2129247 SIGNAL SAMPLING CIRCUI T This invention concerns a signal sanpling

circuit..ln signal processing systens such as a 5 televi s'i'2 gegz@/gr
there is a need to sanple information contained in signals cessed by the

system |s often necessary to provide significant anplification in the
sanpl i ng ess in order to obtain"an information sanple with a |evel
| ar'ge’ en to be util szedaef EgmpLYREYChRCHBTCi rcuits which are intended

t t he inf .Qn, .. 1N t.i | dent, f
exanpl o, 1 an aut omaeltokiACSRERET LT AACPARE) S CONRRO SPBLATFOr

aut omat i cal ¢yreeisbl i shing proper black i mage representative current |evels

for each el ectron gurhpfsaj??.%% (ﬁ%e&m‘?ggfgagﬁgogggh? svm'a:t h the receiver.

As a resglt of this oper pI ctures uced e Kinescope are
prevent el EIAVHELAR HRIFLBE, e cbs by paefatPossmpilekiindosmasion

operating pAnAMEIRIG iif fhigndle docelsadapd tREPEYatERE effeqisS) rrly AKB
system typicall (%gl;arat es during jmge 20 b ankhg%l nt erval.s, at Ich tinme
each el ect Pﬁﬁegéﬁ thPRq @@%ﬁﬁ%@% SRhAFLCRFALR ARadEe
represent as@amplli:cw Ip'n’tg:&s_m rimtorder ew]?@BEai.ﬁ anr Q%;Ebemati‘éﬁﬂ sagple g
repr esent at.i; V. 0 ; is.current i rocesse
by the AKBbg.')\/Eg‘t %mltlggae g"enleérrgfee %{%igﬁaﬁém}%ﬁ%ggr SSFS&S' V&ﬁﬁva’Ygf t he
current 50 coageatids tricly are intended totproaessatlewhnformatised to
maintain ag heSd Bhack d ye-r h a S b ol S:Qf t
necessary to ar?pl,e tlﬁ_Le v%%ﬁ%T ar?rlypleil'?-u%el%%ﬁg'srfréﬁ Egt%géedf 131 faggv
mi | 1ivol t s 3PEARAGGdHNFANNE Ri2S { AR heCPREFBSeSEFTEB do¥el oping a
control si gadbmadixtyia wle HUWIBIALRY | prePer bladk- imager ol 11 ng kinescope
bi as over .a_range (g sever al voltsI Afg/s em of hli t%?_e IS descfrlbed in
representative current leve or each electron gun of a
15 color kinescope associated with the receiver. As a result
of this operation, pictures reproduced by the kinescope
are prevented from -being adversely affected by wvariations
of kinescope operating parameters (e.g., due to aging and
temperature effects). '
An AKB system typically operates during image
20 blanking intervals, at which time each electron gun of the
kinescope conducts a small black image representative
blanking current in response to a reference voltage
representative of black video signal information. .This
current is processed by the AKB system to generate a
signal which is representative of the currents conducted
during the blanking interval, and which is used to
maintain a desired black current level.

25

In such a system it is often necessary to sample
the variable amplitude of a small pulse of a few
millivolts peak-to-peak amplitude, for the purpose of

30 developing a control signal capable of automatically

35



U S. Patent 4,331,981 of R ,P. Parker, for exanple. ; The need for -
anplifying low level ;signals in the 5.sanpling process requires that o‘“.-
errors associ.ated with the sanpling _grocess be small, since |arge of fsf ™
errors can distort or obscure the output information sanple. Linear -
operation. of thgoRgpBhlAGgNREWASeope Hids URAdY aDlraride /P ghwl 84 DI¥é DEs Of

t he6ut put sanple. These 10 . .objectives are satisfied by.-an illustrative

hi gh gain signaf SERHEEPNG n§F%§r§W@@%&ﬁlé%fqﬁgaﬁéi%ﬂth reference to the

drawi ngs. | n ony.tgperateAlB4sB3ucmatomf . @ s Ritker esfoncetanple.

periodically derived puls i |, W I J | r IV P
the cathode black current %ngg"l%.%d %g@rpﬂl\aeq%nﬁawgg%‘fﬁt%%%e Iq?oﬂ%?ér
than zero when shupbingk process: regpuires that erfifsemerdrerassociyted
(e.g., nore or L,esh RASI Sakdl M prididl Hk éi&H]fF,”tsil.rf%@lléﬁgé @rhigh or

too | ow. The derived 20 si.gnal” i's rocessed1§¥kcontro circults, i ncluding

cl anpi ng and safPFPR§ FeRWGAREorS: e RASPILR i R L BFUIREBIORCt i on
E! gnal whi fch ineaﬁgi_es_ oLigledre @@@s:t aﬁidmgsﬂ ttts@tsmcbl Ilﬁ@cm:&.Th vashlrkois hglso

i nescope for mgintaining.a correct..bl.ack curre evel,, e cl anpi
netviork 25 i nAPABELYE: oA VRS G SRR Oth ORI TR SATRIS} ntpese
condition 10r tbhbjecgives arer satistited by samiliestritiver bighr gabe ségmedi t i on
is established ' . : | | ' it

I's establishe e%gﬂﬁ]iﬁé%rﬁ éégc‘i'iﬁé?fﬁeﬁﬁéx @96 E{thé"%ﬁfe f & '@ Er&ARGE! T OF

whi ch is coupl e sanpl 1 ng networ uring anpi ng I nterval . 30
"In the illustrative AKB system di scl osed herein in the description of the

drawi ngs the bl ack currentin @Riee8iHedld f/ AKB Wi td® SHtYST eirdub€ssi ng
poi nt whi ch, during_video signal, pj.cture inter- val when t he AKR system
s Inactive, exREBPPEA, o Ry BaridRiaa Y S Ehied (REL8g T1oReL VA Edt fons. of
~the video 3bgnamaghlicude repagsenitticfe tdf thed ecativede dblaclke ceveénped on
L AP0, ARRGRAT el Mot Alodde RSN, DIOEESSLB Mg =
the active  -28¥o0 pheruithe hlackicurgrnpakevel| s |sox¥ectagah€ude of
: : different levels (e.g., more or less positive) when the’
black current level is too high or too low. The derived
20 signal is proce5sed by control circmits including clamping
and sampling networks for developing a kinescope bias |
correction signal which increasés or decreases in’
magnitude and is coupled to the kinescope for maintaining
a correct black current level. The clamping network
25 includes a clamping capacitor for establishing a reference
condition for the signal information to be sampled. The
reference condition is established by apply;ng a reference
voltage to the clamping capacitor which is coupled to the
sampling network during the clamping interval.
30 ‘In the illustrative AKB system disclosed herein in the
description of the drawihgs ‘the black current representative signal
is derived at a sensing point which, during video signal picture inter-
vals, when the AKB system is inactiveé, exhibits voltage variations
related to amplitude Variations of the video signal. The
35 . magnitude of the reference voltage developed on the
clamping capacitor at the input of the AKB signal
processing system is chosen such that the normally
. expected magnitude of the video signal during the active



whi t e- goi ng vi deo signal peaking conponents, do not-inpair the intended
oppraN.on of the input circuits of the AXB signal protessor. 5

ecogni zed herein thatzin a systemof the type described, the level ¢
e/ input signals applied to the sanpling anplifier of .the AKB system
d?hetﬁwa&iﬁdwam.t harid eparpitul agay: enenmagritde safpl i ng anplifier,

h b HS
good dyRAMesaPInEE vides iigngl BeRkiBol Sohphhanteras Mok inbait, "o
syst entheplintended) operdtionrgf ther ipputcdircwits of thel AKBi ng

capacitor _pgior to t sanpling anplifier, the clanping capacitor should
not be® bgpﬁﬁ‘t Pg(?ct?%erstharge 15 ~significantly during the p| cture

ingerval s. The |t tis rﬂ:mnkzedt herein thati afnyaumteanp i #hen AKB X
syste t r 0 he order
of a % He%\%b?d rﬂ'n suc °?%b %ﬁﬁ% tant gzggs:}rote that the
cl anpi thensampling tanplifiberof &é@am%tﬁbﬁ% dcberence for the

SRl | SoapAei T Wikl ¥He | Shpats retuiteRite b1 thesanpling (i e

i nterval. Se objectjves ar satls an Il Lustratiye circuit

ar r angampid fiesr igensistent vith P@f Ve 9k B?ﬁ%ﬁ@;?g According to

thg Prg lﬂﬂé’%@ﬁ‘ﬁéﬁrﬁztﬁ good @sh aﬁc range. It issignal sanpling
circuit eratl ve dur| n Sf ﬁrence | rval and ubse uent si gnal
sanpl i ﬁg‘ %iﬁ ﬁ’@f or é‘f%r% oF¥S¥E® bi asi ng.

means; lloydmg an :an ﬁtganhrge Utb&tag(?dm suéhr as arrgl i fi Ierfwu th anh
i nput cqQupl éd to sai i asin and .an ifier wt
an i np&(i & FARACYH 'aerﬁgPﬁg %ﬁg m?1§§?}n i first
swi t chiglanpiars d¢apacitort shoul demaiti |beg p;xglmtedr to) diechanget of said
figest anplifie e S dighlan reference
' hr%ervﬁ W%ﬁ%ﬁ@gfﬁggkb S‘R&I %#r% %ﬁ*a e 0 thghre erene(%e vol t age
thereb;rdqunsﬁwentsis aparf.&caﬂ.ea:l&bmmmant)rlnam &Gsswgtml!ans and
which samples small signal amplitude variations (e. g., on
the order of a few m111:|.volts) In such a system it is
important to assure that the clampzng network establishes

- 20 a rehably accurate reference for the small s1gna1 amplitude
variations being sampled within 2 small time mterval These objectives

are satisfied by an 111ustrat1ve c1rcuit arrangement described herein
with reference to the drawings.

Accordmg to the present mventmn thare is Drov:Lded

25 . s iqnal sampling ci:cuit operative during a
reference interval and a subsequent signal sampling
-interval comprising:

a source of reference voltage;
biasing means; _ .

30 - signal utilization means,

: a first amplifier with an input coupled to
said biasing means, and an output;

a second amplifier with an input coupled to
said biasing means, and an output;

35 first switching means for selectively enabling slgnals 2
from the ocutput of said first amplifier to be applied to said
biasing means during said reference interval, the said ocutput
signals being related to the reference voltage thereby to establish a
reference condition for said biasing means; and



@

- 3a-1 second swi.tching neans associated with'the second
arrpl ifier for selectively enabling signals fromsaid output of said
anpllfler to be applied to said signal utilization neans during sai
sanpling 5 interval; wherein said first and second anmplifiers prod
subgtantially the sane output signal at .the end of said reference interval.

~

10 15720 25 30 35 -4- | n accordance vﬁaf'h an enbodi nent of the inventi on,

'Ithe fi rs'éI ard seC(ﬁnd anpl igdcomd ('swﬁrmmuglf mheans cassocfatednwithnehef i ers.
t t t t

appar at us |5 as SeHond AuRF el R chvErg, enabifhy Rimpads, Figh. "

bi as of a ki nessaid ioutputelof/igdich senmdeampm.‘;ierntbhbesappn.rleg to
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be sanpled ae dmgﬁmlf:r(whﬂmlbl asing neans to the sanpling anplifier by

means consisting of a Ievﬁ ﬁlfﬁf%eﬂﬁ]\éﬁééﬁé&r‘ﬁbﬁﬂbm Pqu,a?bg to be

sanpl ed which are corrpatl e Wt requi renen

sanpl i ng anpl i f isabst qlelﬁltl!mﬁ%@‘h’éﬁ%riiﬁaieﬁkﬁ% 54 @gnéééﬁ ve
at times other tyeFarddifcd\lhtgasal) ng intervals, thereby effectively

decoupling the biasing neans to prevent its being di scharged significantly.

20 In the draw ng:
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*Ki 1$630pe bias control systemincluding a signal sanpling network and-a
N shi-fting circuit enbogying the pr(i nci pl es of the present i.nvention; *
FIGURE 2 illustrates signhal waveforns associated with’the

op&cari on of the qark GJEEQ:I-PE '%ﬁm% _ details.of a circuit
associated with tIﬁg%%ggrfat | 5!ne of | T T evers ????ﬁ%’ec?{rlg%%l?l?;ﬁ' FI GURE 1;~
and 30the first andrisegomds apisLiens FITERIROME ®® portions of the signal
sanpl i agafebwalkc®hanteCdmp 1L £ildkd ] GURE 1, tel evision signal processing.
circuits 10 provide separated Iu"nang&ﬁ%&% and_.chromi nance (C) conponents
of a conposite cdPoRSCRTLRRGS, Y a sk e¥da§”$HWWﬁdﬂE§hEhroninance

si §nal ipveatisnng the! sampllihg Rppasstus 1Ps | assockstédnwibthca and

chrom @ . sClIGUj t A, ting.clekcyits (e.g.,
conprigggggwegég.%ﬁggb%55%§f¥#k§%ﬁ¢%%ifiﬁ%-égér%ﬁ??s??.%olo[ denodul at ors
for dekdnegraper ip agtelevision qeeriveyi o/hereini ghal samphingat ri x
anp|'fhﬁ?érﬁ%hs?%ﬁ%b@é&ké'§%&f¥téigﬁ%l&“&ébﬁ%ééh@é@f@é58? 4@l nance
signal s ;to provide low | evel . color Tnage representative 5 signals r, g and
b. TheXadneEGRREsP3AS -anplified and otherwi se processed by circuits within

- vigdeo output signal agcoreRaidy wisihwiketHehn, eddbaingiet &€ Ceher especti vel y,

whi ch |y hi, | evel anpl ifi.e ol,or | ignals R.G.apd B to
respec§¥§§e§§tﬁ§%?4% C&isi %ﬁéﬂ 9 %éé%gﬁggﬁi ¥%§1336p1e§6 L8Md 16c of a
cotor kheecbiapingsmeanst oor Kthel gamplingranpiifies cbyenéans f uncti ons

rel ate ; Gmat i 'nqﬁﬁﬁﬂﬁ ' e t ion, as wll be .
di scusggg.glﬁ?%ggg%pe 15}%‘};&1& t he s’g#??ec%nver ?ﬁ‘g Ilsi;&Yliﬁfé]ﬁ un type with a

comonf§IBaeSgitoebe SampdiegWhicly are compakilble WikRnhthechnBrtt he

ejsct r paqipemeatRr od rﬂze:admgﬂﬁxﬁj esp DileFed 62, THED1@RE116C. Since out put
si gnal n% essors_ l4a, 1l4b and, l4c.are simlar _in th£s enbodlggnt, t he
Wfﬁb % t er

follo F?@u&ﬁ?ﬁ?fk‘ls rendered non-con uctive a imes o
than the AKB operating intervals, thereby effectively
decoupling the bidsing means to prevent its being
discharged significantly.

20 " In the drawing: _

FIGURE 1 shows a portion of a color television
receiver with an automatic kinescope bias control system
including a signal sampling network and a level shifting
circuit embodying the principles of the present invention;

25 FIGURE 2 illustrates signal waveforms associated
with the operation of the system in FIGURE 1;

- FIGURE 3 shows details of a circuit associated
with the operation of the level shifting circuit in FIGURE
‘1; and '
30 . FIGURE 4 shows circuit details of portions of
the signal sampling network of FIGURE 1.

In FIGURE 1, television signal processing .
circuits 10 provide separated luminance (Y¥) and
chrominance (C) components of a composite color television

35 signal to a luminance-chrominance signal processing
network 12. Processor 12 includes luminance and
chrominance gain control circuits, DC level setting'
circuits (e.g., comprising keyed black level clamping
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of the operation of processor, 14a also applies to 20 processors
1l4c. Processor l1l4a'includes a kinescope driver stage conprising ay
transistor 20 configured as a comon_gmitter anplifier which rece
signal r ‘from processor 12 -via.an input resistor 21, and an out put

vokt age transi stoyr fi EPAEOFs @?@# Leh e
W t h/"?ranm st or %Orcﬁglifrfﬁpa %{sﬁdﬁ%eo driver a éfﬁ%\,@ ‘(j é‘o? geo
signal R suitaf feR %.%ﬁ@e%mmwho@acilmtr% %‘&H%%Hsa@?ﬁss a
| oad resistor 24dnbiing Othe Clttesd s1mwtw£th0pltéc@§séd6m5ﬁ9ﬁc82

Di f eedback, f
2 resistor 25, THOMIRAS BRAVHE iRt Vel 19198 A5de BerEensirabivs

determ ned & theigmalis of ¢ mnd/ebue ‘rhesemiiwakls earstamijSfiedtamdval ue

gf’:‘l’: ggu;[l\ll {ﬁSIa.?lEi et V\Befé? .'I'.'OC E,‘C OI’ éle{kf%%‘r pa‘s#ﬁil? ¥$§n€%‘§§#§£§%1§§§1

serves to devel @?%Qﬁﬁ%@@ewoﬁtﬁ H4ai V4l andy 145 atespedtivelYiodehich

representing thesdgs wigh lewfél lified color 1mage signals R, G and B
ki nescope cat hoq_sq bl ack cu.rrent uct.ed dur ng Ki f b] an
intervals. Resi FreSRPIANS | c’&?ﬁ'% BHreW oRErQ %?emﬁf t he

recei ver, \#0 ch 4B |lamd\vl éxe chsa:rchmt Kinescope 15. ANétworkssigaal 14b

22" % o 0 G O S RO T B R i

synchroni zi ng r #tinescars diag bﬁ@lc{:mmb.sumtmnmasmhlohezu ng rate

D

signals (V), bot&isdﬁ{sg/éﬂ f efRedtop éeiéefé Cﬁéiﬁ-@én&& %iﬁﬁeiﬂ-ehne
for generating timng ,aIs#err d[err ch con e_Ooperation
of the AKB functT%h S{b"' |?FE W %ﬁ?%@e}ﬁal begi ns

.shortly af tig thsssaod.a:&ed hmt&eréaaalofetmacele@tmrgad;umtdsmpfbsmgrtical
) 50 wi thi n ¢ he e, SRR HoEr I AR B i on oS
Since output signal processors l4a, 1l4b and l4c
are similar in this embodiment, the following discussion
of the operation of processor 1l4a also applles to
20 processors 14b and l4c. _

Processor l4a includes a kinescope driver stage
comprising ean input transistor 20 configured as a common
emitter amplifier which receives video signal r from
processor 12 via an input resistor 21, and an output high

25 voltage transistor 22 configured as a common base
amplifier which together with transistor 20 forms a
cascode video driver amplifier. High level video signal
R, suitable for driving kinescope cathode 16a, is
devgloped across a load resistor 24 in the collector

30 output circuit of transistor 22. Direct current negative
feedback for driver 20, 22 is provided by means of a
resistor 25. The signal gain of cascode amplifier 20, 22
is primarily determined by the ratio of the value of
feedback resistor 25 to the value of input resistor 21.

35 . A sensing resistor 30 DC coupled in series with
and between the collector-emitter paths of transistors 20,
22 serves to develop a voltage, at a relatively low

3 voltage sensing node A, representing the level of



i gnal image information is absent. These timng signals are

ated by the waveforns in FIGURE 2. Referring to FIGURE 2 for the
timng 20 signal Mga. used as a video bl anking signal, conprises a-

e pul se generated soon after the vertical retrace interval ends at

time T ERNeer S € LOg signal=
V:B exi klﬁﬁd%hﬁ%aﬁoé\%%th A‘%(l%tldr:uerv.:z?li\@a aﬁ’fﬂhg kf' geggaa bl ankh’r’g

25  cAAHRNG RteRt S RASISHIR 0 cEURFERPRENLR 5%@33554%2 f or

causi nguxth:e the AKB (s s tetk i Stié Pecsteer) whRicR wiDilbhbwabkl ack i nage
represent reference | evel corresponding to the absence of video
signal s. can be acconpllshed by reducing the 30 si gnal gain of
pr dcessor 12 to Suiksiming esignalerg)enmaatdne 4Ri conbainbhgcircuits of

pfOCGS%HmbE%dﬁSTJrFa"JPOAIﬁ d&sed i1l t%ic [g&?dﬁahr naﬂt{: g Lbe DC level of

t he vide S|gn ocessi ng” pat con CIrCUItS of
procesd®lli 2% 4 ﬁﬁ%ﬁhﬁﬁ% %ﬂgu94¥¢ﬁiﬁ§r%&ﬁﬁﬁ%ﬁﬁaﬁ@v@eg;0d1¢eference | eve

at t he irgRintall mﬁoﬁm@wtz&%lﬁa&@gf)m £sr{sénaa£é as a

p03|t|v Jd.drive.pul se .. enconpasses thre orj zont interval s
wi t hi n "EFELrEY SYRC %%WI r% #? r’r& gfﬁﬂ’f £rgRed to
- 10 codefllectiommHzauils of dhe angreiver; cfor generating wi.itilnghe si gnal

I ?ng t A ' _ r . a sanpling
: igm)rlol %I I‘pﬁr}cc&'sh%tﬁ’ sl gha G[erﬂflJiI %&gggi\'/eéﬁ% L?g?‘rggf'ﬁé oper ati on
of 5 a%fa ﬁ%ﬁé’ﬁﬁﬂ QF&QR(ﬂﬂﬁlﬂﬂnnﬁﬂknﬂ%ﬁG%EBalmtaﬁvakseonanh signal for
cont r olAKE" 4 ritfearviel 1N Qsefings t&e&é«r%éeéﬁd'@fethe%af f. gﬁ”]

?2?2??%%%%%@%’ o ”ri'a&%&%ﬁf%%‘& P arig LateRyali gnal [err]
a8 thanﬂDencampadéedﬂsﬂvendtnhntlzbﬁualxiimedfﬁtﬂt?ﬂlﬁhﬁ}fedtﬁg 226 ﬁrﬁg
:mg;zallthéé r&%alyl \rﬁnga&g%aﬂ“#fn%}g%&%v%‘io 43 gsgl}tc n the o?ger of
200 naﬁ@@@@gﬁ@gna image informatiom is absent. These timing
signals are illustrated by the waveforms in FIGURE 2:
Referring to FIGURE 2 for the moment, timing
20 ISLgnal VB' used as a video blanking signal, comprises a
p051t1ve pulse generated soon after the vertical retrace
interval ends at time Tl' as indicated by reference to
signal waveform V. Blanking signal Vg exists for the
. duration of the AKB interval and is applied to a blanking
25 control input terminal of luminance-chrominance processor
12 for causing the r, g and b outputs of processor 12 to
exhibit a black image representative DC reference level
corresponding to the absence of video signals.
' This can be accomplished by reducing the
30 signal gain of processor 12 to substantially.ze:o via the
gain control circuits of processor 12 in response to
signal V,, and by modifying the DC level of the video
signal proceésing path via the DC level control circuits
of processor 12 to produce a black image representative
35 reference level at the signal outputs of proéesSor 12.
Timing signal VG, used as a positive grid drive pulse,
encompasses three horizontal line intervals within the
vertical blanking intérval. Timing signal Ve is used to




15 . Referring agai.n to FIGURE 1, during the AKB interv P
positive pulse VG (e.g., 'on the order.of +10 vol ts) forward biase d 18-
of the kinescope, thereby causi ng thg el ectron gun conpri sing cat hode 16a
and grid 18 to increase conduction. At tinmes other than the AKB 20 -

| nterval' s, si gefa% nt£61 ] +iRé O %§f§t£8§ aeraa& aﬁgiﬁgF’E?k&{d{’E ﬁggagla%dg“ d

18.Mn response 10 posifive ased, positive

current pul se’ d%%%%r%héi5k§§§bd%aﬁB%lGGrfﬁgcﬁhenngdtbﬁlgggrﬁYEF?&I The
anpl i tude of thpeigs 0@ a1 Pel , Cﬁéé&”&sPH'§Sm§91ﬁ§V§bﬁﬁ261|§1 al,

proportional to the of ¢t hod bIa k curren nduc i call '
fem/nrcroanperé%§cu§ﬁe ﬁﬁc%ﬁgﬂﬁg ?c a?ﬁﬁﬁ@s %?pg%mﬁu égFéogt%Fﬁe
col l ector 03 transampbe &2d hoﬁdlclrouﬁtedhioht&evémepsrapDc biasreontrbdr
20 via resistor 0 | o e t S Qet O
i ncrease propor?ggnaf foah@#ﬁ£€ﬁ%i%§?hﬂgé g%ngegég #ggh8§ #Egékngﬁggée
current conductteve. tr%hgmeldv 2encompassasyval sagp ingbhéngev¥rdpedhecr oss

sensi ng resi st hegfnnifyg Sofo%ﬁﬁéﬁ is éﬂl&ﬁ€1§08813§ea B&ﬂﬁ&h%@ ﬁB'Qﬁe3§nd
vol t age change whi ch a ears at,sensin whi ch roportrona |n

magni tude to t HE nbE® g hRteryak Eﬂ??@ﬂ?sﬁﬁﬁrbgeﬁ%SPP eVeat ABde th
out put pul pe. Fhmdnaﬂnwhﬂdn Qﬁbéhentﬂhlﬂ ecpthtiabst withatheodadAoifs the - 8-

of the pert ur beARBILREEFRE" (|8 nddeiySiantiachlis ThabY BRAEY Fenge change
at node Ais co@@indldes.u;thathersemplmngSinteruah@deSBgaalwmnmnng 5
vol tage change fﬂi}é&ﬁ&dc r?fé@ﬁﬁ'gga&e BﬁetHQ'BiaérCBinéﬁoat

node A, is devé*ope I's coupled to a bias control voltage
processi ng net VRAROSBCOR@S nor k 50 perforns si gnal cl anping and sanpling

functions.1§he clanping fHésér?ﬂngSa@&iﬁOtBEFIdUREnm adh@ingC tAeP AR®
interval within, e ch of a ck clanpogg?g t wor k

conprising an |¥E) é%%i+€ﬁﬁecaﬂg§?tgc ST ga'I89e ?hPFFPﬁg it 55,

an anplifier +wolts) forward biases grid 18 of the kinescope, thereby
' causing the electron gun comprising cathode 16a and grid
18 to increase conduction. At times other than the AKB

20  intervals, signal V; provides the normal, less positive,
bias for grid 18. 1In response to positive grid pulse Var
a similarly phased, positive current pulse appears at
cathode 16a durind the grid pulse interval. The amplitude
of the cathode output current pulse so developed is

25 proportional to the level of cathode black current
conduction (typicélly_a few microamperes).

The induced positive cathode output pulse
appears at the collector of transistor 22, and is coupled
to the base input. of transistor 20 via resistor 25,

30 causing the current conduction of transistor 20 to
increase proportlonally while the cathode pulse is
present. The increased ‘current conducted by transistor 20
causes a voltage to be developed across sensing resistor
30. This voltage is in the form of a negative-going

35 voltage change which appears at sensing node A and which
is proportional in magnitude to the mégnitude of the black
current representative cathode outpﬁt pulse. The
magnitude of the wvoltage perturbation at node A is



52, eyed operational transconductance anplifier (OTA) 53, a filter

ca r 54, and a keyed buffer anplifier 56 15 (e.g., conprising an

e foll ower stage) which_acts as an electronic switch. The.sanpling
fun on is perforned during a sanpling interval, follow ng the clanping

| ntervale fiih gge %@#g& gzofbﬂzag%a;uef 2 BebWakbrCaEPrising levelz

shlftlng clrrcul oper ati qnal
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stor agetﬁﬁé@ﬁhtﬁésﬁﬁto#eﬂel sthét v6Utagecdhhnge atdnodel iAfigr 52 are

., both th I I A _Ki bi as.
orr cti Pt iR b ostiebh bRRL=Ser 90 FACR bafach: BE Bhishia's coupl od via
a.ISWVcnblmagerﬂmﬂmameevﬁuféssentphllyecoﬁﬁeapdndlngsmstmhenetmork 60, 62,
84 Lo, Patldeserniad bchodk n? Phaetatbpal AR B! 1ENEo
ransis orrec ron vbl

age deve opéd across “capac tor 58 serves
to aut cbitadelag contredi veltage EEQP#§§196r38§F°FBV§p of ki nescope bl ack

current conducti ofetwbekP50S é?f&?ﬁé' gmgnaht emamsan aaadsaﬁbq&s;gstorage
capacitgr 58, is a funct| n ?

% tage chan l,oped at node B

o FHROELeRD: noThf: S1omping  FURCLiPRoss PARLGENEA: AHTdBifoned ot node
B &3 Mmmg hfnﬁub@anueﬁthsnnahcthKBt gncelrvalds b\gm heans @blfswssed in
reater.de s t

2 G seebsid *EREPNED héehPrROBRAEEIRTRY Bl SHBYICAE BABINRY 1" o o5

and svm¢aya€itere51endelcﬁeboahm6tlnq chreuitodSe ad @N@&pﬁhgrbontrol

si gnal i%”i e&hbﬁeggﬁfoﬂf‘ Pfahscl ﬂﬁuﬁgﬁguﬁt 'a}hﬁli‘fﬂe'iat(o‘ﬂ% charge on

st or age remal NS una ecte

rin |ng i nterval .
As a cdﬁ%eq%eﬁb%t%F cARaritakach. aanfop heve bPﬁ%eSIéﬁﬁlﬁgp &Bal, the
nepmt i V@elgrme@dxphszﬁ& aﬁpamtaér5£ou.3.owei:e[s¢ageq which actsclawmed to) a

o SELLEASL S LT hheRa bl kg e O T, Blred Bl 1o
[err] adurisgiapsamphingi intef¥al, following the clamping

interval during each AKB interval, by means of a network
comprising level shifting circuit 55, amplifier 52, a

20 keyed operational transconductance amplifier (OTA) 57, and
an average responding charge storage capacitor 58. Level
shifting circuit 55 and amplifier 52 are operative during
both the clamping and sampling intervals. . : 1

A kinescope bias correction voltage'is developed '

25 across capacitor 58 and is coupled via a low output |
impedance buffer amplifier 59 and a resistor network 60,
62, 64 to the kinescope driver via a bias control input at
the base of transistor 20. The correction voltage
developed across capacitor 58 serves to automatically

30 maintain a desired correct level of kinescope black
current conduction. The bias correction voltage developed
across storage capacitor 58 is a function of both voltage .
change vy developed at node B during the clamping
interval, and a voltage change Vz developed at node B

35 during the subsequent sampling interval, as w1ll be
dlscussed in greater detall subsequently in connectlon
with the waveforms shown in FIGURE 2.
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is a function of the level of voltage change Vi devel oped B, and-

reference voltage [err] ‘provided via the feedback action. P
Daring the followi ng sanpling interggL when vol t-age change r] is o
devel oped at node B, OTA 53 and switCh 56 are rendered non-conductive, and

OTA 57 is rendered conducsi N S : kN [ err].
Thé*ﬁﬁghitude of volta g %Hg%ng ségigqgﬁgﬁcgt%%ggo.;%Sgggkﬁéeﬁgg%%?b'é'of]

the ki nescope bPasR ©TAr B3t apd, sWitshd 56s asgnpeaderpdsondustiyien iy j er 52

and OTA 57 to de¥gbeAsa €6 EEampifigheonerblleignals v st Ohtyehiad adinie0oTa8.
The functlonal-gzpects of | evel Shlftln%bghgﬁgét 5 @ 11 _now be di scussed.

25 . £fi Bopsgaprqurtive s, FRATIFo 88 SAOXRFS exhi bi t
a nonm nal D& votapgeitper 5B) rehadppr anaffeeited+duting tthef a@lampdng si gnal

| | diti | t hge LAKB .. |

Fovel cond ] onse iy | e 0 BN b a0 il bt
subsequent | y). thei slappingeinsesvals Fheonegativecteamingd dct)i @& picture

interval s when phgavi@¢ge 81078 refeeeRRedoRoP(ACRsSedampdd W) &l ifier
20, 22 correspondsg to a blaik pi cture_di spl.ay. The vaql tage, at nodes A and B
becormes | ess poSPEPFENGE VREtagRdVg: MhAChs is52 é&@qﬁéPna i ifdxesh 22

i ncr eases %0 respfesente voltage ¥ ESappnieﬂmethvﬁrPhﬂ oE atpligienhite
pi cture informakion. i e : ) _Si,on . i t.e- gqi.ng

penure poformon b Sery bhesllf itse gl gl oo

negati ve- goi ng i8aAsfunctponkifgthel lsyed of yiodtiagec sivangepVt Weyvedopesties

A and B during geChyge B! gh¥akaferenecd %&%tal;_%e OB vlildRids hAR S ©
coupled to AKB i_n a% ckanplmg capacitor 51 during®™icture intervals, 5 and
sedback; Azt

can have a disr8 Bn the reference voltage at the negative (-)
_termnal ofscl anping capapukf®hg5thenifeilondmieesatipling Intetviaicdheis

follows. The input _of the AKB signal jprocessar _i.s_desi gna a de C fo
whi ch the negat POLtRaR,FRARGE, ¥, 18 d8VRIEHRY ot node W0HA 35 Wl

switch 56 are rendered nonegonductive, and OTA 57 is
rendered conductive in response to sampling control signal
Vg. The magnitude of vcitage change v, is indicative of
20 the magnitude of the kinescope black current level, and is
sampled by_means of amplifier 52 and OTA 57 to develop a
corresppnding voltage across storage capacitor 58.
The functional aspects of level shifting circuit
55 will now be discussed. o
25 S In this regard it is first noted that nodes A
and B exhibit a nominal DC voltage (V,,) of approximately
+8.8 volts for black signal level conditions during the '
" AKB interval exéept when voltage change V2 is generated
during AKB sampling intervals (as will be discussed
30 subsequently). This voltage level is also exhibited_
during active picture intervals when the video signal
information processed by driver amplifier 20, 22
corresponds to a black picture display. The voltage at
nodes A and B becomes less positive as the conduction of
35 driver'amplifief 20, 22 increases in response to video
signals representative of increasingly white picture
information. A heaviiy'peéked video signal will exhibit
white-going transient peaking components which produce

i



10 | anp capacitor 51 is coupled. The input voltage at node Cis

S tially equal to +6.0 volt reference voltage [err], except durihg t he
S g interval when the input voltage changes slightly (by a few *
m olts) if kinescope bi<l0<+s incorrect. 15 i, . The referénce

vol t age on capaci tor 51 shoul d not be significantly disturbed from one AKB-
|ntervwonresnundnng negagire-gaing transient perking veltageecefto bei ng”

undesi it t?jgy}i Pﬁe id@|dty nhiEds o | B "@@Rihy Cp DetagePi Clur e
i nterval “pea |ng tr S|ent 1s,.20 coupled tp the n %gtlve%%g E;nal of
c

cl anp da¥RE% 1Sﬁﬁ#t@?ﬂﬁE&Y%fgﬂkﬂﬂt?ﬁ??ﬁ&%ﬁﬁ FPeP cuit 55 and
anmpl i f ixxB i&gﬁﬂe Slp ing tabammlsuemﬁ ©g picturé. ihtesuwabsgcase a

fo% naid iopn HAe, ”egciiéxyfqéf*?‘é‘se'%@?% EhS FRPEREnER) Spfehder’s [ ge
enough ato the weegh thives ¢+&atarmrmmhu@fomlamamngaccpaolgonuﬁﬂ junction at
node Curﬁe@ @r{sat Iase{}glso‘;{@e&en&goggyfé & . substrate-to-ground

junction an i nt.o_conduct] on when the_ negative transient:
exceeds 30 pos|'¥hﬂ/é—ﬁ!§#"er%ﬁc%1wo¢@g%leatP?%eﬁﬁaﬁt%%e terminal of

capaci tqasidndte @nﬁf X inede | ¢ td miéls e nﬁégatﬁvéhtsmmanl efref erence
val t age [err%%;G VOlE%% ]S cho revent. this %ronlo rLing based
ugdh t AR IRARAF SR R b HetR ot PRehER Y VL FAGS 3R no 8nsi ent s
duri ng iid wWubstdrerdal by eqnmbrwoses mfvohe reference yokhtagen was
permtted t h t C woul d be
cl anped R0 eq“%e‘(?%@ r%/a?ge %ﬁﬂ]geéa?ng%%{f%gegﬁl vee{igrﬁﬂﬁqe of clanp
capacmﬂmlﬁigﬂuﬁhanQESrs&i§h91ﬁ|€Eﬁa§g€§wt@1hlﬁvgl§$9e@fleveI whi ch woul d
|npanfgiﬁégggiéﬂgqggrggfiﬁggtgghtand whi ch could be difficult to recover

f d d ing ing | I n f t f '
515 avel coul o e Seference reoltads on sapacifar Alosharng e%nrﬁafLEQCe
of thepa mnﬁmamnprussomoadl feomeetie ngKBoMhitarvahdtdur ati on.
Conseq“e%xﬁdhe e@o@é’v&ﬁa'&iM&&P&ﬁEQtv&t&e &ggﬂhbsgc‘éa% '”age

shadln
being undesirably changed drastically when a large

negatlve-golng picture interval ‘peaking tran51ent is

20 coupled to the negative terminal of clamp capac1tor 51,
particularly when the network comprlslng circuit 55 and
amplifier 52 are constructed as an 1ntegrated circuit. 1In
such case a sufflclently‘large negative transient can
cause 1nput node C to be driven to a negatlve voltage

25 (i.e., below ground potentlal) if it is large enough to
forward bias the semicondiictor substrate-to-ground
junction at node c.f'A diode Ds represents the
semiconductor substrate-to-ground junction and is forward
biased into conduction when the negative transient exceeds

30 positive reference voltage V; at the negative terminal of

R
capacltor S1 by approxlmately .7 volts or more.
In this example reference voltage (+6 0

volts) is chosen to prevent this from occurrlng based upon
the normally expected magnitudes of negatlve-golng

35 transients durlng plcture intervals. Otherwise, if the
substrate Junctlon was permltted to become forward biased,
the voltage at input node C would be clamped to -.7 volts
and the voltage at the negative terminal of clamp



visibly inpaired. 10 . _The voltage at the negative ter
capaci'tor 51 conprises a'relatively canstant DC | evel of +6.0 vol
varies by only a few mllivolts when the kinescope black current e .
incorrect. This voltage is too |argeltls be directly applied to the signal

[ ut of 15 Lifi, 5 tt b f t]. | St 80). Accordingly,

| ouSt ohi i ng. RBRRSENR So KA RE SRLEY diichandad R ia hatortes )
73 and a di ode 12vel whidhe Wolld dmpaifr tHie mmm@mﬁoﬁﬂ@nd
negative term nak s | tar . + volt.s so .t hat DC
vol t age of appr ?)21%’[2%@%%% \?;jﬁig%\q%#e%eﬁe@e% _2%?«5“ s‘ﬁ 7 iiffeuting
anplifier 52. Tﬁmg@ﬁm agpy dadtat ehodigtottidirefgpterdder 52
wth good dsnamevelnedulteydi«awt Fr ¥ YOI AP thhe /UPkhdthg' ©

associ ated w th_network 55. N . Anplifier 52 conpr)ses )
differentially &lgﬁﬁe&’g&rﬁ Eﬁgi‘%‘ﬁoﬁ@d@& %&fqrrmp&%%m%l \ &5 RRaking
| oad resistors S4ntéhtcand dhrtation.opd=Atad D eho®) 1L drtasd -scalld

volts), and curr S 1Si_St ON,S . 89.. A.Tixxed ref.erence volt

(orr] (+3.2 vol thpge; AmiRal UL 0 gkt s adpw iiiHed Eradiie) Jpuld be
signals to be s¥#sidbdywimpaizedsct to the clanping reference level are
appl i ed toqphe base of si le I3 §4 A\ | St 73. The
base vol taégs of transi stg‘r?%l ggﬁgggeé ar%et_ﬁte%fg %ﬁég.%é%%da;lcceg when t he
ki nescope bl ack C@RACHOT Secomprises @medativalyyaanstante QG ek 9%
30, 732 cgnduct eeu_a{c ]youftau_t wfadufﬁht&*i@sd_biglbﬂlygfmgg\ﬁgmmd_ ft’H Qvl'%enlthe
evel oped acrosg.di nti.al_,out put resistqrs 84, . e differentj.a

out put vol tages%&ggsggbg’l_ &&ag:&: EA‘?‘FF%FA el 18 ZNCORF 5ﬂ?h:tﬁ1éroltage
differential inpettandlargeuttoydet diseatilyampplfiedt tw thee sighmdlanrghityof

few mllivekts %E'Tﬂ@ vgb\tlvggq\,_ The! BAgRCYH V& ity Yocaraci tor 51

varies by a few Iﬁlvofis en Kinescope. biasing s 1ncorrect. 5

In this arrangenent good AFFeFAdngddratievelr ametwork I requires

that prescribedcepbirigéngeémitttdr follower transistors 70, 71, 73 and a
diode 72 shift the DC level of the voltage developed at
the negative terminal of capacitor 51 downward by +2.8

20 volts so that a DC voltage of approximately +3.2 volts is
developed at the signal input of amplifier 52. This
voltage is more appropriate for providing amplifier 52
with good dynamic range. Keyed current source transistors .
74, 75 and 76 are associated with network S5. |

25 S Amplifier 52 comprises differentiaily connected
transistors 80, 82 with respectively associated load
resistors 84, 86 coupled to an operating supply voltage
(e.g., +11 volts), and current source transistors 88, 89.

A fixed reference voltage VeEF (+3.2 volts) is applied to

30 the base of transistor 82, and signals to be sampled with
respect to the clamping reference level are applied to the
base of signal input transistor 80 via transistor 73. The
base voltages of transistors 80 and 82 are equal (i.e.,
balanced) when the kinescope:black current level is

35 correct, at which time transistors'eo,_sz conduct equal
output currents and equal output voltages are developed
across differential output resistors 84, 86. The :
differential output voltages are applied to both OTA 53



/:»rape biasing is correct. Level shrftrng net wor k- 55, assures that the
: t hgonegative term nal of capaC|tor 51 iLs
comat’i ble with the signal input requirenents of anpllfler 52 associ dt ed
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circuit 55 evel an offset v since t presence in the
| evel sﬁh?tpﬂﬁep&PH“Eﬁnﬁ |§Fﬂ§5ﬁF§ﬁ§Fs§9raP§ &3 tﬂ&h§#§@bﬁ€§? 73 woul d

Cormrom»sezthelﬂeslwndnnnmescaﬁenbmaemt Hen cofrredtnl glvidler 55 as wll

be di scuss 5_provides A I e |n of r,oxi unit
bocaus e B EFtabthERheR° 55 fEgTiERs, Tret b yRlshed ARG Y (0 "
subpl y the negetmuereQrmdnaleo&fcappbntperSﬂraNSESMQaﬁﬂhléywlthrrthrs

connect {48 bighs1"9hpge! baut benlite G W10l S0l oxtTomel y

| ow (on t er o noamnper es) gép event si gni schar ge of
t he voIVbEE geodndyRapari vanger foxarmplifd@xciS2r 51 during the cl anping

and sarrpltl ng int ema’%mhgm?aamehle ghel sc3ieveq0rs¢1i<£ﬂ1 t Fordthl S
ur pose I’ NS|1 SLOJ S an ar,e arran I Npu nce
e e pthEarnEnrbE, ARERPEE, b5 i, AccoRpidshad ayt Heantd 4t 'JErARr o
cobSluct voktages ndevetopka abaopsngemddonﬂmptmugJMMﬁﬂmuﬂssodtyn current

8
11 PSP bR SR b BIRORES S BRI,
currentfsserlcéwrangpétdr gffsetgyoltages deve oped across the

base-emitter (dlode) Junctlons of transistors 70, 71 and
73 and the offset voltage across diode 72, to provide a

20 +2.8 volt offset voltage between the base of transistor 70
and the base of amplifier transistor 80. Resistors are
not employed in the offset voltage path of circuit S5 for
developing_aﬁ offset voltage since their presence in the

level shifting path comprising transistor 70 to transistor

25 73 would compromise the desired noise immune operation of
level shifter 55, as will be discussed. Network 55
provides AC voltage gain of approximately unity because of
its fellower configﬁration, and current gain sufficient to
supply the base current drive of amplifier transistor 80.

30 In this connection it is noted that the base' current of
transistor 70 is extremely low (on the order of 250
nanoamperes) to prevent significant discharge of the
voltage at the negative terminal of capacitor 51 durirg
the clamping and sampling intervals when network 55 is

35 conductive. For this purpose transistors 70 and 71 are
arranged in a high input impedance Darlington amplifier
configuration.




cut-off in response to keying. signal VK2. Sinmlarly, |evel shlftlng netn«
55 is rendered conductive-during the. AKB cl anpi ng and sanpling interva
and non-conductive at all other times,.in response to a keying 10 si gha
[err] applied to a current source traﬁglstor 74 and in response to keylng

Pt and Tor i) Par o of Ct heMBBELER8HI08 1EORBRARRER. {Bnaffrile pitiRat iR’ |
anpl i tude due t cAKBeclampingnandi ashpyingginternvals whenr anxrentr sofifce 75,
76, 88 and 89 retﬁéh!fsé@rérégs'§§Oéoﬁéuc§e¥ﬁ|raggahéggtS'EC§§§1§§ Eighg hts

good immunity to_sw tchin fanspents produced n clrcui I'S“rendered
conductive and: H%ngconﬁﬂeg+%%an ?e%ﬁo epderedcppRgcenguetiveednringdall

[err], as Wﬁﬁl aotlyenf dtimnwhdntcuiﬁentnebﬁsctan&hrhﬁéhaearal agef bQCta!ren
scanning rate i n y,be, presen en gircu

conduct i ve. Sucﬁég%u§¥§ £&t¥gﬁé$%%$ tg génﬁnﬁlﬁﬁﬁg Beenc 1@éﬁaﬁéycoupled
via transistors bﬂvek5SbhﬂtﬂEgWheﬁanhdﬁEtLserendered tentuctiiresdaeidge to
the small si gna|tﬂérAﬁ'@ﬂﬁnﬁfn%%35samﬁih V?H‘.é}vgfkng?fiﬁocessed by

circuit 55 and anplifier urtous _Si
advant ageously Gﬁ%ﬁﬁuﬁtsﬁb¥|ﬁtbﬁﬁt ampsyflsar¢§n°n§ect¢caukessng

because thel@ollsmgnal guiﬁpbieﬁutéeﬂtcﬁﬁﬁéﬁﬁ éé&ﬁéésﬁféﬁsZQtoE5747ﬁn?
drive Iomllnpedqg§g§.%£ edances o
transistors 70 \j

HERiAT sl ¥ 38Tt e Cha, FRRTeRE RaRT e
whi ch are coupléuramsxsmﬁrs EE,EQGV|aKepIngnslgnalsevg aands gtsa98 089the

bl Tier 5o anfns PORAROEFINAN. Bih lefLACLAERE: byt aPbEet 15 aho i tuce
characteristic dtu®ii%e cthmidbffergnt h*%ﬁ%@ﬁn@%@@bﬁ%@eahplﬁfltransisaquSS7.

.As noted pres/i oursy,76 £'vad amfsg NBeLative 85t ans £8E8E P cONduUct i ve
during AKB intervals conductive, at_other tines The latter

condition pr¥duces severaJL%Xﬁ%ﬂéh&ﬁﬁln$s°¥ﬁﬁﬁb5555Vﬂ%hlhéFﬁ09R°§51m§unltY o

non- conducti've, theswitehing transients produced when circuit 55 is
rendered conductive and non-conductive in response to
keylng signals V K1 and sz,‘as well as good immunity to
20 noise and horizontal deflection scanning rate interference
‘which may be present when circuit 55 is conductivé. Such
spurious transients, noise and interference can be coupled
via transistors 74, 75 and 76 when conductive and can be
troublesome due to the small signal variations (a few
25 millivolts) being processed by circuit 55 and amplifier
52. However, such spurious signals are advantageously
pProcessed without significant amplification by circuit 55
because the collector outputs_of current source
transistors_74, 75, 76 drive low impedances corresponding
30 to the low emitter impedances of transistors 70, 73 and
low impedance diode 72. Any such spurious_signals which
. are coupled to amplifie:_sz via current source transistors
88, 89 éppear as COmmon¥mode components in the
diffe;ential output circuit of amplifier 52, and are
35 nullified by the common-mode rejection characteristic of
differential input transconductance amplifiers 53 and 57.
As noted previously,'level shifting circuit 55
is rendered conductive during AKB intervals,
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n ve termnal of capacitor 51 is essentially deprived of a di schar ge
p at this tine switch 45 non-conductive since switch 56 is rendered *

co tive only during the clanping intervals in response to signal Vc).
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interval g?.y C'?:h@ e ?ﬁtéfvémoiﬁefés péfiflet ’&8391§i‘i&tl| wr.i ations nust

be relia onveyed to a I rcuit Stls r.encgered 25

flge
non- coRBa8t i e IMPRI ARy ée‘:‘\":{ﬁ‘%ﬂt oFemained; GENGNCEING: | ses the
negl i Oiffbk ol Im@l:lmﬂal ocdatihe | ekt gether neghtdizet taxminalr 70. This

| eakage _current, veral d b
currenf’f FaPaTL txm'e @t%’r %gmd%ﬁtsﬂéﬁﬁm %x?&%s canagg of
EhteI témhmltgcmﬂﬂdvaitsK mhsmduﬁhteﬁtdﬂpphargel @8 2131257 (RCA 78012)
itle p. S t US S I
o 43753BBiEIRaRt il 6lLs 'hydeeliPBAd E6t T EhpLaRL RIS S L
non- AkBfifecsiveness ©f sthe | ¢lamping fyackien, WBEGH gs¥abildehes which coul d

0§ Ber wirhe ?g%%&fénqé%&i 60&&rehevaégaefvéetek-ﬂaaala@rﬂss out put storage
capaci t or So-assutes that t | evel s |ft|&élath - 15 -

conpri SAPGCAL¥s Sk or STHAL 788, cHRe S ﬂ'BHJ-ESnHB&FFVQ SV y, -switch 56,
OTA 53 g tO(AHree forDioneallulingcintervals), the value of

clamp capacitor 51 is somewhat large (.12 microfarads),
and the reference voltage established for capacitor 51

20 must be accurate within a fraction of a millivolt.

The voltage changes at input node C vary by only

a few millivolts during AKB intervals when kinescope bias
is incorrect, and these small variations must be reliably
conveyed to amplifier 52. When circuit 55 is rendered

25 non-conductive, the only discharge current for capacitor
51 comprises the negligibly small collector-to-base
leakage current of transistor 70. This leakage current is
several orders of magnitude less than the small base
current present when transistor 70 is conducting. Switch

30 56 can be of the type described in U.K. outlished patent
Application 2131257 (RCA 78012) " titled "Switching Network
with Suppressed SWit'c'hing' Transients" ; (US serial No 437,828).

@al of capacitor 51 is conductlvely decoupl ed such 5 that the

Ampl:.f:.er 52 is also rendered non-conduct:.ve
35 during non-AKB 1ntervals. This eliminates a path for
spurious signals which could otherwise distort the bias
control voltage developed across output s'to'rage capacitor
58. It also assures that the level shifting path



during non-AKB intervals. The fact that circuit elenents 55, 52, 53, 56, -

57 are non-conductive, duri ng non- AKB 5 i nterval s advant ageously cons./;,
power consunption and reduces heatin % ffects, since the AKB syst em ¢ -
required-to operate only during a fe orlzontal | i nes of each inage -

o 1O e o Y i Sl 20 SFELIR A i Bl SR OF 11
of the operati ndigirlamkp ssvtilftt‘!hwGQ,l rQSl'AtSftlmm%A ‘5hi ate | gonreonductive

assure predi ct at&zﬁ:ﬁi‘?qﬁ%nmeﬁ?&é&éiha SFRd | £549 aﬁ?ré‘ffé@iﬂgeféﬁﬁéﬁﬁé
The di schargi ng of qu put stora%/e capacitor 58_15 uring pict

interval s when tIn coint rf iRoRRfoRAYGHve sd%h%tmyﬂ%l I
because of tse rurgierms admfﬁqﬁblﬁlxbtédﬁeﬁ%ﬁf}@b\#éﬁ @émptﬁéhsaml

i nput current ( 7 pe, n,.addi ti.,on, capaC| tor 58
relatively | arg(?be(dil{felj‘ﬁ i}enq'% f%%t‘;se,bf%e "a}?ﬁ/ %%1 {egu:,..ﬁ?) t
current of buff&omeﬁtﬂagﬁnlgf bilanng'm faw loxizontail him&p o:ﬁpaa;chor 51
shoul d be snal | o) dﬁuﬂ
vol tage variatiqQns 1 ngsl catl ve 0 t]he %n%?flcﬁo% b?saécnkﬁ%ﬁﬁﬁ?@ eveﬁfg%
coupl ed to circuiResys Fhe xeductian Iy RLEFYHE fheaking s konkEieantly cURE
? Shf"ﬁ’s a qutor CUIr]Eecll;.ildésitﬂhh le.fkﬂQIlﬁtcﬂ%ldE &eemmsaﬁmt%fem& @@réemd;
or e systemaq i nput_tisgn an jnver
version of si gnaar[aéx}e‘%ere soér}r}‘ﬁ e‘ﬁ"f%“a ?q“a?‘}’é?q'& "glb’ffh?o*s cHIR?S ?‘i‘?\ t®he
30 conducti on asfsure paredicttablie) signaly iprpeesping Kl a asmakl es:olgma]/ed
fromthe em tten/d ée@i#ltn f\#sr @i stor 101, including a resistor 102 and a
di ode 104, as sl?o 0S| e-gol ng keying signals [err] and [err] are

devel oped during AKB i nt erkh@ Jﬁfmmeof PHERNE | SeokrRge CaPachEOBSSS
.signal [ernls . durilly pir&@auaitmaﬁma&w mfbézbe:@peéyée&a is

o gl o 2 HaE At E A LI Al Fetdusd oF e Bigh {ffut
impedance of buffer 59 and its associated small input
current (about 175 nanoamperes). In add;tlon, output
capacitor 58 is relatively large (10 microfarads) whereby -

20 any discharge via the:input'current of buffer 59 is
' negligible. The value of input clamp capacitor 51 should
be small enough (e.g., on the order of .12 microfarads) to
enable voltage variations indicative of the kinescope
black current level to be coupled to circuits 55 and 52
25 without significant attenuation.

FIGURE 3 shows a circuit suitable for generating
keying signals V., and VKZ for the system of FIGURE 1. An
input timing 51gna1 B , an inverted version of slgnal V
is applied to a transistor 100 for controlllng the

30 conduction of a transistor 101. Keying signals VKl and
Vgo are derived from the emitter circuit of transistor
101, including a resistor 102 and a diode 104, as shown.
_ Positive-going'keying signals vKl and Vg, are developed
during AKB intervals in response to negatlve going t1m1ng
35 s1gna1 V '

B’



( oximately .1 mhos), and the inpedance presented-to the output of OTA

: pproxi mately 1 Megohnj16-Very high sanpling gain is required because -«
voRt4ge changes V1 and V2, which are representative of the magnitude -of the
ki nescope bl ack cﬂ‘hﬁeﬁligmﬂelgaaim \aislslodiat:ﬁdsw.ﬂecthearopew loogery snall (en

d N sl I%@hy 3%4&1 al s _bei ng=*
E?gcg;sggmgﬁlﬁ Ebé%'é%e very smal’l al g%aﬁg%%%%§§§§?§passure t he
of f set BFP@P§ta§§o&h&t H@lmbﬂaé%lﬁnémwfammm $hpl i ng functi gzt (r)];I
t wor k i PEG oRdIRA MR Aon c
\r/]gl mgée(gﬁligfaglegtgér&gnbﬁ;? é:%‘caapac %&?[58 W t<*ﬁbe ?’%tortﬁ This is
acc anF h&§PB o#&gatp st eréﬁﬁt QA§993|Rﬁﬁ§eq sdnduct ance
anpl i fi the é8tpndt BE. OTA 57 (approximatelyt Ilomdgdlma)nscqmiqctlﬁrgm .
lif e | an
T St AR Vsl S YDA
vari at | ¥ps. WhicheREBl Fepsesentative o the @agrmt@w widthehed). As noted
above, hkihetscapét ;51a&kbeh?§r@li& 1%5e1 5.3, Z‘E%&E%cﬁ?‘f‘%ﬁ?ﬁﬁ'é du'“”ng(){”gg”
.clgﬁ;fng ?ﬁt ?9&& éﬁﬂs&betﬂgdﬁﬁpeﬁéaoﬁeﬁhﬂPl4#§P15§)P0 exhi bit a bal anced
condi tion prior tBechusendhefrEbreebatﬂtﬂ@e3Q19nE§EBm%mﬁg'lgtfrVgL wher eby
th I h ler. | S ,cause o]
sugsrgn%egﬁ?gée& ﬁy ?éE%é g%& §§n% ] 1% 1881560 i nverting input
. of aanP¢FE$552Y ¢9u§s§H§edth§epJﬁsem ermours wdsngyatcﬂ.aunﬂlﬂﬂn! 52 is

(aEErOX|nately 40), the transconductance gain ([err]) of OTA 5 57

anced,
S”bsér""”“’i@‘ﬁ‘ | %‘“P%ﬁ?iéﬁgﬁs???%%“?ﬁ?@?%?  offy iR, W S A00C
$B 'sﬁﬁﬁFFnﬁ BEFaELohe blﬂf?¢9ﬁﬁﬁﬁﬂﬁQ§'QEDRﬁQkhmes a

sustantvalt;geedeveMbpa& serbsgestozage capakakdrced winut i as. It is
not ed t&fétorted. This is acccmplzshed by the 111ustrated '
arrangement of'operaticnal transconductance amplifiers 53
~ and 57. o | o o

20 0peraticnal transccndﬁctance amplifiers 53 and
57, respectively associated with the clamping and sampling
functions, convert input voltage variations to output
current variations. Preferably both are similar (i.e.,
closely matched). As noted abcve, the inputs of both OTA

.25 53 and OTA 57 are supplied'in ccmmcn from the output of
ampllfler 52. '. | '

The feedback action prov1ded during the clamping

interval causes the inputs of amplifier 52 to exhibit a
balanced condltzon prior to the end of the clamping

30 reference interval, whereby the voltage at the inverting
lnput of amplifier 52 is caused to be substantially equal
to reference voltage V REF at the non-inverting input of
amplifier 52. Thus the dlfferentlal input voltage of
amplifier 52 is substantlally zZero, whereby amplifier 52

35 is biased for balanced, linear operation. This condition
corresponds to the reference condition for the following
sampling operation.



the input bias for OTA 53 is _derived fromthe (zero) output voltage g
anplifier 52.  Accordingly, the output 5 | current of OTA 53 is

- substantially zero. This nmeans that_yG[A 53 is alsg properly biased

| i near operation, consistent with thé bias of anplifier 52. It is no

that the input bias of OT@%?AJ.'ﬁé‘%! H¥datRsed P Bid iy Oiez?é"mﬁﬁﬁ@ﬁ'

52.%8i nce OTA 10 53 and are close]y matched wth res ect t
operating char adodiiage due &pa kalanced, ianput Pidssed § &S 1B that
operation in tha:tﬁarmpwwasasfo@TNﬂB S3Thiss dedrive efibroftidie( Zdwapi ng

interval, just pri.Qr £f A h
bi ased to 15 % tl%éﬁ Q’\? ]&%% @f |a§§rﬁﬁ%ﬁl%ﬁfb {’ol a‘fjlr*ggg ‘t'::’l'Ze a‘%ﬁﬁ"%
currents. Ti9e i mmremtraﬁ 10T R0 53 uifsf @ubaﬂanﬁmaarlxagzm S\Mhm methﬂto
preferably cl os?,m { 8281 2554

capacitor 51 an Q@vg'lmte;&lédqppﬁq ed 50 e |nv%6rlt| t{g a\é':‘;@‘lﬁénput %
anplifier 52, wdonsistetyy %{jéﬂ! 1°%mnd [err] are equal,
t hereby representi ng a. COfIrtﬁ(iIs hdwrmﬁ)lw mp*uermésa\@f Koy J.\ WCi'B case
t he bal anced i npyt, bi .Q | fi est bI| gt ng
“interval remai n%li& I@?ﬁ‘é’f@[ﬁ’)ﬁ t%}ﬁ r?g‘é1 ﬁ[%#jv%] véllgf 36%
-subst ant i allioy zér3oamd OTA &W lama alfos@ly Soatchesd mmmmam t he
control vol tage lﬁ% 5 lgﬂl?rtg&%

di scl osed arran mant &aqtc g %I%@%’r ?‘fﬁA 59"SSS| gnifica ?E—if 1%I]'aéseesd
the |ikelihood Praﬁ-lm%PP@rﬁﬂﬁl%Mb %.aﬁ%dnasmer AR IRt aFii$ ng
process rel ati vat ahdend 3P ithe JH1NRHing Quﬁéﬁélhediﬂﬁﬁfl?fhﬁft@umt

currents of OTA 53 and OLA 57 dur i cl nterval s.
Accordingly, t hgaﬂpa‘éﬂ %ﬁe%ﬂg §€ £° pta‘?:l tor
.58 is signilfi camﬂuhleﬁmmtua]ﬂmaﬁﬂfal subsiiantiakky zBI1d eramtput he

out put current tdern
sanpling int ervg"ltuzgo&r%t} co?glﬁa accl\g'fér ec éjk%es‘%%%é; fjfé'j\:/éelnng?%oug

the out put curr &#iteh G e |§Sﬁjli>s\'t¢aﬂﬂmhllly Glasely thh%dend of the
precedi ng cl anpi ng ref erenge tnil's4Atem the voltage Vv, across input

capacitor 51 and the voltage applied to the inverting

20 input of amplifier 52, will not change if voltage changes
Vl and V2 are equal, thereby representing a correct
kinescope black current level. In such case the balanced
input bias of amplifier 52 as established during the
clamping interval remains unchanged during the sampling

25 . interval, whereby the substantially zero output current of
OTA 57 remains unbhanged and the control voltage across
storage capacitor 58 remains unchanged. The disclosed
arrangement of matched OTA 53 and OTA 57 significantly
reduces the likelihood of an offset error being exhibited

30 during the sampling process relative to the clamping
process, due to the matching of ocutput currents of OTA 53
and OTA 57 during the clamping and sampling intervals.
Accordingly, the likelihood of ‘a distorted control voltage
across capacitor 58 is significantly reduced. If OTA 53

35 and OTA 57 are different, the output current of OTA 57 can
assume a value other than zero during the sampling
~interval for a condition of correct kinescope bias, even
though the output current of OTA 53 is substantially zero



non-zero output current of OTA 57 woul d cause the voltage across
storage capacitor to change, which is undesirable, since the voltage
s capacitor 58 5 shailgl not change when ki nescope bias is.correct. *
When t he ki nescope bl ack current Ievel is too high or too.low, the vdltages

suppl | Q@ e RNd PRMHE ¢ ed@di\/ﬂ Cﬁéfé!@enwuiﬁt@fvé\m' ifier 52
and vaI ause - st orage ca aC|tor 8%@& %?r}g?'ﬁ r dISCh ed via 10
OTA 575 ﬁ(‘?nﬂ?@rs"a%ﬁ t |"T’P‘é§%o ct ki nescope
bi as ¢ wolengen doxpssd ddtpmtesstmgé adpacitentte ecleang€apaltichr 54

st abi | i %er%.r{cﬁesﬂ Jceeelq%?ec é)fa éagr@ré%éom nsd oscillation,

and al 86 alns res e e previous clanplng
i nBSer vshoutide nog tcéxanggatwh@ d@mﬁ&@nm@iﬁﬁ akﬂte%ptm\'- condition of

anpl i fier 52 to hmestal 6k dBEE MK dubed €oLbEK P61£69, by reducing

'the tlrre re wred t.o nodif e charge on, J nput capacitor 51 via switch 56.
h or s@?%d(?& rbd‘f @a?ﬁ)l*‘gg)“wgq’c+g°ﬁref erably

SI gni f lsa.althm Imndmm titre \inigwige qyalamphmlfoz edn®2wiDblt hat the signal

s bl R bV 0 98 s SO G ok Rl gRtegp L cL °7 and

adPl i f OFA 57 dugtimg: R\ sSoling Process of $0 aas ytommaintiainhay exhi bit

subst a S RS d 57 is
desi ra%ﬁﬁéﬁmﬁﬁsﬁéﬂe e fee&cdti';‘f\é()éfiJ any Igff?tgr enceé%lﬁ t eégiaogjreatl ng
char acC¥freRtcdeelarA 53 and 57. 30 ' The sanpling path

preferably comrlmawmmmmmlélm :( AféddbacRt her than a
Vol t agd Rl o8, sk He Haas t%ﬁﬁ%ﬁ%ﬁ'«%’@rf@%ﬁﬂr% R e HATE & hood of
al$t eadpsddmad sioditageerchar@s frqn . the previous @l@npmgrol loop is
Tourss iyl hd Al ofD Sosn SOl hgyReRacoRggy o 00 0V

condition of amplifier 52 to be establlshed more qulckly

by feedback action, by reduc1ng the time required to-

modify the charge on input capacitor 51 via switch Sé6.

20 . The transéonductande gain of sampling OTA 57 is
preferably significantly less than the voltage gain of
amplifier 52 so that the signal gain of the feed-forward
sampling path comprising voltage amplifier 52 and OTA 57
is preferably primarily determined by the gain of voltage .

25 amplifier 52. Since OTA 53 .and 57 are preferably matched,
they exhibit substantially equal gain. Relatively smaller
gains for OTA 53 and 57 is desirable to minimize the
effects of any differences in the operating
characteristics of OTA 53 and 57.

30 ' The sampling path preferably comprises a
transconductance amplifier (OTA 57), rather than a voltage
amplifier, in order to provide a more reliably accurate
control voltage across output storage capacitor 58 and to
reduce the likelihood of a steady-state system error

35 (i.e., when the AKB control loop is quiescent). OTA 57
incrementally charges and discharges capacitor 58 by -
sourcing and sinking current to and from capacitor 58 in
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accordance with increnental changes in the input voltage of OTA 57.
Feedback switch 56, when-non-conductive (open) during the sanpli ng@
interval, assures that the amount by,%. Wwhich cdpacitor 54 can di ge . .
during the sanpling interval is very“ small. Wen non-conductiyve, svvitch 56 _ -

al SQ‘decoupI es 488ot&8HLECHiRA! Bnl F(S)%mbéet ween ﬁ[ % ancf; PEngf

anplTfier 52, to_prevent interact sarrp 'ng
signal paths du?fngr@hé 10 sanpling interval. Keyed buffer 56 corrprl ses a

unity gain vol tage anpli fseédWat:bt awiitth ISEUIwHe HEHV OB gyé%t
i npedance’ capa %e of sggg é 8 a reas%%t‘),% hla%h current (ﬁlﬂto a

m I lianperes) tO“FHBE: “BEpRaMPLANG, 10 i ¥RORRE by
floagglsﬂger ﬁg{ ewnhrchnd:apaaitorTgns cam ddistharyge eag;;gﬁgl)ﬂéehga:éeﬁlﬁng red
capaci tor 51 b oreﬂ'ﬂI E& gﬁ%ﬁ‘gr‘ Mgm YRR « %‘6"@%& P& of
t he tg/pe d: sgl @b&og@wlgabttshigm panhi |fromatmnput2]cﬂiﬁ61t6?ﬁ°51
78012) title t n I

Followng is a %\?e det al #ﬁ%@&%@?ﬁ%ﬁ ql'%\ ?%M@Q$¥ﬂrl§b+€ﬂéﬁ
operation of n%EYgeBth ﬁaﬂemﬂ-ﬁgréﬂérmltl@g 18d fnirth_s durimyrehe.

25 10 Mp]_iﬁgy;ﬁtgf}ahnerr] Is applied to circuit node B in

FIGURE 1 via a diode 35. Vv e ransl ati.n mpeda,nce net wor Kk
conprising resistors 32 gﬁﬁy?ﬂ 883'33 Bt FOrR Sofe R RY AR oltage

ki | ohns, reispeoamp.‘eiﬁ:.ezsl with a/phdzghl linputa ;mdamd Rad @hq_?Avpfout mI:

appr oxi mat e Vv cept_ durin sa in

|ﬁ!toerval fo¥ 3'&1 %iﬁr’ﬁgn 8%#% Sﬁw‘h@% b ﬁﬁi% ng ?

voltage is deveNRJe%P a%bwé‘ﬁlelg mll\hénampcrpoél MWatDﬁtcmqpmmomeBl onee VP
t15 th 3 I d

i's presentys qumfapsu@i &6fiﬁ§°'i:§e %1 1?‘3 r:%:%:%%% ggpgg

equal to the positive DC conponen TS, the vo
«h

across di ode 35°R3AFFRI ‘E‘Hf'?fn'ﬁaﬁﬁpébﬂ-ﬂ-l Yné@atrmlg@%gio Iwmsthahethe
fixed anplitudelahsing OP@e£ehce vbltabee i @stabllishied W osE cdpLéftor

s 51 before the clamping interval ends. Keyed petwork 56

| can be of the type disclosed in uy.k. gabLished patent appli-

2( cation 2131257 (RCA 78012) titled "Switching Network With
Suppressed Switching Transients" . _ |

Followzng is a more detailed discussion of the
clamplng and sampling operatlon of network 50, made with
reference to the waveforms of FIGURE 2.

25 Auxlllary signal V is applled to circuit node B
in FIGURE 1 via a diode 35 and a voltage translating
1mpedance network comprising resistors 32 and 34, e.qg.,
with values of 220 kilohms and 270 kilohms, respectively.
Signal Vp exhibits a positive DC level of approximately

30 +8.0 volts at all times except during the AKB sampling
interval, for maintaining diode 35 conductive so that a
normal DC bias voltage is developed at node B. When the
positive DC component of signal V is present, the

. Junctlon of resistors 32 and 34 1s clamped to a voltage _

35 | equal to the p051t1ve DC component of signal VP' minus the
voltage drop across diode 35. Signal VP manifests a
negative-going, less positive fixed amplitude pulse
component during the AKB sampling interval. Diode 35 is



_ di scusse

-20- rendered non-conductive in response to negative pulse [err], whereby
junction of resistors 32 and 34,is uncl anped. Resistor 31 causes
gnificant attenuation ofapbe voltage change devel?ped at node A
tive to the 5 correspondi ng vol tage change (V1) /devel oped at ndde B

t fﬁ tf'@tlldéfﬂé ﬁénf-éégtﬁuétl3é igngzbﬁgﬁééet$0h$§QQ1?€®th% I Irelbat e
o the values of. resis an ri 0 cla i nterval but ™=
during YRersR® Fh?e?VHFgl?ﬂe°6rEeﬁiﬁgpFﬁggﬁo Ei gﬁfﬁ%@ PQ;D'JO
appear i Rgsb6topdsl Bcatsegeinshgnpdicante ateemuaktionf ofamhel t or 51. During

the | 2RI PICLILELYGL ¥HGLIGEL] Q8 KBaBUASSYGuiseltiokaed, the vol tage at

node N resEonse Gb nount representative of the-
bl 8%k ceerrespéuditng YA §agau§b§ngs (V&ﬂedﬁﬁpﬂagédaﬁtn@@§383()ckwrease to .

a | evelgpubst enbl alaweeera&:e&@si:s&r B1 RbROtder biael® £Chamidhms )Nt er val ,

timng signal _lerr smnt 56 , t ~clo conduct
mheregylﬁh%mﬁtieF?lﬂﬁlYe)tgl§ﬁﬁl ZRSH §F %% g§dtaﬂbled to ?ts

out put via a”D|IfPeier5ﬂ026he emdeanChniérvhhebﬁmydumﬁhgynhem)anpllfler

Vol t agchkB 1AfEry8L, PG BFR-ekiBking PoRingl 5?%#@??&#3% @ (5 o
anp0i f i appéaringt atinpbdech bhargsébxbk posidi vieo termi; ng signal input
of APl eapsEitor 592 hAkiRBOTHE eqahbgngalﬁ%%ﬂnmrplg&%:ondition |

previ ous abgve anpi ng i nterval, voltage

[err] afFb¥e Eﬂbﬁél¥9r15l F¥e&°PGﬁettBﬁ ¥pl gaﬂ@f@ﬁéﬁﬁ@ -up vol t age
rel at edgéereatéagen| Qééboﬁbet ite p&aael ber @nh@mountcapaci tor 51, and a

{11 of cheRERRERERRiYReOo LB blad Bur %ea%aﬁ%ém A o) e
nol® B thel voltage ahangde[ Br tp deczieased tax andéwed @mbistpntialdmnpi ng
ook 18, 800, At bt § o
repr esehiningesignadg¥ cRangesvelanping Faitely P6 teoidlane 3 @ be
expr essggndfict) whereby the inverting (-) s1gnal input of .
amplifier 52 is coupled to lts output via amplifiers 53
20 and switch 56, thereby configuring ampllfler 52 as a
voltage follower amplifier. As a.result, the fixed DC
reference voltage VREF_(e.g;,'+6 volts) applied to a
non-inverting input (+) of amplifier 52 is translated by
feedback action to the ihverting_signal input of amplifier
25 52, for producing the balanced input bias coudition
dlscussed prev1ously. As noted above, during the clamping
interval, voltage V3 across capac1tor 51 is a function of
a reference set-up voltage related.te voltage VREF at the
negative terminal of capacitor 51, and a voltage at the
30 positive terminal of capacitor 51 corresponding to the
difference between the described preeexistiﬁg nominal DC
level.\ c) at node B and voltage change V developed at
node B during the clamplng interval. Thus_voltage V3
across capacitor 51 durlng the clamp;ng reference interval
35 is a function of the level of black current representative
voltaée change Vl’ which may vary. Voltage V3 can be

expressed as ( be 'Vl) - VREF’



-21- During the i medi at el y f:ol | owi ng sanpling i nterval posi ti ve
drive pulse [err] is absent, causing the voltage at node B to i-nchnease o

pasitively to the pre-existing nom ngh,DC I evel VDC that appeared prior to-
5 t he Clanplng i nterval . . Slnultaneously, negative pulse [err] appears,

revgmse bi asi ng di ode 35 apgrpRgt AL ﬂﬂméalstelyvﬂsmawhg cBmpying) the
nor s| at c ion Of resistors, 32, 34 such

vol tage tr ng and. couplin
that the voltagelﬁgeﬁﬁﬁt EP?§1F%Eﬁcgﬂlgy LAvenBRhEe\¥gais ARPEALeCARSIDY
FI GURE 3 At thetheaveltage, at|nogen toi Lnoréésangositibadlyr eor cheer ed
non- conducti ve e a r|n
t he sanpling |nt rv§%£¥% g“ﬂ#ﬁ%@ %28% ggsgiedDCoébgg gﬁé%?%gﬁgggﬂéﬁ °
input (-) of915 thanglampbngwnter@qbal sbmuhbaneﬂnslyncaegetmgnpu&se \/
vol tage at node §bﬁ@§r§0|£é€8r§@ Efé?fﬁg'EPH&eC?BaﬁhHggeE%urggﬁgf (RYE.

voltage applied to aneéy i Is a fupction o vol t age
‘change V 1 whi cHRBERYAFY Kn?haﬂﬂhﬂgésthﬁ PﬂﬁmﬂingglﬁﬁﬂebFﬁéRsééFFBEtan
1evel. 20 couplin@eagtidngefore9ispotssER) ags SaBACthat btBer ¢BRiAZe

Corr] dovel oped Hhrkad Re-8 ERERAEE By cPBarRatng, Tot A RRGRFECEE OB o
vol t age chak@e \PIGERE|2pedAtivthegsane tangblqbamplngvawltchd56aandg02A253
correct ki “eSCOPErQ'gﬂfdét'é&eﬂ&nlé huj:tﬁ‘és ﬁsg&f&ss?e&aﬂ&ﬁc’égriﬂg the

sanpling interval ch asg err I nCreases In a positive
di rection (fron1¥?§P%P%ﬁpFﬂgs§ alpVgef erence | evel) when the grid drive

pul s;a is renpved, and vol tmsc?ﬁﬁQﬁgYQhéaﬂéﬁﬁlﬂxﬁl ﬂhté@ﬁamuuagmput -
negative-goi ng vg no nescope,bi,as s
co?rect 803|?|v é%@%ﬁﬁp%éé#£§§ tﬁ ﬁﬁ ﬁ&vﬁﬁgiﬂggﬁfgvéingﬁB€v6F9aag change
V2 exhi bit bﬁualmmmbmfiqneSZMberqualhteetheldagéerénagebetweenlthecancel

d th I t d d.
Uhen The ﬁaéﬁ?Puﬂﬂﬂt? %?2%%“%2%X§ﬂa JIOFgHge 997 alkoRR tnttt, cipdBipanac
vol t age change [®kr] %ﬁnﬂ¢PﬂErV@k age applied to ampllfler 52 is a

functlon of the magnitude of voltage change Vl’ which can
vary with changes in the kinescope black current level.
20 - The voltage on output storage capacitor 58
' remains unchanged during the sampling interval when the
magnitude of voltage change Vl developed during'the
clamping interval equals the magnitude of voltage change
v, developed during the sampling interval, indicating a
25 correct kinescope black current level. This results
because during-the.sampling interval, voltage change v, at
node B increases in a positive direction (from the
clamping set-up reference level) when the grid drive pulse
is removed, and voltage change V2 causes a simultaneous
30 negative-going voltage perturbation at node B. When
kinescope bias is correct, positive-going voltage change
VI and negative-going voltage.change'v2 exhibit equal
magnitudes whereby these voltage changes mutually cancel
during the sampling interval, leaving the voltage at node
35 - B unchanged.
When the magnitude of voltage change Vl is less
than the magnitude of voltage change.Vz, amplifier 52
proportionally charges storage capacitor 58 via OTA 57 in



proportional Iy charges storage capacitor 58 via :OTA 57 in -22- a
ction for increasing cathode black current conductti on. Conversel y,
{fier 52 proport|onalug #i scharges storage capacitor 58 via OTA 57 for"'
ng decreased cat hode black current conduction when the 5 magni t ude

o Olat a&%e@%gwlqo&r r:]rx]-xdz%é!{ Q:Eaﬁlﬂﬂfé tﬁl%élf@@%fgﬁ%gc of ;/ﬁl tage cthagge" :
more specifica shown way.ef or 0 e anplitude i
of volP Féﬂ"]eqs?]%'smlt RIS Z}Wee mllivolts

when Hliechﬁrge@atétm aEp asiryeantss emai OTA 37 r foit c&lmtl.n@.l‘l es over a

' range I C | evel increases
o dBeabeleb Bl D4R, Bl BB e 050 ;
char amagniituides off vtdie:agmwzange rige . grERkex H@'lm aelee ng interval set-up -
15 Lot (Eﬁ%&é§) |tor V3 varies with changes in the

_nagnlpﬁgglof voltaéﬁgl err|-as éhthode bl ack current | evel changes.

Vol t age change %8 BOLR&PeFiLifatly shovdRY (the WaverpIns Exi mt el y .
t hr ee PIGUREY @,t TheMan@ll itude ITONGE votade telingd\'vaspoci ated 20 with

o oSBsRAR e e Rt R AT e B S, o

aorr eclathio@bdps:lblcamrm lestelagics aaormtn\mdlvquemmvet anplifier 52

| t V1 d V2
o bathoy an{.%c.t i l%“’“*"ﬂomﬂ?rﬁs’a%l e €‘2‘%Z?m fert],. the

i nput CheTeade Q%nQHQQQ§sQ§Z rdﬁﬁ%ﬁﬁ%ﬁseﬁﬁ vwHR® voltage change
[err]cd@ﬂ@dﬁ‘ﬁévﬁﬂﬂdélthé etéﬁiﬂ chéﬁééféﬁiﬁhiébtéfatﬂégh bl ack current
30 gsvel hi_s eveﬁ@1 52, di schar.ges out ut_storage capacitor
58 Vi 16FR¢§P, ?"PR R 1Y ?ﬂpl?% ‘E% the base of

5ans retfemeﬁa:e:alﬂe:agmeam“acnapacvxtﬁn ofariesswithrclRa&ngesi ncr ease,

wher ey e GRigii%tudd ¥ Vol \F‘fcésea&?é SVREde DRI T ECt 35 level.
current level changes. Voltage change V, at node B
exhibits an amplitude "A" of approximately three
millivolts, which corresponds to amplitude "A" associated

20 with voltage change Vl' when the black current level is-
correct. S :

. As indlcated.by waveform VCOR_in“FIGURE 2
corresponding to a condition of correct kinescope bias,
the voltage at the inverting input of amplifier 52 remains

25 unchanged during the sampling interval when voltages vy
and V are both of amplitude "aA". However, as indicated
by waveform Vi, the input voltage of ampllfler 52
increases by an amount A when voltage change V1 exhibits
amplitude "A + A", corresponding to a high black current

30 level. 1In this event amplifier 52 discharges output
storage capacitor 58 via OTA 57, so that the bias control
voltage applied to the base of transistor 20 causes the
collector voltage of transistor 22 to increase, whereby
the cathode black current decreases toward the correct

35 level. .

Conversely, and as indicated by waveform Vv, the

input voltage of amplifier 52 decreases by an amount A
during the sampling interval when voltage change v,



Conversely, and as indicated by waveform[err], the input voltage of
anplifier 52 decreases by an anpunt err],during the sanpling inter en
- vel tage change V1 -23- exhibits aspritude "A - A", correspondi ng
| ow bl ack current_level. In_this case anplifier 52 charges oyt put storage .’
capacitor 58 vi@xbiRits agpidtude:fia CoPlec CATERARQAELNG i ahsta Placgk: o

deCvease wher ebyuipeneaneede .5 phaekisucass anﬁﬂrﬂq%&s 529\@{4?:4&&3 SOEpeEt

| evel . In either case, several sapgplin egﬁp be re uir to

achi eve the corFEEFaEFaEEPGGFFBHtgBeVég °%ﬁe es &4 eiﬁﬁ
sanP!|ngotechnuqu&ta?edofbnsandlsnog;egttb<B!nrdase1ﬂhdtenyﬂﬂheﬁuathmmert
a I - at S tro
Syetem For Jn | hEgER-ERFESDE fncBedRel tahand e R Tpilre A
~appl i cation al seither! cess.asgwareﬂ»asampﬂ.mgatmnemi@mmgm required to
arrangenent i nchifliaedhsl carrecebiakis difidedt Tdverss vel | 15 as

“disclosing a suita arrangenent t1mng signal generator 40. FIGURE 4

shows circuit details of SBSrQFPGﬁ&beﬁr &amking technigue7.
OTA 53 conpri seggt a@a&u&keas1&0gr8atéesaee.:tau\aeli>n resnorrb&bnense D%'t&'i‘@-'a%pfp-

‘received fyfoma I|f| Y, d T2, an e rrent
sour ce tl’ailél st Pzﬂlz?%é é&ﬁsgég({g?‘*%cfﬁl%utw %Y}Frg’rﬁs zé‘Ef?trf’ Stefor s
90, 91 are convel?dreeh tImage ReprpdecingdDelvicet p(US senrzra&nlb WBl SAd appear s at a
termnal T3, by nmeans of a daubl e-ended to 25 Sink

circuit conprising transistors 93 and 94. OTA 57 ¢ éﬁﬁiiké?igét%§é°loo
and 101, which disolosepeeﬂdnsnpnaaspaﬁ@rmmtmqpunqnqaxnangutheon1anpl|f|er
52 via term nal gkghkmdnt kﬁ&ihalagdamfm Hdrfttol Y dal VNS ! 84 Ohe11

102. Differentia [ect or out cuarre ransistors R00, 10
.are convert®d tGsadéﬁﬁép§1§9dédSBBFEDQGC@MﬂéﬂgeﬂﬂﬂQﬁfQﬁniﬁﬂkﬁQus%9@%1n1na
[err], by neansgeﬁegagggbhg-ended to single-ended converter conprising :
transi stors 103-

FIGURE 4 shows circuit detalls of operational
transconductance amplifiers 53 and 57. OTA 53 comprises
transistors 90, 91 respectiVely responsive to signals

20 received from amplifier 52 via terminals"l‘1 and'Té, and a
keyed current source transistor 92. Differential
collector output currents of transistors 90, 91 are
converted to a single-ended butpﬁt current, which appears
at a terminal T3, by means of a double-ended to

25 single-ended converter circuit comprising transistors 93

- and 94. OTA 57 comprises transistors 100 and 101, which
also respect:vely respond to slgnals recelved from
amplifier 52 via termlnals Tl and Tz, and a keyed current
source transistor 102. Differential collectpr output

30 currents of transistors 100, 101 are converted to a
'single-ended output current, which appears at a terminal
T4, by means of a double-ended to 51ngle-ended converter
comprlslng transistors 103-105.
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* > L M S *1 CLAIMs 1. Signal sarrpllng—m—r-cm—t—operat—rve-durlnga

r ef ce interval and a subsequent signal sanpll S|ng 5
a. e of reference voltage; biasi Treans; m umnﬂﬂlﬂﬂﬂi ans; 3
fir anpllfler with an input coupled to sai d b| an output

10

a second anmplifier with an input coupled to said biasing
meahs, CBAIMBE output; first switching means for selectively enabling \J

signals from the 1qutsdgnadf s‘eanplirnq Séiwwitfopéraewe @epingdat o said

b|a3|n2 ans dur,i sald erenge interval g sai-d, put put- 15 signals

bei ng &E%ﬁﬁ? & RHRSeIeRE, %gna BURIREh a reference

condlt&mmdhmalynompnising; nmeans; and second switching nmeans associ at ed

vmtglthe secondagngqﬂgég Jfﬂté?ﬂ é%e%glgﬁagllng signals from sai d output
e

of said second anpliTier to be a §ai-d signal utilization neans
during said saaniﬁfinﬂxmeﬁnS.MMereln said frrst and second anplifiers
produce substant@adﬁhﬂlu%fyiga ﬂnﬁeﬁﬁ nal at the end of said reference

Wi 11 at on meand ARES AEPLAFARR ik th AR IRERE CCOURMEASFA b as ng means
conpri s_I@ bia¥itig Qﬁhampm emv;a;uepué\; CI rcuit accordi ng to claim1,
\gg relg (S:?Irgum asi (r%‘m% esfiw r . m gnal pfg& Lng capaci tance
said biasing means, axiancmnxut~
first sw1tch:|.ng means for selectively enabling s:.gnals
- from the output of said first amplifier to be applied to said
bimﬁng:m&mschmﬁm;sakireﬂﬁmnce:BNErWﬂ. the said output
15 signals being related to the reference voltage thereby to establish a
reference condition for said b1a31ng means; and .
second switching means associated with the
second amplifier for selectively enabling signals from
said output of said second amplifier to be applied to
20 said signal utilization means during said sampling
interval; wherein '
said first and second amplifiers produce
| substantially the same output signal at the end of said
reference interval. .
25 o | | |
2. A circuit according to claim 1,'wherein
_ said signal utilization means comprises an
output capacitance, and
said biasing means comprises an input
30 capacitance.

3. A circuit according to claim 1, wherein
said biasing means comprises an input signal
coupling capacitance.
3 - ._
4. A circuit according to claim 1,2 or 3
wherein ' '



-25- said first and séEaﬁa_Eﬁﬁl“fTers~eeﬁprlse transconductance : fTEb lers
for provi di ng out put cu !'m e to input voltages. '
5. A circuit -according m,’ ’W 4 vvhe | n said first and sgqond

anpllflers are nutually fatchdd ®#o € it subs antially sim|ar operatlng
chaygcteristics. 10 6. Acircuit according to claiml1, 2, 3, 4 or 5 further

corrprl sing aminput anplifiggigf eirseuahanseéahd Qhﬁfif‘ﬂeiﬂ?aéar#’léé“ d

i nputs of said first and _ second lers, sal I er having
a glgnal i nput CGEBP§8°PS“§5PB°5|é@?ﬂgfﬁﬁﬁﬁ3f°§ PE@%#%E%% PRERME coupl ed to
said source of relurrents inl tegponse oo Dnbettveleggesoupl ed in common to
said inputs of said first and second anplifiers; and wherein 20

sai d reference condition of said biasing means establishes input and out put
ref erence bias conditions PorAsgivcuhpuaccopding cto dlaxmciIZJBtamotordlng
to claim®6, wher gheré®n said input anplifier exhibits a gain greater

than the individual gains of gaid first and second anplifiers. 8 A circuit
according to claim6 or 7 §61§htfﬁ§ﬁ and ;seTend i ampikiens are nufually

anplifier conprimatchedi téecexhibit subgtantfilDy ks AT ® bperHOAPN to said

I nputs of said fbhﬁ&a&ﬁQrf?Efgg anplifiers. 35 9. Acircuit according to
any precedln%.cla

6. A circuit according to claim-1, 2, 3, 4 or
5 further comprising :
an input amplifier for coupling said biasing
means to said inputs of said first and second
15 amplifiers._said-input amplifier having a signal input
"cdupled to said biasing means, a reference input
coupled to said source of reference voltage and an
output stage coupied in common to said inputs of said
first and second amplifiers; and wherein
20 said reference condition of said biasing
means establishes input and output reference bias
conditions for said input amplifier.

7. A circuit according to claim 6, wherein

25 ' said input amplifier exhibits a gain greater than
the individual gains of said first and second
amplifiers.

8. A circuit according to claim 6 or 7
30 wherein ' _
| . said output stage of said input amplifier
comprises a differential output network coupled in
common to said inputs of said first and second
amplifiers.
35
8. A circuit according to any preceding
claim, wherein



* C L~M S * said first anplifier is rendered conductive during said
r ef nce interval and non-conductive during said sa

sai @cond anplifier is rendered 5 noggconductive dur llm,smlnclnmml Hﬂ

i nt | "and conductive during said sanpling interval. 40.¢ AlciPcust =

according to claim9 further conprising 10 ' a buffer circuit mnth
a high i moedance i spld Eopstednpdisivér isityerdered aishductsivenplifier an

ot PR S UNBH SPUPL i 296484 SRRl P v 10 curTent 1o

pass filderisgtsaiddsémphbng tnterval plandf said first anplifier and said
i nput of said buffgs;gi se8bha Qﬁplf¥f%£”§§ Seidd e circuit as clained in
or -

20 claim1 in conbipation Wwth a syste autonatlca controlling the
%Eaa

bl ac nﬁ@@'ﬁ%ﬁ¢%ﬁ?1¥%nﬁﬂﬁiﬁa §§1Qnr?§ﬂﬁﬁﬁﬁﬁ ssociated with a

vi deo si gondupteesduningysatd) sampling ﬂmdrml em i ncl udes neans

. operative during video image bl anking intervals for 25 deriving a signal
representative of the magnitude of said black i'mage current, said derived
si gnal being proced@edAdairegit aceerding merclaimn? dpatiwmng the -said
referencg ompE£EYRY and the said subsequent, sanpling interval, 30

sai d hi asi ng neans receives said, derjved ﬁgﬂﬁgkgvsald S|gnal utiIization

meanstd s an out put @ cBBEERT aFLECRLE AR & R ng system
and 35 coupled toasd:.aemﬂﬂusvwfc#um PSS aﬁ;bmzﬁeaslamd;wpl es said

Sanpli ngLPc Linddanls Adebt Fhubled¥e AP HASERRT AAE S 03 300 pu
supplying current to said blaszng means during sazd
reference interval; and :
15 a low pass filter situated between said
output of said first amplifier and said input of said
buffer circuit.

11. A signal sampling circuit as claimed in

20 claim 1 in combination with a system for automatically
controlling the black image current-conducted by an
image display device associated with a video signal
processing systzm, wherein said system includes means
operative during video image blanking intervals for

25 deriving a signel.repreéentative of the magnitude of
said black image current, said derived signal being
processed during a control interval encompassing the
said reference interval and the said subsequent,
sampling interval,

30 . said biasing means receives said derived
signal;

' said signal utilization means is an output
capacitance coupled to said signal processing system;
and | '

35 said second switching means selectively
couples said output of said second amplifier to said
output capacitance durlng said sampllng interval for
developing a bias control voltage across sald output
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* C L M S * 1 capacitance in accordance with the magni t ude of said

derived signal, for maintagesEnan s ' 4, bl ack current level. 5

12. A signal.sanpling ci r{mmmumgmﬁm N ¢@m 1l in conbinati @ .a
system for automatically controklimg € he | evel of black imge curr ‘
copducted by an inmage display device in a video signal channel of a video.

in t rr:at ! on i Sr&a’?ya.?:bﬁérﬁjé i&ﬁiégzd‘dl{;&irwq s%iﬁquhwnhgha&gaaebgé isggdduri ng
control intervals ‘hjn j nage anki ng .i rval s,. wherei n.sa i_asi ng
means is coupledi?ﬁiYﬁéuﬁiq d (ﬂﬁ#ﬁf%%? ﬁbpégggﬁglg}@ﬁke§gﬁF§PFve of
t he magni tude oflexsell. bl ack i mage current; 15 | evel shifting
means coupl e said biasing neans to a signal input of a third anplifier for
bi asi ng said_signal input of the third anplifier conpatible with the input
bias requiredents of said %di i Signalk isampling edrsudtseggeledmerde inhird 20
arrp: ! ]f i er b_telh ng cgm?ﬁeﬁ im_ddﬁi&%ﬁdzﬂmﬂaz;ﬁ s_tﬂs%e}‘m rf%}r tau@ot&%aaﬁuy
anplifiers ere 0 Vi a Jbias control si.,gnal relate 0 _Sa
representative % gof%ior{%&q}%éﬁe} ﬁﬁq%;'%l o FUTER aFﬁPﬁ nggi red
bl ack current | emelarRbimage displaymdevive drsa twideog sigaad szhanaedaonded to
render said | ev s Lt i i ' isch- G i al s,
and to subst ant ?Aal {}ié nhil}gfl{. mptﬂqp_?};%lr#é esegﬁd%é'gec?g%%?}i ﬁggge%ns
during i nt er¥l Peingronerative duing sonthad ntervadsi yithisoimags: i on
according to cl pradinghigirvaa d widedsent ati ve signal devel opi ng nmeans
I's coupled to said video ch |, and sai d output of .35 said signal
devel opi ng means i s subj e(ﬁaa’tr%%%ﬁqf’@sﬂ%ﬁ‘%ii@nﬁuyéﬁgai%ﬁ‘?aﬂgr %ﬁﬁ vi deo
signal imge intdevelopimndn output signal representative of the
magnitude of said black image current;
15 - level shifting means couple said biasing
means to a signal input of a third amplifier for
biasing said signal input of the third amplifier
compatible with the input bias requirements of said .
third amplifier; the output stage of the third
20 amplifier being coupled to the said inputs of the first
and second amplifiers thereby to provide a bias control
signal related to said representative signal to the
image display device for maintaining desired black’
‘current level
25 . and third switching means are arranged to
render said level shifting means conductive during said
control intervals, and to substantially inhibit input
currents of said level shifting means during intervals
~other than said control intervals.

30
-13." A combination according to claim 12,
wherein ' | _
said representative signal developing means
is coupled to said video channel and said output of
35 said signal developing means is subject to manifesting
signal variations during video signal image intervals;
and '



-28- said reference condition for said biasing neans 1S selected to be

during
or 14 wherein sai dsdidsteferemnrs condiibms for Aaibupldsingapaci tor for ~

Tovel oiPERR LTDARESEEY o8 Be Hadey Vo ALY Ndd 00 1 CoTo sai o

out put ohaxiimam sampli tude ctansitiens nanitested hy Salst otidlecer i nal

coupl ed §pasal dahe Shadd | {(WedBpgpg, and 20 said reference
condi tion ?s estab*?%hed‘%I said second term nal of said capacitor. 16. A
conbiPnati on according to claim 12, 13, 14 or 15 wherein 25 sai d

third anmplifier copgrixesombihdtioerdcedrdimyttargldimerawith differential
outputs;%g€€ g&id third anplifier is rendered non-conductive concurrent |y
Wi th sai \ shifting means during said other intervals. 30 17. A

conbi nati on accor déaidtbevelishifting maans 15 grendexngdrei n said | evel

shifti ”gnGRﬁ@én&iér;’t_‘."@@Sd@rﬁlélrﬁ’éi&%éi‘gixf@fbiﬂlm sai d biasing neans to
|

said third 35 anp I er consisting of sem conductor junction nmeans. 18.
Si gndP sanpling circuit substantially as hereinbefore- described with
‘reference to Figure5l Xrcémbination according to claim 12, 13

or 14 wherein . : _
said biasing means comprises an AC coupling

capacitor for coupling said representative signal to

15 said third amplifier via said level shifting means said
capacitor having a first terminal coupled to said
output of said sigﬁal developing means, and having a
second terminal coupled to said level shifting means}
and : S _ _ |

20 : said reference condition is established at
said second terminal of said capacitor.

-16. A combination acccrding to claim 12, 13,
14 or 15 wherein _
25 said third amplifier comprises a differential
input amplifier with differential outputs; and
said third amplifier is rendered
non-conductive concurrently_with said level shifting
means during said other intervals.
30
17. A combination according to c¢laim 12, 13,
14, 15 or 16 wherein
| said level shifting means provides a signal
coupling path from said biasing means to said third
35 amplifier consisting of semiconductor junction means.

18. Signal sampling circuit substantially as
hereinbefore described with reference to Figure 1 or to

L4

rel atedgA O\ normal ly expected maxi num anplitude transitions manifested by
sai d. v, -Eg, ignal during image intervagg. 5 14. A co “ NH w ﬂg to
claim\l3 erein said level shifting neans is render i

af’d other.intervals. 10 15. A conbination according to claim12, 13
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* C L MS * 1 Flgure 1 together with Figure 3 and/Or Flra )4 of

t he acconpanyi ng dramﬁn eIeV|S|on receiver subst{hjfg ly 5
as herei nbefore describ ﬂ gure 1 or to Figure

t oget her with Flgure 3 aﬂ he*acconpanylng dramnngs 10 15 20 25
30{ 35 _

A% 1 Figure 1 together with Figure 3 and/Or Figure 4 of the
accompanying drawings.

19. A color television receiver substantially
5 as hereinbefore described with reference to Figure 1 or
to Figure 1 together with Figure 3 and/or 4 of the
accompanying drawings.
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