DI Gl TALLY CONTROLLED CONVERGENCE SYSTEM Thi's i nvention re Bg @ﬁnerally to
the field of deflection systens for cathode ray tubes===nd n particular,
to the, generatlon of deflection wavefor for 5 driving deflection coils of
conver gence yokes for cat hode ray tubes in prOJectlon tel evisions and the
i ke. Cathode ray tubdaIGEEX TR ' F NCRI 8YSTEMect to

di stortion of the vide e_on . the.ca de ra fac at te

Such distortions 10 %&’I 3‘%’5&*‘%353:'5?}3865%?% r%f& or? e’%he ﬁberﬁi sout h
pi ncushi on db&tdawuentlbursysnemb fion| caehode yragndubes,i aaid danl i nearity.
Projection t r AR t hree
cat hode ray ?ab j'%lu(r%(%t§ owp ‘Eﬂe ﬁg#é£?ﬁ%§!€ﬁ€€2§%fﬁé§ﬁl (??t | ontsf ot \é\?\%gse 15
present oh tW@l@amhod@fﬁaytﬂgbecbabep@ét@Om%éxQQnCanOhﬁﬁjﬁﬂ@wcéﬁgPéﬁt|ons

as wvell. Thesgy Rghdde ; Bobké‘ﬂ%éhoﬁ“ﬁei’@ﬂé%s AP 2 G.l:ﬁ't'eStO” ion, skew
and bow. The projection inha ghly distorted,  at, best, | ef t

uncorrected. The probl &ﬁWd@oFF@cFPhﬁst Haed H?s?%*?'f%?%"‘?(ﬁisr%laé?pem ally
difficult. &Hie dubjecti €6sdikesetiohost efitd widddaindyec@ncahers is.
different bec e the al iLapne cat.hode r { Qi proj ection
screen for eat aVsthFf g?‘é%?lg{‘] B?a%te Qt o] g(?%cfhre Stt%eé'g’%& stortions,
25 proijtidmcuaheveas&nyeatepmocuahiqnpdts@qnnnqnﬂtnqmthmagmmmary
deflection yoke cfu%i%%ctalgif,&ra@o?hrﬁ&r&@&b@a@f Aéh {ddigSeyThese auxiliary
defl ecti on yokes are conmon to as convergence yokes The coils
of the conveWﬁﬁﬁé639099§1&PGaE*EYtedP89339ﬁi¢Peﬁﬁ%@ﬁﬁﬁ#ﬁﬂ?rcﬂﬂﬁé*h wavef or ms

for correcti n@quige ARGRSHARIEAS QlﬂgﬁﬁéhﬁﬂbéEWéﬁﬁltHiééWdﬁth%EQr&&y
typically cons :st of conb&natlons of vertical and hori

ant al
pahgbol as, r&MFESangokaPPlYappgnify there FMRE LS &k §E%F§¥lsfanps
and hal f1 5ame\aemlt one throthehod&acy ot uldsd f&d:npléﬂeee:acsﬁel:odburtayddubes

requires a hoidh? Qe 9LREChLoefoll M@ KELHIGRInGARRIROI ! TN 11

conver gence yo i nce udes ‘and shapes of e correction
wavef or s neé’@éfd‘-ltcéle%(?ﬁpézéééhdéﬁtﬁhéi@mx skew and bow The

projection image is highly distorted, at best, if left

uncorrected. The problem of correcting these distortions
20 is especially difficult. The distortions present for each
of the three colors is different because the alignment of
the cathode ray tube to the projection screen for each
cdlor is different.
. In order to correct these distortions,
25 projection televisions are normally provided with an
| ' auxiliary deflection yoke for each of the three cathode
&,ﬂ ray tubes. These auxiliary deflection yokes are commonly
referred to as convergence yokes.
‘The coils of the convergence yokes are excited
30 with appropriate current waveforms for correcting the
images on the projection screen. Such waveforms typically
- consist of combinations of vertical and horizontal rate
parabolas, ramps and half ramps, and the product of such
parabolas, ramps and half ramps with one another. Each of
35 the three cathode ray tubes requires a horizontal '
correction coil and a vertical correction coil in its
convergence yoke. Since the amplitudes and shapes of the
correction waveforms needed to excite each of the six



RCA 85,423 2 coils in the three defl eeti on yokes are different, a w de

variety of corrective waveforns is required.

signal nu
sufficien

defl ecti on

of & plur

st be fed to one of six out@ut anplifiers, which provides
t power to 5 drive one of the six coils. Each corrective

Eachreqr ggc4aye deflection
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modi fy theastety afidtorreet ivefwatafotmsiis equiaed.or Bapghi or to sunmi ng.
coLWéE}’ Ev0335 £1 86V £ S By nﬁﬁéj-sb%d..ffeq "t@eWx%Og;”giﬁa.c h necessary

Typical ly

def | ection wavero _ _ con ICt r
nunber of cRkBukparpPltfiensi (whdch fRFqMides suffdicdepty ePyerstPncl ude: a

ormas a conposite waverorm constructe

sunmi ng any

horizgntaarpaéaggéaéfatﬁéfsﬁgrégguggﬂ ‘ranp; a vertical parabola; a verticaf

ranp; the product of a vertical,pa
product of a verticEPcﬁaFPrFﬁﬁﬁig | |
a verti cabtonatpuetddabodlgeiviad ca X ; suniel ey @didC bromoxev oft acal

and hori z

rabol a and a horj zontal ranp; the. _
& IGSEHETE L (HAVSRATSIRY P& he product of
hal f

r anp

1 - the 20 . .pr f ertical . and._a_her.i tal
hatt ranpBiRatbETURE BEr S vl s o Aided Falas BTReSBaRe 38 [ o,
the produsvadlablecteinadifnmphancale@nd/on gaigaodbeash badica DC | evel .
w!aOeEan’PEriiog gﬁb‘%ﬁﬁﬁﬁ%Mh"f\}‘egavi@aﬁl'l‘ik,v"%%fl%wﬁag‘iﬁ be conbined to

The gqlgart
devel op t

def | ect i oH2EBEPEMBf MRYicbe Haerd kAR AYPEHPINK &RCP PECEFIETH! o ect i on

he necessary conposite eformfor each of the six

tel evi Si 0gegR@E6ELOh CFaVEFCFR WS £ ConpBl It walvd fdrge condractell bych basic
but the_chart. shown i.n Héﬁ{iﬁS is;ty,icaIEMth_reggrd.to
JUBRIPEABY DERBET P e froftd %"caa%?é{ HEVELPINFom £a€t ors such -

wavef or ns
conpl exi t

as manuf abasicngavefermsciscludéntd) eclworited parabellact aoni ¢ conponen

- as wqlg aﬁ°¥§£!§ﬂ££9n§aﬁlﬁ:.cg b‘%’@&fcﬂ M&%cﬁ%s; a '._yerti_'cal ramp; the

product of ‘a vertical half ramp and horizontal'ramp; the -

20

25

product of a vertical parabola and a -horizontal ramp; the.
product of a vertical half ramp and a_horizontal parabola;
the product of a vertical ramp and a_hdrizqntal'ramp;'the

product. of a vertical ramp and a horizontal half ramp; the

product of a vertical parabola and a hdri;dntal;half“ramp;
the product of a vertical ramp and a horizontal parabola;
and, a DC level. The chart in FIGURE 5 iilu$trates which
basic waveforms may be combined to develop the necessary

composite wavéfo:m'for each of the six defleCtion'Coilé of

the three convergence yokes. 'Various-prOjeétion

television geometries may require a smaller or larger

"number of such basic waveforms, but thé'cha:t_shown in

30

FIGURE 5 is typical with regard to complexity.of.the o

problem. o S
As a practical matter, randomffactbrs suéh as a

manufacturing tolerances in both mechanical and electronic

components, as well as variations in cabinets or housings,

35

as well as the ultimate-ogérating environment, make it -
difficult, if notsimpossiblé as a practical matter, to N
precisely predict and generate the necessary correction
waveforms in advance. -On. the contrafy, it is often-
necessary to carefully adjust each of the correction.

ts, \w

4



as well as the ultimte operating_-environrrent make it 35 difficult, if

not inpossible as a practical. matter, pgem sely predREQA Bfj423nerate the
necessary.correcti on waveforns in advance On the contrary, it is often
necessari.fto careful |y adjust, each of the correction 3 RCA 85, 423

wavef orms not %H%ffd}rmg trotO W13 Skagy s Buh %&ﬂré@ﬁ,ﬁr}ﬂn{ Quithe idaadd

which it_has on the other correcCtign waveforns. can be appreciated by

the chari of FItQUAhes efifigeti whdeh, it bascRanphe QWEﬁ\E FPRHSTHLR wel ve basic

5 waveforms ai@rémxds £d zay cant @teahpgf:e‘cmawdowreme Offfa ¥t ol stmmnm ng,
and that each c a di ff.erent co

tion o be
sunmed. Her et of sr’f\fwedff‘laf“e Pt §ﬁ8?'s ’éﬁ‘?‘b é}l’? V%"%h % basic
sources, thd f ara\;em:'m aredimodifded bguat sotall bfieferty Idpermatiuny -

circuits has qggi I a fyi

typically requires at 1eas o178 égj us{lggl ggggtgn?ﬁg?rg?géf « d@ﬁ- eazge%% orty in
all. In order termRiqatomn afchhsewayefospsche, bansunmedy ddiexerafiarsyd an

i nportant neaswie afind %dmdllftﬂidurit}Sofseaﬂsraaia@démé ﬁmé Wadid1g such

projection television sets, a feature of this,invention oV
o tal Iy, 1 oARKEE SR it (RS, Ofuse MORATHLPS FoFERTrS SR dith iz
generator.10t isumning tdiarcudtpetiasobekhi substantiab. t ks £ estdmplegnot e

cont ol my be LNGonael it MdNE dughial, 6onrol oy Stem aahidRet ur e

whi ch exists in nany, tro evl sions
particul arly prajbiataie @Ioan\ﬁrml@nste‘rhesﬁ élegstafocbntmlabbl systens

provide for setup informeih ofrddr b@o YR Rnie" s%%v%%ﬂ ﬁrgﬁleﬁgm)éf{d for
exanpl e, electronically erasabl e and progranmabl e read-on norjes,, such

as EEPROM s. Widh&rdek e adtands @dn trportARE (MBRSUES P F of-fﬁﬁm%x orf
stored i n.lISe HfiRd¢ ing faiid e telcal ibrat iagnsaeh, projéct Domttedvisiomded

Into shift reglstég;; té&%ﬁ%ﬂ%?“%?t%is invention provides a digitally,
remotely controllable, multi-channel, multlple waveform
generator. _

- It is a further aspect of this invention that .
20 the remote control may be incorporated into the digital -
control system architecture which exists in many, if not
all digitally controlled televisions, particularly
projection televisions. These digital controlled systems
provide for setup information to be stored in nonvolatile
25 nmemory, for example, electronically erasable and
programmable read-only memories, such as EEPROM's
&J Whenever the television is turned on, control information
stored in the EEPROM's, for example, tint control, is
automatically loaded into shift registers, the outputs of
30 which control the tint circuits of the television.
Typically, a central controller which generates any
necessary address, data and clock signals, establishes
communication on a serial data bus between the EEPROMs and
the remote registers. A bus decoder, for converting the.
35 serial data stream to parallel format, loads the remote
shift registers. - Therefore, a digitally controlled
convergence control system according to this invention may
be integrated with the existing digital control



30 which control the tint circuits of the television. Typically, a central
control l er which generates any necessary addressrC#at§5,423 cl ock signals,

est abl i shes conmmuni cation on a seridal’ dat a bus between t he EEPROVs.and the
renote registers. A bus decoder, for converting the 35 = serial datb;_{stream-_

to parabbehitQripte hgaddtohils iﬁ%@ SHHdH dEHAIA contitidler & 2

digitally contr ed convergence co system according to this invent i on
may be teleyisien @isRlaWe-existing digital control 4 "~ RCA 85, 423

architecture now fmrlqr <5 'Ilﬁa}l &bﬁbeéqehbal LSnEOHL I 9Y$168hnd vk Si on
dlsplay%F Ful | i.tal con¥ ence contr %éféﬂgs ave been proposed,
wher ei nPERE BF PQE AonwhatetBr HRe JFRrEec BPPHiAF%t al codes stored
in & nemmranédnbypdﬁigi{:al -eadés pstotednim & Menery @nda n@lplp(édbaSI s. The
di gi tal 9 be_cgn t f

appl i catf]%ong?c? ggiégnggrgeﬁgiééggf I%%?B%P%%Q?JSU %n?{gi 3 ff| cuI ties
are enc@l}mneﬂ-édmpﬁtl beerpovarted to amJemmmlameﬁm &ar points due

to the ngpdstatipHCEsSEhuCcAvIgEEL SEANSct Roid¥huee the vi deo imges.
Mor eover, _even when operative, such %qst ens are foo, expenS| \' tO ®

i ncor poﬁ&f’étﬁﬁf;&a&oﬁéﬁFéFu&F\éleﬁD%Fep? 0lakddgr dingly, it
i s laot betwéen: ad\jaaéaﬂeeasmaaecpoﬂﬁt& heué I‘ﬁ/cef’ﬂhé)fhdem @oavi de for the

anal og generati,on of of _ basi c.wavef.orns, and .t he d| gitally i
oot o SUEERErdNPe AORAPPERR: PERR STt R RO ot Vel et Pench of &

pl urali Mprebvehrannsbs wBaohopérativehasuch ssystemm@red ttow-generate a= . |
differe Clh r ffqd he sumati on of any :
conbi na{%%:g%ﬂsf. g?’f Fgésﬁgg?égnghﬁd%%c m%n%gdf ihe invention is a = .
si gni f | PARESHHPBFANBRPABTES -  URFGOERBDLY s yLY s aNPtPGR eni ence and W/

pi qtsir eaauahithgeousl asba&ﬁsogf tnesi.nvéﬂﬂemrn\wtpmioﬁe F¥r @hey | ess -

eXpenSIVearlog gener ggeg% thafurai &ybflégéfé é@ggéggms aﬂ&s | ess

the digitally remotely controlled modification of each of
those waveforms in each of a plurality of channels.  Each
of the channels is adapted to generate a“different

20 corrective waveform and to provide for the summation of
any combinatioh of modified waveforms.in'each channel.
The invention is a significant_imp:ovement over fully
analog systems in_coﬁﬁehience and picttre-quality; In
terms of cost, the invention is not-ohly iess expensive to

25 implement-than-a-fully:digital-system; it is less
expensive to implement than existing fully analog S R,
- convergence control systems - L S -\’

Dependlng upon ‘the manner in which the control '

source is incorporated into the basic digital control =

30 architecture, which may be through an infrared remote
controller or through=a plug-in terminal, for example, the
convergence of the -television displaY'may be conveniently
set initially, and-még;gg conveniently adjusted for
recalibration if and'as_when necesséry. It is a further

35 aspect of the invention to incorpcratezthe-convergence
system into one or a small number of integrated circuits -
by large scale integration techniques. . : '



expen5|ve to i nplenent than eX|st|ng fully. analog conver gence contr ol
systems. Dependi ng upon the manner-in- mhlc “the-cont r ol ROM&5%423

i ncorporated into the basic digital contr 30 architecture, which may be
through ‘an infrared renote controller or through a plug-in ternminal, for

exanpl e, the conver gence @fféél‘i‘z:‘eeb‘%wt%'eo&n%ﬁﬁhéﬁ §8Ya bfu COYED ent| y set
|n|t|ahly and be conveniently adjusted for recaljbration |f and. as

when necessarydggﬁqQ§¥8nfHPWE&PrQSQeﬁgﬁéE?r ?hT?KquﬂﬂﬁﬁQ§n?1WW tﬁ@&@porate
t he conver gence igjsileGenkiratére for genéfat inguaheTusdl vy e aladccircuits

by 1 I t t tech 423 t f th

|%veﬁ'[ Iggnslcg :"Ifﬁr]]’ ra I'ggf gc ng%g%aegf 8?%%%%%9’@? eacd;%g: C)ses :

nul tiple s@nalm@@@rﬂ&goream ofekbeabaajcawpvefatmsy ayid,badi dessrefomens; a
I lit f f d f

plurality o C'srxﬁdx'd;ltr%ac(l ch'l@e&%‘} E'i&laﬁr?mﬂ’?% é/ﬁrf&ﬂugtf‘ e};ﬁ&:ﬁﬁn%%'o%

wavef orns; and, at sunm n cult y sunn1ng any
conbi nati on ofQﬁmﬂq4¥§}eﬂaﬁéﬂéﬁ9§m§otPofﬁ¥@ %oﬂ@@ﬁﬁ% %wﬂﬂﬁ mf $o

example, a WaV@‘xarmplsegefal WaSRlfo¥mCepbgeredilp éléﬁﬂﬁg&éiﬂfd&%m% @il in a
conver gence yo wavef Qrm,10 ener at or furt r r se a centra
control for rﬁ% %&ﬁ@ Fﬁ&&péﬁd@ngP9V§€9??ﬁ§ Q%S of Mty of

modi fyi ng hOrClgene;raa:mxi- raydfurthes tompebseecstcemttdle cmmirdﬂl foantrol to

o L ne P! Weldit P larliP {alpBRAGhE Y LErt iy, each of the HIGATSPoC!

of the |nvent|on co Sés a mu i‘on waveform
gener at or that qfn@‘qgéyla‘gb@&ﬂ'@uﬂ.ﬁﬁef andy pﬂo@%t@dw-’f cfor mannecting dhel ity

of channels. E%Q&ﬁ¥hﬂﬂa%dQE%Qe%%0é&cHHMfCQHPr§§@&5E£%§”6¥'ﬁd&fﬁ iGig cuits
f-or independently 20 nodifying the basic waveforns, ‘one of the circuits

for gupm ng anyf it¥ati on of nodified waveforms to forma specifically
confi guredl Somposi te wavdnsthermbpeoteEt €¢hg invention comprises a

multl-channel, multiple deflection waveform generator that
includes a basic waveform processor for each of a
plurality of channels. Each of the processors may"
comprise a plurality of circuits for independently

20 modifying the basic waveforms, one of the circuits- for
summing any combination of modified waveforms to form a
specifically configured composite waveform, and a remotely
controllable shift register for independently setting each
of the plurality of modlfying circuits. '

25 Each of the modifying circuits may comprlse a
first part for altering the scale of one of the basic"

g,; waveforms and a second part for altering the gain of the'
same one of the basic waveforms. Each shift register
stores a setting for selecting any one of a plurality of

30 predetermined operating conditions for one of the first
and second parts of the modifying circuit. 1In one
embodiment, the operating condition for the other one'bf '
the first and second modifying parts may be preselected
and fixed. 1In another embodiment, a second shift register

35 'may store a second settiﬁé for selecting any one of a
second plurality of predetermined operating conditions for
the other of the first and second parts of the modifying.
circuit. Each channel may be remotély controlled over a



controll abl e shift register for independently setting each of the plurality
of nodifying-circuits. 25 Each ofttgcnngsﬂmgng circuits may
“conprise a first part for alterlngﬁthe scdl e of one of the basic mag:jorns
and a second part for altering the gain of the same one of the basi '

vavef ordus. oggiref ¢ 3 %&m@%ﬁ&%é ?:a%@%la}éﬂ? EQE ? xﬁ‘;g %a”y one of a

pIurallty o et ermne erating con I ons the first'

and semm §Rﬁc:tﬂié=a#écy fcpmﬁggereéutp drineoﬂedéﬁﬁemmmnet he -
oper at idy £ @dikd 10t Yr rdaeﬂetc*e%noeei@& metﬁéré&n@eﬁgéﬁ&end modi fying.

parts may be preselected and fixed. . I n anot her enbodifhrent, a second shift
reglstéW°¥E§ ﬁnﬁ/RﬁRQQFQ&QBeGGﬂGV§é§PPng for selecting any one of a second
plufality of predpetie machwipgrfati ng condltlons for the other of the first

and second parts | fying circu ag hannel ay. be renotely
control I ed over §466é§;¥1§%18é3 ?ﬁﬁ; %ﬁgc& Efgtgfa conposite waveform -
for exanpltel-chamnedf,omulsipdiel defllegtdonf wgueédrmogdmevetcr different one of

a pl uragdéd/rdgfngdq._fg ]G3l sorin%%'nltioh” t he convergence. yokes ‘of a projection
t el evi-si on. Orawing: FI'GURE 1 is an overall block . .

diagram of a rruI t“%‘ﬁ%ﬁlr?elis rﬂllhtlc‘iﬂ]‘e ‘%}éﬁré& P& they vrBEfPE®ner at or

actor digghdratidt sHoWweRln. mIGU'REGQJREWZthStﬁebEESKnél agaeriRfadde waveform 10
generator q%mm .n | GURE. 1, wi,th _the §8E ai_ mat ri x and out put anplifiers®
Lag

shown i Lifiiexns shquwnyin, mors, ram of one of: the channel
processors shown FIGwREJJ%iézalﬂxadedﬁagram bifoohedb&gthen of t he channel 15

et ai | TR by e shonll 107 RcURE, 2’2“‘9{)22[‘15“&9”5 are shown In Tore
FIGURE 4 is a block dlagram of the channel = = - O
15 processor shown in FIGURE 3, wherein the waveform shapers
are shown in more detall, '
FIGURE 5 is a chart 1dent1fy1ng the basic -
waveforms and dlfferent combinations of the basic
waveforms neceesary fortdeveloping.the composite‘ _
20 deflection waveform for each of the six channels of a - .
convergence correction system in a projectlon television
display;. _ . BT
FIGURE 6 is a block diagram of’the channel
- processor shown in FIGURE 3, as modified'in-accordance-
25 with one embodiment of this invention, for developing a
composite deflection waveform for the Channel 2, blue

o

- vertical convergence coil; and o
.. FIGURE 7 is a circuit diagram for an embodiment o
of the waveform shaper circuits used'by.channel 6 for 3
30 generating the composite deflection waveform for driv1ng
the green.vertical convergence coil. - ' .
a multi-channel, multiple deflection waveform

%4

generator 10, which may:be.used as a convergence control
~circuit, is shown in block diagram form in-FIGURE 1. The
35 waveform generator 10 COmérises a channel matrix 20
receiving multiply seiectable inputs in the form of basic
waveforms from analog waveform signal generator 30 andn
control inputs on data bus 46 in the form of data, address



waveforms and different conbinations of the basic waveforns necessary for
devel opi ng the conposite- 20. deflection waveform for eqgha ods4hs six
channel s of a convergence correction systemin a projection television

di splay €VGURE 6 is a block diagram of the channel processor shown in

FIGURE 3, as nodified.in .accardan 5..W th one_enmbodi nent, of this -

I nvention, for P e‘f%bﬁﬁ%)laamg)‘?ﬁg@%sto 5(5&%8?8%?&2%@?%%&%@' t h@e(:hannel

2, blue verti cathammelkmpncix @& IgenerateisGaRpliradity cef cepmpes g am for an
ebodi ment of ' PEvIPYALOIER SIAMRN BfsC8lsl S WHIBH Bie BRORCLrihdiit R by
generating the conposite deflection wavef'orrp or drivin tﬂe_ green.
vertical converydmetirrhannelmgqutputhampdifigyl 6Ppre é@gl%‘éﬂ% GRddeFror m

generator 1§, wbehet@phe, USEdms c%n%&gehaenyekégnbfoé $iéfadtion s shown
in block diagramformijn \I;*GJI?TEﬂﬂl The 35 ,wavef ormge erator 10 conprises
a channel mat ri%RV R FAPIAN }’f BECBALEEFBTE 1Bt &R WRYREITH m of
basi ¢ wavef or nsgénerntanal ) e \eefaptrads tgnabnfermr abprasd beceaxsily ol 1 nputs
on data bus 46 j ta, eSS : B?Ai 5 ég nd
control infor naifﬁl:'%én&far%ér)r&l crueln hra ecoer’@ %gllﬁgoérc?%te:eg 1<'§1]r:1?1e‘|'hirrxal rlé;? ot
generates a pl Wwhldigitdllpmmoined hesl sedenisdansiyaplavss ¥ dmich are
then transpx t gghhyi Gulast ! igidanaly FdnRb1aes! bEb?éc@Qoﬁ Op dEd+ ££4dePN

coils, 5 for exanple, in the convergence yokes of a .projection television
di splay. The a#t¥R¥&%ure of the waveform generator 10 is adapted to
conformto, and be easil ywith egefd tshod tdo HIGURE 2,1 BBeachAhheLt matr¥hi ch

part ] oul ar ., di LTy SR e PO FUORSE P RO URE oF S e <o o

refegence to Fl@REter detaichanfe mbannel?2@atmdxt A6 comprisesinmel out put

anplitier $8 arg) $hoiMty 'bf channel processors 21 through 26 for
generating respective composite deflection waveforms CWF1l
through CWF6. Inasmuch as the three convergence yokes
necessary for a projection television display have a =
combined total of six deflection coils, the invention is

20 illustrated as a six channel waveform generator.  Channel
1 processor 21 is intended to generate a first composite
waveform CWF1l for driving the blue horizontal convergence
coil. Channel 2 processor 22 is intended to generate a

' second composite waveform CWF2 for driving the blue -

25 vertical convergence coil. ' Channel 3 proéeSSor 23 is

_ intended to generate a third composite waveform CWF3 for

St the red horizontal convergence coil. Channel 4 processor
24 is intended to generate a fourth composite waveform
CWF4 for driving the red vertical convergence coil.

30 Channel 5 processor 25 is intended to generate a fifth
composite waveform CWF5 for driving the green horizontal -
convergence coil. Channel 6 processor 26 is intended to
generate a sixth composite waveform CWF6 for driving the
green vertical convergence coil.

35 ' Each of the twelve basic waveforms BWF1l through
BWF12 generated by the basic waveform signal generator 30
is provided as an input to each of the channel processors
21 through 26 by basic waveform bus 54. The channel



greater detail. The channel matrix 20 conprises a 15 plurality of channel

- processors 21-through 26 for generati ng respecti vecA089d3t e defl ection
wavef or mns CWF1 through CWF6. I nasnu8h’ as t'he three convergence yokes~

necessary for a pI’Oj ectlon tel evision di spl ay have . a conbined total d.. Si X

defl ecti O, Gldsys t Channe eég: S pls dbE%%éEr§9eﬂ¥a§e§a§%xb&§‘a“”e'

wavef or generator pr ocessor I's”i nt enerate a
first C@W%#%@WWP%rﬂdr dataglinesbbdeandrsebmerd conver gence

coi |l . Chajdd c?oer&less%.@’naZLZ l'i%e'smsgnded'hbonﬂﬂﬂéiét 8£34#€4& O fh&pPOSi te
wavef orm CANF2 for driving converg,éace cot | Channel
t

3 proces¥Rft address rﬁ%ﬁfe&@d’%&%ﬁ&t ér& FH#SC@S%OE‘P BAVRF or m OWE3 f or

the fed dugn dettabewwwmecmoldifye:hgnaebcéiﬁsomssa)ch 2df i shé nt ended t o
generate_a f 03| te wave [LVI ed vertical

h
Conver octie Gine S FRREd At s aethA L, Bonber Broes [oeder o e
fifth copbAddrewns dfioven GIR3 Fdepead vpog the pumberhofi wavesthaponver gence

coil. %ﬁgﬁ Sy gl e [ conposite
wavef or m Q/\FGYJ?.or riving ﬁ}tu%ngtn%\rt}g?glz%g gcgﬁ\%girlgggﬁgg %{'ﬁ?l 35

Each of $OREXQue|SAINRs NSy o fOrmSes\\2Rd: FA8a5HS o gigealsedidy the
basl @ a1y 51 Vi redQiRAY at mheSQalsicpE:ewceem 2AfSPmaPPOR 1® each of the

channel sors 21 thro 6 b Y, form 5 channel ¥
RCA 85, 4@?%‘?% kgmenyed g%rtyo §¥¥§e§8ﬁ’8r 7aﬁyéﬁp%-§?a bus

conpri si4. adthrexsesven ridse &hledadisddm ldéspaayamd setneddon} ear control signal
lines 5 ﬂé{{ﬁ)s% ngd.add n sisated are

suf fici gimf l%I;%ﬁhan % eaghqu% ?r%%éeaﬁ\mg\?eghggéérgg ?éntl'&% ariow ts in each
of the sl@@‘tma‘m]rﬂelOfprtékﬁesimmaﬂi@naépu&henﬁﬁﬁéﬁMoMd tl'éolfﬁlh:e%t and addr &g
i np§ Wi tdg Lanangd ﬂl’%hé!f‘%dwlﬂiehd}fe vaseakaBlerBdphyisgacsdcuits actual ly

gf élngfgdre-:goltheely Sc.:('an O(IataV\%quoqltJ OlforI %ro?:ltrollg.gng dlffggeng ”gsﬁégéi [ st robe
of television display operation. _ ' '
.. The composite waveforms are dlrected to the
_ -respective inputs of a multi-channel output amplifier 60.
20 Multi-channel amplifier 60 comprises six output amplifiers
61 through 66. The amplifiers of circuit_GO may be of
conventional design and are not shown inrdetail;.-Each of
the output.amplifiers'receives'one of the composite
waveforms as an input, and drives one of six convergence .
25 coils 81 through 86 as an output. Convergence coil 81
corresponds to blue horizontal convergence correction, S | -
convergence coil 82 corresponds to blue vertlcal = '7\(
convergence correction; convergence coil 83 corresponds to |
red horizontal convergence correction; convergence coil 84
30 corresponds to.red'vertical convergenceacorrection;
convergence coil 85 corresponds to greenehoriiontal
convergence. correction; and, convergenoe coil 86 -
corresponds to green vertical'cohvergenoe correction,
In order that the basic waveforms be timed -
35 correctly. for providing the_necessary image correction,
the basic waveform signal generator 30 is provided with.
horizontal and vertical synchronizing-signals;



10 nmerely illustrative. The basic control information is |oaded into
nonvol atile menory in the formof an EEP 44. \WheneveRCAhBS5i4A3evi si on
display is turned on, a mcroprocessof soPtware programin a central

control 42 loads all of the information in the EEPROM 44 into shift 15

regi sters through one or ggar éﬁéﬂﬁeﬂeﬁeéews&? 300 At QBPFalGuReN 3daka bus
46, for controlling different azgects of teIeV|S|3n dlsplgépggeratlon The

conposi te wavef bt HELEREIUE @kt FRIPRT RERGESSAT 0 AFGPE with-an
nmul ti-channel apppet 8fPthéi hvédkidh), wnéxtemcmebaa&pl whvefofl fongmi ses

t put I, i f 61_t Th ' [ b
o “convent i onatRREE] B GRER arhehnet BrsgPasbrary FecneephnbY heSiethl
anplifiers& ecd:sveapahkeotbfthndepmpdmtt]a( woddffiyimg sachnofnpbe, baailcdri ves
one of siXx CO”%EB%‘EBEEsz%or 84ré§ 843(%};1 éi}éﬂnfbeglG <230t BHb- 1sCeRYERGENCE

coil 81 corresponds bl U [ Zontal converge e correction: convergence
coil 82 corresgarableoos| §§1©@?%¢%aﬂnlcd?w@?§ferﬁa‘-e megified yaveEormar §efice

coil 83 correspgRf$ngOascd bok dpgg[géuwéuggwghgence correction; convergence
coi] 84 30 corresponds to red vertical convergence correctlg convergence

coil 85 corresponds to gr¥&AVRoFRYBRPER ERARRTYRR |
convergendd)cowbv&ﬁocmsrBwpbnﬂhréﬁgnunﬂﬂnzuaﬁe<mﬂen¢dﬁﬂedgbyceeferenceion

|norder that biebashcousVeloLim RS IERAR 1oyl oGk ber eREOVI ding the

necessary inmege COrrection orm si gnal "generator 30 is
provi ded with neweignmashanqrsen|c@mne<§tm¢1rtmaz|bmg degades. (shown in

RCA 85, 423 Thepghanngl npr 8CEs68" b0 oSt s iny RlddUREs3 1ihels bust sathve of a
channel. processQr in_accordance with an aspect of the |nvent|on wher ein

eachibasi c waveéfBRf P4r afPfnpet 2RC BAIPTHATRA SrocBESEF YAYSEQER BWSnnel
processor 195 ba €apabhe bhasisdepestier | yinaxliffsyiangotadhbak,t b8 hsstre

waveforms. Morgyer, eggh chanpel processor 200 1 94 Wlehe tne six

channels is provided with twelve waveform shapers, the -

waveform generator will comprise seventy-two waveform
shapers. Seven address lines are the minimum number

20 necessary to uniquely identify the seventy-two waveform
shapers. A single bus decoder may be provided for the
entire system, that is, all six channels. Alternatively,
one or more bus decoders may be provided for each channel.

-Bach of the waveform shapers WFl1l through WF12:

25 is capable of generating an adjusted waveform as an

output, AWF1l through AWF12. The adjusted waveforms may be
N, transmitted on lines 221 through 232 respectively, as an -

' input to a summer/buffer/driver 240. The -
summer/buffer/driver 240 is capable of combining the

30 inputs by algebraically summing inputs from any
combination of the waveform shapers, for generating a
composite waveform CWF as an output on line 242. An
output amplifier 244, similar to amplifiers 61 through 66,
drives a convergence coil or the like. Whether or not a

35 signal bus 55 is necessafy'as such will depend upon. the
relative locations of the summer/buffer/drivers and the
multi-channel output amplifier 60. .



capabl e of selecting any nunber of -nodified waveforns for suming as a
conposite waveform Twel ve waveform shapers for ‘ercRf 85,428 basic 10
wavef orms BWF1 t hrough BWF12 are |!i@nt|f|ed by reference numeral s 202 -
- through 212 respectively. Each of the vvavef orm shapers is connect ed‘,&’o a

bus decoder - (shown ) sﬁ?qg;mr ess |ines 51,
data lines 52, andcg’gtrg&z‘iﬁmlg gﬁ?‘e nesai'églﬂJ asi ci/vaé%gormqbus 15 54 for
the basi ESaRiES Pesitive and d‘QQiFdIVGOGQ‘CUe@lP@STr hangusceordinglyover suppl y

lines 56cné fo@fchomprided Pk p“&@}“@u%ﬁl%( Riaksded Wt Bnbkk! ¥§ waveform

shaper s, cémyr )64/ed 03 M LRS! Ay pidil ISRMRLPPE yS P¥eRhYet Wy wavef orm
shags © l{$:;fn address lines arﬁg tlhe ni ni Euimyﬁunberéégo ﬁ@cessary to:

uni qtle Y SRR X SRARAEG V\B"dw\?é‘ldorgﬁpgﬁgpers A singl e. bus decoder
- may be. pr ovi ded fo&.héhgegghbég d&ﬁf rgth% 03 &?‘Sw‘%é’)éf?’hannel S.

Al ternatively, one of nore ecoaers may b 6 each channel .
Each of $hRPeES ckdridbistrated\in tﬂﬂ@&@h%\Fl!aQBformSSbapabléObf generat i ng

an ad us&&ﬁbmeé O TS s'iﬁf%u'[n@g}i’st@é’:botlliroﬂggcﬁ 1 odLh: justed |
wav ef orms nsmtted onlines rou clively, as an
i nput t & éiﬁif?‘& [ r9aidy mogd Ly meCilaﬁﬁég/ Bgiﬁer/ emumo is.

- caphBl e mamm¢;mdm D13 ruwz&h tleys ah]gebsgbﬁaél ¥YoSyighas! npu: s from
apers. for r conposite .

: %zeggr n#%;a?se%rp Bctq}ﬁltg orqrgﬁl p°rﬁrif°8ug§3? &rp?ﬁ?’g'é 244, simlar. to
anpl i fi evegbitanhr2igh @6 date \ddnes @01%er g&nceheoenbodimént | i ke ‘\Whet her or
not a 351 AU RO éc%l%efcg;r%ﬁ 185 cIHERLY bb19oBRAG: 4RE 4 e T el ative

| ocations of the summer/buffer S “an anne ou put o e
anpl i fi PHERALING [goRHS: 073 oz modddiisatianefornthe of izshvagbace coils \WJ
requbre vlihtxsefdzme v&ﬂid:lﬂﬁﬁbatpré%e@é‘éweal aﬁa, fardaaccendangl y, . the bus

conprlse é&ﬂgtive eﬂﬂ%&&m&n@%s 6 &%piementation of which is
_denoted by dotted. lines, scale modifying circuit 2012 a~'
' operates . respons;ve to signals from. .a scale control-

portion 2016 of shift register 2011, transmltted by data”

20 1lines 2017. S

In a similar fashion,_waveform'shaper 202 _

comprises a WF2 Shift'register'2021 a scale modifying
circuit 2022 and a gain modifying circuit 2023. The gain
modifying circuit 2023 operates respon31ve to gain control

25 portion 2024 of WF2 shift register 2021, by srgnals | o
transmitted on data lines 2025 The operation of scale =~ .
‘modifying means 2022_13 preselected and fixed, but in the - e
alternative embodiment, scale modifyingZCircuit 2022 may o
operate responsive to signals generated by scale control

30 portion 2026, transmitted by data lines 2027. .
Likewise, waveform shaper 212 comprises a WF12

shift-register 2121, scale modifying circuit" 2122, gain
modifying circuit 2123} gain control portion 2124, data
lines 2125, and optionally, ‘scale control portion ‘2126 and

35 data lines 2127. o .

. In an alternative embodiment, the shift

registers may be nonvolatile, for example,-EEPROMs;‘ This



conprising 3 lines, for positive supply voltage [err] -5 -negative supply
vol tage [err] and ground The detalled configuration ofRCAe8S#AR3f or m

shapers is illustrated in Fl GURE 4. Vavbﬁorn1shaper 201 conprises a W1
shift register 2011, a scale nodifying circuit 2012 and a gai n nodi fyi ng

circuit 2013. £ ¥t | o] $at D14 68 to
signal s generate% % tﬂ% aln contfﬂgig%&f%gﬁigg%iagfﬁéﬁ%§ a?eg%ster 11
on data |ines QEIBhe ¢¢P§¥ﬁ#(ﬂﬁﬂﬁﬁQﬁNﬁ nauisdr-ated, the scal e nmodifying

circuit 2012 provides anIﬁpsfaétnﬂoQﬁE&bidéﬂhﬂmfdﬁmﬁdy qat icepthen the first
basic 15 waveformwhich i ¥£reselected an an_alternajive

enbodi ment, t hEPABIBSRGEatioMay Rehidasire &gnBSéa S9°Bo?FeBh?|%% scal e
nodi fyi ng 6|rcmoalfﬁﬂﬂgo¢mféuifsrxnﬂkztn WE ttheswgrelffsrir shapessaim eamnr(ﬂ

port i on 210 Pherbhl!ch SRS g Wdend (AN T LB BYOHRER 2Oncebidfie RPN

In a simlar fashron, wavetor mshaper conprises a
2021, a scale h@@lb§$h@ %aVQinImSHnﬁyzhﬂj&&agédntnnéﬂmitnghelm@&imUQOZS The

gain modi fyingy ﬁfgi% 202 peE qsﬁsof P r! proaklseagtr oA 25  portion
2024 of WF2 shit glster 2021 nals transmtted on"data |ines 2025.

The operation BPeSth %a%%ﬂ|$3ﬂfé?qﬁﬂﬂn$ XPit; day, becpEevidednEoF i s but
in the al 1€ naéca:see:m::ifyﬁm cﬁﬁ@iﬁ: rm;ds fadcopmedacei théOparthyubaer at e

eSponsI Ve 10, A8 FpdE0E AR B e AR B AR BE LASRS8RE 0 .
WF12 shift regth&'erp&ﬁﬂicukml@am&lf yi riheciscaliet m@d12 iedavavebarhy i may
Ceafs Lont ol CREPREEERE Oho PACEAP kNl Ay 98u b g 0B 0111
enboqvﬁent th§e§h$¢?r$e@ﬁ%tiﬁéprﬁﬂﬂ#ﬁyﬁﬂﬂh@GPQP#Fé over E?ﬁnﬁ@%ﬁ kHEDRCNB
Thi s REA 85¢H€3central control.

As indicated by the chart of FIGURE 5, it is
unnecessary to utilize each of the basic waveforms in each
channel. Channels 1 through 4 utilize nine of the twelve
basic waveforms, whereas channels 5 and 6 each utilize’

20 only two of the basic waveforms. However, none of the-
channels uses the -same waveforms; the waveforms must be
scale modified and gain modified differently for each
channel. _ _ =

A block diagram of one embodiment of the .

25 channel 2 processor is shown in FIGURE 6. This embodiment
of the channel 2 processor is identical to that shown in

o FIGURE 3, except that in accordance with the chart shown
in FIGURE 5, and an aspect of the invention, the fifth, - -
ninth and tenth waveform shapers, 205, 209 and 210,

30 respectively, have been eliminated. Accordingly, in
actually building this configuration on a circuit card or
in an integrated circuit, the channel 2 processor need be
provided only with 9 waveform shapers. Those that remain
will be in accordance with the circuit shown in FIGURE 4,

- '35 and each may comprise a shift register, a scale modifying
circuit and a gain modifying circuit. The savings in
parts for all six of the channels. is substantial, as only’
forty waveform shapers may actually be required, rather



woul d elinminate the need for additional nonvolatile menory .in the centr.al
control circuitry. In order to provide uniformtRrdA 85423i N embodi ment s,
it may be desirable that each of tlhe gai n’5 nodi fying dircuits in eash of
t he wavef orm shapers in each of the channels.be identical to one and{.«_ﬁer
- Accordi e ' f I i t he nmaxi num

anpl i tu gé%t érgeo?@%#’lgxwgﬁg ?gggﬁer procé%g% ﬁ‘%{&k‘&smem fically confi gured
ci rcui t orherwdspr bei degessargachThis se@mct#nnhiguaupqnaxﬁﬂnabhﬂ)
accommodal g gtshsfpgst,aaggar 283 Emb BEE 0o NEKE SN dy J@rm}mimgarttuecu' ar

wavef ormand that particular channel. The sc fied waveforns may
t her eaf S¥stEad fiBF—Py°Péhh)P§Py°€oﬁt P8Rl L PERPeH L H‘r‘?‘%e‘-’rr@gjie& ers and gain

mogls ylt l@:(@j.r@:hﬁ%%' .t Sao¢RanhEE ddaj%%ogess@y ndy Haxs oy rs?ixtqgnt Irol As N o

I Ndl cat e |1 S.Uunn I I ze eacC 0
RS B A R R el R SR s R SRR
t he twelchanbadi 8 paxvetssos, mapchavs thanmek@hﬁieﬁghﬁheand1Lﬂlllze 20 onIy

two of C the sane
wmver or SAEVRATH L ¥TKEL0nEnapk B L Py J‘%n%‘ﬂa‘%*ﬁ hemEL
di  f er ey haye §§ehféﬁéhneninmbméktmﬁgrm%ﬁomes rrent of the 25

chanpel 4 ipiaaesaQr 'rﬁesh%’ﬁh' BhihfdREm uﬁﬁﬁ@rmpgyrmm fS?thFH"e channel 2
processor i's iden |ca to that shown |§Hm%gi£§§g except that in accordance

with t h8tgnhSeveskhbwaverierm phapersnqe e e‘oh t he
fifth, rhanheand pﬁrbbbsmreﬁzaynuehapeesonﬁﬁ&héO&mda21’kD 30

respecti \iglv\éntlﬂa vg%?’cw [thg eli{ﬁfz? ?ﬂégg?ly?e 1_‘act ual | y. bui | di-ng th| S

conflguratlon on "8 'R an. clrcuit, the channel..2
processor need beIﬁorsomt@@d-eomiy'wthcgmmanenbrmegaplartc?rmie that rengih

W |1|5bedf”t?1%09&%ﬁc‘éh%hglt BEoEéEEUHzéhPyW‘sh&f'ﬁJ%duaﬁ@ and each .may -

conprise_a shift register, a scale nodifying circuit and gai n nodi fying
ci rcui t CheRaed PrRGESPRT AP SOMBFiges 3 &ixk tWﬁY?ﬁ&ﬁWﬁﬁQﬁRQ§'substantlaI

as only 20@, ! ynWelekenths hapeEsrite¥hapero2ly dedrequired, rather
summer/buffer/driver 240.  As shown in connection with
waveform shaper 206,-the'waveform shaper comprisesea scale
20 modifying circuit 2062 and a gain modifying circuit 2063.
. The WFG and WF11l shift registers have been omitted for -
clarlty The output of this summer/buffer/drlver 240 is a
composite waveform CWF6, which is an lnput_to output
amplifier 66. Oﬁtput.amplifier 66 driveS'cohvergence coil
25 86, corresponding to the vertical coil of the convergence
yoke on the green cathode ray tube. ' _
Each bas;c waveform may be fed to a scale

._(:}.

modifyihg circuit or network corresponding to scale

modifying circuit 2062 to establish the range of amplitude
30 of that waveform into that.particular'channei. This makes
' it possible for all of. the*programmable gain modifying

circuits or stages to be 1dentical to one another T As”

shown, there is a scaling network for every gain stage,
that is, one for every component of every-output_channel.

35 In accordance with one aspect of invention, the system may
be implemented by incorporation into an integrated .
circuit.. It may be desirable to DC couple the signal path

- inside the integrated;éircuit,_from the- input pins to the



RCA 85,423 12 than the seventy- two waveformshapers whi ch woul d ot herwi se
be necessary. This reduction is a tonsiderabl'e source ®cs®85,483, and
sinplifies the task of building the’ systeln3| nto only one or a small nunber
of integghated 5 circuits. A channel 1 processor rray have the si xth,

ei ghth, and el ,?‘Qﬁ[ﬂ i ¥k gaged agm?elA@ ssor
may have the sixt e\&g%hh%;n@ gent Wa%g?%rmms' a ers I mnate The
fourth channel bﬁa‘,ﬂ%eﬁl@ SR £ Somen ot ﬁhananpéﬁﬁhtﬁ?\/a% o*fiﬁ%ﬂ\%ﬁféds 10

elimnated. Thefdith mianelexiRyndtinki A8 eahﬁlé&e fodtdumndisrevent h
wavef orm shapers, elimnating_the rest. Srﬁé nnel proce

utilize only t HEESHSEIFSAFS| ﬁFﬁr\ﬁaPEPH hﬁbe?ger%l?fﬁlhaf’?%'t e rest.
A sui tabl e-§i r caet wmmar&vem agQr arbar- part 15 of the.sixth channel :

processor 26 is shown i n ¢ GRE ., channel 0623301 oa60£OPRLT £RcR ST XU

wavef orm shaper 206, an wavetorm shapéer
sumer / buf f er / dvdsdes wenefonty WG\ ithecdnputt Lonterminakad ity g Ehsk Y206,

the wavefor m shanef (Ml Sghd ﬁﬁa'i%tgoth@gbéiénﬂo&iffmé AN a gain
nmodj fying circuit 2063. The WF6 “and regl ster’s, have been-omtted

for clarity. TREWRENMACEH W“?%MPFBEFPErF@rF%r‘?%Dﬁ%r RIoosite
wavef orm GAB6, »édidtivie alivitily netWorRUt @ADL EELLING ndiibdei AT lsfdter

66 drives convergence coi | r,es to the vertigc |
the convergence %b nge 9% qﬁ‘é’e%%a%ﬁ?&aegﬁﬁ iFgﬁﬁr ’E%‘é#%ﬂgllcn%ﬁa&g’f’tﬁm may
be fed to a sca;b&rtntnh]f@m rehariredui t Thisnbesdckwavefespownill halso sl e

vavetor 't o- (1 gared S EECHE IR SRS AredO iy ofel Y o

t he Rrogrammableheyhanashs whighcirequiirs Shessayth 1?%3 v%ﬁq%4 t¥ one
anothér. A shoynmikd RERMALS theS G¥ailed £aREWR! kppie8VER Yakifi shé@Ehnel

will be different from the scale factor applied to that -
same basic waveform in every other channel.
The output of the scale modifying circuit:2062
is fed into a programmable, remotely controllable gain
20 modifying circuit 2063. The gain.modifying circuit may be
a multiplying digital-to-analog converter DAC in which the
controlled signal is fed into the reference voltage input.
A.register;WFS holds the desired value of the gain for _
that particular gain modifying circuit. 1In general, the
25 gain range necessary for each stage extends into positive
. and negative values, that is, the input waveform may need
&x _ to be added or subtracted from the output of a given
- channel. Since the gain range. is not necessarily
éymmetrical about zero, a provision must be made to offset
30 this range either to the positive or negative direction.-

' The programmable gain stage or modifying
circuit 2063 may comprise an R-2R network with a set of
bidirectional switches S1 through S8. The R-2R network
has two current outputs,‘labelled.1+.and-I-, which carry

35 complementary currents. The sum of the currents in.these
~two outputs is always the voltage into the digital-to-
analog converter, divided by the resistance of the.
digital-to-analog converter, irrespective of the switch



that is, one for every conponent of every output channel. 35 In
accordance w th one aspect of invention, the SyStREANgS,428 i npl enent ed by

i ncorporation into an integrated clﬂcU|t It may be desirable to DG~coupl e
the signal path inside the integrated Circuit, fromthe. I'nput pins ‘t-b the
13 5, gﬁé of, u a th DC and AC gai ns
belng t e sané? oneQHT % sekggsﬁtgglﬁﬂelg?ét%hged C?%CUII may be -

extermﬂd%tﬁxmiﬂﬁuﬂhﬁjporRéQﬂ t itHe Fé§F§P§r§hateg@ﬁ%re¢o$%c%r®ﬁlded at -
every suglp | cﬁﬁit;ﬁuté O AtS&nd I%?ldDGfl %ﬁ%l rhﬁgéer @or%&ﬁoﬁ&iﬁ‘é epge to '

nodi fi cation t he si xth basic wavef or | nput |stermnatedto

ground HHPhe%; &k 9f the,Furent nﬂ&’etsh&%EHFeIi"mﬁV'F?ﬁ‘ﬁg At Cel® or network
20625f orggtk byerid 915 tidle I%%mmd mtretspbnaangataopynes; salyeoflitheli ng '

network. This scalin net the apge | t.his
' partlcuI%H ﬁﬁﬁkﬁ%ﬂﬁﬁi ﬁy%? p rt| %gF *chBhi gﬁe 8*ﬁ$§1%55 % WS ef orm il |
al'so be mrgmctmrr&spcatding‘ tich@0bexl, | hhenbwaooutput’ euyrerteraxe the - '

channel t [ ely that
the scalseeélggact or qg_ﬁjﬁe es ?‘Jad%gig a%’%ié@é%ﬁ.ﬁxg é%ﬁé%seriéz?lté ér(omthe s

scal e f R4ERUEDHDI i tﬁ?atll‘Patm ipgscdreudef 8pth Fhee9d+y ot her. channel .
Thel Qut prta Dfy irlte SIAhe T iheg eQievedih BAS2ci fab@fotn) Oparpregr ammabl e,

b AT W i MG TG eI A < e g A
.contr ol Ietircm.’grmlof wdvarsHapexr 1206 .r eflar accordahtageithptbhe desibgn ster W6
001, 1B ESLLAP 9P dlorl he AR oL sl BRELLEUAT 0 RTINS
i nt o postesistivgl detjdgy Lormededy wosistorst R BnﬁuBl%vialbr m may neediid
be pgded; Oie S} afi i AdritM el dlsdk o2k ﬁzghi-i&“nghaﬁﬂékeaﬁiﬁ@ the gain
range is_not necessarily symetrical abou ‘zero, a prOV|S|on nust be made
to of f sdt—2R network will be identical L
The outputs of the R—2R_networks-areiconnected
to the.current.summingipoihts of the output amplifier 240.
‘The amplifier may be implemented with two operational
20 amplifiers Al and A2. The two operational amplifiers
accompiish the complementary gains necessary'for the I+
and I- outputs of the R-2R»networks. Operational
amplifier Al converts the current'bf.thejI—fterminal to a
voltage at pdint 241._-Resistcr R5 converts this voltage
25 to a current fed into the noninverting terminal of
operational amplifier A2. The effect is a polarity -~
inversion of I- before it 1s added to I+ at the invertlng :\{f
input of_operational amplifier A2. In order for the R-2R
networks to operate properly, the I+ andfi-'terminals must
30 be held at ground potential. This may be accomplished
with the wvirtual ground of-the'inve:tingfinputs of the
operational amplifiers, since the noninverting'ihputs'are
grcunded Moreover, as the output waveforms must be able
to swing above and below ground, the operational
35 ampllflers must have positive and negatlve power supplles
Resistor R4 of waveshaper 206 and resistor R11
- of waveshaper 211 provide the necessary offset for each.of
the gain ranges, feeding a portion of the ihput waveform



30 this range either to the positive or. negative direction. The :
programmubl e gai n stage or nodifying ¢ircuit 2063 may Qgggrg§qugp R- 2R
network with a set of bidirectional “swtdes S1 through . The R 2R
network pas two current outputs, labelled I+ and |-, which carry 35
conplenmentary currents., The sumof the curr s in. these_ t Qutputs is

al ways t h%e vol ﬁéﬁ&cgh%’of’?hﬁhﬁi (o) mi 'cffo‘fﬁ‘né?ﬁ&thceo r ,amgﬁl\?/?fagﬁ by the
resi stance of tThésdbffsat-is: toatvy positeiverdidactdomedni vheotirbeiswofch
14 - F 57423 setting. The digital setting of the switches
will determne fhe porfion of the current that goes to each of the outputs.
At one end of the range, I@orthégppnutﬁguiterogmgimnt.ofthmm@ﬁi@rfﬂ: goes to

the |+ out gut. reflistBe, Swn@ERCls ot Oled Neos PUipodelf LEsRaading, t esFRRex,
all of the current goes out of the |- output. t the m dpoint of th

i € e
range, corresp8A8RRhgPLE BBAEY redbstem. oltafth Qithenedabte PdsSeROPEFPYSt he
sane, prodgci Egnéabfetgénﬁidi%6§t50ﬁ@1tél@itl'.;ﬁénltsrs]l, tT:ltmugmaBe.rmqief vhag
circuit and t ai.n, modi fyin ircuit_for. the el ev Si vef orm
parj of maveshgﬁgfigi%ft¥s°?d3n??@%ﬁe??l¥cﬁ?ﬂ?§?%ﬁu§qg F%@éggggiﬁévg??gﬁits
of waveshaper ge6eratorawevedmeqeimedh with deegapd dlyj @t iabd ldtyi denti cal
gai n nodi fiyy Nng Gl ht,S eshSt Ly YA f [«€S k- $10 and
Ronwi 11 1 e PR Rl e e ol e e e e

R- 2R net wor k wWRPRif¥ipgeRirenits TRY R sRitkRe & R17R Rerpoxk: RGvEadare
conln_e;:_t ed to t%aus-uulaayt osugma_ﬂgea@imél oswi'd_tme:::xt glﬂpp&Wr:i_El:ct_ér ¢3ﬂQAIr-oIh§
anplifier may be_i enent, th twp operational , anpl ifiers Al  an
A2. The two oﬁéFagEoﬁéPvéﬁﬁF¥$¥2?§$§% ﬁhﬁ??ﬁ?éﬁﬁ? %Emghﬁggy gains
necegsary for tregikteandsbechatedtwith ¢dech BE@R e atodirfiying Giecatitonak
anplitier cQav h r o) = ' t .t age at poi nt
241. Resil's%t orBQSEc%E)'%f/lér ?gﬁ#h%gg\i/%é%%g&ijgm lﬁﬁﬂéj}%ﬂ' rcgtr]]:?:“;igg I nto the
noni nverting t epatxellefl by a sixteen bit shift register. '

~Alternatively, the output of the shift register may be

used to control a binary to decimal counter, or decoder.
One eight bit shift register, for example, could then
20 select one or more of 256 operating factors for
controlling both the scale and gain adjustments of the
basic waveforms. In such an embodiment, provision must be
made for applying a scale factor or a gain factor of zero,
so that unneceséary waveforms can be eliminated. '
25 Alternatively, an additional controllable gate stage may
_ be provided for selecting specific adjusted waveforms as-
gﬁf inputs to thé summer/buffer/driver. However, such o
additional levels of control may not be consistent with
the existing digital control architecture of digitally
30 controlled television displays. ' '

' It will also be appreciated that the invention
may have uses other than generating corrective waveforms
for convergence yoke deflection coils in projection
television displays. For example, the invention may be

35 embodied as a custom aﬁalog waveform generating module "~
suitable for use in televisions, video recorders and the
like, of the kind having a digital control architecture
for controlling one or more other aspects of such



operational anplifier A2. ~The effect is a polarity inversion of |- before
it is added to. I+ at the inverting input of oper Hh0r§§4 lifier A2. In
order for the R-2R networks to opdrgté prdperly, 't +7and |- termapals
nust 30 be held at ground potential. This may be acconplished with t*h_{a

virtual ground of the invertin uts of, the oper at i onal arrpllflers since
t he nonP%PéFFFHS i npHER &rmo Pgﬁn‘a&ﬂ Ree Vuf" "‘V\aveform;

must becabhaello pwbﬂgdahgvetzenddbeﬁmggs ommm:.ghmmrzﬁmﬁnanaind%

anplifi ers ave_Rosi tL and ne ve po p Resi stor R4 of
vvavesha u%geagd 78 igf’Si" gl? \Agﬁé%%%epe‘?g\ez‘{l?aﬁp d\i‘gtf‘z:%%e necessary
of f set Ssdgnedcbenkrahiogai nSuahgesq:usmnllweafqmt tmagn bef usiedd itgput wavef orm

RCA $35, ﬁ%év%éegt.xhlé *:Qni:ﬂﬁ iHH“!:E'Qré'E@Po e CfH}&HiQPt c%'%jgé'o‘;)r - This~

~offdet 5 A rectto |nt urt of 7. In this
part|cuﬁaﬂ/@#bvélidﬁﬁnForFﬁ@tm shift 5 register, which is omtted for

purposes of clari chs%o&ﬂa%h@lmg hhireibhfnt géﬁéké’&fﬁg rE@&@lé’fféﬁe ei ght bits
control s,one_of the b CtIO% &f rou h | f the

fl exi bi BAEPads 95°88ﬁ139§§e v Fe Y%??é ?R}rﬁ%&ﬂ e F&qﬂ%& ator were s
requi redndwithe lége; dhaoing dbgitay ¢mﬂfh1 reet i ectpregr aayt he scal e
nogiayi | c c'_' 0 be a R 2R network .
ha\c/il(?lg gg 'rELQP %ﬁ %‘ngg régg |ona1II (QL&% roprr?datsae control can be =t -
provi deelbyaﬁavwngfabgeégnuaeegthmm ta smlmtalrié'g! szfermeﬁ!?om ated with each

scal e ”E@'sia)éh?sﬁve' sua&gleal1éon@yobayi§a9ai)9tfbrsqaés%éaﬂx&aw modi fyi ng
circuits dgntro a,sixteen bit shift register.” Alternatively, the

out put BPdtkyiag;£ Peréﬁﬁéf’e?’aﬁﬁ§°5'ésus%%@? cﬁm‘?wg FDians P& @ deci mal .

count er pmlracleegdef pEedeteghindi tandlog dslﬁﬂd‘ﬁ'ﬂfnsf@nd?m| e, could then
20 ¢ g sel_ect _one re.of 256 0o erat| act or s otr controlling both the-
15 &a Hg? ge a rcui or . o

scalt afd3g8°n® rehPE SFTR ng <

combining the modified waveforms to form a specifically
configured composite waveform. The module may also
comprise: meens for storing a digital ‘setting for _
.contrelling each .of -the modifyinq means;’for example, a
20 shift register; and, a digital: processor, for example'a'
decoder, for loading the dlgital ‘settings 1nto the storing
means in accordance with information provided over the
digital control architecture of the hoetfeppa:atus;



basi c wavefornms. [In such an enbodi nent, provision rrust
applying a scale factor or a gain factor of zero, so th t gmﬂmmul l!ll
wavef orms can be elimnated. 25 Alternatively, an additionalc contmo

gate stage may be provided for sel ect 7ng speci fic adjus Hrne as

I nputs to the summrer/buffer/driver. I%mver such addi tional evel s of

control may not be consistent with the exi stl ng di gital control
architecture of cflipgimisadl |y 30 controlled television displays. It will also

be appreciated that the i ventlon ave es .qt her- th enerat i
corrective vvaveforms f or nve@ﬁ@"}’gﬁe dﬁ"é’tﬁﬁ% anfrs]‘“&h ﬁne %
t el evi si on di speempriBdmgsxanpl e, the i nvention nay be 35 enbodl ed as a
cust om anal og wavef orm gener gﬂ%ﬁ% o)

vi deo recorders and the |1 %'P' I'nd havi ?ge%a&gftfﬁld @’olnt ﬁ/ié& o
architecture foPagds: WaveSoFms,hagring, di *aQ{i’éthg’acHess?uch 16
RCA 85, 423 apparatus. Sucla 1@&11&:?“1% Frddeititis Woupldd -to the

channel , provi d| ng .t he advant a%es 0 roI and adj ustnent, and
avoj di ng the expBfs@9 LY o8 &4 BRQGRFSay, GPuprisings
wavef or m may be used to 5 provi de suﬂq:]mmﬁyw’fwawtﬂm,mddmd

correction and/or w % e %ct o] %m anal o & for ge ng

T, s dﬁgzﬁfig’mim% *:ﬁm**“;%m"sﬁ?méﬁigﬁ

circuit source for g?gg_glatton rodidd Addide q Oé:fm UBh b de{ ity
y

of neans responsive contro signal s tor respectively no i ng

t he basi c wavef or ms' Vé& oF: haying wpkataniially khe isapewateshare meed

anal g oper ati ons, eHatldd) By tHE land Vg BAITYE vuts WADEEeFéRti t,

for nmbi ni ng t he m)dlfle vef to forma specificall oan ured
Corrp05| te waveform r?&yrfﬁ one of t&e scale Jnf i

factors belng modified according to one of a
plurality of predetermined operations; '

P means responsive to digital control
signals for setting each of the modifying means to
select one of the predetermined operating '
conditions; ’

| means for combining different ones of
the modified waveforms to develop a specifically
configured composite deflection waveform; and
means for generating the digital control signals for
operating the modifying means. '

2. The multiple deflection waveform generator
of Claim 1, wherein the means for generating the digital
control signals comprises:

| - means for storing the digital control signals;
. means for loading the digital control signals
into the storing means; and,

means for transmitting the digital control
signals to the modifying means.



conpri se:

storing neans in accordance with |nfornat|o

means for storing a digital settrng—for—tonrroffrng each of" the

nodi fyi ng nmeans, for exanple, a 20 shift re gi tal
processor, for exarrpl e a decot®r, for: Ioadl m‘@ l@l M“ ttings iato the

he di gi fed

control architecture of the host apparatus. - RCA 85423

CLAI MS: 1.

A nultlple defl ection maveforn1generator conprising: an

anal og source '3 - gEre rmaltiple deflectionwansformganaratohavi ng

di f f yendi yayeshaies, andrdidl idaet0losSithidpridicesassar s coupled to the
analog circuit source each si gnal« processor conprising: a plurality of

‘mean<CIRRTIRRS

¥fying different. ones of the basic waveforns by factors of

scale, for esta.bldsaif@lti@giw &iuﬂ&ﬂlwdﬁchewtgsen to produce

nodi fi-ed- waveforns, € d|f|e wave N ally the sane .-
mave§ﬁ§gypa H%Pét %? éﬁf 3¥f%g%§ erent anplitude,
at | emnbhnhgfmé&ms s::miprissek gain factors being nodi f [ ed according to one
of a plurality of predeterm ned operatjons, neans res onS|ve to digital

control si gnal s28PoRNaed| AYMEERY GiTERLt neenpled &t o Whe ect one of «
dyiﬂgrmshﬂgmwailng condi tions;. means for conbi.ning different ones"

t he phedet
of the no

fied waveforns to develop a speC|f|caIIy configured conposite

defl ection waveform and neans for generating the digital control signals &
for operating the niHefmubgipkandefPectiben nudtefdem dpddexdtian wavef or m
genersoelgim%a'm&eme{& %ééﬁﬂ?%@a&&r Sy Q9 the digital control

signal's conpri

‘nonvolatile memory.

5. The multiple deflection waveform generator

of Claim 1, wherein the means for setting the modifying

means comprises a nonvolatile memory.

6. The waveform generator of Clalm 1, wherein

each of the processors comprises:

sets of first and second mbdifying'circuits for

respectively altering the scale and gain of one of the

basic waveforms; and,

a shift register for each set for selecting one.

of the predetermined operating conditions for one of the

first and second modifying circuits responsive to the '\3

digital control signals.

7. The waveform generator of Claim 6, wherein

an operating_condition for the other one of the first and
second modifying circuits is preselected and fixed. .

comprising another shift register for each set for

w7

8. <The waveform generator of Claim 6, further

B

selecting one of the predetermined operating'eonditions.

for_the other of the first and second modifying_circuits.



means for storing the digital control signals; means for—toading—the

digital control signals into the storing neans; and, nea
the digital control signals to the hodifyi‘'ng neans. mwmml H“T
def | ectidgh wavef orm generator of Cainms 1 or 2, mhereln e

processors conprises: a digital register coupled to -€achi of the nDdlfylng
means for storing the setting thereof; and said conbining nmeans conpri ses
an anal og summing circuit coupled to all of the nodifying neans. 4. The
nul tiple defl ection waveform generator of C m 2, wherein the storing
means conprises a nonvolatile nenory. 5. The nultiple deflection waveform
generator of Claim1, wherein the neans for setting the nodifying méans
conprises a nonvolatile nmenory. 6. The waveform generator of Caiml,
wherein each of the processors conprises: sets of first and second

nodi fying circuits for regpectiygy f*gﬂ 5§¥L£€? .
t he basic waveforns; and, §2 shi % e"g!lgs]’t?rr}?, set- for lP:Sectl ng one

of the predeterﬁﬂﬁéﬁmbpéFEEF#Giaﬂﬁht|ons for one of the first and second

modi fying circuits r eSponsw&m@%ﬂﬂsd aﬂoﬁwﬂéﬂaﬁ ad plurality of
wavef or m gener ator |mt§‘?v\,here an Sﬁ(ratl tlon for t he- ot her
one of the firs rﬁfn LY eRhapesy. s.

The waveform gener at or of djpmundizﬂyudﬁuslgnxmnprnaq;sbxsfunupindtto the
register for eaghaiely ATl Udtbe Wand leddl dtniial g 1ed operating
condi tions
means for mod;fying selected ones of
the basic deflection waveforms by factors of
scale, for establ:sh;ng the range of ampli-~
tudes, and gain to produce modified'waveforms;.
each modified waveform having substantially the
same waveshape as when generated by the énalog-
- source but a different amplitude, at least one
of the scale and gain factors being modified
according to one of a plurality of |
predetermined operations;
' means responsive to dxgital control
signals for setting each of the modifying means

N/

to select one of the predetermined operating
' cond;t;ons* and | .
Ns " means for comblnlng d1fferent ones of
the selected modified waveforms to develop a
specifically configured composite deflection
- waveform for driving a deflection coil in a
eonvergence yoke; and, means for generating the
digital control signals for remotely operating the |
’ modifying means.



for the other of the fi rst and second rmdify| circ
digitally controll ed convergence control syst “EUMJ ‘ anal og -
source for generating a pluralit#®0of- basic defl havi ng.

different vaveshapes; a plurality of slgnal processors coupl ed to them
anal og circuit source and each conprising: neans for nodifying selected
~ones of the basic deflection waveforns by factors of scale, for

establishing the I@ngemé S d rgdritle corti¥bl0 ayhtieh Wfo@equfled SUR
- vavef or each ﬁglv\/aveformhawr&% ubstantlaII¥ the sane vaveshape

as wher® q%?ﬁﬁ?hf?ﬂ’ & REO5G SSoFSc & €& GPFPECERP anplitude, at |east
-one of the scale ando@afynﬂglodiﬁ‘azhxalm reactH ot thec sedieng editine - of a

plurali Al ned operations; neans responsive to digital contrOI
- signal s ﬁ%/o %‘?&ﬁg&redch of the nodifying means to-select one of the

predet ermi ned ope? adigitabraggistey conpled o feach @fbithieng different on.es
of the s&d €¥¥fgbrggygdf%¥‘q§ﬁegg ghpt@@ygggg gspgﬁhflcally conflgured |
ec

conposite tion waveform for Vi n éction coil in a -
‘conver gence yoke; a%n@aMr%“Wn%&k?%&wqu@Qﬂ $ia ALl @ft the signal s for; |
r enot el odPBy ftd rei g ewdi fying neans:. . * ~ C M..S . * 10. The .
conver gence control systenlof Cla|n19 mhereln each of the processorS'
- further conprlses g e _33*- i

11. The. convergence control system of Claim 9,
' wherein each of the processors comprises" '
' sets of scale and ‘gain. modifying circuits for '
) respectively altering the scale and gain of one of the f;.S_i
_ baSic waveforms; and, P o |
~a shift’ register for each set for selecting one
_of the predetermined operating ccnditions for one of the
.scale and gain modifying circuits. ”

_ 12, The convergencercontrolasYstem:ofiClaim
11, wherein an operating condition for the other one of
the 'scale and gain modifying circuits is preselected and

'fixed.

13. The_convergence'controlisystem'of Claim o
11; further comprising_another regiSter for each set for f'fng
selecting one of the predetermined operating conditions e

for the other of the scale and'gain modifying circuits.

14, The convergence control system of Claim :
'_11,.wherein each of the ‘scale modifying c1rcu1ts comprises o
a resistive dividing network. '

]

15. The convergence control system of Claim

11, wherein each of the gain modifying circuits comprises
an R-2R network with a plurality of switch means.



a nodifying circuit for each.of the sel ected basic waveforns; a digital

regi ster coupled to each of the nDdlfylng circuits for stoTTﬂg~Lhe_§gL£LEgi~“
and, an analog summing circuit couplied to all of the nDdlﬂy circuits

11. Thédonver gence control systemof Claim9, wherein eacMﬁ #MF’”

processors conprises: sets of scale and gain nodifying C|rc

respectively altering the scale and gain of one of the basic maveforﬁs
and, a shift register for each-set for selecting one of the predetern1ned
operating conditions for one«f the scale and gain nodifying circuits. 12.
The convergence control systemof Caift11, wherein an operating condition
for the other one of the scale and gain nodifying circuits is presélected
and fixed. 13. The convergence control system of Claim 11, further

conpri sing anot her regi st for each set for sel ecting,.one_of . t.he '

predet er m ned operating i t 5"%3 e[rﬂ gcgf‘éd‘!}ﬁd #dapted to.

nodi fyi ng ci rcmpel'atelmmifhm aelwesmnndmﬂaythma aligital @ontrolll,

wherei n each of .Circuits conprises a resistive dividing
wgihs Tt

netywor k. 15. Nt 61 system of C aim- 11, wherein each of
the gain rmdlfyl ng Ci rcuua:smlqgumimmezfmsenmmaapémmyioﬁ basic

sw tch neans. GW Mé@na(fﬂﬁbféﬁ\’eww gatl ng nodul e, adapted to.

oper ate W t hin a t el evi si on Vlng a taI contro archl ecture
conpri sing: an anal og ci rTGSP?c%YﬁJr 2l SI c

wavef or ms havi ngodifyieg cdifferene shwde of the basxc waveforms to produce modified
- waveforms, each modified waveform having substantially the same
N waveshape as when generated by the analog source but a different
amplitude;

one of the respective pluralities of first and second
modifying means being responsive to digital control signals for
respectively modifying the amplitudes of the basic waveforms by
one of scale, for establishing the range of amplitudes,
and gain factors, according to one of a plurality of

predetermined operations and the other of the respective pluralities
of first and second modifying means farther modifying the
amplitudes of the basic waveforms by the other one of the scale and
gain factors;

means for storing a digital setting for control]mg each of

W the plurahty of first modifying means;

an analog circuit for combining the scale and gain
modificd waveforms to form a specifically conﬁgured composite
waveform; and,

& digital processor for loading the dlgxtal settings into the
storing means in accordance with 1nformauon provided by the dlgital
control architecture,

y



respective pluralities of first and second means for modi fyi ng different

ones of the basic waveforns to produce nmodifi ed waveforns, each nodified
wavef orm havi ng substantially the sanmke wav shape enerated byythe
anal og- source but a different anplitude; Oh pIuré#éties_

respectl
of first and second nodifying nﬁans bei ng ! r *ﬂ@’ al control
signals for respectively nDdif ng the anplrfudes c wavef orns by.
one of scale, for establishing the range of anplltudes galn factors,
~according to one of a plurality of predeterm ned operatlons and the other.
of the respective pluralities of first and second nodifying neans further
modi fyi ng the anplitudes of the basic waveforms by the othef one of the
scal e and gain factgrs Fggans or storkh% a di |taI setti.ng for controlling
each of the plurali IR LRFd ¥R e FFE r&ﬁlﬁﬂaWBSH frefit for
conbi ni nglaia 163l eheﬁdigathemiﬂgitelﬂ pBYCEsEOB tompoises: specifical l'y
configured conposi.te.wavefor and, a digital processor for |oading the
digital settings i nCePRARY oFORLHARGING B 2kl HAEASUFSAM or nat i on

provi ded fycéilﬂedilﬁdngtwiﬁlgltvaﬁl @aﬂtecahluragcmtelaau% ihke anal og waveform
gener at i I'm rei.n the digital processor conprises: a .
decoder ffg"’? n%?lla cf?gt %b‘?‘}% dg streamreceived fromthe digital control
architecture into aappashlbil dddta fm:mxbommmtmg rtatealdeeiodm ailglss "
connectin € de ?ﬁ% f the storing neans. 18. The anal og :
waveform%aeénlgra %ﬁ‘g"" rrsi)(f\,%l% q’ar m 16, wherein each of the:-plurality of
first nodi fying neans conprises: a gain nodifying circuit for altering the

gain of one of ‘the pgsi CTHEVEALISF: waREESAR TGSt oLy Wothile/ of -

S

Claim 16, wherein each of the plurallty of flrst modifying
means comprises: B _ .

a gain modiinhg cireuit for altering the gain
of one of the: ba81c waveforms, and each of the plurallty '
of second modifying means comprlses

a scale mod;fylng circuit for alterlng the
scale of the same one of the ba31o waveforms.

19.  The analog waveform geheratlng module of
Clalm 18, wherein the scale modifying c1rcu1ts comprlse
resistive dividing networks; and -the gain modifying

- ¢ircuits compriseiR-ZR networks,'each with'a plurality of
switch means. o | B

20.  The analog waveform generatlng module of .
Clalm 16, wherein an operatlng condition for each of the’
second modifying means is preselected-and fixed.

et}

21. The analog waveform generating module of
Claim 16, comprising a plurality of analog summing

b S

circuits for.generating'a'plurality of specifically -
configured composite waveforms.



bf second nodi fyi ng neans conprises a scale nodi fyi ng circuit for altering

the scal e of- the sane one of the basic ef-or ns. rm

generatl ng nodule of Caim 18, wherein t scal e m)dl f)”“lmllﬂlm Ilmn“r)

conpri s&f esi stive dividi ng net wor ks and the gain nodiftyi ig &irtuits*

conprise R 2R networks, t fo s. 20. The
‘%l %%ef%ﬁ“%&ﬁ@rﬁ?@ﬂ

anal og wavef orm generati ng o In an opérating
condition for RRWPHESIMG: second nodi fy| ng means is presel ected and.fixed.

2|1 IThe an?I og \lNavef or M £ NEXEL 6 ?swﬁuéf efof é%ﬁeﬁaéﬁ cszﬁrlputa&sa?teo
plurality of analo rcults neratin urality o
specifically c[}?ﬁ’gﬂ %%*%%%‘ﬁfﬁ%’ é‘ 9% OSIte wavet or m
generator, conprising: armeams (ymimdwzghmaehlog thel twot basdecbasi c

e 51 s Sl GR0 Sa gt Tl ISR 11,

two basic wavefo ¢£e assom a
of scale, for EREEATS PhEenter For %ﬁtahbi$hMSthanH3§§¢n°fo produce a

modi fied wavef %m&ﬁmaﬁ Rl ty ﬁfoé@é‘@ W@&f)ﬁﬂ&d%a%f&rﬂenerat ed
by & he anal og source but different _anplitude; a dlglta shift register

for setting oneh%‘fulgles‘é‘l%\‘%n%bﬁ e 13ame Wayeshane ;35 ¥heRIgnesated
plurality of pnegetios rnmnbg)p@dsﬁwgmﬂrdlaiﬁﬂsreﬁadamprﬁaﬁdégr conbi ni ng

o1 ot on wave orm 23, THLEHBbrabFbctaibrtin cher F8FELnS AR L the
conprising: a sscdakemmd fgaimy factoers decoadingl tg ohe efaaepbﬁreiuhyobft he
basi ¢ wavef or mi:ux:edet:e:rm:mea operating conditions; and,
K,/ | means for combining the modified waveforms to
develop a specifically conf:.gured composite deflection
waveform. T

23. The composite waveform generator of Claim
22 comprising: ' |
a scale modifying circuit for altering the
scale of each of the basic waveforms;
j : a gain modifying circuit for altering the gain
' of the same one of the basic waveforms; and,
an analog summing circuit coupled to all of the
gain modifying circuits.

&5; ' 24, The composite waveform generator of Claim
) 23, where1n°
the scale modifying circuits comprise resxstive
dividing networks; .
the gain modifying circuits comprise R-2R
networks, each with a plurality of switch means coupled to
q the shift register; and,
o the analog summing circuit comprises an
i operational amplifier. -



;a ‘gai n rmdlfyl ng circuit for alterlng t he gﬂr—n—e#—t—he—sane_one of _the ba5|c

wavef orns; and, an anal og sunming circuit coupled to all of the g

modi fying circuits. 24. The conposite wayef &HEWSHIIHUHH"F aim 23;--\
wherein: the scale nodifying circuits corrprl di ng ne‘t»,w&ar Ks;
the gain nodifying circuits conplfise R 2R networ ks each’ W|th a plurali ty .
. of switch nmeans coupled to the shift regl ster; and, the anal og summ ng.

circuit conprises_ an operational anplifier. 24 25. ‘A viavef orm gener at or
substanti al |y as?Per eh WRYSE QI geReEatoxi Fﬁbﬁ§ﬁ§|‘téﬁ-éé-§!t @S he acconpanying

dr awi Nireinbefore descr:.bed Wlth reference to the accompanying
draw:.ngs. Co '
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