticn pcsiticn, and at the subsequent cRT-vldlccn cyele,
i'¡ill be rejected. The visible cllsplay nay thus have a
t'ghcst'| ilrage of tLle il-distorticn map as cn Fig. 1O\(a)
(cr parts cf lt) visible by scme required dispLay Iocaticns
not displayed at thcse pcints.

The AND-gate r' 22", in parallel tc the first
etage cf the thift Register circumvents bhÍs undesirable
ef f ect. Ihe Al'lD-gat e tt22tt ls enabled onfy when the ll-cloôk
ÞuLse ancl r;he i:rput pulses rrri-thin t'vvrD(t)outt! are ccinei-
cientr or near-ecincident encugh tc enable lt cn. It thus
sets f;he seccnd Register F/F of each Shlft Register

se is cutput directly when

s required) wltl: the OR-gate-
T) later. Ihis OR-gate,

cut,-out pulse alsc clears F./f rrl qrr which by this time
1r'rtervsl has been set tc rllrr.

The output of all the correetlcn Shift Registers
i.s OR-eri, the output beirrg the requlred ccrrected cutput.

I'lie tiniing diagram in FIg.112 illustrate s this
nore clea.rly.
Onl y bhe ¡rul se shif t s in the first trrrc stages cf any Shif t
HeSist,:r ha'¿e been given as these race problems occur in
the first F/ r' of each register. No truth tables and state
tables are Siven fcr the Shift Register cireuitsr âs

rieaninglu-I infcrmaticn fcr such ccntlnucusly varyinE
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input ¡'rulse s tends tc be marginal; the biriiiug
cliagtram is rncre lllustratj-ve.

'rire comprete vidÍccn H-correcticn and defrecticn
sy st ern i s shcun in Fig .11 3.

B ¡ i-1^ Aeerrneev nf Cnrrpollrn Sv st e¡n

'lhe pcssibility of tr^rc S,hift R egisters being
enabl erl cn at any given instant ( partic ularly during the
Lransiticn frcm'cne dlstcrtion reglon to another) does nct
oceurr 3.S the lagging edge pulse cf one lulonostable triggel'g
tii': f cllcwing Mcnostakrle, the edge being detected by a
ttLagging-edge Pulse Detectcrrr¡ the cverall delay durlng
this transiticn between shift registers is mueh less than
rr Atrr, the separaticn between twc a.i jacent video pulses
ori-cr tc c crrectlon.

The accuracy cf specifying the lagging eclge cf
a I'fcncstable depends cn the llnearity cf the I'ccntrcl
vclta*e / cutput quasi-stable state duraticnl reLationship;
tlris ( see chápter 11) is better than O.37". The

absclute aecuraey in specifying the bcundary is tc be

better tiLan !r At'¡ ( tc fall in betwe en 2 display Iccaticns).

As the accuracy cf a Moncstable is better than
O.3ß, it is clear that the longer 'the duraticn of the
,luasistable state, thê more likely is 0.3% cî the pulse
durat i rn apprcac h rrA trr .

fn th.e worst ease the maximum pulse duraticn
cf a !fcnostable is 32.\us, the wldth of the aetive display
area; as thi -c c cntains 200 display locatÍcns, wlth
Locatlcn separaticn neing'Atl ttren o.3% accuracy corres-
pcnds to a bcundary speciflcaticn r^rith an uneertainty of
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s ene I'O. 6 Att' , which 1s cf bhe crder re quired. f r
practice, M cncstable pulse duraticn is equivalent tc less
biran 2OO display locaticn tlme intervals; thus the /"
ncn-Iinearity ln pulse Iength duraticn equivalent to rrnrr

display lccaticns which can be tolerated is

#.1oor, = * .1oo% . . . . . B.\

Thus tc specify e rlisirlay regicn t ! cf the aetive display
vriclth (a typi-cal' distcrticn regicn see Fig.1Ol+), n e 50

and thus the mcncstable LagginE edge pcsiticn uncertalnty
vrl¡ich can be tclerated is 2ß.

Hcwever the accuracy of hheP ulse I ntegrators
generi,tì ng the eontrol vcltage fcr the Itcnostablesrand
cf the þicncstables themselves ( particularly in the ability
tc specify the pcslticn of its lagging edge and hence cf
l;ire pulse rluraticn when fall times beecme appreciable with
¡.lulse duraticn), depend cn the absclute pulse duraticnt
and decrease as pulse duraticn decreases.

The decrease in PuIse Integratcr linearlty and

i'ícncstable t'eontrcl-voltaee 
fOulse Iengthtr linearlty with

decreasing pulse length are adequately aecomodated in the

reLaxed ecnditicns fcr accurately speeifying the lagging
edges cf bhe mDncstables.

Tire circ uit s descrlbed abcve thus perf orm the
r¡ariable liori zontaL-cccrdlnate ccrrecticn for the Vldicon.
r,-or a t'ncn-li-nearÌr Iridicon cut¡rut ttVVID( t).cuttt evidencerl by

the "asynchrcncust'vj-dec puI se train, the cutput cf the
ir:;nk cf Shift R'egisters is the required ccrrectedrlinear I

( or ns¡,nshrcncus"¡ videc :ouIse train t'hID(n At)tt and 1s

sultable a.s direct CPU input via the CPU f/ O interface unit.
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ì'l cre us ua l_ ly it is rec irc ulat ed
clispla., refreshlng.

back into the CÌìT fcr

I
I

t
.4.

Ì{

1 fntroducticn
The video input pulse train tc the CRIt'fcRf (n Àt)mtr ccnslsts cf ccnstant pericd pulses crlgln-

at Í r,g either frcr¡ the corrected vidlccn cutput purse train
cr else frcm the cpu rlo unit. The resurtant cRT screen
display wculd appear distcrted unless cofr-ssti_cn on thisj.nput pul.se train is performed. The cRT H-cccrdinate

@crrecti¡¡r Gircuits repc-"ibicn these input purses by
seleetively cielaying them; the resultant ccrrected pulses
aetuarL;rr ente-'ing the cRT beam-mcrlurati.rn circuib ccnsist
cf pn aplra.rently t'distcrtedil prrlse train (i.e. interpulse
tj.r-,e ir:ter.'¡als are ¡c Icnger ccnstant) which results iñ a
litrear' ì-e¡crdinate cRT ciispLay; bhis is rrvcRT(t) 

cut.r'-llri-s is i. c ¡^traclistirrcticn tc bhe aeticn cf the vidiccn
ii-cccrdinete c crreeticn circults where the pericds betr^reen
t¡e vlrleo puLses :;ricr tc ecrrecticn ülere ncn_ccnstant,
an'l after ccrrectich, r.,ere ecnstant resultlng in a
¡rsynehrcncusn pulse train. The H-cccrdinate ccryecticn
reîuirements i¡': the CRI are the cpposite tc that required
in hhe '.ri,liccrr.

For' rh: '/idiccn as stabed above in secti¡n g.j¡
f he ccrre,cted, repcsiticned pulses "Vy¡¡(n A t¡ rr are made
ecincident i,ritli ll-crcck pulses; the exaet d.istcrticn
ecrrpet i on rvliÍeh crre s of) s tc th am c unt of time elLv
reirt¡ired r is' ng r Sc lcng
es it is lçncwn within which eorrectlcn range a given
:. rsif lcn pur se falr s i. e. uhether, sâr: between o.25- o.5,",
ilel ay is: required, cr not. The viclec pcslticn pulse is
'i;ire, g:iied intc the apprcpriate gorrecticn shift Register;
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't;jlc ti'¡: ii.'ter¡:il betwecn ibs ent;r.r¿ int,c til¿¡t Shi.ft
Regist lr ancl its ey-it atrd read-cut by an H-clcck pulse ,
ef,r'rsspcnds tc the reclLrjred tin,e delay ecrrection.

l-or the CRI cn .Lþe cther hand, the pcsiticns
cf eåìch pulse rn'ithin the lnput videc pulse train is kncr¡rn

since it is a trs.y'nchrcncLls¡' pulse train, t,VCRT(n A t)*i, .,

pnah stl¡h ntrlçla mlr.ct ho r'Étñ^qitinnaÄ i¡r¡lirrìr{lrrì'lr¡ hrr o

di.ff erent arnDunt cf riel av by the Ccrrecticn Circuits.
Ì'hese cliflering ec-rrecticns fcr each ilulse are analytically
ncn-rlescribable ancj are Dnly described byÌdistorticn maps {

an¡rlogous tc the iiI-ccrreeticn maps fcr the Vidlcon; yet
sueh rnaps only spec.ify ccrreetic¡r incrernent regicns and
nct pcirit by pcint dcrrection infcrniaticn. Hence in CRI

Ì{-ccorCinate ccrrect,icn scnìe degree cf apprDximatlcns
iiii¿-ct l¡e tclerafed.
O'reralL, t he H-cccrdinate correcticn in GRl.s Ís more

ccmplex than in the Vidiccn.

8-) .2 Interpretatlon of Gnenhle Dl qt¿ntl rìÂ.Snnrantl nn

- Infornation-
?t.\ .2 1 General Internretaticn

i'he identical H*di-storticn map as for tlte
Vidiccn is used tc illustrate an actual case cf distorticn
eerrecticn. ft wâsr after äLl, derived fcr the 1\t' TV

nicnitcr unaer test (77),. It must be remembered that fcr
f-hj-s particular distcrticn map, pincushicn dlstortlen r¡,as

rtct rencvecl lry anaLyti-caLLy descrlbable ccrrectlcn r¡,ave-

fcn::s (see secticn 9,4 ) as wculd normally be the cas€.
Tire dist,crt,j-cn showËl'and tc be ccrreetedris thus much

greater tnan wculd. no¡maIlt¡ be expected; however, it nray

Ðe Laken ¿ls tlleirvcrst easendistcrtj-cn, The resultant
Uorrecticn Circulbs will fielp,tc show bhat,in principle,
any degree cf distortiDn can be corrected.
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T.ire distcrticn ccnventicn (referring bc the
crj'inal disbcrLirn rnap in Fig.1o1(a) states that within
display areas bcunded b.y positive signs¡ locaticns are
displayecl behind their rnc-d.istcrticn idealt rceaticns, and
thus need be advanced in bime, whire withln display areas
bclrrrded i¡y ßegative signsllocat.i cns are displayed -u¿qE to
theirnnc-clistcrtj-cn idealr' loeaticns, ând thræ need be
<lela.yed iri tim a

As the remanent distorticn requirements fcr the
cRT are iderrtical to those of the vidiecri, and slnee for
bottr devices, ecrrective delays need be Í¡nplemented, the
previcusly derived distcrtiDn map, with O-ZjY" distortion
c¡ntours as shcwn in Fig.1O\(a) is valid for btre CRT.
It is shsi'¡h redrawn, and lvith slight modlficaticns, itr.
Fig.l I 4( a) .

Ihe mcaning cf the distcrticn eontcurs is alsc
identical tc the meaning for the Vidiecn.
Thus f cr the litie AA| :

( 1 ) lccaticns tc be displayed in the regicn deflned
in the H-scannlng time interval by ttTOjr tc
ItTos r j.5rrus: need be progressiveLy delayed

)

r"ã,ã betwe "n" *"t" 
t'atusnwhere 

Á t = o. .64ts.
(t¿S =20'BÞsr the time indicatcr frcm the
start cf a H- scanning interval, corresponding
tc the start cf the active display area).

(2) lccaticns to be dlsplayed in the regicn defined
by "TAS * 3. 17tt)ts tc l'To, + 2o.2).¡ts need be

pr.ogressively delayed from betr¡egn 
*A t" tc"tror"

and thence back to tAt*trs agaln.
/lS



368

(il l.ccaticns tc be clisplaye<l in the regicn defined

ll
lls.

(l+) the remaining display lcc¡rticns rocated between

"tos * 28lrgs tc ,ìTAS * 32.)rys..need be prcgress-
ively delayed rrcm'betr¡,een tS"rc 

0us.

rhus the dlstcrticrr eontcursr âs before, speeify regicns
r.rhere the delay ls given by an integral number of e0.25,q,

cDrrect-1on incrementsr ancl a variable aèrrv of magni-tude
Iess than 

^'O-25/" correcticn incrementl

Ihe near identical distorticn requirements
fcr bire ürìT tc thcse cf the viaiccn and the vcry similar
ii-clistrrticn maps in bctfr cases ( in actual cases the two
I]-distcrtirn rnaps are very different but the distorticn
ccntcirrs specify identie¿il dlstorticn increments) r strggests
that at lee st the D isbcrticn I.nfcnnaticn G raphics S tcrage is
iCenLical- in fcrm fcr bcth the Vidiccn and the CRT, as
*lctin ln Fig.1O\( b) . In fact orily slight differences,

r-r€nti-cne<ì- bel-cw, exist.
Ihe lccation cf this graphics irfcrriraticn is in the R-H
sectic¿r of tire CRT scanned area as shcr¡ln in Fig .1O5.

A f urther ccns equence cf the slmilarity lret'¡een
ti:e CIiT ancl /idlccn distortÍon graphj.cal infcrmaticn is
that tlre Icgic and circuitry decoding bhis graphical infcr-
matirn rvill be very similar to that required fcr the
Viriiccn il-ccrrecticr: deccding circuitry.

8-\ -? ^2 - Aonr:ximati ons

Fig.120 shor+s the ciela:y prcvided tc several
erloi-spaceci pulses, ccrrespcnding to the input video pulse

bx llTu, + 20-2rlus to llTo, + 28us,l need be

prcgressively deLayed frcm betrve.ntÂt't" 4
2
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1;rai¡i, ttu'Ci-iT (n At)in" r'esultinf in !h. corrected pulse
tr'¡.rIn givi.116; the Iinear CRT dispLny ttVCRT( t) cutt, . The

exampl e shcr.^rn correspohds rcughly tc a secticn of the
AAr llne in Flg. 11\(a), in the viclnity of the maxlmurn

clistortlcn Ilne (the broken llne ln the flgure).
Several facts are readily seen fro¡n thls:

(i)

( ii)

within each region defined by twc consecutlve
distcrtlcn lines, the required correctlon delay
gradually increasgs ( or rvhen moving aì¡ray frcm
the centre of the display, decreases), with the
.lnerease irr delay ( or decrease) between the
first and last Iocaticn withln the distortlcn
region being a tirne interval of 'l!*rO.O81 us.l

As a first apprcxlmaticn, then, lt may be

assr-med Lc vary linearly, borrespcndlng tc a

linear inerease ( or decrease) ln the delay re-
quired. The linear rate cf increase being such

tl:at the resu-ltant Ioc¿¡tion pulse delay increases
( cr decreases) between any two ccnsec r.üive
dlstortlcn L.tnes by '* * o. o8l usl.

Within the rrcentralil regicn, defined in the
distorticn map on Fig.11\(a) by the 2 distortlcn
Iines cf'-O-57"'di.torticn, and in cther dlstor-
ti cn rnapsl b-v any 2 ccnsecutive dlstorticn llnes
of the same distcrtlcn, a maxlmum distcrtlcn
occurs fcr any H-llne. For the ltne AA', this
maximurn dlstortÍon is abcut'-O 63%toccurlng at
a.,prcxi-rnately "TAS * 12rr,¡rs. Wlthln the regicn
"TAS * J.Stlus tc ilT¡S + l2r'ps the distcrtlcn
(and hence correcticn delay) lncreases tc this
maximu.n distcrtlcn. Past this maximwn distor-
t.lon, lrithin the regicn 'TAS * 12{us tc
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"to, + 20'2"us, th,e distcrticn (and hence
ecrrection delay) decreasss back t" "-O , jT,:

-lhi si trac e of maxrmu¡n d ist or tlcnr i s re quired
and is shcvn drar,,rn in a brcken line (for emphasis) in
Fie.1'l'+(a)i it is treated by the G,raphics Distcrticn
I',tfcrma'¿i:it Deccding Logic and Circuitry as just ancther
cl.Lstcrt i.::n l.-lne. The r¡aIue of this rnaxirnunr ciistcrticn
c'hanges from horizonf,aL rine tc horizcnbal line, frcrn å.

mexj-¡nuni cf' scne lt-o- 75r,"8 the 
r 

-o,75,"t, ccnloo"* t"' u dlstor-
tl:rn oflt-0.6%ánee-t'the centre of the dispray area. rt is
thus a function cÎ the vertieal cccrcilnate. As the
nagnltude cf the lnaxlnu.n distorticn is also recluiredr âo
arlcieah e::bicar c crrecticn L iner cf similar form tc theivertic::l cccrdinate G crrecticn Line"(see secticn 7.6) is
prcvided. -lhis is f urther expLained belcw in seeticn
'1.).3.5.2.

8.\. -l H- C orree ttcn Imol entaL icn
tìL 7. 1r a a i'a I

lty feecli
i r paral-
¿it eny i
¡rul se by

Introdue ticn
The variable ccrrecticn delay ean Ì:e prcrrided

fl8 t"/cRï(nat)int' intc a set of shift Registers
Lel, cne Shift Register of uhich is enabled,cn"
nst¡nt . - 

The ,,VC'ìT( n ¡,t) irl tul se s are shifted
¡rul se by e trigger cr shift pulse train of rom_

i r;:lly "a tl'separa.ticn, but in fact, cf variable inberpuL se
time rìe:)¡treticn of the reqirj.red ccrrected tirne s pac ing .
The -ir;pub is thus the sy nch rcnc us video pulse train,
'':hiIe tire cutout is thellasynchrcnou.si purse train r,[cRT,( ttoit
tp resuLt i': Ét I j-near. II-cccrclinale CRI display ( see Fig.12ò).
.r'ire rra.i':irle iter.iod shift cr trigge' pulse Lrain is
cbLEir-ied frr¡n vclt:,rge contrcrled Astabre I'lurtivi hator
('/.c.4).r,rhc-.s leacting edges are def ected and provide an
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ir:rpuLse hr¿in. Ihe Y.C.A can be synchronize<l cr preset
ti ir¿rr¡e lts leading edges sbart at any required insbant
i:y extern,'¡L reset pulses, sucir as the pulse indic;rtictrg
the sta.l't cf the actir¡e display area t'TAS" or liy D-istcrtictr
Li¡le pulses etc.

8.\.3.?. Correcticn bv Voltaee Ccntrolled Astable
@.

F'or a Volüage Controlled Astable, the resultant
frequency is given tiy

f=V + K.V
D

r,vhe r e rr V¡r i s the c ontrol vcltag e

ttVott and trKrr are ccnstant s.
The pericd'Att between the leadlng edges of two adjacent
¡iuLses is clearly

AI = l,
f Y +KV

o
.8.5

.8.7

8.6( a)

For a change in the period from rr Alrt tc scme tr AT+6Trr

Ar + ôr = T-t'IJ 8.6I

a a a a

a

a

ataaa

at hen

whlch,lf ðf <1 f , reduces to

At+6T= À¿.

e
1
f

Ilence f.i:e T, ettaaqe in the nerfca 
tOô$

åg- .ù€ /t =-+Í .ar- */ f

t,

ls clearly glven by

B .7( a)

shcwing that a ß change |n the pericd ls given an equfi'?Ient
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];c'nange irr tlLe f re ,rlency
cieviaticn is less than,

cf a V.C.A if the frequency
salr 2ofo.

É O.1 5 , satisfying the requirement of
ôf < f .

F-cr a'very distcrte,l r¡cRTr âssurne a distcr-
ticn cc¡responiiing tcrO ,5%'(+ A t * O.1ó1us), vrill Decur
in'ithin a scanning tine interval as shcrt âsr say 2jrs
( 1n practice as carì be seen frcm Fig.1o4, this ncrrnarly
v,,11r cce urî ilithln a t j-nre interval cf ncrmarly r Ê.r t 5-1ous).
i./i_thln zss¡ apprcximately l2"display loc¡rticns may oceur,
each separated, by"A tnseos.!ùithin that intery¿rr, the 12ih
pu.lse rvilL be shifted ("delayedrr) bV an extra rtAt¡r with
respect tc tire .l st ou.rse, c\rer and above the normall 12ÀtI
l:,u-L se inbervals; as bhat extra rr atrr -chift has bean intro-
dueed grerrlually in a rinear fasicn cver'the 12 pulses,
the pr:ricci cf the fina'I pulse ,'AI12t, is given by

, the change in period frcnr

I its ncmi.natr value ú ATn

lieac e
t¿

7B

rhus even in the unlikely case of the dlstorticrr
¡; radienb ¡ltr.cted ebci¡e, Lhe V.C.A glves the requirecl tirne
,reIaj¡ ccrt,ecblcn correctJy.

- FiE.11li( il) illustrates the resultant cutput
;ruIse ¡rericds under varying ccntrcl voltage for a vortage
C ¡ntrclleri AstabLe.
.rl, simpl e uIt r.¿i-lÍnear VCA with a very llnear rangê of
¿-rircut \:1 ls descrlbed in chapter 11 . Io obtain a range
cf i:1.1j tn such a VCil pcses no prcblems.
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o') 4 _3 ô l'ì ts4 .Rp n Il'i ¡f Co nae t^ i nn Vo'l t-nças for the VCA

a 8. I

l{cu the separaticn between any two adJacent

oistcr.ij-on Iines implJ-es bhat shift pulses intc the Shlft
ììegister, I'rrm the VCA, have an added accl'lmulabed time

delay between the first and lasb shift pulse, in the

rlistcrLiDn range deflned by the distcrtlcrl llnes, equal

to tta+"us.

If lt is assluned that this added time delay

due tc the decrease cf VCA frequency is introduced grad-

ually in a linear fashiop (as is is assumed distorticn
betrve erL 2 adjacent distcrtlon lines increases (<lecreases)

IinearlJ,): such that the first lccaticn pulse uithin such

a dlstcrtion regicn is least (most) delayed while the

Iast lceaticn pulse is delayed mcst (least)r then

A-g
2

n
¡tr a a a

a a a o a

aaaa.aaaa'

whe i'e

and

/=AI\
[5.v/\K I

ôvt ..8.9

Itnrr ls the nulllber cf lccaticn pulses within
that distcrticn region

,,ôtT is bhe clelay of the rrithrr pulse wlthi'u
that.region.

If nðti', the added (decreased) delay due tc the VCA

f re.¿ueåcy dec reasing ( or j-ncrea sing) , ls provided by a

Iinear rlecreasitrg ramp ecrrectlon vcltage, then aecordlng

to expressicn 8.7(a)

8!¿ * uvi

a

or ôtI

c.õv i .8,9(a)
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1l he re ilcn

,tõvl

Thus frcrri expresslcn 8.8,

r¡ is the j-nstantanecus ramp ccrrecticn
vcltage.

At
2

c

ôV = L.nAti

c.L. a t

1 C.L

ovt

SineeuðVrllis a value cf a ramp ccrrecticn voltage

ôvi < nÀt n - 112.rlr..l'l
or

uhere

I hus

or

aaaaaaoaaaa .8.11

8.1 2(a)

.B.lJ

rrlrr is the sLcpe cf the ramp correcticn vcltage.

n
At = c.L. A t . )l n . . . . o . . B.l2
21

a n (n + 1)

As the distance betwe€n s¡y two ecusecutlve
ci.istorti¡n Iines is prcpcrticnal tc the numbet rrnrr of
rii s¡llay Lccat j.cns rvithin that regicn, and. as" ôVro< n "

frcm abo-,re, it can be seen that, from expressicn 8.13,
¡r 

^ 
Ln¿J t,tr keep Ë ccnstrint, fcr a varying r¡ntr ttltt, the slcpe

cf'the ecrÌ'eeting ccntrcl_ ramp vrltage must be varled.
Clearly for ccnstant 

uA! t, 
the ramp slope variation must be

T. * + . . . . . . . . . . . ..8.1\
n2 * n ' t ' ' ' t ' '
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As this voltage ramp performs the ccrrectlcn, it rnust be

kncwn prlor tc the implementaticn cf the correcticn.

'Tthrrc in o.lrli{-{^n {-n cñ^âiflrri¡r¡r

a

lF'a n aci nn s rr.l Þr o

eijlen Disbcrùicn Ccrreetion R.eelcns are requlrsd, bhe
i nPnrrn¡t i .rn dprì rrad f nnm ha Gr¡nhio I{-rì isto rtion n urvesb

must alsc snecj.fv infornration to generate the slope cf the
iramn ennrpctlrn rroltnool int.., the VCA

l+ tases fro the VCA8 l+-¡- Gpnenef.i nn nf Cñrrênlì nn Vnl

The methcd of deriving this ramp slope infor-
maticn 1s as fclloi^tS3

(1) f rom expression B.t 4, the slcpe DLrr is clearly
de¡'lendent o.n rrnrr, the nwnber of possible
rtisplay Iceaticns within the region specified
by t,.+o adja.cent distorticn llnes, and hence, as
<lisplay Iocatlons are nomlnally equlspaced in
tlme, the slcpe xlrr is dependent cn the tfune

lnterval defined by two adjacent dlstorticn
eurveso

( 11) If H-clock derived pulses ar€ gated with sueh

a time interval when the H-dlstorticn CfiI lines
are scanned frcm the CRI graphies stored infor-
matlon in the R-H pcrticn of the CRI scanned

area, the number of such H-clock pulses gives
this tlme interval dlreetly. The pulses may be

fed into a'rRipple Counterf one such Ripple
C ounter for each expected dlstortlon reglon.
A stored, digital representation of the tlme
ltrterval eorresponding tc eaeh distcrtlon
regicn is thus available.
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Fcr the case shown in Fis.11\(a¡,
clistcrtion ranges frcm o tolt-1 ,25l.r'l and with

" o- 259,,t' ð.istorticn regicns requlreing speclfy-
ing: 5 such reg j-cns are expected. luloreover,

since each distcrtÍcn increment has, in a

s.ymmetrieall.y distributecl distcrtictr mapr twc

distcrticn reglcns ( cne, rlhere distcrtlcn
inc rease s, say f rcm "-0. 2 57" tc -o '5,%rtt "nd 

ancther
region uhere distcrticn clecreases, frcm "-A'51Ã

tc -o.2516" ), 10 such distcrtion regicns can be

expected.ln the actual case shcwn, due tc the
unsymmeüric;rl distcrtiDn map in the lower Right-
hand reglcn, cnly 7 such distortlcn regions are

thus ¡rresent. Flence 7 Reglsters or Rlpple
e cunters" must be prcvicied tc <iefine the tinie
Lnterval cf these distcrticn regiens. Since
j-n tkrecr:y, ¿t distortic¡r regicrr eíln vary in
rdidtl: f'r'cm :-rbcut 1 tc 2OO Ioc¿rtLcn Li-rLle-i-nter-
-"'¡¡ls anil thus can be specified by up tc 200
-i-oulses, eich ripple cclrnter þrculd need bc Ì:e
up tc tl-bits loug.
As e¿iclt cf tlLe..e ccunts ( up tc 2OO ¡rcssible
ecunts) v¡culrl neecl tc be âsscciatr:rl i^rith a

rìifferent ecri'ectl:¡n''rcltage ramp sIcpe,
( e--<pressicn 8.1\), greatly increa sing the amcunt

c-û Icgie ancl hybrid cireuit,r-y requiredt scme

f cnn :rf ccmprcmise need be nlacie.

fn prectice trtus, eaclt such ceunter is a 4-Oit
ecunter. fhus the active display regicn is
efLlect j-vely quant ized, intc up tc 1/a regicns,

7)oC
e¡rctr cf ft - 2us length and cDnsequently

there r^riII be up tc 16 different vcltage raiûp

slopes possible. In cur caser as seen in

( 1r rJ
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¡'i9.114 ( b) ,the longest di*stcrbicn regicnncc' ti.^.npp"cximately 
l6¡s rcng. Ccn-qequently

cnly a 
rJ-bit 

Ripple ccu.nte"r;; 
".nrìr.u.the,:iistcrtic¿i reglcns will alsc be quantized

intc 2tts increments ratLler tharr intc the¡rccnlirrucusr tinre increments befcre. However
the sameüccritinooosttdistc¡ticn rnap a.! befcrestill can be used with the quantiti zing belng
ha rd,,,ra re -im pI u., uÅt.d .
r he uppe r ha l_f cf the c irc uit in Fig .1 1 6( dcwntc CSL t,1- 7t'¡ accomplisiles thls.
îhe C:ü IJ-distorticn correcticn infcnnabicn
talre."6.5uslr t" scan hcrLzcnt¿:Ily (as distinct
frcmo T'5rutfc. the vioicon H-distcrticn infcr-
r'ration). Ihis'6.5or"need be q.i;LantLzed i,rtc 16
regicns ccrlrespcndirrg tc the l6 quantized
regicns cl- bhe aetive di s;play ar€a. Tlrus
ir:dicat rr ,rulses cf H = O,\C6.us are reiluired.

^o 
o 

f x o.081 usreloctrliurses a{e aveÍlable fcr
bire ü-criccn ir-ccrrecticn sirift åeeister,s, ârd
as 

_5 
>< + =. O. \O5us, theLr dividing t¡,. J + 

-

irulse tr¿inrr Ay' :-rprovicles the necessarJ¡ quan_
lLzed reg; icn _indlcat cr pul se s .

The distcrticn line pulse" t,pr r, oecuring
t',ithin l:he (6.5 + 1)us interval, ficmr,jr. j t"63' trsr are gated into a Rlpple C cunter
labelled rr i B Counter, C2tt, sirnilar to the
vidiccn H-correction gatinã clrcult r ccunter
"c1tt' in Fig.109. The serlarty-tc-pardlrel
decoded pulse counts, are fed. lnto a set of
¡i-S Frip/rrops n1-Tn (corresponding tc R_s r/rs
"9-13". in Fig.11O), with the flrst Distortlon
Line pulse t,Pi', fed Into the first R_S yt 1t,,,
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which is oue of a set cf l'I¡rs in parallel
with the flrst, and Iabelled R-S f/fs n1t -Ztr,

The additional AND-gates, in between,
ensure that the subsequent Set and Reset pulses
fcr F/rs rrl l-'7 dn occur at the required. 0,\o6us
time markers, derlved from the tt+ 5 Counter,
aJtt. The time outputs specified by F/Fst,it-Ttut
eorrespondíng. to the Distorticn Regicns are
thus approxi.rnated intc quantized O.4O6us
lncrements which vlhen scaled up by a factor of
r'\.99:1r' (=32,\26.5) durlng the acbive dlsplay
region scanning intervalr r€suLt in.the requlred
2)ts quantlzed. distortlon regions.

The cutputs frcm the FFs tr1t-7tn then
speelfy the distorticn intervals by belng gated
vrith the ( * + Ð pulses, and are then fed
serially irrtc ths correspondlng l-blt Ripple
Ccunters Rttl- 7' to specify the time dlstorticn
interval dlgitally.
ALsor âs for the Vidiccn H- distorticn Correcticn
Circuits,the trþs"1t- 7"' speclfiect t,irne intervals
are fed into Pulse Integrators PI tt1 7't .to
specify the same time intervals, irr añ analog
fcrm by having the Irrtegrator cutput voltage
ccntrclu'úoltage Controlled Plonost"¡f url,fCrr,
r¡1 7u in a si¡llar fashicn as the VCMs rr1 7,'
ln Flg,1 1O.

SlmlLar mcdlflcatlon tc the gating cireults
enabled by the rf control li-nesn, definlng the
assJ,mmetricaf distortlcn regicns cf
rf -0. 75" , t'lr .25ß, need al so be made . ('this
1s left till Sectlon 8.4.3.6),
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(iv) For the Secticn AA' io Fig.1l4(a) the modified
or 2¡rs-interval quantized distorticn regicns

beeorne 3

(1 ) correspcnding tc the regicniTour to

" 
T os * 3' 5tt us , t' he region ls def ined as

f röm'Tod' t o lf To, + \ rrus .

eorrespcndlng tc the region" to, r 3,5,'o.
tc fl l¡.q r 11-Srtusrthe regicn ts d.efined as
tto, i-,*l'or to,Tog + 12ffus.

( 2)

(3) ccrrespcnd.lng tc the regicntlT¿s * 11'B.*us
to r:Ia.q r 26.2'lus, the reglon is deflned
as r"åil t'To, * 12itus to f'.T^, + 2ar'us.

(\) ccrresponding to the region'TAS * 20'2t'us
to |TAS + 28rfusrthe reglon is defined as

from fõ0, * 22,3s to ü To, + 2B.rLs.

(5) the regicn fro¡n 'lT¿s * zB 
nus to tf'Tor+ 32'\'tts

bhe regÍon is defined. as from 
"âS 

+28'!s to
rr TO, +J2 üst. i

The srnall dif f erenc e s betwe en the act ual c crrec -
tlcn requlreci and the correctlon implemented due

tc the resultani coriéctlon bolrndaries not-'belng
exactLy coincldent with the measured correctlon
bcundaries can be neglectedras they falL well
wtthln the permissable remanent dlstortlon after
correction cf Iess than O.25* .

(v) The ,-bits ln each Reglster I'R 1-7t'specify a

number up t"t'Stjeach correspcnding tc cne of the

I possible Iengths cr durati-ons of dlstortion
regicns.
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Associateri irith each of these 8 posslble
integers ls a Puise il:tegrator PI.rrB - 15tr¡
each havlng a dlfferent slope of the resultant
ramp outpuL when a constant level pulse is
inte.g rated.

Thls can be achieved by a simple j-bit Decod.er
Iabelled ttMltt ln Fig.117, uhich makes avallable atl of the
I possible cutputs, indivlduaLty enabl&ng 1ts ccrrespond.-
lng Pulse Integrator. As there are / Registersrthe j-lnputs
tcuDecoder tln ls vj-a J tt7-lnput OR-gatesttr frcrn bhe corres-
pondlng bit pcsiticns frcm aII of the registers, "R i. At
arly lnstant cnly one Reglster rrRrrr is enabled non$

8y suitable loglc and gatingreach of these
numbers is gated to its corresponding Pulse rntegrator, and.

lntegratlcn is lnitiated at the apprcpriate instanü by the
h1[ output frcm lts corresponding Voltage Contrclled
I'loncstaole VCM tr1 - 7" and for the appropriate length cf
tlme correspondlng tc the dlstortlcn regicn - refer to
Fig.117.

The output of the fntegratorrtc a ccnstanb Ievel
input pulseris a ramp voltage, whcse slope can be contrclled
by the value of ibsl'controlll reslstor cr""ontrolllcapacitor
(see secticn 11,5,3). The cutput voltage at any lnstant
cf the Integratcr depends on the slope and the previcus
duraticn cf the inbegrated pulse. These ramp vcltages are
the rS crrecticn V'cltages[ tc the control voltage ,governing
the frequency and hence period cf' the VCA which gives the
trlgger shift pulses to the Shift Beglsters performing the
required puLse delays.

The required output slopes for the varlous
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interval length di-"tortlcn regicns can be fcund as

fcllotr'rs¡
If the ccunt in one cf the Regtsters j-s rtltrl

it specifles a distcrticn reglon of 
t'2p="width; 

nslrnilarlÍ
a count cf rt2Ùt specifles a dlstortlcn regicn of 4us wldth
and sc cn; a count of tr8n thus specifles a dlstortlon
regicn cf rr16us i

Wlthln a uridth of 2us there are

. 2OO ':, 12'3 pulses, say 12 pulses nominalþ

e crre soottdlng to 12 I{- eoordlnate Iocatlons.
Simllarly within a wldth cf 16us there are some 98 pulses.

I'iow frcm expresslon 8.13t
the slcper L 

tof the rarnp voltage ls glven by

L=
c.n.(n t 1)

r.¡he re

Thus

DCn =-

ll ntl

At\w)1-/
t lrom expressicn 8.9(a)r

is the nurnber of pulses l¡rithln an lnterval
glvlng an acct¡nulated pulse delay o¡ 

t L!'"

vô+KV

lu"

8.15
¡J=

K( At.n)(n + 1)

l,lcw rr[ ¡.¡rr ls the length of the distortlon interval which

c cntains 
n.r t'dlsplaY locatlons.

Thus the required output voltage ramp slope of the Integra-
tor to be used for at'2us'rdistortlcn lnterval ls

(V^ + KV) .1
2L

1
1-5.K

Volt s a a a .8.15(")
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where nvt' is the vcltage into the VCA resultlng in a

pulse train cf period rtA trrusr

.,tr1Jn because r¿lthin 2us ther€ are 12 ptllsest
rr2¡r because the üi¡e lnterval ls 2us duratlon.'

Sinilarly for theil4us"dlstortlon intervalr the slope requlred
lsr (vn I KV)

. + vortr/ut .8.1 5( b)
25.K

For the 16us distorticn interval,the srope requir€d ls'
(vn + $'v) . 8.15 (c)

l oo.K 1

The ratios of the ramp slopes of the fntegrators correspond-

ing tc the 2 r\ 16 . . .16us distortlon range I ntegrator
respectively are

Lz

LB =-

#
;rffi"hT)

8.16

8.t 6(a)

I ¿ volt s/us . . .

1

37;6
a

a a

i-.e. a a
a

O
a t a I

where ft = 12t the number of pulses in a 2us time incre-
ment. 'lhls is as expected. frcm the expresslon 8.1\.

The ramp cut,puts cf these IutegratcrsrPl ll8-t 5t'

is summed in an analog S ummer along with the voltageltvrtt ,

r.+hich is the ncminal vcltage required to generate the
pulse train of period [ Àtrr at the VCA. The summed result
.is the aetual inpui ccntrcl voltage tc the VCA ( see Fig.117).

Because the Summer gul'i rr l rr is present, the sIo¡re variat j-otrt

rather than be perf crnred i';itþin the IntegratDrs can be

aehieved i:y varyirlg tne input summitrg resistcrs in the

above ¡atics g j-ve1 by B. t 6(a) , wlth each Integrator ncv"
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being identical in aII respects.
Because cf the negative sign of the slcpe the inputs
cf these nccrrectton ramp voltagesrlare fed lnto the
lnvertlng input of th,e OP-amp. Summer while the rrVl rr

lnput is fed intc the non-inverting input.

Each dlstortlon region ccntributes a cr¡rnulative
pulse delay ot ti Èt"gs and. these 

tt-é!"gs 
delays frorn these

reglcns are themselves cumulative as successlve distortlon
regLons are entered.
In the above, aII successj-ve pulses withln a ner¡J distortion
range r.rill be delayed oy the cumulative delay just prlor
tc this ner¡, dlstortlcn range. The PuIse fnbegrator ramp

voLtages corresponding tc all prior distortion ranges must
thus be disabled, otherwise they will ecntlnue to generate
unwanted increased ptrlse delays. The dlsabling cf the
fntegrabor (see Flg.117) is achleved by discharging
each integrator via ühe Discharge CircuitsrD 1 -8tt and

ll¡11-$r tt by a pulse corresponding bo the lagging ed.ge of
the rtl rr cutput of the t/C i"ionostable speclfying the inte-
graticn pericd (ana hence the distorticn range), within a

pericd of Iess than +"0.O81 us. (Tbe conditlcns for speed

cf discharge are glven ln secticn 1 1 . 5.4 ).

B.) .3.5 Distorticn Correctlon r¿1tåiq Iteentral[ distortlcn
JsE.i-g,r].

8.\.3.5.1 Chareg in sien in Dlstortlon
Due tc distorticn symmetry abcut the centre axls

cf the actlve dlsplay arear pulses corresponding to dlsplay
Iceabions are progressively delaÍed more when scanning is
ln the L-H slde cf the aetlve dlsplay area and gclng
tcwards the centre, and prcgressively delayed less when

scannlng in the R-H side cf the aciive display area'
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The actu¡:l transiLion pcint cceurs at the nMáxL¡num

Þ istcrtion L ine tt( shcivn brcken in r,-i.l .1 1\( a) ) and is thus
indicated by the \tn O.istcrticn L ine pulse t,p4tt frcm the"ir B

counter c2¡r ln the tfDistortlon Llne Gating Logic* of Fig.116.
As the accu¡rula"ed delay prcgressivety decreases past that
line, it implies the slcpe cf theccrrecticnRa¡npv.ortage
ehaies in sign. Consequently frcn expréssicn g.T(a),

6t - -' a a a a a a t

ataaa

8.2( n)

.8.6( a)

2

A second set cf B Integrators PI ngl-15trr is provlded,
identicar in alr respects tc the first set, and gated r,rlth
the distorticn line puLse nu¡nbers ttpltt,for tir .greater
thanÍ\tf (i,e. those occuring after the l4aximum Dtirtorticn

L j-ne). The cutput cf these rntegrators nor{ is fed into
the ncn-invertlng input cf the Analog .surnmer 

ttsujnq,t, as thenee

1

Vo*K(V., +6V) =+T -67

a ncminal ccntrcl vcrtag. "vl lland ccrrectian vcltage
tt6t/tt summed ¡Iir¡e rlse to a deereased tlme d.elay.
In Fi9.117, the S-R Flip/Ff cp .t1]2n, ig set by the pulse

ìâ

ccrresponding tc tlie maximurn distcrticn line
sign lnversion)¡ this pulse is derlved frcm

ItPrn (and henee
l, he VCÞf s

tt1-7tt (see Fig.11B(a)). The pr t'Blr5ttrare thence capabre .
of being enabred cor while pr r'B-1 5rr 'witl beccme inhlbited.

8.) .3. q 2 Chen¡a nf Iìia{-n¡Èin .Sl n^a i rr ¡taan{-nol

Distortion Resion
The above scheme is satisfaetory for defining

anri i-mprementing the correcticn wiühin a distortion inter-
var defined oy two ccosecutive distortlcn rines resultlng
ln a cumulalive delay o¡ ttAltt,ro 

h-nr. ¡tf l'rs. tt'or distcrtion reglcns
such as the rrcentral[ distcrticn regicn deflned by the
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tvrc )t -O.qú|:tt distcrticn lines in Fig.114(a ) , ccnbaining the
l¡i aximum Distcrticn I¡ine r,,rithin it, the required cumulative
deLay, fcr secticn AAt ,.y, is cnly about "-O.1 3%ta? the
Iccaticn specifled by the M,axj¡u¡n Distorticn Line (the
cthe"t'-o .5f,'toeing prcvided by the twc previcus distcrticn
regicns). i,:or€cver this added curnulative delay at the
lf.aximum Distcrticn L.ine varies f rcm some "-o'25%"tc scme
fr-0.t0%"rr:m near the -o.751ß distcrticn ccntour to the
centre cf the active displaY area.

The maxi¡um distorti'cn, and thus the added

cumulative correctlcn deLaX, introduced withln the inter-
val d.eflned b,y thefi -o.lf,'bittorticn Line and tt:e Maximum

D istorti.cn Line: vâPles and i.s a f uncticn of the vertical
c ccrrlinat e .

The sirnplest \^,ay to accompllsh thls varlable
oeak aecunulated rlelay is tc ireat all Distcrtion Irines
includinf: the Maxitnurn Distcrticn Line as thcugir each

ir,tervaL defined between turo ccnsecutive lines deflnes a
tt 0.2 5y',utllrstcrtlcn lntervaL .

Call the ecrrection voltage ramp for the H-line at vertical
cccrdinate Íl r ttLr(o.25)tt .

Call the slcpe of the IFmp vcltage whlch for the
same time interval gives the required added accumulated
tlrne cielay cf say -O.13f.r'fcr secticn AA', t'Ly(o'13)t'.

Hence a ICorrection Samptt voltage must be sub-

tracted frcm ItLy(O.25)", üc give the net slcpe t'tr(o'iJ)".

fnis y-dependent trCcrrecticn Slcperr infcrnratlon
may be prcvicied' oy an extra ttVertlcal DistcrtÍcn L.lnetl
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v.rhich ma;r be drawn in an interval cf up bcn1us'wide.
As the H- distorticn Çraphie $torage fcr the GRT. is located
r.rlthin a H- time irrterval cftl6.5usr(vlhereas"7'5ust't."e
used fcr the H- distorticn Storage for bhe Vldicon) r bhis
extrarlusttime interval is available. The positicn cf
the interval and Line is shown in Fig.115.

the time interval^defined by the horizontal locatlon
cf' the line within thisolor'tj¡e lnterval, and, the instant
cf start of thls time intervalr is gated with'A+ = 0'081 us 'l

eLcck-pulsesl thus a pulse ccunt up tott8n""o be registered
and stcred in a l-bit Register R rr8rr r This stcred
nu¡r ber prcvide s the requi-red rr ecrrecticn Slcpert 1-nf crmaticn.
It specifies and enables cn cne of the Pulse l.ntegrators
cf a slcpe, vrhcse cutput ramp voltage ls input si¡nultaneous-

ly tc the Ccntrol ücltage Analog Summqr SUtrf t¡1rr1with the

ramp vcltage giving a curnulatlve delay correspcnding to
-Q,ZJf". Ihe nett ramp vcltage cutput cf these two input
ranps tc bhe Summer is the required Ramp Slcpe giving the

requlred acc umulated dela-Y at the I'!axj-mum Distcrtion ¡ ine.
The x0orrecticn Slope[ Ramp is f ed intc the Swnmer rrl rr

terminal cf opposite pcl'arity to therr-o'25%nd.luy V'oltage

Ramp.
Sirc.e the Maximu¡n Dstcrticn Line ls taken as

belng Iccated mid.wày betr^,'een the twclf-O '5f"bisbcrticn
Lines, bhe twc riistorticn intervals cn either side of the

M,aximum Distcrticn Lines are'equal in time i¡idtir (tnis is
in fact cnly an assurnpti-cti but a reascnable cne bc make).

Ás the cumulative distortlcn ab bcthn-o,5% bittcrtion
Lines are equal, the irìcrease and decrease of eumulatj-ve
rlishcrticn r^¡ithin the twc central tirne intervaLs are equal.
Hence the sarìe nu'n ber in the l-bit fiegf ster 'R rr Str

speeifying th':rC.crrection Sloperrcan be used for both

regicns. I'iìe S-R FIip/rrcnsi i 3r1\r in Fig .112, set by the
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riislort;icn lrcundary plicr tc bhe Mr¡.,xirriurn D.is;tcrticn Line,
I Pr"*_lft and reset by trie distcrtion boundary after the
Maximum Distcrticn Bcundaryn Pmax+1"tho, defÍnes the ti¡e.
during i.rhÍch slope correeticn is def ined. gnII the signs
cf the slcpes change in bcth regicns;as there are twc
sets of PuIse Iñtegratcrs feeding the lnvertlng and ncn-
irrvertlng inputs tc the ccntrcl vcl_tage summer, the sign
inr¡ersi:¡n is acccm¡;Iished by gating therRegister C cntrcl
Nurbersrtc the correspcnding pairs of Pulse Integrators.
Thelteonirol .puls.t indi.eting that slope inverslcnrand hence
ínterqhanglng thc F¿lse Integratcrs_from PIs Ie-1 f to'PBe
È8r.*1'5f Ti= set by the VCt'f tag¡ling edrìe ecrrespcnding tc
the ' i.-"xitnum distorticn line uPru.

The S-Ii Flin/Ff cps tt 13¡1\ '! in cãn¡ uncticn with their ANI)

gates, perfcrm this sign lriversj-cn.
These t',,;c FIip/Ft-cps are theu selve.'S.t" andlResetr by

pulses corresp'cnding tc the distcrtion bcunCarles cn either
side of the l"laxim um D.-i st crt icn L ine .

Ihe ::esuLting interval during-which a particrrlar
PI .ts enairled cn tc generate a slope ccrrecticn is gated in
via the OR-gat I s j ust pricr to CSL t'1-7t'. Thls is Ehcv¡n

in Fig .1 1 7.

If the regicn betr¡een the Ù-O .fÃbistortion Line
and the Maximum Distorticn L.ine ccnbains trntr display lcca-
tlcns (n = 12, 2) r........)¡ then the requlred Slope of
the Vcltage Rarnp cf the specified Integratar is (according
to expression 8.,5)

-(v + KV) VoIt "fu" .8.1 5(")L D a

VoIt s fas

V
(o.257

as ,, n,)12

a . 8.1 5( ¡)
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fcr th: cunülative delay cf -O.Zj%.
ïi' the I'f aximu¡n D istorticn Line ecrresponds bc an added
c umulatl.¡e deLay of scme

(for the line AAr in i,'1g.11j(b)r ou
expressÌcn B.l 2( a) the required sl-o
Thus

Dy(r) = C, LO.At .n ( n+1 ) .

* -0,13fr) , then fro¡u

.'."1'l':'l l' ;::;""'
Volt s /o" . , B.l7(a)

DT

- o ,25f¡

( V,.,+KV)

(

ry(Dy)

where t' on{t)
oDru 

" Hence

Slnc e n)t2 ,

) =L (o,25¡ - tv v

(' a

Do( r)
At

)DLn

pv( r) \ar /

tt is the time delay ecrrespcnding tc distortion-
the DGcrrecblon. Slopetl

(

tu(., D,J\I
Aü

vfas . . d;8.t8(a)

v v

V +K

K.g
o

r l"¡ a

a a o

8.1 B

8.1 B( b)Ly(cy) a a

1

At
ar-Dy ( r) . 8.19whe re n a n a a
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Thus if
by the s

a num ber
P ulse In
durat i cn

delaJl D,

an intervaL ccrre spcnding tc Itn 
1rr is speeified

eccnd rtVertical Distorticn Linert and specifies
. f ed into the register R rr Brr, tr control a

tegrator cclrespondlng to the distcrticn range
given by ttq t¡the aboye required cumulative

(t)tlis cbtained.

Fig.l 18(a) shcws the G,ating and gelecticn L ogic
tc aeccmpLish this.

8.\.1.6 rrUns-ymmetrical It Distortlcn Correctlcn.
Ihe above lmplementatlcn for H-ccordÍnate

Dlstcrticn Correctlcn is suitable for rrsymmetrical

dlsbc¡'bi:rn rrregicns i.e. where thetJ"dt'dirtortion Iine
pulse rrP?rr correspcnds tc ü-O , 15fnndistcrùicn, ther \tfr (
,'
dlstcrticn llne pulse ìrPLrr correspcnds tc bhe maxlmum

distcrticn Ilne, the'l5tfrüaf stc¡tlcn Ilne pulse ,,r5,,

correspclìcls to t- O, ¡% btstorticn and so on. t¡llthin the
nsymrnetrical d,istortlcn areat of the actlve dlsplay area,
t'P\t, corresponding tc the maximu¡n distorticn Iine,
indic¡¡tes a reversal of sign for the cor^rectlcn voltage
rar:lp slcpesr es iri ,r'eg'ilns occurirrg after the Maxi¡um

DrstortLon LIne 1n'the active dlsptay area r, distorbion
decreases and hence sc dc the eumulatlve iorrecticn
time clelays for the video input pulser-,,VCRI(nift)in.t,

In trunsynmetricalrr distcrüicn regicns, specifLed
bl' tir; irrese nee cf rrccnbrcl linesr¡ r¡i.titln thefll usnr¡lde
Goncrcl Lj-.re time lnterval (frcrn ! = 53,5us tc t = 5\.5as
see FÍg.11Ð ¡ [tI defines the "-O.T5f,histcrticn G ontcur
(an¿ i+hieh duritrg the active display area scannlng inter-

val is defined by the trlgger pulse intc UCI'í nqnderived
frcm biie laggirig èdge of the $1il output frcm V0i4t'5t1)
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t,vhil€ ttP,tt ( f i' ctily Dtre I'ccrrt rol l-iuerr -ts; [)r'esent-
f cr secti.n g,if in- l-ig.1oJ( b)) speci-eies the Maxirnum

Distorticn -Line ( i. e . the triijger pulse irrtc VOli rt\tt

defines the maximm distcrticn). If twc ccntrcl lines
are ¡rresentr t'P5tt specifies thett-1'OO%ttDtstorticn l,ine.
Ccnser¿uentlf f or bhe presenee of 1 rrcontrol Iinerr, slgn-
reversal ol'reorrectlcn slopesltis specifled by the |fn
brigger pulse into the VCI{ tt5tt, whlle the trlgger pulse
lnto VCI!Í r'l+[ enables cn the R'egister ¡ rt$tt specifying
the tt Ocrrecticn Slcperr V'oltage Rarnp for the particular
naxlmun dlstorticn value. The trigger pulse into YCMrr6tr

speclfies the end of bhe t'correction slope enabling
int ervatl
Similarly for the presence cf 2 trccntrcl linesrr sign
reversal is spectfied by the trigger: pulse into VCI'I rr6tr 

t

white tri.gger pulse intc VÇÞl n 5r' enables the r¡eDrrection

slo¡lert circuits.

0therwise, the <listorticn ccrrecticn intervals
and the iceihcd of ccrrectlcn are uæhanged; twc ecnsee-
utive Distcrtlcn [,,,ines still speclfy an added ( or

clec:¡eased) c unulatir." ryrr: d.elay itrtet'val.

!-igur'e 113(a) shct¡rs the relatively sirnple6'ating
irrid Deccding Lcgic Circuit under cDntrcl of bhe VCI'I

trigger ou.lse. It nrerely determ-i-nes which Distclbicn
Liret'P rnerrabl:s tire ¡'Cbrrecticn 'Écpert RegistÊr' R rt8rr

¡rnd '¡hieii enables vcltage ramp sign-rwersal. It is self
expLalal cry .

Clearly tire gating and control lcgic fcr bhe

c cntroL inf crmai;i;n rief inlng t:ire neeessârX Fi-cccrdinate
ccrrecticn fcr the CììT is simpler than the cDrresponding

5attng en1 csntrcl logic in the VÍdicon.
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8.4 . 1.7 Variable Del Shift rìeEisters
1-hus far bhe ttrecry and irnprementaticn cf gener-

ating tlie apprcpriate ccrrecticn vcltages has been descri-
r-:ed..

These 0orreetion Þmpv cltages are sr,vitched in
:j serìuence ccrresponding tc the tt A!,t ccrrectlcn inber.vals
def in-.d b:, c onsee ut ive D i st orticn l,ine s, int c an anal og
Su:imer Stu,r., together ruith the Vcltag.t"I,.t! f¡u output
of the surnmer is a slightly varying vcltlage which is the
ccnfrol uoltage tc the Vcltage Ccntrolleci Astable
I"lultivibrabor, laberled vcA cn Fig.11gi its cutput fre-
quency 1 anrl bhus the puLse repetitlcÀ rete r is a f uncticn
cf this vcltage. The repetlcn rate is ncrninally set
e lr " a tüs, the videc inout t'[cRT(n at) rn" repetiticn rate .
The Le ading edge of the ¡rulses in t'VCRT(n A t).nr, is
detected, resultin.q in an impulse train of variable spac-
in8 r ncrninally of rr Atus¡' spaciog. This impulse train is
used as the shift cr trigger pulse input intc a set of

Û hift R e¡1i-qters Sr'1-5tr in parallel, cnly Dne of wtrich is
enabled cn aL any cne instant.

The input tc these ûift g. :isters 1s ,'VCRï(nÂt\,r,'
frcrn the Vidlecn cutput cr the CPU I/0 interface.' The
input pul se repetition rate is r¡ Atttus whlle the shlf t
trlgger pulses ha,.¡e a repetltlcn rate cf " Ât f Otfrwfth

,, ôti"belng the ccrrecticn delay for each puIse, 
""ñt"i-buting to the aclditive delay. Viith a cire-bit Shlf t

&gister, the output cf bhe ftìift Reglsber wit.t be delqyed
Lry ttôt j-t', witi, the tlme posÍùicn of, suecessive outpút pulses
belng cumulatively delayed. In some reglcns cf the active
display area, trigger pulses ma.l,,have been sirlfted by

t'A tftcr up tctt2A ti ccrrespcnding lc -O,J7" and -1. O%

dlstcrtj-cns, imprying that trigger purses Eay be eclncidert
nlth the video lnput pulses r¿ith the possibitity of errcrs
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resulting r in that pulses instead cf hreing delayed by

,,At + 5tl wif l tnstead be delayed onl,y by* ötl Ctnt.-
quently such lceaticns may be lcst '

rho parallel set cf ShiftRegisters Strl-5'
¿ lte I

is ver-v mrrch in that respect, Ilke thcse requlred for
the H-eoordlnate Cor'recticn for the Vidlccn. Indeed

the individual stages, cne cf which ls shcun ln Fig '119¡
are identÍcaI, including the prcvisLcn for the ncn-

cccuience c.¡tf""". prcbLens,!t The Shift Register stage

shcun in Fig .119¡ pefforms the delay r¡ithin the regicn

fromtt-0.5ß"tc maximurn distcrtion (abcut -q.'7%) 1t thu-s

is ¡qrluired ."-;;; r".t; ooion ¡o " l'#'ii5'

Thewaveformsandr:sultofccrrectivedelay
withln this stage is shcun in Fig .12O. The effect cf

the shift registers is as follcrds:

' (i) \'Jithtn the distcrticn regicn defined by Distcrticn
t'P2t (and hence defined bY

c t¡n ulat lve shif t P u-l s e de I aY

expected (eorresPonding tc
the shif t PuI se s cci tlr r¡tith

a spacinÊ; cf "-Ati tCrAt+¡ti' .u* ,

nr-l ¡t .8 .8( a)where
ât
2

o a a ai
T

C onsequently if .the init.ial videc inpuL and the

iriltial trlgßer rlulses are ccincidentt suceessive

,¡Ul ses within that disfcrticn regicn are Prcgress-
t

ively delaYed. bY
o )l ,',.

'r¡here O < l- = 1 ., ..rI
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(ii) 'jithin trre re;;icn rief inecl by Distcrticn t,i'e
i) Lr_l s e . ', 

p2' ancltr p 
=rr 

( a nd vti ilrin i¿liic,ir a
eunulative snift pulse delay cf frcm,t å!,, ¡"tt¿ tl is. expected (correspcnding tctr- o.l5n tc
-O,5%'to""."ticn)), the videc input is gated
in¡e a 2-bilr Sliift Re¡;ister ilSrr2il. ?he first
stage has its shift brigger pulse train of
"^U' pericclrbut delayed by r lgr¡ ,",ith respect
tc l:he - videc input pulse trairi, alsc cf uA t,,p¡eriod. The shift trigger ¡:ulses intc the
seecnrl stage cf ühe Shift R_"gister are the
inpurse t'ain frcnr the vcA whieh are progress-
ivery derayed vrith r rspeet to the video i.put
pulses by " Èt , ôtit, o=.

The suceessive cutput pulses i^,rithin that' distorticn regicn are thus prcgressiyely delayeci
by

4J ¿6J- * *ur, (a:2\2i

( iii) I'cr tire regicn defined by D istcrticn Line pu.Ise s
'nj ano'e[ (aefineo bj, r/cif'5:þiti,in vrtrictr a
cumulatlve silift pulse delay of from r¡i . tor,]Ã{,
i-" expected, the videc ln¡rut is gatecl i itc a
3-bit $hift ftgister, Sn J,, .
The shift trlgger pulse input into the first
stage lsr âs before, a pulse tr¿rln of n A tn
pericd but delayed by "Ë" with respeet tc the
videc input pulse train. The sniit trigger isa pulse train of ,'A tlpericd in synchronlsm with
the video input pulse traln. The shift trigger
purses intc the thi¡d stage cf the s hift È')esister
ar''e the irnpurse train from ilre vcA which prcgress_
lvery derayed with resp.eet- to the video inputpulsgs by,,at" ro,,å. a t,,u..
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Fig.119 shows the aeticn cf a J-sta;.:e Shif t
Ibgister delaylng in¡.rut-video by 1 pu-l se shlf t
cr mcre.t'VCRT(nAt)rntt is gated to the apprc-
priate S l.'ift Register by gatlng it via AIID-gates
with the rrl r¡ cutput frcm l;he V.C iioncstables
specifying the correspcnding distorticn regicns.

The cutputs f,rcm all cf the Shift Registers
is OR-ed tcgether'.and fed lnto the video input
of the CRT, tc intensity modulate the eleetron
bea¡n cf the CRT.

B-l+-¡-B Sr¡nehron1z.ins VCÂ nulses with H-Svstem TÍLrinr
the flnal requirement of the CRT H-eorrecticn

eircults is tc ensure that the shift pulses intc the
delay I'iiift Registers Srrl -5"; are in synchronlsm with the
input vldec pulses requiring corrective delaysr at
loeaticns ( cr time instants) where the d.istcrticn is stated
to be O%.

The rc Astable being a relaxaticn oseillator
1-" inherently Ifree runningr¡, that is, lts cutput pulses
are nct syllehronized !o any external timlng unless bhls is
erpl-ic itlqy intrcduced as a tr synehronlzlngtt or rrresetrl

p ulse. i'4creover there is no correlatlon between the
rest¡ltarrt /CA frequency at the end cf cnè H-seanning line
and the beginning of the next H-scannlng line: âs the
dislo¡'ticns Ín. those two regicns a.re uncorrelated.
Ccnseluently the VCA has to be synchrmized cr reset at
the beginning of each H-seanning line. fhis is perforrned
by the pulse defining the beginnÍng of the active display
area i.e. at ttTAS = 2O'Bus¡tfrcm the beglnning of the
puLse ciefining a H-blanking interval, itr ccnjuncticn with
tne D istcrticn [., ine pulses glving distcrticn ccntcur
elcsure; these are the pulses withln the il1tr"t' tite interval
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inrnerliat eLy pricr bc the D.istcrticn Graphle s Stcrage -'

Area corre spcn,J.ing tc the aetive display aíea in Fig .1 14( a¡ ,
(cn Flg.115 tiris-is the interval defiaed frcm TCB = 55'5us
to To, = 56.5us) .

The approxirnaticn ls made that the Rleht Hand

(and Left lland) edge of the aetive dlsplay area themselves

define Dlstcrticn L ines.
For exarÌlle f cr secticn AA¡ in Fig.1 1\( a) , bhe'L .H. ecige' ll -hd.efines t.he "-O,25f, fi.istcrticn Line while the R.H. ed'ge

defines the"096t'DistcrticnL.ine. For the secticn BBt, the

L.H. edge defines the'O{/"b.istorticn L lne while the R.l{

edge defines üher -o.7rß bittcrticn Line .

In fact as can be seen frcm Flg.1O\(a)r frcm

r,rhich the distcrticn graphies storage infomatlcn in
Fig.1 t \(a) v¡as d.erived, the aetual distorticn contours

correspend.lng üo the above values are nct ccincident with
the R.H. and L.H. edges.

The errcrs thus introduced by this approxitnaticnt
ircuever, fall well within the allor¡able remanent distortlcn

(i) If rvithin thenl u."ioterval contai.ning d.istorticn
ecntcur alosure line pulses, (frcm TcE = 55'5 to
ICS = 56.5), only one pulse rtPilr is presentr it
specifies that the L.H. display edge correspcnds

tofto.%tdlttortlc4, wlth the result that vid'eo

input pulses and VCA originating shift trlgger
pulses need be coincident. Hence the VCA need

be synchrcnlzed by a trigger pulse'from the
-ii- clock (cf perlod uAtüs¡ r cne "At"period prior
tc the"2o. 8us "time-indlcator pulse (ttT^grt)

specifying the L.H, eclge cf the display area;
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call lhÍs bl:e "TSyr{Crr pulse. Slnce at that
insta.nt, the input tc the VCA i. ttt/lrr volta,
uith e re sultarrt pulse frequency of pericd
r¡ A til us rthe VCA cutput pulse leadíng ed:e ilill
be coincldent with ¡he subsequent fi¡'st pulse

cf the videc in¡:ut pulse train at bhe L.H. eoge

cf the active display area. Thuslio?6 
tht"tcrtion

Dccu.rs tnere as specified by the dlstcrtj.on
inf crrnati Dn .

(ii) If twc distorticn line pulses cccur r,,rithin the
,' l us "ti:nu interval, the L.H. edge must be

ccincident vrith the -o'25% distcrticn ccntour.
Thus the ccrrecticn Shift Register shift
trigger pulses need be delayed v¡ith respect tc

. bhe first videc input pulse at the active dlsplay
area edäe, by 

ttAlttus,via 
a .l'[onostable. The trltr

pulse ,f 
tt a-tt'or'do""ticn has its iaegtrrg edge

detected and this resultant pulse is the synchro-
rtízing trig¡:er pulse to the VCA. The first
shift trigr¡er pulse tc the Correctlcn Shift
Ììe¿ister occurs 

rtÁ!' after the first video
¿

input oulse ccrresponding tc the active display
area 1 Lrtplenenting the requiredn o'25/,'ld'Lstortlcn
correcticn as specified by the dÍstortlcn lnfor-
mat icn.

(iii) For 3 distcrticn line pulses detected within the

'i1 u-sn ti¡e interval, the L.H display eclge .is tc
conrespond to the'l-O .5/o"DIstorticn g ontour. The

resultant VCA derived shift pulse is tc be

delayed by tt 4 f tt us with respect tc the first
vldeo in¡tut display pulse, Thus again the ttIg'y,'C'

pulse can be used fcr synehronizing the VCA.
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(iv) In general, lf ar even number cf pulses is
detecbed r,¡ithin ther' 1 us'ti-rne intenral, def ining

o-0' 
5ßr" "-1' otart"t-1 " 5Í" "tt" distorticn intervals

ecrrespcnding tc u Àtr"tt2A.ti":atf' tiine. delays,

!h. "T'.,NC" pulse is delayed by the lt#"o=

Moncstable before being used tc reset the vcA.

As cnly an odd or even nurnber of pulses

need be separated cuü, a tr s 2tr ccuntt"*C \-t
f ed by the pulses occuring -vrlthirr the r' 55'5'
56.5t'os rr'1 us"tirne interval. Flg.i1B(b ) shc'¡¡s

the circuit required tc perform the VCA re-
settlngi lt is self exPlanatorY.

É(L 1 o Srrmm n nf llRT I{ ^r'r'aêtÍ rn St¡stem

Tc recapltulate, the H-cccrdinate cRT correcticn
circuits ecnsisis cf the fcllcv¡ing:

(1) a Lj.[e¿rr HorizcnïaL S:anning l¡rlavef crm 6eneratcr.

(ii) Ccntrol and lJcgÍc Circuitry which select cut

the reruj-red cDntrol signaLs (l'19.115) tc
generate the degree cf correctlcn requi.red and

tc specify the scannlng tlme intervals where

these ccrrecticns are tc be implernented. Fcur

distinct regicns in bhe graphics infcrmation
stcrage are identi-fied fcr CRT H-cccrdinate
cDrrecticn !

(a) 
:n.'1us'blme 

interval (from I=53'lus tc
b=5\.5us) containing the Vertical Slope

Ccrrection Line puIse, TIv,i' 
( secticn 8.\ '3'5)

which ',¡hen gated. with ï pu"icd clock
pulses, generate a number specifying the

ecrrecticn slcpe for the distcrticn
reglcns ,cn elther side of the Maxlmum

Distcrtlcn Line.
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( ir) 1;ire'l 1 ,-t'r" ti.,',, tntci'r¡al (frcm t='í4.5rrs to
r; = 1J,l¡'¿s) c rrrtaining the C cntrcl Line
Pulses (if any) which specify the presence of
esyminetrical display area dÍsl;crticn a rcund the
cenlral axis of the display area. The pl-rlses
detected r,,;ithin tJ:tis interval, ttPCi,', ccntrol
and change the D istcrticn L.ine pulse couni; at
r.;hich C crrec ticn Vcltag e fiamp Ê_ cpe s re verse
c'ionqv¿Lr!¿rr o

(c) [he'i1 ust tirne iriterval (f rcm t=5i.5trs tc t = 5'6"lvs)
cDnteirr.ing the D istcrticn Ccntcur C Icsure Line
puLse ttPCLÍtt. These prrlses feed the cfrcuit
shc.,vn in Fig.118( b) which determine 'the
synchrcnising or reset pulse instant to the
v.c .A.

(d) tlretó.'q.ntime inberval (from l,-J6-5us to
t=63us) corlesponding tc the active display
are a (anO he[ce scaled dcr.ln by ¿ factor cf
4 = \ ' 9Ð , wl:ich defitre the Distcrtlon Lineso')
pulset ttPDitt. -[hese pulses along uith pulses
t'PcLi_t', are fed intc a rr . 8rr count."{C -2lf which
specify the dj-storticn regi-cn intervals quantlzed
intc 2Jrs t,ime -lnterval ( see clrcr¿it in Fig .116
anrl d.escripticn in secbicn 8.r+.1.4(tii)). The

Ír.itervals thus defined are thenl

. ( 1 ) fed via C cnstant Level Orrtput Circuits
intc Pulse Integrators P.I rr1-Ztr, lrhich,
via V.C l4oncstable s V0 itdl -7"def ine the
Iengbh ccrrespcndirrg distcrtj-cn reglons
and lnstant of cccuranee.



399

(?-) flated vrith tire "A!t'¡s pericd ¡:uIse
train via a t'Divide by ," CcunternC 5t'

and f ed tp Registers Rrrl -7r' tc çecify
diigitally variaþIe G orrec bicn Vcltage

Ramp Slcpes ccrrespcnding tc these
distcrticn i¡rtervals.

(lii) A set cf Ccnstant Level Output Circuits, PuIse

Integratcrs P.f 't-7jt;orf ers etc, r^rhich are f ec1

lntc VcILage Ccntrclled. Moncstables 'üCi'Íu 1-?!
Ihese Ccnsta-nt Level Output Circuits etc ale
ccntrolled t-r.y Lhe lntelvals defincd by fhe

"+8, Ccunter Ctt2I these perforn the functi.ons
senticneti in ( ii) and abcre. (Thi. i. shcwri in
FiB.1 1 ó) .

(iv) A ,"et cÍ' l-trii Re.gisbets, it1 -freach ccrïes-
pcndin¡ ì;c,:r rlistcrtictt regict: clefirled by tr,rc
c)rìsecutive Distortlcn Line pulsirjs t'PCLi",
tti'i)itt. E¿¡ch Register cclrtaitrs a number from

tt1" tot Bl cbtaincd by gating in, in ripple-iounter
ncce¡ €v':r¡r 5th 

tt#t'us 
cloclt pulse, for a time

interval cìefined b,/ tuc ccnsecutive Distorticn
L ioe pulses. The output frcn each Reqistero
L¿,illetr as the p¿rrallel cutput lrcnl eacil 1-bit
si;aíle cf the :ìefjister; âtrrì. decorled, enables'
l.r on¡r one of 8 ( actuall.y 16) Pu-Ise Integrators
P.r"B-1!uan<j P.ri Bf-1 5tt', eecil corr,:s;¡:cnding to
cne Jr-' t¡le"B"p"ssible deccded nLïn[ret's. The

iìellister oi¿tptlts enables rrcnrr, for the apprc-
nliate Derj-cd and tilie instant ( by the V.C

i.lcncstabte) ¡ in sequence, their corresponding
Pulse Inte¡r'atcrs.
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(.¡) it set c.L' 8 I'ratchedrr ,oai-rs cf' Pulse f nteí:r'atcrs
P. r[ g-15" and P.I.r'8'-l 5"t, one s et f eeding the
iur¡er.ting iiLirut to an Op-amp. swnmer SUÌ'l\t!tfre

cther set feedinq the non-inverting input .(-llhis
is shcr,;n in Fig .117) .

ilactr cf i;hese Pulse Integratcrs has ibs
integrating functlcnrccntrclrl resistcrs and

capacitcrs chcsen sc Lhat the resultant cutput
ramp sIc¡res:, i'cr a ccnstant LeveI input puLse,

are in ihe- r-l-ltics and cf.' rn¿rgnitudes Siven -in
secbicu B.\. j.4(v).

the varicus PuIse Inbegrators are enabled
rrctlrr .successively, a particular Integratcr at
.lny lnstant being'cnn, depending crt' ',,¡iratever
register iì ":l-7 " is irr ccntrcl.
One se¡ cf tlie ma'|:hed pairs P.I.'B- 1 5" io feci

intc the i-:,r/erting i,nplut cf the OP-a¡no slrlllmer

SUiil r i';hile lhe sêu..rßd set cf' rntegratcrs
P.I .B t-1 

5 
t tr i s erlablecl I'cnrr by the M aximum

ü istcrticn L ine Prulse rrP ,ntt , the cl':r'all
resuLt beii:g that bhe sigu cf theC'crrecticn
V,Ita're Ranlrs as fed intc the Sumlter isl inver-
ted, inrlicatirig bhe subsequent resultant tinie
delays are reduceo in magnltude, corresponding
to distcrticn being decreased.

Sach Integratcr is discharged imrrrecLlabely

after its enabling on pe::icd has ended by D rr1-Br'r

An analo!; Sutnr'¡er SUÌ'l1 I wher':: the G crr'':cticn
V cltaÉle Rêr¡ps frcm the diff erenb P ul-se Inte-
p:rat ors are sutnmed, t cgecher r^rith tt'tt, tt , the
vcltage, v;hicii fed intc bhe VCA alcne generates

a traj-n cf pulses cf "At --o.161 ust'period, is
alsc required..

( vi)
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A Voltage ContrclLed Astable i"rultivlbrator, VCA,

is required. Its ccntrol vcltage is the cutptrt
frcrn the previcus Suminiug {¡lplifier. Ib is
reset or resynchrcrrized each nelJ horizcnbal
scanning liLre ¡ 'oy the r¡Rrr pulses ( sectton 8.4.3.8)
tc bring the ffrst video input display pulse
at the L.H. edge of the active display area,
intc rr synchrcnismrr with the distort icn required
at the L.H, edge cf the dlsplay.

A V.C.A with the above requirements is described
in secticn 11.5,6,

A set ofIVariabIe Lengthr Shift Regi¡ters Sn1 -ti
jolned in p:;ralLeI, any cne cf r^rh1ch is enabled
rr cnrr by it s c orre sponding V.C I'lcncsta bl e tlef iriing
its ccrrespcnding distorticn r€g-le¡-e.1ât€
required. (.[i:is is shcr,rn in Fig .119). '-lhe inpub
tc the Shift Iìegisters is the Videc input
t'VCRI(n At) i^tt frcm the t/ldlcon ccrrected output
cr the CPU IfO displ4y input, ecrrespondihg tc
tl-le CRT dlsr:lIa¡r Iccaiicns pricr tc ccrrecticn.
The shift trigger pulses in the multistage 'Shift

R,:gisters are either rrAtnus H-êIock pulse
tr¿¡ins cr rrA tttus pericd clelayed by 

t'Jllttr;

relative tc the H-clcck puLse, pulse trains.
The shift trigger pulses lntc the final stage
cf eacir Shift Register i-s the pulse ccrresponding
tc the leading edge cf the VCA output pulses.
(The resulting ccrrection b.l,variable delays is
sh:i,,;n in Fig .12O) .

The Shift Register cutputs are all OR-ed

together and fed intc the CRT Videc input as the
c ci- r ec t ed CRT di splay input .
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JOII,iT Ng;¿UI|1E].;EI''ITS FOIì CRI Ai:D VIDICOÌ\I DISTORTIOII
c 0tì1ì¡)cT I0l'l

l3efcre concluding this chapter crr ccrrecticn
cf ge:metrical ctisÐl¡y oistcrticns three pcints rnust -be

nenticnecl:

?.5.1 Actual Fcrm -cf H-cocrdinate Input fcr Correqticn
the cutout frc¡n the Vidlccn fcr corlrrrcbicn

" VVID( t,) cul;" ano the input Lc ttte CR'I f or cDrr,:ction
tt[Crì.,(At)rrrüwere taken as pulse brains uith a pulse

cccuritrg correspcncliu¡1 tc every pcssible display Iocation
i.e. as [hcu-gh the displ¿yed graphic data cctrsists cf the
2OO x 2OO pclnt grid. This vras tc simplify the explanatim
cf the cireu-iis. In far:tr cf ccurseraetual oJ-spl-4y'

iriforrnation ccnsists cnly cf a selecticn of prilses wiLhin
'ulie pulse Lralns anci thus a selecticn cf the 2OO x 2OO

diqplay pcit-:.ts. Thus in actual display s, sÍgnal pulses
,,¡iihlir liie v j-de c Irulse traius circ u.Iating irr the CRT-

'iidiccn eler:tl jc l:rcp, ntay or maj/ net be oresent ab

+;i:e expecfed pulse pcsiticns ccrl'espcnding tc the 2OO x 2$l

orir',t lricL ,lisplay; and ccrÌseque.rtly cDrrect-tcrl m¿ìy. or
lna.V nct Le perr'crmed at every time instant cDrrespcnding
tc e xpecbed pulse positicns.' But since the tlnÌ-ng ,and
selecticn sequence cf allprrpriate ccrrecticn cj-rcuits 1s

deriveo fronr externaL tir:ring signals ancllf read.-cnly graphic s

inf cr:riar,icn signalsf and is not activatecl by the dispJ ay

irf crri,aitic¡r videc puI se s, the abcve explanati-on .f cr
clrcuit cperaticn ar.e equ-ally valid for all pcs:ìible
dis!laj.'locaticn ccmbinatlons up tc the maxj,mum display
cf 2O0 x 2OO point grids.

8.q.2_, CRT- V'idieon Al lenrnent

Tire ulir and Vidiccrr requj-re tc be ali.gnedrwibh
ti-¡e centr:s olr rtàxisrr cf their respective active display
area s t c 'ce c caxial, and at a distance such that the
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active uisplay area of tl¡e CR-ll is imaged and poslticned
on a ncninally 'l :1 geometrlcal basis onto the actlve
dlsplay area cf the Vidicon,

1l
A rlgid mounting, l¡ith cptj-cal-bench aligrunent

preci-sicn, is requlred for this, along the lines of the
ttcptical barrel-¡r mcunting used f or the Schmidt cptlcs
shcwn in l'ig.6J. Aligrunent procedures and adjus'bments
alon¡i the methods described in (ZZO) need also i:e

a'¡ailabIe.

It nust be remem bered that the Vi<iic cn tctal
scanne,.i area is
area ireing abcut O'25t' x 0 "J[ .

Fcr Cri'i' image positlctrin{ better than a half
a lccaticrì away frctü the ncminal centre of bhe active
dis:Iay area, the Vidiccn phctccciiuuctor plane need be

Iocated tc an accuracy-cf better than

Å"*lr' in size, with the active dispr4y

(+ 1

E
o.25
200 i.nche s

( + o'OOOJrl

in tire vertical coordinate and better bhari

L o.<
4' 200 inche s

ln the horizontal directicri.

l4icrorneter gauges are rec¡uired and precision
aligninfi tests and methods are rettruired. The resultant
dis;lay stabilitl cf a full 2OO 1( 2OO pcittt gridr when

(-t
o'oool+rt1t
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inssrted intc the CIil and irlagecl ctttc the flidicon and
ItLserted intc the CRl-Vlcliccu lccp, can be used ir:.
sebt ing up ano aligtrirrg the twc devic es f o¡ c oaxjal ity
and a CiìT-Vldiccri magnificat,ion cf 1:1.

B. q., ¡-inite vs Zerb Distortion at cei:rtres gl-{fr-!,!gg
Disr-r'l av -¿lrea s a

For the H-cocrdinate correction in both the
CRI ancl /idlccnr the ccrrection i,¡as unidirecticrral; thls
üras because H-scannj.ng is unidirectlcnal and i'or pulses
i¡hlch need be synchronized or relocaLed with respect tc
the H-scanning i¡avef orm, selectively" tiru d.elaying rthem

is the simplest way, rather thanrltirle advancing rthem 
.

As a ccnsequence cf this unidirecticnal ti¡e d/elayf,ng,
sÍgnlficant distortion apparently became rrapparent at
tne cent-': cf the CRT and 'üidicon active display area,
when the distcrtion c cntcurs have .their I'criginl shif ted
as explained in Fig.1o\(a) (in other cRTs cr Vid.lecns
ti:is rnay nct necessarily be the eass). 0cnsequently the
eentral region cf the display area are time delayed and

beccme dis¡:Iaced. ùc the night of the d.ispla;r . area. Yet

ln practice it is assuned and required that zero distcrticu,
zerc eorrecticn and hence zerc dÍsplay shiftToccurs at
the eentres,cf the dtsplay area. Prcperly speaklng,
effective cÌisplay correctlcns tc Iccaticns on elther side
cf the centre i'rust be shifted tc the right and to the
left of the centre.

Tc effectively achieve tuis and tc obtain effec-
tive zerc distcrtj-cn at the centre, the FI-scanning ramp

culrent i'or bcth the CRT and the Vidiccn i's delayed v¡ith
respect tc the ncminal starting instant, by a time interval
equal tc the tirne ccrrecbicn delay perfcrmed cn the
I ccat,ion at the ncminal c entre of the active display .âr€â r
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This v¡iIl effet:tively Iccate the ildelaye<1r'eentre lcca-
tÍcn bacir a'c the required gecmetrical ceni;re cf each

active display area, and satisfy the requirement of
zerc disbcrticn at the centres.

This d.elay i-s introd.uced tc all cf the H-scari-

ning v¡avefcrtns uithin a ccmplete frame.. As both H-

scannitig current v,¡avef crnts are initiated and synchronized

bf'll-cIcck pulses, the irnplementaticn cf such delays
peses nc prcblem-delay is irlplemented by means cf a

Þicrcsbebl e.

A s j¡ilar delay introduc ed to Lhe vertical
scan¡in¡; current staircase equivalent Lc the lertical
distcr[ion at the centre of the display need also t¡e tnade

in l:ctn the CRT and bhe Vidlccn.

8.6 ÏNATE CoRREolÃoN

( 1 ) r he abc'¡e descripticn cf' the V- anci 11-

Ccsroiii';l;e Gcrrecticn Cfrcuits for bhe CRT and the

/ir1icon, even thcrrå:h perhaps tedicus in parts¡: s€rves

tc j-nciicate tirat ctistcrticn cc rrec bicn, r¡hich is analy-
tical-t..y ncn-describable r can be achieved by relatively
si:rr irL e ciiilital , anal cg and hy brid circ uit ry . The

si-rn nllc 1ty cf the re sultlng c crrec ticn harth¡are is due

tc
( a) the uni,que way of sboring the distcrticn

eDrrecticn itrfcrmaticn in graphical fcrm cn

l'eLatively unusable areas cf tire display
scanned, area ( since i-n thcse ar€as, the

expected distcrtion is such, that to ccrllect it,
much rnore ecmplex circuits than the above viculd

be requirecl-hence these areas are unused) .

( o) sbcrinE cert¿rin sll::pIe cctrtrol signals in graph-

lcal forms (r'CcntrcI LInesrr, nDistcrüicn
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tl

Ccntcur 0Icsutre Lilr.ls etc).

lhis method cf inf crrna-tion storage can be

seen tc be a fcrrn cfrfixed.tand.oread-cnlytlstorage, wlth

the diff'erence between the usual'l read-only"mernqrles

being that d.ata is read out at video rates and tliat
irrformaticn readcut is in analog form.

(2) Tc ccmp¿ìre this fcrm cf oraphics D"istcrtlon
0orr-ocì,icn Infcrmaticn, v,rith the current methods cf
achteving bhe same ends, the fctlovilng ssrves as the

ccmpariscrl example (78) .
In bhat case exarnplerd.isplay llnearity of the,order of

O.01 37o,:¡as required, roith distorticn prior tc correctiont
being abcut O'1f,. Ihe available cilsplay area lì'as

riÊvided.iriic a 6) x 6\ rnatrlx uith the.H- and V- ccrrecÙiÐn

required beirrg ¿sscciated witn each matrix pcint, the

same ccrrecticn to be Í-rnplemented. between adjacent matrj'x

Icc¿¡ti-cns. Thus 6\ x 6) o \.10J i¡ords of ccre stcre,

for the ii-cccrd.lnate?and \.103'n¡ords for the V-coord'inabe

\^iere requiredl in ad.cllticn the deccd.lng aod corlectlon
circuit::y still had tc be provlded.' The inrprovement of

lirrearlty r¡Jas ry cne crder (O.1fA+rc'01 3%), the salne crder

as for VIDIQG]I¡TPHIC (from abcut 1É +O'1ß remanent distor-
ticn) deseribed abcve. ,

( _3) Lcr,rer remanent dlstcrticn cculci be aehieved' by

starting crrt l,ith initialty higher precisicn, Iov; distcr-
ti¡rr CITIs and Vidiccn, say up tc O' 598 d'istcrtlcn pricr
t o e cri'ec ti cn

Alternatively, Itfinerrr distoliticn correction

lncrements may be usedr saI O.125F" ð'i'storticn i-ncrennentst

wlth a higlæ r densit;' cf Distcrticn ¡, ines, C cntrol L Lnes
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etc. 'f he correcticri circuitry uill stilI be essentially
the same, liut more stages r¡Jould be requÍred, tc go hand

in hand with the inct'eased nunber of distcrtlcn ranges

and the qreater nunber of lines to be decod.ed.

(4) T'he circuÍt s descril¡ed above make -no preterce
cf being cptj¡ized (at least for loglc circuitry optl-
rnlzaticli fcr example the sirnplestR-S Fffp/nfops h,ere

used ccrrtinucusl.V, cnly tc emphas-tze the circuit princl-',
ples¡and nct because R-S Flipfttops may be thç best Ffip/
Flops tc use), nor even are they clalmed to be the best

or even unique scluticns. Ihey serve tc lndicaüe that
in princlpler rêLativeIy siiirple and straightfcrward
circuits can be deslgned to lmplement a falrly demanding

requireLoent cf repositlcning traj.ns of pulses iìr an

arbitrary nanoer, tc a high degree cf accuracy.

The ccmponents or subclrcuits used are aII
availalrle . The logic ci.rc uits require to be faster than
ab least 12i'1h2. lrilth I'IL (Transistor-Translbtor-Logic)
r,¡ith cperat,ing speeds of at least 2!I{ttz, beccrning price-
ccr:rpetitive with RTL (Resistcr -Translstor-Loglc), the
implernentabicn of lcgic poÞes nc prcblems.

The atralo¡ and hrybrld circuits such as the

PuIse Inte¡lratcrs, Voltage Ccnbrclled l'ionostables and

Astables and the scantting rarnp and stalrcase currenbs are

all clescri'bed in Chapter 11 , r,rith the perfcnnance figures
¡4irren. Their performi.ìnce is weII within the linearibies
re qulred.

The remainlng requirement for fast analog
Sunmels el'e eâsily met due bc tlie recent intrcductlcn of
fast anci econcmic I-C OP-Anps. '



4oB

( 5) The explanattotr cf the c-i rcuits and even' cf
hLre lc'.;ic has been perhaps long and tedious. Lcgic
equaticrrs rathel tilan clescripticns r'JouId ncrmally ha're

sufficed. ilut as these cireuits ccntrclled hybrid
circuits, it ruas felt that a working explanation inter -
vroven wtth .exarnples uould. elarify rather than confuse.
Logic equaticns fcr lcgic cireuits help to specify
clrcuit ccmponents and signals required, but dc nct
explain lvh-l' the signals or compcnenets are required in
tiie first case.

If soliìe G:rt-Lr-r5'and !cgie circuits seenl rather
ecmplex it is beeause the case examplc cf disto::ticn
e3-Jrir:li:'n shcr;n, is a'i-',.,orst-easettona, in that lhe

disbortisir ma1 1s unsymllletricaL in the distcrti.on regicns,
ilbcut ihe cet,tr'e cf the active display area. Irlcrnally
the C¡l.L .ancl Vi¿tc cn woLtld have the ¡lincushicrr cr barrel
clistcri;i.cn remcr¡ecl i:y analytically definecl, ruavefcrfits

( see Crt¡.Ð1,c19.4 ): resulbing in ¡nuch Lci';er distcrticn
pricr c c c crrec ticn than the above rand r¡rith nc ursymrnetry

cf distcrbicrr as in the lower part of the di-.play ar¡¿.
To cater for any unsymrnetry hcrarever, the c.onbrcl line
signals t'P.in r trere itrtrcdUced. iicrrnally it ',trould be

expected tirey uculd not be present. The presence cf the

pulsesr t'P",Lt' ccnsequeritly itlcrease the complexlty of
cieccdlng cfl the Dlstcrtlcn tnfcrmation input ¡rulses
particularly fcr tne H-cccrdlnabe ccrrecticn fcr the

Vidlccn as- erridenced. by-the Icgic l:ad.lng tc thertcggle o

F Fs 6 ¿rfi.d 7 in Fig.109.

':)./. su l, iASl¿

(1) l'he Disbcrticn Ccrrecticn l.nfcrnatict't is
sbcred in r'.ri-i¡rhical form cn bcth sides cf the

"ótirt. ciisplay ar':ar.Yet stitL within the norual
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scanneci erea cn the CRT¡ the left-h¿lnd ar(la
sl,ores the Vidicon cDrrection infcrmaticn¡
rr¿hlle the right-hand area stcres the CRI

correc ticn informaticn.

(2) As each raster line is scanned in succe:,sión,
thls ccrrecti-cn infcn'iabi,cn is avaÍlable for
eaeh ircrizcntal Iine (iei for eachVcoordinate).

( .=;) ihis infcrmaticn is available tc the Infcrma.ticrr
Þccdinq Crrcuits as pulses; certai¿r ccrrectj-cn
bypes cf ccntrcl puLses fall wlthin certain tirne
iritervals and are gated tc the apprcpriabe
corr:rction circuits.

(l+) '-[ire veltic¡iL coorrl-tnaLe is pÌener¡,rtecl 'oy a

S tairc¡'.se C'uI'rent 'nl¡,lvef crrn of scme -1CO sheps
rnritli e scanning time -lnterval cf scìne 1&ns.
this ve¡'tical scarìning staj.rcase ëff'ectively
ílenerates a ncn-i¿iterlaced CRT disrrlay, and

an in.t,:rlaced raster f or the Vidic on scantted

arga.

(5) Itie V-cccrdinate correcticn is analog in nature.
A tir¡le interval defined b.-r¡ a iT-blanking ustarü 

"

cr"encl{pulse ¿lnd t,lre pulsc defined iry anverticel
. rJ cordirrate C crrscticu Lirtet Zenerate s, via a

' FuIse Integrator, a small additive increment
tc each current staircase sten.

!ne ILcccrclinate C oTrecticn is based cn

ccrrecticn informaticn which selectively delays
the videc pulses, r,¡hleh are the ti:ne cccrdinate
representaticn cf the CRT and Vldiccn displaf

(ó)
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lccaticns. Tirese serective derays eff ectivery
repcslbicn these video pulses in ti¡le and bhus
repcsitilr thern cn the active display a reas.

Q) l'cr ihe vidiccnr the purse train recluiring
pulse repcsiticning is effectivnl.y ¿ts.ynch¡cn_
oLr-s in nature" 0n repositioning a synchron_
cus purse trai'of pericd"At= 0.161us results.
ccrrecticnG ircuits- a.e prirnarily crigitar 1ri
nabure- in this case, Shift Registers.

r
( B) Fcr the CRT, the task i.s more ccmplex. ,Ihe

pulse train requiring ccrrecticn is synchrcnous
in nat ure o cf pericd'À t = O ,1 61 us.u ,ìepcslticnlng
is tc r esult in a ncn_analyticatl.v describable
asynchronous purse train. The ri.rr-egurarity'
of tliis repcsiticning mrrans that the corrccticn

Cf rc uit s are prÍ,narlly ernal cg it nat ure ¡ itr
t'his ease ccnsisti^g of.v'ariabre srcpe 0or'ecticnrl
Voltage Ramp Generators (pulse fntegratcrs).

( 9) The delaying cf vi-dec pulses in the ll-directicn
is unlo.lrecticnal, urith apparently signifiurnt
distorticns at 't he centre of bhe Oisr¿äy brea;
similarly , the V-e orrec ticn, b¡ adclitive sr:iall
step height ccrrection lncrements, is also
unldirecticnar, agaln r¡Íth the apparent resurt

. cf significant vertlcar ctistortion 
"ú Lhe centre

cf the dl-"pl4y area. The requlrement is that.
display ciistcrticn is resuired tc be zero at. the cent¡e cf eachdj-splay area. Thls j-s
acccmprisired by deraying the H-scanning curre.t
wavef crrns and biie v-staircase c urrent s by a
! im e int :r'¡al c crre spcnding t c the c crrec ti cn
tlne deray as gir¡err by thc lr-ccrrectic. cr v_
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( 10)

Ccrrecticn lrrfcrmaticn, f cr the ncminally
central lccaticns cf the CRT and Vldlcon
scan areas.

'-[he alrcve ccrrectlcn methcds and circuit
implernentatiorr lriake nc pretence of t¡elng a
unlque or c1:timlzed. scluticn. They are used

tc indicate, cccassicnally perhaps irl a paln-
fully cilvioLrs mannerr that in prlnclplet
ll- and V- Dj-stcrtlon €orrecbion can be accom-

plished r''¡ith Ihe re ctruired acc uracyri'rith rel atlve-
Iy slmple circuj-ts.

(
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CHAPTER 9

DISPLAY ÐISTORTION:
CAUSES AND EORRECTION O F PRIMARY STURCES

O F D ISTO RTIÕ N

g .1 . IÌ,IT_RODUCT I!!i.
9.1 .1 . General--ReçìUjIejnents.

The fcrrnati¡tr cf the CRI generateci display is
due tc the acc eierateci electrcns l,¡ithin the C.IRT electrcn
beam striÌ<ing the phcsphcr, r^ihich by cathcdcluminescencet
result in emitted Lumincus flux at req'¿ired display
lccaticns. The crcss-secticnal area cf the eLecIrcn beam

at the pcirit cf irnpact prilrarily deLermines the shaoe,

slze and hence LunitiArce cf the resu-Itant display lccaticns;
factcrs affecting the lream crcss-secticnal area thus ¡reed

be irive stiga'r,ed . The Itf ccussabilityrrcf electron bearns i'hus

needs be investigated.
The .beam is d.efleeted. by-ti-me -varying na?'ne-

tic or electric fields sc tnat it can access a|l parts cf
the disp|ay area. IdealLy the deflecti¡n shculd be such

that the beam wil L gerÌera.te a SêclÌietricaLly Iinear cr
undistcr.teci display; unless this is scr cr u.nless the

remanent disterticn is kepi tc less than the value given

by expïressicl 7. ? r ßD s'l,eady cr permaneni display iviLL

resuit.
It was assurted j-n chapter Br when distorticn

correction r,uas impleriented tc reduce dispLay distcrticn
to accepta'oIe levels., the distcrticn pricr tc thj-s

ccrrecticn was cf the crder cf 1%. This figure can be

obtained. with small extra effcrt l¡ith cDrnlnercially

availa'ole CäT t s (lor exa¡nple the actual 1l+" PYE TV-ir"f cnitcr
on which the Cistcrticri tests 1¡/ere made); this is achieved

by feeding linear current scanning wavefcrms etc.
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Tt¡e cther m¿ìjor assumptlcn made 1. chapber g

\^,as that trpincushicnrt or ltbarrelr, dlstortlcn !ì,as also
absent, cr at least negligibte. This Ls a more complex
obJective to satisfy; external'plncushicn or barrel
dlstcrtlcn correctlcnrfls required in addltlcn to the
ecrrecticns implemented in chapter B.

The nature cf electron beam deflectlcn, and
the r€¡rrltaÂt dlsplay distortlcn ( and its effecüs on
foeussÍng) thus need be investigated, so as to identify
the causes cf dlstortlcn and take correetlve actlcn prlor
tc di.stcrticn eorreetfcn lmprementaticn as dtscussed in
chapter 8.

In r/idiccns alsor.a magnetically deflected
eleetron beam discharges the stored charge pattern on the
photcccnductcr target, due to the cRT ruminance. For the
same reascns as aùcue, the dlstorticn prlor to the correc-
tlcn as in chapter B need be m.inimlzed. Agai.n the
distorticn enccuntered istrpincushirn distortlcn j'

Ihe same Ifirst-prlnclplesrr expresslcns can be

used as a basls for derlvlng distcrticns expressicns for
both tire cRT and the vfdlcon, due to the similarity in the
defLeeticn mechanism. tsut the different magnitudes of
the acceleratlng voltages, the different strength s of the
focussing erectrcmagnetlc flerds etc. ln bcth cf these
devices, result in apparentry different expressions for the
beam deflecticns and henee different plneushlcn ccrrecticn
methods.

Sinee beam deflectiofi deyiatlcns and beam eross-
secticn deformatlcn (t'defccussingrr) ean occur at. all stages
of the existance of the beam, the whore aspect of electron
beam generatlcn, fccusslng and deftecticn and effects
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near the CRT screenror the phctceonductor targeto n'eed be

covered, and thus would involve such things as electrcn
gun structure, the structure of aecelerating and contrcl
grids, and the various aspects cf focus and deflecticn
coil design and sD on. This hct¡ever is nct our prcvlnee
nor inCeed |s it a neeessary requirefnent. Our stated aim

kJas tc use eecncn:ic, readily avallable commercial sub-

systens, and nct to redeslgn CRT or Vidlcons or any of
their subccmponents. VJhat will be done ls to find
expressicns for the dlstortions or defocussingror rather
expressicns for the distcrtlcn eorrecticns in terms cf
readily available v;avefcrms, such as the linear current
sr'ieep vavef crtTÌS. These resuLtant ccrrecticn waveforms 

.

are sumrned with the usual ncminally linear sweep current
wavef crrns and f ed intc the def lecticn or f oc us coilst
resulting in the electron beams being Iocated within the

1Í'or so of thelr ideal positlcn pricr to final correction
as <lescribed in chaPter 8.'

q 1 ^2 - Electrcn Ootics
'.the tcplc of electrort beam fccussirrg and

def lectlrn is called trSLectron Optic stt due to the similar-
ity tc Itgecmetriealn cptics where tight beams are refracted
(ndeflectedtr) ana focussed by lenses; in r¡EIectron 0.pticsrl

electrcn beams are deflected and focussed by electro-
magnetie ftelds (t'electnomagnetie lensestt)''

'Ihe Iiteratur.e on E Iectron 0ptic s is large and

appears tc be ccmprehensive. Ho\^lever for cur punpcses

little can be gleaned uhich is of direct os€ '

.i.icst textbccks cn Tr/ cr.tlLectrcnì.cs, cr Electc-
"nagnetic Theory ccntaiu element/ary derÏvaticns cf beam

deflectlcrr and focuïsing by electrcrrlagnetic Ieñs€sr but
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the ap¡:rcximaticns and assumpticns used in deriving
these dc nct give the r:ctrulred accureey in expressing

displays distcrticns cr defoeussing. Such expressicns
glve dlstcrtlcns and defocrrssing of the order of 57"

r¡'hich are tolerable for vier,,rlng fcr everyday applicaticns;
fcr our purpose they are of little use.

Lrn the other hand the technical or rrprof essicnal lt

Iit er.al; ure , m uc l-i cf wh j-c h re searc h wa s carried out in
Germany, is useless fcr the exact oppcsite reascn tc the

abcve. V'lith typieal thcroughness, the TeuLcns tackled
this tici:lish task! the resultant expresslcns fcr
distcrticns and focussing rraberraticnsr¡ are nctabLe for
the ecrnplexiLy and number of t.t*s ( often lLr cr more)

with very ccmplex ccefficlanbs. Their cbject was to

ldentify the scurees cf distortlcns and defocussing, eaeh

term vith eaeh scurce of distortlon or defccussing, ratlier
than sitg.lest or lmplernent methccl.s cf eliminati'-ng these ( see

f cr exanpl e (29)¡29 5,296r29Ð.

,Ihus expre ssicns cf a c cmprcmise nat ure bet'¡een

the abcye twc apprcaches need be derived. Thi.q is dcne in
the following sectlcns.

g .Z. cEÌ'iErìAI, COì{SIDdzuiTIgN.9

g.2J r'Ðisf orticn¡t and ilPincushicn]' or rrila

The difference between what was termed
ldi stortlcnrr in prevlcus chapters and .rr pinc ushicnrr or
¡r barrelt' distorticn must be noted.

r,Distcrticn|' as used prerricusly means that
lrcri zcnf,aL sean lines are paiallel to each

cthe" over the display area, even thou-gh the
spaclng þetrveen. two adjacent sean lirres varles

(i)
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Í'r'cm pair tc pair of llnes. Ihis is the
same as saylng that no Vertical Pincushicn
or Barrel Distorticn exists (see Fig ,122(u)iU).
.A correcticn appliecl tc any step height in
bhe Vertical Scannlng Current Staircase
effectivel.y repositicns aIl the H-eocrdinate
dlsplay locations within the correspcndlng scan

lire by the same amount.
If the H-scan lines ü,ere not parallel then
dlfferent vertical correction steps woulo need

tc be applied tc different sectirns cf each

H-scan line, greatly cctnplicating the Vertical
D istcrtlcn Correcticn.

Since Iocatlcns within a given line can

be indlvldually eorrected, and there need be

nc eorrelaticn between the same H-cocrdinatet
for all V-cocrdinates, Hcrizctrtal P incushj-on
or B arrel Distcrtion ean be tcleraùed, unllke
the faet the Vertical Pincushlon ( or B.arr:eI)
Distcrticn cannot be tclerated.

I'Pincusiri¡n ( cr t'Barrelì') distcrticnl cn the
other hand is distcrticn wherein H-sean Iines
are nD lcriger parallel. It is of the fcrnr

shcwn in Fig .122(a).
Pineushicn distcrticn is invariably present

tc a greater cr lesser degree ln all CRIS and

in Vidiccns.

q-2-?.. General Conceots cf Beam Generaticn ,
¡'ccussins and Deflecticn

( ii)

Iþarn

a

The t
t ure:

Ge ne ra l5 n and Deflecticn System ccnsists of, in
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(i)

( ii)

ånfrFilectrcn Beam Enrissicn Svstem] where by a
stream cf electrons is emitted from a thermo-
cathode, and aceelerated tc the requlred
velocity by varicus anodes at varlcus
potentials. The requirement is to have å

tìarror^, beam cf ncmj-nalIy the cross-secticnal
area requlred at the CRT screen or the phctc-
conductor target, leaving the electrcn emisslcn
assembly i this exlt pcint is called the e¡nissicn
gun ilaPerturett.

4'lgeam Focusslng S.vsbeintruhereby the beam, if

-

divergent, is ccÈverged at the screen cr barget
fc fhe required focussed beam eross-secticn,
even when beam is defl-ected.
The rertruired beam diameter rÐrr at the screen
cr target is given by

Height of display area H
NL .....9.'lD

i'ùumber cÍ'aetive display lines

hiith abcut 58O actlve lines in a 625-Líne
system rthen

(a) for the Jtt !( l+rr display area cn the
projecticn CRT

( b) fcr the
Vidlc cn

D

DcRr
tù

36 :È o' oo5" . .p.1(a)

z tl rll

É x+5 dlsplay area on the

VID Eiz; :È 0'00065r" .9.1(b)

Either t'electrostatictt ornmagnetlc'f oc ussing may

be used.
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(iii) ¿ -Beam D.eflecticn Sysbem where by the beam is
deflected in a predetermined manner to be

incldent cn the screen,ln the predetermined
raster scan; idealLy the resulbant display
raster should be geDmetrically Llnear,
Elther"magnetic'r cr "eIectrostat1. td.f IectIcn nray

be used.
(iv) The flnal re,1 uirement in the nature of the

tarset fcr the electron beam and any added

beam devlaticns at or near lt.
For the CRT, the target is the phcsphor,

screen (described in chapter \)- no added beam

deflecticns occurr althcugh the halaticn,
described. in secticn 6.J.J , cculd be described
as defocussing; this however 1s negligible
as the resultant signal due tc this ls nct
detectable by the current Level Detectcrs.

Fcr the Vidicon, the target ls the phcto-
ccnduetor; the slgnal defects (anarogcus to
r¡defocussingrr)rand sllght Iocalized beam defle-
ticns have been described in chapter 5.

g .2 .3.
9 .2 .3.1 1 eetrcn Be

ELectrcn ilearn Emissicn
The Ernl ssicn Svstem

fn both the CRT and the Vldicon, the electrcn
beam is Bener¿rted b.y a thermo-cathode, i¡directly heated.
'.1'he emitted beam is shaped by electrcdes at certaitt pcten-

tials and certain shapes (forming prellminaryrrelectric
fceussirrg lenses¡r) and arfinal aperture'j cut of r,rhich the

beam exits lhe ilmissi¡n $ysbem; the'rapertureIdiaineter is
apprcxl¡ately equal tc the requlred bearn target dia.meter.

Near lhe thermc-cathode are located ccntrol
¡lrids tc cut off (or ¡rblank offrr) the bearn from reashing
the target.
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(1)

( ii)

Fcr the CRT, ühls blanking-cff is uncler
direct it.tcut videc signal ccntrol. For display
lccati)ns tc be clisplayed, the beam is enabled
cn by making thg ccnbrol grid approach the
cathode potential. l¡lhenever a dlsplay Iocabicn
is nct requlred, the video signal makes the
contrcl grid rnuch more negative than ühe cathode,
inhibltlng the beam from reaching the screen
(t'cutting bhe beam offr').

The bearn is also cut-cff during rhorizontal It

andovertical retrace timet'i.e. <iuring the time
intervals that the scanning sysbem repcsltlcns
the electrcn beam tc the L.H. edge cf the
dlsptay area for eaeh nevr H-scan line and back

to the tcp cf the dlsplay area fcr each new

display frame.
l'cr the Vidiecn, the ccmplete dlsplay area is
scanned ccntinucusly. The bea¡n is only cut-off
during the lOus(or thereabcutsfH-retrace"and the
2rnstV-retrace tlmen üc reposition the beam for
the raster scan.

i.-cr CRTs the accelerating potêntial varies frcm
1CKV tc abcut 2íVt the latter value required for
Ërcjecticn CRTs:. the impaet velccity of beam electrctls
is enough bo eause seccndary eleetrcn emissicn.

Fcr the Vidicons the aecelerating potentlal is
in the order of IOO-\OOV; the resultant beam eleetrons
are rrtoc slowtrcn impact tc give rise to seeondary electrcus

q .,2 .\r2 Pimlsslon- SvÇt:eo"-åblsiatlons
. 0f particular tnterest are the defects ln bhe

beam r¡hich give rlse tc changes in the cross-sectÍonal
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area cÍ' tlte beam and hence defocuss;ing Qgû . Lhese are

( i) ItChrcmatic aberration tl

(ii) " Scace-charge beam spreadi-ng"
(iii) efectrcn Emissicn 4ssembly ccllpcoent misaligrunenb.

(i) Chromatic A berraticn
ÌtrIectrcns are emitted frcm the thermc-cathcde

r^,ith dil-eerent irritial velccities. Since the fccussing
depends cn eleetrcn velccities, -Cocussing acti:¡n wiLl be

difflerrnt fcr electrcns with differing initiaL velceities,
The resulranú defoeussi-ng, not very significant, is called
rrei-r¡'cma1, Lc aberraticnrrr âs it i s analoÉlcus ,in gecrnetrical.
cptics¡!o Lhe chrcmatie aberraticn where Iight cf ciiffer-
ing uravel-engths is refracted by varying amountsrBiving
rj--ce tc the ,lef ccu.ssi.ng of' the abcve narre.

( ii) Snee ¡'- e ha rs P BPem Snrea d i nc -
. Sj-nce the bea¡n ccnsists ci'electrDns, chi,rrged

pc.rticles cf the same charge, nrutual repulsicn betu¡een

then ex.ist s, givina rj-se tc an increase in beam wiclth
ancì dee t.e¿rsir:g beam c urrent density. It can a¡¡a.itt 'oe

ueElected uhen ecrrpareri r,rith the other presetrt defccuss-i-rr.g

efflecls.

( ii.i) Ernis-qicn Assemblv Cctnr:crìent MisaliFtule&.
Tc cb!;ain an emitted bea¡n cf the required srnall

diarnet,e i', r,,r-lth individual electrcns having pilrÍìILel
tr':l jer:Lcries tc each other, the thermc-cathcde j s ma.de

sni¡:.J I . .r'cr t,he emitbecl beam frcm fhe aperturr: bo be

cci¡:ciCent '.,rith the tube longitudin¡:l axis, ctlie¡'wise
l:rto,,,¡n as tiie Ittui¡e princil;al axisrr cr ttc!rtical axisrl,
the exii; el)er';ure, the thermccathcde, ancì varicus elec-
i,rcdes r': itir in the E¡¡ission Assernbly need tc be symrÌletric*
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a1].y Iccriierl ¡rtrcut tne pritrciplrl axj-s. Sirnilarl¡r

thcr F ccussj.ng and lì efleclicn C cils need also ìre

symnetr j-cali.y lccated ¿rÌ:cu-t the principal axis ' Any

:risalignmer:t cf these inrlivid.ual c3rfpcnents results in
the beam beingrt o a greater cr Ie sser degree, rni-"a.Ii8ned

ltj-tn t,ire princi¡:al axis: f€sult,irlg in off-cerltering the

rrndefl-ect,ed beam frcm the display area centre, (a fcrm

Df nccnstantil dlstorticn) and 1nvaricus defocussing

eÍ.'f eets whieh are pre sent during beam cleflecticnr âs a

íiisaligned beam carÌ be cctrsidered tc be a deflected bea1n 
"

S.Lrlcetheabcvefactcrsdependcntirestructur'e
of i;iie E:iissicn [lys'Lern or tlie ¡:h.ysics cf thell lecl;rcrl

E missicri rlc,m t,he thermc-cathcde, ncthlng can be dctte l¡y

us. It is tl'lus assumed that in the ava.íLable cRTs ancl

vidiccns, the ai:cve def ects dc nct occur¡or iìrê negligibre,

DI'arecgrrecta.ble,theireffectbeingwithint|reremanent
cDrrectiln pricr tc cQr'r€cticn'

l-r e

Deflecti::n alrd Focussine a

althcugh ti-ie P rc j ecttcn cRT required.r âs well as the

ì/idiccrr,arefocussedanddeflectedbymagneticflelds'
tg-fi.faJ ,the alternative of electrostatic beanr deflec-

ti¡n ano f ccussing r'p,-ti.Iddr, 'ilI be brief ly menticned

fci cc*¡rariscn. the major differe¡ce betweer''tEiand 
uts-

f ield n D-ef lecticn and F octlssit.'g is that:

(a) vriti: E-fields, the energy of the beam electrcns

changes uithin the E-field regicn'
(b) with B-flelds, only the d'lrecticn of the bean

electrcns is ehanged but not their energy '
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.rlased cn this, it ean be shor¿n (see for example ( ZgB)
that ¡

(i) for equivalent, defLecticn systems, defocussi.ng
aberraticns are greater in E-f ield systerr;s

than in B-field systems:
(ii) for this ¡g¿sco, cnly small diameter electron

beams can be tclerated in E-fleld systems,
ctherwlse tne aberrahi¡n, i..rrn. urìaeceptable.
Ccnsequently with such lorrrer beam diameters,
the ¡qsuLtant, CRT interrsity is much Iovrer thanl¡
rj-field sYstenlso

Fcr trlis reascor if fcr nc cther, E-field CRTs

vould not proulde the high luninances required
tc maintain ancl regetrerate the dlsplayed irtfor-
matl¡n.

( f i i) In E-field def leetlcn, the generateri dlspla-v
r''l ster ls ncminally litiear cn a f lat CRI screenl
iir 5-fleId deflectlon, the resultant di-cplay
raster is ncminally linear on a spherical CRT

screeno The l.atter screen shape is that requir*i
for bhe Sclmidt Optics System focus;sing. llgaj-rt

f cr tiris reason S-fieta deflec'ticn c annot be

used.
Frcm the expresslcns relatiug the deflecticn
tc bhe t and 5 fields and the aecelerating

¡,pcteritials, it can be shcwn that variaticns in
the accelerating voltag. " VAf such as d.ue tc
pcr'Jer sup¡,ly variaticns, pickup etc, give greater
defleetion variaticn fcr the p-fieId sysbem than
fcr the B-field system.
The cost cf fl-fietd tubes is usually greater than
that of the B-field tubes.

( iv)

( ')
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E-field tubes however usually have faster
respcnse and are more econcmical, power-
c Dn smption wise . For Vidlccns, cnly experl-
mental E-field tubes have been reported thus
far e.g.(2WtfrO).

9 "3. FOCISSII¡G 0F ELECTROhI riE.Al,lS

9 .3.1 Introducticn
The fccussing systenr cf the CRT and cf the

Vici.icon ensures that the electrcn beam, after €fiission
and after deflectÍcn, is ineident cn the CRT screen or
¡rhotcccnductcr target with the required beam diameter
given bJ'expressicns 9.1(a) and (b).

The focussing aeticn m4y be likened fc that in
lenses .in geometrical opticsrwith analcgous focussing
defects cr'aberraticnsopresent in eLectrcn cptics as in
gecmetrical cptics. CcnsequetrtLy, even thc;-lgh the electrcrr
iream nay t¡e sharply fccussed (atrrbest foeusrr) at sâ.vr

the centre of the scanned arear âwâV from this centre,
the foeusslng detericriates, and the electron bea¡n

diameter j nereases, r,¡hiLe the crcss secticnal beam area
rila_v becc¡ne distcrted frcm its ideal circular shape. Conse-
quently CRT display locatj.cns themselves appear distcrted
in sha¡;e while the Vidicon's output may result in spurious
slgnal s.

The object is to produce rrbest focusrr or
aeeeptable fccus over the r¡hole scanned area, or at least
over the scanned area correspcnding tc the actlve dlsplay
area.

9 .3.?- rteouiremenl,s nf CRT and Vidieon F'nensslnp a

9.3.2 .1 CRT Reotrl rement s a

i¡or the CiìT, rrbest fccusrr is eertalnly feetrlrecl
over the active dispray area, fcr the folrowing two reasons:
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( 1i)

'lhe itctive clis¡rIay al"cít is to L¡e obs';ervcd tty

bire user ancl thus must be of acceptablyrgocd
rl uâLit.!'f f or user-c cnf idenc e and c ctnf ort .

ì,rore j-mpcrtantlyr when the active display -area

is imaged cntc the Vidicon photcconductor
target, the individual locaticns must not

be defocssed tc sueh a degreer t hat any cne

inraged locaticn r,¡culd rtsplLl overil intc the

dísplay èement area assoeiated with a nelgh-
bcuring Iccatiin. During scannlng, a signal
may be generat ed,fasscciated with this Iight
iocldent onto the neighbouring location, of
large encugh amþtituae tc the deteeted by the
t'lLirr C iirrent Level Deteetor, resulting irl an

invalld display Iocaticn being çnèrated. on the
CRT. this spuricus locaticn will in tu.rn be

defocussed and generate yet ancther sprricus
l-ccaticn. Thus in ccnsecutive fr¡rme-times,
cne dlsplay l-ccation may give rise tc r'tany

spuricus displayed'Iocaticns nrerely due tc
defocussitrg ( see Fle 122(e)) .

Tc ensure thattbest fccus"is plesentr scme

f crm cf i'f oc ussing eorrecticnr" in additÍon tc
the existing focussingr mâX be required.

l'ccussing which varies frcm display
lccaticn tc display lccaticn cn the display areae

is callerl rrdynamlc fccussingrr as cpposed to
rr static f cc ussingtr , wLrich is the f oc ussing used

ruhieh assumes that fcr a constant fccus ccntrol
¡ia.rameter ( usuallJ' the fccus ccil current), gcccl

focussing is achieved cver the whcle display
âFôâ



\zj

g -1-2 -2 Vidiccn Reouirements
For the Vidlccn, focusslng requirements are

not quite as strlngent as for the CRT. The seanning

eleetron beam dlscharges the CRT-origlnated charge
pattern Locaticns, which may be stlehtly distorted in
shape and dlsplaced frcm their geotnetricaLly litiear
positlons by the Vidlcon canera lensr which has ltseIf
some rrpine ushicnrr r or il barrelrt or other dlstortLcn.
Dlstcrteri charge accumulatlcns correspondlng tc the CIìT

display lccaticns may thus feasably be nalignedrr ln
rrbcwed.t' Iir-resrtypical of plncushion cr barret distortlcn
(see Fig.l22(a)). The scanning beam may thus ltself have

a larger (ortvertieally eLongated')diameter than that
given by expressicn 9.1( b), sc that t¡hen the beam sweeps

in a linear hcrizontal facihicn (rrlith no pÍneushion

distcrtÍcn) I dlsplaeed charge lcc;-rtj-cns vrill. still be

swe¡rt and discharged. by the beam.

Al ternat j-vel.r , if nc Vidicsn beam def ccussing is pre sent ,

sueh displaced charge lccaticns wilt be swept by the'flne
f cc ussed' bearn , either durir:g the flr st or the sec cnd f ield
i^'lthin a frame ti-ne, as a strip of the t.wo ä-Ijnes r^rid,th

rr Aldtt ls esscciated r¡lith eaeh Vertical ccordinatg ( see

secttcn B.f .2) i the adjaeent lines of ecu.rse are scanned

in interlaced fields cf 2Oms duratien.
Ccnsequently, fcr the Vldtcon, two beam shapes cculd be

r¡sed for seanning: r

( 1) a beam at rr best-f ccusrr over the' whcle actiue
scanned area, with 2¿1 interlacing required tc
read cut aII display Lcetlons whlch may have

been distcrteclrcr displacedrby the VldicDn Lens

PlncusbioB cr Barrel Distcrticn.
( ii ) a beam cf ercss secticnal area of rrtr"rice helght

l, c i'rldthl¡ ratic, r^tithout interlac ed scannlng '
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'1.'he scannerl :ìreû lvcr:l,l lre ecmpl eLely se¡ìnned

Iwfce per f'r'¡ltrre Llme of'ltOnrs, the sì(:ünn.lng beJ.rr¡3

dcne .i"n the tr'rc ncrmal H-sean-I1ne wi.de srtr'.Lps.

Ihe fcrmer is preferred herer âs the avallahtlli.ty oÍ
Vldierns u¡lthr beam apertures shaped cf the latter fcrm
i s cjoubt;f ul, r,vhi le the generaticn ancl c cntrol cf such a

beam, aLthcugh uot u¡rfeasalrle, is ctltside the sccpe of
thls thesis.
The tv¡c methcds are illustrated in Fig .122(d) -

q - 3- ã Ì'lethorls of FoeussinrT

ì.iagnetic fccussitrg of electrcn beams ( electro-
static fccussing being predluded see section 9.2.)) can

be aehieved by twc different methcds:

(i) by a short, axi-al mágnetic field¡ prcduced elther
by a permanent magnet or an electro-magnet.
i¡ocussing is achieved by the raclial ccmpcnent,

(with re spect to bhe C¡lT cr the Vidicon tube

axis) of lhe resultant magnetic fieId. The

mechanism of focussing is simllar to that of
beam deflection by transverse magnebic fields.
Ihis is the usual methcd cf focussiug in CrìTs

( see Fig .123(a)).
(ij) In Vldiccns, fccussing is achleved by a long

axial magnetic field of high intensityr such as

thab produced in a solencid carryirrg a DC.

EI ect rcns e¡n it t ed f rcm the i0mi s sicn A s sem bly
Açrert ure at some small angLe rrYrr tc the tube

ar:i.s, will nct'e in a circular mcticn arcund
the lines cf force cf the axial field
( see Fig.1 2\( ¿)). The period cf such a l'esult-
ant circular rctabicn is independent of tt"'t"t 

r
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for small rtì'rt and independent cf any axial
velocity of the eleetrcns. Consequently all
electrons emitted frcm the aperture will, after
a certain time, all spiral back to another cross-
over pcint of the same size as the Apertu.r€.
Since all electrcns are consldered t o hav€ the
same axial velocit.[r the circular mcticn 1s in
fact a helical motlon, and if the photoccnductor
target is distant cne such hetix spir.al auay,
the bearn irnpacts bhe ta.nget with;¡ diarneter
equnl tc bhe.Aperture rliameter i.e. the beam

at the ta.rget is fccussed.

The mechanism cf focussing, imperfecticns of
locusslng or ai¡erraticns, focus coll assembly etc, even
thcugh ccrn¡llex, are well known and ccvered very adequately
in the literature (fcr exampl ç 29)r?9.lr3O1). No great
detajl will be entered intc here on these tcpics; the
starting pcint wirl be the operating expressicns for
focussing in determining the primary, fccussing aberraticns
anri thence the rec¿ulred eorreeticns.

CRT Fccussins ancl C rrection
Defoeussins due to Bcem Lensth Varl et'i nn

Referring to Fig.123(a) showing a typica| shor.t
fceus ccll arrangement ccmmcn tc mcst CRTs (including
I?rojecticn CnTs), and its relaticn to the Ïleamlimisslcn
system and the cRT screen, it is fcund that the dlstances
r¡Prr and 'Ltr r are reLated, analogously as ln geometrical
cptlcs, by

g .3.)
9 .3.) .1

+ = +"* aaaaaa 9.2

rrFrr j-s the rrfccal Iengthr¡ cf- the magnetle
'¡focusslng 

'Lensrt (nl ,nZ ).
r.¡ he t'e
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ilurther it is fcund, that if the focussing field reglcn
1s shcrt, and nc electrle fiel.d exj-sts wlthj.n thls
regicn, then

E;
l_
vA'II

F a n1.o, a a 9:3

where

and ìtK

AIso as H C

=KÍ"2--1 , # . . . . r . . . . . ,9.3(a)
Ia

I'er', Imrr are the eharge and mass of an electron,
t'VA" is the accelerating ancde r,rcltage,

"Hrtt ls the resultant axial magnetlc fleld due

tc a fccus coll DC current ttlstt,
ttztt is the dlstahee alcng the axls,
ttO tc lr' ls the reglon where'^) ts actJ.ve and,

1

1s consldered to be constant.
tt is a ccnstant.

'9.\ïs

a

aaaaaaaaaaZ

vrhere r0rr is a constant, then 9.3(a) is true.

Now as the beatu is defleeted across the screen, ¡rlrr varies.
The0cerr!.,re cf beam deflecticnris trsualLy taken as the
centre cf the dellecticn eoils whlch is not the centre of
the fceussing ccil. Thus even for a CRT wlth a spherieal
screen whcse radius cf curvature ls equal tc the distance
of the centre of defleclion to the screen (as ln the
Projeeticn C.RT within the Sehmidt Optical system ¡s€€
sectlcn 6 .3.3) I rtlrr r^litl vary tc rrT. + ôL" during beam

deflec t icn .

For the general case r¡here the radius of sereen curvature,
tasi is nct ecincident with the eentre cf deflecticn "Cr"
and wh,:re tile distance betwean"C "rrr.i l;he eentre cf fccuss-
irrg"o' is 'A c f ( see Fig. l2 1,a)), then, it ls fcund in
Appendix A.6.1 that :
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2 2
V+x . (1 L- AC

)8r

2F L

F

I s

a

a a

a

9.5

9.6

. 9.7

2G- AC )

rrhere tt*ttr. end ¡ryrr are the bean impact screen coo dLnates
referrecl t c the centre c the screen where x-or y-0.
!-or a flat screen CRT, the usual ease quoted in the
Iiterature (n3), RS = -, and the abcve expressicn reduces
tc

oL= :'!?,,, =K2(*2*y2)... o ..9.5(a)
20. - ac)

Now frcm expression 9.2,

aaaR
L̂'

î2
learling tc ôF = Ðt. F

Sirnilarly taking differentlals in g,3.(à)giues

.ô-E Zr.L
VA

. rs.ôr ..(-- 
1å ).

-ô!
¿

-eI

r =-IlvA \.&trs z\r,, r2r/ L2

2

t hus

or -EJL
2L2

a a a 'a a a I .' . 9.7(a)

.9¡7(b)

Subst 1t ut ing f cr r6Lr 
f rcm 9 .5(a) g i ire s

¡I -F (*2ry2)
,.1*2*Y2) .

\r2(¡.- ac)

Kz= F
l*he re \r21¡- ac)

=-K a a .9.7(e)
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iticw the l{ori zoalaL and Vertical Scanning lrl ayef crms, being
ramp or staircase currents themselvesrere Iinear
Í'uncticns cf tlme (and hence pcsltion) and thus

IxK\x and y -rflv

2+

g.B

9.9

.9.10

where t' *4'"nd*Krn "r. ccnstants and K4r*r"*, *5I"r"* = \:5 .

Ccnsequently,

*2 * y2--

K-
L

6Lt

v'('i
2

2K4 I a a

Substitutlng gives,

¡I =-LSKI.(K\)2(I x

where K6 rs,KJ(K \)

¡I(x rl)=-K6,( t*'* K?.1y2) 9.1 O( a)

are constants.

fed itito the
rrr which by

2 K

r
=(, 7

Tlrls then is the ccrrectlcn current to tre

f'cc us c cil ,in addlticn to the c urrent tt f 
"'itself produces the normal statlc fceus.

In practice a separaLe rrdynamicrrfocus ccll is
providedr âs clcse tc the rr staticrr focus ccil r âs pcsslbIe.
Thls j.s shcwn in Fig.123(a). This rrdynamic focus ccilrr is
usually a lcw lnductance eoilr sc that the response ln
generi:ting the field ccrrespcndlng to the above input
eurrent in expressicn 9.10(a)¡ is nct delayed by the time
crnstant due to the inductance and resistanee of the ccil.
ihe tctal driving cutrent i'r,tothe dynamic fæ.us ccll is
lcw encugh tc be su¡iþlied directly frcrn I-C Op-amps

whlch alsc aets as aSummer for the individual current
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c cn¡ ponent s.
Ihe block dlagram tc generate thls dynamlc

foegs correcticn is shcwn in Flg.12t(b). The blocks

Iabelled as Isquarersl ean be"\-quadrant Analog MuIti-
pllersrwit,h the two lnputs lnto each being either the
nI n

x or the t'trtt c urrenb s.

The peal'; expected amplituder ô f'pe

as fcllotds.
Frcm the 5u Prciecticn CRÏ dafa

r¿hich the tube dimensicns and locaticns cf

ak

(z¡g), rrcm
fccus ccil

* ir derlved

are obtained, it ean be found that ¡'=$" rV o +' and

hence frcm expressicn 9.2t Fa2'ott . For x =3') y = \tt
¡Lru*" frcm expression 9.5t
frcm expressicn 9.7(b)) is

currentq ¡rËil fcr focus coils
are cf the crder cf 2OO-5OomA (lO0)rthe actual"ôImax

ls of the order of l;.2 tc 0'Ur.A; hence the output dlrectly
frcm op-amps can be used. This apparently small and

negligible ecrrecticn is due tc the fact that the projec-

tion CITI has its centre cf deflectlcn almost ccincldent
r,¡ith the eentre of curvature cf the screen. Def lected
beam Iengths are thus nearly ccnstant and'ôL'* O according

tc expres:.j-cn 9.5. In f lat screen cRTs with bhe abcve

cRT dimensicns ( but R+æ) then õL Êo'9'and 
n+å" 

equals

o.o125. r.iith .I dìoo - SOOnArtôIr"*"would be õr the orcler

cf2.5-6m4.

o.J.\.2. Def oa ussing due !o t\on-ncrm"I landinq cf Beam

The cther ma¡cr'dynamie defoeusslngr effect is
rlue tc the ricl-ncrmal landing cf the beam cn the Sereen.

A bearn Ianding ncnnally, as at the centre of the cRI

screen, ¡tresents lts crcss-secticnal "".""41 
upcn irnpact-

frig cn the screen. A beam landing ncn-crthcgcnallyr at
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ut sJrue atrl,la"q.tlr" tlre nortnalr Ðt'e:;ents a bearn alea of
lrAl s€e gt'on i,mpae.bFo""g"op to 2oo off ncirmarrÉ A, s€G g.¡¡

i.s orrly abcut, Jl" nore than the ncminal beam ercss-
seclicnal area, ano thus ttiis ef'fecb can be neglected as

sueh ncn-ncrmal beam landing is cnly encountered ln flab
screen C'..ìT'¡wirich f cr cu-r purpcse are cf nc lnterest.

g . t.\-r Ccnc I usions
It can thus be ccncluded that Eccussing

ü crr.ectíln is unnecessjary in the Prcjectlrn CIil requlred,
¿l sì beani length variabicns are ne¡¡ligibLe and beatn landlng

i s t'r€âr-ncrnal .

o3q vi i a nn F'nn us Í nq C¡l¡reet i ons

I . 1. 5 .1 Vldic rn b-cc us slns .
In Vidlccns fccussing is earried cut cn beams

consisti-ng of trslovl electrcnsrr (accelerated tly ancde

vcltages cf a'ocut ICO-\00V)rtf,u reasclr being hc preclude

any seclrdary emitted eLectrcns frctll being generated

upcn b.--ir¡l-target impact . The fccussing field is a lcng

axial field prcduced effeetively by a long solencidt
r.¡it hin uhic h t he Viiic ctr t ube , inc I uding the def Iec t ing

coils, ere inserted ( see l.-1g.12\(s). Both the "cbiectl
i.e. tiie Ëea¡n dmissicn System Aperture and the imageri.e
tfre phctceonductcr target¡ lie within the fccussing rnagnetic

field. As shown in mcst textbook-c (see fcr example (295¡

91) , such rr .:Lct{rr electrcns describe a s.olral path ar¡und

the axial magnetic lines cf force, the trlength¡'cf a

spiral ( cr t'pltch Lengtht') under certain ccndltlcns being

e onstant, f cr elec ircns emitted at varicus atlgles rrYr to
tfre tube axis, i.e. fcr thcse electrcns requiring fccuss-
i.:ig. l.hus all electrcns errlltted frcm theEmissicnS.ystem

.uperture, will after cne si:iral crcss or meet again tc
I'crn a lfccusSed¡r spCt o-t Aperture diameter crcss-secticnal

are¿r. The same fccusslng cccrrrs after 2r3r"'n spirals'
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9.7.É,.2 Def ccu.ssinq due tc Beam l,enEiir r.I¿ir'-iati:ns

Tire A :<iaL Fccussirrg I'f agnei-i c Field. has su..er-
irripcsed r,ritnin iL, the" *'bi"u"ticn ancit'¡r" Dj-recticn Magnetlc

D.eílecting Fieicrs. As an ap,orcrima+.icn these r€suLtant
magnetic f-i.eLds arjd vectcrially Lc fcrrn the resultant
f ield as snc',,rlr in FJ-g .126( a.) , and ihe sLcv; electrcns
spiral aL cn4 the nett tt benbt' axial Llne s cf f crc e . Near

the pnctcccrlductor target, cnly t¡ie axial fccussing fi-eLd

is cperative ( the deflecting rcagnetic fiel<is being much
rrshcrter¡¡ tiran the axial fieLd) , becâoss the eLectrcn

beam is required tc land ncrrnal-ly cntc the phctctargeb

tc ensure tliat the stcrecl targeb charge is fu-LIy discharged
( see secticn 5.\ ) . (The calc ulaticns in sec iirn 5.'4 .

assg'necl the i^rcI'st case that the Oeflecting field',"as
cpet.a ting near the target regicn aL sc and henc e lream

Iandirrg na s ncn-ncrrnal J .

The angle cf deviaticn I'y[ cf the emitted
electrcns f::cm the emissicn assemb|y aperture j s quibe

smalf ( by su,itably cle signing the ernissirn assembll) and'

certainly less than abcut 12", otheniise uocler ma.xj-tnun

deflecticrr, the di¡rensicns of the spirals and cf the

locatirn cf the net'u line s cf f orc e ucu-lo be suc h that
spinall j¡g electrcns wculd be incident cn the sicles cf
the 1r' diar¡eber Vidiccn ( a sirnpLe gec¡retrical calcuLaticn
wiil shcw this, taking intc acccunt the length cf' a 1r'

Vid,iccn deflecticn regicn and the diinen-sicns cf the scannect

area).

The velccity cf these b:an electrcns is
derived frcrtr

Lr^ 2vT* ....(frcm expressicn 5 .6)
A

eV

t^ (vrz+ '¡22)
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where

and

t VOüis the accelerating anode pobential

'ur 
t= v,¡Ccsy the êIectrcn velocity parallel tc

the tube axis.
v, Slny, the electron velccity radial to
the tube axis.
is a ccnsbant fcr any fixed Vo.

tt Vr
$ll

uT

TI:e forc.tFoon an electron within a magnetic fleld !] is----- 
^, 

N
given by

F = py x g . . . . . . . . . . . .9.11

Hence the electrcns paralLel tc the H, axial fieldr ttlth
velccity! u', are .unaffeetea 

"bvt5r', 
r^rhile the eleetrons

with a velccity radi¿:L tc'U) ^r" deflected. in a circular
directicn ( see Appendix A.6.5) rwitir bhe radius rrr[ cf
¡ssultant cirele cf deflectlcn '.ireing,

r MV

-s a a a a .9.12

a

e¡{

Due tc'vz
il being present, the resultanü mobicn is a spiral.

The periccl t,TS, fcr an electrcn tc describe a elrcle is
derived. from the equivalence cf dlstance travelled in a

splral
2¡r .9.1 3

then Tq = 27r. 5
H

v".t a

JIL
eJ¡

1.H 9.13(a)

If the distance betL'een the E'mlssicn Asse¡nbly Aperture
(therobiect) and the phctcconductcr target is "ki
then

Tr'V, = ZK= CCnstant'''''''' 9'1\

lmplylng that both ttTrtt and rrv¿I need be ccnstant.
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l¡V l¡
z is nearly ccristant; for -12c<y < 120

lv I' 2 varies by about Z% fron unity.
tT

Under deflectlon, wlth the total angle between
ine dlrecticn of'ivrrand the tube axis, being,tft,
then,

anctarI a

aaaaa

aaaaa.a

a

a a

.9.1 5

. 9 .15(a)

g .16

.9.16(a)

g .17

.9.1 I

2
a a

)

a

(wlth less than J% error for g < 20q), whe".l'L *i, the
Length wher'á the deflectlni field operates (see Flg.126(ù).

itlov¡ using the flrst two terms cf the series
expahslcn fcr"cosql'

vrcos s = vr,(tddJ (": e, V.., ) .

cvT (l

p

cn substituticn f"""g"
VT

o

a a a a

As it is required that (expression 9.11+)

Tt.v" =aconstantrZK

t hen subst it ut ing f 
"rtt 

Ton^nd r¡ v ' re sul t s int¡z

KB

H

vT

If the magnetic fleld H is such that

( t * *2*u2)
2L2

H = H¡-(1 -"4Êl
2L2

zK a
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Íivrith Ii, f ixed, then bcth sides cf expressicn 9.12 are
constant (except for a negligible 2-n4 order term {*2*y2¡2,
Since bhe statlc fccus magnetic fiela"lþur is caused by a

DC current"t t ttowing Ln the fccus ccil such that

HF= OgIt . . . . . . . . . . 9.19

t hen the re qulred f oc us e cil c urrenbt' \rtt. glven by

rF(1
,t

rn

2+ ).

. 9.20

,. . .9.20( a)

. g.zo(b)

are constants.

And f rcr., expresslcn 9 .8 t

Kf" and y = \ ' '9.8

then the nett require<l current ir,to the Virllccn focus
ccir tttn" j-s glven bvr

rux

rn I
F.

- I y'K¡*) 2

2L 2

2 K?ry ax

r.lhe re K1 o= and

A blcck dlagram cf the cireuit accomplishing
this is shcwn in Fig.1 2l+( b). The block generating the
terrn "Í*'+ K,rlrr2t'ls the same as fcr the CRT dynamic
foeusslng, and wlll recur still later for pineushicn cr
barrel distorticn eliminaticn.

. The sealitrg of the tl¡o input resistcrs to the
diff erential amplif ier is as f cIIor,ls:
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ilquahing p.20 and ').zo(b ) results in

with K

(ffi) 
1

(rÉ)

..t.9.21

. . . .).22

.).22(a)

. 9.22(b)

IF

1

the equivalence expressicn cÎ 9.8 this gives

It
ft*

('Gff)

Kr 
o - 

t.'(t

Ec

01

!-re

x max

a

ltrl

2

1

50

IF

l'-l' 2L

x 1
2

K o
2

!'or the úial"on rl

area ecrners and is equal

crder cf 2 + 2.Jtt. "*r",
svreep current r.amp cf

x tt occurs ati the seanned
lIlâX .¡ ¡to t , whlle rrLrr is of the

+l
rr eorresponds to the horlzontal

I
H

o1
a W aK

(r

p

& 2OO

)2 z.(2' j) 2
p-p

¿
l_
50

lr

ll

lt
b
I

p

is ncrmally about 2OO-JOOmA' while
tt is usually cf the order of 100m4.

1

äenee K 10
ooaaao 9.zz(e)
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q- r-6 Vi dieon -Beam Landins Correction
At this juncture the circuit enabling the cathcde

pctential cf the Vidiccn tc be varled üc compensate for
ncn-crthcgcnal bea.m'landing (see secticn 5.)) ontc the
phctc ecnriuctor targetrand hence tc ecmpensate'f cr varying
degrees of cutput slgnal degradaticn wllL be described.
fn Secticn 5r\. the requirement uas stated that a voltagu'Vr{u,

of t -Uo.Sin2g'r". required at the cathodeowhere

wrtht virtl,tr t/' 
"nd'un 

u. deflned previcusly and g ( + 70 .

Expanding the above and substituting into the

expressicn for the required vcltage results that. the cabh-

ode voLiage niust be glrren bY

ßU). .. .

L2

q arc t a o a

a a a

a

.5.5

,9.2 3

.9.23.(a)

u,l = -vA.

and substituting for rrxr¡ and ttyrt from expressicn 9.8 g,ives

ui<=-ïP'(',*'.(?) ') .

Sre peak value ! VKr"r,
t he crde r of r 

-t+V: 
-- -

*' * "24) . . . . . .g..23(b)

h
f or vR - loov " 

"nd '*r"* - 7"1-= of

=- K (r
11

'i'he eircuit enabling the abcve tc be iliiplementecl

is shc,¡n in Fig .127 (.with ühe Surrerlt-11land the Reslstor r'

at the '/Ídiccn Cathode) .

RL

q ^3-7 Foeussins Aberraticns
the f ocussing def ect s or Itaberratlonsrr menticned
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above;rrtri for vrhich correeticn circults have been
derived, are due tc Itdynamlcrr effects 1¡e due to bea¡rr

deflecticn aexoss the scaneed area. rt has been assüned
tnat undeflected bearns i,e. those lncldent at the centre
cf the scanned areas wheret*i"yt= o, are ccrreetly
focussed. Thls 1s not strLctly bruer âs anologous tc
f cc usslng aberraticns in gecmetrlcal optle s, r¡aberratlonsrl
stlll are preseat for such undefleeted bearns, ln electron
cptics.
Speeifically, these aberratlcns are ealled rrJrd-order
aberraticnsrr. As ln geometrical optlcs, many expresslcns
ln eleetrcn optlesrdescriblng the lndlvldual electrcn
trajectories withln the eleetro-tnagnetlc flelds, ccntaLn
te¡ms cf the fcrm rtsln <ttrrhere rt(rt 1s the angle, between
the trajectory dlrecticn and the cptieal or tube axis.
Usually rr51¡o4rr is expanded lnto the Series ( a(-6¡5 r..) .3

In Èfirst ord.errr electrgn optlcs, itrin*n 1s

approxlmated by tro< rr. If ttre"(-<P!t t."r 1s included,
cerbain terms appear in the "..oltiog trajectory express-
-icns, lndlcating devlaticns frcm ldeal traJectcries.
'1'hese rrdefectrr terms are the rrJrd-order aberratlcnsrr.
Clearly they beccme mcre slgniflcant as rro(tr increases..
Partleularlyrwhen bearns are deflected, 'tr€(lr increases and
sc dc the aberraticns.
Cornpared nlth trdynamicrr def ocusslng eff ect s, bhe 

l'Jrd-

aberraticnsttare not greatly slgntficant. A brief mentlcn
cf them v¡ilI be made fcr ccmpleteness sake. References
(294t296¡292) eontain a full treatment with excellent
lllustraticns cf these aberraticns cn bean spot slze.

Analogous tc gecmetrical optlcs, the aberrations
are 3

(i) rr spherlcal aberratlcnr



4\0

/..\ t.., ll
\ -L i ,l (. Ír¡lll:ì

tl .... , , t,
Itrt ) t.LÌr,'itl;u--i': Ji rlrilo

\ltll( f ,r,t 1i l_ l;lli tìä r, I Silì

( ¡) " (l e .:,nehrir:ei dis't;ct't j-otl."

¡ìs i,i¡ìfrlr:hic iielos; a,rL, ¡lflj.sirop:i-c f'cr electrl:l be¿rili

rle.flec ;icns (l.leairi:: brar.r:rs.i.ri¡; ir.jet-rbic¡rl Il'a ject cr.lcs in
rppDsi';e oii.ectirns are deflecbec dif.flerently), their
pr€senr:e i.ntrDdtrces tliree mcre aberraticns:

( r¡L) 'r S¡:iraL distorticti t'

(vi.i) " a.t-.isctrcpic ccma rl

t üif i) " ar i sctrc¡r.ic asbi-gmatis;n
¡

The eilf ect cf all cf these aberraticr s 'Ls ic
i¿,ç¡es.ì€ ihe bearn di.anecer or CRf ciisplay spoL siz.e,

sytïlLrtetricall-y cr unsyrr,li''r,:tl'ic¿,rl.ly to a greater cr L.e ss;er

deg?ee. I1l-ustr¿lLiir:s cf sucl.r distorted Crìt screr:lt spots

are gireri in (29+ 1296¡297). 'lhe expressicns clcri'¡et1 i:l hlre

lil-,erai,ure (f c1 exam¡tIe (:n 9 ) are cLriïrbersome end unvlielci.5',

due tc ti-te cornplexiLy c.t'¡rrcblems in';clv.ing elrct-:on b*"a¡n

rnotiçn r¡i-tiri rL J-dii,lens-l'-cn¿;J. elec broiriagnetic f i-elds.
Ð:tpres,..Lctis cf practic¿ll :;ig;¡ifi:ance are eirej:l mc1.e

diff-icìrIl tc cbtaj n. 'f he detei:mitrabi:rt cf aberral;ilns (and

hence (lc1'l:e(:ti¡rrs) rìepel-iclsi cn bh: exacL ]tric";J-':c;ge s.'l tire

electr,-c a.nc.ì nagiruehi-c fj-elds i¿itTr'-n the focussiirgr ,ìel'Lect-

irrg, anrl ilcceleraiing rei: j-[)trs. T ãese ar€ diff.j-c uLt'3troU-ijh

to m€â:ìuIe tc any degree cf'precisi¡n r¡ithilr 1;le Sm;rll

ccnfinr:s of a Cri'I cr' Vitlieon tub: dimr:nsi-clLs; the e:ipr,3fis-

i-cns' f rrr cbtaining a berrat icrts .iurther retluire 1,irr: f irst
and hi¡;irer orcler gr;rciietlts cf th-'se electrc-rtilgnetit: fields.

A-"su,tring ttien tlLat tliese have been cleriverl frcm

tile fl,:Iri measurernents, arid ass;uning that wlbhj n the
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i¿;berrab.icril expressicnsl the alrerraticn ccefficianls Lrave

been identified with each of the electric and magnetic
fielcls, t; re coÌ'recti:lns elimitratirrg these aberraticns
stiII requir"e tc l¡e made. Generating correctlon current
end vcLtage wavefcrrns, derived from these exi)ressicns,
is toc ccmplex, requiring toc many complex functlcn
generat,crs.
Ihe usual rneLhod is tc shape the coils and electrodes
f:lving rise to certairi electrc-magnetic fleld dlsbrlbu-
tisns arrd seeing t,he effect cn trajectcries byttray-tracing]
iicre recently r'fCcmputer Generated Ray Tracingnteehniques
heve been implemented (nÖ. AIL this isrcf ecurse r

outside t,he seope cf this thesis.

O ?''7 2 rlthpr É'nenssinr' ,Írberrehions
t he cther ma j cr aberrati-cns whlch may be

íìre:
I¡irst Orcler lberraticns wirich ccc:ur v¡hen axlal
symnetry is ai:sent betu:en the !llectrcn Beam

.B missicn Asssrnbly, the 
. 
Fceussing Sy stem and bhe

Def lect,icn C ciLs and the CRI r cr Vidicon largeti
thus all these ccmpctrents must be so aligned
that their Icngitudinal or electro-optlcal axls
are aIl ccllinear. 0therwise, a mi-sallgnment
occurs between the undefleeted beam and the
centre cf the scanned area of the target, whlch
ls equivalent tc all cf the eleetrons in bhe

undefleeted beam being allgned at some small
angle t'ôt't tc the tube afis. The result ls
urlsymmetrical, ir¡creased aberraticns over the
l.rilcle sòanned area.

iJcam centering assemblies, ccu.sisting elther cf
¡:ermanent - or d."tro- magnets can be used and

ore sent
( i)

I
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Ar.e c crnr)rercially obtai nabl e (Ð2) ¡ tlrey are
usually prcvided with 1V camera Fccussing
Assemblies or in CRTs. lheyrealign the electrcn
beam wtth the optical axls of the bube.

i'ilercmeter - ccritrolled', precísicn C cil P osltlon-
ing Assem bLie s are similarly obtainabl.e f or
precisely pcsiticnlng or rotattng deflectfcn
ccll assemblies (æ2).

It Ís assumed, vlith reascnable justlfieatl'cn,
that the ccmmercially available prcJectlcn CRTs and the
Vldiccn assembly cf T,ube 

,and 
Deflectlon andF obussing

6 oils, have insignifleani 1-st ord.er abematlcnsrandtJ"d'
order aberraticnsruhich are no more slgnlficant than the
¡rdyna,nic defccusslngtt, whleh as seen above, ls ccrrecbable
whlthcut much complex correctlon hardware.

This assumpticn is based cn current technology
eapabllities and on the fact that the activq dlsplay area

over whlch the assrrnptlcn ls to be operative, Iles ulthin
the central part cf the scanned area (see FIg.lOÐ wher¿

defocussing effects are mUch less than near the edg€s of
the scanned âf€âr

q-3-B Summary a

I (1 ) For CRTs the dlsplay locatlcns need be sharply
focussed and of ccnstant slze over the whole
scanned area, or at the very leastrover the
active dlsplay area othe¡r¡lse spurlous dtsplay
locaticns may be generated due to electron bea¡r

tt spreadt o" 'def o" usstng".
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I

(2) For the Vidlcon, sharply focussed beams are
also required over the actlve display anea but

the requlrements can be relaxed over thaü

required for the CRT.

(.3) Defoeusslng is caused by the following reasons!
( 1) ttfirst-order aberratlons[ or aberratl'ons

due to anY or all of the following
ccmponents tc be misallgned with the tube

optieal axis': Beam tsmisslcn Assemblyr
D.eftecticn and Focusslng Coils and CR'I

S ¿reen or Vidiccn T,arget. CcmmerclalLy

avaflablef beam alignnent devlce.t 
""e

avallable to elimlnate these misalignments.
(fi) ItThird.-order aberratlonstr, due to the

ncn-eonstancy cf eLectric and magnetlc

fields wlthin the fccussing regicn, and

whlch make themselves apparent at large
beam anglès wlth bhe optical axLs.
Present day tecþnclogy and the fact that
the actlve display area ls smaller than tle
total scanned. area make these aberratlons
negligible.

( lii) Increased. thÍrd-order aberraticns due to
beam deflectlcn in generatlng the d-splay
rasterr belng Pre-"ent.

(iv) The variatj.on in beam length frcm tl¡e
centre cf r,hê focussing reglcn bc the CRT

or Vidiccn target, due to deflection.
NormalLy focussing is usually statlct

. rthe best foeusrr belng for a fixed beam

Length.
" This 1s. the major cause of 

rdefoc'r.rssing!,ana

correct'icns are apprtred to ellminate thls
f crm of clEf oc usslng.

ì

i
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(\)

(v) the ncn-orthogonality of the beam bc
the target on impact causes an increase
in beam crcss sectional area.
Thls defoeussing effect can be nggleeted.

For both the Otfl 4ud Vldicon, simpletlcorrectÍcn
r¿ave-fcrmsrderived frun the Horlzontal and

V ertlcal Scanning C urrentW avefcrms, and
feeding intc the F ocus Cclls can be easlly
tmplemented.
For the CRT, a separate rrDyilarnicrr F'ccus Coil
(eommercialLy avallable) is required. Hcwever,

in the spheríeal screen Projection- CRf

corrêction'is not usuäILy required.
For the Vldiecn, if the fccus ccll is of Lsw

enough ioductance, the ccrrecbicn eurrent can be

sr.rrmed with the S.tatic t-ceus Currenb and tl¡e
result fed into.the -existlng Focus CoiI.

o[r
DISTORT]ON . CORiìECTION

9.l+ .1 -Lql¡35luct:tjg
Deflecticn of the electrcn beam tc scan the

dlsplay area ln both the Vldlcon and the CtfI ls eaused by

mågnetic fleldsrH*rt and'lHrrrwhose intenslty changes ln a

predetermined manner with the frequency of the H- and V-
scanning. These magnetlc field,s are thus functlcns cf
tirfr, with'! H* = HH( t) ttand.t H, = Hv( t)ttwhere the sub-
scrlpts rrHrr and. trVrr refer to the horlzontal ".xtl and
vertical "ytl d.lrectÍcns respectively. This time variation
ls cnly,in:relation bc the scannlng and hence tc the beam

deflecticn angle, and nct to, the tl.me of translt of '

eleetrcns withln the bean between the beam enlsslcn
assembly and the instant of tmpact' cn the target.
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A sinple su¡n r¿llt show that fcr the slowest beam electrcnq
thcse in the Vldleon, accelerated by an anode voltage

of some ICOV, thls translt tlme ls less than some 0.1uS.
I{ence deflectlng magnetlc flelds for ar¡y deflectlon may

be considered as quasi-stat j-c.

(1)

( ir)

the deflecticn system must meet two requirements:
the resultant generated dlsplay or raster must

have gecmetrical fidellby 1.e. foeussing must

be retained and bhe raster must be gecmetrleally
I inear ,

It must have efficlent pcwer utllization. ThÍs

requlrement maybe relaxed in favour cf the flrsu

The ÙI:agnetic Ðpflecticn sy stern cf botlr the cRjtl

and the Vidtccn eonsists cf tlvc pairs of deflecblctr coilst
one pair. for vertlcal deflection, the other fcr the

Horizcnbal deflection. Between a glven pailr- cf coils the

deflecting magnetic field is generated, by feeding lnüo

the CciIs a linear ramp current (for the horizcntal
d.eflecbicn) and a llnear staircase current (for the

vertieal deflectlcn), whlch generates a Iinear varying
magnetic field aeeorcling tc

H(r) K.i(t) a a a .(as in 9.19)a

Ideally it is assumed that this resultant
magnetlc field exists wlthin the whole of the ccll reglcn;
|n fact it exlsts on the ccil axisr and varies slightly
(deereasintl) av¡ay frcm th.e axisrin a radial dlrectlcn.
ì,lagnet j-cttfleld fringing$ also occurs at the ends cf the

defleeting regicn, i.e. at the ends of the ccils.
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Any derj_val;i:rn cf deflect,icn expressed as a
furieticn cf the rinear scanning current, ,,r(t)t,r and. any
ri.e,¡iaticns f rom ideal def leeticn ¡ should take ir:to acc cunt
the f crm and d,istributicn of the fierdsiHH(t)t, nuu{t) 

f'
alcng the axis cf the ccils ( the ,,/-axLsr,) r the radlal
variatirn of intensÍtyrand the end frirrging effects.
Dlffleulty in measurement cf these fteld dlstributlcns
is cne rin^ritlng factor which precrudes thls, The obher
tnajor difflculty is the ccmplexity of ühe equations
themsel'¡es and thelr anaLytic solutlcns; numericar methods
or approximating assumpticns need be made before solutlons
ean be obtained.

The predietable distortlcn whlch can be expressel
wilh analytically deflned coefficlants is the pincusion
cr barret distorticn, r,rhich ls present even with linear
deflecticn ccil driving currents. Correctlon currents,
analyti.cally deflned, can be derlved from these distcrtlon
expressi¡ns tc ecmpensate for the distorbions. The
remanent distortion after correcticn wlll be of the crder
or ress than o-5 - 1,olß r¿hich can be corected and elj¡nin-
ated by the distortisn correction rnethods described in
e hapt er Í].

The expressicns derlved here differ frcm bhcse
glven bhe literature (e.g. 29)t 29O in that emphasis ls
cn sfunpliciby cf expressions and rrcorrectabllitytr of
distorticns, rather bhan expressions whlch identlfy the
causes cf distortion, which most texübooks and references
cn the topic seem tc do.

0n the other hand exlsting derlved expresslons
suitable for ccrrectlcn analysis either glve inadequabe

explanati:rns cf derlvaticn (frXlO7,) or else ¡nalce
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assumpticns whieh are tcc s.lmplifying ( JOB) .

i'iagnetic beam deflecticn in a CRT ls due to
magnetic fields roeated ln a reglcn separate from the
regicn ccntaining the foeussing magnetie fleld region.
rrpc ef,rr electrons are deflected, ilrat is rthose accererabed
by acceleratlng potentials of greater than 1OKV¡ ln
Projecticn CRTsrbhe accelerating voltage is cf the order
cf 2JKV or more. .

rn vldicDns, the cleflecting fletd is superlmposed on the
rong axlal fccussiLig nagnetic field. Itsrowrr erectrcns
are deflected, accelerated by potentials cf scme JOO-\OOV.

Ccnsecluently, the mathematieaL breatment for
bcth cf these cases v¡ould appear to be somewhat different,
even thcugh the final correcticn expressicns wlll be

shcwn tc bear scme similarity. The dertvaticns mustr of
necessiby, eontaln apprcximaticns, the main cne belng that
the regicn within which the magnetic deflectlng reglcn is
present be sharply defined by the deflecting coll bc¿nd-
aries; tire field withln this regicn is assr-üned tc be

ccnsta.nt, while cutside the regicn the fietrd ls zero.
Such apprcximaticns will result j-n correetlcn expresslcns
stlll accura-te enoughr sc that i,¡hen the correctlcn ls
implemented rerna¡lent pj-neushion distcrtlon is less ühan
abcut O,2rYo, while distortlon is within O,5-1.O%.
Distcrticn r+ithcirt eorrectlcn would be in the order of
3 - 5ß.

g.\ .? .
g.).2 .1

C:ii' Distortion and Conreeti on

CRT Dlstortfcn
a

Ill¡e rJeri vat,lcn flor plrrcu$ls¡ dlstlr.h Í.lrrr f or
r'tI'ltJ.brtrt'y L'ul'vrltl Oitl ÊCPoeltgl l.li clttt:lved trr liplrr-rlrrl Ir 4.6. I
I rr t¡ lrh[{t r' tlt,ll¡n l.[1,qrl f'[)t' publlcntt r¡fl. ',['l¡qnq l.lr lri r:nltIr¡ ltrrrrl
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a short r-eview of exlsting derivabicn fcr pineushicn
dlstcrtion and their shorteomings, for cur eorrecticn
purposes. Ihe distcrtlcn expresslcns ar.e derived frcm
first princlples.
For a curved ClìÎ screen where the centre of beam defleetlon
ls nct ecfncldent wlth the centre cf screen curvature,
the rryr¡ deflecticn 1s glven, from expresslons \O(a) in
Appendix A.6.t,

-IüJv ,¿Ls

K
vI
v

Þ
v

- K12t .r, I (l+(a) )

where
and

where ttB*tt is the transverse magnetlc fletd càusing'yt'
defleetlcn and wher. B* = KyIy.

l¡ ls a constant r
u ls the ramp current eausing y-deflectlon.
tt is the traasverse magnetlc fleld causlng
Itx"deflectlcn. Agaln B, = KxIx; "K*" ls a

c cnstant .
r K, is a ccnsbant and. equar t" rm*

where rrerrrnmrr are the charge and mass of eleetrcn.
ttVA' is the accelerating ancde voltage ( oc 2ffii ),,
rrsrr is the dlstance from the centre of the

CRf screen and thercentre of äeflectlon,tl
nI,rr ls the length of the magnetlc deflectlng

reglon.
ttR't is tt¡e radius of curvature of the CRT scr€en.
n tt lS the d.eviaticn cf the screen from flatnessÀS

at the polnt where the bea.m is lncldent.

these d.istances are shown ln Fig.125(a).
An analogous expressi¡n can be lmmedlately written fcr
the x- defleeticn.
Bxpressicn Í4C(a)rt can be rewrltten as

n

lr

It
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't¡here
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i'1+lrvY=14 {r*r*) 
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q -\ -Z ^Z - Df stnrt i nn Cnr"nant l nn

Rewriting expression ,).2\ as l

Y=-Il ï + a
1

then lf a current of the fcrm

1l

tv

is fed into the deflectlcn coils, the nelr deflectlcn beccrnes

v -l.t 1
K¿

x 2lK
**(rT

æ -lrf,,I, , the required llnear deflecticn as
the seccnd term 1s lnstgnlflcant (less than O.1,To).
slmirarry a current into x-deflectlcn coirs of the fcrm

eliminates pincLrsion clistcrtlcn 1n the hcrizontal ecorclin-
ete.

v
Iy =Kj

',.('
IIx I2.x

1 lr
KJ
Kx

.As it is rerlulred that'y o( Bx 
t 
and "x o( B

B* *t
Kbx= and By=K*r*
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t i¡.en
1(

i(.

ii.t)
I(r

t.) .':"' g

i-m pl-yi riil th¡r t t he f':ic t cr I
is ici.erii;ical tc bhe f;rcLcr

i

usecl j rr. "def cc us sirg

¡
expressi::ns'f cr the CIil atld the i/ir:iicori.

'lI:e blcek diagri;nr in Fig .125('D) indi< ¡,ttes bhe

c Dfnecticn in ¡rlerneritati¡n.

'Ilie expecteri an¡lLitucies ¡f ¡:i-neushicrL disbcrticrl
can nÐI¡J be caleulal,ed.

(a) F¡:r a flat screeir OtìT, RS =&, and illusrlÌ'i^lti-s

e,,,aluatecj with fiLe brackete,'l factor in 1).ir()

e,tiual tc ( 1- *) . -thris i-s [he usu¿¡] s¿l]€

qLictecl irr the l.i.teratul'e.
(b) .ìr'¡ir ühe Prcject'i :rri Cilf r ihe nr as r¡ent'icneC

pre'ricusIy, tc saLisfy certa-in Schlirlt 0pbics
re'ilLiretnents;, tlie screen isl t'i'1de ¿. si'herical
se.cticn r,¡ith the Centre of DeflecticttuC 

il,

crincid,ent rtrith bhe Centre of'Curvature of' the
Scresn. LTnder these cond.íticns RS= S ( *see

F[g.,J ln Appendix 4.6,3). t'Jith typical v¿tlues

f :r a 5" Pro j ectlor:l CRI t

R ttt= S , ASr,r.* = Q'i2ll(f::cnr .l:¡þ1.g1 )

t T ( Rs and ciìrt be neglecl;ed

be eÍì:iiI\¡ fcuni ( ¡,f\) bi'rab

T e4ll

1 Sin Q

.'. (fr
,
,)

I ¿'

a.

Il (r¿ìn

l) -KT =XX --e-
2,nV

L

.¡\

.9 ..jA
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æ.

Fcr maximum CRï deflectlon r¡here x = åi y= å"'
then substibutlng into 9.?-)(a), and nctlng the equality
g ilren bj, ) .2 ) and, 9 ..8, the maxlmum plne ushion devlat lcn

frcrn IinearitY is

vrhere I ¿ aretan

ô= 2n

ô = 1.Ôfr .

, the angle cf deflecficn

W , iffi;.;3":' abcut 5/" ror ansles less

a

Þ){'.(*)

. g-31

. 9.31 ( a)

. 9.31 ( c)

õ =. 
ff '(K*r*)i(' .(ffi)) aaa

aaa

aaaaaaat"

and sub-qtituting the above values,

L2 l
2l o

t
\

3

e
2n V¿

The negative sigrr due tc the
rl -LE

ll
term indicates

BarreI distorüicfi. Expfessicn 9.31(a) reduces tc, fcr
maximwn deflecticn ,

õ =#5 '((;)'. r)'('.(f)') . . . 'e't(b)

and substituting f o"tLt'andr s t f"ot above

indicating barrel distcrti¡n of seme tf futl scale

distcrtir¡t. The rnaximt¡n error term or remanent barrel

distort,j.cn after eorrecticn is derl-ved from expressicn

9.28.



I'rre nrn in¡¡1 reinanent barrel d i-st,crt icn e r rc r is

\52

(¡) z
O )O17o.

The suggesteri block diagram impLementlng correcton
is shcr.rn iri FiE .125(b) .

q l+ 4 Vl d i ann Di stnnt I nn ¡nd Crìì^¡eêt i nn

The derlvatlco of the expressicn fcr beam

deflectlcn cn the phcboccnduetor target cf a Vitllccnt
irieluct j.ng lhe distcrticnris derived in Appendix 4.6'.l+.
I¡cIr¡.ded therein is also a shcrt explanatirn of the beam

def'IectÍcn in VLdicons and its difference between CRT

t¡eun deÍ'lecticn. Again the derlvatlf,n vras frcm first
princl¡rl es, as nc easily i ,terpretabLe expressicns suitable
f cr e l¡r'r'e.:t,i;rrr has been f c .'tld in bhe literature, Scme

{:riù)res:sicns cic exist ( t g) but ttlese ¿rre f'or bhe Inrage

ür'tlricctr, r,¡hich t.hcugh bearing superficlal resembLance j.n

thefccussirig and. deftectico systens rhas scme signlficant,
<i.ifferences.

Scme slmplÍfying assurnpticns have been rnade

ln tierlvlng the expresslons, bub the fo¡m of the express-
lcns is essentlally eorrect in specifying'the barrel
distcrticn, and hence will be correct in specifying lhe
c crrecticn required.

Expressicn 1l(a) in Apr)end.ix 4.6.\ lndl,eates
bhe Ix -deflecticn cn the ¡rhotoccnductcr¡ lt is

(: 'r")' 
Bx'(o*' * ur') " { rc"r)

And slmilarly therry-deflecti¡nrcn the phctcccnductcr is,



\js

v =(fi) o, (;'T) x Bx )

a a a

aaaaaaaa

a .g.5)

B 2+B
v

(a .rJ(b)aa

vlhere

the
and

lJ ., llqT

t¡Ð ilIJ,-L

llìì ll"x

r¡ij ll
v

is the distance between the beginnfng
cf the deflectlcn magnetie flelds region and
the 'photocond.uctor tarÀet. In 1n Vldicons lt
is of the order of B - 10 cms.

is the .¡t xial Focussing I'lagnetlc !'leld
and ncrninally ccnstant at scme \O-5ocauss
(\-5,.l0-J irJeberTm2) .
is the time-varylng deflection magnetlc
fieLd ir:r therrxldirecticn causing bea¡r

deflec ticn in therxldlrecticn.
1s the magnetlc fleld eauslng defle'ctlcn
in theryl¿lpecbicn.

'lhese expressicns are eci':,pletely anaLogcus tc
expressicn \O(a) and .9.24 above , fcr the rtt''
r¡yt' defleebicn vlithln the CRII;

'/ìllt h B
v

tsx = Kyry 9.32

the eurrent requÍred tc be fed lnto the defleirtlon cclls
is analcgous to expres-cicn 9.26t 9.26(a) .

Thus a current cf the fcrm

.9.33

+K (r 9.33(a)

t"(tI
xI

', ('v
I

tr (t

=KI andXX

2 * x¡rz)t" (t

* K1 1 (r*' + KrI

, ".')[ *' * (ft'')1) 'J-
Bz

11 x

+
1¿a 1

B¿2¿

and

a a .9.5\( a)
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ellminates barrel distortlcn in the Vidiccn.
Agairr noting the identity ),2Jrthe factor ,

I
\_
Kx

is identical to the factcr

The block dlagrem in Fig.125(b)
impLementaticn in Vidlcons.

shcws the ccrrectlcn

t' t*' *

lr

deflecticn and defccussing expressrons.

r2
X

-(fr'',)'* uleo iä cRl

The amplltudes cf the expected distort.lon ls as

follows:
The r¿rtic cf the eorreeticn current tc the

nominal e cil, drir¿ing c urrent at maximum def lecticn is f rom

expressio¡r 9.33,,J
'¿

2
-¿
2

a 1+

tl
and as

a 1

)
3

. or,?t**t"*f

z

e f*
¿ t'

ma,x

f rom expressicns 9.2 g and P.8;
,¡ ll
! rnax' is approximately equivalent tc the maxirnun
ò7

deflect,icn angle and cf the order "f'! 7" or O'12 rads., the
ratlc cf peak CorreotÍcn Current tc .peak -&mp Scannlng

purrent is O.OJ4 or 3.)lo. l/',lth peak values of Vldicon S can-
rtleg grr-rrents of lOO-1 lO mA, the Gorrection Currents are 3-5
mA. These current magnitudes are such that direet
st¡nminfi of ,scanning arid Corree'tlon Currents ät f C Op-anp.
lnpubs ean be trsedralong with the outpuü feedlng the Vldicon
Deflection Coils dlrecbly.

o.5 CoMMBNTS

Both the Fcc us s i(Ig i¡nd the Barrel cr Pln-c ushicn
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Distcrticn C:orrecticn in bcth the CRT and Vidiccor ccntain
the ecmmcn correeticn eurrent term,

'I'his ls nct surprislng as in bcth the Vidlccn
and the CRT:

(r)

( ri)

Fceussing and Seflecticn 1s irnplemented by

static cr time varying magnetlc flelds whleh

ln turn are generated by currents feedlng lnto
the respeetive Fccussing and D.eflecticn C clls.
the ccrrecticns requlred are due to the electron
beams scannlng finite display areasr anrl as a
result ¡the electron beam lengths and beam

defleeticns are a funetlcn of the dlstance
between scme crlgin and the cocrdlnates (try)
cf the sereen cr photoccnductor Local;icn where

the beam l-mpacts. Thts cilstanee is a functicn
cf

which is refleeted ln the expressicn

lt,,))x- + y'-

(d-) ïour*)2+(rc rrì')
as y = *.,I, andx=l( I ( expressicn 9.8).v x

Sinee lj-trear deflecticn cotl drlvlng currents are red

fcr bcth the CRT and the r/ldiccnrthe funeticrr'rl I

ean be derÍved from the one set of sta.ircase
and ramp eurrent geoerators, say thcse from the Vldlcon
ll- and ',r- current ramps. Ihe varlcus D efocussiiLg and

D efleetirn Distcrticn gorrecticn q¡rrents deriyed therefrcrn

are by a,lcìi ticnal. ScaLers, Adders and so o¡.

reoul
,(st
\ K,_ )'
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The fae t that the absol ute values cf the CIt-t

and 'viriiccn H- and V- ci.trrents are different dces nct
matter. If the Hcrizcntal and V'ertieal 6RT .efleetlon
(xrY) are given bY

yc

Ír
ilr
rK

yc

xc

yc

K
V

Iycc

v and

a a

a a

.9.35

.). j6

. %.37

a a

xc 'rxe

Ju = *ro'

r*u= Kxv'X v

*" = *r,cv

K
XC

ls tl¡e U- deflection ccil current
is tl:e H- defleet.lcn ecil eurrent

, ttK*"tt ate constant

rr¡he re
Ir

il

lt

arrd similarly if t,he HcrizontaL and Vertieal Vidlccn
D.efleellcn (xrv) are given by

Iyv
. 9.3j(a)a

ancl sinee at any instant, bcth CRT and Vidlccn are lrt
synehronism, and the Cä ls lmaged onto the Vldlccn targett
thei¡

a a

V

l,iow fcr ttre ccmmcn term required in the CfiT D.efocussing

and P inc i¡shicn Dlstcrbicn O c Frectlcn

E
I I

2 2

2

+
xc

¿
xc

Substibuting frorn expressicn 9.3 5,

a o a a
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eJ:( .ft)')

t

9.37(a.)a a a

and substituting
and 9.331a) .

frcrn the identities in expressicn 9.36

2
1+

(t,."'.K 9.37(b)

bcth the CRT and

term.

where

shcr+ing that the required correctlcn; terms in
bcth the CRT and the /idicon differ cnly by a ccnstant

Itsealing ter',"n-Krimplying cnly cne generalor is necessary

fcr the term in 9.3 Trderived say frcm the Vidiccn H-

and r/- scunrting ramp currents.
'I he rc rcss - product' t erm s

.* [,'' + I(r. (tr) 1"^u 
r, [*2 

*

een -cimilarly be shown tc be slmilar for
t,he Vidiccn except for a ccttstant scaling

*? 3' (tr)

Ihe cuerall Defocusslng and Deflecticn Correcl,ia-:
gystern f cr 'octh the CiìT and the Vidlccn ls shown in Fig .127.

The aboue block circuits are cnly functicnal
arrange¡nents fcr i-mplemeôting the required cDrrections,
and serve tc inclieate the fcrm cf correcticn required and

the feasability the.reof. The actual iir¡plementaticrr of
tne lir:.ltipliersr Squarers etc. is with commercially
avail¿bIe I-C s perfcrming thcse functi-cns, cr cn the other

hand rf rcr sugg e St ec1 c irc uit s derived f cr CRT D.ef cc us sitr¿;



)se

¿inci D':-stcrLicn Correcti:ns repcrted in (]C 3r3O8r3lO, 311) .

iicr [he Vidiccn the prcblem is mueh simpler
than indicated in the abcve references r âs Icwer currentÞ
are pre se r,t , ift:'11; i¡g that the cutput f rcrrr I-C Op-amps

ean be used directly as the input tc the ccils.
The accura,:5, cf 'cclníÍercially available I-C Squarers or

'r\-,1uadranl.. Il'uLt ipIie.,'.' is in the crrJer cf' 1-2Y.. Si-nce

in the',,rcrst case, cf distortiDn correcticn (fcr ttre
Vidiccri) scne \96 ¿fstorticn neecl be ccrrected to about
o.2% cr less: âo accuracy of some tr x 5% is requir-ed,
which is met by the abcve circuibs.

The figures given in the abcve examlrles to
c¿ricr-rlate expected current anplitudes er.c have been basecl

cn,the worst caS€r that is values correspcndirrg tc the
corners rf the scanned area, In the actual ca.se, for our
re':luirementr.bhese f1¿5ures ean be relaxecl scrnev¡hat as the
act.lve display ¿rrea rvhere eorrecticn need be irnplemented

is:nialler than bhe tctal scanned area. Thus t,he (xt*y'')
herm is redueed uith a ccnsequent reductirn in the peak

'.¡alues cl' t,he ecrrecbicn eurrents.

9.6 su¡íi'iARY

(1) The eDrreeticn of distorticn as described in
chapter B assumed that pincushicn distorticn cr
barrel distorbicn were absent. This m,:anb that
the Fl-scan Lines cculd have ncn-Linear separat-
icn but shculd essentlally l¡e paralleL over
the whcle cf the scanned area, cr at least,
orer the active dlsplay areal for bot,h bhe CRT

and bhe Vidiccn.
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(2) Sinilarly the electrcn ì¡eams generating the
CiìT dlsplay cr scannitrg the Vldiccn phctc-
ccnduetcr shculd be sharpl.v fccussed cver at
Least ihe active dlspLay area.

(3) CfI and Vid.icensreven with llnear Scenning

C urrr:nt -url'a''¡efcrms, suff er frcm pincushlcn or
barret distortion.

(l') Simple expressicns have beetr derived for the
majcr D efocussi¡g and Scanned-area DistcrtÍcn'
Jven thcugh these expresslcns are based on

very slrnplifying ¿sslïnptlcns, the formr if nct
the rtexaetil value of the ccefficiants is
sufficiently correet tc express the distcrbicn
tc the accuracy required for ccrrecticn.

( :) .'-rrm the se expressicns simple C crrectÍcn
C.urrents can be derived frcm available Hcrizcnl,al
and Vertical Scanning Currents'

(6) Ccmrncn tc all C orrecticn C urrents ls the mcst
ttecmpLexrt of the ccrreeticn terms required.
This term

. (t*'*KZ.Tyz)
1s the reflecticn of the variaticn cf the seantted

area eocrdinates frcn the centre of the scanned

area, r.lhich the electrcn beam must accessr and

is inclicative that Defccussi.ng anti Distcrticn is
a functicn cf a scanned area pcsitiÐn. A

luncticri generatcr generating thls tenn may be

made eemnìcn bc all the correctlcns in bcth the
t/idiccn and the CRT.
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Q) Scme elrcuits tc achieve these ccrrecbicn
have been repcrted (for CRTs) and for speclf,lc
applicaticns. Hcwever the precise expresslcns
derived within thls chapter (rtpreciser! ln the
sense that ccefflclants are detefininabld enable

coeff lc lants tc be determlned analytic allyr and

ensure thab the expressj-cns can be used fcr all
CRTs and Vidiecns and nct rnerely specifie
applicatlcns. Ccnsequently commercially,
available I-C ts performirtg "squ"ringl rmultlply-

ing{ etc may be used.

t , a aa al
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CHAPTËR T O

..VIN¡CIGRAP HIC'':
SYSTEM OVERVIEW AINÐ CONELUS¡OÌ{S

10.1 I'i:aF{ODiic Lr!\

'î C .1 .1 . Q=,legù*Lc1:1,---51

Inthepret'icuscha-ptersrthefeasabi-libycf
' VIDIOGit,,iPillgt,ur-= e stablishedi sugi-le sted rneens cf irir.oLement-

ing its rectrui:remenËs -viere given. The chapter ícIIcr,';ing

this cne ccntains the descripbicn a nci r=sr-r-lts cî selec'ced

circuits end cf cther ex.îerinental i¡ork required tc L',lple-

men'b 'VI-DIOGRsPIIIC l' Rather than lea'¡e' ¡he cvervieu cf the

feasability stirc].y and- practicabiLiby cí" TIIDICG;È,¡.PiiIC'f until
af.ber the experj1,nentaI vlcrk ha-s been describeo and thu-s

breali the trend of ¡þ¡¡r-ght, the general ccnsjoeraticns,
overr,'ì-evJ, areas fcr improvement and ccnclu-sicns r'uilI be

de sc ri'Pe o nDi'J .

partic LrlarLy ilre general requj renent," f .""vrDr0GììAP¡{TCrras

an IGC i¡¡ith the obj ectir¡es as siatecl in. tha.ptel' 3) tcgebirer

with a ccin,oariscn of hcw it meets the particular ìoerfcrm-

ance pars,nlete¡s of the Display, L:raphí-cs InpUt a.ncl stcra8e

Subsystems as given in Chapter 2rwiLl aLsc be given'

A breakdcrvn cf estj.nated. ccsts cf the system 
"viLl

alsc be given tc shclv that j-ndeed an ecctlcmic sbluticn tc
the real prcblem cf a lor,v cost IGC is pre sent i." VIDIOGIìAP¡IIC:

And finallY tire

areas and rccm fcr fufure
be icuched upon.

area cf a¡:Plicaticns a-nC the

irnprcvement a.nd developrnent uill
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ÀAAAlv.l .¿

-Elsdv
Oi'rly tire rcajcr: cr ncvel reqLll reärents for

'TVIDIOGR¿PHTCi ,vere deveJ-cpe d in previcLrs cha.pter's, 0ther
cirvict-rs requ"l'-reinent sl and subsy stems LIele ncc treated as

the.techniqurcs fcr inn¡;Iementing therl are l¡eLI i<ncün and

rrell develcped.

So€cificall5z these aÌ'e, iô the main, the vici.ec

signal ainplifyirig .qubs.ystern in bc'Jr the i/idiccn and- ihe

CRT, ccnsisting priinariL¡¡ cf mu-Iiistage rridec an.oLifiers.
The de si¿n and reai Lzaticn c-f the se is nc na j cr prcbJ-em;

rnol€Ðver illey are u-suaLly su-or¡lieA'¡ich the Vidiccn carnera

cn the RCÅ Prcjectirn Ty P'eceiver.

( i) l-cr the Vidic cnr tlle vid ec aliplif l-er is a 3-)
stage, capeciti.rly cc.:.pled, hiSh input impedance
( 5O-1ooKn) amplifier, i¡hcse input is at the

photcccnductcr target cutpub anci. r,n/hcse cutput is
cf scrne 1-2 V peak tc pea.k; this cutput is
ttpcsitive gcingri , that is r0i/ repre sent s Itblaclt'l

or I'nD signal", i,,rhile 1-2V is the bright dis.olay
I'higirlightt' .

The ga.in is typically \O-óOA¡ ( a vcltage gain cf
1OO-1OOO) , and is peake d in the range cf j'\lihz
tc ccmpensate fcr the "aperture efíectt' cf ihe
Vidiccn; the finite scÐnnin8 bear:r-v¡idth decreases
the frequenc;; response cf Lhe electrc-cptical
systern, ce.using lcss c-r clegradaticn cf fiue
detail (:lzr313 ) lisplay lcca'"icns spaced sc¡îe

O .1 6us apa-rt in 1:ime ( i . e ai 6iqnz) are " fine
detailt'and, hence the abcve fcrm cf rrapertu-re

ccrrecticntt neeC be -i¡lpl€mented. In Âppendix A.7.3,

" r¡TDT iìiri:"¡iTC " Suhs,¡stcm s Not 'l reated i n Feasabi I ity



( ir)

( iii)

sho'¡ing tLre equivalence cf a staiicnary finiie
electrcn beam r¡rith that cf a ncving cr trscannirigtt

beam, the ef-f ect cí the f ini'r, e apert ure lras

indicateC"
The cveralL respcnse cf the aper'uure-Lir;lited
respcnse and the ccin;oensated videD amplifier 1s

flat cveÍ' the recu-ired frequency range.

Fcr the CRT, the Videc aiTrplif ier, ( again of scrne

3-L¡ stages r',ribh ii-ie sa.ryìe bandwi.Jbh as abcve but

nc"aperture correctiroo b.ing reqi;irecì.)" a.mpLify the
1-2V Vidic¡n Videc signal tc scme 3O-5OV(R.*L to
peak)ic feed- the ccntrcL grid. j.n,cut. I"lcst tert-
bcoks cn IV Engineering (¡t! ¡ 315 )ocr technical
data supplied 1.¡ith the TV recievei:, describe 'uhese.

In bcth cases the requirements for videc
amplifiers cen be relaxed somer¡ha"t DVer the
rec¡u-i-renrents fcr ccmmercial TV recej-vers in the
sense that only 2 lu¡rinance levels (3 fæ the
Vidiccn) are preseni, ancl thus varicus t'gamnal

c orrecLi-cn circ uit s t c c cmpensat e f cr cr cbtai n
true pictu-re grey-IeveL reprcducticn, ar€ nct
re q u.ired- .

The Cu.rrent Level Detectcrs "iL1t' and rriL2" have

not been described. As bhe videc cubput frcrn the
Vidiccn varies frcrn OV (nominall"v) tc abcu-t 1-2V
f cr a detected signal, a si,nple 'Schmitt Trigger
Detector may be used, tc cperate at the required
speed cf )6i,fhz.

In the DispLay Dlstorticn Ccrrecticn Circuits,
varicus Suii-rners, r¡ith slngle pclarity inputs,and
a.Isc requiring inverting and ncn-inverting inputs

( iv)
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are req"r.i red-. The vcltages reo,uiring su.mlnin6

a.re cf Lci¡ l-evels ( ser¡eraL vcILs), being cor'1ec-
t-icn vcltages, Lhetr tlC 0p-amos, cf r¡hich there
is e Iarge variety clmmerciaiL..v arra.iLable ( 31/,rJl1) ,

cen be di::ectIy tl-sed.

Other than the above ocints, bhe descripticn in
preuicus chapters ccvereq the cperaticn ancl

sìrggested circu.lis for j¡plernenting I/IDIOGRAPIJIC

in c cmprehenslr¡s detail .

i/TDTOiì,qÂ,ÐHIC AS A}i IGC

10 -2 1 " \¡Til rGCR PIJIC icnJ:ír¡aq0b

In secbicn 3.1 bire requirenrents cf YIDI0GRAPÍ{IC

âs an IGC l,rere stated as:

(i)
( ri)

a G raphic s Displa"v Su.bsy st em

a Graphics Informaticn Inpu-t Subsystem for user-
specif iecl graphic s, capable cf I'pcintabilltyt' ic
displayed. f eatures, using e pen or styLu-s.

a DispIa¡z H.efresh Stcre to maintain the displa"v
in a fliclter-free mcde.

( rl-r_J

These requ-irements are tc be realized at the lor,,'est cost
possibLe. .ttpiranLrneric and CPU-specified vectcr generation
are cu-tsicie the scDpe cf 'r,his thesis, as these are readily
available ccmmàrcially in inany f crms ( see secti-cn 2.3'3
2.3.5) . Sofilvare suppcrt, -ti-nclud.ing TV-mcde fcrrnatting
frcrn .¡hat i-s €sssniially ra.ndcm vectcr specificaticn in the
CPU, tc the TV rastei' ¿lspLaY fcrmateancl 1,he CPU I/O inter-
face ccntrcl-, ate alsc outside the scope cf the thesis.

ll lr

Taking these stated- airns point by pcint tc see
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hclv the;r r\,ere implernented in r/IDIOGiìAPi{iC:

(i) t,he Displ-ay Subs¡rste:r is j¡pLeixenbed,¡ith a

P::c j ecticn CIìT usi¿rll ScÌ'i,nid-t CpLic -", ba seo on the
c)nrtnei'ciaiI;i availabie iìCA Prcje ct.icn TT'/ System.

The \rier,Jer se€ s Lhe dispLa-J¡ cn a screen
¡rcri:inaLl.y cf 1 8'1 x 2\tt size, bu.t. sinc e cnly Lhe

cenlral scanned arca is used., the effective
display area is 12tt tí 1\"'\t'. Scne c.rÎ the rema,in-

ing peripheral a:r€e, may be useC as a trli:jht-burttcn'r

aL pìralnur. e ric Key bcard and tlc l-letr - key bcard . The

per.icrmance paîeríretel"s of the ó.ispl4v are given
beLoi+ j-n secticn 10.3.

( ii)
t,
Iiru Graphics f nput Subs.ystem is; faciliiat ed by the

Light-emitting pe.nt''which can directly inpu.t user-
sioecif ied- graphic s kly pcinting tc the ap,orcpriate
Iccat.icn Dn the dis¡I¿y screen. The input aree
being identical tc the dis:olaJ¡ scueen, t'registra-
ticn prcblemsrr are ¡linimi zed, thai is the prcblen
cf lccating graphic data ccrrectly r¡ith respect
tc scme dispJ-aye d ar:ea is min-ì-m ízed.
tIPcj-ntabiliby" i s prcvided simpl;¡ by pcinting the
f-ight-enitt,ing pen at the d.esired lccabicn and

tt itenabling "cn" a simple switch cn ihe perr l,rhich in
turn enables cn some lcgic ci.rcuiLry (the t'iL2t'

LeveI Detectcr) changing the lisht peti frcrn
ttqra¡rhic s inpu-ttt tc trpciniability ncd.etr .

An aLphanllneric Keybcard rriaÍ be prcvided bu-t

there is prcvisicn in ihe scanned area per:ipheral
eree f cr a Iight-buttcu Keybcard and ilc lre*KeybcarC .

(iii) Display Refresh Stcrage j.s inherent in the systen.
Sc long as the Vic'ìiccn and the C'ìJ are aligned in
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(i)

( ii)

a 1:1 pcsitj-cnal relat:'-cnship ai::1, i;¡i¡: ii- P-nd i.r-

Ccrrecticn Circu-i'r,s at'q euabi-ed-, l,he d.ispla.y is
self -maintainJ-ng - i. e . trDisllai' iÌef resh Stcragerr
j.s present. T'he re.flresh rate is the usu-al TV

2J franes/'sec. (cr 50 fietcìs/sec)¡ which prcvi-des

a fl j-cker-f ree display . Refre sh j-s indepettdent
cf the di-spla.v inf crmaiicn ccntenb, unli.ke l,'i'cii
the usual- rna.gnetic ccre refi'esh stcrage (sec.2-'5.2)

The stcrage j.s enabl-eo by t'',ro Ðrccesses:
the CFJ r,^J-,ohcsrhcr r,!rcschcrescence. Whett a

CIìT displa;r Iccac:-on is qaenera.bed (¡,vithin a-

tr bearn d','leIt t;m* Td'æ O' 1 u.stt) : aPPreciable
dispLa¡r Icca",.icn lu:ni-nance is stiIL evident
u-p t c B-l Oms af te:: excitaticn. This i nher-
ent deLaJ'in eenerating luninance ensures
that adequ-ate cÌrarge is stcrecl en the Vidi-
ccn phctcccnductDr target.

Charge stcrage cn the Vidiccn phctciarget,
due tc the ClìT Iu¡inance. If ihe scanning

elecircn bear,r is nct present such a stcred
charge r¡cu.ld rema.i n f cr at least several
se ccnds.

The actu.al tr¿lnsit time cf infcrniaticn ui-tnin the

cptical ano electric lccp is negligible conpared

witn the abcve delays.
The refresh raie can be varied. uifh trade-

cffs betrveen refresh rates and. the amcunt of
infcrmaticn being displayed ( or stored) ( see

belo',v, secbicn 1O.3.3.3) . In this respect it is
sirnilar t c the rtref re sh ratef intcr:rat i cn capacityt'
traclecff in randcin-acces*q mertcries i^lith Lirnited
read-cut rates' ( secticn 2.5.2) -
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10"2" 3 irlcii ti cnal ;iri.v ¡ìe e si .i t'TrDicGìì¿r lircf2n I
t¡

There aT.e tl\jO a,jclilicnaL ber:Ieîits in a sj/Ste,ir

usinB a. cl-csecl ¡tcJytrarnic )-ccpts, such a.s tire Vidicon-CP.T

"electric'-DpticaL Icccl b" ena.bl.e dispLay rei.resi.r'
The se are :

(-i )

( ir)

The cLisciaj¡ has er(ceILent gecinetrica.l linearity
of betier lnan O'2f", ivhich is abcu-t one orrjer
betber than cLlr'rently a-vai.Iable dj-spLays.

Thus a¡.-,pLica'1,icns r"lhere t'pi'ecisiorl gr':-phicsrì is
reqirired-, are ocssible.

I'iore irn po rl.aziLY ¡ f cr cD.T' originaL aplcJ-ica-

ticn cf direct gra.phicaL scl-uticn cf circLr-it-
rlesign-.orcbLems ( parbic u-larly hav-ing non-Linear
el-ements), tiiis dispLay Linearity and accur3cy

ensu-r'es tha.i cve::aLl âccLr-racy cf the final scltr*
ticn is siiIL hi8h (q,u-cir higher than the typ-i-cal

Jl, cverall ac c uracy uric h na¡r be t cl- era t e d in
Þractical cases cf circuit clesign).

Thus the fact that high display I j-nearity is
pre sent ( as well as in the \ridiccn ca,nera) means

that nct cnly 1s user-ccnrlic'ì.ence increaseC-, buit

the areas cf applicaticn cf "tlIDroGRAi'-tt-ic'! is
extenri-ed t s rt crecisicn graohic srì ancl rrgraph-ical

c cm p ui ingrr .

The relatively passive natu-r.e cf the " light-emitting
peno ( passive in the sense that nc scf twai'e sur:pcrl:

is neecled-), aLLo'u¡s the u-ser-graphics inpu'uoat any

instant "tc be independen'r, cf any systen-timing ci:

crcler cf input . 'Jhe reascn f cr this i s that the

pe or unliire rncst other d,evices ( exce,ot perhaps

the su-ggested Light-er¡itting oen fcr the FLasna

PatreL Dis,cl-ay (see Aopen'1ix A,5.2(l\))) is nct
based- cn ;oick-up cf CR.T, cr rrin:lut pacl", signals
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(whj-ch requ-ire timi-ng sì gn.als or scf t',tare

suppcrt), but injects its Dr'rn signals intc ihe
systemrtc be slcre ci. cn the phctc-ta.r:ge.t. Ïhis
ra.ndDrrÌI,v inssrted Cata. is ihen d,etectecl at
specifierl j.nstants by the raster sca,n.

ilenc e the inou-t ( as v¡el-l as trpc'î ntabiLiby") is
ttas.ynchrcncu-stt, and fcr thar. r'eascn dces nct tie u-p the CPU

4A Interiace at lastants ol user-input, but only durirrg

the rasier re adcu.t. iience the CPU lulerface interrupts are

miniini zed.

lt l¡

1 o 2 ¿l T p Re z1 I zat icn cf i/TÐTCO -iAPi{IC
h

The reaL Lzaiicn cf I i/IDIOGiL\PHIC T' '¡ith the abcve

f eatures, d.epend cn tire f cllcr/iing requireme nts being tnet:

(f) the Display Su-bsystem must supply adecluate

luminance, via the Prcjecticn Sysien, tc pre-cent

tc the vie¿¡er a screen brightness cf scme 10 ft-Lt
that being adequate fcr vi:'¡ing purp3ses.
Similarly sDme cf this Iu¡¡inance need be direci;ly
imageC in a 1:1 geDme'l-.rical reLabicnship ontc
the Vid¡'-ccn phctcccndu.ctcr.

The mcst efficient means of achieving this
divislcn of screen display lu¡rinance intc tr¡c

fu.nctional parts i-s by Schmidt.'ìeflective Ì'lirrcr
Optics. The necessary system descripticn and

calcul-atisns lvene given in Chapter 61 secticns
6,3 - 6 .5 , tcgether :¡ith the vier,¡ip¿: screen
requirement s ano. characteristic s.

For f ull vier¡ing brightness (ano- tc align
the input pen ccrrecify) r some rncve.'nent cf the

user I s head. may be nece ssary ( see ,Secti cct 6 "\ .3.2) ,
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( ii) the realizaLicn cf graþhics i.npui andrrpc.i-nt-
abilit.vt', -iniloLrres the inputting cf Luninours

energy ctitc the \¡idj-ccn,ohctoccnciucccr at neld

lccatictrs, their deteciicn by the a.,:pl'cpriiate
Cu-rrr:nt LeveI Deiectcr, and the'¿eL\er¡tic¡r cí
l¿minance at the cDï'respcnding Cf;.T display
Iccat;iotrs. This requiies3

(a) the presence cf a," ll-ght g€llerabing pen".

This is cle scrj bed, in sect t-cn 6.-¡ "

(b) the prcvisicn cf a Light scu-rce for the

" light penlitith api;rcpriate spectrai and

inl,ensity characteristics cDn'rpatabLe'¡1th'
the Vidic cn anci. CRT re quirern ent s ( a s

regards tneir tirne ¡sspcns€). Tile scLu-ticn

is tc tap sc¡ne ci the high inbensit"y CiìT

Iurninance near the display peripheral areas

via cptic fibresras describecl in secticn
6.6.7 " Tc enable the display Iteraserl

f uncticn, the CRT l-i-Sht scu.rc e i-s enninently
su-itable; capable of being si'ritched off at
t'elecircnicrt speed.s - see secticn 6.6.5.

(c ) the generaL transient prcpertie s cf CiìT

phcsphor luninance as regards IL:-ninance

buildup r,rhen neit data is insel;ted., need be

investigated (-tee secticn 4.1)rtc see ¡'vhether

newly inserted display da.ta is detec'r,ed- at
the Vidiccn photctar¿et cn the first CRT

display cycle. This alsc applies to CPU

specified. data.
(o) Similarly the transient prcperties of the

Vidiccn phctcccnductcr, r'rhich are usu-ally

stated. tc be ttsl-otrt' in buildup cf stoie d

charge, need be investigated tc determine
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whether ne1,J lunincus incident infcrmatiort
generates adectrua-te Vicliccn cu-tput signa'L

tc be d.etected anC hence reci rcul-a.ted intc
the display. 'Ihis has be en dcne in secticn
\,3 and Appendix 10.

The Vidiccn r€spcnse tc the particüiar
CRT phcsphcr Luräinance sp ectruri is requ-irec.it

as this differs frcr¡ the spectru¡n cf the
1 i ."ht ccurce f cr'which Íle-nDia-cttr-rersr dataI-Lárlv ü'

is usual-I.y given. The effecbs oÎ tiris
difference ancr the requ'-ired hcdification
has been girren in A,tPenCix A,3.2 -

( e) The signal cuipu_b cf the vidiccn (as distinci
f rcm the che-xge bu-ildup mechanism cf phct c-

ccnd.uciicn) requires exar'nj-naticn d'ue to it
being usua.lly acc epteci ihat ilc omplete

signal erasure cn scanning occ ul's, ru it h

ufi{anted signals at subsequenf fra'rnes.

ParticuIarly fcr the tts¡sseil functicns, these

remanenb siSnals need 'ce min-inized'. Chapter'!
describes the nature cf the bean signal react-

cut probl em and examine s i tL scÌne detail tne

expected. cu-tput signal Cegradaticn.
The presence cf Signal Current Level

Detectors ensu-re that any such signal vari-
aticns is nct a Prc'clen.

l'cr Display Refresh Stcrage tc be feasible, tl'¡c

re quirem en',, s are n-ec e s sary :

(a) adequate CRT luminance to be generated and'

i-¡nag e d Dntc r and det ect ed- at , bhe Vidic cn

piictcconductcr. The reqrrirement fcr this is
Verysimilarasfcrthener^ilyinsertedLl-Ser-

( rrrT
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( 1\¡J

graphics d.atanin the.t .r-nfcrmat-icn is
r^rL:itben-in at each íra.lne tiine, bu-t aE

Lccaiicns previcusl),' e:rcited.; hence nD

build-uir eff ect s ne ecL þe c onsio ered .
The Ci{i generat ed Lun-inanc e and it s

redu-cticn ciu-e tc fhe Vidiccn Lens and

phctccur::enü bu-iLd.up af e treated in Cha.oler 4 
"

lidiccn beam rea.dcui efiects (and clefecisl)
are treabeci- iu Cha¡:ier 5.

The cther rna j cr re,quirement is that 1 :1 ¿ecmetr-ic
cr pcsiticnal- rel-aiionship ( except fcr a reCucLlcn

irr size) netlueen lcc.aiicns Jn the CRI screeir and

thcse imaged- cn bhe Vidiccn phctcccrrd.u-ciot, be

present. Distcr-uicn ncrmalLy plevenl,s tiris frcin
beitrg met. The CRT and Vidiccn each need- 'pe as

distcrticn-free as pcssible. I-his requires tire
f cllouing:
( a) Reascnable qualiiy C.a.T s and. Vidic cns and

f cc u-s sine c ciL and bearn def I e c t i cn -
assernblies are requirecl. This is to rniui-
mLze cr elirninate grcss nlisa-I:-gru;:ent betri,ieen

the tube c¡:bical axis and the varicus sub-

ccmponents su,ch as deflecti¡n ccils,
electrcn fccus ccil- asseilbLies etc.

( b) The mirr.imizaticn cr eliminaticn cf inherent
pincushicn cr barrel distc::iicn is requi-r'ed.
In Cnapter 9 ) secticns 9 .3 - 9 .), expre ssicns
\,Jere d.erived for barrel or '¡incusiricn distcr-
ticns in tei"ms cf available il- and V - sca.nning

c urr€nt wave-f crm s; f rc¡r iire se , the .n€c e s sary
ccrrect¡l-cns ïJeï'e - cbtaiuedoalcng rvith circuits
tc reaLtze these. f hese ccrr:ecticfls r,';s¡g

based cn a cDrr,:cticn vcltage prcpcrcicnal
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(c)

( cl)

bo a ter, cf bhe fcrn ' 72 + i(I-? 
t'. r.',illere-xy)

rtI r¡ â_'r_d- ttI t' af'e b i.ie il-and I,I- sC arin ingxy
cu-.rreni r,ravef'crÌns. Th-Í-s tei'ìr is ccÍlmon

f cr the \r'iCic cn, i;he Ciì1Ì, and f cr bctir piri-
c u-shi ¡n and 'o¿ì.rre L di st 3ï'i; i cn a¡rcl f c¡:

f cc us s j-ng c cl:r€c 1, ions .

The r€maneni d-isbcriicn reqL.:-iring tc be

elir¡inateC neecs firs-utjr tc be ü€ûsu-recj- tc
e hi¡1h de5¿ree cf accuraci/ and precisicn
(beite:: tiian O.lÍ,) u-sing ì.icire Patter.n

I'letirods ( se-. -*ppendix '1 'l ). The resu-Lting
Distcrticn Inf oii';raticn ihu,s cbtaineci í s
expT'e ssed in the f crn cf t'Ðistcrticil i'iaps"

rrit.l-r apprcp::iate distc::iicn c cnicu-rs d-i'a'rtn,

.¡hich are t'tjme ccrlior-4SSçdrr and .l-ccateo in
the apprcpriaie area of the C5.T scanned area.
Fcr y- cDrrecticn, cnr;'Dne vei'tical cDÏ'rec-
ticn line is requ-ired fcr the CIìT ano cne

correcticn Iine fcr the Vidiccn.
The -fcri¡ anrl ir:rplemeniaticrL Í-ol'tl:is

Graphic f nf crnaticn Stcrage is.g:'-ven in
Chapter 7) secticns 7.), 7.5.
In Ciiapter 8 are descr-1.þed ihe su-Sgested

.¡leans cf dec cd.ing this Ccrre cticn Inf cnatirn
flcrn bhe Graphical Sbcrage ano generatjnS

the cDrrrecticn v:J-tages ano currents, tc
resu-Lt in a linea.r ClìT displa.V and linear
T/idic cn scannitrg .

( iv) Videc arrrplif iers and videc signal Level Detecting
Circu-its ) are require.J-, bu.t have nct being flìentictr-

ed in any deta il as the t echniqu'e s f cr reaL tzi-ng

the¡n are \^r€II krrcr,;n and, crcr¡icje nc dif íic u'Ities .
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Thus all- cf the ne cesse.ril r e ql-l-iremenis fcr
deterniining the f easabiLit¡z a¡id, re al tz¿..L:-on cf" yIDICGRAPHIC

have been given a.nci prcved.

10 .2 .5 Phr¡-q j e¡l Tr nl ern e n'i¿,i 1, r cn cf "VrDroG iì,.dPHrC 
i'

1Õ ^2 -\^1 Recru'i recl Su-bs'¿si:e,rns

Tire maj cr har:cware requiremet:ts f cr"'/IDI0GRAPIITC I'

1llô .

(i) A crmmercial Prcjecticn TV-reciever r^¡ith a 5"
Prcjecticn CRT wibh a 3u x \tt sca.nned erear anC

a F.ear-prc jecticn. Sci'eerr ( with a Fresnel Lens)

cf size 1 Bt' r 2L+" ,

The RCA llcjecticn TV syster fits the abc¡,'e

requireme nt s. The CF.T phcsohcr is tc be il'hrrrt

phcsphcr cll else a trp-)-rtt phcsphcr'¡ith persisi;ance
characteristics similar tc rii,'-rr piicsphcr'. '

lr

( ii) A 1'r Vj-ðiccn Cailiera ( cr cnl-y a t/idic¡n tu-be rvith
DefLecting äncl lccu-ssing SLrbs;'ste:ns) çith a

Glass II ;ohctcccndulcicrr',vith ¡:hcr.Dcu.rrent ti¡ne

ccnstant,s given by expressict-r t+.16. ?Ci\ Vidiccns

?262A, 35oTs, E5'/3lt are quite a-dequrabe frcm thrs
vier,vpcint.

The ccntrcL lcgic and timing is irn;oLernented frcm
R'IL and T1-L Lcgic ( 3te, 319 )r while bhe anal-cg cr
hybrid circuits (Sunrners, Diff erential Àmps etc ")
are implennented,.vith ccmmercial IfCs. PDI'rer

supplies cf scme ++V (f or the Lcgic) and- +15\[ and

-1 JV f cr the analcg T/C circu-its are aLsc i'equireo.

2 -c ^2 0neret j n,q Characleri-siics

( l-11/

o1

Fcr cptin'u-'n cperating values, frcm the vier,lpcint

of ad.equ"?te signal levels being gensrated rand.rtspuricu-s
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sigual lree operr'ûti-cnrj " he i/idic:rn is seL 1,r ir:erate cn a

stea.J¡z s'¡aie sígnai- cu'upnt cu.rrenf Le veL cf Þ O'\5ue (t¡e
maxir-u,Tl ot.:-tpu-¡ signaL tcl. era.ted j,s usLraiL5i cuctecl as C "JjuA
( see ¡-ig.66(ai )), eno tile "iL.l t' De tecLcr is set at O'21+uli

(Ap¡eiroi:< A.7"7). This r'çiri-,-ii'es ai:l el-ecLt:rn bea.n cf fhe

crcler cf 1uA (st:e 
'1i¿1 .71+). Sign:iL pLaie r¡cl-tage t",f"" is cf

the ci"ler cf jAV.

The resLrLtant cirrt'ent signals as e resuLt cf
ilpcintability'i, are d.ue tc Ð. Lurrtinance cí epilroxi:late l-,r, tl'¡j ce

ihe ncrnaL stead,y-state d.ispLaI Iurninarce ( s-.cticn \ .'i.6)
arro are tl,us approxi'raieL;' dcubLe tne sleacl5r-sl¿r.te cutpub
c u-rretrt cf O ,\5u-;. Ihis 1.a,:6er tÌ:an ihe reccninended- ,tax.
cut,out signa.L cccu-l's fcr reLativeLv shcrl time ii"rsbants ancl

dces ncL a.-ff ect cr irnpair tlie phctcc anCuctcr perf crmance (:zo).

Tc cbtain the steac:./ staLe value cf Yidiccn cutpu'u

curr.ent cf O -l+5 u,t ,and f cr adequat-o r¡j-ewer screen Luininance

of abcirt 10f i-L, tìre CRT screen LLlminance rnust be cf bhe

crder cf "8r,,, Þ Ya ft-L'r ? arrd the i¡idiccn CÐ.inera Lens

settirig is ic be a.t t.he t'¡--nLL':rbertt setLing cf " 2.? "( secticn
6.3.6) . The rr,i'-nr-Lmber!' alsc satisfies the depth-cf -field
requireruents, as the CRT screen 1s ncn-pLanar (rlppenaix
¡,F, z l,'t
JIV . ). t / .

At the CH.l screen per:iphera.L area s, .'¡irere the

Light pen iLlirninating scurce
is seb at the maximrrm cf abcu-t
/ / / -\o,oJ.'o.5).

Frcrn the rrOvera.LL Ciì.T L'¿riLinance Transf er Cu-Tvett,

as in Fig..A;9.1(b), ihe viCec inpui at the Clil ccntrol grio
is cf tire crder c-f, JO''I f cr the requ-ired dispLal - signals
and abcu-t 6OV îcr the peripneral arrea lunine.nce.

l.he ccmplete system blcck diagrarc for VIDIOGT{APÌ{iC

is sircun iu r.ig.1"8.

is lccated, l,he CFJ l'rrninance
fl- 4 -t 

11

Ð¡r7 rr,JOit-L ( secticn
AV NAX
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1A .3 IITlI r 'l -,-aYJ

1O .3.1 i-+t rcclqq-liqjf
Ancbjecti-rce\"¿lLLr-aticnDfthepÚiential\

perf Drmai-ice âild câpaeiLities of " y'iDICG.-iÅPiiIC;' câlr be inade

bl' c cilìp¡l.1ing il s perf cÏÍlenc e f ig u-:re 's r'¡ith 'uJle pei"'lcrnarlc e

rjarerneiei:s rr?luj-red, cf al,r iGC as en:rneratec -in sect'-icns
^\1, .a ') ¡l

Z ¿Z t- L t '

The ].]elÏ.arìei.erS i¡.lilI be t reabed' SepaI1ai,e]..y f c;: bhe

DispLa.-v subs;¡siem anrl- the Gra;ohics In;out sr-r-þ5ysa';er-n: âs is

ncrma.ll.y ihe case fcr ICCs, a.Ltircl;-3-.r in oU-r cese the¡t shcuLc

f;e ireaie d icgetner as 'l;hel'l-i¿ht'r¡len is nD ricre than an

el(tensisn cf 'uire Dispra.,v'; tire ,ararneters ci the Gr:a.p'hics

Inpu-|Su,os;,siere¿Iretliusneå.t,I.yiclerltlcaltctlieperDmeLers
of the Display.

1A .3 .2 . .D.EpJ=l¡- Pa rair:--€! eÍS
i)^_itj

The s;lrct sLze cll a 3u x \t' sca-nned a'rea' ¡f e

625-Ltne sJ¡s-'.e:nr 
"^lhen 

prcjecte'J- cn a lEtt :< ZLi" screen is

0. oJ,, x o. o3t, . This is scmer¡hat larger tiran typi-cal c-ìl'f

spct sizes i,thich are in ihe rsnge cí o'01 5'lO'OZt"

1O .: ,Z*¿. -. Ad rtl e s sa b-i,l-i--S

The-feasabilitS'51¡r'61.r;r';asbasedona'2OOx2AO
pcint s,jrid- dispLay beirr;¡ îeasibIe. Ihe add::essaþil-iiy iS

thus :1 in 2oo1 or apprcxirately 8-cit s cccrdi*aie address-

abilil,y lcr ea,ch"¡rr'i'rC";/"cOcrdinaie. this is appl'eciably

Iov¡er tha.n curre nt clispla;r s of 1o-biis cccrd'inabe adcre ss-

a'ciiitl,, fcr each"x" arr.c1"y" cacrdinate (lOZ4 x 1C24 pcint Srid

disp lay) . Fcr cu-r a;cp1 icaticn ci' a ttc ampu-ting graphic pad"

thezaa>:2ooaccressabiLityis¡hruever.gV€ÍTad.equate.

Traciecff.c þgl¡;srll the speed cf scanning atjd the

nwli]er cf Scen LineS pef: fr:ame is pcSSiþlel Sc long aS â



CRT phcsplìcr d.ecaj/ cÌiaracteristic tc cc:lpellsaie fcr f.l"icker
is macje. A greatei' nLrmber cf displaS' l-ccaticns ..tcu-Ld. üiiL;-s

result witir a ccrr'!spond,ing -irrcre ass in addL:essabiliiy.
Arr i-ncr€¡rìse iu l,ire number cí Disl¡rt1¡n L.ines i-n the
Distcrtirl C cr:r icbicn Inf'criiraticn ì"ia;-.' will- re su-Lt, il j tir a

correspcnd.itrg incre ase Ín ccrpLexii.y cí Ccrr,:cticn C j-rcLr-j ts.
These tradecffs rnust i¡e tal<en intc acccunt.

1O -3-? -7', " .Jlleiitt-ress
The Viei..;er-screen Iu::inance can be varied cver

a large ranEe. Ihe CRI can su-c¡:Ly a peilk lumine.nc-o cf
" UOUr 1 fOO ft-L j' wirereas ícr Ð. vie,,,¡er scre€n Srighine ss cf
sone lOft-L,â"tou Þ 35c¡'t-L" is alt that is r€qLr,ired.
Henc e uo tc \Olt-i viern¡er scre en lurinanc e is available .

This is usu-ally tco bright fcr a DSer obsertring a screen
s cm e zot' - 2\ i' a',\ray .

Fcr a higher luminance tne Vidiccn Lens must be

apprcpriately t¡stcpped d-ctçnt' tc a ne''.l rrF-nmberrr .

The expressicn fcr bhe F-number ca.n be easil-v
shcr^ln tc be given by

F-number = 2'8
IU

as fcr a required ,.4-nlmber of F = 2'8, a

10 ft-L resuLts cn the screen.

r¡R rl
"AV cf a bcu-t

1 O. i.2 .\ C cnl ra qL

Ccntrast is required tc be.hlgh fcr Vioiccn
ccnsideraticns (otherwise spuricus signals present in
franes times j ust af ler " era.,su-rerr may be generated) . The

CRT ccnbrcl ãrid need tnus be biased at: cI near, cutcff



\

(see Fig.A "cl .1(b)). Ccnirast grea-ler ih¡-ln JO-+C:1 i'-s

easiLy cbt:-irte.d" Iiris i.-q mDre than adeclu.ate"attd ccrrri-'\aieS

rncre than f a-r.rD';r'¿lþL.y i"¡iiii e xisting Cispl a.ys ( e.3 " e DVST

ha s ¿ì c rnL ra si ¡f 'r,i-le DrJ e r ci /o z1) 
"

Thc pres.ence cf 'sti:eiy Dr cilrect l-ight neaLtire
cJ.ispl-ay i'iiLL C.e3rar1e ccntr:aSl, cir|y i:iS ie.r aS the vi:r';er: is
ccl-tcerned, bu-t d-ces trct afÎect'che ccrrtr:asu cf the inciclenl
iLl.r-r.nir¡.aticu cn the Vio.ic¡n phctccclciuctDr.

i'he SecnetricaL f.ilrearit¡' is e;Y:ceLlent,beirrg

bettei' than O.2,C, cí i,he act j-ve disl:la¡' neight. TÌl-1s is a

fuLI crcler higiær than in exisiing I'gccd quality" displ¿ys.
It arises f rcn bhe j.nherent 1-i nearity re'1ui-red. bc enable

maintenance cf e steady dis,0laY.

6 fi,GÌr€atabilitv
simrlarly r€p€atability is exceilent, being cf

thie saíne crder as lirLeariiY.
Jittei j-s liflinated as each di-splal; Iccar.ian is relccated

eacir fTarc,e l,irne back in its ncmina.l lcc¿iticn.

1O -z¡-2 f Disolav Lesocn-se Tirte

E"_ch Lccaticn in a c.iSplay i'rarne is eccessed

eveïy \Cms. On the average the access tirrie tc a.n-v given

pcint at any irrsiant is half the f rarile 'uime, cr 20ns. This

then is the aver.-1Ee access time lcr nser-in;.ru-t grallnics da-ta.

Fcr the CRT, since nc j-ncerLaced field-s are useC ( iu' bctn

fieLds suoerirnpcsedJ, ihen ícr CPU iQserted. daLa, the wcrst-

case access lLrne is 2Oms, r;ith lOms 'oej-ng s.n a-Verege value.

Thus ihe r,.¡crst case F.espcfiss Time fcr a tfser'--ino.icated

clisplay lccaiicn icr prccessing isr'

V_) ^q Cecr': olri eil 1, i :i:ar-i Ì:,¡

1r) 3
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ilVIo'rst C"..i* Usr:.r J-n¡,u'; line -¡ V; ci.'sl; an tto,, CPU-¡lriserted

Clll. iìestjlcnse 'lirne + C,DU Procâs.riljg 'i'irrie

= óOns + Û9U'Prcce:isin¿ li-nle

Fcr ;..'cif:ts reqL-irring CijU i)rscess-ì-ng wnich aTe

ncb previcL¡.s1,¡ displaYed. i;',;¡ fr:;.me t'ì::leS a.r€ requjred- fc
inseni this c.a'ca. ic the C,rU ( secl:i cti- 6.7,1(i)) " iience ihe

tt ^h:r ---:.-- 
fi(t. 

Disp}a,v Response"T!ne = 1OQms + CFrI Pr¡:cessiilg Time "

10- 2. -? ,?t Si ze ¡rid L¡:vl-¡ut ¡f lli snl:¡r¡ Slcr"e,?n

Tlle size cf the disptay is l:nerract'ir/e d'ispla¡;

area" cf Sene 121' x 1l+')+", viiih acid,i-ticri¿rl pe i.ipheral- 3-1.et.S

f ci I.i¡,irL-ì:Littcn alphanuner'-¡l c key ircar.d s cï ""'-,-e'lKey bcarcl,

bringiitg t.lte Sc reen size area tc 1L?" x 2\" . Tnis is cf '¡lie

sane Droer Dri s1-ightLy Larger tìra1 erì-siing displays
('1 6t' x 16t' be-ing tne lergesl).

Tirela.t'-qq[isaSinncstIGCs.Inaccínmercia.L
TV Prcjecticn Unit, the S:reen is usu-ally verti-cal anci at

eye level . it cañ be tilted siightl-.y cff ihe ve rtj-cai a s

requiled bJ¡ iil-i;ing the pLane ref lecting mirrcr' ( see Fj-g.

g¡( tl) ) b.v Ìralf thc angle cl the screen angle cff vertical '

lL

character read-abiLit..v depe ncs cn tne ¡nethod s cf
ge nere.tì ng the charac'i,ers ( secticn 2.i ), tlle display

rescluticn and addressabil-it.yr and cn any defccussing

effecis on the d.ispIaY screen.

In"VIDiOG.ìÁ,rliIOI the displa¡z spo',, síze, beì-ng abcut 0'0lrl

x O. OJrr , r^¡ith e\rery alternate I j-ne 'olank ( as 2 ta:ier Line s

are ÉrsìsÐclated lvi'r,h eaci.t cli-"p1-aV Lccaticn) ? '','JDuLcì resu-lt in
a character ícrrnecl cn a Cistinct"drt strnctu-ren(r-= Sa.y in
Fi::r. ZÐ . Fcr a. J x / charact,er 1ai:rix ) e,acn chai'acter '"'icu1d

be O.3" X. O. l+" 1n size, r^rhicn is'easi ly icgibLe dir're bc its size'

b



AlIcr¡i¿-lg f cl 1 displa.y Iine se para:iictL ( eff eclive-
Ly 3'-L''\l sce,il f-ines), abcut 25 lines cf ciial'acter..s can 'ae

inser.teC anci disol a.yerJ-, ,,v jt.ll ¿.rbcurt 2i-:O charac i,ersf IirLe.
A dis¡iLa;i c:rí-rEcity cf srîle 6jO cha.ractei.s i¡cirla ::e suIt.

;'Iåi.nd- clravlli characiels ere pcssible.

1O -7t

It., ^

21 -.r.. I i.- .i, 
iì Ì.1 Ês ¡nrl C¡l ¡ur

ilc haLf -trne c';roabilib.'¡ is pcssii bic, 31¡þ¡i-:gir

periri.,.cs ivil;:r s-i3naI cut¡ru-i ccnsi,alt (s¿:..:¡ r',ritJ-l high qLralify

Vidicc¡rsra-ncl bean lanc'l.inr,j efrclr cf I'I:cticns), atl inter,nediare

si¡1naL Le.¡ei ( and herice an i-nietnediate bri.Sntness fevel)
rnaJ/ be possi'sIe.

t he " j-J,2tt

pla-v ed .

Iiiglier L.urÍ nance levels ( e.g. ccl'1'espond-'î n¡; i¡
Current LeveI Detectcr SiSnal) na.¡'aIsc'ce d-ts-

Senarate ccl-cn:s r €.S. bIue, r'ed and. Yel-lc',r ('cub

fhenct -irternr:Ciate tcnes) cculct periraps'ce fe¿lsible'0ut
persis'.,ance antl Iu¡lijnance Cf ihe i-,hcsphci's fcr cc1-oulr,

required i¡z tiie \¡,icìiccnr ha'¡e nct bei.:n j nvestigaterl.

2^ -r '-T^ -- C: re'ni I itt¡1 [] nniz

This ce':'talnl;r is fee'sii:l-e lty i-tls¿rting a cne-iia'F
lìreu,n split'¡err''cetr^reen the Prcjecticn Sciunidt 0piics and ine

vî€-rer scr€€il: tc extracb lr-:Llinoi-rs eneilSy enC i;'lLrge it m-uc

a!'dr,r-ccpi."'' i,,ruge tar¿et. Ihe re sulting; r¿,Lucl:icn in
vie,;¡er Screen-Iu¡ninance can be Csfipetlsated fcr by;'-ncreasin¡3

cRT sclreen I u.riinance ('¡:hicn i-s available-see t¡brigh-,,nesstt

abcve).
This schene is mucn s:'-ri.pLer iiian the cUirent

techniques in IGCs îequiring seperaie CiìIs in adCiticn tc ihe

vier,çer cB.T, i"'cbtain'uhe object irna.ge ícr the cc¡liei'.

r1, j ¡na1 Fc:tu-ies.I

(a) SLinlr
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As an attenticn-getting c.evic., " bLink"can be

in:nl-enenteC r,vitkiir'r the IiAht-bt-ritcn kcy bca.rd-

and"cue"-bcard area. Iic',J€ver r,¡ithin ihe acLive
dispLay a.rea, blink im,clie s an alternating absense

of 1-u.ninance and as a rr?sJ-lt ncn*relresh ccr:.d-Lticns

wcu.ld exisi iccn.sequently blink catrlict i:e

"imirlemented in the active dispLay area.
At best, ItfIicke r" r¡rthei ihan rt b'i ih'Kri is pcssible
r';ii:ii ihe luninance varying betr.çeen t he ncrmaL

stearLy stabe d-isplay .lcca.ticn lulinance ( sa;' 10ft-t)
and scme higher vaLue ( up tc trof t-L) .

( b) V:rl¿Þl-=åtig4iness.
The c cmm eni s re¡iarding rr bLi-uk'r1 and " h"lf it cne s "

( see sect.icn 1 i-3.2,1O abczc) ap-rlrv here.

JS.ç.t pr l,.in e Fcrn s
i'Brclienl"'d-cbi;edI tri,nick t'ectcrrr etc f¡rms

of vectcr represent:atj-cn cn the displa.y are aLl
pcssible.

VariabLe Character S-j-ze

Variable characier siz,es are oossiÌ¡Le .

( e) ¡l Suncrn¡sit í ¡n
Albean adder'l ( a seri -siI\reÍ'ed nirrcr) inseried
betr^;een ihe .qcitrnldt 0ptics and. the vj ewer sclr€en,

cân be used tc suilerinoase an externalLy tjener-
ated f ixed- display ( e .g . map - ¡rids r 8r'id axis
etc) cntc bhe vier,ring screen. Its lu¡ninance nust
be such that the fracticn of lu-riincus flu-x back-
prDjected- intc ihe Schnicif 0ptics dces nct gener-

ate spuricus signais ( this j.s ea.sily ccrlplied '¡llh)"

The a'3c,¡e parameters and perfc flence figu-res are
Labula Led and c cnpareC ."vith typical IOC paÍrp^îieters in Tabte 4

(c)

(o)

0 n {-'
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1A "3.i "
U V .)

-c i ,lî U,s r-.1_n,lUL rind. J Se I-!l iì'¡ Inl-:eïíìcIi3ll1

P3 -'¡,t l'; l b :i -Ê "

1 C .3.3.1 -f-f!iglluc-!:s!
llhe use::-i;r'aphics rn¡ut and- i-qe1'-dispLay rnter-

actj-cn is b.f â irana-heI.lnl i-ght-emitilng"pun, i'rhcse sì:eciru¡

end lrrrninance j s cleriyecì, frcn l:he c:iI scire{ln. The inpu-t

erea -is the displ-a;r scl:eeil itself . l-.he mecllernics of user-

claia insert j cn irrto ihe CPJ-Vidiccn lccc j-s j-Cenbicel tc

the ,,,rr j-te-in f er¿.se c,vcLe cí the eirc Lllating dispLa;' itrf cr-
-I
maticn iu inc CFJ - ]/idiccn Lcc,l.

Fcr tne se ï.eas)1S, tne perfcrilance paiemeters cf ihe Grzph-

ics In¡ru.'u íiubsystell a1'e l:!3arLy id.enticai tc iie oelrarne'cers

cf l,lie Displ-ay Su.bs,,'ste,n. ìiear-ccnpLete Dispfay/ini¡ut

ccmpatabltibJr is acni eved ¿

These Input subs¡.stem palajile'i,ers er-le enur.ieFÐ-bed

'orie í'Ly 'oeIci^r.

1 C. 1--3.2 Resrlu-tir-n
.Ihelighti]enol',tpultbeaindia¡neterisO.O\'''

( seciicn 6.'o.7'.Ð , as dist-iL:ci lrtrt a cìisplay lccaticn

diame-,.er cf O'O jt' . lihis is tc cverc clìle tne d1f Íiculij/ in

precisel;v a.iignl.ng a O. OJil diarnet-oi' s¡ict witil e displ-a¡'ed

O. OJ" cli-arneter s¡,ct. As tr''Jc flâster Iines ( a tctal- cí

O.Oótt -in- ¡r;idbir) are asscc:-ated.¡iiii sacn lccat-i.cn, '¡ibl e

lrcri zcn;al :¡idth cf o'o7rt (i L¡' \tt + 2c0) r such e Larg';¡

inputspotsizeisnecessa'rylPartjcularl-vasauserhas
ncb the sa.ne c3nst a-L1cy cf input as the fixed.ri:naged ciïl

d-ispLa;r Lccai:icns.

.- ._: li

this is id.entj.ca.l tc tne disillay arld-ie ssa'nili'r'J¡'

bein¿ 1 in 2OO, cî' B bits f cr eech ttxl and rrytr ccÐrc1inâte '
'Ih-is is-lcwer than mcsL ccilliiierciallSr avaiia'cLe input

devices.
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1C; -3- 3 -l+ G prnr eiri e:rl L j n¡sri ì:v

Iiiis is id-enbicaL
better,.,,ha¡ A'?_'lo. ft is cf
specified inpub ¡raCs such as

l;c the di-spla;r
the sar:le crcer

I inearit;r , be.'i-ng

Dq the ctigital-ly
iai,l-e 4.5 ).llt

the Graf¿lccn" ( see

1J -7,-2,-l Rer¡éiÍ-,ìlabil itY
iTc prcbleils ci re peatab'ilit.y e.xist.

t() -
z

) o Tnnr;1, C..snrnse Iine
Tnis is icienticel tc that nteriticned. fcr lhe DispLa¡'

Respcnse '.1-'ime, beinsr at '¡crst ce*se, eoural tc LiOtls fcr
grit,chics inpu-t Dr' €rase, anC ,3Oms (twc Í'raine tiin's) r fcr
ind"icaLing pI'DCessing at dispLay lccabi¡tls nct pr:evicusly

di splay ed .

10.i"':.7- InLul, ¿Yea S\Ve

i:¿ain tnis is icLenLiaal tc the display a-rea siz,e,
l¡ith an aí"ea 12tt x '1\'\t' f cr interactii¡e ¡;la.chic s inpu-t,

end peripheral areas fcr light-bu'uicn alpiranuneric keybca,.rd

andr'"uulbcard.

1 a -7t -1 -8 Harci-C¡r¡'v CaL,a.oiLit.y

The pen being f.ighi enltiing ¡ Dc cbj ect s can

be inser'fed betue:n the pen and the screerl. ilence inpu-ti:ing,
say by tracin¿ frcm a rrhard cop¡rtt, ifi ilrecludecl.

¡tt I 1 ^
L

L TÐnô ubs idpr'l Tn,'rnl-. r¡qi.¡n¡ Cnn ni:i¡ns

In adCitisn f actcrS sucÌl aSrìeå.Se ci USer', tt.acn¿Illy

in LrSert and rrca.pitaL cutlayt' , ttinou-1, d-isplay c cnpatabll ic'¿tj

rvhich i,ver:e enui'.ilerated in secticn 2'\'2, must be ccnsid'ered'
Taliing thes e Teou-irenents in seci: icn 2.\ ,2, pci-nt þJ' pcini:

(i) *'f@"
The lisht pen is handled ¿-s any ct her pe n dev-ìc € r



( IIJ

\ 1I'r /

hai¡ing sirnil-ar ohysical d-itllensi cils. IL he-s

2 't statu-s ti¡lirtst;' cne trr€d.tt anci )ne t'grq€âtt,

';;liich s..,;-il,cil otirind-Lc:iting ¡c l;he uscr 
"'lnei'ner

the llen is cDrrectl-:¡ lccaieri. ¿:-i:C aL-1-glled lvith
r,:speci t¡ i;ire -qcr€eli (as ihe ilen. tip rnu-si'oe at

norr al Sc-i'r?rìil iric:Lie¿lce) I a-trcL i'lile'l:her: claia inptl-t*

tin¡5 rc;: cìi:rLa¡z cl.aia j.nd-icauingr-is 'ce j-rZ ')ei"fcr:ri-

eci. A simple s',vitcir cn the pell deiernil:'es the

Iatr"er.
Ta'i:l e 2, f i',c i n¡, fr . 2?)1 ) give s Lhe lle¿-n'ì ilg

cl the 'istatus lighLt' ccitcinal,i-ctls.
Ìhe Pen¡nd In¡:u-t Su.bs¡,'sber¡ is inherentl-¡z

cci-iipatibLe '¡¡il,hr the ÐispLa;r f rcn aLI viei^tpci-nis.

irc prcblern cf intei.f¿.ci.ng r,^ritn the c'P]J ci'Display
Subsysten exists. Tndeeo a r,'iajcr acir¡antaâe is
tirat nc CPti fl C inierupLs are !,€rierated during

I

gra;-ihic s -it':.r:,u-t ci dis¡:La;l Lccar icn el-'asLl.re . Ï ire

CPU is acc€ssed only 
"^;hen 

CPti prcqessing cí
dispI.a.y feaiu-r€s cr siir-gLe oispla-y Lcc¡rticns is
nõFa qql- izrrvv!vvv.L.l .

( i.v)

( v) G e c:retri c accvracy in Oata p c*s|ticning cf itiput
is certaill;r nu-ch higher ''.heil iri n:st e:<istiug
analog inpu-t oeviC e s, but orima rtLy d-epends cn

the pcsiilcning eccuracJ¡ cf the user'

(iv) capitaL cutlay fcr bhe In¡:ut subsysl"?rn is negli-

zLü_e (Less tnen $ic,l) as cnly ihe ccst cf cptic

ilic adciltioital scft',';are is necessarj/ fcr t,he Inp

Su-bsysieit. Dis¡tLay lccaiictls cnce i-nser'ued in
the s;'i sten (r^rithcu-t CPU IIA ini:erupts) ar'3 trea
icleni-icaLIy as ihrL-'.¿;: the',' o". "d--isolay .reÍresii
Lccaticns fcr CPÜ prccsssi ng.

u-1-,

ted
¡l



I r !l)r

f -ibre:i, tne iÐen cesin5j, aÍld. tt',¡c siilpLe l-eiis is
llivrLr.ed. (Ihe i,l-Lur,inatirr3 I igi-ri soi.r.rce is
pl".se ni -itr ii:c C:l'I) . Tnis: cD';Ìleres c;ltler-iely
jlar¡curabl¡r r'rith t hr: ccst cf . e;,:istin¿ d-evices i'¡iLir

a sta::ti trg pl'ice cí #,Z5CC anri Lrp ( se,: 'ile-.ble in
i.!rlefr..lr)í ,).

in z \ 'i'l¡,. ll'i ir-'l ..¡i/ Ë¡rfr.pSh Sl,ri-:¡¡nc

fi,¡i d,isïiiicl ; nÍ'crit:¿r.'c-i-ct-t Sic::age pï'ccess€s
li ll

are pre se nt, irl t/IDIOG-\JFllIC :

(i)
( ii)

the Displa;; Ref resn Sicrs.g,e Prccess '
the D-i.stcrticn Ccrr':ciicn InícrnaticR,Çt¡r'aÊe
rvhich ¡ra.,:rcs crispi-a,v refresn pcss:'-ble .

'1í) v tr l)l <ìl'ìl a t-21 esh SL\f

Ihe Displa;.r I'ef re sh S.bcrage is unii-lle any ci:he::

in the ccrilronl.\i inplenented refresh s tcrage lnethcds Ín
present IGC s "

Fcr e:la:üple, in ì'iagtleLic Cc¡'e SLcra,-;e P,efresii,

"\,irite-in"cí displ-a.¡r gra;;Ìiics infcnleticn is tllade cnce

ullen bhe I f ephic s inf crsat j-cn is sp€cif ied; displ-ay re -
fresh in-f¡r:äaticn is ci:taineci fi¡m sequ-entiallrncn-c€si;rLr-c-

tive reaCct-rtft cf this st¡r:,:d infc:::naticn. 0nl-y ',','her"r nel'd

upC:.itecl- gra;;hic s ir:f ¡i'lna-i:r cn is spccrf ied- a:.e rnå¿netic

ccr€-e g¡¿sed anC ilel.,t inf crrnati¡n r,'iritten- j n.

In Delay-Line cr cyclic si cra.3e .R.ef re sh, rrstc.fa.g€r'

is prcvidecì cy recirculaij-ng the gra.¡rh-i.cs infcrirlaticn
thrcugÌr a deLa¡r j_1g nei-iLem rsuch that at e ach f i'a.t'ie tirne
( c¡' clispLa¡7' reîresh inter-ra1-) 2 çhe sail're dis;clay J-cc¿¡ticn

is ior'?seriLed fcr ciispla.'¡- refresh gurpcse s. 1'lc true
I' st crage¡t i s invcl¡¡ed.

In'r VIDIOGìr.API{ICl "n the cthei hand-, che di,s.rl-ay-



r c f r e sh i ¡rf c l'; il L t i On -i S "i'/ ï.i- t i e n"- i n" ¡ì ilci " d e s [ .t- uc t i ç¡e I.y t' e ¿i c; -
cutn eacfl f-'¿;.1;ie t'irrre j :lni-s ciesf -r'ucLlve re¿.cl3Lr-t -is níJcessarii

tc en¿tbLe'r..rser-dis¡-,La;r Irlier::âcti-cl, partic-r-LaiIy cl-ì-s;;ia-.12

Iccat-ì-cn €r¿'.su-i:e "

iiriiinS-1n its.:1.í -is pa'L-ri; c-f'tlrr: s[:rage ;oÏ.ccje-cs.

Thr: gr:irrhics inf:¡';rlai-icn being stcreci'l'-r-::'i¡.9 ¿-1nj,/ cycLe -is
iirat ellie L: i;ìre .-:.'a,;iri',:s: i n,í¡::r:'liici'l ¡:' l,::r: ;3r';âvil)L'-s i j s::'l-e ,v

c;.cle. .,i C::ill screen djsplay Icc'-:iic:: is e:cc-lteC. ancl. -i-ts

luitj-tLance is ¡rlesent ici the ccr,'¡Lete f1-¡:,ne1 iil Va.i';r-j-¡g

d.e¡;re es of intens:it5r, du-e tc ¡rhcsohcre sCence. Tirl',s .resuLt-

ing Ltuir-ì-nance t'displa.y infcrila-tisnrr j-s r¡v"iI'itten-in¡' bi¡

being inra-ged cn'bc ihe Viciccn phctDcDndL:r-ctor tai'¿e t, r€suIt-
ing in a charge bein6 gcner:'.ted. enC stcred a-,, ihe coÏ"r'espcfrr:ì.-

inE [idic"n scarlned arr:a lccati c.lì" This á;e nera.iin.i4 and

s'Lcr j ilã pi.Jcess cí ihe charge ii;self cccu.rs du-ring t,ne l'¡hcle

cf the f ra,.ne tiine. ilritinã-in áìnci- stcra:,e of clisplal¡ inÎor-
¡naticn is tirus rlcne ccncur:rentL¡r.

0ne íÎane ti¡e 1-ater, tihen Lhe Ci'i elniti:eC

Iuninance j s ne6Li¡ibl_e (0.161, cf ibs valu-e ¿t the beginning

cf tl:c c;rcLs), a:d '.rhen tiic ph:t:cu-rrcnts" ¡cnera-tin¡ i:c
cha:rge bei-nii sttrec'I, ar'e aLsc negLi,ii':Le, the t/j-diccn scan-

ning'c.:¿lrl acceSSeS tnat Lccaticn, r:storing the char:ge and-

bling.i-ng the stirf¿.ce pcientia| c-f tirat icca.1,ictr. bach tc its
r¡sta.bilized. pctentÍal j'¿VSä", ',.:i:icn is near OY ( tire cainode

pctenti-¿l) , Tiris charg e reslcra,t lcn 4enerates the Ticec

signaL: r¡iìtticn t¡en rs cutpu',, frcrt tne ViCiccn anC circuLat€sr

vit;r telLr.:i'bLe ceLays i:l¡ the t'elec¡rj-c Icci:t' j-nr-r i;ne C?'rie

via the il j.. 
" 
t' Level Iietectcr ( anci if r:equ-ired rvi a iie

l-r Itti. -,tt Le -¡el Dececic,:),. iol i-;ga.in Z?-rel'ate 3il tn: CRT sclle=n.*I.,',2 '--' 1 tr-'---
'biie sane displ-âji l..oc:';; ciì. ilhe Ce Iays '¡iiinin tilr: eiectr:c'
)-:cp? ere tne ttiLltt rle La;rs, tiie 'ui:a.lsir" tine bet"l een r'he

YiCicln alC. C;'.i rald any c3:l.€ctii¡e lluLse cela,¡rs ne cesseiJ/
tc relcc¿lie ccrrecbll¡ ine dis;ola;'Lccaiicn. Åt mcsi these



tct¡:.1 deLa¡,'s íLi.'e in thc cic.ier cf sevei'al 1lÛns"

.l-f nc scanli-inll b9åiÌi i'¡:irl-d i:eacì--ci;-'c the stcred-

cÌiarge )rì ihe Vi'-cl-ic:n nhctcl;arti'et, cÌrsrge sl-Dllag€ ''¡ilLr-LC

ì:e pre -qr?nt llcr seve r'¿ll- scc Jl-L'is at 1-qssl .''

T he s I cL:a i1e cï:

Sicrage is tirt,r-s clue tc:
cl.; 'i n lho -i'i sr"t iy ?'eÍ:eShI ri u ir v Lr )" Ð lJ Lr.ti)

t'rirl

\ ri
[ -rU

Lhe generaii.¡n cf CRll ltlnina.nce,
tl-ie g€r-i€r.¿ltion cî stcre cì. c haL:ge 3n tile phctcccn-

d.uc t cr ,
and. iit the storage cf charge rdus to tli': seni:L-

lrr
ccncl uclwef ir:suLa.ting iature cf th: ¡ohc'r'cccn-

d.u-ctcr havitrg neglj-Si.bl€ stcrerJ c'i;zr¿e Leakage'

( rii)

The similari-"¡' cf the'rvrDrocRÄi-llrc" Dispraj' R.efre sh

Stcrage tc a- C.yclic Sicre is i.nus nct in Llte natu--r-: cf the

stcra-g e process ibse 1.1, bu.i; -i'-n that stci'ed infcrlratj-on ¡t
ûnJZ given Icc:"ticn aL:,;ays is a.ccessed ai exactl-;r the s'eriie

insr,a.nt in er,rei'.y l'ef reslÌ c¡rçls, indepeild-entJ¡'ci r:ila'tê¡/er

al,Oirn'; Cf gre,:h),cs i ni¡;:lnaJ:i¡li i S pl'eSent. inì"s cf ccUiSe

is d.u-e ic the -raste1. scan"

The ca.¡,acit;' ¡f tiiis tlHefr-osh Stcr'e'ger¡ is up

tc æO y- ZCO = 4.104 lcczt j'ctrs" Since eacir iccaticn is

esscciatecl r,lith 2 8-Uit ccc¡dinate i nf criüa'uicn -f cr each

n xrt and- rrytt c DoÍrl.inet e, then þecause gre phi c.q -Üs're11-inpLlt

data can be intut r-asccrlL-v, tiie stora,,3€ capaci-iy nay be

ccnsicr.erecì tc be ecluiva.Lent tc 6'\.1C5bit's.

i'rc,,reV€rr Since fcr.:ta'uiin¿ is inirereni ri-u-e tc tire

raster sceil, tiren -flcr reac]ing cut Or d.isi:Lay ilurpcses, the

DrdeÍ. ci leadcub is pred.eterminec; then fr'¡¡l tÌlis vj-e*¡cint

the sicra.ge capacit.y is cf the c::der cf 4.1CLl ì:ít*".



l-r i

1a z Lr t ñi ¡ ¡-r,]-i rn fl "'I ,1 1'
j rrr T¡lt^n -.i-'i r ,-c,r u i ô-â.r.i ô

'.ilhe Distcr:bicn Cc::-'-¡'ecticn fn-ecl:.Ð-ticil Stara-ge

j-s t'trueo' f i:re.l-st3ïa:e in a, 8ïl rjiric íc::trl ('¡liard ccilyt'

Greirhjcs stf,rage). 1.he piccess cí rea-ding-in is -qtilI
sss€ntial-L-l' iÌie SaIle aS ¿1,'ricVe . The Distcl-ti-3n C)l-rec bicii
Lines scribeclL cn â blacLl îilmt are "'caci;--j-11-ul:iinaf ed"

by ¿. c Jnsl,ani ÚRI scrcen Lulrlj na-nce et the Lcca!"icns i,';he.re

tiris Disi;¡rr,-,icn fnicrrretì¡u -is l-ccatect (se e Fig.lai). The

:resu-Itinß ¡_ris:_,cie Dj-stcrticn ccrrecLio¡r Lines are iræ. ged

Dnto che VidicciL phc-r,ctar'¡jetr i";itir thc Ca'.T Lurl,inance,

ch:-.r¿€ stcr¿l:-je prDcesS, end Scânning tic¿¡.ir readcL-ri being eS

- lr ^ r¡^G riu v ç .

"ùs the Distcrticn Inj'crnaticn is Iccateci ir|i:ile
reIåt-iveIy ,oe ripile.j:aI are 3.s cf the CÌìT scaÌlni-nij a.rea. the

pcssibilit-v cf ncn-coilsLant s j cnal cr-r-tput c'ú1-r'en'tS etc
ovists- The CRT screen lu¡llin¿nce call be increa-seC lc ensD-re
i-¡!! È \J r/ a

adequate cuiput signal.

The Ð.ir c'J_nl, cf Distcr.'t icn rnf :rnaticn is sneciíic-
aIL¡r f cr a. zCa x 2ca irc-int ¡;ric.; in the best caser '.'/itit
Cistcrlion be i ng irrcoctcní cail-y increesiflg cr decreasing,

cnly 1 bit i s ne cessaTry tc specify Lhe cÐlrr:cticn at each

lccaticn (tc speciíy wllethei'iiie ccrrecticn is tc be

incrernen'i,€C cr nct bli at'Disic::ticn C crrcciicn. Incl.ernencl) .

'Ihis is a valid ar:ju-enent íci" the I/e.rtical C cc¡clinate
Ccrrecticn fcr both the Cill' and ihe ¡/icl.;ccnr s.nc'l e,Isc tne
1,/iaiccn iI-ccrrect'i ctl. Flci'reye: f,cr tire C3.T ll-ccTrecticn,
'r'ihere ccrreclicn is con'r,inu-cüsl-y vej'JinG at CiliereÎ:l
rates, t-1p i;c \-birs pel':i-cccrcl-ì-na.te may be assccialed. irith
eaciì cDrÍ':ct,icn.
Thus the capa.cit.t' cf tilc D-istcrtic:i Ccrrecticn infcrrnaiicn
Stcrage is at le:.st ¡



| +(N

( l'l- ;,. li.).( __ 1 +- ¡r ' .-I-cci'rac Licn
1 ) bjts (fcr ihe i/icic¡n)

1/ ^'\- ñ^ã1-t 
^n!Ðuuta -\/u!\-/r.!

1 ) bi ts (icr tire CiìT) .
V*ccz'rection

)' ¿
-: I

Il-c cr':r'scticn,ti
^, Ìl
^ 

ll
V

t.

2"'J,\Cj ciLs( as l,', ;.: il-, = 2CCx-2OO = l-.'1C'') 
"

1O .\ C!r lÌtt i,:Ta $

Ccstinl Di ii,e "''¡I.DIOGR-",?ilIC" S)'sic"l cf.:i cnl-J¡

he teiitar;ive ai b-.stras Lhe syster hs.s nct yel been built 
"

ifc,¡eve r nrcst cf -ì ndir.¡iriuaL su-ocircu-iis llave 'ceen buiLt End

ieste d (Cirap ier 11) :nd thus eÌr e sli:rie,ie cí iheir ccst is
pcssi'cle. The nu¡iber cí eac,ll cf sueii c'i rcrriis is kncun

for each s,ti]bs¡rsten: írctt CÌ.rap.l:r 8-9, The reqr*r-ire cì- Lcgic carj

also i:e cJste rJ, &s c3.ll :-Lsc tne cisÌ' 'r'lte '¡âr" cLLs ¡1ajcl s'rb-

s;,sten su-cir as the FCÁ Iì/ Frcjeci,i-cn Unit ci'rne r/idiccn T'¡

Carn e ra .

Labcur, packagi:¡: tcstinE: ì'ici -ce Pattern testing
eic are trct ccsiecì, ncr is the criginal Iesearcii ilork" The

f cllcviirg lentatii,'e ccsting 'i s ba-:ed cn]-y cn hard-"i¿'re cc:llilD-

ilent, ccst.
(Ihe price 8iv€n fcr' the TY Pl'cjecf,irn Uni-t is tenis-tiye

and. is based Dn e. price cí S9O ( sielling) (:;e ar 19\E)

fcr a Phillips unit (273 )).
ihe de¡aiLeC ccsIinE is þased cn the fcllc'.rin6 a,.lpr'rriria-te

cosl;s fcr the subcircuiis:

COSq (Dctlars)c0ì"iP0äf,i"iT

iì-s ?/r, J-i( 1lî
Ai'lD flat e s, Oir, gat e

lr-!- il¡ ô ^r.^{-^2, 1l . lli ]lan ^.¡l^¡"- O" r'J-r-[rr'i=1, î J rvurusa

Shif t Iiegi sLc-t' Siag e ( cn averag e)

Vcl-ia.ge C cnt::cl-Led i'ici-tcstabLe

Vcltage C cnir¡l-Led .i.sta.ble

L eacì in;, 5Cg e incL j-caL cr
Pul se inte6îâtcr

-!¡ c'. \- I i

ðach
itrac h

;lac h

.f a.c h
'] -, ntnJiJ U !1

gáu !l

Eac h

s1
ft2

ii I

fi o,5
$3
$5
$Z
$2
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-r{.Lgh Inrpedance,3u-flfer GIC)
C cnsba.nt Si¡ebilized i e vel Circ uit
Discharge Circr-iit (F;I)
S[.i:i:g:er GIC)
Analcg Srluare rfStÌiutr (rlC)
C urrent Âinplifier

ÊuBÉEsrlií

RCP. P|ìCJ

Each

)2(1W Lt

Ea ch
!rd\-lf

liac h

Eacit

sb
$2
ft3
[, 12

fizo
û lo

'Ihe '¡ FiDICGI.ÅPIjICtt sy stern is c oste il as f cILcv¿s:

( includes Scllnid-+; Opuics
CiT, Defiecticn Uni'cs, il
fiers etc).

2
]-

Prcjecticn
d e c ainpl-i--

/\ ^ 1:nt/UÈ1

$ \oc

s 35a

30

S¡o

$2c

$\o

_ylpicEi r¿ ç_åI''.ERA

(irrclucles Vidiccnr. Deflecticn uruit,
Foc ussing -Ünl'; 

r Videc lìir'cl.ifiers,
Pci.,ier S.;"p,olies ano /iliiccti Lens).

L.IÛiiT PJi,.í

(\co cd.OFOi\ Fi'ore sr6i'i in tengihl
pcli shiiig , . biitcritig ag en'c s, ieos€ s r
pen casiug).

$

ä-D

V-Dir;T,

rlCi l0li C I IiT'i FOR TIDTCCf'T

TTOìi CTP,CUIi ,.\-Oiï '/IDICC]'T

IT
íi U

,IT¡J,I CTTC

suBTorAL $ B7c¡

-D
'.1;tT. Tr,lll î ^rr ^_-\ñt,K t-f I
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SUBSYSTJI'i

lltrT,'rle T T(.1Ì\l CT RC FOrì c RTUIT

rr Pîì tr- ôv.tLr . v O:ì]I;]CT IO\T C T.ìCUT'I

VIDICOi{ V

(J flfs, 2 irilD-gi:tes, 2 Surnmers,
Pul-se fnbe¡¡raLcr', Discha.rge
Circuit etc).

V

U

T iì'Í
(T ini
100 F

COST

$ -7o

fi40

$40

fi 160

s 2'y)

$ z2o

$ 2io

$ s?o

(SimiLar as fcr Ci.ii' Ccrrecticn
Circ u-it ) ,

VTDIC0N II-CO.ìR:ICT ICii C I;ìCÜIT
(zo Al,iD-gates, 1\ r/ls, 1rr'+8"
Cou.nter, 7 PuIse Inr'egre.tc{!,
7 Disclra"rge Cj.r'cu-i¡s I 7 'tcilerst
7 Cctrstant Level- Cil'ctr.i-ts,
| \,IcLiag,e CcntrclLed- ."ícncstabl-e s,
5 Shift R.?:ister SLaE.es etc).

C:rT_Lr -C OIìRfCT IOi; C I'CUT'I
( Jt'+E" C¡untei's ancJ Deccders, 23

D
t

(4 ¡iuttipliers, 7 Su':imersr \ Current
Amps).

ng Scurc€r 2AO .AliD 0;ì gates,
-îq\

SU,BTOTAÍ, CARRTED OTER

I'IG AilD L0GiC

T CT ¿ìL s' 1 B9o



riiu,s tire üal:dt';a.rc ccsts c3.ll be l:;e;lt t;¡ arrund

fi ZCCO. Th-is c-i ccu.rse e:.-cl-r,-rdes i:acka-8irî6i t'estii-'¡, and.

pÍoCLUcticrl c:rsis, all.r e''.c7usiVe cf Veci:r a-nil. lii-'hanL;:rielic

Gencr':r-iirs, arirl cir'-i r/Ü r'nier-f:"ce ccsis'

A tci,;-i crsL tli¡'-i-l'e cÍ' scile$ ¡-Lr::;C Í'cr ilie ful'l
s¡,stc¡ (ie jncl Lrrìin3 C'lai'¿.cter ariC. Vecicr: Gcoel'.'J'cc::s) seens

nr,¡lr.c h.-1 c 'Ìi.'í': ,-. 1trnD?.rc \râ?\/ -îet..Oufiabl.t¡ .n'it,i, uíI: C¡Sl; Cf'i1'J;-)-i ¡,jj-l:. lli-!'j uJLr.IJtr ÇL

ex.j-stinË ICC s s:ie;,1:-n; at arct:-nd $ I CCCO ( f cr en AìiDS-'1C)Oiì,

r,tith a Di,rST a¡rd nencc .,,,-ith a ver j 1-ir:iiied Use ::- Di 51|¿,v

Iirteracticn) , uhile Gr':r li-li c s ln¡-,ui Devrces sia-rc' at arrund

$ 2000.

- It cau tiit-r-s be seîn tira.t"YiDIOG-:.A"iliC'lcertainLy

mee ts the cr:igì naI ste-Ltecl air:r cf Lcu¡ c¡st i n cacitel- culL.':y.

1A.' OSSI
¡¡ j,r I cr!

It nta:l seem junllin¡; tile Srtl sligiriiy bc -r'alli

abcu-t .fuL,¿re cl.evelcpmeni srtr cf" TIDIOGiìAir:lICr r;hen r-he sj/ stem

j_tseIf has nct 'c:eil i,''uiL-r, ye t. ;ic-r;e yel cbvicus a1.eas cf

imprcvement in the systen exi-st, ihe naj-n beirl3 the reLa-'

tive ly Icr¡ adclressabiliiy c-i tne oisplay. T nis is becau-se

the cr'lginal- s.ystell f easabil-ity 1,'ras ba.sed 3rI ii r¿eLrLt'-

reeL. Lzed iryr, the ncst eccncnic a.vaiLable corlnercial eciuiip-

men.r, r sile cif icai-Ly inai 'cased cn the 625-tine TV equipment "

parbty because cf tliis the resi;-ltant adciress¿ibiLiiJ¡ cjl the

syst€i1 \dâs â disp|ai/ Lccated cn a zao :c 2AA pcitl't' gr j d.

(1 L
LI ¡¡r] t¡ hø f i rsl. l.:¡ ql¿ flrr. inl,tt rjpr¡p'l ¡i¡"nant i sT' .j

j rrc î e ¿r L-i nq -'43- å.-'i d-{.9-q,TcJliLi!.Y.

Ccmnercial-Iy a'¡aila-bLe si¡scens, have been

deveLcped .r¡.Lch 12OO cr even 1800 sca-n lines oer

clisplay height (SZl). ,lven higher scan Line

ccnnts hal¡e 'ceen ir:;cLenenLeC. in ¡riLilaty applica-

ticns. Such scheme s re c1u-i r e ht-Zh re sclu-licn

(i)



CRT s, anci- he-¡:pi-Iy, ilire 5" Prc j ecticn CiìT sc'i€krn 15

id.eal- îron fhis rtspccl, (jZ.f i "
r¡Ì^''^ -1' -n2 cr eLreri hi¡;i:er a-doressal¡Le dis+II1US )i ¿ -1, )l I J.l-' r:vcri rir¡,.

pLay Slrids -ceeln \¡êrJZ ieaSii'¿1e"

Larqcr Vicij-ccns (,Ltt) r;ri:.7 be necesseï'y ic prc'r-'Î-ae

ihis hJ-3h te s:¡l-u-t-Lcn (.52'i:) .

'1ho rr'rrT. iOi)i'CAC:i ii C:-iajft bliese hiGhf rr!- r1rq.J v

scen Iine ccu-nis h¿-s been -t,c ædu-ce tne frane
scai-r¡riäg frequililcy tc à4. .Í'raäe raie cí' i J-2A)tz,
il-rLrs nct r.quirir: an.f i'rhcIesal e chan3;es in
o-e fLecti:li. c¡iL dcsi¡;n. -lîcr [r f]-ic]-e::-free
dispLa¡,', u:ider lhese c:tlcìi-ticns, phcspilois

cliff erelL tc p-L ¡eed be u.sed ( see Fig,.1B) .

Tlie lci,e.r scanni-n€i rate eilsuï'es tha.i ihe" beutL
ildr'reLl birrle" in the v'.i-diccn is stiLL ad,e¡¡urai:e t¡

ensur:e cc:îÐLebe char'3e, O-i"qchar:ie, v;j-th negliiib'Le
uni,;anted current signal s in suþsequenl fra¡le
tiile-q.

ALternativel-y sDlce sciieiies use eleiir¡si:at-ic
deflect-icn (r,:hich is inherenl:Li' f asier than

electrcra,lnetic ceflect-icn) -,.¡ith a ccrlres¡:cncitr3

redesiiltl cf fccus'citì8 ccj-ls etc. Scan ra',es pcr

f rane ar€ ZJf'z as bef cre, bLrt elernen't, ano line
scarr -inteizals are rruch shcrter"

Fcr Prcjec'sicn CiìTs tile -fcrner sci:rerne mu-s1'

be used as high current bearns are -irnpracticaL
wlth electi'ostatic defiecticn due Lc defccussing;

effeits; such þr'.¿:i'rìS are lÌeCeSSary i'cr lii-gLr lüi'i;rB-llC€.

Fcr higher aadre s sa biiiL¡', the reilanent

Cistcstrcn tcLerated niust be cci'res:pcnCirigLy Ici'¡cr
(expressicn 7.n, and iSus the D-istcrtictr C'e'rec-

tlcn arid hence tire Distcrt-icn ccrreciicn Infcrna-
ticn nusi 'ce soec j-f ie.d- mcre cllecisel-./ " A sepa.rate

Vidiccn rta.y be re4'-;-ired- tc scan adeq.uaieLy sirch
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h.ì-gner precisicn Ðistcrticn Inf¡rmaticn
I t .- a\(sectlcn / .r.,J) "

( ir)

( ii.i )

been menLicned in
1,he nnssirbi I i ì;'¡ cf ccLou:: disll,ar/s
ate cc1-curs, su.ch as"reo-'j "bl-ue'f "xe1.lc,,;"bel-ng
perrnì.f tecì cnl;r.

Pncsphcrs sui.ch as P-1 (gre€n-yelLct,r), P-1 I
(white) and P-27 ( red-cran,re) have vëry siniLar
persistance characte ristic s ( 3zq ) ¿lnd- are ti:rus

ccrirpatable l';ith each ciher as far as DlsplaY
Reíresn re{iu-ireñlents gD. '{cr,'rever Vicliccn phctc-
ccnci-uclcr respcnse tc these dlfferent, sp€cttr'r¡qs

\,rould need. caref uI itrve stigaticn. :

A majcr subsystem cf ivrDroGP,Arllirct' i, ihe Prcjec*
ticn Optics whicir result in an cptical pe.th

(tire ttoptical Lccit segrnentrr) being presentrby
iqhich CRT screen displa;zs are prciecbed cn tÌre
vie'^'ing screen. This t'cptical pa.thtt can be

ü brclien int ct' ¡ cT el se inícrrnati cn can be exL¡'ac -
t ed- there-f rcrr, by rr beann solit'r,-3rsil cr il bea-m addersrt
(fcr their acticn see Fig.82).

Ánother naicr erea f cr f ui: ure d.e ve 1- cr:;rn e nt
sec ti¡n 1A "3.2 .1A; that

,lv-iih

il fic

l¡r c! !C)- r)

'ìc

se per-

ntl(a) li Lr_Lrl S J
L
L

¡f e ¡rnnl px r¡i'enhics d¿¡i.a caa b,e made cnto
the active discLat,' el'ea , The superimpcseo
glaphic s cen oe c ccrdinat e axi s, orai,vir:.g

pla.ns, etc. Perhaps a sinple devic€ sucll as

an t¡'€pidiasccpetr (an ttcpaqu-et' pr:ciectcr) r

cculd be used as the prciectcr fcr Süper-

positicn, prcj ectin3 Llser-specified- draw-
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J.ngs, bra,nsfer curves, d.e¡¡-lce ciraracter*
istics etc" cntc i;he vie',.ring scre€nrr.4¡1.¡
then can be I'tiac eorr cve:: h"¡ tire u-ser Iighl
pen and. be inserted intc't.ìie CRT-üidiccn
Icco as nc¡¡rtaI j-ncu"t data. 'Ihis t^rcuicl gef
DVer tirc orc'i:l-eln cÍ'Iack cf clata inout frc¡n
¡tha-rd -c clry" .

( b) riith a bearil soLitier, âd€ciii.âte Lu.iilincirs

err.€rÉi.y crt-r-LC i:e e:.1'i,::¡tcted fcr i:nagi.lir cntc
¡ si,rnl p t¡l-ì..l j"(l-ef jri¡ q.1 i-lel'.1 ÛCfl' SU.Cir aS Aq vv !.)

,oltctcgra¡,..hic pLa.te cr serl,siii''/e inage p'i-a.te

of a dxy -c cpie r, thu-s ena bL j-ng hard-*c cpy

out¡rut. Suc;-i a. scher-ne r'lcul-d. cvercciite i;he

ccstly and cu:r'cerslile exisbing methcds cf
'¡ha.rd-ccpiers"r¡hich cfter. ¡g¡1uire the use cf
seccnd-ary si-nalI CRT s cr DVST s iti paralLeL

l+ith tne p.rimarY dispLaY CF.T.

The a lrc'¿e are but a f e"^; cf the prrnisinS; ereas

cf iliprcrre:lents r,rnich can be researched af ter the bas j c

systeo has been -i-rn-olementeit.

lu.c TJBiiSP.AL C01íl,r,li\f S Ài'D COi,lCl'LiSIOLi S

1in Int erac tive Graphic s 0 cnscle 'r \¡IDrOilRAPIiICr"

based cn ncvel principLes, has been prDÌjcsed a.nd its f eas-

ibi}ity exenined in detalt . The c cnc|u-sicns are th¿.t it s

practÌ cabiLit,y has bee tr esteblished anii ihat its neets,
v€t'¡i readil;.', the stat ed requirenetrt s cf an ICIC in prcviding
a Di splay Su-'csy st ern ancl å Graphic s Inout and Displa;r

f nteracticn Su-bs.vstem. It can be impJ-emenied f cr a ccst

cf arcu.ncl |i J-LIOOO.

'i'hus a scluticn tc the criginal irrobiea stated by

Su-iherLand anct qucted. in the Preface rthab the f cremcst



prcblem itr i,Ían-Cct-nputer Grarrhics is the treed f'cr arrlo1i

ccst display device, sLrita'cle f cl cn-Iirle graph.ical use",

has Ì:een gii/en"

Pr-imarily i;llis ThesÍs has ccncei'ned itseLf ltith
develc.oing fhe;rritrcirles cí this Ft€1I IGC and s'hcning in
detait iis feasibil-ity and the sugg€sted j-tlpLernentaticn by

calculatj-cns and- prcpcsed. circu-its.
It s phy sical real izatÌcn has nct be en a.t i empt ed in f u-LL due

to ti,,¡c rna.in reascns;

(1)afu-lI\,rcrkinP;systenjsbeycndthephysical
illea.ns cf cne pe rscn, dur.iag the time alL ccat eo

fcr a Thesis cf this natu-re.

(2) ihe lack cf fnnds.

This wcrk then must be left tc cthers.

lict¡everr ',,he studies repcrted'¡ilhin this TÌ:esis

shc,,,¡ that a verii prorising scluticn tc ihe pÏcblem cf a

Icr¡ ccst InteractiVe Graphics ccnscle is present 1n

IIT/IDIOGRAPFiTCI' . '

T c c Dnclude, the advantaEe s cf "viDiociìÆ uICil will
be ag,ain briefly ment i cned.

Despiie the disadvantages cf the relativeLy ccarse

rescluticn and the need cf fcrmatting from ihe relatively
randcrn vectcr sp€ciflcaticn ¡,+ithin the c.ru tc the raster-
scen f crrnatting f or d,is.clay purpcses r the f cLlcl';ing f eatures

are t.rha'; make "VIDIOGIìAPIIICtt sc attractive:

( i) The Lise cf existing hardr,¡are f cr the su-bsy stens

ensu-re that tire tctal ccst is in the vicinity cf
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{. l_-ì-l

cnl i,' iil -¡-)+.-)c0 .

,'ii.: ,ù,riiLci'¡Les a)n -r'¡i.:i-ctl "ÏI-..jI[)G.il.,'i:-l-lì" is Li:;:::d

ensjir---J c3:: .;-L:'¿l cf:ì.nail,ii'n:iii,"l' icl,''lîîi. -;ilc l)-,-'':'-ii.'/
Sr-LÌ;s1,'stc;i ut;h: [,rr'¿r.rni-cs in.r,,t.i]: :ìilil tiscia-.y IlLi;er'*

í:c'i,-j l:t S'-:.ì;sr's,tc,:'rârìd- lj:c )Ls.1:1-z;,' .r,e Îr:lsa: i:Lc;'l;.-c.

(r-i-¡-') i)u¡i::¡, ú.sct'-.1ra.r,]lics ¡ir.,'ul. ¿incÌ usq¡--inicracì:i¡;h
r.vith o:.i..';,. L:'5, r¿;..:. Í'r::rtu-t'':s, CP.U 4 a i nterru-¡:t's aï'e

i:n 
'i n.Ll'i¿.-l- 

"

( t-;1 The iri.¡i: i'€3:;-:i;r=c:;L L.iirc;r:'i-i;¡,' ci tne Cj--q.l-,1J'

end ti.ç h;.':;.'i C ii¡.,r-i'.ia.l: i' pIiì.r3::åticl, su-".'cst

that ".-Jrccicic¡t 3r'a.'Ìrì.cs!' aad ltc:::tchjc¡'l cl:ì:ru--

tingt' a.l'e pcs.lÍbLe -in VIDI0G]ìrrPFIIC.

oaaaaaaaaaao



PART 3

ËXPER¡IdENTAt WORK

CHÁ,PTER 1I

EXFERIMËI{TAL WORK AÌ\Ð SELECTFD EIREUITS

11 -1 Ii\iTIìODüCT tOi\j

11 1 1 Ganar+e] Ramnrl¡s

The 1,asl< reported in fhis thesis uas i-,D j_nvesti-
gate tne feasabilit:¡ cf an eccncmic IGCe of necessity
based cn nel, principlcs, and tc rea-Líze the IGC pir.y sicaLiy.
The -feasa.'oilj-ty cf this has been shc,,rn in the pr.evicr-.rs

chapters and Lhe af-;p€ndices íc1Lo1,Jing. The ch¡¡sical reaLi-
zat;- cn irowever talces ri'icre i:1tne and- urifcrtu-iraLeLy re'quires
f u-nr1s, neither cf '¡hich t,rere avaiiable -in any qnantitj/
after the feasability stird.y was ccmpLeted. A fixecr ancu-r,t

of time -1s assccj.ated iviLn Ph"D studies lea.virrg tr^rc alter-
natÍve apprcacires cpetl:

or

(i)

( ii)

either the ccrnpLete "VIDi0GRiiPÈiIC" system is
inve stigat ed and cte sc i'i beo. f ully,
scme aspect cî i'ü is expJ cred- exhaustively
aud ciescribed in detail.

S-i rice "ì/IDf0GRAPHIC" is a c cmpl-eteLy o€-r,r .c;' ste.r-;i,

cJ-earl.ir ì;hr: fcnier irpprcach ÍJas the cne bc be ccn-sidereci,
there being Litcl-e pcint in a detail-ed. oe -qcripticn and
pltS' 5i"*t reaLizaLici:i cî a pa::t c-e a ne\,J uLrrtried- sj¡ St en .



"i 
a,

Very Iiníteo furlc-s nlaile i;fie rcqui.r'e;riencs cf at\

eccncnjc IGC i;lte najcr cbjcctive; irclice cul,y lirlited
er{ui¡;r'retrt I,,ieS a'þie 'u¡¡ haye been pu"f'cllasieci- viiiLe cbiier

equ-ipneriL h¿..ci l.c Ì:e'uorrc'.Jeci. Thr;-s eccnctnics a.trd a-r¡ail-

aì:iiity oi ertri.r.ipment, rather tira.n s;u.itabiLitV: iie.re the

decidì-lt¡; íactcrs in tlie ciicice, ourcira-se, arro. ccilSLru-c-

t i cn ci iiaroware .

.¿is j-n t,he ieasabitii;y sbuS;,, r exoeri.itleiltaL i¡crk

can be ca.L'rierl cu-i j-n Lwo distirlc b âr'cci-s !

(i)

( r r-.1

e-{i)erime¡rtaL wcr'}r to gene¡'a'ue ¿ì. visible
display fcr the uset'arrd t,c ¿geliel'ate

aclequare sie;naI '¡c ¡iairttairi tire dispLa¡r'
'l'l-iis. invcLves the rrieâ-sLLre¡ilei:li ci CiìÏ Ii;rl-i-n-

ance ancl oe¡'sislanc€ m€asu-rer:leiit cf oispLay

elenent cl-ì-r:ierisicils, anû c-i pirctr"u-¡¡sirt
bu-ilciu-p atrd decay e'cc.

'che real izai:i-::r, cí ciistcr'cicn ccl'recti-cn
circu-its ícr ihe l{.- ancr V- defiecti-cn
circu-i'us icr bcth tile Cr-,T arici tile Violccn
ceiîere t¡ r'esu-l-t in a steacly d-isplay.

For r€ascls rnade clear beLcli, lrlcsi, cf tile ex'perj--

menLal wcrk h'¿¡.s ccnce¡ltrated cn (ii-) abo'/€.

i/iucir of the sysien fea,sabiLi'r"y'¡iåls valid.ated by

referring tc eristing cia'r,a, t, repcrteci res';iLs in bire

technica.L i-i'uera'r,u-re, artcl cccassirualLy bc existing
cÐnnterc-iaI su-bsysi,erns; bilis is par:'cicL¿Iarly i;rue icr et-
periirieiital '¡ci'k in ( i) abcr¡e. Fcr exarnpLe ',;he verif ica -
tion cÍ phctocurrent rise arrd deca.:¡ tillre cf,nstanLS','JaS -frDm

f igu-res availa'pIe in ::ranufa.c btfrerst clata. Siuce tire l:rii-ne

a-iri is tc prDocse ¡ri:rl- ,¡al-irla.te "VIDIO(i;-ì.-;riiicìj -i'u sii¡uio- llci
matter iicr,; tliese ¡'val.ici.¡' re suLt s are arrived at .
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ünde:': the ccrrd.-tticns cf Ii¡liLed. f utrcs and. Iirnit,ecl ';irne,
ii; r.¡lct--Licl- be clcu-bl;r su.cerffcus tc carr;;r cut Dr reoeat
experj-nenls, 'Liie i-esi-r-l-ts cf wiiicil a-re ar¡aiie.b.l-r: in tÌ:e

tiierat-,Lr-ie . l')crecver these ¿lr¡aiiabie r-esui- Ls prcvi-de

inaependel'u cnecl:,s fcr arly o-eriç'ed Ì'esuLts.

11-1 -2 Av¿¡íLabLe liard-,,rare an<i Test I,:ruio¡n:nf

iJhaievel: eqrlipment I,vâs purc¡lased cl hard-''r:are buj-Lt

ivas gcv€r'ireC ì;¡' thc very lir.iriietl f irncis availabLe.
Ccns.equ.ent.J ¡i cnl-:r cne suì:systeiil l;as pui'.ci'iased, nailely a

trarrsis¡crizeci Vid.iccn ca:lei'a ( a SOiiT Circ-iO0 llt/ Ca.lrle¡'a

(:26)), the cnoice i:e in3; sclely i¡ase11 oiÌ the fa.ci 'r,ns.t it
\.,iâs tne clieacesc Dn the rnarkei ($¡iO(l), licv.1967).

the otiler rrajor su-bsysben, the 'f7 scan-nccle CiìT

-vias a Pj.i .i'i Stu.lic i,icnj-icr (Iype 2788CC ì'icniicr (125)) )

r¡f 1955 ,¡itrtage: orl Lcan frcn it.R.J, Salisbury, S.A t 'cty

k:'-iiti per¡rissicn o,f tìre DirecLcr. Lhe rcJÐ.scn fci'tiris
chcice \ra.s a,¡aiLab-i.li-i:,¡ at nD ccst anct, being a. stu-dic-
,ltru-aIii;y iilciri'ccr, its í're:1uenc,y ïes.ocrise ano dis¡:Iay
Iiriearit.i, \.¡ere bel;ter titan in cu.rre¡.ily availabie'!'[
rece ivers c¡' T i/ ca::,era ncni'ccrs. I'r,s clisaclvati'cages hcr,,;ever
r,^lere t¡alve c¡Lsiruc'¡icn, arrci, being cn Lcan, bne ¡rcssi-
biti'uy aiid even necessiiy ci' r'ebu-iiding cerbaj-ri su-bs¡rsterns

such as defl-ec'cirn circuiis l,o inccrpclaie di-splai¡ linear-
ii.y ccrr€icbicn c-i-rcur.its, 1"rere greatiy ii:riited"

'i'lle i;iiirci ina j or su.bsy st eiü re <1urired, tite Sc i:itliclt

Tr/-Prcjecl;irn Sysl-eiri, \'Jas nct availabie .fcr tr¿o reascns:

(i) Prcjecticn TV r¡as cu'u cf vc3u-e by the ijire
T!/ itas intrcduced iri AuLsLralia- irence nc

sets cf ihis type exist in Ausiraiia (al-
thcugh iirey are stiti avaiia'DLe fr;ln cj-isr.ocs¿¿L

si;cres in tite USA).



(ii) ',,ihen the Í'-trst tental,ive ccncept,s cf
tlr/IDl-CG.R¿P,:iItrr r.tere f crmu.Lat e cì, ttlens cptlc srr

using 0e¿ilir acicì':rs ancr splibters ( seccicr'L

o .2 .3) \tere en'.¡-Lsa.gec. Fcr Lllis, crrly a

sta¡ldarct -sized Crìi scre eri r,.l¿? s l'e cluired
( ancl,her reascn .icr cbtaining biie 1\" rÏil
SLuciic mo¡:ibcr). vi.iren tÌre SchriLidL 0pticaJ-
Systei'l Ires fcund b¡ ile mcre su-itecl: file
rernaining tirne ar¡ailabLe r.t¿ìs ina.de'.1i;art'e i;c

firicl and. c'otajn a cciiipLete iìCÁ dcrnestjc l'i
Prcjecbicn receiveT.

Of the t e si e qu-i,)rnent a vaì La'oI e , '¿he usLiaL iab.
cscillosccpes, cscillatcl'S, ccutl'uers arci cLhe I rneasUring

instruineni s trü€r€ ar¡ailabie . ¡ic"*ever 1;irctcriie F,r-ic eqtr-iprnenl,

Uas uiia,¡aiLable eVeLl -e rc,n i;he PhJ- sie s Depi . ac ti-le Úni-

versi:¡i. Ccst, ancl tire tinited use oÎ ib a'Îter bhis

pa.r'cicula.r appiicaiicllr Preclucle'i ihe purci;ase cÍ' su-ch

ectruipmeni . r'iea-quîeirient s cÍ' Ctìf lurliinance, persisLairce,

CRT spo j, sizes etc 1.Jere thus nct carried Dut. llanufacturerst

ciata and pubiished. oa'ua had t c be reiied ci-r' '

The sante ccnsiclera'ci¡ns appiieci'uc arly hardivare

ir'hich had l.c be buiIi. -For any lcgic 
"vhìcit 

r;es re':.uiÏ.ed,

Fairchild.iTLr/Cs(¡18)haotcbeusedritbeingreaciily
il,¡ailable r¡i'r,hin tire Electrical Engineeri-tLg Dei:t -, .Ì¡ni-Le

fcr eny Iinear circuits su-ch as the vcltage-ccntro|led-
rncncstables cr astabies etc, cliscrete eleirteni circ uits hacl-

tc i:e designecl, as l,thabever ilC cir"cuiits availabler Per-
icr¡ing the Salne f u-rLcticns (:16), t/ere c cusicerecl. tcc

expetlsive. Simi|arly, :llthcugh iiigh lineari-ty rasLer-
scatinecl d.isplays are cciÌliliercialLy avaiLabl-e ( eg. 2r1O): anQ

even Iinear defleciicn su-basseinbiies arlo pincushicn

ccrrecticn suì¡a.sse;rt'cLies (11.i) tcc, a-gaì-ti, oue I'c ccst

c cnsideraticns, di screie ccÍlí)c¡ent circuibs perf crtning



tirese fu-ncticri-c haC ic be desì-grt€d. Ï¡le resull:ant .oer.'-

fcr¡na¡rce cí these circ'.iits at'e as gocd or beiterr trran the

ccrrìmerciaLl.y avaiLabLe cnes; ccsi c er:ta-inly is lìlcr:e

f a r¡c ur:r kiL e .

Su¡nnarLzing then, the a'tailaiLe hard-';are and

equipment lJa.s:

( i) a. pu.rchased cheap ti"ansistcrized T1/ cairera
r,rcrking cn a 625-Lir'e t 5OHz r¡cC.e.

( ii) cn .l can, a 1 [tr valve f ì/ m Dnit cr 'dorki-ng cn

a 625-tine, 5OIlz rncde .

(iii) tLie u-suaL range c-Û La'0. csciLlc-qccpest
oscilLatcrs and measu.ring irrstrLlnenbs.

( iv) a Iiiriite d range cf I-C lcgic f Llnciicn
circuiis (Fairchild RTIL), a liniied range

cf transi st cr-q r and a i¡erY Iimit ed rarlg e cf
Iinear I-Cs (mainly 0p. -arps ) .

11 1 7 Pr-, I int¡ nf îv €t T rIimo¡l:, .ì ¡ r.'L¡

The DriginaL ircLicy f crr!VIDIOG.RAPäICrrwas tc use

existing cff-the-sheLf availaþLe subsystenso such as T'ú

receivers, Vioicon cameras etc r and iniegrate thern, 'rlith
the I east mcciif icaticti, int c a wcrliable IGC; bhis i^ras tc
restLlt in a very eccricmic system. IÌcr,,¡ever the lack cf
fund-s adcieo a rle\^i resbricticrl, ¡ss'Lrrting ia ihe purchase

cf the cheapest available equiprnent andrin the case of
tile eqaiptnent Dn Icarr, wi.trr tiie nece ssity c.i r,,rcrking ¡,viih

nct a vrhcLly suitabLe su-'cs¡' stem . Tlle re sult i'ias tliat
scme rncclif-icaticns t,c the eq'¿ipmenL were reilLiired tc'se
rnade; tiopef ull-y tire se Iter€ ic be Ìtept tc a minilritr.li.

Certa.inly r,.¡ith the €quiptilent cn Icarr minimuilr rncdiíicaticn
ha<l tc t¿e the cas,e, uncier tiie criginal c cnditicns cf the

Ican.
In the early stages cf el{perinrentaL r'rork this

policy r,+as sbrictL-v adirered .tc. Hc-u;s'¡s1' the sbage was

arriveo at ( partic ularly in the cheap f V carirera) where



mccli-í'ica'ci-cns r.^jere itrsu-.fíicierri;, ancl certain secticns
i-iaC tc be r.eciesignecì. Thus vali-iai:ie nlcrlths \,Jere i¡sf .

Su-bse(fue¡:tl..l¡ tLie whcle iI- aud /- clef ler: bicn system cf +;he

Vidiccn car er:a) as ''¡eLl 3.S the i;irning, had tc be redc'si.gn-

ed. irlot surprisingLy l:tucir cÍ' the repcl'teci expet'irner'taL

r,;cr'h cleais liith'r,nis âspect cf V-iaicDll carlìera Oefl-eciicn
Cj-r.cUit d-esj;rt. ThiS i.ias niacle tÌ're nicre neCeSSeIy aS TV

cemera.s beinE priraari.Iy c crÌine rc j-aii.r/ ;itanu-i'acturecj systetäs

atlc'subjectIcprcpr'ia'uryrigitis,l.hetechnica]-literatul-re
c¡ cafiìera circuiis is ¡rccriy ooct-iilenbed. ri'Iso the calílerat

h;;.virig beitig pLr-rchasecl e:<ciusively f cr biiab pur.'pcse,

( u-n}ike the Ciì-l cn Ican) , deve lcpneritaL \,i cÏk cn it cau|c

be carried cU-t. ,3eing bra.nsistcrizecL, ncoificaticns tc
it are easieÌ'tc make than on the valve-impleinented T/-
rncd.e CRT.

iìac1 time ancl f u-nds ailowed, tire cRI-ii- and, v-

deilec'¿r¡n subs¡.stems ,¡culo aLso have been rebuilc using

transistcrs. The tasli is nct tcc differentr ås bcth

Vicìiccns arlci Cill use rnelgnetic deíiectictr fcr ihe eleclrcn
beam,resuil-ing in very simiLar ci;:cuiLs in bctÌi suilsy"ste;ns,

the prine d.iiíererr.ce being scannlng cui'reni arnplibudes,

ì,iagrieLic d.ef Lecticn reCuire s c iri'renL sweeps prcoL;cing i;ile

Trearr-defLcctilig nagnetic îieIo, whjch :ilakes transistcrst
rather than v¿rl\res: the i<ieaL devices Lc irnpier;leni tiiese

circu-its.
AIscr âs rienticneO previC|]sly, triu-ch ci iile 2/.-

peri6e¡taL r,rcrk was pelf crmeii in o,etel'nining an acc urate

rne1,hcd. cf rneasuring CiìT clispJ-ay aiid '/iaiccrL cerÍel'e

clistcrticn; this i.esuLteo in the vrcrk cn iÍcire Fri-nges,

rnenLicnerl r'-lr. secticn 7 .3.3, and. in the atr'ached repritr t cÍ

a paper cr-i 'une su-'i: j ecc in Âppenoix 1 1 .

To swrnarize ihen, the €xperirnentai r'¡crk irer-
fcriied tc valioaie tne.feasabii-1iy s'r,r;ciy preseriLed in
Chapters 3-1A, can be O.ivicied iuic three üiain su'csec'cicnS:
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(i)

( -l-t)

( rr-r-/

Pi-lcl,oirretric arid electrc-cotical- rn€asure-

menls tc cìeterinine Ciì-L' pircsphcr-emitted
brightne ss a.nd persisianc e , anci phctcc ctl-
ciLr-ctivity rise and ieca./ i;ime ccrt:;i;an'us e1:c.

vicrk in rneasu-ririg Crìi dispiay an,l i V cariera
gecne'¡ricaL d-istcriicn usiirg j'Íc:-re .Fringes.
ilaro',,;are i:i,pleirentatictr lr.i' nigirly Linear
deflectirn cii"cuits (r,',a-ì-ril¡' fcr 1,he vridic¡n
caärera) anrl- aLsc cí the circuits menti¡necl
in Chupt er I in irnplerir:nting 'cJre tl- and V-

d-istcrtirn ccrreciicn circu-its, such as

pu.ise j-rrt€gretcrs, vcLEe.g,e-ccntroIIcc. mcnD-

sterble s 
.ano 

as'cal:le s ano sc Dn.

The fclLcwirrg sec'r,icns describe'chis excerirnen-
tal ncrl< and repcrt the results.

11 .2 it lriì
r\i Y.L IDA:T IO;; O.I J

1 1 .-2 .1 
--Ç-¡t=-T 

-!!¡¿Lrianç-g

Ihe lu.:linance and persistance ciraracteri.siics c-Î

tlie CRT iJ-pho sphcr uncie r e I ec i rcn beam e :lc if:at icn i s

usualLy su-ppLieq l:y tile CiiT rrialrufactureis in the fci'i:i cf
c u.rves shc,o¡n -in Figs.6\ , and. cccassicnalL-v in the f crn
sircun in irig. A.9.1 ( Ìr) in Appenoix 9. These iatter cu-rves

give, fcr D.fLf given phosphcr and CiìT, the value cf' ccntrcl
grid signal v,rl-tage rei¡.aireo. fcr any reriuired cutpt-rf

screen Iuritrance. Frcrn tire expression Lt.\ ano persisbance
cu-rve as in r-ig. 6\(a) (cr ,i'fg. Ã.9 "2) ¡ che acLual fcrn and

valu-e cf ihe screen luminance at any j-nsta¡rt caii be fcuäd.
ILle resuLtani Vidiccn phctcccnouctcr ilLt-r,litlance can thus
lre fcund r-isirrg exilressicii \.11.

Sinc e all ¡f 'che abcve data is availabl e -[rcm

the ilanu-flacturels in cile fcr'l¡l Jr anotÌrer', expcrilretii;al
r,rirk in tiris ¿ìrea 'î s sLipe¡'í'lcus.
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1'c r¡Ì€¿ìsu-rs phcs,oncr' l-uiriiiiaiice biiilciu¡: ( sectirn
).1 .3) is aitcther rra"r,Ler; Iuu,iiil.::nce bri Idup ctal;¡-l is cilly
prc,rideci fs¡ lcLl¡3 pe-rsisba¡:.ce pircspi:crs (2\+D ("lc'-r-¡;"

rnr:aning -qe yeraL seconJ.il .)u lciiger) : used- i:¡ lad.ar appli-
caLicns, a.n,.r'¿y itnpi-icacica,'¡l-iilcii;c is "to.i,i..t'uttl- 

L¡ be

cf sign:'-fica;ìce rirLy i¡i súcrl'r,ypes cí phcsphcr.'s, anú trcL

in l.7-ai¡¡-,i.ica1,icn prrosithcls. Tc irií:asr-tj-'e C¡ìi Lumj-1ance

buildirPr a ¡-rirc1;oi;ie{,e r i'iitlt speci¡ri ci'la-i'.acterisf ics is
r:er1u-ireC; tire ccst ci'such a ¡lnctlme'r,er i=q iui;-s-rl1g bile

l_imiieo f uricrs avaiLa'cl,e. Eveil tire s-Lirplesi cÍ' ¡thcLc¡neters
( e:<cluiiitg phctcålrapiric iigiit-',rebers) vrel'e u.iÌar.laiLabl e aL

tire Physics Dept. cÎ tiie University. Scne cÍ tLrc reouired
paraíÌie ters cf l;he pllctcmetÊr 1¡l3uid be:

(f) a very narí'oi^t arlgLe ci- viel'; (1o-2o aL rlcr-jt)r sc

ihat signiíicani Ii¡lirr¿.,nce is avail-a'cle in tire

angle ci vier¡ ircrn CRi screeíÌ eleire¡lLs excitecr
¡t siiLiuibaiecusly" ( say i,¡i¡iLirr 100,us) ; dj..r'ecb

ccntact prcbes vribÌi lii:re cpi;ics su3,gest themse-r-'¡:s.

(ii) 'r,he speeo cf respcnse oî ti.le Iiglit de'cectcr i'ri'bl-iirr

Lhe pitctcrneter need be De¿;iÍ¡;-i-rie iiiiii respect

to the fr.e.tite tit:re ci 4Oms, s-ince Í:iie sj-grrificanc
var.iatj-oir in lu-irìiûeifce is e-,li:ecLeri tc l¿e appär€nt

eve îj; su-cc-ossive f raille ti:ne, iricl-ica-i;in¿ l,iie i:uiic-
uil .

( iii) In acicli'¡icn the pirctcmeter w-rul-o n.eeu '¡c i:l¿ì',,¡J e

suiiicier:Li;' ac.ju-rete sca.ie , acct-t-r'aie ic a'c¡;it 1:t

cr bel;ter (i;licugh nct rìecessarj-l.y a linear scaLc),

(iv) The silectraL respcnse cf the phciccletectcr need

nc'u be accura-tely knc'¡rn: âs cnly the relative
apparent Iuminance betv¡een su-cc€ssivs frame times
need be kncr'¡n.

Such phctcmeters are ccrnercially ava.ilable (:\\)
b11t in O ur c irc ui:l St a.nc e s ¿.Lre prchi 6ll i 're I.Y e;{pensive

(> $ looo).



The approxirnaLe e.;{frressj-cu Cerived ícr lu¡rinarlce

iruild-up ( expres-qicn Ä.9.12) siicu' til¡lt 'chere is less tha.n

1OT, ccnt¡'-ibuticn d-u-e t,c bui1.clu.c, r'rii-il-e !-ig.ó8 j-nC-icates

tnat such a 1A% ( cr even z}ii':) redilcticn in Luu j-natlce has

negligibl e eff ect cn t he ci:pabiLity oÍ' a Vid-iccn cutput
sj_gna.l beint oetccted b.y the apLlropr.taiie signal ieveL

detecior"
i¡cr reasDn of ccsts of the nLeasuritlg.i-nstruments,

and the f act r;hat a TV proi ection tul:e t r€r-1uii:ed. in. the

final sys'uem, ldaS u-navailabl.e, measureittcrlt cí CRT ScreelÌ

spot size a¡rcl checks for the presence cf' defccu-ssing upon

dei'Lecticn, i,,,r€i€ ¡tot made.

such an instruinent I €sselltiatLy a nicl'csc,DF)e : i:ut

scnier^rha.t rnod.if_iedr r/J3ul_c pr.lnarily deterrnine the variaticns
itr spot sizes if alry r a.nci hence cnange s in CRI spct

luminance, Lunina¡rce being inversely prcpcrticnal ic spot

size fc¡ any given beam current. AIsc the pcssibilitSt cf
stray Virlicen Dutprr-t signals cculd alsc be explairred by

distcrted ctìI spcts (see Fig.122(c), (d)). The e-ffective-
ness of the clef ccussing ccri'ecticn circuiis ( se cticn 9 "3'))
cculd alsc be measured.

¿ )\l _l_c 3 tcc nci LJ I i,J 1.,

VaL-i-o¿iti.cn.

As f cr the t'verif-ì-caiionrl cf iLre CRT phcspircr

perf crmance, sirnilarly f c¡ the I'vei'if í caticnu of the

r/icliccn ¡;hctcccrLo.u.ctor perf crmance r reliance li¿i'd tc 'oe

pLacecl Dn puclisheC resuli;S e.nCI. rÍlanu-faci;u1rerSI d-ata' The

f igures usecl- in Ta'ole 4.10.1 , ve rifyirig the accu-racy cf

the exp:cessi cns 4.1 !, ).1'o f cr the piictccurre nt rise tinie-

ccn*"teni ano faLL tirne-cDnstantr e1.e aIi iel'.iv':C-:lrcm

manuifact,-rlers t data. The pe.rcentage r¡ar'-iaticn bef";eeir

calcu-lated. ând. îlÐ-rìu-fac;tiirers' resul'¿s j-n rncst cases is

within 2Oi-'. cf eaci-l ciher. Tire rei:Ze cÎ ilLu¡rinances îcr'

urtich iite Lirr-Le colisbarlts 1,^le¡-e e\ralU-ate ct, ttit'-5t írc:l SDi-ie

'lCCft-C tc ai:cut 1ft-C.
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lic i;u¿rl ej(lleîi¡;,enL:rl- setu.os tc ilr.jasu-.jle phcbc-

cur,renì;s; eLc are ij.i-ff',Lci:ii; 1:c achieVe. in'iicriconsr t.lle

cubput s-r'-g¡rals ¿.tîe du..e'i,c ihe phctocLr-rrei:.ts berng inte-
graied cver a iraine tirite arle tlience discirarge'J- i-r.\'the

inc-icleni clectrcn bearn. To separai;e cut signa.l eifeccs
due L¡ the phcì;ccu-r'i:eitt aíÌd di-le tc inc:¡.llpLel e l:ea.rn dis-
citargc:, tiie stcr-oci-cÌtarge cìiscirarge rueCjiranisl¡i liiu-s"-,, be

reol-¿lc eC- 'o;,r a.tl iiape,Catrc e-Le ss tr eIe c t-riii-'t eamrt . liL sc i'jl
the c crrtinuous pirct,cc,;rrent -i-c tc be tlcltitored ( j.e. f.o

verify tire phci,ocurrcnt curves as j.n i"igs. 67(¿-) e(b)), a

¡tcontinrrlu-stt circuit',;ith the pLrctcc oitCu.ctor rtust be scfüe-

hcr,v protrici e d.

tscth exp€¡'j-nents: nequire a sari;!:Le cf '¿lle phctc-

ccndu-ctcr un,1er clie serÍe càtitQ.1à Iens irnaging ccnditicns es

in the nci'¡ral Vicliccn, l:ut trith a seccnd ccn¡ec'¿ cn Lhe

scanning side cf the phctoc Dndu.ctcr, cf' tire saln€ f crm a-c

the sigriaL pLate contact cii the glass facepLats side.
This e¡rabLes eithei'ccntinu-cus mctritoring cí the cLrrrent

fLol.ring acrcss the phctcconductcr sample (i.e the nhctc-

current) cr €Ise ina;r pro,/ide lhe inpedance- less dische.rS¡e

path alter charge buildup Df a frame-t-irne ini,eri¡al .

SimpIe lab" facilities ar.e inadeo.ur:.te fcr prcvicl-i:lg such

a ccnta.ctr å-" ccnta.ci pctential must Lre aLLct¡ed fcr, cciì-
tarninatict of the phctoccn'Cu-cicr cn cÔniaci, Ce1;osit-Lcn'and

du-e tc ex;ccsLì.re tc bhe at:ncspllerer nlu-sì, be el-iminated an<1

so cn. Alsc pncicccn,Circtcr sanpLes are difficul-t ic get

frcni rnatrufacturr.ers. Ì,1easu-1'enlents' ort sU-ch Sailple's have

been made (z5Zr3:/o) and i'esu-Lts frcm thern, in ariditicn tc
data frcär inenufaciurers, irave beetr used tc veri-f5i the

expiressicns derived wiihin this bhesj-s.

Sirnilarly in investigaLing bearn acceptairce at

phctcconcucicr i¡pact, speci-al-Ly ccuslrucLed r''/idiccnil

tubes are usedr uitir an insu|ator rerther than a phctc-

cDnd.uclcr as ti-ie targetr'"vircse surf'ace pctenLial can be
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farieo, bc sii¡u-ia;e tiie rqLii'il3.C¿ i)ct¡':i.ti,i¿,L variaiil¡r o-u-': ì;i;

ltliCtDCJrliUi-C'; 
j-'¡ei-J", Cai;-S,::.-.r i:ì.;¡l'e ri St-Li.'Í'aCe CÍiAI':, e (25?r?)tJ) 

"

A:.iair: Li,esC e-.(íiej-'ilrreiii¿rL Satu-¡lS aT'C b.eyCilci Cu-Íl SìtOOe; b';t

thc repcr.i,,iij r::,.,riL',,s in (2:i?t 2i]J have beeti useC tc cbtai¡i
.rr,ô-¡ô.r¡r ¡.. f-i,';¡jg3, l- llr:åin Ð-CC€ptailc,e î}gureS in secLicfr 5.2.dV\:rc-Ër: ur u.;j.

P,e c entlf an unusural appLic¿iticrr Di e ViO.ic orr has

be en repcr'úeci (J)tÐ r c€r'ta-i-n a.spec¡s ci i,u'hich ai'e cf
cOns-io.ei'able interes'u tc crl ao,llicaticn. The Vi¡i,iccn

ca¡¡€ra in tiiis aírpLicat-icn fc;:i:is a pårt cf a 1',rDrì'rirtg ¡ncde.L

cf' a cilaraC.ier generator' -¡i'cir a La'rg,e Sel: cf cha.racbe¡'s ( a

seÍ, cf 1OZL+ Ja,ran€se chare.cters). Ljriefl./r a subset D-Û

Zj6 ci-ìaraciers, in a 16 x 16 rnatrix, is c¡riicaLL'¡r ¡:rojecte,.:
cnic e VidicDrl faceplate; tc seieci i;lre ar!crrpr'-Late cllaTrac-

ter, the scantrirrg bean is grcssly pcsiticuerl tc the reclu-ir-

ed. cirar¿rc'r,er and- a lccal linear raster Scan is rilade cver

that character, generatirig a vi-ce3 signal repre sentation cl
tirat char.actcr ai, the caîìera cutput üirich is then o.ispLayed

cn a stcr'age, CRT. Scln e 33O character.sT'seccncl can 'ce reaC-

cub, ¡.,J-Lt.h 3¡ns. asscciated rçii;n each cliaracte::; cf i'his,
1.5ns is requirecl tc "p"e-sca!:ttr ì;ile area associated'¡i¡i-i
tha.t particuilar seiecieci cìiaracter tc €raSe an.y reaatlenf

signal f rcir-r pricr-prci ecieO charac ì:ers ( írcrn the cther' 3,

16 x 16 cÌrarac'cei: niatrices). The cliaraciei' niasl" ccntaining
the set cf the 256 characters is iliurlinaie'j i;ith a Xencn

f lasn l¿lilLr¡ ( thre ÎLasir being cf 5ps ciu-rabirn,!) , and the

other 1. jrLts cf the 3,ns cycLe is required' for tfie read¡ulL

raster sc.in. '1he ncii-stancl-ard scan fcr eacir character area

lias a repetiticn rate cf 0.671<¡z i¡i cne direciic¿r and 2OKH7

in the obher (verbical-) Oireciicri; t¡u-s 30 scatl lines o€l:

characl,er are used. .F oL: such scanning rai,eS¡ â beam oweli

tirrie cf sorte 1. !us is asscciatect '*iitir each display eLeiiie iit,
'r.rnicþ is Scirre 1O-1, tilies 1-criger biran irl n:rinal 1-'I scanning

rates. ,Ç'rcrj t'í,t.'/3 it can be seen t.hat near-ccmpLete

char¿e eresur€ is acir-i-evecl under such lcüg beant rl'.uelL tiäles.

Of inberest here -is tire erainpLe cf a Vio'iccn
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illu¡ninatcd ì:J' ; high -l-u'..;ensì b;; fLash (;lenrr:i Í'Lasii ti;be

r,¡itl a peai,; Lu-[lirlanc e lypi caiI.y ci- i;ire crij-cr' cÍ 107-10) ii-i'
(27Ð) cf clulaticn cf sjcrile 5U*" ciily , antì r'e si-tlting ir:. a

reascnabLe arn;r:liÏiLde cuiptr-r" s;ignaL " (tn -uhe, ca-se cf
'ri,/IlliOC;riaFi{IC'' tire Ci.:f il-li;::iinati¡n is soÍle 'iO+ft-L rc-L'ch a

significairt iiiwiiinati¡r. cluratj-c¡r cf scne 1-2nis). .iiiiir iiLe

'¡¿¡Lue cf i.'-t-li-:;;.,ber cjl tirr¿ !¡itiiccn ie r;s Q=5'6) and Li:e

reduc'r,ica ma;.nif-cati.rn (ì,i=0. !) a¡ld ihe presell(je rí a seni-
silvered. ini::::cr (Ts=o'\) quc'ced' f cr tilat appL-Lc;':t¡'-ctL (3)Ð ,

and talii.ng a.n ncrninai yaLu-e f c¡' the Xeircti lal,ip i.L lu.irlinati cn
.ì

cl- 1O')f¡,-L(peaii), Lhe iLILtl:irla.c€ reachirig Lire v'irli-ccn

phctccctrducrcr, using e:{pressicn \'9r can be calculaLerL tc
be ci the croer- cÎ 1. 5.iO)îL-C . .É,I sc ihe "iiijic cn used wa s

^ --.. /
Ð"i'l nr-ir rri /¿ tclass I piictlccilcii.r-c bc¡') . tjsing [yp-i-cilL pa-1e-

meters lcr e 8572 as tn lable 4.1,i.1, lcr a. t¿acir plate

vcl_uage rtVSri cf sDne 35tz anO usii:ig expï'essicn \.t5 tc
evalL;-a'ce the pirctccuri:ent f,j-nie cl;rÌS'¡anbr r'9sul-ts in a tin.e

ccrisiant valu.e cf' x g" /ntS. Tilis ccrlpares ttQt! favcura-bly

uith ihe reportecì. value ci iiie tine ccnsta.¡.'c bìrus: "8ener-
aLly the phcl,ccu-rrent decay tirie ccnstant is very sLrcr*¿ I cí
the crcler c-f, cne rniLliseccnd¡r. Cci:.sidering thab exact

values oi Xencn Larnp Lu,triiriatrce are trcb gÍ7en, ihe agre'jlfent

is rievertheiess verY gcccj..

It is thus cDíisidererL inat Lhis aipplica'cicn gives

exceiLerit eXperiineniaL'i¡aliclaticn c-e tne expressisiìs

derivccl fcr.'ciie phcrccuîrent tiine cÐrisbants at ltigh iliu:ilj-rl-

ati¡ns anci a ccnvincirig deltcns.ì;r'aticn cf Lhe feasaibiLity cf
,VIDIOGiìAP,ìfC'r ir¡in the vi-ei',rpci¡r'L cí adeitru-at,e signail being

gener¿itetl b:,, ii-;¡hcsphcr ti'pe iLLr-r¡li¡aticn,¡itit'i n a frar'ie

ti.rne in'"elr¿e.l ci \Ons.

1 1 .2 , L Sc irrl i4i"*jf:-iec t i-gn .gp-:ig-9-¿il.ii-Li'3'iú-i€ir

As rrjenticnei pre viclr-sly e sci,rnici.i T / Prc j e cticrt
S5z si€i¡ 1,..râs unava.itabLe tc ccnduct e.rperimental wcrk.

Lgain tìte Îigures u-sed in the e;{pressi3ns r,','ittiin ;he feas-

abilitystucllzl.Jere'oaSeocn.theccrrparitivi:lJ,¡¡eLi-cocìjllìen.-



teo Iiteratu.r'e on !T Prcjeci,icn SysieíIls'

ccrrcerning the prriecticn oí ihe ciii luflinance
tc fcnrr iì suibably bri¿irL ciispLay fcr tfie usel-r trD prcbler:s

existr âS s;'s{;ens sirch ¿.,s the licA'L'i/ P¡cjecticn Systetil

r/,reïe spe ciíicaIl.y Oesigned lcr bhai pt.r.r;rOSe. ÁIsc nc

prcbleins exist in ,orcducirig aoequa,l,e iLlu¡,"i-illarrce -[cr the

Vi,l-iccn phctDcDnrjirc'r,ive t;ir¿;eb ; tne r:xisiiiLg ìrlacked out

ce¡rtral pcnticn cf'tne s¡lher'-ì-c¿l i'eiLecting ¡rrirrcr can Ì:e

rerncvecl (sctnei;i¡es ii already is (see Fig.6S('c))), tc ::esult

in tÌre ctirecb lj-r-Le cf sigirt axis be'cr,;een the Crììl screen and

the Vjdicon phc';cccndu-cbcr.

The in;oui:tin61 ci u.se].-cri¡iiriai€d g1¡.rphic s oa'c¿r

idouLd neecÌ ic 'ce derÌì3rìstrated. ei{iJerjiireribally. This deperrcis

cn'¡he fcilc',rÍrig factoîS¡

(i) Th

T]

ô Þ-i na i n'l a nf Ônl i^-'l lRor¡) a qr h.r I 1 t/VC.L
L
LDLI

Since in'che Scìrmicii;0pticai. System, light ra.ys

ccnverge 'cc fcrm real itnages (at tire vier"tintg

scree,:r) frcin reaL cbjecbs (at the CIJ scretn) I

and since the media (transparenb reår-;crcjecticrt
sc-een and intervertirig spåce) è-re c¡rticaLly
isctrcpic I cPtical lì-giLt ray '-cevelsa'oili'uy hcl-ds

( see sec'uicn 6 .5.2) .

tçr r/ hp n:;1.¡tra n fl riirJ- Phn q ¡r Sereen beinc at)

l,am'cert iìeflector.
That a CRi scre€rl is a Larnberi radiaLcr is
clearl5'derncnsti'al:ed by tile TV ina'ge bei-ng r¡isi-
ble irithcut change in'ortgirtness frcil aLl angLes

cf itirect cbser",¡aticn. li,a-b i-t i-s aLsc an

e-eiicient Lar¡'oert reílec'bcr .icr ilrcicient iigirb
is pÌi¡rsicaLLy evii.enced b.y bhe ícrnaticn cf
seccrÌi.ari"', teriiary etc. ¡'naLcsrr, cT' ringsrarcu-nd

an.f centL'al iu:til,ct-is sjpcl- J¡r ti-re C¡f screenr d-ue



( rrr.,t

tc ii,,:irc fr;ili surcir a cel-Li;ral- sir;c be-i-lg iriteln-
aL'Ll' reí'Lects:d 3j/ tire SLa-ss facepLate, anri

lience i-iici,ie t:.'¡ i;ack criLc tlle Ciìi' scr.een t c 'ce

- /Ìdrr*r,-seL-.v (Le:Ìluert) r'er'Lecreci ( see secti¡n 6 .i.3).
Thus ligili Í-r¡rii a IigJrb-errriiiing í)en i..'r'c j ecied
in tire r€r,¡,?r-s€ directicn io'cÌre Ciì-L'scireen-
eri-ì-ttecl ligh'u di¡'ec:icn- .,viiL, )n incidence at'che
CRI' scre en, be re i'iec'ced 'oac'l¡, ?er'I ti' bitis t,ij-i]-
l.:e refLecteu'¿ac!l tc fhe vieu:er scrcrjn, åncj rÌore
ir:rpcitantly, a part,¡j-Ll Lie reflecteri jrr the
clirectictr cf bhe Vidiccn pnrtcccutiL;-ci;ive iarget,
';nu.s iriseriilg u-Ser-crrGinabecr grapirics inbc tne
C PJI' -''l1ciic cn L cc;c .

¡'jr:al-iv. a L,j-
cn¿'.rac L elist-ic s ¿ìfid i.re rsis;i;:ilc c sj-,,-i-li:-ir i;c thc-se

:)r.' i,r-: e ,'¡...r'f:rf:':li'rlr is re :jüir':'j.

'l'he cnecry a.nd pi'ecticaL ,oei'f'ci'ina.tÌce c-f, c;ot ic
fi'cres is ¡,veLL irncrrri a.nd cl.ccu¡rented. fhe design
cf the ligni pën and f i-gure s used thereirt have

beerr dire c-r,l¡' basei cn ri'ranui¿icture rsr sp.':clÍica-
ticn sheets a"nd 3n i;he dccu-len'ued perfcl:nance ¡i
cpbic f-ii:res. LacÌç c-e lriictcnetric ertu-iímetlt ani
the inaLriiit;, tc r¡banp.s¡tt i,.tii¡r tne C,ìf screen ic
use it es a lighl scu-rce icr in:: Iighi per.r, pïe-
cl-ucie d bu-rlding a phcbctype pen.

ìric majcr d,iÍ'ficuLj:y i-s thus fcres:€n itr physrically
reali zltlr¿ the Ligiit Pen cr ihe Scmlo*¿ Prc j e cticir Systeilr in
the r¡a¡ner r€ -luired f crrlVIDTC'.rLr;lPiIICil.

1¡lhj-tst IitiIe o.irec'u erper!nentaL l.;cr,lc has been

carried cu-b in ihis area silecii'icalLi¡ f cr "VIDI0GììÄPiiICrf
aCequate experi-rrlel.¡.taL re surlt s obtainecj, ry cthers, and- l¡an-
u-factutrerstclaLa, cf ciireci rel-evence, e xists .t¡hrch can be

used lc ve.liciate Ì;he ma.r,hematical e;'::Jl'e ss-L¡ns u,sed. anci

ihe ot,cpcsaL s sug,:- e sI ecl 1, c ii:ipl-ei]terl'u ir'/IDICGiì:.,,P¡l-lC:' succ e ss-
fuLLy.
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EXPEË.Ii,íB-{'111\L ,¡iOili( Oii DISPL,AY LTi{,ìliRITY l,Í3rSUiìlli,i!.lll-T

Ç-etl-çJel--riçt¡-.-a*-Þ
Pricr io ob¡¿ining ati ecìer1i;ately Liriear CIìr

and Viiliccn ic rirst.,-it in a. stabie dj-s[riey, 'r,iie dis;tcri;icn
infcrrlati.on a.ncl heirce¡ tire cristcrticii cDrrec [,i-cn ilfcr'lrat jln
neeci be c'craitteci. Titis ìiar.s led f c i;iie Lilecretical r^rork

arid the exireriiile ntal trirclk tr val-iuaie it, cn ¡icir-c tÎringe
Distcrbion D€teriniiiaii3r-1. This ir¿:.s ireetr pi'ev-i-cusiy iatrc-
duccJ. in sect-Lcn 7.3.j a¡:Ld is mcre cJmpre¡ietrsi'rel.y relcc-L-tect

in Apperrctix i1, particuLa.r'i;' iit tne rcpritrt cÎ thi: pa-per

pu-i:Lisi.reC. on Ir:j-s l¡crk. r,iithj-n t¡lis re,ci'j-nr, is ncL cuiy
a seLf'-c¡rit¿j-necr descr:i¡lticn cf l,ire ì:ileor;r, bu{, lhe liIu-c-
r,r:iticns aricì exai.,ipLes sÌicl¡n cf ¡re'i.su.red Cìti displarv a.nci

VicLicc¡r scatrnecl area disicrtic¡rs specificaLly refer'bc the
CRT a_nd,/iCiccn canera- Utieer- ccnsidera.Licri. 'iiit-¿s t'c repeat

descri.'c-ing tÌre rleth¡c1 ancj- r'esuLts cbtained here'uJcu-lo be

suirerflcus.
In ariciibj.cnr sccbicns 7.'c,31'7.5,5t 7,5.'i1 7,5"8-

and A .ll .Lr.2 clescrii¡e 'che riletricd ícr encccr.-Lng ti'iis re suLta.rlt

disicrtictr inÍ'cr¡iatiou gr'a¡lÌrically fcr sub-serluetlt cecc'i1n3

þ,y the Distcrbicn CcrÍecii¡r':. Cir"cults. .or'cliÌ ihis it is
sr:r en t,hat jlol ihe sÐe rjií'ic applicati¡n ci lri¡IÐrCGi',*P'{IC:i

Ì'fcir.e .u-ringe D|,stcrtiin,ieasure¡netLt metÌrcds nct cnly ena.bie

clistcr.ficn of the CR'I a.nd tlie Vic'liccn caLijera. tc be rrleasured.,

but depending cn the i.iclre t-rin¡1e neuhcri- u,sed i:c l'rleesuï:e

this disicrticn, ine resu-Lt.-;rr]- ciistcrticn infc::na'u j chr r¡iren

ptctied grapiiicaLLy is, i"ri',,h Iitile rncdifical,icn, Di the

elíac t f crn re quir.ed t o Ce clrawn 1n the aiJ;sllc,cria'u e Gra.phic s

Distcrticn fnfcltla.ticn Area cn the CRT screen tc þe sLrb-

sequently d.ecccied. b:¡ the ailpi'rpr-i-a.te Distcrticn CcrTecticn
Circuit.

I Sol un f ¡r!ri/fDICG¡'.'ei)il-iCrr1 - <-2''f'.,::crii,reirbn1

Several aciciiiicnal l'en:arks cDnrjerning tne

Ítessu-renenõ setup fcr'r'Ì/IDIÜG'ì*rP¡1fC'imust oe riade.



In the- .l^ppenCi:< cf' 'che reprint (p,p" 5Ù2-5i>3 cf
the repr.in'b) i.t -r'-s st¿;ted th¿ib to n :-ttínt-ze par¿,.1-ia:< er'lrcrs,
virich l-eacl tc valu:es cf C-ispl¿-1r ciisicriicn'reiliS d.i.flfere¿ri

to tiie aci;u-::l- o-i-s'ucrLictr vcLi-,e,s, iire rrre-['erence transpar-
encj/tt clt r,;lricn tl'le ilei.'ereiÌce I-ines alle,:;îei'irr, neeC be

piaced in ccntac t i,;-¡-th iire CrJ scrîeen c¡r ¡rilich the eLec-

trctricalLi¡ i;cni:rabed i'ines e.r'€ cii-spLa-yed, Dr at l-east i;e

pLaced in sir-ch a r.ray as t¡ mj-n-iltLz,e l:lie d-Lstance i:et',¡een

the pl-a.ne cll i;iie i;ransiiéli'er1cJ/ :.nc-i. 1,he r¡pLaiie¡' ci the

-qc1'ee¿1 ( the screen lna..: tJ'? j ariC irivarl.abLy is, cu-rv€d. ¿nd

nct a plane).

This Leads tc t-¡c ei'íects!

(i) lc I'iin:r¡'Lz:e tire sepa.raiictt bettreen the Crti-

scr€err and tlie ref er'ance traLispãre nc| ¡ tne

tatiel" \,Jas trtcl-ltited inside tire irlpJ-csi¡u

,orótecticit -iace pLate in îr'crlt ci tne CRÏ screen,

b:¡ being sancl''"¡iched cett'reen tiris prctec'úi-¡e
f a.c epLate a.nd atrother Ðe rslcex sirr:et ( h¿.virrå

beirig previcusly been carefu-ll¡r ¡:csiiicnecl). lne
resuilt¿.nt se:Jtrill,icn'oeti'rcen ire tli,.sp¿lrency
arrcl. tire C-ìJ s:cre€rf ita-s Less inan O'5". iior this
particuLai" CRT under cxa,nittaticn ihls reiluLired

the withdr'a"ral- c-i the Ciìl f rcn i b -q ncu',trb ing s and

fr':ri the clell-cctiou anct fccu-ssing ccils, ea-ch

time a i1e1,,J branspalterìc.v'r'iâs -inser'ied-. In mcst

Clfr's, ncn-i'igid ilcr-.,.nbi-it¡1s fcr ccils are used;

mainly these rest on the tu'ire n.eclc ' In cur cas€r

thel¡ re st eci cn a ca.rci-bcard- t lr¿e l;hich suppcsedl;z

hacl a "';igii1,'r fit oveí' i;he C,:tI tube necl<; hcr,'ever

sc::js O'2r" pLa.v t'Jas cbse::reo. fhe '¡ithdrar'lal arlci

j nseriicn c-f' the CiìÎ ril¡.¡ed. the f ccu-s and dellec-
t-icn ccils scr'ner,.rhat, ¡.';itich neces-siiatec reaojusb*
rne nr eac,r tire ; ihe ef-'f eci ci 'cl:is 1.'Ja.s tn¿ii; Te-
prcdu.ciabil.ity c-f resui'i;sr 1'iäs a.fîe ctec..
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in iile RCA Prcjecticn TV-S.ystemr oc inrpiosicn
shiel-d is preseni; thu-s a secarate rncunbitr6 fcr
¡:lilciri¡; bhe I,:lci.r:e L.','ringe reierence transparenc)z
is requ--tred. ticr';ever tnc CiiL need uct be rei-novecì

each time a neit transparet-rcJ¡ is j-nserted, and

thus prcblerns cf reprcdr;-ciabitity d.o nct exis'u.

The seccnd pcint al-sc ccncerns the presence cf
pa::allar eïrcrs. The ref erence f re.risparency

c cns.i rìt s cf straight paralleL Line s rvh j-ch lie
on a plane; hcwever the lines general,eo cn the
CRI screen, ncninalLy paraLIel, lle Dn a screetl
r.rhich -is invaria'oly curveil ( except cbvicusly -in

f la'r,-f¿r.ced CiilS)rpariic r;.larly sc i¡i the case cf
the IìCA prD j ecticn tube (tc sa-tisf'¡ certain
oprical requirenents cf Schmj-dt Optics). Ihe
screen is €sssntiall:, spherical rvith Lire centre
of c urvature at tne c entl'e cí elec Lrcrr bearn

deflecticn. Thu-s uhilst the reference Lrans¡:ar-
ency mâ,y be in ccntact iii¡h CRT screen at tne
centre cí the screen, ihe soacing betveen 1,he

tr^;c diverges gc-ing arJay .f rcm Lhe cenf re, leariing
tc errcrs in distcrticn Jneasuremen'üs du-e tc
paralLax.

In the reprintr âtr expression is derived
( expressicn \9) girring this acided. apparent dis-
tcrticn due tc parallax. Frcm expl.essicn\9,
this additional 'rdistcrticnrr is

- As(x,y)
S+ A S( x,y)

tt A S( x rI) " is the separaticn beLr¡een the plane
cf the Lransparency and the CRT scree-ll

at thre pcint 'vrhere distcrtion is
measured,

lvhere
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rrSrr is the distance frcm tlie ceritre cf the
screen (where AS(x:y) = o) tc the pcinb
v¡here ihe resultant Ì'{cire Fringes are
being cbserved ( see i-ig.i 6 in Lhe reprint) .

Clearly tiie ois'¡ance cf cbserva.ticn ircm
the centre of the CHT sclreen detelrnines the

ap¡:arent tcial distcrticn cf the CiiT display "

l'cr ihe purpcse cl VIDI0GR¿ìPIIIC , cf inl er-'e st

is the effective distor'cicn of tite CiìT d.ispla.y

as imageci cntc tlie Vicìiccu phctccctiducccr target.
and thus distcrtioo ilieasu-rements [rLi,st be ma.de a.t

tha.t pcint'ç.;hei'e the Vicj-iccn target is expecteC

tc be r¡ith respect tc the Cìli- screen. Sitrce a

chctographi.c camera is u.seo'tc take tne I'harü*

ccpyl resu-Li ci ihe resuitant rlcire Fringes, its
lens is Iccateci at tire ex¡rected lccaticn cl Lile

Viciccn c anera lens in VID-L-CCÌIÅPHIC. Fcr t'he

1\f' Pïl ,icitì-bcr, bhis clisLance IrSrr i-" scile 22",
r;rhil-e Ícr tne cCÅ 5" Pr: j €ci-l-Jn CrTI, this
distance is sene 9" ( see ,.eig.8¡( b) ) .

The reccrded ì'1cire Fringes, gi'ritrg fhe

eff ective distcrtiDn as " s':enrr by the 1,/icìiccn

caiÌ,era, are tiien a result cf tne C.ìI ciisplayed
Iine s cn â c urved sc re en 'ceillg pr'9i ec i i:'L in i;he

line -cf -sight ( cr Iine-cf-r"'/id:'-ccn sighttì) cntc
the plane linear referelrce transparelcy, i,ihicÌi
j-s ihe ccnititi¡n re.1ui-r.ed. fcr Linearity neesure-
ment.

V rtic G Tn

Tc conclud e, Lhe circuit diagr:vn f cr thc
uVertical .Bar,r'generatcr r:c tesL CRI lineai'il-y isr incLu-deO;

it is shcwn in Fig , 129. l{c ttllcrizcnt,al Bar)' generatcr is
necessary, since rrhcr'izcn.f,aL Line str are a.Lread-.y prcvicieC
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by fire I'li,orizcnLal-r' îastet--scan l-ì-nes. Tc ci;Uaiii Vidiccn
scannecl. 3f'ea Iitrearii;¡¡, ve::tic¿.L ba-cs arc ¿-ccu-i'abely

rir:ir,rn cn a Í'Lat ì:card l'ihich i-s'uiien iüilgecl cnLc 1,he Viijicrli
piicf cc cnC.uc L c r-.

Briefiy tne geneL:a.l.cr cctlsisrs cÍl a Í'esetl,a'olr:

a.stai:Le ¡iL:,.iLivibra'l,ci' (r,tacì.e 1r'¡in t,¡c tLgOO b,i¡.t'f'er -inveri:r:s),
tlre reseL cr: Syrrcitr'¡ui z-i"ng puLse be itrg cler:ir¡e d f rcm I'he

ll-l-ine'OLanking itu-Lse (v¡i-iicir itseLf is clerii¡eC Í-r'¡in a

cr.ystaL-c¡ntrcllecl cLock ( secLi¡n 1 1 "6)) . The cuc.ilut

pulses, cf Ð. gi-ven ncminal- frei;usnc.,v cDrl'espcnding tc the

required verlicaL bar separat-i-¡o; are sJ/ l-rcirrcnized tc
s;tart lrcn 'r,he sarrie puLse e<lgerevery H-Iine. The pulse is
,jeriveci 'c)' the haLf cf Ette ¡¿L,91\ iu-al --input llCR gaie l^rilcse

irput i s sc Ì:iaseC. i:y the re sist¡r rict'¡crk and tlie ccu-p'Ling

capacitrrrtha-r, it fcrris a r¡pu-Lse nei:,:1;ir¡e sLrpe detecic;:'r'
(secii¡ri 1n,.5.7) ir:'ite ¡ssltllÛan'; pulse, ccrrespcnc.ì-ing tc ii-ie

end cí ihe ri-blank pulse ( and bhus 1,he beginniug cf tire

active ¡:crLicn of ihe Li-line) is f<':d tirrcugh:-,n Lrivertl-:'¿

uLgOO ìti;Í'r'ei' and l,he trigger tra.nsì sior '' ìì'. The Cuiy

cycl-e cí iire Lr¡c he.Lr¡es cí ¡he as¡abLe Ère Cel-i':a¡e1,Ly

maie une-;iaI (at Ieasb greater tnan 4:1) 'c:l Éj.pilrDlrriate

seiecb-i cn c-[ tirnini: cc:jlrJJneni vaLue s, so that ti-le trigger

^r¡'t 
cp ras;pls iile as:tabie ir'i a given lraif perL3çì-ri-ltla.mbii;-

|]uf_ùr

ucuSIy. ALsc iile n¿rrT'cit l¡utpuL puLses icrri illsI'e sharplf

cief ineci ver:ticai bars !rilen cl:r'- s¡:Lay ecj ( i:::r'bic uL a:rLy if
dynamic ci-of oc u-ssitig is siiLL pre:elit) .

Tlte cu-i:¡tub f.requ,encyr as in sim¡:le a-cta'bi'es, is
given bY

f 1

'i)
i\,

I

+R ) Lriz
L ¿

wltere rr-ì¡ rr.rtR^t' t;ake int:r accc¿nb 'cLic base s{iÍ€aoing and-
I'z

'case inou-¡:reSj-stc¡s cf uiie bujlfer ir;.'/crrter (.',1 enL -tL'

rc spe ctively iir iiig ,i2v(a)). ¡-cr bhe values silr',:rr ) i'îe
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cu.tput f re 'jiienc¡t r.arlge is ab¡iiL 2 - h'{!iz.
Trans-istcr ",Q2t'acts as a i:u.ffei. tc'prevent lcaditrg fire
cu-tput ccLLecNcr ci tire ast¿ì:Leran,i tire resj stance d.ivider
ab its er,rit'cer gj-,¡e.S tirc cclirect iripL;t a'; pLiiucie -Îc:: Liie

ctirer hal f cf the ¡.fL')ilt, 'urhicii, 
",;ibÌr 

tire cri¿1inal- ii-'c1arilr

¡tuise, r'csL.it s j.n bne cci'rec b pciarii.y bLanked vj-:isc 5ub-

put sigrral .ieeiing rìirectI.y ilri;c the vicli:c inlu.t c-f l,ire
CRT tc res;uLL in Lire "vertical- 'cerh Cis;pla;r.

.1 1 .\ t-rl.-ï ,, iìCtrIlI ,,-,ft. tr'- --r :l f^ -, :r I \/ r-5 I t : ì Tlrli | ï a_

-!-l-.-\, 1 -cl 
ege.fef

The reiiüireilen';s cfltIIDiOGil¿.P;]rc" oeinanci tÌlat
the resui'can't, CIt'I d.isplay be "¡-;ecrtetL:-i-c¿rL l.¡ stable 'i cIher-
l¡ise the ciispLay r^iii-1, after several il'arles, exhibiL
f¡inst,abi.l_ity,' by mcving D'Jt cf ihe vii:r,^ierrs sigit'c " tsy a
t'geDme'¡rj-caLiy si;aiiLe'ì clispLay is meant cne',n'here in
SU-cceSSive fr'aLnes, a given dispLayecì spcb is tL'vrails locatcO

at the sene Oisplay år€4. cccrciinabes, cl'at ieast is Lcca-

tecl r,lithin Ùi:e elenetrbaL area esscCiated tlc¡lin¿¿lly l';itir
ihat ciis,oiayecì spc'c. This re,luires thab 'r;he eLectrcn bea'i

clef'Lecticn in bciir ihe crrr arìd ii:e i/ll-dic cn be :

(i) L_igi.g.I , io better' ',,iran C.1fr say. fiiis inay be

achievËcL i,;itli a rrcmj-naii...!' I-inea¡ sc¿inning !Jeve-

f crm SeLera.bcr ( cÍ' say O'2i^ A'3n"!" scarrning

\^tevef cnr l-i-rrearib-v), r',rith the reilu-ired de¿ree cf
<i-is¡tLay lirieat i,;y cbtained by a.dciirlg ccf'recf ion
1^iavefDrins cieriveo fr¡¡n iI- cf' V- Disfcrticn
Cci'recticn Circuits oesc::ibed in ChapÌ:er 8.

rgf--iJtaitie . The electrcn bean oefiecti3n mair

Lie Linear but in arlOiticnritt successiVe scerrnitlg

cycLes, the scarrnin3 viavefcr;ls r¡ust il,,l identical
in ampliLu:Ce, siral-re an,L cu-r'a*¿icn.
ilcr thisrtfre re.tuireirients Lìre:

( ii)
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(a) a si;aÌ:le iiinitig; sDul-ce tc itritiate and

telmina'ue scanrlitrg cYcie s.

( tr) Stabj-l izLng ri.etucr'ks Lc.ni¡limiz.e cr elinir¡rte
scanning i;ar¡efcr,rr ampli'cu.cte vs.r'iaticns uniler
tempe¡'ature and -jDW€1 suppLy v:.r'iaticns.

(c) the relabiVe lccati¡tis cf ccnrpcnents, su-ch ¿¿s

iieflecl;icn ano fccirs cciLs, uith resp€ci, bc

CñT bu-be necir rr the Viciiccn nlusL be liept
ccnsLant, ctlieiwise d.efLecti¡n ccnCiticns ¿j-re

vârîieo. Tltis is of reie uellce perbicuiarly if
tire CRT need 'oe takeu ciri: cf it s mcLtnting s

during the it-iserticn cf the reference trarrs-

ilarency fci: ;.icj_re r,.r.inge Ðis'i,crcirn ì'ieasur.'ernenbs

(see secticn 11.3.2).
P-r'ecisicu iigs anC mcunLings ic lccaLe anC

mainLaj-n cciLs pcsiiicnal aúcurac.y are avaiiable
(3a2) .

Such relativeij¿ d-euranditlg requireLneni;s are nct

rnet in ccmmerciaLl.v avail-able CilÏ dlspla"vs cÍ' r/iO-iccn

caíneraS: J¡eb as meriticned pr:evicu-sly, Dne cf tiie a'j-ms cf
r'-\IrDIOGiì¡,räicilr.,.jas t,he r].se of cDnrìtercial equip¡nent in
irnpleiiientitr¡.; it. Ccnsequentiy in Lhe a-vaiLabLe ecluiorrienf

¡c implenienf-. r! vIDroGiì-ir.ilc'f incdificat i ¡trs, inciucìing scne

vet:y na jcr cnes, had tc be made. ijìrab sta.rüed cfí as

mcclificacicns was a.bandcned S€veral nicnths Iat':r and majcr

redesign of equipinenl-, i\ias iniiiateci. 'I'he reaScn fcf' tnis

i s b,rief lY ment icned bel cv: .

Irrsecbicnll.l.2,iheavaj-labieCiird.is¡liay
and. VidicDn cäíìera l,/ere'r:ri-efiy <iescri¿ed; 1:iiey are ínDre

f uily clescribeci. in ap¡lenr-iix 12, wire-r'€ sys'ceiri ani' circuí r'

diagra¡ns are given. 0n exa-ming the se , the di.Ûíic ul''..y in

meebing biie ¿bcr'e re;1ui1eiûents (i) a¡iii (ii), b.'i rilcdiíying
the exis'cing circu-ibs witL beccne ap¡:arent '
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0f 'r,he v¿lricu-s ri:qu-ire,lients enLuiera'r;eci aìlc'".e íc¡'
a I'geDrrretrica..il-y staÌ¡ie" dispia.v t.ir:: prire r'equileí,i€íli, is
siai;l e i,irn-Lr,g. f irL,j rig sì,i-gtì€r.is deiine l;ìie s't¡,tr'ü atiú b.t"t'-

nin¿¿ti¡n cf' ';ire scatlnittg 'o¡avcf ol'är s, bL;-:n"liit.lg sig;naLs eLc.

¿iuo inC.icaie Liie cis¡:la;' eLel:ien'c cccrcii¡rate s fcr'cctir'l;ire
CFII ana {,i-r,: Viâicctr. in nicst cf bhe ecciitrirt.ic tlLcsed-
Circu.iL-T,i s,y,stefiÌsr'r,i.ie canre¡a/Ciif dj_s¡rLa¡7 r.rc.r'k jn ¿. nasterr/
sLave iirc''J,: ¿ìs -re¡;ard.s i;imii:ig. The t.irni.n¿ si¡¡naLs, inuica'c -
1ng tjre sl;aru ancj err,-i oí] ì.,nr; äorj-z¡¡iCaL and i/ertical Scäns.

are j-ttcLui.eci irr the colltpcsite vitleD-sìi'i.tc. signai jlecl l,c
the Ciî ciisrl-ay; iiius 1.he dispLay is; ai,.iaYs j-n s.y'fÌcilr'rflisni

r¡iiit tnr: ii iliiccn carrì:jre. The shlrt cl' l-cilg-terill sbai:i1-ity

Cf tire c'¿-ii,eI'a. tinifrg ScLìrCe j-s pccll, ciieti, eS is 'uhe case

in cur CûC-1C0 cai:1,era1 bein¿ deriøe,j -frci;r a freely running
tarrl.,-circu-ii ¡sciliaLcr ai i-,he'{-scann-i-ng ireriueilcy
(l >.'62j Kr,z,) ; Lhe veriical LirriinS sip;naLsì are cì¡ba.ined

í'r:ciiL i;lie mair: s jOJz f le ¿u.eiÌCy . ilcr tire csciLLaIcr in the

CVC-1ûO camerar't,he shcrt-terra siability ( several iilinutes)
r,.,,as.ab¡ut +O.5,î,. The 1€;luit is pcJr repeabilì:ilib;,i itl fiie

Lccaticn c-f 'Uhe ;r-dj-spiay lines in Su.cces'sive f'r¿ì.¡ieS.

Such e Sj,rsbein -is telineci¡rra.ncl3tll irrtei:L¿'.ceo-tt (as egainst
tt2:1 irrieria.cin!;t' in -3r'caicast-T / syste¿ns) .

The ctÌrer ae ti,cri used, the sci uticn u-ilirrat ei¡'

aclc;cted, is tc use a staÌ¿le e:<'t er'¡iai timitrE Scurce, vrhicìr

ccntr.cis direc;iy the il- ald í- scanlirig cí bcbh':iie

carrlera a.rìd. tire CÀT di,'Ulut,;, f cl'ys'uaL-c3rr'ÙioLled cicciç is
used- r¡¡itir a freqilerlcy c-i # ,, vrirere A! -* o'152¡ss,

vlh-ic.h ccrres,:¡ciLo.s tc tne tirne -l'-ti't,erVaI ¿SSJciateii 
"^;ith

€ach ri-ispl-a.y eleirenb il- cccyJinaj;e irr t.lie 2AO x zCO cÌispl'"y

grici. tsy suibaì:le c.ligi'"aL Cir¡isj-cn, 'uhe ii..line atrcl V-f rane

timing pu-l s,:si can be ci:i;airieci ic -Lnj-tiaLe tlte scarirririg

cycl-es. T,r.re -"¡ates cf the írequtenc;" oivisicn ccu-ntef'S

oirectly indicate -r,he F'- anc. ,l- cc¡r'dirraLes and c'¡,her

tì-iriit.g si¿lrais sucii ¿js ih:, :¡i:;:r'¡ ¿,..¡:cl L¿t'1.¡, ìr'laf illÌ ¡f bi¿.iic..

irig signals. (see secIicn."t1.6 ¿ir].û f'jg.13'6).
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In tire TV cs_irera, ilie ¡j-scanning i¿r¡iic circi;.iL
cscill-atcr doe s ncL aLicl.v e_ilter¡r¡L 'c.r:J-;¿;.:r.ì_ir¿ç fcr sj'ilclirc-
nization prirpJ-<eS t ! e i: t,i-l+ sr-t-i:serlilerj; sc¿.itrtrirr¡ cii,c ¡_it
sta¡;es; requì.re as'cÌre.Lr input tire e,!rerrtiaiLy sinu-scici¿iL
:u-ipuj; s í¡c.rn ì:irat csc il-iator.. liiu-s scne i;irne i;iâS spr-:nb in
repLacil:Lg i:Ìie Lanj< c-i::cu,.it osciLi¿tcr' .lnrj me.tch_Lng t,ne

i^lâvêícr¡äs ic'¡itc ril ìi-ireo cnes.
Fcr the Clìr, Lhe ex'ì;ei:nal tirnin¿ i'nl:,lii: r:rcci-i jlj_car:i:rt r.;¿ s

sitn¡rLe €nJügh; '¿iie ïi- an,i 'v- iiirirrg ou-l-ses ,,rel:e fsd.
separateLy' 1t'ii;c ¡ileir ccrií:-circndinlr sc¿,.nninâ c:-tcr-i.ils as
slrcv¡r iri Fig .i\.12.2.

The a'¿cve n'icdificaticn scL-¡ed'r,he prcbLem cf
stable tirnin6, still keeping the pclicy cf nlj-nirni;ln alter-
aticn tc existirrg cf.f-the-shelf eiluipi'aent. ii¡lvever the
prcbiein cí iine¿.r ä- ano-"/-scannir:.g,.,raveff,r'íir-j strIL re-
nained.

Tc generate a sa.¡bcctil scanning cur'l'eni in a

scanning cciL cí inducbance L: tiie s-iitp1-esL sclu-tirn,
fr'¡r tiie b,asic .reLaticn

.,_Ldi.v-ã¿

is to keep ine vclf age ¡r !/r¡ acrcss rrLß ccrisierti;.

Iri the ceirìera, tiils c3risi;¿nt vcLl:;Ber -fcr tire
H- curreilL s\reep, 1^Jäs prcvioeci'itt the ccILectcL:-tc-e¡litüer
vclta-6e ci' a set urateo tra.üsisr"cr ( VCi sai) 'iuriiig the
sr\,,eep ,cericd- (tire transisirr ",iJ" ii: Cig. r\.12.!+); ricmin-
aLly l,iiis vcltage -i- s c Dr.istanb f or very Lr\E c t-r.rrelL'b , at scile

value O,2 - 9,3'{t k;ut in pï"actice, ii is ncn-Iì-rrear,
particuLariy ¿lt lcrrr cu-rre nt vaLu,es. Tire cLr-ï'r'i:ut sr,.Je€p

c)nsìeiiu.enily \tÐ.s trcn-iinear by scrrie 6 - 8%, pu.r'uicu.J-ariy

at iire beginning c-C eacir ä- Sc:3.if lj-lle ri/Ìlere tne s,reep

curretrt ives lci'¡esb.

lhe V- scann:'-¿tg c ur.;.'e nt
i'rcli the exDcn€ntial discitarge cf

"'/,ì 
r,r-'j-f Cflil \'Jg 5

a capacitor',
ierived-
tiie scair-
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ninß -,,,ia!¡e .lcnn îcrtiiing ihe ini. Ûial- se¡yrt,-:ttL ci i;he discili,rrge
(s¿.:acìior C"r &tiu rel;-LsF,ri's n-r r, ,- in ,i'-8. A.12.!+).
Àgain cite resulting i/ar/efc.¡Tri is ctrLy ¿rtt apj.lï'!){ilila'cicn to
the Iit-,e¿lÍ c3-Íie atlc again scann-it:¿; r¡¿ivefcr¡i' cisccrticn ci'

the ct'der cf 3 - )Íi'.tiis Present.

,3eariri¿ i-n rnir:cr tn¿it tlci onl.ir the scanriing

\,;avelclln tre:ci bc iinearizco., bub also pincusnicil and

barrel- di--"tcrtitn CcrreCtiou ÏrâVe í3rins and refllenent'
l a naly t i-c a L Ly - inae sc r:i Ì¿a'ul- e " C crllec t i ¡n t';avef Orill S d e Îi-ve<i-

frcin ì'jcire frr.inge iieasul:€iisrÌõs, neect be -iüs;er'lr:cl- iill;¡ the

scarnttirtg r';airefcrl;l tc resui'¿ in the Cis:,¡La,v lirrc:rrity'uc-be
bet,¡er. trian 0,1f,, it becane apparel.'t tirat the exisbirrg
scanriing ,.';avef crnt ¿ì€.ìera'u:rt's f,iere ¡riall:f Linsuì table. Scl:ie

attempts aE irtser'Cin5i Ccrf'ectir:.¿ r^lavefcrrns'ii,:T'e Lnao-e; being

relatiVej-y uftsltc€-eSful, these a.i'e tict repcrt,:ct- nere. .llS A

ccnseíÌu-enCe it ltaS Oecide,r Ûc c.oir,pi eÛeLy recteSigtÌ the

ViCiccn.''I- an<j. V-scanning Circuiis; the cn|;r ccnlpcnetrbs

r.etained rrere tire sr:aniiitig c oils IiÌJui-¡-Ì,ecl arJutld the Le ngf h

cí ihe Vicliccn tu'oe .

Fcr rea.scns previci.rsiy trcnLicrle,j., tile c.är H- ancl

j/- Scant-iing Circuits lrer€ trc¡ desigrielo) a1-tliou-3it thei'r:

design is; very simiia.r ic tne Vicii.ccn scafrni¿laì circu.ibs,

retlrr-irinil in the rnain, a.-cii ti¡nal current anpLiiie rs.

I I ^L+ ^? Sc¡: nninc Circu-i-ts Irr,rru-i relenL_q arii De si-¡,;n.

t lt 2-1 Sc t.j nin'r' Ci reLt iL R-: rtLìr'r:rrtanis

c j-rc uii s.

icie ni: î c ai- .

(l)

rhe rei¿u-'i-retrielits fci"
f cr ì:ot h the Vicii c ctl

t ire.r a.r e :

the tl- and V- scanning

cainerar ancÌ f '/ disclaye .?.T€

f 'r-ncLrcniz.j ne allfi'L,t-\¡
'lhe perico cI ¡he scallninÊ 

"'laveicrilì 
ìllus'u be

c¿,rp.a'cl-e cr' ;eirig iriiii¡:ieil e'ncl ler''iriabe',f b:¡

cx'celii¿;i uinring si6iiais (uerivea -ii'.llli a crys'¿a-L-

cctitrcl-iecl clcci<)'' the c.urabi¡n ci ihe i{-scan



,oerj.DCr is 6)+'.r*s, wit,i.r tÌle act.ive (di-ci¡l-ay í,ener'-
aticn) scan intei'val iieing 2Ll,u-s1 âi1c.i- tire il-bL¿rrir-

ing pe r:icc.l Ì:ein¡j lû.;s. 'f ile '/-.scan þrel'j-ci. is
2Oils, i.,ii'un the actiye scau inLer-,ra.L i-leing 18'[ìms

\,Jirile Ine v-b]-ank in'r,ervaL is 1- Zrits.

-Êc;.raic:=iü:-L-.r tir_JJrrecJJji- i s i, r ue Je -, r eJ
t;ireiÌ \-,. iii.

\ r-r7

( 11r- 
'

( rv)

(Ihis is. nci bc be cclf'u-seii. lvitrr
re sul iant /j.i *qpLty Iinear.ity ) .
The jligL;re cf O.3o,'" i-s du-e tc the
re s¡l i.ing Linearity rÍeasu::elient
in,sbrutüent ( see beLcvt - secì;icn

i; iie o'¿e r:a Ll

Liinil,a Licn i¡:
cf tfie rLreasuring

ì. ^ -, \rt.r.¿.).).

íi.r Ð il'i l-.r¡ ï-.n z?oa'nl. ß ¡ l-. i -¡ n r.i:ì t¡c í'¡ rrir .q

The cu.tpuri scannirig cu-rr'ent,íeo intc bhe ä-arrd

v- ciefLei:ticn cc-'i-is,ccilsists ¡í ine Iinear' -qcan-

ni.ng uâ-vef'crrri ivit n inserced. cDrrecticrr rÂrevefcf illst

generatr:o cirtsioe ihe -ccanning circu-its, tc
cDrrect fcr piricushi:n c.r'oarr:eI disì:crticn, an',j

t c c crrec t f cr a ny reinane ut rri splay di st crt ion.
lhese ccrr¡:cticrì rtai¡ef¡rms are generalec by

se,oarate iri-ncushi¡n Jr r;arrel Distcrii-crr
cDrl'ecticri Circui.bs (Cha:¡ie r 9).

rT fr C cirt rn

lhi.s facil ity nct cnl.v irel-ps tc pcsiiirrr the

undeflecteo. 'aearn at the ce¡itre cf Lhe ciiscl-a.Í

aï'ea, bu-t can be trsed as a t'finerr pcsiticn
ccnbrcl tc aLi¡.1r., tþe Crtl oispLay cpiic axis tril,h
respect tc the Tiiiccn scanlecl-area c1.ltic axis.

( v) Àr,nIibu.cr: ContrcL
This Í'acil-jty nct c¡ily helps tc adjust bire

ainpl-ituoe cf Lhe -ccanniag wavefcrn ano Ìleirce the

c}-i_inensi:ns cf the oispLay and scâirll€d areas, i:u.t

can be u-seo as a t'f inet' scanneci-area ciinierisicn



cDntï'cI i;c resttii in tire rcquile<i e:'ect 1:1

magniÍ'icatic¡r ra'¡ic i:ei,,.t'een Lne Ci1-l display ano

bhe Vioic cn scanLied area.

(vl )

T VI}J

t u.r ,_ _ I _-c rl :\':a e^L ì rlâ

n tc €rfrsu-re r.'eoea.ta¿il i i;-v"

ihe ii-scanriirig cu.rrent is to feed a il-scanning
ccil .'¡ir:lse self i.nciuctarice is f i ónrli ( series
resisbance is, ì+.1r. ) wnile the V- scannintj

currerit is tc feeo a,/-ccil wiicse seLf-inoucr;-
a,nce -rs j'j,6mÏI ( series resistance is 117IL).
these are the Viciiccrì caii\era cciis. ircr
ccrripal'isjJt-l.rseli-inôuctance cf '¿he v-ccj-L's in the

Cijl are 5"2 ur'{ (resisbatce beirig 8'ón) and ícr
the li-cciL-q: seLf intiuctance is 9'3 rllì (resisb-

arlce is i2.3lL) "

1 D <1

The above requj rernents deterrnine tc a large

d-eg¡ee the pcssiT¡le design apprcacìleS. Thus bhe requ|re-

tirent cf exi;ernaL syr.Lclt¡crrizing al-riIi-t.,q Ieads tc il'e use

cí pul se i¡tegrât,crs tc Seneraie the V-scanning sta-ircase

r,¡avefcriri cr tne II-scanning saut,ccth; the ci;r:ilut is a

vcltaii:,e ancL ncL a curre n't i.¡a'vef crin.

The recluirement c-1 exi,ernally generated ccrrectictl ldave-

f crins bc be acìd.erl 1,c the Lj-rrear sc annLng r,'iavef crns

Sugge St S the uSe cf Op-amp. SLILlrierS i 'cnUs Su¡tning cf
vclta.ge i^i¿.vefc:'.'ri s is us€d-"

The ce¡ltering ccnircL (e-ifectively peri-cri¡ed by a vari¿bLe

DC c u-rr,e¡t f Lcv;ing thrcu3ti the scatrtiitig: c cil s) can be

eff'ectecì b)' a varja.þle ùC vcLtage fr:d tc bne Cp-arnp'

suiÌtnler.

The reiluì renen'u c-f usÌ-ng a pricri specif ied scanning cci-ls

with Lhe girren inou.ctalic€S: tieterniitles tiie eu¡rlj-i;';ci'e ¡f
the requ-ileG ScannirÌg cui'r'erit iri tiie ccilsr ancl Chus



wheiþer ti.Le cutpu'; current frci¡ the rp-arnp cân be fed
directLy i¡ i;he scanning ccil cr nct. '!his last facbcr
cleterni¿res tlie reqUirerl cu.'cpub sL,irge cí fne Sca.tining

circrriLs atid is tire rrta.j-n reascll fcr tire rrif.ierei.rce

bet.¡een tire /- and tlir: il- SCannilì8 circu-its. The l:ea.SDn

is as fcllcv/s:
In the Vidicon, it is shcv¡n (e:<¡rressicn 11(f) in Appendjx

A.ó.1+) i;hat beam uef Le ,: Licn rrdtr is, 'uc a -f irst ap;orcxi-
maticn, frropcrticnal tc tire r)eflechi.rtg inzigrietic Îieid rrB¡ì

generatec| Ì:y tile scailning c u.rreírl, fIc'win3 t,irreu-gh the

scanning ccii.
'Thus

d c'< ! and d.- -< ts----x x- "v y

r^ihere ¡rd -¡r i s iile hcrizcntal- deíLectiln du-e 1.c the
" íi.id i¿i ihi: '{-scani'ting ccil, "J*",

t'd " i-" the vertical cìeflecticn due tc the fieici
v

in t he r1- sc enning c cil , t' BU".

The magne'¿ic field energy "tij,i" in a given vciu-t¡e t'V¡''düe

tc a fielcl t'3t' is given by tiie weil icncl";n expre ssicn,

i^r -1 Ê2 r/"l.f-p'))'v
where rt./rrr is the permea.iliiily cí ihe rneciil'¡n.

In a ccil c-f inciucLa¡rce ¡rLrr , Stl-ch a-s the scanrrii:ig ccil
su-rrcu.üc1ing'r,he V'iciiccn, iiie nragnetic enerty is giVen by

aricbiier weli ktrc'r;n €;"pre ssicrr t
I - 'Z*i"Í = L ut

r,¡he re t¡ irr j- s the sc annirig c l-l-r're nt .
Frcn the abcve twc erplressions it is se€n that

ts = K.idE
r,¿hele ttI(rr is a c cnsi¿tni,
ano- f urther 'clie beain dcfieciiDn is given b.V,

,1"d = K1 
"

Fcr naxirr ç:m deflec'r,icn,
rat ic cí sc aiitreC ar'€â S :

tak-ing ncte J! bnc Lrz3 aspect



Si-nc e the V- a.nct il- sc ann i ng c cil s are cÍ' a.pprcx-
irrateLl'' the sarre Lengl,ir anci <iia.neter, their errclDsing
volu.lne is rieeirly iden'ujcal. Uncer thcse ccndiiicns,at
maximtim deflecticn

r.i he re ttL*t', t'Lutt are the incaciatrces cf the H- a.nd

V-scanning ccils respecii.¡eLJ'.

il and ¡rL ( see secticn

Lti*f L* - !=, tu ["ujg

Ld* =3 dy

llfnserting tÌ:e values fcr rrL

11 .\ .2.1 ( vii) abcve)
V

i
\
)

l-r 5'r'Oj*:"7-
l'lo 9.2

In ac i ual -iac t ion"? 12Jnu and iyr"" a 1 JnA.
Ccnseo,uently f cr the V-scanning circu.it, tiie clrtiiut
current frotn i,he c,o-arnp can i:e used tc feed lhe scann-ing

coils directlJ: rvhiie fcr the H-scannj-ng ci-rcuit, a

current anrplifier tvith t::ansfct-mer ccupling tc the scan-

ning coils he.cl to be usedras the cp-amps available at
reascnabLe ccst r,rer€ inaoequate in prcviding this required
peak c urrent . iïor,,'ever c,c-elnps r¡¡ith this cutpÌrt c urrent
ca.pabilii"y ai.e ccmmercially avaiLabL e (316); ctliers, with
cutput currents up tc 5OO 6OOm.¡i, suitable ic dri'¡e CRI

H- and V-deÍ-lecticn ccils, are alsc availai:Le,

11 -) ^2 - ni rio' Curr anJ: T,in.,¡7 VU n ilv l,i pzSlr'rpnrent
11

Acc urate rceasiu.rement cf the scanning liavef Dï:m

prcvides sÐme difficulties; fcr example r¡hen cbserving
the sar^;tocth cu.rrent on a CIìCrany resui tant distcrLicn
cbserved includes the display distcrtion cf the Cll0



itself'.
The Ciì0 used. (DUÌ'í,J¡lI 765) !rä s a dua.l- inout ,

dual-trace unit l,'iLh a sulrming rncde fcr the tr,rc inputs
prcvided . Eacfi input has a rrncrnl¿:.L" cr ¡'invert¡r tncde

and thu-s sur,,rming cr: differ:encing cí thc tvrc input
signals are pcssi ble and, ihe rest,-li, cij-spLayeC. \vhen

ciisplaying any gl.ven signa.l by using eiiher ci tiie L'¡c

inputs in either cf tneir nlodes, fcu"r difíerenb errcrs
are intrcduced re ach assDc iaied v¡ith Jne ci' i;kre \ oiîierent
cernbinaticns. !'JiLh¡ur-L an exLei'rral caiibratcd standard.,

attd using the difíerent pcssible cclibinat-icns cf sianming

cr difÍerencing, it is i"rivÍal ir sitci"r tliat these errcr
s-ignals are inciivio u-al-Ly ino.etermiriabe ( iire oe tenninanì:

of the na1;r j-x gi,¡ing the eqilat i ¡ris L inkirlg ti.: crl'lrs ci
each ÐJss-lble coni;inaiicr.i is e.,lu¿rl tc zerc). .lìcl'iever

it i s lincr';n bhr¿it the surnmers ¡¡tld- 1,ile ilrpu-'s neitvcr.l';s

resu-Lt -i-n an eïrcr cf nc íircre thab !0'37,.
f n aci-i-it-icn, â rcf e renc e -1;i:"2 5'å'"';i ccth 'i\ravelcrr¡i i's

avarlabie f rcn the CilTr also cf sone +Q'37, Linearity.

There ere tl¡c ty,oes ci disi;criicn neasLtreflent

tc be rnaoe. One .¡hich d.ete¡'irijnes the sbsclui::l Linearit.y
cf the scann-i-ng sairtccl,h vavef crm sey, ana tile ctiler
,;lhi-ch Oetermine"s'uhe reie.ti- ;'¿ : 3I intrcciucc,l- tiisl;crt;i-cn,
betrveen bire sawtccih in cne pe.r't cf ',,ne circuj.t v.,iiil bire

anpLií'ie u sawl: c¡1,Ìt. say, itt "sDiIe cther par1" c-fl the circ uit '

Tc cieberinine Lite.: "absclu-{;e¡' l-inea.ritrr, 'ul'ie -ii*

sarvtcctii or V-sl,airca.se i.'': cDínpareci vri-th'che Cr0 reference
sai.rl,c¡ih ( ì:y cij-fíje rel:,cing bhe tr.ic) ¿r.nd the d.iff ereilce is
d-ispl¿5'sçi- a.ni rncasu-r.ed. ::-l-l fcur cci'ibiria.ticns cf neä--su-re-

menis are iakeii (i.e. j-lrout prci:e,s ¿re int erclizn¡ied atiij. Sc

are inpu-t pciar'1-ties) anci bhe avere!:e o'ifference -i-s used-

tc cbbain the d-li-slcrticn. 'Lhus Sc:lrnj-ng !iaveîcr¡n Ì'icn-

l-L¡reari1,¡'-iL; i;itert. ¡1ive il b,y



!.

iìver¿.ì.!ie d.iffer,cnce si5lnâ1. r< lOCi3

scatining lJevei'3.rÌÌ a,inpLi¡ u-Ce

In rncst case s this 1'râs r,¡itirin tne I O'JY, errcr limit cf
the CRO.

v'Jiren ccmparing t'"vc sirniLar i¡avefc¡ìns to
determ-ine dj-stcrticn intrcducerl cy the ititerlnedj-aLe
circuÍi stage;q, clle cf titc v''âu€fcrfils is fed'cc both CR0

input s a.na tire dif f ere nc e ,s j.gnal cr er. rcr signal is nct ed;

caII this ¡' f (€ 
1 

) " ; i'jeaily this shculd be zerc. Ti're

twc r,;a.veíci'riiS are then cctüpered fcr t.ire dj"Ílflerence si¿riall
caLl this t' f ( u2),,. l'he nett inLru.cl.u-ced cìj-stcrt-ì-cn r¡f (e )'
is the cìifi'eience betl¡een " f (e2)" ancl " f ( t1)" i.e

;'Tet dist¡rticn.- ' f(e) = {,(er) -f(et).
In appeararrce DrL a CiìO, ideaL or zelo linea::it;r

\,JculC be evi,ienceri by a hcrizcrLtàL line if the t'¡rc input
signals are apprcoriateiy scaleo-; oihen'¡ise, -ior riistcr-
ticn pre Sent, cï' errcr signals j-n the CP.0 in,ou-u circuiLs
or 5rr-mming-arnp being preserlt, ihe resul'r, is a tÌ bwJedl

line cf lengthr ccrrespcnding b¡ 'uhe scafln'i ng j-ni;ervaI.

The abcve ¡nethcd nas Iirnii s in acc uracJ¡,

v;itir the a'¡¿r-iIa'i:Le ecluiprnent, wáls the nLcst suita'ole

methcd ar¡aiia'r¡le.

l-rlr{-

l1 -Lr Vi7 clicntr V-sc¿in n i nr-,,ia'.¡efcrm Gener':.t cl

1'1 .l+ . 1*1--:l-ç-ruil(jtgi..L!s
The fnncticrra.I blcck cliagrari cf Lile vidiccn

I,/ertical Scanni-ng,,'iavefcr¡rr Generatoi' end the re.luined

tfuning signals ancj resul't ant -v;a.vef clms ha'¿e been given in
Figs. 106r107. The currrent staircase rrar¡efcrn has steps

cf 6)p-s dur"acicu, r^.lj-iil each step bei-ng genera''''eo itl
ncminalLy lOps (iire l'step b,-rilduLp'¡) and fcr the rernainì'ng

J\usr ccrrespcnciirlg tc the active cr clispLay intervaL cf
a ii-scarìning litie, iite siep i-s llevei¡' cr ircriz-¿niaL,



The 2t1 interlace required fcr t¡e Vidiccn is prcvidecl by

tire ti'-rting sj-gnals ( see Ìrig . i07 and section 8.1 .2.1) .
In aCditi-cn:

(í) the active -"canning inierval is o-fl 1B'Ens

duraticn wh-ile 1,Zms is ailorqed for retr-ace and

V-blanking. 'Ihe number cf 64us siei:s inribnin
1B'8rns is thus 29t+.

(i.¡) Scanning v¡avefcrin lineari+"y j.s tc be betber
than O .37'.

1 1 . \ . ¡ . ZJ.UÉS¡fe4!-a'Çi,-Dn
The V-scanning r,v¿;ve-florrü Senerabcr ccnsists cf

truc main 1u-t-tciicnal suL;sectiott.s ¡

( rrJ

( ii.i)

(i)

( ii)

The scanning current amplitude is tc be abcut
l JrnA ¡ 15i{.. Tiiu-s each sIep Lreigirt is tc be

O.C5lniA 3 O *OOf6nA, bhe ste¡r iieigirt variaticn
tc be prcvided- by att e;<ternal ccnirJL.

Cetrtering ability of J 15''i, cf tire scanning

amplitu.de is tc be prcuicjed.. Thus an externall-y
variable DC curreni of J 2'2JnA is tc be prcvid-
ed in the ccils.

the Pul se inÌ;egraic-r ";hcse 
inpu+"s are tining

signals iÐ generate a'¡clLage stair:case cf
ncrninal step height, and acjditicnal correcticn
signals frcm the Vertica-L Distcrticn Correcticn
Circuits (seciicn 8.1.2.1) tc genera.te a
ItcÐrrecied¡rstaircase tc result in Linear scâil-
nin¿.

clII ¡uinuL driver st¡:se c crrsi st ing cf an T! C

0p-amp in a special ccufigu-rati:n, whcse cutput
cri-::rent ctirecil;; cir"i'¡e,s tiie y'-scanning cciI. In
arlditicnrtite 0,c-arnp. ac,is as a suiit.:ìer fcr:



(i)
(?)

c crrecied ttf.ine¿.rü sLaircase vrl'ca3;: .

for adc.Ìi¡icttaL ::iii¿,lL vcii;a.g;e rv¿l'¿.:fD1-írs tc
cci'r'ect Í'cr ,oiücusirion 3r' 'c¿rrreL distclticn.
a varj-able DC'/tLtage ic orci¿itj-e the var'iaþie
',,1. ¡ e:' l.ari nr Cu-rreiib.D'J V v Ll U ! r !r15

(¡)

( a) Ìh:: -Pul se-.Inl:¡:,ir¡f.tQ.!.
¡teíerr_ì-l-ig Lc i¡i.;j . 130 t shci.iing tlie circ uib, i;he

pulse iniegratci' is f cL:iled f rcill the t¡'atl'sis't'¡::= Qj, .Q6,
í'eeriing ¡l-i-t cf,irtirJil the cellaCitcr C., ; the 'cran.::isbcls in
tirat ccnfigur¿rt,.i Jn su-ppI¡; voLiage-cc¡ii,rcll-eO ccilstaiit-
cu-rrerrr, pui-ses i,c -r-ncre¿rs€ tlLe vcii,tige ecrcs:; C-, it-t a

s'ca.ircase íasirion. fuD tr¿'ins;i:'1,cril are useiì, i11ê (;ì") ic
generaie ',he rr:t,iinal step hei¡;ht, i:i.ie cther' ( i5) lc ger€i'-

ate tire sinaII v¿iriabLe ccrr'ecticn cb''"aineci lrlln ì;iie'l-
Distciiicn Ccrr.lcLi¡n Circui'u s . f 3, ì5 åtÌti tr,ile c't;)acif cr

c. ccrresucitcì in irig .1a7 '"c the I'SJíri:lcIn r' ¿ncì tiie ¡t-Èu-ise
| 

_ llr r rÕ. , v f I

InteLratcr¡t.

The input tc Qr, is a 1o¡is ôuraiicu puise de¡'ivetl-

frcm a iì-S î/F (nar'1ie A fit:-, in iri:1 .io7) I t'rigrereo 'oy

crystal-clccLc'Jeriveci puLsss. (Iinring is ciesc¡iberj iLr

secLicn 1i . 6 ) . The inp'.rb ic t5 is e variabl-e our¿''ci¡n

puLse uerived -1;,.¡,ii arlc'¡h:r d-S Vr¡ (r:;ar'Ìce'i Ìf ';'-, in Fìg "1OT) ,

This i;uLse irrrl¡ieciiaiei.y icLLcws bi'ie i'3;rs puls€ in';c'Q3ì thu's

G_ and i)r oc rrci iiaye at en-y tiiiie :-rj-¡ri¡-l-'¡ane¡us irl.'rtli,3:.

títe in'uei'r;terlj.ate ,st¿i8es þe tr.';een the itipuis i'rilli 43, 'à5 bei-rig

identica,i, oriiy cne neeci be d€:'criì:ecl , 'u'it!tt -1ci: the i0ps

in,ou'b: SaY .

The 1O¡is i.)itl Se s cí sc,rle 1'8'[ ( îr¡ln r"airclij.id-

Þi, g2/3 li-g ¡r/i,') -j-s bui-ie.recj b., tiie eri'iÛ'ier iciLc'.'rel' ?¿1,

å.iri-i irrve:t eii JJ :¿2. lile pu-Ls;e ar,i,llitu.iie is I,i:rlii,ecl þy ''-iie

Zetet' o-irci e ò,;1 j n seri':'s r''¡itil bils lìi dicoe )32' Tiie

vct.'ri.,¡;c " t;' p",t nenti:o at ';he base cf ?,2 due Lc an i 0;;¿

'in;ru-r p'-:-lse is iiiu-s
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V
D LV oztV A v¡sz 11 .1

1i .1(a)

.l I .¿

,11.3

r,.¡ he r e " AVDZ1", t' AV.¡;SZ" e.re the vr1-Lage circps acï:Dss

each diooe r.*hen ccnducti-ng.
t' A VDZI + AVDS2t' is essentially e ccnstaut
value.

otherwise v¡hen there i's nc ou-l se input ( du'ing
the II-Line scanning),

v,3 = vcc

The va.Iues of the enitter and ccLlectcr resistct::
cf QZ are sc chcsen tirat the thermal ccefflciant cf the

Zener clicde vcltage, " d ATDZt" is ideaily zerr.
d:,-"

The ernit t er c urr'etit cf '13, cìuling the puI se

inpub j-nte r-¡eL t' T,.t' is

IxQ
(ril tf,nn

ö \.1 R
V ) - v.,...:t 43¡

Þ
IL

Sui:stitutir-ig r'cr I'VU" abcve

ú,à3

TL

I (TR) = Aú¡zl + a /osz uut,,

iQ 3

¿ 
(At[,tzl) d(Å/i-,s:)

j\.

3

an expressi¡n ind,epenoent cf r'7^,-", ti':e suppL.v vclLage.i.t- ,

Iestitrg fcr temperatu¡e v¡riaticnr r€su-Lts i¿r

dr.. (L)
t'lz. Ã

d r'c
L)rL-r -

-rr { d^ rD d lc
L

3

+



AS tlie cu-¡¡i:rii" lhrcug.h tlD tt \,!rs r,irlc:.rll tC nl¿,._ez1 vvqú

¿(Atrzl) ilni-ie fcr a Si ciioCe cile teni'oeratu.re
d,iJ 

c

ccefíicj-aLit -j-s tearL;¡ iaq:nticai r'¡ thaL in a Si tralisis-
tcr oase-erribr-,e r ju-rictirn, Lhe aÌ-ir,¡e expressiotr 1i .\
is aLsc inrìepe ncletrt cf t"en¡ieratD.re 

"

rhe inverter' ,4- ivith '¡Ìre Zerier d-ic,;e/.*-:iiiccn
dicoe, efi'ectively ccï'respciuj,s tc the u¡tit La.i:eIler.
rrCcnstarit s1:abiLizec Levei Circriiirr irÌ rì'ig "1C'7.

t,/

b hen

.D u-ring

val ue .

'cy 
¡

Since Arl¡52 - VjjÇ,
j

r;;,(t*) - ù'Iu'+J- ";') -i- -
ú 4-r)

.11 .5

.11 -5(a)

The tr¿."nsistcrt Qj, Q6 are each ccunecbe0- in
tlc Dmmcn ba.ser' , arrd ihe cubput inpe Ò.anc e as seen at each

cclLec'ücr. j-s extrernei.y hish (seizerai ilegclirris) ; each tran-
sisicr pi'cvides a curi:eni scu.rce, tire cntput ccLiectcr
currenl, irei-ng nearly inde:iendent c-f bhe lcacì, iû this case

capa.citive. A3, ,ì6 are chcsen ic have a iiiEh current gairr.

.sc that In xlr. (t'cl the tri.rsistc-rs, ì, = 4,a = 2;i-?ùr2
Vü2v

h.^) 1tr-l) .
IC

Thus

Ài/.- -,,
D¿, 1

R-
ù'-j -")

t. 
'r( 

to) É

;tuise in:ut, I,.,., (
"\3

He trc e t ire vcl t:ig e

t) is constarit at tne above

¡tcrcss ihe cai)åci-tcr C. is gi'"'en

v=L
C

j-_(t)d.t = ai¡,,.,. - + f^. . . .c- JL," u
c1 .'tE; -')

in-riial cAeT'L\e rit the capacifci'.ll ì c iÌ-,o
I ç U !l !where ttV

D

.l I .o



i'then pu-Ise ì-npub l-s zerc, " u" remain s at it s ner,,J r¡a I u-e:

L'l u,zj .T
R .11 .V

ì-¿

)t

Assuning ¡h¿:¡ at the sL¿r'i; cf ¡:ach neH scar:rriir:g cycLe,
V, '- 0 i. e. the cepacitcr is f uLIy disc'ne.r¿ei ( by tire
oischai'ge ci¡cu.ii ¡:rc'rioeci 'oy i;he P- j uncti¡n ¡-IT ,ì3 ,ì ,
the a.rnpI-ii:iiie ci'tnr: :re suLtant sc;rtling vci_tag;e sbaircase
at bhe end ci the i/-scannirrg irrierv.:1 iu,

-- 
- 

ll .v-v-1-
c

'I^".*

1
I

.',,1Ìtere ¡l hl¡!r

ürj' :r*R

= À ""I ,,, . ri.T-tl-t iì ' ¡ '11'-/(a')
T-:-t'j ""1 .r-

J

isthe nu;itber of siaircase step-s (=291¡)

is tr:e EL:r,e interval ci'r-ne cu-rrent cirarge
trcrninalLy i 0us) ,

is the vaiu,e cf tne Zener vcltager (ncmin-
ally at 5'6V).

" avDZl

"Vn.,u*t' is chcsen tc be 5V ¡ sc birat at "'/rru*",
uitir a vcLtitge su-Ð,oI.,' VCC = 1\f (tire reccrnendecl ¡¡cLLage

su¡rply rail in the '/idiccn carnera), sufíicieut VC:; exists
(abcut 3V) tc have d 

-,t,?J 
= Or. j-.€. Urrl_ clces nci vary

dG 3

rvith rrvl'.

The val-ue cf C1 : is ch¡sen at O.33DI ( tc prrvide suf f ici*r';
ly fast di-scirargs ( se e beLc'.v) ) " Sul¡si,iti.:-Ling the al:icve

ncmj naL values in e:{irressicn 11 .7(a) rcsui ts in

6
ì)
1ì.-1 . ,il 

"J

L{¡tr,l 'o ' rR 5'6.29)t.1c.10.-
7 \r C.iiâX. I 5. 0.33. io-

= 10K-fL
b

¡-Dr fhe inpul, sbages Q!, Qj, and ihe ctirer hralf
of bhe Puise Integra'ucr Q6, prcviCing fcr t,he Viclicon
Vert icaL uis-'play Cirrecbicn, i,ne varj abLe ouratiirr incut
prrlse cf 1¡rs,naxirn'L;iii curaLicn is Lc ccrrcspcna tc 2ß cÎ



the

rI-.-, -.
-1 -¿

p Lrl

staircase s'cep neígirL ( see secLicn 'i.5.7) .

, ihe erní tie r resisbcr cf iì¿6 is gi'/€n 'oy t

henCe,

R-.,,16
ltr¡ I

a.2

AV¡z¡ " n. 'i0 
"10- 1 ..lo-

6o. 02 Vinur,.Cl 1Q.10-

= 50üfr

i{ sllr:.ii tI,jrni'ner re si st cl-' j-s thus i'e r¿lJir'eci iu
, i;c, ¿rd.i u-sL ibs vaLu-e sucrl th¿rt a. l jts .i,uration

e i.JiLI gerierate exa.ctly 2"i" cÍ the ncrtritlal step l-reight 
"

¡-ig.i31(a) shcws the actu.ai reiatj-cn-qhip iief.¡ieen

¡:uLse ciu.rati¡ri and resu-Ibant stap lteigirt, c3mpared üiuit
the j-cieaL vaLue cf' süei.r height baseO Jtl n¡inil¿'rl vÐ.1-uteS.

i,'or a T'tr stairca.se vclta¡ie crrtPu.t: t';ibh a 1'3,us llul se

dui.atí¡n and 29\ ste.us ti'ie ncr¡inaL s't,ep height is llrrt\l .

.lhe cu-tput ci the iniep;ratcr ( ai Lhe ccrnriDn

ccll.ectcrs cf 'à3, aO) cannct be fed. oirectLy to the cu-tput

stage (bhe cp-ari;p) as tiie input iml;eiance- cÍ tne cp-¿ìrilp't

althcugh high, wili prcvi,je a discharge pa.th Í'cr the

cepacitcr C1: ',''ith the resält thai the staircase vcltage
.¡avef cr¡¡i r¡-ill e>rhioib a. ilc1rccpil cr ncn-rinearity. if t'zltt

is the nett discharge iri,pedanc e in parallel v,'iih c1 : the

percent o.ecrease cf the vcltage acrcss C., is cf bhe crder

cf AT_ , if O't., 2 A T ; A -ll is the sca^rÍ ng ouraLicn

Rlc-
I

cf 18'6ms. rtcl' tire percenL decr€ase tc be l-e ss f hart O'1ß)

d,t'> 6.lOTn- T'r¡e iuiput cí the integratcr is tirus buff eL:ed

bl'a unity-E;ain IIC vcLtage-fcLlcuer (l'i,i joz) rcith arr

input irnpe oarice cf sDrrle i o10rr , satisfying f he abcve

requir€Nxent.'ìeingesserrtiallyancn-invel'iing3O-atnpcf
unity gainrit exiribits negligiþle -rtave-ecríl distcrticn.

The ca.pacltcr cl is al-qc ccnnected tc a simiile

C.j-scbargs si îcLiit, ei-'iecl. i'¡eiiy a sil;:oLe P-cii;inrreL irji



( Zi'l)i 36O) ¡ r,,rhicir is si.¡itclreri. cn cluring Lne \r'-bLan{,,; cr
V-reJ;race 1.Zrri:: inie ï,,í¿.L r¡_i_a tite ii:iysi:.tc;:: *T; cru_ririg t¡e
aci,ive sc:tltiiitrg perÍoc ci 18'8irs -!b j-s cÍ'î. r)u-rilt:l l,iie
'ì."¡Í'f"rjur¡;ii¡ri il,n r:'l'. (G) cf tlie i'::)r bcini ai; '1.^ne,i trllu\- \J./ vr

JVV

( t \'l¡ , i,illiLe tiie sÐìr-r'ce ( S) is at scLû€ icue :: vcltage '' v''!

the pcssiÌ-ii-i.c.1' cf Leaitage c urleirt " ICì".;S," f Lcl,ring ano
chargin¡; Cn, e;:js;ts. I{:i.;ey,:i'ih is l:;,'oic:lLiy ir.,. titc ren¡cl/
cf a u.¿{ aLro c:l-n be ne¿} i:cieo. SiriiLa.rLy l-eaÌ.ri.ige currents
ttI.-.,.tt e.nq l,f tr : '- r- .^ t-r,ì,.ci<lr'. ; lz Cât.t aiS¡ b.g¿Uù jCS l-il '., ll¡:j trlú.:LrIìL/J- .ij, ,O

negLect€d, aLsc i:eitrg in trre ra¡Ë,e cf rìi1 rsj.

trhe n ihe ,-{'jJ'-l' ¿ôt is -f uLiy" cri'riur-ing lhe re Llac e

pericci,if appears as ¿ì resistatrce c-f sìcrne 3',A9 Ì;e [rveen

sDÌi.rce ( S) anCi drain (D) : discnarging the ca¡-r¡.s-i't cr C1 :

i";ith resrLltanL ¿ìssccicl:ed tirne-ccnst:ìrrL cf scne 0.1ms.
Sirrce ivitlL.'-n ) tjnte-ccnsiants ail exponet:Lbiål disciiarge
decreases tc Le ss iinn O. 01% cf j-ts initi¿rL value, tire
1. ?-tos allci¡ea ícr ve ri"ical retrace is rnojre than aceiiua.te;
capaciücr C, thqs crischarges tc a z?Tc vci-tage v¿il-ue eacir'l
scatiiiing cycl-e. T'iii-s is the rrD j scliarge Circt-Lif;r', Lai;elied
as sucn, in irig . 1O'i ,

Litrearify mea-eur€nents shc,,¡ ârL cvera.Li linealii:y
ui¡hi-n ihe Q,if" errÐr cí the C30. (Tiiis i-s '';iLir¡u-i tne

variabLe ccrrecticn i-trpi;L) . labi. z 5 csrnpar'Ês bire rlcminal
perfcrrnance îigures lJith ihe measu-rei îigi;.res arid si:c'¡s

the exc eilenL per'Íc,r:nenc e ¡-e che Pulse Int egraf,Jr .

F-ig.131(1t) shcws the ouIpu.t ',;avef crin.

( b) The -9ii.r;g-uL-D 
rìre-r ËJaqq

'lhe cuLput stage ci' 1;he ''v-scanr.iing circu"it
ccnsisis cf a at þaC IIC O[)-¿líjrir, (ccrre:pcriding Lc
I'Ad.der 2t' in FÌ-g " i07), ccnnected in the ccnfi3.u-raticn
sitcun, wiiicil tnakes ii a vcLi"age-tc-culrerit cJrLverber. ,lt
j-ts inoui, it acis es a s.J.,tiiier fcir:

(i) the vcltage staircase fr¡rc the pulse integraicr,
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rvhich i-nclLroes tire Vidicen -r/ertic¿rL 
Dj-s;-,1¿-v

CcrrecLicn, "l/S;( t) ."
( ii) a. vciiage t,,;¿avel¡rrn f cr pì.ncusiri.¡n cr:' Ì:arrel

( l¡": €ile;:u;ci e lse-.r,terc ( seecii st cri i- cn r' '/
^t(ì ôr¡ l. ì an ..1 r:lpçv rr!rrr /.

p

)

(iri) a variai:l:
t o prc v-ì-ce

T hus
\rr(t) =\u',,('c) + vp(t)

This sL:¡r;r,ecL irrpu-i apÊ)eårsì in the

a. s a- sffi:ir.:11 scatln:'-ng c ur'l'€liL .

a
cII

I
u

tC vcli,age f'rcrii a 1;c'uentia.l cìii¡irier
tiie i:e:1üired cetri;ering crntroL, "VC"

+ '1., .1 1 .8

veriicaL,ief'lecticn ccil

ihe V-cefleccicn cciis in tne circu-ib, f'r¡¡l a-il

circUii-¿nelj,'sis vieilpcint ) c'¿.n i¡e cCrisj-.iereo aS par'C cf
l,he cutpur-t impecLaiice cf t,he cp-arnp (ihe a¡:pr:;acir Laiten

i:elo,'¡) ; a.lrertrü¡,ive1-;v 1 f;he- r'e su-iiing rrcltege-ic..c urrent
ccriversio¡r can be ccns j d-srsc tc be c-ue tc ihe Ithe¿ì-/yt'

f e e,lbacìr le si si ¡r r'.L-ìLrr .

Ir- is simple encu.g,h t c shrr,,J ( see f cr exarnpLe

(3ltÐ tnat fcr an.cp-amp ccnnected irl the matlner shcv,'n,

R
V

Þ-

RL

the cu-tirtit vcltage "Vrt' is given by

a
a,
a

aa

iT i¡
V - -V

r..
Ir

(
1

)
I

.11.9
D

ì,rI'
D
I\ 1 +)7

Ri , witii rrirrr being 'the Lc¡;ci cu-r'i'e riL,

in -Ao

RF
<-

F

r';here

I



and

where ll 17
lJ

ûz

R
+lt 1+

^)
+ 1 +

D,.F

='L¡ .11.10

.11.11

.11 "12

T

in
lr

l¡

A 'z 
au-t

"Ë

is the irrpr-it imped,:irrce cf the cp-¿.mp

( idealLy Zin* * )

is the culput impedance cf the cp-allp
( icìea.lL-v Z,roro0) .

is the cpen-locp gain cf Lhe o,p-e.mp

(idealLy o"* * ).

cut

ll 
^ c

AI sc

The

rr,
¡-

T-I
D

¡¡

rt +I D

lJ;*
IL-¡

1 a+

If An0t Dr is negtigible , then frcrn expressicn 11.9)11.11t
Þ
¡q

Rr, V1I
a
IL

r+

1+
o

a ¡
1R"L

i. e. the current 'øavef crrn cut cf tne cp-amp f'cllcl¡s the

input vcliage r¡avef crm " VI( t) " .

If an impedance is inserteci between Lhe cp-eiìlp

cutput anC. the juncticn cf "illrr arld ¡'iì¡.r': it eff e ctiveLy
beccmes a part o-fl the cp-a,:prs outpub impeo.ance a.S far a.s

analysj-s gces, subject tc'che abcve expï'essi-Jns.

For the uA -li¡jÇ, t.ypical -¡Laues ar,e

A = 40.loJ
c

"n 

= 1'5 '1o5 lL
Z -.-. ,= 1 50 fL

Ð u-c

scarining coil has L = 55'6 mlì arr.i ff'a = 1i-/'lL'ì\1 arld RIr
he ni ghe st . f re quericY cPera L-

ere t'Trì" is 10us, Lhe steP

ccll irnpedance is cf the

3¡dr:í' c]l ZÇ'1-n, ntahì-ng "2",-,t," e f-f e ctive ly 20KJl . " ittt is cf
the crcier cf JOCJ)( see beLcu) . Su-'c.stj-iui;ing these val.ues



.,

in express;ì cn 11 .1':-ì r'e::ul-i:s it-r ¡ *,O'01 5 he ttce the current
st;e¡: bu-iLd.up cbeys ihe e)'-'pi2ssiin ',1.1? v€i'¡r nearll.
ii'Dr' 'ci:e cverall- sb¡r.i¡case cÍl c]utrai;:r-c,t i 3'31,,s; (:.rili ltcilce :r-Í

fre,iuenc,{d ji;-z). 1\ri.rcre flsríÌlciij-cS beycr},-', the iO'¡ii need-

nrt Ì-le cDnr-jrrle i'ea t¡itcil cf,tlsioc'.:r'irig ij-,:i:¡i'ii;-v, lt e impec--

a.nce c.i i,itc cri| aL 2Oal'z resi.il-[s )-rt,o-øC'OOÐ'i" t-itus,

ncr-ing ';i-'rl; "I = lì., iiii- (:;r-r'r-'lí;u t'If ( i)" r.ilrluS,r tile
sc ¿.r í.ìn i níi c cil i s 6iv: n c.-Y

r.( b) + itl

-LrL:,
1'

¡ ¡/ \
I I I tl t,

. I ¡ a ¡ ?- \ L.(/

lrcr a. /.. ( t) * 5,f ( tl--,.e ;oincu-shir¡r cDtl'{lcii¡li -,"taveiJ¡l.rti
-t

aiiipLituce Ì:eing cü1-¡' scine fr:r,; i:rii'3.lni cf 'r', (i;))r.:,itO 3 re-
qu-lreiì "ic(t)" nr¡¡:<j-mu-r¡r arlp)-ii,uCe cfl 1jr:tt, i, e\iàIu'atcs:

froni e)(íJressicll 11"12(a), ic 1i')tL.. 'Lc p.rc'ritie a + 1iß

ar,rlitu.rle vli:iaci:r"r, iL js ;'r.i;ie 2'litL::i','o a sei'j-:.i lci;:n-
ticrnet-àr cí 1COO

ite ilel'-r-'iii:, i; r-r ¡ii: .r''iå . 130 ? Lh'. \ ' 7V Zener cj-irde

DZ, and t;h: C;å I;'/ Ce cìirde U6r suopf'efìs e vcita¿:e spiiie

,..pf .orin6 at Li;e t''truie " cut;oJrt cf Lile 3,Lr-âilr,c ( tel',ni r'aI rr¿lrr¡

ou-ring lhe \¡'- r¿ll'ace tinie ( see Fig . 131(c) ) . Tne 3)Opt-

alcj. 1. lKlL s;eries capacibcr'-res-istcr be1;'.,'een terlliinal-s r¡1ri

anr.l ¡r qrr a¡lC tile 22CpF capaCitcr bet'.';een berä-ili¿Ll tt,tt and

Ri, are tiie reCJitÌllenrfecì iripu-t arid cu-tpui li::e1u-efrcy Cclllllen-

sating ne ir¡crks re specti-veLy.

RI,, cf 13iin , ât ine ncrl-inverii-ng irr¡:ub j-s rnade equal bc

the pa:::,:lLeL cctnbiaaiicn cf the input nes-istcrs
( rt -rr -. R ro|X.n) ancl is f cr terirperature ccinpensatictl. in\ rr1-r\2- tr3 -
the op-aiilp.

"FD" acrcssi the v-scar,ning ccils rcltcsen at 5'6<fL'

is a d-amp-ing re sisbcr -ícl' csc j-iiati¡ns appear.ing ¿j-crDSs

the ccil just after the V-retrâce, d-ue Lo the frer.lu-eilcJ

ccmpe¡saiing capacitcr cf 2-2OpF, bhe ccil ,tnierrvinding

capacitarice etc.
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The in¡rult ,siaj-rcase " iI"( ¡¡ " is; capaciì;ively
ccu-pLeti. (C-,'=' !00r1,.r') tc tire cp-aiiitr-r.I

T'he pcteni-,i:rI Civider prcvitJing the DC cen'tei*
ir-rg currei-rt, fecrls a variabLe DC vcL1,age, as requrir.e<ir'co
the cp-amp. i;'cr pcsitive anct r:,egaiive suppLie s ì:r:ing
equaL i.ir rnagrrir"u.rle (+il+l atro -il-+/) ani. i,'r'ltr, = ìr.,i,',,hen
tire in;:ut vcl-taEe va-riaticn is girren b.y

vcc ' 11.13
iì, + lj,- + i1.-

11 J) \,

Fcr the values cilcsen ì., = RB = J.9K-l^¿,.1'd- = 5CO[L,

.t ü,-'=+ O.85V, vriri-ci'r is a;oprcxirnaLef.y J 151L cf "!¡.,(t)t'(/"
( eqr.taL tc scÍiìe 5V) . 'Ì'hus bhe centcrin¡¡ prcvides t 15f"

var-iaLi¡n cf Ic( b) , the scannitig c cil currenb arnplituie.

ÁctuaL tests were cai'rierl- cu-t cn:r wcu-nd induc-
tcr cf L = JJ.6 nH in series r.ij-ih a resj-stcr cí 12OJL j-tr

series. Ihj-s enablecÌ ,,vavefcrins ic be rneasured rtj-rts;j-c1ert

the I'V-scanning ccilr'.
TabIe ! sür'ina-r-ize s Lhe ¡:ei'-icrlriaric e cf tire c cnplei e I/-scan-

ning ct-rrrent generabor.

1 1 .\.Lr /idicrn H-Scanni nr ïi:,;e-f ¡r'r,r GeneLleior

i 1 .Li .'.,"1 ,ìe nu-irc[ients
ïire spe cif ic rerlu j::eme¡r'i; s f cr tne Vidic cn II--qcan-

ning uavefD?íÌL generatcr are as f'cLl-or,rs;

\ f /

q rr)

H-scanning be-i-ng ccntinucus, ( u.nlike the [-scan-
ning stairca-se t¡a,¡efcrln): a sar,,;tccth cuL:rent is
required j-tr the il-scannin3 c:iLs. A Ìtlcck ci-ia-
grani s hcwing t je idicc¿r ii-scannì-ng system is
slrcrvn in F'ig .113.

The H-scanriirrg pericã is 6t+/rs, cf r,,rhich 5\ps is
tc be tire active::c¿lnnilrg il'celva.l, wfril-,-" i,ite



(

\ 1ri-/

( iv¡

(v)

( vi)

(vij)

reraaini:rg 10¿s is icr 'i,he li-::etr¿Lce.

The ncininal scarirring c urren'b am¡rLj-tu-de is ic
be 1ZJnA (peak-cc-peak) r,¡j-rh +15fr anillibucle
vari:rti cn pi'cvideci 'ay e:<ie¡'naI ccntrci.

Cenler..Lng a.bilit:,' fcr the scanní:rg is tc be

+ 15y' cI Liic scantre,L å.rea widin, and ]-c ic be

prcv-i.ded b)' exier''i¿rl ccu{,rcL; Lhus a i 1?n',i;

DC current r¿aria.tlrn is reqilired ilL uite scatin i-n¿¡

c oil, .

L-inea.rit.v c-fl the scanlling c u-r'r'ent 'i s i c be be ttei'
Lhan O.317".

tne scenn-ing coil- cu-rrenb is tc ccnsist cí the
ncmitral l-lnear s.¿r.,¡l;c¡tir curreni an<j an ex"uerrially
gen€rateci piLrcusliì ¡it cT' barrei disforfj¡n ccï'rec-
iicn cur.r,e¡r-i: ,,,¡avefs¡.rn tc resu-Lb in ljuear ¡i-
sc ann-ing .

ti-re iî-scarrning current is t c f eed a scânnj-ng

ccll whcse inciUctatice is 1. 1,-,mli ancl -i^;ncse ccil
resistance is Li'1O" (r{'ol'tesbs, Lrcrçe¡t.-i¡ p-.n

-i-nductance cf 1.16r¡tl cf negj-igiþLe res;ista.Iice
in series, witii a 2?SL tesistcr' 'ulas u-sec tc ena'ole

curr"ent ¡xeasu-reüenis -uJ be riiade).

fn, cl-elr r:riLa t icn
-As f ¡r ihe ì,r-scanning generatc¡', ihe Ii-scannj t.:g

cu-r'rent Éen€r¿¡tcr ccr1sisbs cí a pu-lse 1t'iteglra*;ci', lvhcse

cutpui, is a vcLtage sai,rtcctli ci Lhe sãre ícrn, es i;ire

reclu-ired sâ'uvtc¡ih c uirrent, a.nci än cu-t,cu-i sLaije ic ccllverõ
this vcL,.age v¡a'¡eicrrn j-ti1,¡ i;L:e cur'retlt sa-u¡i¡cti:r atrd 1,c

directl.v crrive ii'ie ii-scattning ccil-s. Ther'e ar€ several

e ssetitial ciiîi'erenc es hci;ever:

1t .Lr .3.2

T ^+- eP1. irl sr. Trri;er r'¡i,¡r . ,,he.l iiiairi criÍf e re nc e -i s

a sbaircase
( _l,)

tnat e c cnlirit-Lcu,s sawt ¡cth and nci



(ii)

\^JavefDT'äÌ j-s gcneratei.. ihe I'pulsetr feediri.g trie
puLse it-:.tegrabcr is c-i sDíle 5)+u= d-u-r'atirn, tite
aciive H-scannitrg dura.ticn.

The sss3tlo dif-ier,:uce is that nD seccn(i

input bc the pu-ise iittegratcr is. reouiled, ccrr-
espcndirig tc tne 0*1¡s v¿iri.able cDlreciicn pulse

input -in the -"/-scaniting g€rÌeratcrr ås Ii-scarining
ccr.rectj_cn is cairied cut Lr.y selectively ciel-ay-

ing out¡.ru-t videc pulses.

Consequenily tne puise inLegrabor is lluch
simpler tha.n in the V-scartning getieråtcr.

, the ess€ntiaI
d-iífereitce is due tc tlie arn¡tLituoe cf the scan-

nlng currenc belnå scilre 8-t O Larger than in the

V-scatrning c oil- s. Op-amps beir:g incapabLe cf
su-p.plying i,he H-scannirig cu-rrent ernl-ìLiturde ( at
Ieast avaiLaT¡le a.rtü rrreascnablyrr oric ed cne s) ,

a whDlly cÌifÍ'erent apirroe-ch t'/as required'" The

cutput stage is essential-iy a vcltage-ccnt,i'clled
current generator prc-rì..ied. by transisf crs connec-

ted in a I'cc¡ÎÍìDn-b¿5stt ccnfiguraticri feecling the

I1-scanning c ciL s r¡ia a. 1 : i transf crrn er, linic¡ì
elini j uate s an u-n\.ianted ÐC currerit , a.Llcr,¡s the

pclariiy cf the scanning currenL tc be àeLected,

and makes pcssible a very simple cettLerirrg ccn-

trcl.
This vclt¿lge current ccllvel'tei'1s fed frcrn

an cp-anp sLltner bc siuft i;ne scantr.ing sár'¡tccih

vcl bage rr,itir e>lternally !;eneraied iì-pincusilicn
Dr ba.rrel ccr:r'ecti¡n v¡arzefcrms; r"he Jp-anp is tc
have a Íast ¡tsLev; rabet' (i.e. e iast, large-
anipLitude ste¡r respcnse) since ì;he large ampL-i-

tr.r_cle cu-tpu_t scanning wavef crin 3cc uIs at Ii-scau-

rring frequei-rcies ( i.e . 1 5'62ïi{':iz),',';heí'eàs i)í'e-



q

vicLrsly, ihe V-scanning Írer;uencie s .¡ere aL

f ral:re ire:ru€ncies c-f 5Ciz.

t f") tìì!'rr: ¡)r1l c¡: lrr4-o-t.\ q / -+ "LJ------r-_::+ 'ry r:_l',.*'-,:.. [l il í-]f

Iire p Lrl-sje tr ntegr.atcr is tìee{'iy j-,lent:'-caL tc
.i;iraÌ: cr€scriì-lei. iii secticit i 1 "\ .3.2(;') t f cr i,ili,. l-scaíÌning
Ëelier¡i,:r'. .'i.e.flcr::'irig tc irig.l j2t i¡e ì-npu-'; is a pui_se

cf J6;Ls du.L:ati¡n (ir:rn iju.s tc álius -,,¡irhi.n e ó'+¡:.s ij^scan-
riing -LnLerr¡aL) teo ircin a. i-S ,'/ ,j' ( ¡r¡i: sncl,:¡r) , i,he iirnin6
Ðulses lcr i,;h:î-cii ¿rre c'ci:li-recj ir.rrn Lire S.'s'.,::, CIccjr. 'lJhe

i{-rel,race puLse is rf 8)-rs cl.u-r¿Li-i:>n (1r¡r', C tc Eus r,.¡it;liin
bhe ii-scannr¡.!,j interval) anc íeeis tl-ie d-isciri'.r;e cj-rcu-it

"ì\, Q. t ccrnplet¡: oischarge ( tc 0.1ìã cf Lne _i:r_ibi¿.1 arn¡tLi_-

t r-rrje ) i s wil irin sì f,iij e 3. 5|- ps .
The resr-¡-l-[ani ar:tive scanning perir,J. r'equireo in 5\p.s,
but the acidiLicnaL 2¡:-s abcve is bc alLc'vr -for.ctarnpii:g cÍ
additicnai iransien¡s â;opearj-nâ at i:he ci,:.tpu.t sbate in tÌre
scanning saiutccbLl currenb .

Ihe in¡-,ut bufîer i:).1

¡¡ccnsiani stab-il-i.zed cuipuirt
Y-scaniiing generai cr.

an.i fne invelter ?2 wiLir iis
is identical tc bhaL in t,ire

The ¿m,olitude CcnirclR esistcr R:¿= cie,-eriliiriing

t he sav¡tccth cuipu-t arnplib utie f rcm ihe inì: egr.a.tcr,' i s e'¡al-
ual,ed using expr.'essicn 11,7(:t) .

!-cr" LVyzl
3CO0pf t
)oþs t

lV e the

Lvnzr .

cl
AÎ

sar,vf c:fh c.uLput anrpli'"u_de,

Ar 5-6 "56.10-6 = 20'9K-ftD
1ì. iî ¡l'd

3
1

v 
^^* 3 .10- É

r' '.tas circser ab
2)

l' 
1)..

u4 Ihe cul¡:u'; sai.;tcoLli a:rpiituL.j.e
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'\,r â s I-r' l, i¡ ( "' =,1 S i;-f : rj ) .rTltu \LL-,.!'

ilhe 3ui,pu-i at c.,

Sa-il, h.'i;;h-ì-n put i-ilrpedanc e

j-s iru-ff tre ci b"v a I'i'i3' 2 i-;-nity

bu-i'fler as befcre.

( l)) r¡
f

c oD -L

;\ ,'i:t crcLa i'i0 1 52:) d.iîi'e;:e nt ,-aL 0P-amP i,râs urse d

in ,"., sirLgLe -enae d- SUfti'1er cctrtligUrati ctlr !;c Swl the .1a.i,J-

tccLh cuLpr.rt Í'i.crn ine puJ-se itrie3ratcr with vcLtege
¡,.;a.vefcri:ns. externalL-v g€rìerabed prcvio.ing bne ,-1-pincu"shict-l-

cr ba,r't'el- distc¡tiori ccr'-i'ecti¡1 ( see sectictr 9 -L+,3) ; tlie
maxint-:n arn¡:L.itu-cìe ¡f ine L¿Li;ter is; a.b ncsl sríl'le 3-\';'ü of

the sa.r.li,¡cuh i:mpJ-ilude. The llfi pctenü j-ciiletei a.t -r,his

rnpu-t prcvi:1es bne r'Î-itre'i ac-justnerri; f cr ccl'recti-y scaling
the prncush-icri ,,.:av€fcrrn arcpli'uu-cìe.r¡it.ir re-"pect i:c t'he

Scannj-rìg satttoci,h alripLituCe. 'Ihe sierv rate ci ti-re Ì4C152A
, -/is sc,Tìe 5^6';fu_s, ¡rihici-t.i..s an adeqi;ateL;r íast r-espf,rser âs

Our.-ri-ng Ii-r.,.-l,lla.c€, the slope cí ih: cl,iscira.15;e ccrr3-cr f,iìcS

tc sorne 2-3\ff us.

The surnned,'rrrccLifiedil vcLiage sawtccth -j-s liC

íed tC a b-j-a.Secj trcciiliÌlctl.-3¿LSet' ccilnecbed tr:insisLCl'r'ì¡r*tf-'
sii'niLar tc lhat u-secj i:i the P uLse I ntegratcr'. Irr tiris
ccnnecticn, the outpL:.t, at thre cciLectcr, is essecitiaLii'
a rieår-per'îecb current scurcer ccntrcl-Ieo by bhe vclbage

at its 'oaSe*inpu.ì:, du-- bc iis high cutput irrl,ceciance

( cf Lhe crCe:: ci 1O/tL'). Since tne efÍ'ec l:i-¡e .ir:ii¡:eiance

as Seen cy t,jre cci;-ectli', is due bc tne scanniug ccj-l cl
L --1.16mÈ, then at a frequeruc.y cDrrespcnili-:ig tc say bhe

10tii harmcriic cÍ' the scanrr j ng sâ-L^riccth, the lcad -irn¡ielì -
e,nce -ts sDnr: 1Kn(10.2r, "Í'n .L) -u'¡l¡er'. flî-15'622iit':ù,
',vhich is insi5niiicart¡ uith 't he er-r-t,pu--u ir;r¡;e'jance cf the

tr,ansistc.r. iience the curtput cu-rr":nt is indepeticient cí
tire Lcad

!-he l Olh î'¿i'ir)CniC iS CnCSerLr .S 
j ¡'LCe',';ileiL CJi-ls;''i'ìei:-



-J-)'

Te si -"t cr,
and lie nc e

transistcr a

R, . R... su.crì
I t. ¿t

ing fiieliiy in l'€1?l"ciucing e, sar,,¡trcth, liarrncnj-cs
bey rnci Lhe 10th play aii in"qi:,nif icant ;cart .

1i DarLiligl,crr ccíl.uecLi¡n is useC. fcr Q"6 - i5t, tc
¡ninjnrj-ze the base c¿rrent cirain (anii hence ii;s v¿lriaticn)
a s y6 r ha s a relatiyel.i Lcr,'.i " i.f u" (* 30) " iro.f the partic -
u-lar a¡;plire t j crr the tre.iisistcr-q ,)'r,: cilcsen f or a nigh
t'h¡u" 1 {À!r niSh t'fï" (say)¿1C}iIt''z)ra. h1g;ll '/rlcO 

(> - 50-ó0'/).
ló* j-n part,icuiar is ic itave a irigit cutpui cur.reni 9a,oa-
billt"v' ( ) 2OOn;t) ano a rr1írrliurri tc hign-pci,Jer d-issipai;icn
capeci j-ily ( ) Z ll ¡ ; a Ìreat sinli is requireri tc d.issipate
scne 1'r¡ .

Ihe resuLtanL ccLlectcr cur.r'ent is uransfcriner-
ccupled tc the ii-sca.nning ccj.Ls. ¡-cr ihe iltl,rut sa.l.rtcctii
¡'V _-__.rr cf Scine J,[ unpLitLrie, b, ¿ìi]iJeâr a.crcss fhe emitter'max

R..tr "âni. get.r.eraie a Sa-rd'r,cciit erriti;.er cu-rrent
tiw.'

Ci sar,rtccih ccllectcr cu-rL:enb, tiie cDnlpcunc.

,:.-').<r rnu-st lte biasecl Dy the bi¿lsing resistcrso"o
thab the DC vuitage at the base sa.1,1sfies

V ,z V.. - f--ztllal: \ Þ ,lio- 2'
<

i.,;here I' V-,-,r¡' is thc ctÌiescent voLfa:ie of Jra ¡.r''it'L^'n
- 'JìÔ' LIL4¿!PUç!rU vu!uGc>- -- fÔ' " L'L L -')

" VS". is the su¡:p1-y i¡litaB€:
,tVB, is ihe r;triesceni b¿ise vciì:age cÍ'Q,6,

t'[.88i6", "V;¿ì6," are the base-emj-tter vclta.ge
drcps iur:ing ccnclucticit.

I,'cr a- V,3 = 22{ ( the chrice cf ihis; varlue is e;<p1-aine'.i
ù)

beLcr'r) anrL. " /;Jrb = v3¡r5l = 0'7 '¡- atru "'l ,* 5v s

rts<18.1 V"

ChccsinS Ri = lOKO and i\Z = l)Kflinaires Vrrl7'5,f ncliinall.lz,

ijnrcil *shuuL'J- 'ce cncse¡i ci¡se tc ì T,s ilìeiíjiiriLr ¿aLue f c



mininrize tli,: pol,.ief d.j-ssiperticn cf i;Ìre ilansì SI;ci'.' i)61 ,

and ¿¡lso bc miLiitniz-e i¡e reuuctir¡i ci';he eífective
j-¡rjuict¿;.nce cjl ihe priirlal'y'".riiici'i-ng cf '1,ile ccu¡lii-rig 1,r"ans-

fcr,rer il, 'rihich CCcìl-rs ,.çiietl i; jj0 Currettl, iLcrls tirrcu-gft
/ 

-ì 
/\ :.- ! 

- - 
¡¡'-t ( l+ó) ; ihis DC cu-i--re ni j-s Di csrrse

I \.r. - ''Ì -. . ,-
a-l -', ..1 i)

:,
t! * .. /

JqO

T l'r ú,: A -C e m j. i; t i: r c -:.:: t'e r,l; ,
curÍ'e nt (n. ire cu.i:cnt !;;in of l,ire

'cr":nsjsl,cr is cf the crder cf 1C3)

prima.rrv cf the Lransfcriiier -is giveir

Dl-

c.¡iI

)_Ep-p
i-'c p-p

,.r n'i iienc e i he c cl I ec t rr
D¿irl j-n:lt f,n c innr:c t ei

iLoi,;in¡1 thrcu-gh tne
'aY t

1'1 .1 Ê2

11 .1 llt

\on" 11 "1 5(

a.nd

ary
-qine e a 1:1 neeï' i.clea,l transfcrmer is used, the seccrid-

ccj-l- cLr.rreni is e.lr-::al tc the primar¡z ccil cLrri'ent; hence
ir

' i r .l.i-Ìî*"-*
!\ -, -'. /

Ui.,JL)

n ar,.i nu, i
il ¡f (-,¡,/",

'ir
i!:.1,4î__

I ._--c J-ì- |

'l

a

c cil- c'Jrre n i; a:tp1-it itcie cf 12. jriA e.nC.irer a

a n crn 'î tral I'V
,'TL Î.K

a
a" ¿c

-
)

I )^ til J -t!rtttJ

F cz' ¡1 +'1 j!,, aiir pl i i i:-r] e

ftF,....rtt .'.,;e.s s-rel eci;ed. Dru 3iJL t-nIrrlO
*.1o"', r--r'ri ^'-ì ¡.'" tilo o':i.,='n'¡-ill€r-,i:;t -)-JJ r---1.Ð v:i; 4...\urJ-i

\¡af iat i cn.
r'he i :1 c r.:-¡rl-ir¡'; tr:;nsf'orr:ler is n=cesc?-I')' l:c

el-ir',i.i-nate tli,: )C quie scelt crl L:c;l;or cui;:cnL e.i:r'i :n:.bLe s

Ln': c3ltTrecl; scr,nn-lrr¿ ccil cir:r':nl; ,:rLaii:y tc Yle sel:ciêd..
It i-s r?,rjLi-ií€.1 tr be ? n?lï'-.iie¡;1. tra:lsfcrrrei fcr iiie
fre,luencies'a.iLt} l.he inliuLclive Lc¿:i in ci;-e stion. Ihc
.'rta.än-?tisin¿;:l-llluctailce and'r:t:..rtcrl cril-',lincÌ-ng inCuc¡ance

"L-.tt are lc be as hi:t,n as pcssible '"';itli scsipect ta l,he
J

scan.rLinS ccil- .t'-il,:l,L-rcianc4 L^^.., : f .ió:,1-'-. ,i. ijr:tt. .lel.l:o,{-c3r L

cLr-be tra,rsjlc::.reT i;ct-c¡r:e ',ie.s used (jLró) 
";i;h 

\20 ì;urrns

¡¡¿ r_ta t, i ¡¡t cI t Ìie re a l:c u-t s ,

seii e s -rrith a. -1COlti;:n-¡ic-

c c:ja rcL I abL : a-:r iL,l'-t'.-Lr-l':



cf ;\s-,ig ';ril:e. lldcnlnall.ri ir^ = Lu = 1'5fi (the ::r'itar¡z a¡d-

seccndary ccil i¿iduclance re::oec'tivei,',¡), bu-t ,¡itÌi a

DC cur"renl cf srin€ 3Om¡i -i1-cwing tÌirc';-3ir iile ¡;rì-rnary
ccj.L. t'L. t' '.,va.s effec-r,rvely l'eciu-ceci tc Û'J - O'L;l (¡\ó)./n
Tire le:iita¡e inciu,c j;aric. "LLrr iS c-f, the crcier c-i 1'2nL'1.

Hei.ice tire j.ncir-ictive l.oacl r'-ofiecied ii.ric L;rie priinary and

seen by 'uire ccLLeci:cr' cf Qó', fci a 1:.i irattsfcrraerJ is

' Llca.ci ã r'cciL + ZLr

* J,6n,t

r,¿hen apprcpriatc vaiuLes are si..,:bs'r,ibuiecj..

In tire pÍesence of a firlite pri-iila.r'y ccii
resistance ¡r.io'r, and a refir:cte ci seccnii.ary ccil resist-
a.nce , t'ü..,t' a,iä scatining ccj-l resis''-a¡rce r'i^ 

^.,.' 
t'o anci t¡'iili) -'i CJll t

an AC ccLlecbcr curren'u "io-0", 'r,he vci¡age acrcSS the

prinrary cciL (see r'i6.133(a)) is given bi'r

2
,:f 

- 
TvCpeal< - llcad iL!

àt-qU
Þ
'ï, c¡¡ i '

trlC..11 .16+ +

L-
Ir CaO-

a

l\î 
^--:..L .J C !_L

f;ic

.11.1ó(a)

++

i.r
DttP

at
r' lìt'rhe re IOC U

-li- ll - / 1.,and LL¡a,J = J'-o:1,í1 )

ilD li -.i, \: .r
.l-r U,'.1-,1

ttl. 
-.)

¡r -
i .,

¡r ir
',

l( ,. '-,

")

the re.iLected itrductaltce inio prinrar;'

c cil nL ti--c ttl ^tt ,.P

\Onrr.he refLeciecr r€si:;be.¡rce i-nl;c the

i)rirìar.,i c ¡ii Pl.Ú-s-' f i'.r:t t

1')SL,ihe prir,l¿lrj/ c ciL re sista-lc e,

22',ir;-he supply r'¿lil t¡ -;ârie¡
12 j:nit, 't i:e .iC scanning - -ií'1'erih airrpl it ud e.,

5\ps, tile scarrning cu-ri"e¡ri ¡.;eri-ci,
19 r'oine ,ìó eriii,it,er ,1LLi €scenL vil-uege,
\OJlr';rre,i6 ei,r.i;ber ri:sistance¡



5t

.3vai u-aiilig -e cr bhe abc øe v¿-r.I u-e s gi-ve s

V = 12V"cÐeaK

ÁL sc at t'V"puol."

us)v"peak+t/c.i*vr.u" ' ' ' ' ' ' 11'17

i.e. vs)17+ vc¡ .... . G .. 11.1'/(a)

il ",/CIt' great,er th¿rn Sc¡le 2-3\l ts rer¿u.ired Sc tiia: Q5-

Q6r dces nct satural,e; íS= 22'l was se Lectei. (t¡ allcr'; f c'r'

peak cu-rrenLs cf u-p bc 1\jrnii (i25:r,h -t' 't,7,)) .

ldcw âcrcss an ideaL ir:.'iuctance (i.e. re's-istance-

less) ther.e is nc nett avÊra€ie vcltage cri:-rillg a perico|c
\^tâv€fclrn; thu-s frcr tire ideaL vcliage - iLne \'Jave¡lcriris

acr"csS 'r,ire priirary c¡iI ( neglecting finit e rise ti:lles etc):
and reÍelr-ing tc l-ig ..133(a) ,

VR. AIR = VC.ATS . . . . . . .'1 1.18

-Ir;he re
tt A Ttìtt

" a Ts,t
It r¡ ¡r

l, ,rI

is bhe

i-s ihe
is the
dnring
i s 'uhe

d uriri¡,

Iî-re',,rac e binre (- 8-l O¡rs)

ïl-s,canning l¡ericC i: 5lu-s)
vclta.g e acrcss the ilriinâr.7 ccii
t'ars"'

vrltage acrcss the PririrarY cciL
t, a '1.-,', .

II

I\

Thu-s the vcltage -i,irne prccìuc'c s crnrirtg each part
of the cycl e are ertual (Ut = Ir2 cn Fig.l lJ(a) ) anti bhis is
tr',r-e ivirebher ',,;irrcling resistat-:.ces are incLuded cï' nct.

Iucluding; bhe transfcriner \'JinC-iti.g' resist ances

and "R."iI" and negl.ec bing t'VrC" ( as it is c-Î uii; crtler cf
1'/) anci reglecting tire finil, e res.of,nse cf tile ti'ansi-ctcrs:
alrci ns.-1i'i: ¿xirlessi¡ri 't1 "ís(a), i;ii: i;l-;ie s.i-l¡,.,:ed f cr re¡t'¿ite

l'A TR" is tiien give n b.y:
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À r,R

Lt ^. ',, o
lt I ¿--L)

- ÂT"
LJ .11 .1E( a)

.T1 "18(b)

ñ

Ars ^L n-¡

Áf"viì

" /ir,t' is äu_crÐxirr:ìL,iL)' con;(l;e.¡iü du-r'in¡; t'Á ît.".
l-.¡ul'in.q " Ài,,tt) [,;,.:_ is rrearlji e:l.ual tc t'VS", i6 rr;irrg. ¡L ' t43
n€är cu-icfir 1,'iliiLe the vcLi;agq ¿;b the ccllector lf ¡t5 is
ft li- i¡

!r' 
As vc olc.¿,)r*v¡. .. e... c. .11.ig

thenc€ V. = '¡c '/^.r _r . . . . . . . . .11 .1 c)(a.)* 'i1 .s 'Ci;¿d ..

Ilencu "Vrì." is i-epende¡ii cn (ancì liinit:cì 'ol) " vg.îc.,"

T'c rni¡ri'mize Lire retrace tine riÀ î,a' f cr a. Eiven """"iÎrr*
c ¡il anu c,-rrreni arpl j-iL;.cl-e, "Vrit' nee a be iiiaxii,rizeo; hence

f rorn tne a'ccr¡e e;{frre ssicri " 7C-¿" sir¡ul.i be ina;cil:tì zeà 
"

The y3i tL€ cf "7Cj0" tiius sei tiie n:ini:iir[r vlau-e cf l¡ ¡ 1-,.i"

pcssibte; tne ava.tlairie trÐirsisLcrs (Z;llir;jO) sa'u j síying
the ctiier rei¿Ltire¡;len'us eiluíerateri lii'€,"ricu-sIy, iri'rve à
tt \r l; ^f - ^Jü_nO - óO'1. ,, i i'.' -: .- ')a'i t, ,/.,._...._ ¡i j S SC:,,e"ciO JL d.r_,u_rrLl - u,J / ¡ ir_L.u:l t a- L¿_v 2 :t:i.¿./,.

-LO'¡. Suþsciì,u;ing ti,is veiue i:i rl:ipr,rssilí- 11.12(Z) ,-;nd.

u-silrg l,ire ¡icrninai v.,iues rí "LLCr,.Dt' a¡lc trí r¡*:;r' e

7
Ar-

7-

æ i1"3Ds
rL ì,^

'i,J

rhe vcl',,i:Ee acrDss L jre criiriary is siLc'rrír in :rig.
1J3('J) (.icr' ¿t ct-i:;'e n',, i;räpiiiu-de cf i jOr:rjr). 0scii.Laticns,
oue tc ihe ceil inductarice ancÌ c¿ìp¿J.cil;arrce c-Î 'uirc'¡indings,
änrl- ti:e svilchiti.g negat.ive currenL-!')liage char¿¡.cieristics
near ttVCjOtl are e'¡idenb ciuring tt ATR", bnt the expected
value cf V.o*-\gy (ex;oerine¡[aLLy * -Ll5) is cLeür1.y seelì.

r-f

rlìha
I1t!

c ¡ns j- st ing cf
simpJ-e scanûirr.g cLr-rrenl I'cente rii:rg cì r'cu--itr'
ItR,.r'r¡tLrtien{i t',r.,,tt. j-l'_serts ¿. i, ci¿r'r.elrí: ¡ili,rau



(

sDäìe +1 513 cÍ ii,e n¡minal curi:e¡lL a:iiçti-i'uuii,e (i.r:. a J 1c):li¡
jiC c u-i'r'-'e irl: ) , lhe c apac it cl. ¡¡lì ?rr prc lrid.e s bhe i ci.l im lecl-)
a.nce .,rC reit,-r'tr päi;h fcr 1:'r:r¿ sa'.,.Ìbcc'c.ii scanriir¡g cu,rrent;
hellce oc i¡rterÍerence i;eL'¡ee¿r bhe centering ci.rcu-it anci

tire sar,; L ccf h c ur:r'en'ü DCc Lt rs .

r¡ cr
easjL.ï shc,.;n th;t

l-,¡ i anci i'cr ¡iI Cl l-i

1,7

1,,0.

a nd ita

-Ll
t! it ualr bel" t, i)

+ri-IL
c 11 .20

1i .2-:(a)

i- ì,.¡
(-t

cil t ''.d' l1--+õ rt- ) + ,.t ( ri .+rì,^ )\¡rtÐv

ircr tiie i¡aiues slicr.;n cf R

Jl5i-.j; râs Ri,ra,i (rl('Çrt )'
TI

A a

= R; = 33On)
¿1

l¿10rJrJ*V" I = l-,t"
1 ?¿rltir, the rer¿uii'eo varia'ciDn.

Á 2'ZKSL danping resistcr, "P'r" is ¡s¡1u-i r€ci acrcss
the cciL, ic daitp tiie oscitlaticns cccurilg cìu-riilg
ä-retrace ano al, tbe beginning cf the scenr.rin¡i j.nte rva.l.

Jlhe cutpui. scantrí nä c ur-r,'e nt, .rneasure..ì. a.t 13Ot:t ¡

is shc'-,in in cig "133(c) . It lJas ¡rÌeasured 'cy the vclta¿e
acrcss an inser'ueC resistar:.ce c-i- 22i ir.t se.r:'-es l,,itir a

1.16nÃ inductance represenLing the requireci ii-scauning
ccj-l- The vcltage acrcss it:is ser'Íes L-il was cf the satne

f criir as irre vcltage acl:css the prtrr,ary c c j.L ( irig .1j3(b))
br¿Í, c.fl r'educed ampLi'cuie (a s¡rall-er ef'fective L and R

acti-ng).
The cvr:raLl scanling lvavef crri Iinearj-iy \,i å.s scirie O . J-0. \íå.
'Ìrhe- p€r.t'críÌla¡ice cf the il-scanning cur.renf genera.tcr is
tabulabeo in ra'cLe 6.



11.5. i.''ll' lil'ì' i Cì C 
-L :;.Cii t' I :ii,¡CliS

1 ^ ã - 
-ì ll ¡, ¡ c r,.:'i 'i-.--" ¡r r,:l'S

ljil;hirr Lliis ii?û s-:aoiiiiy sbu.c.Ly e lcrartJJ-citÌ-arLy l-tr

Chapl,ers 7 r3 r9, cnJ-y bIcc.r. c.tiegr'åils cf in.-: pi'¡)pcsed-

h¿.,r'0..,'¡eT'e iriipLeÍi€ntal:ic¡t \^jil j.',c g iv€aì. ,,Jit h i:t'^a)y, ci .ì.;ne

in.;.iviclu-,.r.L f uncticns pe .rf cri;ecl b¡i biocks laì;e l-Le ci rì|'u-L s;
In1,cgral,ri'r' (P.ï"), r'r/cl-t;:,;ge Cc¡itroil-ed ì'lriÌJ.ei;ableri (VC,i)

end sD cti. lhe circ,-r.its pr:.rf crii'r'iirg i;trese f '.trtc birns .¿LÍ'e
girren i;el-c,,;'oo-¡'d-Te ciescribeei Dtil!' :..rlietlIy sinc'i s3itìe

har¡e aJ-r,::i:.J-;' bi-:e ir cìesc:i'i)ed. j-Lr seci-ì-cn 1-l .\ ä"i:lr¡e:a-q i.ire¡,r

f'crin fJÍtri cf '¡he ii- at-rcl ',1- "c^nni i;Ë ,iar¡ef cltli Genera.coi's;

r¿iriie ctiiers, sLr-ch a.s ini: í¡Lt¿:ge Ccni,i'oiLecl. ''c¡lcsiabl-e
a.nd Vcl-'tage CcnirciLed ;"stairle ( r,rc.tr) er"c ¡ ãr'ij incie f uIly
d.escribe,C -in appencìir 13, it, shcrb clesign ncieg suÌ¡iitLr:ci
Dr accepted- fcr',ou-illj-cai:icn.

'['he ccrirrìcn fe:]',.11rÈ of a-LL ci' these circuii:s is
sir,,,oL j-ciiy: Icw cc-1L end, sta.bj-i j r.y 3t' cui;pu-L pârârrì eLi:'-'J,

a-ncl indepencience cr irea.r"..irrcìependeitce cf betr:piríìf t.ire ¿rLìri

vcltege-su"'ì1:iy uar:-r-a-ii¡ns. í:iitce tirese cir:c'-i-its cctifrcL
scantrii¡g cui'r'etil amnLltucìe, sc:lnnin3 cttrrerii Ii-r:.ea;'it;r
and tc scrlr€ exEer:.t tlnring, ani irencr: ccnl;r¡I i:hr: repeat-
abilit¡¡ cf cLj-sr¡L¿..y I cc:Li;i ¡ri cccrc.iriaies, oLr-ipu-L iraratteter
sta biLii;l' i s cí paråirì¡unt .irripcli:Ð-¿Ìc e " ì'iinirrtiz-,rr4 cr
el-rrnin;:i;-:'-ng vcl'ua.ge raii valiet i cns cl- its e.iiect s is
s-inipie encu-gLi by u.si-ng {) vclter:,,e regi;.LâiDrs.r, 'c'urb varia-
ticns in arirbient te¡iioerat,ure cell caLlse significant
va.riatj-cns j-¡i cr-rtpu-t íJere.iltet,lrs. Te:älei'aiu-re stabiLi-
zaiícn is brie Íly treateo in seciicrr 11 .6.3; beittg rncìi-
vid.r-r-alLy taiLcre r.r. tc each c ircu-it. it is nct si-tc'.;n in
mcst cÍl the circui'cso

Several cf l,'ne f L-r-nc ticn bicchs, sucÌr e.s tire
/CA, VCl,l a¡id. rtLeaclingr' cr ¡¡Li:.ggir,g .oi,.lse -Io1;e indicatDisr¡



(

(i,:ir) ¿rr'e i:i.iiL i, ¿1¡9Lr-iici ¿. 'i'ai-rcnricr l-'ii, ¡L;j i \ Ùu-':.L-In-cui

ì-Orì Gat,r: io e(iSill' e eCcllciljy .:incl signal i3l'el elnO- '¡oL+.;;:c-

raiL c:c:ri;a'uakliiiL-i¡ wr',,i1 ì,í1.1 g:iLiil¡ ¿rnd c¡tli;rri Lc¡ic.
iiiese circu.-Lis are sh)',ji.r j_ii irigs. ll!.(a) (i). i,irile
Vet'y SuCce :,Sft-,,-i, biie iler'iOrirlaírCë 3¡-ìeLrÍ:icu-lAT'i1,' Di ì:ilr: VC;t

i"laS Lir:t-it,eij a-L iljgh speeas (1 -2,i't',2) åìS Í.'ri, h¡lS ccltaii-l
i nilet'€ilir s,:eeii lirriit,ai;i.c¡-rs (;l 3) .,-iscrebe ccinpcnen'r,

r¡ersilíts r.ie i,g 'cr:iii, r,iiiìic¡i i';,inrc'r'e'i i;iir: peliiT'rìlailce but

1r"L i3¡:-r-c, itirvi-tig' íj. S-leetl ilipr,)VeliieiÌl cí' a.1, iCast J;r¡
cVef,iiiî.,, cDui(j pr:cì:e1.,ì-y prcve everÌ bette¡'" lìt Ine tjtrr€:

ccsi ill-"eCIuCed i;Ìris liile lf f u-r'i;ir:r' €r:i;)e riiiierii;¿-i'¿i clr.

Soo-arers anci nuriti¡-riiers, rellu'i le c' io getlerat;e

tile ¡:incitsi'li Jn cr i:a.rrei c-ì-s;-lcr"u-Lci.i ccllrect'1¡n i;eins, and

cr.ynanj-c Íccu-.ssing cDrrec'¡ icii ( ser: se cii cLt r).3.5t 9,1.ór9.\)
aI.s no'¡ ciescr t-becr e.s it is f'eit tli::¡ tìie a¡l;rrcach su'É;:,esi'-

eci in se c u j-itl ?.5,¡ -r;ilicíl suiláje sts tira-c cnly twc siiu-¿'re rs

and t'irc rnu-L'bipii els ( or eliec ai-vel;' icu-r' Ini;l iJ-pliers
(iriß .12-D ) ar.e îelu-it,e d Í'cr the c:lr;oIe¡e Cif a.rl'.r '/id-i-coil

caneTa) r,J:i¡.r,a,trts ine U-Se ci cci:lrnercia1-iy avaiLabL e tfC

rnr.ilbiplie.rs es t¡re .se â.re becrilring iess e]:rells-tve ($i 5- 2-O).

llunr:tiorl bLccks sLÌcll es ttgc,:ierst' åfl,j- r'Êü:itliietlsrl

all€ iri'lpl€rlienicd r¿riir cDÌlLlrrírrciali.!: ai'ail-ai:le, r/ü Û'rl-a;ilps;

the techni,Jues Llcr using these ar.e weLL kälwit.

rì þ bi LI

Thj-s circuib, shc'u'¡n seosraiei-v jl-rI 'i'j-g.1 iL( a)

has þeen aLri:aciy cìescriberi iri secticn i 1 .Li . j.2. T ire

inpuL ittà'! i¡e eitite¡ c¡t¡,Litruou-s c-r pul.se inpu-i; ihe Cí-iL

cuL¡;Ub Sij-pi)IieS c¡ a P ul-se Int eg,f¿it¡r' a cctls;'¿anb leveL

ini,e r terj si-¡Srietl r,¡nich is terrpe rat ir.r'e ancr vcibage sup¡,'iy-

var-iatir¡i itrcl.eÌ:e1uen'u. ihis is aLr-e Cc tne clalnpinfi eÍif'eci

:-,f the Zettex CLicd-e iil series v¡iLi: a Si crcCe ac i;s cU-t'lu-t.

The cU[,":ut pt-r-ise aÍlplitu-rie is Scixe 6'[. 'I'ettrperatu-r'e ¡'-nde-

neLicellce is a'cn-i eveci s;inr.uLtanecüs:|'¡r I âs ¿; i' ¡nirs vcLi:l;e



the ';cnlpera.tu.rr: c oeff i c j-¡.¡rt cf the Ze ner vlJ-tage is¡ rle å.il

z,ero.

ll -{^¡- i-'";lse tl.-t1-, éo :-irr ( ¿- l

tÌtis circu-it, :jrici'llL seo¿r rai,eLy iu,'.i.g.1 ¡!( b,),

has 1;,':,-tf des;cr.i'bed. in secl:icn I1.)+.1.2, -Ue,;efiding Jn

r,,;heLhi:r íis irlttu-i irrm Lile CSL j-s a Du-L se it.'¡rult cl a

ccntinu¡u-s input, eiiiicr e staìi'case cr e si.'.JtocLh ci
constanc sJ-c,tre is ß€llerabed at Ít,s cutpul;. iiie s';ei: lteJ-gnb

Dr the sl-op-o o-l tne ser,'¡tclbn j-s vai'ied-'cy','¿li'.:¡j'tig irie

The Li': 3C2 higii-iriput il:ped.¿ince i¡u-ifer is necess-

ary t:l eLi: rii'a.t = oiscí.r:rrije c-f, ti-e capac itor rrC¡i ì:;t

sLtcc e ss,j-.v-e c irc ui¡ stage s ¿-Lt bi-ie P. I- o ut puf .

P.I's, in acldi-iicrr tc generatirrg H- cÍ \,r-scan-

ning r,,rä.r.¡efc-r'flS, are u-sed- ic gener:'.te Ltre cctrì,rcl vcitages
fcr t/cLiage C:ittrcLLeci ;'icncsta'oies, vlhcse cul-;pu-t cu-l-se

duratirn cieline the äcri zcnt¿L Dis;crtictL lìeg-irns in l;he

Vio.iccn Canera ( see i¡ig,.110) aricl L;ire C;tT display ( see l-ig.
1 1 6) enci i : g€ilerace tjre r¡Ccrrect-ilrlË ial':p'/clbagesr' -i-n

the C.lI il-disicrticn Cci'recLi¡n (l¡ig "11-l).

value ci'¡,itr,: elnjttei resis;cr rr

icr l¡C¡t .

1 I nt.

i his cii'c u-i¡ altirru-gri
vriiÌr a. P"I.ris sjllc.'in seperâLel.y

describecl pre'¡-iJLr-sLy ia secti¡n

il,.t' Jr'une cha16irrg capaci-ú

L,
I U- )

c on j uric t -j- cn

it nas c,3'en

Du,r'iti¡; iÌre active scanniLg ,oericLl, the ¡'iT 1s
!'cfitr anC arìy iealcage cU-rreni:s cna-TZLIL'ú tlie ce.cå.c-iì;cr I'Crt

ar'e cÍ' tl:ie c::iier cÎ e nr{ end henc€ can be neglecte,j-. fhe
scurcc-ic-d-rain'ssiistalc': dui'irig thr: d.iscka.rge i.¡it exvaL

r.¿hen iirc f,;f is ir ^f ¡¡ is cí tirr: cr:rier cí ]OCR. lire valu-e

cf t¡C¡i is chcsen tc alLc'r¡ ûli:: ct-isch:tr¿e 'cirite ccn.sÛant
ttrtì tt i^, i.c Ioss; ì;nati 1A,7î" ci' tì'tc tir¡l i: al-ici;eci. í'cr cr,isciia.r¡t,etC uJ ¡/u !e

( tne ti- cr f- reirace j-ntenvel) . Sii-ice sÐine !.T^rs are
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required t¡ ,¡iscliarge a cs.pacitor bc 0-Alf" oi iis ini'¡iat
valu-e, the ce¡ra.cibcr Srricr i;c a nít.,v inbegrai j cn iriL,erva.L
i s ail;a¡r s f ul| iy di sc harg ed 

"

11 -\ -L- - I/cLt:;E¡ Cont.r¡l I ci -,i¡riosi;:,Ì-rl e ('',1't]''Í

11 -5-6 ,/oLtar:e Coal;rcl Le,-l ¿s1;abl,e (,,-C,,,)

)
lne thecr¡' r des;cripl.;illlr:;íicl períÐ.iritÐ.nce oi' a

VCj.i u-sing the lìI'L. i;1, 91) Du-aI-f ripirt Ìi0ä U ¿rte ¿ì s iire
'ou.iLding i:Lcck is given in /i¡:pencli:: A"1:.)+.1, wiiilst a

discrete cciírí.)cnent v,3rs-io¿i j-s ¡ris¡ fu-i ly oesclil¡eci in
Appeticiix At"13.5i bctn are reprincs eccepi;ed, fcr pu.blicaticn.
llie l:L 9,,\-t v.:rsicit is siiÐwn in ,.+ig; " 13j(a) .

The 7ci.'i is vcltage -L:ail and cutirut-Ie v.e L ccíilpabä bl-e ivith
the Lou IeveL (3'6V) iogic u-sed tirrcu-ghcut.

Thc per'-flcrìna.nce curves ol ihe VCìirparficuiariy
cf tire discrei:e ccnìpctr.ent \¡ersj-Dn (p. A.?-28), shovt a

Linear range ( i:ei'r,er than 17" iin,:arit¡z) cf abcut B: i cf
the cutput puLse dur,'aticn. In secii¡n 8.3.-7.3rLn discu-ss-
irrg' the acc u.râ.cy z'equire d cf bhe "ccnbrcl vcLt a¿e/cutpui
pu.ls:e d.urai;iDn" r€Lat-icnsnip, it is sLate d that the crcler
of accuracy re.;u-ire,i is typically cf ûhe crde L: cî 1-2Y".

Siuce the ¡cuise cluratj-crls define H-disl,cr"ticu regiDns fcr
scanned a.reas r,vith cril.F i'ernaiienb clistcrti:lns (as;-iin-
c ushicn and scanning i,Javef rrn ncn-Lilearicie s nave be en,

in bhe main, elirniirat..d) r the distcrLi¡ns ar'e expected
t c cha.rige grarJually, a.rnrl c\/eÍ' tire he ight c.fl i;h.e .scanned
aree, a g-iven ctisbcri-i-cri regicn (sa:,' bile )'25':i - A'57"

D j.st crtion Ìegicn) is ttct e;<¡rected 1-"c itave nrr. than say a

3*521 r¡ici.th y¡.ria.bicn, as cati be seeit in i+ig .'lO\( 'c) , ',.;hicil

is _gf,! c3iri['ieil-s¿L.2¿ f cr Il-pincuslj-cn disbclticn. The abcr¡e

per:Ícnla.nce figÌ-ires satisf¿;cicriL;; meet l;irese reiiuirilenbs.

i'n3 r;ìr:ci;:, cescri,-rú j cn e 1., rj. pcr-i:'crrìlâilce cf a
-.T" .. .-.<.i ;-.,-. r- i.. -. :.,::T r.-Í .-l-,ì l, -,.: . ì.,r-i i ¡:i ¡,,-, :-,-ì - ^'. -: ^ ., Ì ., -'- '
! v --i V-* f r-¡; , ,- jçi -t:. U ),:!t / I
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Á1:¡:enc)i;< a ,13.L .1 ; i¡ Ís -"hc.,,/lr r¡ ¡'j g .l 3j(rJ) .

Ihe'iC.i¿, is r.;.scri. ii-r 'v'!tte ueposi_Licn.iirg cï'oel_a,yi¡g cf
videc j-n¡rut pLrises icr ci-rta-ining a linerr.cìi cj-ispLay,
by cle::j v-i-itlj Í::¡:r: ti,re iiCtt, cLll-,111.;ii, fre:.ii)ency-,¡¡;1,_iu.'oi_.
srrif L ¡:iiises t¡ íe¿-.d e sit-lf'b reg-istr:lr ( sce .i'i¿.'t1)) .

t¿i se cti¡ri 8.L: . j":'_ r,hl r,: rrij_rcr.j fre tuencJi
¿¿ri:iaii:¡r-: is siici,,ri ic be l.i the cr:ìe r,cf f.i,jti. ftri:
per-icrn:Ð.t-ìce cu-rve ci t.he I/CA sh:un cir p.ii.?l 5t s,jcv
e linear (beiter, th¿¡.n f i,;) ccl'¿r,cl voliage fr:c,:tLteíÌcjy' ïe-
iaticiisitip c.i ovii.r" 2:1 , indi_citiing ii.s su_it¿r'¿j_i j_ty.
-Beirig a i'el-a;..ai-icn cs-;criiaicr', tLie i/CA can be reseí'cy
extern¡-rl t;riggi:r',iu-Lse.s (se : tile 'cri¡,;5er: puLsil iír:.,,at i,;t
tiie Ås'd¿ìbie iri tire v:r'ticai ìa.r Lrerieratcr, (FiE,1z))). -as

discrisss.f j ¿r seci;-irn ,.J.li,.3.8, su.ch tr-igger cï, r,r.e :_;etil

¡:'.;-lse,s aTe re.{uired,Ln the 7CA in bhe abcve ar.,¡;t_icaticn.

LL " J". /- . L e :r g r_ry:_j_r n d _i, a4gr-pg*¿U f_É-q_Ð ß e *I1le¿qatcr (i,i i)
Thls is altçr.nat LveL¡ caILe,l a. I'pcsib j-ve ( o¡

l[ega"tivr:) Slcpe Irulse 3C::e Indicatc-L.rr. Ib i-c d.escr.ibecf
rlt>re f u-1.L..v Ín .{ppendix A.13.1+ .2 and is sircwn j-n rq-ig .135(c).

The LìI is requrr.ed tc pr€cisely Ioc¿r'r,e the
start e.nci ccrripleti¡n ci puise ciu-re.Li,rns sucit ¡ls Lhe i.erj-rra.-
l"ictis ci â snift puLse f_co¡i the leaiLing ecrge cf the'/CÂ
puLse cut¡rut Dr tc i-erive â trigger.pu-Lse foz. a'rci'i by

detecting the Laggilg eclge cf the previcus /Crl cL.l]-pu-t

pulse (e.g. as in irig.116).

The L¡jI is buiLt- arcund a :J,gl) anci. pr.cduces a
3-\v cu-tpui pì.:fse , ¡-f, iess tiran !Ons dura'uion(i;ne n€âsuie-
¡rent Ì:eiü¡3 Limj-1"e.i J:r the QF.0 use d cf 2r;'ti--iz band.lvid,Lh),
and a prcpagaticn ,eel¡ay bet.,,¡een the de t ec i;ec¡. pu1_se edge

and the cuiput, cf the crCe.r cf Z}ns. This i.s precise
encu-gh for the pu-rpcse cf _indicilling dist¡rticti regicrls,
since a ir-ccc].tlinate cí a dispJ-a;., L¡cifjcri is cf sciue

O , 1 62ps dur-at t'_ cn .



1 1 -5"8 Seh¡'ij h1, Trirtri,:r' L'rl t'Ciìrliriit;rr Leve'ì DeLcei;or

A silnple l-evei d eLectrr, suj-i;¿ri;l.c tc seÍ've a.s

1;he ili- - tt ¿lnd ¡ti-..rt Cullent Levei uetectcrs ¿.L 'i,ire Vidiccn
! I lr¿

Canei.a 0u'üi:ut tc di scrimitraic b,::tr,;eeri lr:'iuirei iìíliú ur.v;erti*

ed sign:rl-", crì.n':,)í) i-npi;ir;r:rtici. b:o q. si,;loLe Schti'ut Tri3Ser'
circu-j-t bi;iid- ¿rr'¡lrt.iu a l.t--r91\ i:itich is sírt',,rn Írr d.etaj-i j-n

iì'iå .1 jLl( ci) ; i;i,e fu jre;r,aí: j c -j-s sitci^i¡. ,r'-n l'ig .i -j5(&) " i ire outl-

put cf Dne ci the titc-inpui in'".'tniers is c¡ilnectecl.'cc i;he

input cf the cther illventer', a.nd iuc exl,erriaL r€sistcrs
are aocied. t'rtlt' ccntrcls the VDIì;aile*Le '¡el Se iJ¿ìl:ati'rn
bet',,,reen the "Upper;lri.p Pcintt'(U-ilP) a.nq bnerrLcwer Iriil
Pcinttt (LT,") ( i. e . bite vcLtage iei,'eIs: ac 'r¡nich bhe Scitr:iti
Trigger is enable<i rr Dn¡r and rì Df-['tt ]:e spec uively) . rrR--rr

del,eri¡iì nes the Ievel cf tire UTP.

Ii is easily shc',.rn that:

UT P ( ¡' Ðntt ) ( rcl 'c s)x-'ll-**
¡,- // :t--^+¡ì-t/l \'¿ r

î¡!\¡
o vf-ft ' vQ¡^,

UU D!",' cut in
I

.11 .21

and
Þ

LTP ( t¡ cf'i.'t ) ( /cI is)X "; _
)rl!¡ ¿ i.\' rt l+ ù

lfrl¡.,ûc ' " lJ;j C i.L1l Jr L

.l l.¿¿

As nctninal-l-v RC17 fCZ, arìd V¡: cub Ln*Ytsf c'r_t cfi
then \JTP > LTP.

rrVCCt' is nurirnaLLy 3'6V i "l',3J cub irrtt is cf bire

order cÍ 0.8'y', anc 1f Rr=O, ttVBil 
cut-, j-^" sets Llie mi-nj-mutn

Li-Îir .

The schnitt Irigg ef abcve nas b,:eri su-ccessì r¡sl,¡

testecL fcr fre0u-enc-j-es up tc 1'6i¡ez. its 3ulpub arn¡:liburie

at arcund 3.6V neecl, be a.tteni;-ated'ay tire sillple pctenfiai
cì-ivider, bc c1i rect¡;r ori-ve ctller ir,ji, .rairchiid lcgic.



11 .S -q Cu¡:rr:nf rïrnnl i f i,:r's
f n tire se c;i¡ns cieali.ng i.;itir Frt.'c u sriirii cr

-,Barrel- tisl,cri,-icn Colr.ï'ecti-cn iit tlie lirÌiccn ancl ihe CrìT

(see, fcr e;<atnoJ-e, ¡'ig.'t?'7)tiu-ncti¡rr bLcchs laL,ell ecÌ

¡tUurr'ent ni,ill_ifiersi' aí'e shc,,ln, pr-luaril;r tc o.r_1ve íocuts-

-qinE cï' duii."ticn ccils, witìi si grrais c-û uÌl tc lOOrne

arpLi'cL;.cie being recluircd 
"

]i curlent enipLiîier c;apa,Ì:Ie cf e.eLiveri-ng u-p tc
several hnnii.r¡:cls Di ¡ii.,,s iras bi:e tt des;crii-,ecl in sec'cion

11 .\ .3,2, being iire çrans;istcr ,àO, Q6, iri l-ig .132t
ccnnecteci in ccinillcn-base ccníigu-r'a1,icn .

.åliernat ive iJr, curri:nt utçtLi'jj.er's f crrr,ecl ircm
eiiher rneiched discleie PiiP-ì{Èi( tra.nsistcrs, cr cbbainabie
in an IC ícln, a.nd i cinecl es a c cinpl-irneniary pail t^icri<-ing

in Cl-¿,,ss ;l operaLicn, carr be u"se o. The.y cå.n ì¡e u.seo eibher
dir-ectIy es a serÍes ariiplifi.:r, cl'can be inserie.i within
the feedb¡rch lcop cf the "Bl-" resis;icr cf an Op-arnp (as

the V-scoilnirii cciLs j-n Fi¿.130) bc ef.fectively resuLt -itr

¿t'High 0ut;:u-t C u,-r're rit Co-ain¡-l lr itris is shcrvn i-n Fig .13j(e) ,

1

(i)

( ii)

( rtf )

5- r) Y¡l tr,re S,u'tnLieS;

.several vcliäge su,ppLies ere re."luired nen.eLyz

tt ?),61,11t f cr. the RTt Icgic (;t,'ìiD-, Ofr-¡,ai; e s,lì-S
l'/i's etc) "

r'+ 1\Vtt fc:: the reccirrmended Vitìiccn C¿-nere

circu-its ,rcl'r,age su-plIy rail ( e .Él t'he vioec
arri¡:lifier), and f'or tfre plsii;irre su.,o¡;I.¡r cÍ ihc
cp-anps, ancì ì:iie Ceni,ering C:l.r'ct.lit cf the 1[-

scannì-ng''i ar¡eicrin Gener¿et,¡r.

tt -1\ytt f cr the negai:ive su:ppL;¡ cf the Op-alnirs

ancl tj:c certtei:irig circui'c cÍ'the V-scarinì-lig
7l a.ve Í'crrri Gi: n,: r'at cr .



( -r- v7 rr+ 8 / " a.no ¡i *.q7rí -f :rr t iie i"iC 1 52A i1- sc elitli-rlg
i/¿li¿3-fl31,11 J,)-r.jì: ,J SU-',1¡.1 ¡¡¡ i;il-L(i inc CJ . r'espcitui:io
CenLe.r'iir6 Circ l.Li t .

tt+?-?-\rt\ -f cr th,.: i1-sciìnriii],.{ Cui're nt ii:ipLifier-.

ihe'"-cli:age su-".,íiLies rreeri'ce !i€t-i r:egu-Lal.eci

end be uell¡rer:.lcure inseilsii,ive b; cnsu-r€ l;¡i:i'¡,.r.il cì-Ls¡rie,;,r

r e p e a ü ¿. bi L i ';¡z .

llC ,,'cIr.a¿e ;'.i.iÍu.Ii,,icrs, ( ira j.r'cil-ì-lcL Lr-ji 72 jCr ccirl;iir3 .:r-cul'::ì

$+ "5C cacir) r.r.r'€ u-s¡:c e;ilc:-i-1-ivij j-j', '.f irc neasule':l icad-

ríiáitilaticl¿ i.ieíj ì;eul;er tit¿.¡i C:0f/"ci iite ri;it¡,r;-i, v3l-¡å',¿3,
.,,1]:rj-l-e Lile clU-cicr.i Le,lirer¿,,',-,t¿r'e COeÍíicjanh Ct-' i,rt- cUttU-'r

vcl',,a¡;e j s r.n ilir.i2;ilir]ic:lnj: O',lO j:1, f "C elìl'i en'ü. u-se clÎ

¡he l*ì '7'¿=C is.;;eLl- dcculnenì:eC -1n L't:,e cf,Inine-r'ciaL li'cerature
(3\'/); n typ-ì-ca1- circu.ii: ccnf-igi:-::ai j-on -is srlc',,iiL itr
Fie . 1 

-J5( i) 
"

A s iinpl-e pD-'.'Je1- suppiy prcvidecl i,l,e pii:.:ai:;¡.' t'C

sup¡:Iy cf "4- ) j iri anú t\ -3r'i't, îr'clt tiie sC rii¿ì irts, i'¡i.'i clt -oihei'i:

then f ed- inic tiie ¿:: -/2 jtJ ancì ei.-ie::n'¿L se l'i:s io;r:j f f,iie,'-'

tre.rrsist¡isrtr give the :bc¿c vcl,tagss. Lire "-35"{" supplS'

aLsc su-¡:;.rIied the ','cJ-'¿a?,e ra-il to sinple ¡ruise anplifiers
tc g€nerate a,Seciuate anplitude pu-ise signal:r Lc prc'r-iCe

tire i{- anC- V- syrc. pu-l se Í; tc cii rec bl-}' time üile ;{- and

V- scanning c j-rcuits iii tne ClìI d.u-i'irg tesis ( se e F:i-g " A.

I /..21 .

A sepat::lt e 3'6! ,3 Ar,p su-.r-;'crl.v f cr ''"ire ,1lL lcgì-c
(variabLe e;<t,:r'nalLy b"v 310ñ abcL;.'; 3'6''t), .'."/ü-s aLsc

designed .í'rJr:r rt-i*"cre';e ccín;ocnents; cí cDnventicnal oesign
(f ul-l-,,^iave rec Lif ier orld6le i;j-tn e ser-ies-pã.ss transistor
vcltage ri;guL¡¡ior anci a pre-ÍeguL¿-;L¡r): lt iu'as i;emíJeÍ:liu.re

stabiLized h'y cicd-es, ',th1Le lcad reguLari¡,ln i,r¿s itilprcveo.

by ttcDiirncri earti'ì'¡'ire!' feed.backr r,3*"u,Ltin:l iil scme O' 1"/'"

fuil lca.d- regu'.Leti JrÌ.



1 i .6 T rÌ';IiïG " Â;i.D CCiiilcCL

11,6.1 P.eriui.re;ïciìl,s arrci Des:j "
Í'i:icl l'iil i t;ç at,'J. Ür;r';¡ri,S.7 :;Le:;t in"iiï)rCGiì..Pi.-Crl

has t::r',:i: rjjai¿i f u-llcticns:

(r)

(rl,)

( 1r-r )

iic prci.ri,Ce Lhe ccrrt..rcl Lilning sì grrais -f cr bhe
V- ancl ii- scarilring i.ìij-\./e f cr.n s in tir,: Vidic cn
Camera ancl Cil.i' Dis.olay.

'I'c pi:'cvide certaiiL ccnbrcl-'cirriing signals fcr
bire i{- and f- Ccrr'eciicn Cil.cuL'-ts .flcr tit-=

ViclicDn Ca.rÍì€r'ü. aitd Ci':[ D:'-sr-,1a._v .

ic prcvicie tire ii-. aitd i- cccr,d j-nate s ( cr r- ancj
y- ctis¡-.,1i:;' ccoidrnatr:s) ei ¡jtc gr,r.i;ir.i-cs ilrfcr;;:a-
iicir cl-ispia.,r Ioca'¡i¡ns f¡r CrrJ lrlO r.l(1Lr-i-reijtenis,
lihethe r C,r-il-reçiue stecl cí. u-qer-sírecifieci.

11 .6 .1 .1 Fu.noa:r.ci:ta i. î i r:t:'nrj :*'1,ì-qn:l s

i'Ìre J:asic i;ir;iing j-nierval j.n VIÐICCI:.åPi-irc -is
Àt æ O.162ps: r,,tì-Ìere rr Abtr ccrrecoc¡lus t¡ th.: Liirle reciuir*
ed :icr 'uhe scailif ì ng eIe ctrci iiea¡r i n the Vii-iccn cÌ' iile
CR? tc Lrayel bei.,.;een tr,;c acìjacerrL cli:;pi¿y l-cciitj_cns; t:i-lis
value cf ¡¡ a Lrt j s f cr e. 2a0 ri ?c\'j aJrile ssa'oie grio ciispla.".,
irnplei:lerrbed rn a 625-tine, jOHz. i7-s.irsien. (ij'cr ciher
standa:i:qs Jr clifierent nr/jriLl,tl' ci cisp!¿y gr_icr eier¡ients
¡' 

^trr 
r';j-il d-i-ií:r; its r¡uiüe is disci;ssed in secr,icl-r 7.5.\.

licv¡ei¡errtc erlabie li-ccrreci;i-cn tc be iili¡rl,3r;r€fti, l(ir ¡¡s;i:iittl
pulses Ð.r'e reo,u-i-rcd.';c f eecr iì-ccrï'scbion Sni..i'ù rÈg-i_sir:r:s
( see sectic¡r. S.Ð, rviticii re,qt-Lir'c a í-'ei'ir.l 5i; *[:J * ,3. Q8'i¡s;;

¿thus e iitc
f re qi;eitcy

re trþ¿1sic" bining s)iLr.ce ie r:iiut_L-r:erì., cf a
,- ?- -\. / - ..,cL' ;ï F 12' jt6).1ä2. É cr'.7s'bal-cur:'urlil-ed JrìúiLL-AL'

aicr at th-Ls frertuetÌcj/ -¡-s rer.lu-ired.

Tire cther basic i:i.,ring siglii;l s Í'itr,riu-irer: are the
¡r-scanning Iin¡: "irequency ¡í n¡ni.n¡rl l-:¡ .l 

5-62 j:i':-z (a. i:t-i-iiie
.1u-.rt¿.ti3¿t ¡i ó\i;.:) ,-ti,rJ" [,itc l¡'--ilrsic- i t'r:'.;¡'.;.:¿r-ç¡ ::-' ilc.rÌijtr-ì.]-l-:v"



JOIiz ( a li- Î-i-eld aL;raticn cl 2Oin:'.) 
"

If ii:r,: i;¿tsic ir:ciìuíjncy ci 12'3tia:'1ï,2 ts; cirvided-
:,---^^f.''.-.n^\'líjy 79C (+r+5 +79), ii.e ri c1 ir: ire nc.ir ci 1j, o?--/ i'1,i2, resirii;s,
n(iariy ecii:.al '¡: ihe ¡'ecuii'ed i'i-Line Í':.-i:qi;-elrc., (giving a

ä-l-:'-ne Cui'¿'l';i¡rr c-i 6\'',. OCI-Ius) .

lr-ilti'rer divi ri.ing this re si;-Li;i-iig ii-iine f:ceqLrency bJ¡ 312
I . -¿. O . ¿',\ ..¡*..... - .l +t-,,.-,(; J; Òì- | )) ;li-Vc:i åt i'--1 l'ätl:ij iI'er{UCi-C"i Dr. )¿'\)tJ/:.;7'
(ccrresircii.i-j-tÌg uc a rir¿line j.nLerv¡ll ci 1),.)/ofns).
The al;cve frr:,.¿uency .ii vis-r-oir is ¿lcilie i¡ilii qu-ì-te sirrlr;I.y' -ry

f eeclirrg i ri a suii¿lbi,.: 1,,iaveíci'ir cí ilie b¿rs j-c 12'zllí',:i,z
f rer¿ueir.cy int¡ ¿:: ncu(79C) cJ.i¿ii;aL r..L-opLir-ccl;-iit.:r ( i;he t;il-

Ccunberr') '¿c cl;t¿lin ¡lie Il-Lirre Îr'e qtiericy ând-

tlr(-'nce intc â it cd-(3'tZ) ccu-nie r'( i;ite t''/-C cL:-ntcr'" ) . A

suibai:lr: j ili,üt \.¡iäv::f- crili ic ie,rd i;itc cri;.riie r [1.r;,' be cL¡i;aincci

'cy feecli-n¡1 the essentia.il-y sicuscj-<i cri/si¿,L ¡scill-atci-
l,Javesira,ce iutc a Sci',rriiii Trig;er i,/i,ise ci-rbpüt' Liren is â

squ.¿1 r€-i'Jcr. v-€ cí the salû € f re qu-e r"ìc:l .

Tire Ccu-ll,et',r ci'Fr.'ir,luency Diviilers are, jii cu-Í'

case, synthesizecl fr-c¡i Ìt-S iîi i,.i-illcns (,¡airciril¿t ll; af 923

iìIL) '¡i¡icir essentieiL;'¿ are " = 2rl eLetnenis; ';¡hen cclrnectecl-

serialL.y' ¿ilcì tii:eil ce::iaiti cf iiteir cui;ubs ¿t-t! i'i:J bacil bc
- -. t..,

Í-'revicLr.s i'ii' s',:¿.¿1 ts r *3r* j) + i) etc r-;i'¡icers a-re c1¡tliiied.
Ccnneci-ir..'citese in series in the above ccrbiii¿ri,ict¡.s, iiir:

il 
^ 

r-li
iÌ- arid- '[- Í'r.;'1q¡¡lcies ¡]r'r: cbl,¿rj-nL:o Îrcri ì;ne -#.r'ysLal
cscìIi¿r"r,cr:" 'rhe riietilo,j-s ci syntiiesizíng llrese variable
1-en¡1th cu,-filer's eÍ'e r,,Jell irrlc',^in aud- n-:eO. li¡b iJ? <Lescr'ii;erl

lie:le.

llacir cí'biie .','/,.'s vli'chin eacit ccult'ue,:'si,a.ge cail

at any insiarl'u be j-n crìe ci t'nic siates ( I'iruer' cr ti1'¿ls'3rr

Dr srl:p1-¡,' '';'i tr cÌ' rrO¡r ) , ano f cr :ìn.y 1u"')Jer' :f 3¡i-l se s inpu-'r'

iritc the Li-C¡ trti,r¿r': s¿ìY, iri.rr O tc 7?A,t a uni-iue cc¡¡li¡ina-

ii:n cf ¡r'/!'s s;cates exists, r^;hicil ti'a1z be reau cii' a.

t,Sl,¿;.ue tabLe ", 'r;fi-Cir iS A. 'i ""1 CCr.r';:ìi-iCfÌLl 2iìCe bebWeerr i;ii'.

n"u¡l'oer cf i ¡.r'.1i puLses anc the csunier- sti,i;es; (agair:.



5

these tecilnj-clu-erì are lveIL kncwn) . .,$ach su-ch r¡state nunlle r'tl

can be deccded.and essrciateci tçiLl. ihe ñu:ilber cf inpu.t
pnLscs fed intc the ccunter a-Cter scile inili¿rl cc';-nte.t: si,ate
Slnce '¡he iriie.rv-al ci il^i,¡r (cr t...,c $"pr.i=u ccu-ntsì) is
ass3c j a'ued r,;i'cÌr tne scaflrj j i-'g 'c:un 'u¡aircL be'c.,,tee n a.j.jacent
oi-splaji Icc:,ti-:tis, tne;;rsiti:ii c-f ihe b.:=..,:, unc tliu.,s Lhe

.ccsiti)n cf ¿r- r-l-i-spl-ayed oci ¡ri, call be give ri by t,he -staie
c-f 'che ¡i-CcurliLer. SimiI¡-rly the si¡:te c.fl hhe ì,I-CcunÌ;e:':

i,nciicates the nmber cf raSter-lines -ccantled and hetrce fl'ie

,ocsiti.Jn cf ihe beam is the v-"r'ticaL diL:eci;icn.
lirus ì;he iî- airai i/- CcLÌilters i-n aciciti-rn tc prcviding Lhe

I{* a.i:rcl V- birni¡g signals frcm the f unciarrtentaL biiili rig scu-rce

can, by su-i1,:-i:l-e Aeccding, direc tl.,v gerierate the ;1- ano '/-
( cr rr x¡r atii. ¡tyt') 'li sillay c ccrdina-¡ e s .

T

¿

11 I t
I I cU¡ | 0 the T irrli nr Si-guals

,qiåis.106, 103 anci i15 snDri th-. r'.:.r1uireJ-'ui::nitig

and cDntrcL signals reoi;ireti tc deîine tile varicLr-S',,ine

intei:vaLs t','it,iii¿r a il-Line cr V-Í'ralne du-ririg wiiicfr ccrrec-
iicn sigäai-s cr active cìisplay s:jgnals cccu'r.
Spec j--tical-L:¡ "'iilS", j:he i-j-llan-ritig -qiar'c Pu-]" se ( atro :i-Li-ne

Si art Fu-l se ) and "T SS" , tire i/-Sc an 'Sl;art Pu-l se ( se: l-ig .1Có)

al'e crerlreci 'iy deiectillg the iaggirig ecìge cí l;:ic rr0rr cuii;puf

.f,r¡¡ the íinaI sba¡;e oi iile ä-Ciiti'beT'ancL Ï-C:r;irrtertÌ'esQec*

tivel-v, by a pLilse Laggi:ig Ecige Indicatcr (tAi) " "läS"
ccrirfispcnis tc OuS cf tiie ó\¡s ii-i i-ne ciur:a.i:i¡n, en'.1 "lÍ-'i-:"

ccrr'esp¡tr,is ic Onis cí Lhe 20ins V-'fielci curaì:icn''

T ¡ c',¿cain a i:ili;ing c critrcl pu-ise wiiirin a ä-I j-ne

cr i/-f ieLci inte rtaL, ícr exailple, "-lr-i;", biie ¡¡¡i-BLankins

jtrnci pul se,' , ccc uring 1 c¡1s ait e" t'i;ìs" , ti:e f clLcwing tl'e'r,iicd

: ^ ,. .- ,' .-'': .
l- J u-Jtl(l ¡

úc
1O¡s x 123. AL- = 12- 5. O'OB'I Ðs æ 9 '96Jus r

Lhen the '¡23-t'ù Dulse ¡riier tjre puise ccl'J'3si'ictlúing; ''-c



ttT.-^t' is re tiiirea tll i,:,clicitLc t'f .."" . ii':'JiIr i.l:l': i:,cû-( 79C)l-1.- . t1a
II-Crunter ccnsistiirg Dl 1i ^./F sbage :ì (in 'uhe ; ?+ 5+7j
ve-rsirn), Li:e l-:u¡i¡e ccr';':.::,pltiiiiiig ¡c a. ccunt ci' tt127tt is
Í'ecì ini,c ¡rn i 1-inrruii; -.'il¡-ga';r: ailr-i ih,: iag3ilrg e o¡,,e c-Î

l;.iS ï.,?Slj'! l-:-,?-r L '.r:'l c::r rc ¡"t¡:C'bei 'C.; i.:,il LjÏ.UI-iÙ ¡çJu-.L.ri:ilu l)rL\'! -LÙ uv

Siiüiiu.rl.t' ¿ìíiJi chi-i':i: ci,i.La3; c:r¡if ::cl si¡;na-1-s i-'7iÌ;ft-

ii't ¿.n ii-liile càiL i:e cbua-Lnerj l-..v I'r;;ti,,ilg Lhe ÐpiJI'Dpli¿.'ce

nrr J q.i .:ìî¡'r,.rq.1 -¡¡1 ¡l|,1 ¡; l.r i.r¡o r"r'tl:i r''=r-' iìi.'t. if be :"vii ait¡e i'
ì-'U-l-'--.J UJILr:)'t., J(19!---i- þJ ('il\- ¿ -. ¡ ¡!r!¿

t''f 
.-lg". Siriìil-aliy fi:.,;ti tire ,/-C¡tl-ilbcr s'ce.'ces, "-lSJ", 'r,ile 7"-

bl-alikinii -stoi'i; ;tuise C:r.íÌ ite ibi,airreci, cr' ålr';' ¡i;ii,,:-l' si¿lii,Lis

:.r-rcil ¿.s i,ire \,[*a.ctivc cisp]ai'i:cuiioaric:-: cccu-iil-Lg ¿li 1, =- jr:ts

and t - i li-rrs.

a¿!

¡¡1 tr

t ìre

r hese t-.i-Lr':6 si¡r,i is, -'u-cl, i. s "':jS" rl,il{i- "'i.-rj
îerl. int c ihe rrst'' ä.n,j 11.iì' i-r;t,s-i,s c.f a. LL-S :-/!',.¡;harse

cL¡tíJ,l;'cflu-r; -r-i,'-s ;:- : i:-'¡lci:lriíi¿, ii're-r ¡¿i reiuj-r-3u

V-staircese Pi.Ll s: Iii,e;i¿ii;or (see Fi-g.i:)C,\.
! iJ..i-

otlier ti:::ing -"ignal-s,d.eriveci in a si¡nilar ¡xanner

t,c the abcve, feed. cther r'-t-S f/ls to cl-eternine cther iirnitlg

iriterr¡alS:l¡nich are t'hen u.liiizecl j-l the riianner described

-in the apprc¡:riabe sec ti¡ns in cnapi::r 8.

11 lìl^r i) ncl ..., T ¡r t r-: .ì-) L^-.ri ì r: rr fl o ¡:. r":' L

!is:pj-a5r LccaÌ;ion cf,cl'diiia-i;3s: ¿lr'e sill-t, r'ilíll1if iicì

C,u_r_ing CpU in;tu-1.,/Cu,;5;u'i Dyeríi.ticns cr";;Ì-en oistiiâi/ cjâúe is

SileCi-f-LeO nu.Lnr:r'ica.li;r b.r' ¡t'-': u.Set'. !.ile aciive ol:'pLa;'

ai:ee., i¡i Lì:tc -Li-ai;'eciictiri:; l:.'cat,ec be i;',çeen 'r, = 2Û'3p-s; ¿r.i:d-

i = 53.Zlls Ír.cm õ = i'r¡r, t;ne SLar"C C-i €å:cír n-l-ilig; i:iiis;
l¡ 

^ 
t-l¡JJv

cf,llcs;l;lilis üc ,'# puLs;e cJ'-Lri fi' 25i ârlì O5-l l.'e-c;occ-

t:-veiy. ,i.Lrr:iiari.y îct ûrìe v-ccor',iinaic, blie a.ci,.i,¡e

r'jispl-a.yarea cccttì-s þetvie'ori l.; = J'Ot;rs aii0 i ='l !''3irrs,

CJrTespclrcring 'i;¡ a \/ei.ticaL r¡uise c¡u-¡lt cÍ \7 an,-i. 2)'l
l,eSi,reCi:i v::i-;,i. it-' it;-.s tiL:: li- :-.iii 'i- ( r:,-' rr'(t¡ äiì.ii iiyt: ) CC:rrii-'L-

!-t":tLtí)s ¡i ¿'nji ii-'¡;t a'" .l ¡cli i ¡:l Li: 
"r '¡ll-i-ii 

-ll:l: ;ì-c:r-;-tlt:r



Irul-s€ co lnt Di' Le rr,';;e':il 2;-i i,¡ 6lZ :ir-,-1 '.ji'uirin Lhe V-cct,:,iiier
puL-';e ccriirù ci Ì.l,r l,i,i€,.irr \ | er'i ZL+| "

i'rrc ri-i¡1-i-i;ai- i-ccoaers, cir€ t-'tI'ihe ri*C¡L.iilter', ti'it: lLllcr" í-cr
bì:e tl-Ciü;-i;,: i', ì:as¿cl Jr.L ilic: su¿;.ic '¡¿Li:l-e oÎ eecll 1'È:ii-.ectii¡e

ccu-rr'úci, ¿).1'e rr,ì.Lr-Ì ¡ i: j tc ¿r:ì:)cciai:e :Ðc:il ctis¡lLi'1.1, locai;j-¡n
as reLil'r-js:e tti;eci b.y' rne ai-,r';e ii -bii l:e i)r€s;erit¿;bi ln -fcr tire
,ti-cccrcì1-i::Li;':, åriiil tiie ).-'::íb reilrí'jserll::iticlr í'c-r' iiie
'ir-cocr¡.'i irrLç, ';,li'',,ii tirc b,.,¡c 3*bit; reollfjÍieiit¿t,icrls useo -L¡r

bi:re CPU (g i:iis as t.lere a::e 2]i lccaLitrls pc.l' ¡1 .tlr,J',i-cccr-
ciinate) . rr sogzi:sLeo deccile;-', 'riÐt'lcr cc¡lsist r ÍjaJ¡ f cr iire
ii-cclrdinate , cÍ a s;irii;iie älcci( 2r-;C) ccLili'iei, eii.:iriecl- cn 'Cy

h is ieC et.ery aiLei:tlaie
e'circ ccu.;lie.:' is irrniijit,eri.

cu-'c¡ru-u c-[' Lrris ciecrcilig
ccLr-nier is i;ire ij*cc'c::dj-nate ci ?.ly pui se iii stra-igilf
i;iria.ry f cr.,tr:, with tÌte I'Zêrct' ci'iç1in- i,::lte¿r al; 'cilr: lef i,-il¿n'l

lrruirci.ri'y cf L-he actì ve clis¡;La5' area" li sir;rile-r oeco'5J-rtg

ccu-nì:er i-c neces-q¿ì-l"ji ilcr tire '/-cccrc-iir-¡e.f,e. If iilr:s,e

decccij-ü3 ccLÌtii;e i's ere ttrrp-o9-,,rrl'!i ciu-ttl;e;:,s, i';her'í-' e:icIi inpu-t

puise ei'¡he r i¡:creinenu s DI' iLecreiler:t's 'bhe c::i gi¡ial- stcreiì
ni.;:ri:e ,' il tiir: ccu-nt,:i:, iiicli cilcice ci.' 'Jispl-a¡r-¿ìree criEiil
is acÌriev:cir'u.lii;il tne co:l'ci.i-r:-¿.te ci blre u-iJp?l- ir;-ft coriÌer
ti iire ois!la;¡ ('oe gittrtÍirg ci L;ire :i- aiirj v-,sc¡;.ti) cDrrespcniì-

-ing; ic iire irriti¿ri tll-r.r ller sborecl in iile il- aÌIcr ;i urp-Cc.'';ii

riec coirr¡; c curif ei.s.

11.6-l.Lr CPll I/0
l^ihen rj.ata .frcr;l l.¡le Cpú is t;¡ be ciisi:riayed, Liie

ctispl-ej/,.i¡.:.üa neeo i:è ¡rciereü ij-l'sL by ii-iagnitucÌe cl iire

Vei:iical coclcìiu¿ii;e an¡r Lnc¿rt, lcr €ecíl Vei:'tic¿tL crcrriì-tiafc,
'ciie Fi-ccr-rditiates- a-r3 ci'o+r'ed aËai ¡i by clagtlii"u:re " -tracit

tirne Lite ie ' is a ¡it¿:tci-l b€ir,,jeei:i bire li11.'1.-t r1¿ii,:,.. r-i-i'";r-'U

cccr'd-ittate arla i;ne ¿ìpiJrcprj-ate ii-alii {"' Dec:.'o-:'rig Ccun::ijl's?

a.n i rpuL irLil-se is ietÌ irrì:c i;n¿: Viaiccn-CrJ eLectrc¿j-c

l-o::t ( se i: ,''i *rl .7't) . iii¡r, j-La,'l-.y r¡liiiiil sìJlrrt ij-isipL:rJi dl:-i;:t ls;



sei€cieo by tirc Lise i' ilcr f u-rther. ilrccessirr.g, ancji lilj_s i"1

d-etecieci b.l¡ iiie "iL2" Cu¡'rent l,sr.rçi ue'cectcr (see seci.icn
).3.6 anci FLg"l1) , l:he il- anci V- De cccLirri- C ¡tlut,e .r sLaces

are inpi-rb i¡rtc 'che C,rir a-t iitsiarits cjl r¡i-L,2tt crebectiou.

ane f i.l iei'n:t fÌ.:Sti

ilc gr:atei' cieia.j-l- lhali lnis nec':rJ be rr'ienLicneo

hcre ras; the iecilniirLl-€s f cr l,rpLeiteriting s-ìLr-cn d.ccc':ij-r:rg

crunie rs anci funcli¡ns are ticL il€L, alrcr ate ccvered" i¿L

ncst terrbccks" iire pcint ic relte,nber is birat Lhe ii'- ¿,r.nd

'ú- C cJ.lr,ers '¡lreep traclct' c-f Lhe scalning eL-octrrll bc':am

b"v ihe eLa.psecì. iiine interval- f'r¡:rt a gi-ven ti¡ite ins.:ernb,

tire pcs;iciorr cf Lire i-i,:an 'cein¡i kncwn a'¡ bnat j-¡;sLan1;i this
¡'insLantr¡ is talien at bi:e beginriiiLg of iile Ìi-Line o.r' ti-

fieLtircr else a.t biie u-i-rÌler lei't ira-no- ccrner oi i,he ac¡i''¡e
oisplay are¿i. Sitice scannirig oi'¿Ìre b::aln afb':t'ccf'recbicn
1s i inea-r"r bhis el-ap-s¿'i ii-nle i¿i'cerval is e- Íìeasu-r€ c-f bile

oistance f'r'clit iÌle init:'-ai ì:ean ¡tcs:-ticn, and. irenc e the
ccu-rttei's nkecp traci"t' cf tire ccci:c-in,itcs; cÍ'tLre eLecbrcn
k¡e¿uii at ar\y i¡istanl . Tiie ii- aLtri '/- Ccu;.b ers chLrs give

tile scar"r.tred ar€¿ì c ccrci-iüat r: s ci' any licl-ic cn cuccnc si¡;naL ,

anC 'oj¿ tile 1:1 Fjecflet¡ical rcl¡li;icn be'c'øeet: tiie i/ir,iiccn
scenrreo af'-re anrJ. Ci'il cLis¡:Lay: Sive the cccroinates c-[ an.y

ciis;ciay eci l- cc:'ticn clr eny user-iniiui, siguai. 3y i,atcir:-rtg

tlre ä- anct V'- Cci.Lnt e: ccu-tris -¡it.ir CPiI inpu-t ccf,.rriiíie'ües;
grai:hJ-c riata c¿ìtl be i-n¡:ub c¡ltc Lhe cìisplay frci-il i;ire CFU.

Tile Iireserrce ci âr11 DuipLÌt pi-r-lse rlr¡rn the t'iL.,i

Cu-rreut Level Debecbcr incricales iiie preserlce cf ¿r.

dis;cIaJeci Lcca.r-r,', r:inr;. 
'J'i u-sing iire "iL1" ptilse cn-upu-t tc

sa-lrpLe the ä- a.ncj. V- Cc,-incer ccu.tits ( or ¡ireir decccled.

er¿uii'a.l errts), tiie dispi:ry lc,-:¿.iicn coorcjinates can be

read cut -Lii bj-na.r;¡ cccrcìiäa.Les intc the CPU.

Ihe pi'esence

Cu.ilerLi-. L.:veL Dej:.,:c úcL'

seIec biveiy,ocini;ecL- ¡ c

cf an cut¡:ur-i-, .r;ulse frcrn .bne

ii,,-r.ic:.ii;e s disr;i-,'rj¡ itc¿ibictrs

ll i lf
LT'L¿

ì:y i¡re usÊr i'cr -Ílu-rtiter prccessì i:Lg,



efrd. t.isiilg'hhre ttiL2'' pirlse cu-'r,put cc s:irirpl-e ¡Ìie i'l- an.1

V- C ¡,;rrte r ccLr-J:ri;s, selecter-r. il;eiirs catl be reaa cut. ii:ri;c
t lie C i'U oi' ii T'í¡ s e ci .

.Ihe H-. arr,o \Ì- ,1 r' r(iLr.erlcy Divicì.ers thu:i ncL Dni¡r pr'crri,¡e

tii.nl-i:r¡; arrd c riil;rcl signa1.s. bu-l a.i:'c i¡i,ricaf e dilectii'
cr via sor:,ie Í'i:ie o. oecooers, i;iie r¡x¡i artr-Ì tryri cccrci,ina'ce s

c-f the d.i,sp.¡a;ved .i rrícrre.ticn,

1 1 .6 .2 I:t!L er:rÊ-ilt-1lic¿

I I ^rl zl -l 'L' LI '. l:i.. :r ,"1 .l t/- C ¡ Ll n'¡:

i- ¿t-ü tl-'"J':i;Lrl;crs'ii:,pie-
u.î, 91\+ l,û-ì 3aie s or¡¡¡irJit:g

etC. 43 ¿.n ':-r,al-:.;ie

t iie i ii;Liiig '9y 
st ei,r cry srt ¡r i-c ¡trLrciLr:rl- Cr:;ciliai c:r:'

-i-s Cescl'ii:,:* br'-i-ci'J-y'ceL3'.'; iÌrr: aciu¿;..J. '':a.s;ic 
¡ri;-l"se

f re qu-clcy i-r.s;eû r.r,a.s 8,9-/14 * O. OOOO 2 i"iiz'. iite rees¡n Îcr'
bnis r..¡as th¿¡t iiari 1,ii:ie pei'ilit'r;e dra sc¡liel';rat l-e s:; e;lirif ì cuis

i¡er"s;icn ¡.'í *'VIDIüG-triFniC'r itcLiici iiave fr€ el-l .buiLb, i'ri i:a a
& x ó)t' gi'icì lccal,-i cns d.ispj,aj¡; 'r,irre ani lacil cf f un'ls;

of ccul,S'r p1'e ciutiìei. ihj-s. ¿isc. cr' ile cel-'l-ii:¡ ) i;)e chiicc
cí' cl:ysi:ais ¿.tiri i:Ì'tus cí' Ìinring Sys'u rliti Clcck f'r:ei¿u-ency irso-

cc be res''-rictcC t¡ i;ilrse avaiLa'cie i-n, bile ,-Jlecbr'1cai

lnginee r,-ing De;it; : crys.tal- 1,,iJìS :;u.i'r,aìll-e i-f its i'r'e:u.i:il.rj/-,

r.,;hetr oivided 'J:l ÊìuL irrt<:gel. ( i-. e. 
"'il:ei: 

3. oiEiiai- i'lp;iie
ccuiiier '/i¿1s: usecì.) !a\Ie a vaL'¿e cLc'se sL -ic t,iie ri¡l:,-j-naL l-ilie
f re r¡r,r-e ::cy' cl i J.62 j i':.2. l-iiviu r-lg f = E'Z)'ll\ ì''-::z b.t'

j32(+ ) +1i3 cr + Ii +7 +1Ð ¡ e i-r-Li,ie i'reOueric.v c-f l j.Jicl\.:!
resu-iis ia ä-Liile curaticii c-f, /cli'f i')i'Ls;rl . -l-LirF;her iir-idillg
rr-r¡ 3t2 ( + I + ô +l l) ¡;i r7r3s ¿ V-f-te lC íí.'::ir-rijcy c-i l¡9'c)S=¡;!z

(a V-fiei,: (ju-r¿.,1i¡1 ci 2c'Ca))iis) . A t' + 1a-j" sbage 1t¿.s

usecl ratner ir.ar, -a"= -/"iL'' seties'r¡iLii a r'+1'r"; tire 1j2-nd-

.JULse leci inLc tiiis sta¿e 1'Jes cietectecl alici i'e''i. bar:jc in+;c

tire t'preseit' iri¡.rut ci i:a.cit )-'L92J r1-J t'f i'r'rt':i;.cn clee.r'ecl al-L

tne I o-/it ,stages cf Èhe rr' :133t' pa::t of the E-Cor,nter.

!lî
Lì^^
t, í.1 '-'

) i:-ti i,teiltcc' t.t:t:r, ¡sL ')?3 i-S
ciie ';ir:--i tiË sr gnltLs "i;;., t¡ll

(:



r-í

!¡ri, li f r¡a ilr,._blen1.;-j-ng anc' pitlserr _j-sl _ci-ìor.jn being selecl,r:d-lilt 7 ui'j\-' rl
.i n {'1.. ;î-: - j =A( ln\ ti'n tt iS T31,--i_:2d l-,C 3Ccr-ï SCing ,3r:-sI:I Lrri\: I ro. f ,u\ v/ . t,..j - a --- - --

^îL ^- rrrir tr the rrl{-.bl-ùnliiltg S'tart Pu-h-s€rt ( see se cii¡nci-:- r:, -ii,_C , r¡, r'iurl¡ u r "LL!¡i

1 
.l .fl .3,2 a.bcvc) ' 8.r,,s ccrlri:sricnd*q t¡ l;he 6o-;-\ pu-l-se in

tile tr:! +13j" c¡u-nt:r. )r t;ie jjyi r;uLse in the "+2+.113"
sta.o:es (actu¡..ì-ly 33 iruLses = 7.96us). Th.ts -iiyi' pu:lse ícl'
iiie ') ff f s i¿r the " + 2+1 -iit' ccu-nter in binary fci'm is
tiOCOICOCOlrr . To e:,i:::rct this 33xC pir.l"rs, these 9 cu-t;.,'uts

1¡rDDIci. n..::ä be fecl itttc a.rì 9-initut .åilD gate7 bt-r.'i as ul, 91)
ltOR C;ates ere Lr.secl, the ccmplen.ts ic the abcve a.lre fed.into
t-ujD a.ucl a he.Lf uJ, !14 r'tlic."¿ cu'i,pu-i telninal-s 3i'e combined.

This fcll-cws lrc¡Í i;he id-enfify

.l a 
^ 

3t.fl¡lJ¡U'

( rii{D -f unc 1: i cn)

Ã+E{'Ça"'
(ir0.r,-iunci,icn)

'lhe lagg-lng eo.ge cf ihis 33rö ctìtput pu-lse is detecte<L

by a LliI; a,nd this detected pu-lse girres tiie rer.flr.ired "'Iif'"
puL se

0bher tirrring signal-s a-re cbLained j-n a sitil-iLai'

f a slii o¡i "

Cnl.:r the timing ccntrcL signals de-f,in.ing the Ii-
and V- bLanki-ng signals \^Jere reqir-ireci as thes€ rdere acie-

cluate tc ciefir:e'che H-scalitting sau'L,Dci:n and the'r/-st¿rir-
case scanning i':ave-f cillll . 0tner t:'-i-riing sigiials 'vJ€rle nc'¡

exLre.cteri:lS t-Lt;ie preclu-c1ed the builciing cl i;he à.- cr \[-

Ccrrecl,i ca Circrrits etc.

i'stc::r Cr',1si.al 0:cill-¿r t cr
'f he basic biri,ing scuitc s r.¡:;1s â cr"y stal c c¿tbrcileo

versirn cf trre Clapi: Cscilla.Lor (3JO)r,¡j.bir a 3'6V vcl-i;age

supirly-r'ail (i;he sairte e,s the llTL Lcgic vcLì:a¡ie Íi'.r-¡:,uJ-f

usecl) ,,,,rith i¡le cr¡rstaI f re,:1nenc5' ai 8'2971L+ t O'OCOO2 ¡'uiiz:.

Tire osciLl-ai;or is slil',¡n iti t'ig.131 (a.).

11 -a -2.2 - il'he li¡ii-n:- S



Faclng p

Ctc

U 1914

NOR GATES

LEI

.*t+¡H+4{+ ßp

FREQUENCY DIVIDER

" +3!2f'v-cou¡¡rEn oR

/aô

UL 914

NOR GATES

LEI

-{+c¡"1+ t3i)-*
il ,ll
+532 H-COUNTER OR

FREQU ENCY DIVIDER

8'2Ç714 rffiHz

CRYSTAL

CONTROLLED
CSCILLATCR

H-BLAI']KING START PULSE V-SCAl.¡ S ART PULSE

SS

Ø
J

o<
¿Zqt9
tJØz)
=ÈFFj6

(J

STH

V)
J

z
9
Q
J
o
È.
f-z
o

oz
(,
z

Ê
I

l5'596 l{ l-la. 49"987H z

8Vcc
¡

aaoa C3 a c
2 6

PRËSET\

FUFfeTrtt{s
CLEAR OUÍT"UT(3) (z)

t:n t:n*1
Hx
L.
X"

H: HIGH L--

c,

3.6V 8'?9..ef Hz

TO DECODER INDICATING

H-COORDII.IATE

TO DECODER INDICATING

V-COORDINATE
I3

SET
(1)

(c) H-COUNTER (0F ul923 F/F S)

[WtThl DEC0DIÌ,{G 0F THS AND T¡¡ TllfilNG PULSES)

(o] eRstc sysTEh{ TtffrtNG AND cot{Tnot

THE

H-B LAN K IN G

END PULSE

THs

H.BLAN K ING

START PULSE

H
L
H
L

ll
H
L
L

ul
Ø
J

=o-

o
É.
(Ð
(f)

L¡l
tn
J

=o-

oz
N
cf)

F
Lr¡
Ø
L¡l
É.
Ê-

o
t--

f

LOW

(b) uL e23

IS TÞ{E OUTPUT ST,\IE
AT T¡ME n

IN

Flgur e L36, rf 

"IDICGR.qP]]Ia'r 
TltllnS and Õontroi SYs tern '



3r-tefl.y ihe CLa¡rir 0-"ci1_1.atcr is a CcLp_i_i;ts

Oscil Latcr r';iiii t;he tarii; c-ircllit inou-c¡ance ïe pIaceC b.y

a resciianL LC ser-ie-q ci.¡:cur.iii iit the crysta.l versicn, iire
LC seri-es circl-Li i-q cÍ'cou-r,'se l;he erlu-ir,.a"Lerii LC :;er'ies
circ L-:-it lí tiie crr'-qt¿ri " llhe íe r:cj l¡acÌ,, cÐiJacibanc c s "C1 "
trC-,rt are seLeciei. ic make their e.-rui-yalent, seri-es

¿
capa.ciie.nce ver'.y rÍL.ì"cn ia.i'ger than rn€ e.1u-r-rrai ent cry:ìiai
câ¡)Ércitarice (rtilich is ir, pic aLLy a f ¡'actiori ci a piccÍ'a-racl)"

' Ihe l.irf,ue c-1i a Clapp 0sciLl-atc:: is iis; e:t'urer:re

sLabrli'c¡' f cr variaì;icns j-ru supi:l¡r vcLl;¿ìge ? and f,enoeratu-re
etc. A '-iisclete rrLri artd- rrCrr ccirrconenb .¿€rsicri "!.,es d.esigtreC-

wcrliin¿ at a ncninai li'rj'-iLr-ency cf j liiz,, (tne cthler ccnlic-
nen'i s shrvri _Lrr Ii'ig .13-/(a.) r.eiriain_ì_l.ig aptrrc:rirnat ely the
saiäe)5 ii ha.ci tne fcLlc',';ing cìiaracierj-st-ics:

(i)
( rr,)

% trcq.rerìcj'i varlaLicn r.{er t hcuu' = J0'CO7'ii

16 freíìu-ency v..,r'iatj.cn for a +1% v¿tria'cirn iit
sitp,,i.t' vci iage = ^O,0A2",(

,el lrequency vri:¡i.a'cicn ..titen the hct scldering
tiç-r ivas hel-d. iìi:¿r.r iite tr-atrsistc:: i)1 i'cr JCsecs.

= -0. 0 8i3

(.rrr/

Tlie crystal veis-icn shc"¡eC- a variaticn cf
!2CO':Iz j-n 8'Zg71I+,"!:Iz ¿it rooni teligreratu-re rr;Ìricir is a

negligibLe J 0" OOOZ5i'î" ,¡..:tj-aricn"

i-ne cutt-.u.t a-cr:DSS tiie cry s'r,aL is a sl j-8h'cLy

clistclte,j sin'usciui cf sofle 1'1o\l, siipe ritit¡tcse d cn 2'2il DC.

f he biaseo el,r-i-tter ÍcLicl,ler t'?2tt ¿;cr-s &:ì I JU-i'ier-' ¿ni-

alsc serrves ¿ì.sa liC IeveL aciju-ster i'cr tnc tll, ci1\ Sci:rliL,c
rlr7.jae;¡.. t'q.o secti-¡t, i1"r.?)). li:c e,:-i+u1,;r cf tti." t?.S e!!:Õîvf \u\-'- | t ¡/.'2J. -t2

qu-iescenl, r¡cLbaËe ci soiiie C'6i, ir'i;-icri i"-:::u-ii;s LrL a zeTD

cutpLrb o-f 'cl:r¡; Scilniti T ciggzr', i.Jncse si,;itcniil6 l-e,,'eL is
S,j¡,r{: i.1',"r. Ii:-= .tC:tl, c.;-ji',::r s'r,liir¿i is :it S:i -.r-ri.j 1.Lt!¡ ri,.l,e ll
t¿it! C¡,Ci -l_l-,1 i, li. :l;.r,;_,L-1: :::_i:;Sri._ i ia :tr,:_riCi-lCL; ',::;¿ íjClli.it¡



r

TrigEer ::r and. prcauce s '¿. 3'roV ai -lts cutput f cr a shc::i,

du,raüicä. i'ne resi.riting cLitpub sí-rL13.r','j','rav€ cfl ?¿.29711+';"it:z

sibs cn a DC peCl:.s"r,al cf í:ìe;iiu O.3''1. The cut¡:i.:-L is bapireci-

fi'crn ¡he pcLr:nti¡.1 d.iviii-cr, ivhich reo.u-ces r'ne pcssibiL-ii"v
cf s'oitcir:Llig tire fir"sc l-/ t' s;t¡ige oi ihe Fi¡i cu-nter b,y

nci se srj-i,erinpcse cL cn this DC pe.ie sial cî 0 . 3V .

êt\ 1') !) ¡r I il r e C l't, r¡ o f-l (ì
t, I .ìil

Tir:riäg an,l cciil;rol sigiraLs ai'e deri'¡eo. frc¡n tiie
cTysial-ccrrtrrlLecr cscillatcr rvhiciina-s seen a.bcvi:ris fcr
cl,]-i pD-rpJses iniepeudent ci temper'¿ltu-:ce ano. sui:p1-y vclta3e
variaticns. , I-lenc e i.:i-rnr ng c cntrcl signal,s ä.re sirrtilal'l'jr
i¡rdepencient ci tenperati-,.re and sr-r-ppiV vcll,age v¿ìria-t-1cits.

0n the cther harrcì oH- and V-c ccrdina'c e Di si crt icn
Cclrecj;j-cn, i.;hetirer ca.rried cD-"r, i;J'the relccaticn cf CRI

d.i-sp1 ay iccaticns u-sing a. V.C.Â, cr 'cy bhe cletenliinaticri
cf i{-cDrr¡:ctlcu intervals u.sitig e V. C. I,1, is i,e,oerldent cn

arnbient bem5leraiure anci vcLtage raiL va¡ialicns: 2S bne

e;<p-ce-cs'i cns Ielatiilg cutpu"t Í'lrerirrjnc j, cr cuLtput pul se

c1u-::aticn ccntaln tenperature depenOent l,erns and sutppl-.v

r¡cliage tcriits.

the net i: eflec i cf l: enp:ra¡ Lrlrs ¿'.nc. t¡¡ltage
variatict-i.s -in -qucli circui¡s ¡rct cnl;r ce;oencs cn tLie L)'pe

cf circu--Lt, bi:-trLe Sctie e:<'benbrDn ilis cc-np3nenl v¿i u-e s.

This is par'l,icularly 't rue :=n' If Cs l'¡hele tiie varicu-s

resisb,crs eic el'e t¡iLìrirr- ihe chlp atrci ci a ma.b:rial -*uch

thai typicalLy a r,:sistcr ria¡¡ j-ncre ase bv C" 2í; of ibç
ncrn j nal r¡alue f cr eacir Cc rise in tei'iperal:ure.

Su,o;oly vcLtage veriaticr:. eífrlcl,'s ca.n i:e n€gl-ect-
ed d-u.e tc ihe ::eLaiivel;r s'ca.bLe ii cihaås fugu-La.bcrs usr:tl-

( see secticn 11 "5.10). 'ieinperatu¡e eilfec'us are bhe crtes

cf sigl.i.f icanc e , .tii't h a cilange cl :iclile 2OcC in alnþient

ier:peraIure cu¡;iir:Le Ci cariSj-iifì se r¡eral zeTce::l clla:¿C j n
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VCAÍ'rec1tiei.c.'rorVCi'icut¡iul'Dl'"lseiula'cion"Tlies;eeffec;s
n Ê ed- ï¿e ni j.liilizecj- cr el.irnins t e ci '0i¡ i e''nperat uire c cííìpellsal-icn'

-r¡iricirplriil]¿ì1..i].yisllyLnesul.i¡ableplaceji'er].i¡,.¡ii;lrj.lthe
^ir.,'.ìi. ¡r'Ge cÍ'3i cj-ccies' iile üleiircC- L'iveiL he1'et

;;;;;;;i, ,p."iiicalr;" Í'cr e sive'' circi;'j-i;: airpLie s iil

priirci¡llebc¡tlrexcLetssescJ.,cLrcurts;eaclrcj.i:ci;-ii;mU-:ì|
be-u1.-ea¡i:d.i¡cliviriu.aL}yfcrcobiinuniresu-]-ts,cjuet,ct,ire
ind.ir,'-iciual var'ieii-cns in c oinponent r¡ailtr€ s I the use cf

rli ff erenc s'ur-;-r¡lly v3lLa3€s: enci also 'urre signif icaribLY

;;;;.r."r,cenperature ccefíiciants cí'uransis'r,crs, even

in irciilinal-t.v i-denticaL cne s '

ASanrj--{anpietileVC;,lsnc],^Jtlì.nFig.1j7(þ)v¡.i.ll
be teil,per¡-tur're cDillperrs¿'leri; -ì't is rilpi'odu-ceo irr¡;i

lii:pendixA.13'!."rhel'eicsciler":-tcicnis'tull;'d'escr.ibed"

i,-rcra expï'cssicLr Q) (ír"4.222) the cutpir'b pu-Ise

duraLiln "fi)" is givelt' i:Y

(vi,, - vcg sat ä" )-('t¡I sai- t/rl cu't in)r)'-
ri1
l- 'r\)

-;, -ì
L,-J -¿

l]-
]-)) 11 2:

i,Iegì-ectiriS c c:xpctleni valu.e varraiicll i.;it j.t

tein¡lei'¿-tui'e,andsupplyvcltagef/ä-riâ.+l-:13íi)thesigni.fica.rrt
vcLta.ge chi,Lnges clue t¡ r"en:per:a!'ure are

( i) in 'vtsJt' , the ba'

d-€ c r e ¿- s il .'r it:, 2:r¡\[

e*enic¡i:r voi;a¿e lÍ'
.¡-. Cj-'/.= a*\l"Cri.z. J-)i - -1';\i

clj D

t,:::itisj -"tc.rs
D^

cl

I I

(ii) i,o Ð- iesjs€r exì:eni j-n fCì1' the ccì-lï:l:-eäiitter
vcltâ8€rr'iirich increases b"r il' 2'+')" LttrL t I \u'

- i . dVCi s,:t - ()'2 +O'1:rJf xC'¡'-' - u.'
Trì flíprc..ri=tí^g the ai:.cve exÐre ssicn 11 .23 with respeci
YLJ.L

tc rrlcrr , Ncte temperaiure, results, aí'¿er I'e¿il'r'¡ìnglnSt rn
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3"Õ'i, v-¡- o'/oI end ¡rviot' vai::ying

,J ' )/a
r;-.: a/ 2' i'¡'u .11 . 2L: (a)

c.ese, i..rhì-ch is a signiÍ'icatrb frerctj.¡n cf tire
cu-ra t i:¡n.

"Ân cì:-¡,i-Dus Ì:leinccì- cf red.L;ciii¡; tlie a'tcve '¡a.ri-¿t.-

ti¡n is 'uc itLcreas;e "VCC", tc s¿ì,v + 1LiV, '¡¡hi-ci.t is en

arraiL¿ilL,:: vc1_ti:ge;sUrj;jl.'y'; tili:;,,.¡cL;1.ii reiju.ce iritt abcy,3 varia-
ticlr, ¡-f thc pe riliì tc crii¡,. :':icitÌ€ -0. ó,";. Thj.s i¡L'.J-l-rit ccuLci

ì:e t:Lera1;e,J ¿r,cccr'c.l-rlit ic 'cii-: aJCi]j'acy l'e:¿uir'::',ctlt !: speci-
j.'ieC -iir si:ct j ¡ii 11 .j. j. iì'c,:' :l': -i::;l-,ir,sllLî¡-ir. iiCiis :rnal 'y'C*,."1

i;ire vri-iaI-: l:: 'L.rp;l--,i hl',';c,re r is 1lx':il :nci r?'i, 3-itl:l l-c ll at
scne 3-5f , liius ¡ti-.rüe ¡r Le ir:-)::r'aii,-r-'rì c:i,r':i aíis:!ii;i:rl-i ne:''-- 'iJ:)

intrccJ,u,eeð, i;l lii;-:¡j-r:'i-ze Lrr'Í'u.LLy el'i'rtj-il:ìi,1 ùil; e.'¿c'¡e temper-
¡-;f,i;-i'e rz.i:iaticn even ,,";ith l-c','; leveL vrL i'age su-rclies stj-l I
present. Án e-rianple cf tllis v;as giran in Lhe Consiant
stabil tzeò. Level circuit ( section 11 .5.2) ¡¡iler e L¡e seri-es

Zener dlode and Si d-t¡d c ccnpensated f cr the temperature
r¡aria-ticn in a base-emitter ju-nctisn.

'Iempei.¿ttur-,re cJirìiaiells¿¡t j.ci .je sìclilteC- her".: :'-s bi¡sed,

Dn the inircduct j-cn cf' Si ( cr Ge dicCes) ¡-n cer¡ain parbs



cf the circu.rt, lc eff ectii¡eI.y give ten:peratu.re-d-epencì-ent

vcl.tage sDLtrcesr',{nich.i, tvhen inserte,l- in iire express;icns
gcvernirg tire cutpu-t perameie r ¡ T€suLt iir negLig-ibLe
temllerat rue d ependenc e .

568

Fcr the abcve circuit, j-f ths vcLia¿e scLil'ce

is re¡:i-a,c€d Yty

l¡ | 
- l¡ lrl .t1vts = vB - vj I . . . . . . . . " 11 .r.'')

tiren cn su-ì:sl,ituiing t,hj s intc expressi¡n i1 .23 abcve,
re sul t s in a ne'!,J ue.l ue cf' l:ì:le dencrnina.tcr bec cnri.ng e qual

tc "4.^ - V=", irrdepend.ent cf bempei'ature variaticn.\,\. Ð
¡ryr-lr i-s eífectec'i bjz using e Cicd.e cr C-icdes. llhe ectua.I5li
nu^'ïlericai -¡aLue cf "Vå .r" is nct irpcrta.n'c; cf im¡ror'lance

is the fact that the vcl-iage drcp acrcss a ccn,iircting clicde

has e very simila.¡ tempei'ature ccefiiciant 3.s tlie base-.

emitte r juncti.cn cf a trarisistcr cf the sarìe rrateria.l (i.e.
a Si cr Ge transistcr). The vcl-tage drcps across each

eler¡ient are alsc nearly identical.

Consider tire nct-¡crtrr shci¡n in Fig .1J7( ð) ccnsist-
ing cf a nwnber cf dj-ccle s anC t.¡c resis'r,ors rì.., anC Rt tc

nv ¡l
B

provioe sDmiÌ

qu-ired that
vclbag. t'Vf, " ât trie pcint shcv;n. It is re-

1"i "26oaaa

The f clLcuring reLation hclCs:

VCC = AVO + A-/B * . o. A,Vi{ + AV + AI/ ¿ AVnI ¿

+ I(R R2 * 
"11 

* 
"B 

* .".r1{ * "1* TZ+...Tft+

AVA

! . .11 .27
tt, .,.tt AVr,.tt aT'e the ttntcd.ifiedrr vcLtage

drops ecross the d.iod.e ( see Fig.137('e))
ís the cu-rrent thrcu-,1h the netorcrJ.r,

ruhe re

¡lr lr



and

Ál sc

c I T¡4 q
b """,

ttT lr
A

E:,Áa

...t'rntt are tlie dynal:iic resistarices
of the c¡niu-ctj-ng dio'-l-es (the siope cí
the I vs. V cu.r\.e cf ¡i cj.-icde) an,l i,¡çticali-;r
ec¡ual tc scme 5^1C-çL.

-rl
IJ

^v
+ 

^V
Vn * f(.lZ + "1 + ...rn)

. ...11 .23
and a B-E ju-ucticn in

u'tLi

dTo

+ ... A
I 2

And f or S.i oi cde s of t he sein e ty pe I
a Si transistcr,

ã A-/., 
=d.At " = . .daìrn _- _znv lcc

-': 
,

dTc drc riir

lt

r)fr

Differentiating exilressicn 11.?:-¡ r,¡iiir respcci'úD"To"

d.IL^ ^UU -. \J äAYi +Æ
d.,I 

Ddrc

aa7i * c,r (i',,+;ì^+-l¿

dTc drc l,j

. ( .11 .?()

.1 1 .29(it

4 4 ¡. 1t. I 1.. ZO\a

A I

nfrcrr .¡irich

drx
dro

Iìr rìtr2+

if it 1s assrmed that R

Sirn j-l arLy diff erentrating expre ssicn 11 "28,
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Su,bstil;uti1¿ fcr fl ..J-l- rl e.nC re.:::r'angin¡'; gives,
dTc
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f n the abcv.: circuit, tliis is tc i:e equaL r" n- c'þ-8"

(erpressicn 11126 ),
expre s s ictr 1'l "26
a.Lsc ;'e.2u-irei Lc bc

N=J and mahinå,il1=2:ì
expressicn i1,2.4

c'j.t

CLrarLy if rr = c, N = 2 and P.., =RZ,
i,r¡,;Ld be satj-sfieC.. Ifo',,'ever rrV'r¡ is

]J
scm€ O'6V cr thereab¡i;.i s. Putting n=0

,- sati,sfies tnis reouirei'nent and¿
The vclta¿e a.t I'V:trtlius beccrnes

É

r¡ |

'-B = 1(3.6 1,9) þ C.6V
7)

as the -rcliag e acrDss e c cndu-cting Si dicd.e æ O. 6'{ 
"

Âlsc
-aA',,tD ^/. -dV-r'

f\/ )) )

-t'drc DÄT

as reiluì reC.

¡'Fíne adjustnientsrr t¡ the e-ffective temoer.ature
c ceff icianf cf e d.icde cån be cbbaincC by placing a. resis-
tor rtrìI j-n parallel r,rith a. dicde. The nett tenperature
c cef fliciant then l¡ec cre s

ag5æ-R-.åê-/) ...... 11.3t
dTD iì + 

"d d'c
Using su-ch mc,-lifieCrrdioCesr', the srna.lL v¿ir:'-atti¡n Cue tc
lr ^ìr l¡*'-Cll can be cDlní)ensateC fcr partially.
at-

' Pcr precise lereperatu_i:e ccmpensaticn, the actual
vcLtaijes ctra.nges due tc temperai,ure increa.ses nee.f be

measureor sc thai the subseo,uent ternper.atu_r'e ccrnpense'cicn
can a-Lsc aLLcr,,i f cr c crnpcnent ,¡aLu.e var.i¿r.ticns; the aÌ:cve
atra.lJ¡sis has cni;z allci.¡eil icillVrlì" trllrri)3Í¿.^ilii-ïe -".:,¡'taiirlls.
i"ii'Ltr the abcve sii:rple dicd-e net.¡¡crii, irn¡Lrc?enenis c-Í'a



factcr srl 5 - 10 DVer uncJlnpensa'ce,l circuiis have beert

meesured. ilcr the abcve circu-it, in the in¡luf ircltage
'n'.r'o tIiI ¡¡ rf j-w)'[, a v¿ìriaiiDn j,lt cuf Ðut i)u-Lse dura-r (t!rb -' " -in ì ^ticn cf aro,.ltci + C. C1 ,r' /í'(: hr,:s be en cb,teined. This
cDmpares l¡ith ¿in eyei'sßr: c-f scfle O" t lâ¡ÐC lcl tÌte ullcoapen-

sate C ca.Se. lloï' a 2C5C irtcrea.se in tem¡oe ratu-,:e, ihe cutpui
pnLse du-rai;i¡n r,'riLl ciran;z;e Dy scse i 2'2í4.

Ihese ccnfrense.teo c.i¡'cu-ii terni:erature var.iaticíls
faLl- r^relL itj-thj-n the icl l¡'able accuracy re qui;:ed -i.n th:
VCA and VCi4.'Thu-," tnesç sirrrple cliril.e cct'írpensa[-ing neL-

r¡crks are íÌtDte Ln¡.n a,âe cuat;e '',c €nsu-re stabl e sysLent

cper"abicl.l.

11 .7 c 0l'I(lT,-üD T IJG ì.ii,1,.ii{iS

As mentiotieC pr:evicusly, Lire ancÌ lacir cf funas

precl.Uded '¿ire C';il-ding cf a '.,,Jclllíiiig ¡n ¡CLeL cf llVIDIlG,",':ii)lllCll

licv¡eøer thc rnajcr prci:l-ers cJncerning ihe physical rea-Lize-'

ticn cfIIVIDIOG-ì.iP-¡{ICt'ha-¡e been ei-t,iir:r ansi;er'ecl cll p3.oer by

usinâ a'¡aiIa'cie resu.It.s ir.:. Lhe Ilte¡'lbure, bctn cDnliiet'cìal

a¡r,i. tecnnicaL, cr eLse scLved bj'Cesigning ani t,esting
c ertain suì:s;z st eir s o11''rVf DILlL:.'.:iPÌ{ICrr.

l'{anufacturer-"r Caia end- rec€lrt ur]il-sLral applica*
bicns ci Vidiccns shc.,,t thai the cít-.;ir-cted r's-1-c1u' i'espcnserl

cf VicLiccns tc il shciilr rJ.uratirn iliurrinat j-stl is nD ÐroDl-eri,

pr,cv-ì-oe.j íhai tne intensiry and. persistaiic e cí the iliurlin-
ati¡tr is aciecluate and su-iiabl-e. rrr,'itr -pl'ìasphcr in T'V CRT

pr'c ject j.¡n tulres meeis thi.s reilLli-rerlerri.

C cr,lnerciall;r available Schmidt' li/-.Drc j ection
r€ceiver"S rrlii;n viel..;ing SCl.eenS prcrziOe i;he CCrrect neCeS-carji

cpbic s sy steri tc enable ine irnpLetnent¡.ii¡rr cftrVIDIOGiuiPliiJ'l

The sLÌò1Ëeste,.l r.retncd.s fcr p;'c-ri-ding a. rr sialllet'



Ci-qpla!', tle cther e sse ntiaL reiiur-ir'€nent -in'r r,rlDI0Ciìii,--llICI

aLthcugÌl Cesi.,qne d i lr tire rnain cnLy Dn iiaper', sircu.ì_cL t-.rci,¡ide
nD diff -LcuLiy. The ncensl cl neasu-rì ng ,cÍec-iseL.y the CiìT

display enrÌ ¿iiic¡n *qcÐ.nnêe:rrea i-istcrticn il¡.ye been lru-nC,
Cescri¿eciran'.ì irl¡;i-enenl.eii.. ,l-rJltÌ such licj-r'e:i'ring;e ÍÌ€e.sur.e-
ffrents, ihe cÌl-sÐley Cistcrtic;:is eripr:sseil, in e gral.,hical
-f crn are cf tlie c cri'ect í¡rin tc be dî:i',rrr Dn i.[re Cr-ìT '-ti.sp1 a¡z

screen are¿ìs tc 'oe u.secl fcr ccirecLi-cn,. r.¿ildi-ng-ìn cf this
Correct;j-cn lnfor¡r¿rtion j.s by Tì/ scannirS direclLv. The

rnajcr Il- and '.,'- D.istcrticn Ccrr€c bicn Suiì:-".,'sLerns, to
interpret, trL:'-s D.isl;ci'iicn fnf c-r'nebicn ano. tc -iir,¡:L enenj: the
DispLa;' Correcticnr åre baseC fn 'i¡Ci:s, .u¡Clfs, ,JLlise Integî3.-
tcrs etc, ,.lhich h:,,r¡e be ea designed anC. iested, nteei-irrg ihc
n€cessary speciÍj-cai-i-cns. J;rpressi 3¡-15 +u) ccr':.-'cci icr pin-
cus.hi'¡n cir b¿rrel- d.islcrlicns have be e n Ce rj-ve d, tr Íurtll:r'
resuLt iri a Ii n.:ie.r? st¿ible riispL¿r.i/.

A Yiolic ¡n I1- a ntl '!¡.- sc annirrg sy st eilt

desjgned anC te*"i;eCi it erabLes aLL irte a.þcve

inpuLs eLc i.c'ce j-rn;:Iemeni,ed, lhe ClìT:l- anC

systeirt re,-1u.r'reC 1s essjent.iaLly s jiniL¿ir.

has been

^ l nr an ,Í- i rn
\/VI I \,V UIJlJ

V- ciefieci:icn

Fj-naLl-y iiie cori:-r-er:e s.t,sieii is bas:,:l Dn

cJI:iryìeiciail-y ¿¡r¡s.il-abl-e ItcÍ'i-.the-slieLí'tr ccinponen-ts, rllL:-ch

requ-iïe sf,rle tncdificaiif,ns" jxis':inl, l:cini.,rij-es: jccieed

ccrÌsi-rrner orcduct technt'-oues, cen -ì-m"¡ienen'r, ii:ese a.odilri-:nsl
requireiírenhs, r^¡i'¿h the re su-l.i ihat e ir:',sic t !e!, fulLy Inter-
active Gi'a,chics Ccnsrl-e, c¿ìpe,ble cí being; ¡-nierf'acea ic e

sLriaLl cr la.r'ge Ciru can be bu-iLi lcr' ,?. ccsi ¡f arcu:nrl $:tOfO(¿.

lis rnd j-ce.te d in tlle Preíace, the il bigge sb u.riscj.vecl.

prcblern ( 1ü ì"ian*Ccrli:u-l er Grai;hics) is bc biii.l-d a l-:;r';-cc:-ir¡

Cis,oLa.r clevice su-iiabl-e fcr" cn-Line grLìrhica.L u-se" " ilhe

ever-it-rcreasing irni:ci''i;e.nce anri rLeecl cf ilan-CcmÌ'Juter Gt:;iph-

:i-cs, es Ccsc¡ioeC in Cii¿:r-.te r i rre;itiie e s.lced,'/ scLi:-;irr¡. 'uc

the abc'¡e prcbLen. Cha.¡,.ter 2, j_ir cl,:scribing ihe cu_i'::eliL



techni-qr-r: s u-sed t c irnplement lne hardt¡are f cr an ICC anC-

the reqnirernents n€eessarir cf sucli an ItlC, indicates the
cclnplexit-v cf'tlie prcbLerl ano alsc;-;cr'-nL tc i;he re'"ulta-r,rt
high ccst cf cu-rrent IGCs. The rernainder cf this Thesis

Ftr'u *e f cn,rard- the c cnc e of cf'rrVIDI0C R;\P:lfC'] and expl- cre s ir: s
feasairj-lit._y and implemenbatiott. It is hcped that it r¡ia.s

shcivn that rrVIDI0GriÄrrT{ICrr could cDntribu-ie in süme \tà! f c

scLve ih-is urgenL iiroblem.
l'luch ucrk ne eds lc be d cne , partic ulariy ín the building cf
a. r¡orlcing rncdel. Re scluticn antl dis¡:le;' area sLze and-

addressabilj.ty r.icu|ti neerl tc be inci'easeo¡ tc at least a

512 x 512 grid'. This r¡c¡'k must þe left tc cthrers. P'ui

this repcrt, f,f necessity len6th5', cc\¡eI=s s"rrd puts fc.n,iarC

scluticns tc mcst cf tlie prcblem ar€es envisag-'d-; ii is
hcped. clhers ,¡iLl- ie.ke u-p tiris prcmising a-i:rirrcach t ¡ the

scluti¡n cf the prcblem cf xealízing. an eccncriical
Interactive Graphics Ccnscle.
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