;rse3eD\ : DY| 46T: =E* A DId TAL CUT- OFF CONTROL LOOP FOR TV USI NG SPEEDI NG &
BLANKI NG Cl RCUI Tmﬂmmlllﬂﬂlmmmmwe Invention 5 This invention relates to a

" “tel evi sion/video rol circuit, and in particular to a cut off

control circuit for uggekn a tel evision RG controller. Bacigipw2edst he

I nvention 10 A cut-off control loop circuit in a television permts the

aut omati c controI”wmummmummnmmf poi nt of the three RGB cat hodes. The bl ack
| evel of the RGB utomat_iFaIIy adj usted to have the sane cut-off
current on each of thkewdeB cat hodes, in order to have the proper DC | evel
at each RGB cathode, for a correct colorinetry of low |light |evel signals.

external video ampP) P BATIGEIRgFE RO FROE LaBEF PR TSt convent i onal
B-bit digital cut-off conSPEREDINGRS: BAANKING CSRAUTES of the black | evel

adjustnment, requires a relatively long tine to reach cut-off stability when
the TV set is switched on, and cannot bl ank the RGB output when the cut-off

cont r ol I?_@B!i%ﬁmg%v:ﬁ%@l e. To increase the resolution to 9-bits leads to
even | ong rgence tines of the 20 cut-off |oops. Summary of the

| nventi 6n The present invention ains to address sone of the difficulties
associateq,w.th the prior a%t%. Zﬁhdang. e{rbodi n@nts of the invepti on are able
to provi déMEHTYEATERIEY O BT (TIOR8 A1sB1a% RN A R Uit & €4 Ravi ng
a short cutr@hiroCORVRIGRRER 4 e¥RisBHRGMcdodolieal | sation and enabling

bl anki ng of the RGB out puts when the cut-off control |oop does not converge

to the correct level. 30 In accordance with the present invention, there is

provi ded W@ﬂ&%&uit for use in 13 March 2003

t-el evi si o7 VI'GEO Ol SP ntrol, conprising: a display driver current
sensor;l0a counter c~rcu~t and anal og output circuit coupled to control the
di splay driver .current: a speeding conparator having a plurality_of,.

Compar at of' SPEPREST R SE 1 A Sl ign PR h HEAE SOUR) OBFIRHF O BRIt
sensor  asof faulirke ROB ABbL&SMTHe BhcR e BFlRUR EBNGEAISE asiohaiedilyt Aguseifb er ence
between the sensed display driver current and a predeterm néd val ue

t her eof ; AW B SHRESHI-AT cuarit en exch@fithe ROB grBedasoin grdes joeade My ToPRIA @t or
and count i i r ti e of
fhe count oyvebt Sh RO RE AL APPEER SORKER) of I HERCGH oY 0 Kk S

dri ver lSucatbede. cufrénisTare segemeallynoeabwgi @@ thel qugut of thegxibmahy idem gglifier dnang r ol

the counting,race of. .the counter cjrcuit, and thus the display drjver
current) BECBERGHH g, Sapmsribt-Sf dbeiih i ah vl fror R 4d¥ risolutoh
ef fici ent by ueIeneR] d)esutiéns Peqlired AirdBliveRHohe Mme! B kA% RAREXBIAIT Renval ue.
Preferably the speeding logic circuit produces a RGB output bl anki ng, signal

whi | st saiff TV setds Sl oar andepnnoy plaghihe iRGE owrstavikenathe pukp i cerEnlody ism sai d
predet er myged Wl HfincBie i r@blon to 9-bits leads to even longer convergence times of the

20 cut-off loops.
Summary of the Invention

The present invention aims to address some of the difficulties associated with the prior art,
25 and embodiments of the invention are able to provide an increased resolution of black level
adjustment whilst having a short cut-off convergence time during initialisation and enabling
blanking of the RGB outputs when the cut-off control loop does not converge to the correct

level.

30 In accordance with the present invention, there is provided an RGB control circuit for use in



control circuits are provided for each of the colour (RGB) channels,
~ wherein the speeding logic circuit produces the RGB output blanking signal
‘based on the counting rate of any and/or each of the counter circuits for
the col our channels. 20 Preferably the speeding conparator {®mascHRooR! ity
of outputs including a convergent output and at |east one upper output and
| ower output, wherein the convergent output corresponds to the display
driver current being substantially equal to the predetern ned val ue and the
upper and lower outputs are utilised by the speeding logic circuit to
determ ne the up/down counting rate of the counter circuit. In an preferred
enbodi nent,). .. . ; . g r ective
p and dos AT 1R, LRREL BREpAL Y gy R LR RSP LRAR
Descri pt i o1 apflog tepuDecamiingpuplee ta conemt thedisplsy daser ¢uyesdt;i aspgeding @mpdetai |

hereinafter, by way of.exanple anly, wth 30 r rence to the .acconpanyi ng
i i gy PR e o RO e $Ov g, bl MR Rolal B FRBP L
convent i ofaborBrshhpucdkdH deddmibing QRl el a hafurk ot N eirfhans 8bwein aR RGB
output controller; Figures 2 and 3 are waveformdi agranms; Figure 4 is a

bl ock df asgrssfdisplaydavescument and 2 prodecasmined |valug sRereels aptha seeeding eiofircat RGB 5
out put cont.r A i e i resent
nvent i ontoRhioge ieR B ERbiPRGTanl cblinh AREl: e Eer oA Rl B b0 P00

of speedidx@ndrgahe cfthd coprhEpyrcuUtArod IdingCio rsaidicheaguastali tiéragretin daplag diiodi nent

of the invention. Detailed Desc ' 10 A conventional 8-bit digital cut-off
control |®¥8¥ircuit is shown in block diagramformin Figure 1. In the

drawi ng, only the BLUE channel circuitry is shown, the for which the red

and green channels are the sane. The cut-off control |oop permts the ~
aut omafl? cTieomesdisi legic eibpuitgnay- effrrapgadip cofral K ¢ounting RGBoiCét hades cirtie bl ac lC

l'evel of t i s.is. 15 automatically adjusted to have the sane
cut of £ R BTt e R B et S R R SRS o B
sequent i afiyienBocinyege die digsiapdtipetcudlent dahepledemahingd dgoe.anpl i fier during
the three cut-off lines. During the franme bl anki ng pul se, the RG outputs
are bl anked and the total cathodes | eakage 20 current |l eak is neasured.
The cat ho (oS4l st ; ' It : ; : : :
roasur emen L T SieSioRpbic el bridicl p R bRk S A s

gr ound.15 Ddisplay diiher dusthaigesubsiantizily differsutrfese saidtpredetsrmingdtvalue o\Pireferably
controlled current lref so at the total cucrent (lref + |l eak) through
Che. ext er Frt] GERls sfprod Pt ekl o it ot RO ctburiels, glhernst B péedidat)
where: 25|ggicedilcuit firofiedes thd RGBK putbuiidiiling! ligniTendssi Bh e dualihge fhreCalr £rgnt
Iref that the circuit can provide is 200uA, and it is menorized by use of
an i nt er naBd/£35tE P GE coyruer cimgyis ferdRe gelopetepreiite vol tage Vieak is 30

1. 75V. 13 March 2003 -4 The cut-off current neasurenent is sequentially
achieved for the channels during the three lines after the franme bl anking
(cut - of20 Prefiarab)y, tha spéedirigl domptaraorenksi apliahyre qupubinclugingraeconvergdnt oupuef f

[ine, avelerence,volta0g,L5 LISLLed.on, Ligeh! be shanpel QulRuLLAhs or eenC
i

to the display driver current being substantially equal to the predetermined value and the
upper and lower outputs are utilised by the speeding logic circuit to determine the up/down
counting rate of the counter circuit. In an preferred embodiment, each of the upper and lower

25 outputs correspond to respective up and down binary counting rates for the counter circuit.

ripg ’ wing

The invention is described in greater demwil hereinafter, by way of example only, with

30 reference to the accompanying drawings, wherein:



outputs are bl anked. The lota! cathode current is the |eakage current

. (previously neasured) ' 5 plus the blue cut-off current Icb is then

present. If the voltage on the IC. AT pin is not equal to the cut-off
reference voltage (Vcut-of,~, the sinple conparator will giygp\gfcNBogs down
signak to the 8-bit up-down counter so that the output current o? the 8-bit
DAC will automatically change until the voltage on the I CAT pin is equal to
Veut-of f. Thus the circuit can adjusi_automatically the black |evel so that
the voltage on the ICAT pin is equal to cut-off 1O reference voltage
(Vcur-of,~, wherein: Vcut-oj~" _ (lref + Ileak + Icb) * Rcarh The bl ack
| evel is nmenorg 1S t = R 5 i . 1. Ity . The
Fléﬁg 1454 Hidcid tﬂ%rﬁ‘n oY 5.%%{'8&\'813\4@ et Lﬁpgrﬁkg'ﬁhofh&'p rﬂptﬁ’%at :

blue 15 cut-off current Is determ the resistor Rcar suc | c6

= (Vcur - ahhnne! of graR5Bl ouBpatchntidiler;second cut-of f line is used for the green

channel cut-of.uad%ystggnt rg? and bl ue outputs 20 are bl anked) and the
same nanner leEEtT fhed EHbYFEITENYETHES | ast cut-off line is dedicated to

the red channediggaili9f blo@disFhARBNE digitdl tehi-Btt UshrRNBotR R AdhRU LS abREBKed) .

The cut-off control |oop can adjust the black Ievel in a range of 2V. The
beam cut rosFRut geRallgr. iRacerdangs With caniebaed embedigenyot ihigpreseghiaveniionr edr t o
avoi d high 25 - L €] ami I k A - t he
AT vol tage {ePETaUe hitnpidic itk Bt bl MRIRRBLEE ! focllihe I EH. ®
det ect i orupsdickey connteln civeniedy acausdisg o dreembcdihératof el inngtnriert.ed i n Fi gure 3.
When the TV sec is switched on, the cut-off control |loop is not active, and
during the three cut-off lines a white level is inserted on the RG outputs
in order i dékedptidn t€ flash on the screen at the start. As soon as the
Start beamcurrent Istart is 30 detected on the | CAT pin, the cut-off
controld | oop becones active and the cut-otf levels are 13 March 2003 -5

oer o 5y s B84 k050 MDSLE AR T AR o 70
achi eved Higure hg la tendrawing, nolguwheBL UBehiinddtiecuddy fshRoventtheofol whichase red
and green channels are the same. The cut-off control loop permits the automatic control of
the cut-off point of the three RGB cathodes. The black level of the RGB signals is
15 automatically adjusted to have the same cur-off current on each of the RGB cathodes. The
RGB cathode currents are sequendally measured at the output of the external video amplifier

during the three cut-off lines.

During the frame blanking pulse, the RGB outputs are blanked and the total cathodes leakage
20 current [leak is measured. The cathode current is input to the circuit at JCAT. An external
measurements resistor Rcath is connected between the pin ICAT and the ground. During the
leakage current measurement the circuit provides a controlled current [ref so that the total
current (Iref + lleak) through the external resistor Rcarh reaches the reference leakage voltage
Vieak, where:
25

Vleak = (Iref + Ileak) * Rcath

The maximum controlled current Iref that the circuit can provide is 200uA, and it 1s

memorized by use of an internal capacitor Cref. The leakage reference voltage Vieak is
30 L.75V.



Conventional cut-off control loop circuits of the type described above and
illTustrated in Figure 1 have a number of drawbacks, some of which are
sumari sed bel ow. 1) Low resolution of the black | evel adj ust nent .
Generally, the range of the black |evel adjustment is about1Mardhi 2083 t here
is total 256 steps for the 8-bit DAC, the resolution of the black |evel

adj ustnent is equal to 21256=8nV. v 15 2) Long cut-off convergence tine
when the TV sec is switched on. In awworst case, 256 steps are required for
the conventional cut-off loop circuit to reach a stable state. Since the
conventional circuit works at the frame frequency, the tinme that nust be

al | owed f ' r LIt LS 20
256+ 11 50-3 S GAnalie e fEulenk it SAEHLT R BPRE CoBRER e P e e
out put bl $inks argr the tqammlMgwmnﬁﬂihB) Galslis-&btﬁshamd)m Figlre I200Purisg thettirstai! e.
When the cuyt-off cgntrol oop. I.s No ag14 t he conven ional circuit does
not bl ank°f B“ﬁ@fc&i??ﬁft"mﬁaﬁ {SHRE™F %‘EH}‘? UE ehaons); QUPYE NG §TERSNE PR i s

not st abl gupmafdrd fiiea! Otte Bal HaNIEAangeis il retakqae%ueeﬁ:hpxswoqng ne@kﬂeavet ry
errors can therefore result. Figure 4 ~s a diagramof a " digit

cut - of f Scehisit bivepay-oft ewsuent /668 memereémnrhfeuhedbltm OREE Hutlppin leommlal er,

;ga?ﬁ?‘”d o the dc"“x%ﬂ rethes eexfor%%(‘gg%g%hant Qe om%a‘r)sfs&sv‘%ﬂ gw”‘éﬁ””o ggﬁg ed

Fawm ng, REIP CrTe I's®shown

and gr een sipRar b eeB- bm lupuiotvs ooudhtbr ban thak aigd bc@ubmmsenmhalsl-mt tljvecsane The
circuit includes a nunber o 13 Marc[,} 2003 _e_ inprovenents over the
convent i oRAPTEEFYERangs HpfigRe FRiage e e df4T qusEemly Ypewd: RHRECWE t he

i mproved {ealie s sheidlip eiHaer e 58 habek Q¥ltaghlon LT R & SQREPRA &LRkr | S
repl aced by a“sec of conparacors (speedi ng conparator) 5 1 ndicating hOWC

far theld oefprange toluge &Veuad evieodint i on. 2) An additi onal speeding circuit
is included which can generate the RGB output blanking signal while the
cut-off control loop is not stable. 10 3) The 8-bit up-down counter is
repl aced by the 9-bit upVdawi eqiret erllead Tdpe *Rcaint DAC is repl aced by the
9-bit DAC. The working principle of the inproved circuit is Quite simlar
to the above descri bed

The black level is memorized using the 8-bit up-down counter and the 8-bit DAC. The blue

15 cut-off current is determined by the resistor Rcarh, such that:
Icb = (Vcut-off - Vieak) | Reath

The second cut-off line is used for the green channe! cut-off adjusmment (red and blue outputs
20 are blanked) and the same manner as described above, and the last cut-off line is dedicated
to the red channel cut-off adjustment (with blue and green ourputs blanked). The cut-off C

control loop can adjust the black level in a range of 2V.

The beam current during the scanning can be relatively high, and in order to avoid high
25 voltage on the JCAT pin, a clamping circuit will clamp the /CAT voltage t0 2.5V. At the time
of start-up, the circuit is in a warm-up detection mode, with waveforms similar to that
illustrated in Figure 3. When the TV set is switched on, the cut-off control loop is not active,
and during the three cut-off lines a white level is inserted on the RGB outputs in order to
avoid a white tlash on the screen at the start. As soon as the start beam current [start is

30 detected on the fCAT pin, the cut-off control loop becomes active and the cut-off levels are



15 conventional circuit, however the relatively sinple additional features
provi de very advant ageous effects in overcoming or reducing the problens
di scussed above. The inproved circuit uses a 9-bit up-down counter and a
9-bit DAC to repiace the 8-bit up-down counter and the 8-bi{3 AafeH200de
conventional circuit, in order to increase the resolution of the black

| evel adjustnent. Ordinarily this would result in an even | onger
convergence tine for the 20 loop cirguit to deternmne a stable cut-off
vol tage. However) the inproved circuit also enploys a speedi ng conpar at or
in place of the sinple conparator of the prior art, and adds a speeding
bl ock to g*%gd,}fﬂ.g dhd MReelcgQitk iR LRekeach stability when the TV sec is
swi t ched on. speealng conpar at or conprises of six parall el
.conparators arranged with different conparison voltages spread over an

operative range. The output of the spegdi conmparatgr, is f to a speeding
logic circuit which is ilr%f"ér_pz)‘gw 'bzt?exﬁgr{&?ﬁlfe COWpal’git%’F 'ér% he up-down
‘count er. The conbi nati on of speeding conparator and Logic circuit are used
to reduce the convergence time of the cut-ot'f control loop circuit. The
speedi n§ Femieasiag oF hp o RABCUERNt 3D2CHIEY B Aunifg I3l AP Wl A MidSEOttthe | evel
of the | ‘[_o\fphﬁ@sge within the operative range. 13 March 2003 Based on

t he speeding conparator output, the speeding logic circuit produces an
output to the up-down counter to vary the output thereof up or down.
Dependi ng_upon_how tar. away, from t he. stabl e val e the.circuit. i as
i cat edCHy PRI Bt AT b ARRT &6 Bt st S5 B8 i n Aot o
the count ehatd®a nBKHEATTArAWbal@CIBRST WictPard kA ise@belodsser anount. The 5
cconbi ned function of the speeding conparator and logic circuit is best
illusti@ted in Table | presented below. If the voltage on the I CAT pin is
far away fiyom : t.- ntrol loop is not stable, and

t he speedi)ng cg%é%%?{t)lpggﬁgétbkgﬁlsegglea&?%{gmﬁ%ggi c circuit will therefore
produce a 10 siGgnexhily, ahe taegedefhhd blagk dosindmermhes abautier Sase timare dhaorabase

t he out put cur t of.the t=0off control | t 4-tines the standard
Specd. Thi s enast S E AUREE. HECHSIRoR ShERSLK fis! BORSteR: R AL n
stability in azgsgaghy.reduced tinme, despite using a higher resolution

counter and DAC. In order to avoid the need to increase .the clock, the
speedi A§ i s obtained by nodifying the bits LSB + 1 or LSB +2 of the Up/ Down

counter. 35 Th dl i ] i I I RGB out put bl anki ng
si gnal to%)bl anﬁ°§¥§ﬁ%&‘q’8@%ﬁ& ﬁwg{ljg%uﬁpgﬁqén%?{%gé%%'asses t he counter
and DAC porti oin afwdriveatep@p6 stepscare treduired fanke tdnwedidiaboutpaff lasiperirctiineo
cut-off control Ioo%égs not .staLFI e. The stability of the cut-off control

| oop is judged B§" ¢ FRPIS TR IPIAT %‘Q‘?”Bertqc’r“@lﬁ“f:mbﬁoﬁ‘ﬁé“ B TEnB feAHRICY 8 di ng
conparat or 20 @iHeRivk muitbe AlISHLESS € the ARV Ereuil BHhcH e dniFRFp@M@0h diht!i§ Wbdut W | |

bl ank the RGB output whilst the |, cut-off control Ioog is unstable, so the
pi ct ur @%on t he28¢T1é¥vT seconsis (asauming aftagts frequeney eeyal topUHY).sec. This is done
(again, using the outputs of the conparators, as an indication of how close
or far from convergence the loop is. As this information is only avail able
during thd) cut Naf RGBionmpa) blartkingsis paeitied when tenut-otf eofidhe Ibbmiskidagasleat us,
until the next eration_of the |oop. In the inproved circuit th

speedi ng Logic 'erné'ilﬁct‘“ﬂ%é?rﬁrf’g@ﬁ'ﬁng? %% R GOmRERITAt HERUL $O°5 APt Bl?'“ktﬁé t hree
RGB channel s hagss bspeUtin @if ins@RR, SR Yichirk BE 1Rl scibf iThdtheble, Gl Md dtbuspeed
(+#/- 4 bits). This is a conprom se between providing blanking until all 3
channel2$ have ceR\aaRged Rigsures #ith siepghiodaricnatty ertopegan thgrgfage s¥s6ltt bl anki ng
time (but the display of pictures with still 30 sone colorinetry errors).

Figure 4 1s a block diagram of a digital cut-otf control loop circuit for one channel of an RGB
output controller, in accordance with a preferred embodiment of the present invention. Once
again, 1n the drawing, only the BLUE channel circuitry is shown, and the red and green

30 channel circuits will in practice be essentially the same. The circuit includes a number of



13 March 2003 _g_ Since the 8-bit DAC of the conventional circuit is
~replaced by a 9-bit DAC, the resolution of the black |evel adjustnment is

i ncreased. Generally, the range of the black |evel adjustnment is about 2V)
and since, in the inproved circuit, there is a total of ~ | t he
9-bit DAC, the resolution of the resulting black |evel adjug%ﬁgﬁgﬁ?ggﬁ
21512=4nV. In worst case, ' 5 when the TV sec is switched on it requires ~
12 steps for the cut-off control loop circuit to reach a stable state.
Since the cut-off control |oop works at the frame frequency, the worst case
stab~liry tine is therefore about 512*1/50/4=2. ~ seconds. Wthout the
speeding circuit. the case, stahil it [ e.. I ; C whi ch
o one oy oSG BT R L B0, A MR R et o SRE A e
speedi ng AP ahproodd RMdres peadiongsedi Heedinteldd: | cat i nput vol tage (V) CQut put of
the Speeding Circuit> 2. 126 ~down 4 bits2.046 ' 2.126 ~down 2 bits2.006
2.046down 1 bit1.994 ' 2.006stablel.954 ' 1.994up 1 bitl.874 ' 1.954up 2
bits< 1.84/4up i; t: t ? oZ ardkdh) Or der ¢
o avoi d 1 o1t o SeRTEa of TP SPERTPRoR (O AR cast
| step faindisatingstictkefar iedoamistfeae arstabdesoluupnexenpl ary i npl enent ati on of the
speedi ng |1 ogi c and up/down counter circuitry is shown 25 in schematic bl ock
diagramformin Figure ~, and the operation of the circuit is described

her ei nbel pw angh sddioha@speedingicirbuit B endl@edwdiichean BérRfaeehip RO dubi Yldkingr | or
arc applications. The circuit shown in Figure 5 includes nine counter cells

whi ch pr oU8ef WhEe Hecui-01d conERritipRR S opsiabls, .. | D~) to the 9-bit DAC. In
the prior art, eight cells are enployed and coupled in a serial arrangenent
with two clocks (Ck 1 for counting up and Ck2 for counting down) 30 C?
provi deéd s i nphetd-bio up-dewh eawttersis gepladedayt thé Pibitcup-dowrTdmineel [ s in t he <

i nproved circuo illustrated 13 March 2003 9 mFigure 5is arranged in a
generally simlar construcnon) although including nine cells as previously

ment i oneds) andriemeEE DA {sQgphieced syctetorsir DAd.he form of a col I ection of
| ogi ¢ gates coupl ed anongst the three |least-significant-bit cells. 5 1In the
prior arc, two clocks are provided, one for counting up and anot her for

counti ng I8 i o 4 is._nr i oL
A T B S R e Gt L
(i ncl udédyanvemionalx airplie ) hdwaven tbel felativelyi simpila mdtiiQkdl, feanres provideyviverys cel |

(A-1), with output . 1~ and i nput.Ckk~, . ~ t he f.oll ow | ogi ¢

Caual | on SRR SRS Ingbpiealtie utptsine e robiaps gl eRbg P Ak MREbTacer

function kigcu@xiRees 9t uptiokwiecoliret AR @ JI5tk DX C BOrePiace therB-bioupidewn\cakdier 1 1
XXX XCOdock: CC. . CC0O0O0O0OO Ckl (iin) counter becones: 0 0 .

.0 i X xR the §45it RAC phise sanyentaRaGircai) INSréfs 4 ATER WASCHRIFIOR etk wi t h
Cfiag), d?ervgl {djh REE. VBrhinahEA Joll8 Bt ifi ah 98P Pong& dofivitsbiteSid #05 wik are

unchange
20 loop circuit to determine a stable cut-off voltage. However, the improved circuit also

employs a speeding comparator in place of the simple comparator of the prior art, and adds C
a speeding block to reduce the time required to reach stability when the TV set is switched

on.

25 The speeding comparator comprises of six parallel comparators arranged with different
comparison voltages spread over an operative range. The output of the speeding comparator
is fed to a speeding logic circuit which is interposed berween the comparator and the up-down
counter. The combination of speeding comparator and logic circuit are used to reduce the
convergence time of the cut-ott control loop circuit. The speeding comparator produces an

30 output which is dependant upon the level of the /CAT voltage within the operative range.



20 For counting down in the prior art construction, the clock Ck2 is
. propagated as input through the counter cells on low levels (D=0)) until
the first high Level (included). For exanple) for a cell A wth input Ck2A

and a previous cell (A-1)) with output DtA ,~, and input Ck?3 M'a:ch pobge
followi ng | ogic eduation arises: Ck2~, = Ck2t,,_,~ AND D~, ~.,~. An exanple
of this counter function is expressed in the table bel ow 25 bo b, b~
Counter value: 0 0. 01 XX X XCogk: CC. . CCOO0OO0OO0OO1CcZ(iin)

counter beconmes: 1 1. 1 0 X X X X 30 All the bits where Ck2 propagation
was allowed (bits with Ctlag), are Cipped) creating here 13 March 2003
- 10 2@ -Haskd&Pthe Blebding\bdmpafdiHodipul (R PedtitpoBE @eculr@rodudts ah BRHOME the

speedi ng count er circuit of Fi gure 5, three up/ down countin' speeds are
‘provi ded. UPT@WQPWéOtVMsﬂ)\C QUIRUL EIEEROK UP 8T ST | BePCALing MROTROW fag away frgm 2)

ok RE il [ifpke Fethibbif Wtay Heticaed B w3RGERID coritkdor bubfipUAl ot 2 for

speed 2), count -+l or spee ng of t e reSult of
the speechxrugxtcmm:atsahomsunm seincehsenemtacyease by 1) grkaperr Eswpamagor Thot

ot se. T reogIe MU Bhertatos ot i aneT BECH By ENORUBCO CEoR b

during tt’@e@hgagbe@wl se. 10 Referring to Table 1 above, the follow ng
signal s can be derived fromthe speeding conparator outputs: Up, _ "up 1
bit" Ups "up 2 bits" Ups = "up 4 bits" 15 Dn, _ "down 1 bit" Dn, _ "down

2 bits" ! C | .td

counti ngqr?'?rh %gl oW n%gl %I}ae%% |lghg2\ga%ht§¥&lﬂ{s?ﬁ ég}élg%r C%L?O(@Fbgqgneﬁ ock
AND Upa Gkddie,=and Gﬁeo&pked@n‘t@:ddppsa:m é.x{dlthAIkiﬁbeﬂlng@giCIcircuit_ w{llGhereforsApbBdids.a~) OR

( D=AND Ck2a.=.d 0 AND Dna ock AND Dn~ OR ( D, AND
AR F e e Y A

expr essi ofphrre! Bop AP4-ERRDHRKtdndatdPes) STk BEaHIQAUHE irfhloGed dut-¥FfeomtRli gsbpt 0 t he
counter cells illustrated in Figure 5 30 An exanple of the counter function
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modifying the bits LSB+1 or LSB+2 of the Up/Down counter.

15
The speeding logic circuit also produces a RGB ourput blanking signal to blank the RGB
ourput. RGB output blanking bypasses the counter and DAC portion of the loop circuit to
blank the RGB output when the cut-off control loop is not stable. The stability of the cut-off
control loop is judged by the speeding logic circuit on the basis of the speeding comparator

20 output, as discussed above. Thus, the improved circuit will blank the RGB output whilst the
cut-off control loop is unstable, so the picture on the screen is not seen, which is better for
TV set. This is done again, using the ourputs of the comparators, as an indication of how
close or far from convergence the loop is. As this informaton is only available during the cut-

off lines, it is needed to memorize the blanking staws, until the next operation of the loop.

In the improved circuit the speeding logic circuit operates to biank the RGB ourtput if any of
the three RGB channels has its cut-off loop operating at the highest counting speed (+/- 4
bits). This is a compromise between providing blanking until all 3 channels have converged
(but a long blanking time), and a short blanking time (but the display of pictures with still

30 some colorimetry errors).
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X Where "X" states are unchanged, and the clock propagation is indicated as

"C'. 10 Another exanple of the counter function of the speeding counter as

shown, for the case or counting down by increnents of 2, | {ENF&E3EOEI N

the table below bn b, b" Counter value: X0 . . 01 XX X X 15 Cock: 0 C
CCOO0OO0OO0OO1 CZ (in) counter becones: X1 . . 10 X X X X The

i mproved cut-off control |oop circuiLg.described herei nabove can be

advant ageously 20 inplenented in an integrated circuit for inclusion in

TV/ video RGB control circuitry, and the actual design of the circuit
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accord to said
1.994 -~ 2.006 stable
1.954 © 1.994 up 1 bit
1.874 = 1.954 up 2 bits
<1.874 up 4 bits

20 C:

The stable output represent a "dead zone" in order to avoid digital oscillation of the outputs,

and is chosen so that at least 1 step falls inside this voltage range.

An exemplary implementation of the speeding logic and up/down counter circuitry is shown
25 in schematic block diagram form in Figure 5, and the operation of the circuit is described
hereinbelow and contrasted with the form of counter employed in the prior art applications.
The crrcuit shown in Figure 5 includes nine counter cells which provide respective D outputs
(Dy, Dy, ..., Dg) to the 9-bit DAC. In the prior art, eight cells are employed and coupled
in a serial arrangement with two clocks (Ck! for counting up and Ck2 for countng down)

30 provided as input to the least-significant-bit cell. The cells in the improved circuit illustrated



of difference in display driver current. 15 2. An RGB control circuit as
claimed in claiml , wherein the speeding logic circuit is arranged to
control the counting rate of the counter circuit, and thus the display
driver current, based on the output of the speedi ng conparagMareh 2893t o
converge the display driver current to said predeterm ned value. 20 3. An
RGB control circuit as claimed in claim2, wherein said speeding |ogic
circuit i, produces a RGB output blapnking signal whilst said display driver
current is substantially different fromsaid predeternined value. 4. An RGB
control circuit as clained in claim3, including control circuits for each

of 25 themg&w %ﬂgé&s ggnl && aréo% L%Bé?e;ﬂ' gggd Qiu8in 'rﬁ&euecmsegoduces

sai d RGB out ase e coun rate f any and/ or

.each of tphevxouulmlmnnmedcandtsseeﬂmlg Imngcxcnnhrqum tbdna:mxeira coblectiam d?(&xcgnm:s ol

—

circuit as ¢ inclaiml n the speedi ng conparator 30 has
a plural i‘ﬂ}‘p@ W‘ﬁﬁ&@eldﬁﬁq isia Hémééaé‘wﬁ\%ﬂj nt output and at |east one upper
out put and 13 March 2003 - 14 | ower output, and wherein said convergent
out put corresponds to said display driver current being substantially equal
to saids plﬂéh%P@fPfrﬁWaé‘do vlarigareneyidsg are dprenntag il apdanrother ioneeunaing dawn| i sed
by said s l.og / i of
the count oy Col e Y ek Tl s et Holfndoley HECORE, SALBR I A
wher ei n e(&);hlphmslahdﬁrqmw leagidintioderly. Huat mmld;(ﬁmrras&mlomdwitb imm:smk(k; ané up
and down bi nar n{{\rg? . tes f sai d counter circuyit RGB contr ol
‘a

circuit a"spﬁqvé T“Qﬂ" oA P H&l)uﬁ?ﬂfﬂkﬁw&%%&e%ﬁoﬁo

anal og oudraed: Gl-ilr EEEI [ aNiDopH 9~ Abiéxaﬁbfewidi@coumer function is e gressed in the
AP ASY?. AV A [ E?. AVED AT kY A nF. Al 3e. A 3e. Al F. AQ. A Y. ASY2( . Kbd! mx
tapie COW

b, b, b,
Counter value: | 1 1 . . 1 X X X X
Clock: | C C . . c ¢ o 0 o0 o
On Ckl (in) counter becomes: | 0 0 0 1 X X X X

15

All the bits where Ckl propagartion was allowed (bits with C flag), are flipped on, creating

here a +1 case. Bits with status X are unchanged.

20 For counting down in the prior art construction, the clock Ck2 is propagated as input through
the counter cells on low levels (D=0), und! the first high level (included). For example, for
acell A, with input Ck2, and a previous cell (A-1), with output D, ,,, and input Ck2,,.,,, the
following logic equation arises: Ck2, = Ck2,.,, AND D,,.,,. An example of this counter

function is expressed in the table below:

25 b, b b,
Counter value: | 0 0 0 1 X X X X

Clock:|C C . . c ¢ o 0o o0 o

On Ck2 (in) counter becomes: | 1 1 . 1 0 X X X X

30 All the bits where Ck2 propagation was allowed (bits with C flag), are tlipped, creating here
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Up, = "up 1 bit”

Up, = "up 2 bits"
Up, = "up 4 bits”

15 Dn, = "down 1 bit"
Dn, = "down 2 bits"

Dn, = "down 4 bits"

In order to achieve the multiple speed counting, the following logic equations can be utilised:
20 Ckl, = Clock AND Up,
Ckl, = (Clock AND Up,) OR (D, AND Ckly) <
Ckl, = (Clock AND Up,) OR (D, AND Ckl,)
Ck2, = Clock AND Dn,
Ck2, = (Clock AND Dn,) OR (NOT (D,) AND Ck2,)
25 Ck2, = (Clock AND Dn,) OR (NOT (D,) AND Ck2))

These logic expressions are implemented in the speeding logic circuitry coupled to the counter

cells illustrated in Figure §

30 An example of the counter function of the speeding counter as shown, for the case of counting
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b, b, b, b,

Counter value: | X X 1 1 0 X X X X

5 Clock:J0 0 C c ¢ o 0 0 o0
On Ckl (in) counter becomes: | X X l X X X X

Where "X" states are unchanged, and the clock propagation is indicated as "C".

10 Another example of the counter function of the speeding counter as shown, for the case of

counting down by increments of 2, is expressed in the table below:

b, b, b,

Counter value: | X O 0 1 X X X X

15 Clock: |0 C c ¢ 0 o0 o0 0
On Ck2 (in) counter becomes: | X 1 1 0 X X X X

The improved cut-off control loop circuit described hereinabove can be advantageously

20 implemented in an integrated circuit for inclusion in TV/video RGB control circuitry, and the

- actual design of the circuit components will be readily ascertainable by those skilled in the art
from the foregoing functional description and accompanying drawings. It will be appreciated

that the improved circuit can be extended to higher bit count, or increased number of
comparators for even higher counting speeds or different values of the comparators. The

25 limitation of higher bit count then is the complexity of the DAC, which needs to be

monotonous for this application.

The toregoing detailed descripuon of the present invention has been presented by way of
example only, and is not intended to be considered limiung to the invenuon as defined in the

30 accompanying claims. For example, the numerical quantiutes presented herein such as the
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the embodiment described and illustrated, do not limut the present invention to those values,

and the pnnciples and structures of the invention can equally be adapted to applications with

different voltages and using different valued components.
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L. An RGB control circuit for use in television/video display control, comprising:

a display dniver current sensor;

5 a counter circuit and analog output circuit coupled to control the display driver
current;

a speeding comparator having a plurality of comparator circuits coupled in parallel
with the display driver current sensor as input, for determining and ourtputting a measure of
the difference between the sensed display driver current and a predetermined value thereof;

10 and

a speeding logic circuit coupled to the speeding comparator and counter circuit, and

arranged to control the up/down counting rate of the counter circuit according to said measure

of difference in display driver current.

15 2. An RGB control circuit as claimed in claim 1, wherein the speeding logic circuit is
arranged to control the counting rate of the counter circuit, and thus the display driver
current, based on the output of the speeding comparator so as to converge the display driver

current to said predetermined value.

20 3. An RGB control circuit as claimed in claim 2, wherein said speeding logic circuit
produces a RGB output blanking signal whilst said display driver current is substantially

different from said predetermined value.

4, An RGB control circuit as claimed in claim 3, including control circuits for each of
25 the colour channels, and wherein said speeding logic circuit produces said RGB output
blanking signal based on the counting rate of any and/or each of the counter circuits for the

colour channels.

5. An RGB control circuit as claimed in claim | or 2, wherein the speeding comparator

30 has a plurality of outputs including a convergent output and at least one upper output and
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