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I nkJet Printer Driver Crcuit Architecture Field of
the Invention This invention relates to a new

of very flexible waveformdefinition and |ine-by-Iline
trimcapability. Background to the Invention

Pi ezo-electric actuators typically conprise two

el ectrodes between which is an elenent formed froma
piezo material such as PZT (Lead Zirconate Titanate).
The el ect r odeslngigh Drinterdhdver Circyit Arghifestirge mat er i al
into is induced a small nmechanical strain due to the
piezo effect. In the field of piezo-electric inkjet

pr i Pield6k the Beveédtionor e smal | pi ezo-el ectric actuators
cause the volunme of an ink chanber to change
monmentarily, causing a pressure change within the

cha 'invehﬁéﬁ reéﬁ%betﬁ al RGOS BRQUED forGRNnkieSptidter dbiveb8hip
ej ectron of a droplet of ink through a nozzle .
convapableaff veny flkixittie wareforrandobnition had Hnepl-dne hdinmgpability.
ej ected toward the printing paper or substrate. Oten
t he pi ezo-actuators thensel ves formone or nore of the
si dgavi@drbin@to teansBREger - In the field of high

qual ity drop-on-demand inkjet printing, typically an
array of inkjets are configured side by side and
trayerse, the r . . ' .
| nich e Sjog i BfARl iRy Bofplife b AL e Soa¥RED Gnfth i
subgt @Binkad oymédRomanmexohuREaliuoh bePAT ¢Eeddikiratnate
substantially the same velocity, .especially .when .suc
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n I spl ace romthe intended position,
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through a nozzle communicating with the chamber, the droplet being ejected

toward the printing paper or substrate. Often the piezo-actuators themselves

form one or more of the side walls of the chamber.

In the field of high quality drop-on-demand inkjet printing, typically an array
of inkjets are configured side by side and traverse the paper or substrate to
print a swathe of ink. It is desirable that all inkjets fire substantially the same
volume droplets of ink at substantially the same velocity, especially when
such a swathe is to be printed in a constant colour or density. Variations in
velocity can cause the droplets to land slightly displaced from the intended
position, whilst variations in volume cause variations in print density. The
human eye is very sensitive at perceiving any variations. Although each
inkjet is nominally identical, such variation can be caused by a variety of

factors.



factors. Piezo actuators are typically driven by driver
circuits which apply a particular voltage across the
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a driver circuit is HvV3418 avail abl e from Supertex
Inc., which is a 64-channel serial-to-parall el
converter with high voltage sh-pul | outputs. That
circuit has a 64-bit shift rggister, 64 | at ches and
control logic to performpolarity select and bl anki ng
of Rikeo ativgorssue IpineBl HEHeMPY friesticepiyWaich gaply 3 particular
th oifad€ ¥101%§§/ e ER %Jéglltlg }h%racjtdag]rtt@glo@p.' Hntex gle ofa
controF actuators I ndividuafrly, and especrally they

ar edrivadr cabhieistIdV B4iSoavailatde Eofd Sepeaidi lisd. nelntls ist 064-channel
i ndi vi dual actuators to_account for factors th i.ve.
ri sisr@bt%%rﬁléﬁliceﬂ%ér@é%%ﬁgh Yiliage @H%#PH%Q&‘P&E; Togtinege
varj At QNgit ts].lilﬁ\tre bl $41140MsRAG BhirSBBLE 6 berdriPpolarity
tol erances. To the extent that existihg drivers nay

al | slect and bladkiog péthielautputs.o control actuators

i ndi vidually, many aspects of such control are
hardwired into the driver, limting the ease with

whi ghyrsBie Wik ¥E5tenCdveRis At Bicsthak@ nb BEpabEfY bf BN S
of rapidly evolving printhead design. Summary of the

| nventityda contrelestreiamindiviguatly; #nd especialhy they eeeritat ghle ta
driver circuif i rovi -f rdyi

iR i ad Bl B Rl dollopPhe e . Bhtors tha
| Npgitve FRE td eaRitivhdTget®ed @adividiahhoziddsasuchtas vedationstieat arise
register for storing the print daltla in the form af.

ev effemanamal wapuipstiingtolerances o Tp dhe exient dhah srigingfrivers

out put, AfI6% 1&%&&%&%&%@8 %Hﬁtr&i%tcfﬁrato@ﬁfdfﬁhua@liy,r fhy bpects

controls the tim out put of event data according
to ebsuckspuomdianghadeirtd interiheglriiat,dimiting Seceselaith avhight h

GRS o R Sl PP o
prog&ggg whi ch conpri ses, together and

Summary of the Invention

In accordance with the present invention, a driver circuit is provided for
driving an array of inkjet printer actuators. The circuit has a serial input for
receiving serial print data, at least one register for storing the print data in the
form of event and event timing data pairs, and a parallel output for outputting
event data. Control circuitry controls the timing of output of event data

according to corresponding event timing data.

In accordance with another aspect of the invention, a driver circuit for driving
an array of inkjet printer actuators is provided which comprises, together and
individually, first and second circuit parts. The first part is programmable and
has an input for receiving print data, storage means for storing selectable pre-

programmed waveforms in the form of event and timing data, and an output
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i ndividually, first and second circuit parts. The
first part is progranmabl e and has an input for

sel ect abl e pre progranmed waveforns in the form of
event and tim ng data, and an outputfor outputting
event and tinme data pairs basgd upon the print data
and the pr e programed waveforns. The second part has
a register for receiving and storing event and time
dat &r puipugingsevigat ad tene éaie pairs pased BRRpie Pringdaty éwi the pre-
dat f t.rol
 BoeBliin G Rl ket Y L i BRUEGCH 1 by B0
ev estbriig 8vong anhtime dbtapait @rpmlleé n‘mpdt foeouitpodtingeent data,

invention is nQow described, by exanpl e onI

Wi tﬁldr@mgpéﬁé%n%?qrwerl@? Wﬁgesﬂmléﬁogﬂu 3? Pyset éfﬁ

t he, b anh D8ScdeSpontidSev@nttiffds dt-29r am of a dri ver

arc |tect%r eclﬁgécér%%nge wﬁ{éh the preferred

enbodi nent of the invention. F| g 2 shows the internal

hitect f the, d 3
b1 omPrElei EmPPRIGE P yeRten ey At BErelge”
f or e;an§16 60K, ¢8R encEtodthe &ra!vﬁn%‘.t i me di agram
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illustrating a typical waveformfor firing an
| nd| vi dual inkjet channel actuator; and Fig. 5

Si nliFet BrEi i BERRHAYHRCCT i 0t on of (he. Or awi ns

Fig. 1 shows the overall architecture of a driver in

accordance with the preferred _ enbodi nent si sts
of Higr | &3 blork gragramm Bl & dguTreTclitestyrq mpseagrd ilé?e Wﬂh@et ed

fn%néa' eglkbo\a%&%?ﬂ?alw&ftwl 12, 13, 14, each

nmpt enmented i n an application speC|f| C |ntegrated
Ci rEig' 2 shd\@% fb)e infetrel ERlEtectOe Réthealriar ASIG TS t o

' e_c 1s a élacl)cl% %5argria|1m dl?ustaratrlr%) a g S\(Ieerlltaln{i] %u%p ?stage ? atsglg ee
pri

channel.

Fig. 4 is a time diagram illustrating a typical waveform for firing an
individual inkjet channel actuator; and

Fig. 5 illustrates a conceptual model of FPGA logic for a single channel.

Detailed Description of the Drawings

Fig. 1 shows the overall architecture of a driver in accordance with the
preferred embodiment. It consists of a field programmable gate array (FPGA)
10 connected to four high voltage drivers 11, 12, 13, 14, each implemented in
an application specific integrated circuit (ASIC). The FPGA 10 has a data
input 15 to receive hexadecimal data representing the image to be printed.
The FPGA 10 converts this data into individual pixel data for line-by-line
printing by the inkjet printer. The individual pixel data is coded in a coding
scheme based on data pairs comprising Event and Event_time values. An

Event is an instruction to change an actuator driver state. For example to

storage neans for storiPgr/GB2006/001069



The FPGA 10 converts this data into individual pixel
data for line-by-line printing by the inkjet printer.
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based on data pairs conprising Event and EventJi ne
val ues. An Event is an instruction to change an
actuator driver state. For exgrrpl e tochange from
pull -down to pull-up with a particular slew rate and
voltage clipping |evel attached. An Event _tine is a

bi nehange feetpul}-Aewato pri-up With apariculy shew e andryeltage
Event t.i 0 r i . ..
pai CipbERy G RERE G S1A54) ShiS i HEwRhits i
14. tcShappen. WikeEosmrgirhocanebeapdbd &0l (ne resodlitiond (e data pairs
actuator. electrode .are_indivjidually specified a

ser er@§e[wer§ aqqthE\Yéﬁtm%ﬁaveE@SﬁS_ ? i é‘fp@m&%waﬁ@% to be

| 09b5Rled 36 (HdFYibhA aBfuatc? BRcA SRt AENERIRAHIEERA HYE series
gro of waveforns applied to an array of "actuators as

a whbdueh EventsmBdivamt risdelppirsighé logibabstdictwnbf,cinl eelatignship

t he, EPGA and not the driver AS|Cs. Therefore, by wa

of - PEFFOL R AL oA REv Rt arplie oA o BaaL s v Hole,
| nharapdtabiptd@bhed ind éddtrohadBy He PHRYLhAd Abt the driver ASICs.
requi renents and to differing nethods of conpensating

var Theretone bytvaty efaepiogrammaenheBEGAethe argdfigeturgiastag

| iPisa) gl RO B ot e R, il
I Npitethidds bbcorrpadisming NigiativenthateorduByeeweert holegai r s

fromthe FPGA 10. The input 20 is preferably four bits
wi de at 300MHz, but could have 12 bits at 100MHz (an

opt RERRN favrigpi ttﬁfgﬁué}'fxélfs%a?;é ﬁ*ea@]% argt i ng 14 HYERNer
and serializer/deserializer (SERDES) circuit 21 1s
shomode tafestitery TavhtAY Cswimgrisetarbmputid Gitorrecei e davert

is inpyt into an intern 22.thro .2-sta :
o ettt RIS PR 195 The iRt ap sfp iy fa it
22 iysdetnt 380MHL! bR doul PRKEA 2th7R a1 CONIHE Yar2dptahel Rw voltage
24-bit 66-stage shift register 25. Al so cougl ed to the

r egfdfeemntinby gealling di \cDS Bangyrssrializep/desepializa S ERBES) girewt2 1

a 3isxsha's%n,':cle'l:)%&ihggﬁ/tlpeu;eﬁe%{ed%%s width). The data is input into an
internal bus 22 through 2-stage memory/register loader logic 23. Connected
to the bus 22 is a 32 x 17 bit lookup table memory 24 and a 24-bit 66-stage
shift register 25. Also coupled to the register loader logic 23 are a control

register 28 and a 3 x 14 FIFO timer/buffer 29.

Logically, data from input 20 passes through register/memory loader logic 23
to feed shift register 25, which acts as a serial-to-parallel converter. (Together
therefore, elements 23 and 25 comprise a 68-long shift register.) Shift register
25 is connected in parallel to a bank of 66 identical 24-wide by 3-deep FIFO
registers 26. The bank of registers 26 is in turn connected in parallel to a 66-
bit-wide high voltage output stage 30, which is connected to 66 high-voltage
output pads 32.
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Logically, data frominput 20 passes through
regi ster/ menory | oader logic 23 to feed shift register

(Together therefore, elenents 23 and 25 conprise a
68-1ong shift register.) Shift register 25 is
connected in parallel to a bapk of 66 identical

24-wi de by 3-deep FIFO regi stéers 26. The bank of
registers 26 is in turn connected in parallel to a 66-
bi t Ivwresatipngfaty slordsrensistipg ot & seyge bdvenhfiwg apd a five bit

con %It%ge él‘g%lﬁgg il{i}\% ?lga'sﬁlﬁé Bﬁsg?% Qi"ﬁenfg\?e ReRTen? %o%elpits expanded to

operati on, consi sti ng a seven
Eveny ditaeiaaneloakip tableild bybubintg wlmge timK6 itk slowt e trim

data pus 22. The five bj _code | ded
o1 1 & B3 aihan POBRUDE £8P 458 RGBT 0T PRt PP

bi t op \%_)If[llﬁﬂé L \?eflcgd'iﬂméé)eﬁh&ft BPchcRBuBft hor1& Ateallodvs

bits). e trimfor a provides data to control drop
vol each teimdsetteigdoibe pxpardep émateanprgpriate casnkinatoert giiglew rate

nozzl nd allows. each trimsetting to be expanded to
an ﬁ’b‘g?’@fﬁg?%‘@%‘&gﬁlﬁi T B ew rate and vol t age
trimto give higher precision. The expanded input data

Is shifted into the 66-stage register 25, Data_in .

r egiTe expamgedhipuidaia isighifiad 1nto the o¢rsiagp eagishetdr - Blaapnt
pads, : ot y f oni . . .

o Reaf oy ef BN R WA RE s 20 B batOU B o
t he shafkonidatibh fput edlchtie nctive@vilitds dueksy It is then transferred
synchroni satign _pul se, a _conplete set of data is ready
to BHo thehaek obYIR\ 46k 26f FI FO regi sters 26, which
internally contains one identical elenent 40 for each
out put pin. The structure of each of these FIFGs is
showvith eveqy exatchrongation pulise, aRiogpl@e s@Bof date isizaady thbalpaded

t he FILF ' ter d il..ref i.s. made. .
ol oh o e EiGS s vpich e SNt SR i
11, eictheht 80 Bor chiiRltpet éﬁﬂ ThestiRpRE ¥ ERUI oTtiedse FORCeTs

| ogic 23 are shown a 3-stage control register 28 and a
shown in greater detail in Fig. 3.

Before describing the FIFOs in greater detail, reference is made to elements
shown in the upper-left hand portion of ASIC 11, in Fig.2. Coupled to the
memory/register loader logic 23 are shown a 3-stage control register 28 and a
3-stage A/D input select timer/buffer. The former is optional. The latter is
connected to a 66-to-1 analog multiplexer (preferably a differential analog
multiplexer), which has a 66-bit-wide input from the output stage 30 and an
analog output to a 8-bit 25Msamples/second A/D converter 36. The A/D
converter 36 provides a digital feedback signal to the FPGA 10.

In operation of these elements, the A/D input select timer/buffer 29 controls
selection in turn of each of the 66 analog outputs from the output stage 30 for
connection to the A/D converter 36. When each output is in turn connected to

the A/D converter, a digital reading of that output is provided on output 38 for

converPEr/GB2006/001069
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optional. The latter is connected to a 66-to-I anal og

woriositpd2exer (preferably a differential anal ogPCT/GB2006/001069

10

15

20

25

30

mul ti pl exer), which has a 66-bit-w de input fromthe
out put stage 30 and an anal og output to a 8-bit
25Msanpl es/ second A/ D convertger 36. The A/ D converter
36 provides a digital feedback signal to the FPGA 10.
hi operation of these elenents, the A/D inﬁut sel ect

t i nanalysig P thepBPGANLQ, i for EPEWY 1840 inass tor ethesr ddda drogsesing
t he I tsqfe . a

Coreh RS 8 QLAY 3 THOR ARAUBH et Rl such as
i S iempertiveCoBamEdneht,t or tahelysis Dbft osfleetioy in ahaliigitjeaprinter

readi ng of that output is provided on oufput 3
f or %&*&9@ £aspylegorie F’@Acﬁfd’,en&“gf Bﬁteﬁfpéﬂpfi%éf’a 33%090?%07-8

ot heﬁnﬁ?‘&% PS8 }rﬂ:glnﬁ%‘t PIREE Wi AGRRl AR BassiV8 TSipbdance
ul ar

parti y useful for features such as tenperature
meaddapstaiort andoMotina Feedtskdfontef laad Mlemitoring ) orefor akdlpsis of

printer actuators (as described.in co- din atent ..
PR RO B BRSO B O 1R SR B e oL o (R effiped in
Jet cDpbMiig WohtBntACipplieatdRd EBOSH6302/onPesi@ptifled method for
Adapt ati on and Motion Feedbak Control and Mnitoring")

or ¢siablishingydpe velumgcandadrop velosth &atregtiaigigawEsBentyin drop-
associ.ated. res . 8 (as described in
co- PEAGARd g%ﬂé’tﬁ%%%%é}ﬁ?@%%@%ﬁ- GB0506302. 9 "Sinplified

nmet hod for establishing drop volune and drop velocity
correction requirenpents in dropon- dermngf [ nli j et

pri Fig- Aghappar mdpddyal celifQ corfag, geedslets Al Bt Ale |
40 i pd ' i 8it§ 6f txpanded
r ecg)ﬁ\%gﬂ ggfg%ie% gﬂﬁigﬁisee&éﬁbgl‘é% Qg@igﬁet Aﬁﬂr}%@gnldt thepr_H7l °
bi t svent cededafitieseven bits ot exdha) timfhaee slociend thiough afseeendrit

ti are cl ocked thyough evien- bi Qunt er
oSS e LR A0 BT b SP B oF AR cvnt
expandat Qyart isisth® Bt 8iflcReliRetidA3) aa 86hibblitptd dulrent

| evel portion 43, an 8-bit output current portion_44,

a cberionddadtlempeneble por®ngdepnd; firstand seconddioiags/ silicaglol

rai {3it§: 173 b 117. These various portions of the output to the FIFO cell 40 are
coupled to D-to-A converters 50 and 51, a clamp enable line 52 and a two-bit
demultiplexer 53 respectively, all contained within output stage 49. These
various elements are in turn coupled to an output analog control block 55, also

within output stage 49.

Control block 55 is coupled to pull-up and pull-down transistors 57 and 58
respectively, these transistors being connected between a 65v positive supply
rail and ground. Transistors 57 and 58 have a mid-connection which is
connected to an output pad 32. Also connected to output pad 32 are pull-mid

transistors 62 and 63, which are coupled to a mid-rail voltage of 32.5 volts.

In operation, six bits of clip level data are clocked through FIFO portion 43

into D-to-A converter 50, and the analog equivalent is applied by control
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bits 46 and 47. These various portions of the output
to the FIFO cell 40 are coupled to D-to-A converters

demul ti pl exer 53 respectively, all contained within
out put stage 49. These various elenents are in turn
coupl ed to an out put anal og c?ntrol bl ock 55, also

wi thin output stage 49. Control block 55 is coupled to
pul | -up and pull-down transistors 57 and 58

r eshleek ¥ & tyansistas 87 eRdPS foseayse a alpeigd ¥olfAgsde bejapplied to
bet : i 4 i |

Tr b, SO S b ST RRE Yori B arARGEIOh B EPFQ
conptibe d4 aad Brtoochl cpnrerteasll,3Rd obitam andog eatted btosk 55

out put pad 32 _are pull-md transistors 62 and 3,

whi SNSe ECRFePeg slev gaty torPg 2pRlie 10 3 Pﬁ%%fetf%’ﬁmé’? % Ragies .
n i . . L . q
e S S A Cvs U vy e
t heneedatwlbe swjtihed) epthighs lapphidedilbyd bightingleBinsek Feseach

transi sto 57 and 58 to use a sel ected I .1 o
b SR Ba 45 eoRinigpey e B 4 i B bl o
congdcpk are cl ocked through FIFO portion 44 and D-to-A

converter 51, and output anal og control block 55
causes a controlled slewrate to be applied to voltage

trapsi tii f . ' :

et GO e R clfrag i bt B ot REgs Mk,
be madtgiheéirciarGeadundwrite ointérs tb thaithreandresponding 24-bit
hi gh-i npedance, For each event, a dega ounter 42

" eCBETIRBYBS e Lo &4 o THE TARPHVERBI PERIER FFETFHES ¢ o

oc CAS ve”%wg{— Qnfeds éo\llﬂvﬁ}llgﬁiyaéf)u QHOBEKS. %e:nsth@ccflﬁifetr Rethe

FI FO cont er 48 mai ntarns circul ar read and
wr i hendpditie quesie eBpitdseit flowethearadpqoted ioalvadeeh pnd new data

regj ster arrays, 4la, .41b & .41c.. The | ower .seven bi

of “tvend e aiheite s G e e RS SR Pty o

COUHeifagt Sawpuls¥ §meh ke EROMs8pBdmdni®] sxeadrc@far biiffer as

gueue expires, it allows the read pointer to advance,

anddessubethtlae data in registers 41a, 41b and 41c does not need to be
physically moved during its logical progression through the FIFO. (As an
alternative, however, the data can be parallel shifted through the FIFO so that
register 41a always receives the serial data and register 41c always outputs the

parallel data to the output pads 32.)

Whenever the FIFO read pointer advances, it allows new data to be presented
to the output stage. The code tells the output buffers which voltage rail to pull
toward, or whether to turn all buffers off for a high impendence state. As
already mentioned, eight bits are binary codes for current drive strength or
slew rate control, and six bits are for voltage clipping level. Each transition
can therefore be controlled in its start time, slew rate and final voltage. A
further “clamp enable” signal causes an output to turn on very hard to clamp

inactive electrodes to ground in shared-wall actuators.

a clanp enable line 52 and a two- bP€T/GB2006/001069
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themto buffer nore data on the next sync pul se. Wen
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descri bed, the data in registers 4la, 41b and 41c does
not need to be physically noved during its |ogica
progression through the FIFO_, (As an alternative,
however, the data can be parﬁ l el shifted through the
FIFO so that register 4la always receives the seria

dat Bheamlitive gileadion an¢ tosalwagnbened bitstfor elinpinglexel and sledt o
to the output pa . I | &
SR RAE S Rl IS SEpL 0 & EQ RSl Bitn
out fattbrssudly s whith ofole vbddesritrheptiont pret debidiedl @pen (she ch
voltage rail to pull toward, or whether to turn al
buf¥e9%).of f for a hi gh i npendence state. As al ready
nmenti oned, eight bits are binary codes for current
drive strength or slewrate control, and six bits are

f orFigo4 tlagyes lodw p pomgleteimkijct aBaetor pnkad D) cambeenroded. In

therefore be controlled.in its start ti sl e a
anclii o7 * Dse BgeoVA rray e il @l Ngfph I fime
Caugssy @, LHIREEwh Bvdndn 02 A& BN af eidl )i hdcd @fp event 103
i nacti've el'ectrodes to ground in shared-wal

act atainoy delqhe-2p| BadhvBvear hanpans drihafmercdiha Syngivdse vgach

bits for._clippin evel d f tq;
css S s pEYER Ay Ghe e Al R Sinos e |
de Fﬁﬁﬂhﬁﬁn aagy‘/ @9%6@1;1;7 twiee Ittzeﬁ&tenltf)dl lbhtvm‘enl‘sym mdbdsageE barit m
options are decided upon (see below). Fig. 4 sho how
a centismatlebelareing fo ora Was B?ﬂ%?aélé)%%éayéggms febekayiny

[ u . H tBe
2 priirlE R TP 4RRubE pp RO, RAY ki s locBfr e e
evegimelGac atrivd aeshdenaynd purpdse e BIRD witp desavpie the gate of

at tinme dela n+2). .Eac ent _happens.at t tinme of
© hemBy At TP AL AT SRR Plor g ARt oo g
val gengf hhdhe adPidta oMt ERWMBE RcumlHAE rédas ARt e
delay Is nearly twce the interval between sync .
pul emse withrsimplerrun-length coding. This makes the coding method quite

robust in a noisy environment.

Fig. 5 shows a conceptual model of example FPGA logic for one of each of
the 66 channels to be controlled. (Although the resources shown in Fig. 5 are
for a single channel, in reality the memory storage and much of the logic can
be shared on a time division basis.) Data bus 60 shifts greyscale print data in
from a previous identical circuit and outputs the same data on the next clock
edge to a successive channel via data bus 61. If the data so shifted is correctly
aligned so that it is the print data for the particular channel shown, then the
print data is transferred to channel data register 62. The print data in
combination with print cycle identifying signal 63 and optional greyscales
subdrop counter 65 determines which waveform of a number of alternative
waveforms to apply to the actuator. Shared memory block 64 stores three

waveform definitions in the form of Event/RunLength pairs, where Event is
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as shown (one purpose of the FIFOis to decouple the
rate of input data fromthe rate of output data to
allow this to happen). The cqdi ng nethod has the
advantage that it cannot accunul ate errors as m ght be
the case with sinPIe run-1 ength coding, This nmakes the
codipigalheinitbelsame faamabindescrited Provdously Brelatign fent .

Fi 5 ows..a conceptual nodel of exanple FPGA | ogic
fo ‘5”{?@2 'yyzg'éﬁp%%'t he 66 channels to be controll ed.
(Al t hough the resources shown in Fig. 5 are for a
single channel, in reality the .menory storage and ch
of ARumberpialismative weNsioEl dSEnH’&OP% FAY Rf %??@3-0 ﬁ%%%@@% n
Datg,_ I RYRRArht BEAdY! ol@loBe tird 6f4@Ators can
pré@f%ﬁ%d?%g%?k%gﬁn%?rcu%ﬁ;and ouf%u?s ?hersane dat a
on tehred exinyodnedime dfkis rajuires eashesBiatas eldstradeto ke daiven by
data bys 6 1. If.the data s hifted.is correct| w .

Al | e e FHEme e Ve sy A Fit Baeibly §pFapet e fring
par i e is SBaNRRLn $ bitiRel it BEDpdieink dodipletatiinycle
transferred to channel data register 62. The print

dat whéra itcenisjastie draplatilprevides! the Ryiné datajdemanels Gpeftpn of 2
signal, 63 ,and optio 3 :

et prieted pER bR sH YRR IhE R P AR ERID il dmen
vaveEnael i§ et @psihyintacdniifetadiciugicocle whivas @ thayegent y droplet
bl ock 64 stores_three waveform d%i [ tHllon thg_ the.florm
of midkn priwisetardpen npbdamand grshian 2 Aropledt ép diPessibIR
the i PG eV QUSENAnhE 1§ 8 ABdifntaO
Eve‘rh{?‘?egne%t m%czg%it?%?’%hﬁ’un‘ger of alter nat | veaals _
wavednaslate diefngriytieovisere éns iveves tegnized torgjectexdanplplebut ps
so-cal | ed shared-wal | rghi tecture print heads, only
onePicRlY Btiact (e WA ¥e fired at any one tine.
This requires each actuator electrode to be driven by
one of three alternative wavefornms. A first possible
wav Bf onany pringfig themyint data directly controls whether the firing or non-

firing waveform is alternatively chosen for a channel that may conditionally
gject a droplet. In greyscale printing, a binary greyscale value determines
how many sub-drops (for example between 0 and 15) are gjected in rapid
succession. The function of subdrop counter 65 is to count the number of

sub-drop ejected.

In the example of Fig 5, three blocks of Event/RunLength pairs are stored in
sequential memory A run-length group can comprise a constant number of
Event/RunLength pairs (e.g. (2, 3, 4 or 5 or more) needed to code each
successive sub-drop waveform). A combination of greyscale data and cycle is
used to determine which of the three alternative waveforms to apply in any

given sub-drop period.
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waveformis used when a channel is at a point in a
conplete firing cycle where it can eject a droplet

droplet). A second possible waveform the non-firing
waveformis used when a channel is at a point in a
conplete firing cycle where Lt nay eject a droplet but
the print data does not demal]i ej ection of a droplet.
A third possible waveform the adjacent wavefor [

! ] i s
us ebhaiteepssiy ¢hhnalle to sWilgh wayssprt Sqlwtlané’sﬁﬁeet%g]ﬁm ng
cycl e re J& 1S I ' i ect . i
015yl N AP P9 B i s
bi | drap Yopidarits ogattthessid puintda timedduragtd spbedyop potfied. This

whet her thefiring or nopfirin veformis )
al tr@ﬁlﬁgtm% ﬂe@d§ Fﬂ)@é‘?‘? g 10éeneﬁ,§ﬁﬁmgp/%%§ Wﬁﬁﬁfom_ encoding
go %@egﬂ?@é, khc€ hf{ﬁﬁoﬁ%}l gv@ngﬂ/ﬁﬁnLér[gﬂgﬁﬁYsseﬁ@ k&quiiell A8 106 and

ry greyscal e val ue determ nes how many sub-drops

(f omil2savhpie-doey perexl @xeanpti wheie aaveveéjravweuld alrepdyhaye had

successi on. The functign of . .subdrop count 6D .i

coL X o arteAr ot bt oS &7 el BatH T kel hfaen
of i Ghe Fataldhb@R] DbORES 1S FEGAND AR R HINCpiheRundesgth
stored in sequential nenory A run-length group can

congrreug/eombinenpipashov itbBig. diden(ifat WemEhYICRESSHEr s
(e.g. 4,00 . r t .
R e e
gr ehs e@l-Rndehisa Aarudidey elberactsr 6% dent “chige teayratieheveselting f
the three alternative waveforns 1to .g%pl\éhj n agﬁv iven
submariepeth &y SBRTaeHES 78 CYSTiRPC PBISE Ein| Wit ety et
WaVl%]‘B&r tﬁluﬁ GLIRE1IR0R RGINR §EmSinAerdh AR R8N ERMS rdRAGS the Rade
run-Tength groups preferably always start and finish

at Eubdioppedediy anipas inte thetEvehedatashaft pegister Wwih BvgutTime
during a suf-dr erjod, This requir nt | S I :
sori D1 STEAAJErE LR o8 ¢ onio VT B AR gy er i
per sRpet ds\EenBlineSyiatithe e EenEEME (RRRLAAGhO qpaielis

are required to "top and
advanced.

This mechanism produces the Event/EventTime data expected by the driver
ASIC, and this data is loaded into Event Data Shift Register 68 which forms
part of a parallel-to-serial converter shift register along with the other
identical channel circuits (not shown) and from which data can be shifted out

to the driver ASIC.

It will, of course, be understood that the embodiment described has been
given by way of example only, and that numerous and varied modifications

can be made within the scope of the invention.
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tail" each sub-drop period (except where a waveform
woul d al ready have had an Event on a sub-drop

the data channel 20, fromthe FPGA to the driver ASIC,
t he RunLengt h queue/ conbi ner pipe shown in Fig. 5
identifies when two successivge Event/RunLength pairs
code the sanme Event and conbines them by addi ng the
run-l engths. An adder/subtractor 67 then "chi ps away
at" the resulting run-length by subtracting 68 every
Syncc@g%se time. While there remains nore than

val uée as nuneric remainder in the run |length

regi ster, the sane Event is repeatedly output into the
Event data_shift register with EventTi ne.set o, zero.
When- t herediver |CHEWE fqy rivingean atrayiafjinjget H‘H’zefr?ﬁﬁléﬂf%
ren@hﬁgﬁgings output as EventTine with the next Event
in the quele and the queue is advanced. This mechani sm
pr oduces setiad il oy lEvaving isenial panbdaxpect ed by t he
driver ASIC, apd this data.is, l.oaded int.Q Event Da .
Shift R8 é?@?‘%’i Pog g%omfg élhe I?THF l%taﬁlaﬁ}e I‘g)f‘m gtf even\{ an(ti eventt %mlng
par abfaairk;0- serial converter shift register along wth
t he -ot her identical channel circuits (not shown) and

f r om whaehraligh entpufrfopeutswiing exendetat 8 he driver ASIC.
It will Se - iqapnt
descri bl EHEAET PEMRREEIhO ARy B ol PO IR

t hatacvudiag on sordesgonding ecenitishidd d=a4.i ons can be nade
wWithin the scope of the invention.Cains 1. A driver
circuit for driving an array of inkj et printer

act yat or sy ¢GRS BaccBrdafld WHth bRRKY, fiRthef @&ﬁﬂn’féiﬁ?a look-
serial print data; a register for storing the prin

dat apinmenpdre foostoning triew dait femddisndual aotiatdnsg

3. A driver circuit in accordance with claim 2, wherein trim data for a
given actuator is combined with event data for that actuator for adjustment of

the event data each time event data is to be output to that actuator.

4, A driver circuit in accordance with any one of claims 1 to 3,
comprising a plurality of registers in a parallel first-in-first-out configuration
for outputting one set of event data in parallel from one register while

inputting a later set of event data in series to another register.

5. A driver circuit in accordance with claim 4, comprising at least three
registers in a parallel first-in-first-out configuration, wherein, in a given sync
cycle, one register receives event data in series, one register stores event data

and one register outputs event data in parallel.

6. A driver circuit in accordance with claim 5, comprising a FIFO

controller for maintaining circular read and write pointers to the at least three



data pairs; a parallel output for outputting event
data; and control circuitry for controlling the timng

w@booenoqaot of event data according to correspoPdi/G§2006/001069
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event timng data. 2. A driver circuit in accordance
with claim1, further conprising a | ook up nmenory for
storing trimdata for indiviqafl actuators. 3. A
driver circuit in accordance ®With claim2, wherein
trimdata for a given actuator is conbined with event
datregisters, foraelestvelsensblingand djsglingiead ard wrEe wedestof the
data each tinme event data is to be output to that

act’ G865 4. A driver circuit in accordance with any
one of claims 1 to 3, conprising a plurality of
registers in a parallel first-

: _in-tir;t-gg% ..
conf-i gurAtdriysr ‘FW%G@EW@WE Wd‘ili’élélg’c 8F ¢ gher comPLsing a
par %Jnl:ﬁjon%ﬁﬁ& Hﬁﬁt fof fecibvale cHullSARALR h BEHCR cgﬁfeﬁ whefdin

vent data | A

of series to arother register. o
dr i theevait tiening data inacaredd iceontiol Hmih@ohevent epys wathiga

at least three registers i rallel

71 e mepter G g SR egen BrDRr i eatop magbo ot
SY Nfofe¥dittErenfrRBistedPinst AVed §aBIcYES. event data in

series, one regi ster stores event data and one

regi ster outputs event data in parallel. 6. A driver

cirguit in,accordance W |ai | SLOG: .
confir ol 1 &y SR geihof AR, o TR Bt G
POi Whefes the phfaflePduth@adinptikdseattagndtfer eachfaotuator, each

sel ectively enabling and disabling read.and wite
modekangel qomwriseg apapllel optpuiand gt jeast ong @aﬁtﬁ-tf"ﬁnalog (D/A)
acc %n%ﬁgrefowd)ﬁ]ve%%ﬂb ?aﬁﬁel@haﬁﬁ’({l bt &PIPaRig i1 for
synchronrzation 1 nput for recelving a sync pulse each
n clseikgayehesone pirzoelatridesteart the araypidak gt peuators.
arranged to control timng of event outputs within a
range greater than n, such that event data for

di f fer enty Afted frOliBinRYor@8nR Wit ¢laim 8, wherein each channel
comprises at least first and second parallel outputs and at least first and
second D/A converters, the first parallel output and D/A converter for
converting actuator clip level data and the second parallel output and D/A

converter for converting actuator current or slew rate.

10. A driver circuit in accordance with claim 8 or 9, further comprising a
demultiplexer for demultiplexing predetermined output bits of each channe] to

provide control signals for that channel.

11 A driver circuit in accordance with claim 10, wherein the control
signals include signals to drive a channel output to one of high-voltage, low-

voltage and high-impedance.



fromdifferent registers in a given sync cycle. 8. A
driver circuit in accordance with any one of the

w@e®@eaadi2oy cl ai ns, wherein the parallel outputPCT/GB2006/001069
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conprises a channel for each actuator, each channe
conprising a parallel output and at |east one
digital-to-analog (D A) convggter for converting the
paral | el channel output to an”anal og signal for
driving at | east one piezo-electric actuatar of the

arr b of Ajdsiver eircuiicin aseqsance grithyelgim | vierep the; comyol

acc | La \’&4}5;' ' H%gﬁ@l cﬁx‘ﬁﬂifﬂ@hﬂ ¢
co nééé-t?a ;‘T‘%ﬁﬁt&}é@ ﬁggfsaf %fsﬁgzng% toan eghé{:]% nd parallel o Satlsp Srt‘%
andingrmeéiatt vdliags betareen thedogidardd 1dwcaritages er s, t he

first parallel output and DA converter for converting
actuator clip level data and the second parall el

out pyit  apGiRefcraRVRE H%ing %\ﬁ 3%9 YEIki A Print HEL&brs,

current or slewrate. . river circuit in
accomgameeg:wi th claim8 or 9, further conprising a

denmul ti pl exer far. denultipl exi r.edet erm ned out put
bits ofgglﬁ’wgl?}ﬁ&rc‘fltpff%[{ﬁ(adﬂg%%ﬂ PP gnal s for
that ch@gmedgrathinabletitcM hak ico@piiting An AGRO fetasetving bHnt

claim 10, wherein the control signals_include signals
to drive a éHamtwrsonedsior Homrpsedgctahlgprerspeagied
| owol t age '! ?p—i : ih Y Qhta CAdaCHh dutddd £
accor dance &Q?%fgc al %Hg%%\%fgyéﬁﬁn@ﬁ%{% ﬁt o gilﬁgr%l s
further i ncbugettiagsvgnahd timedintavenitsesehgpondhe purtpiata and
to at | east one interned|ate yvol taggl bet ween t he high

[

and | ow vplih_ﬁé’é%‘l)m_ﬁ@"?m?i‘\e PRvEPIRs: 2Rg; ¢ for driving an
array Ofyel QhrcBit Atk @6m§4§é1‘r1]’%£ gggﬁateﬁfgmcéﬁiﬂ'g%nd@toring the

programmabl e circult par I xed circuit part

t he pr ogveatmambtime cdataqairs, qurarallet onipit &ir eytpatingrgyeet dats, and

receivin int .data, stora means_ for '

sel ect chﬂjéPog Icléc_nbl?rg é?fa%éafhn%%he timing 32 outpsi.ltt BF LVt data
according to corresponding event timing data.

14. A driver circuit for driving an array of inkjet printer actuators,
comprising:
a programmable circuit part comprising an input for receiving print
data;
storage means for storing selectable pre-programmed waveforms in the
form of event and timing data; and
an output for outputting event and time data pairs based upon the print

data and the pre-programmed waveforms.



wavefornms in the formof event and timng data, and an
output for outputting event and tine data pairs based
wapwn/16d2¢7 print data and the pre-programed WaREr/GBa®EH/001069
and the fixed circuit part conprising a register for
receiving and storing the event and tine data pairs, a
paral l el output for outputting event data, and contro
circuitry for controlling the timng of output of

event data_according to. correspondi. event timn
G 5. 13 R b e ort By SRR o ey R s
inkkg&?g§h§§er actuators, conprising: a progranmmabl e

circuit part conprising an input for receiving print
dat a; st @ragstentunmeceiung sndbytomeg ewsinbanditine data pairs;

pre-progra veforns in the form of. event and

P ho. datarie ARG 37 Pal b Mei @ g event. and
5time dat @op@blr@rchRsefdr bRmIdllidpethp tinfihg 6phdp@ T cvbg data

pre-progfanned wavefornms. 15. A driver circuit for

dr i Wergding to cerasspending Ryt tipyngdas- act uat or s,

conprising; a register for receiving and storing event

and tinme data pairs; a parallel output for outputting

event data; and control circuitry for controlling the

timng of output of event data according to

correspondi ng event timng data.



