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Inkjet Printer Driver Crcuit Architecture Field of
the Invention 5 This invention relates to a new
architecture for an inkjet printer driver chip

© capabl e of very flexible waveform definition and

line-by-line trimcapability. Background to the

I nvention 10 Piezo-electric actuators typically
conprise two el ectrodes between which is an el ement
formed froma piezo material such as PZT (Lead
Zirconate Titanate). The el ectrodes agply an electric
field to the knlics@rintes Rriyer Circhifrahitccuty p) |
nmechani cal strain due to the piezo effect. In the
field of piezo-electric inkjet printing, one or nore
srikld gfithe nvehtiGiri ¢ actuators cause the vol une of 15
an i nk chanber to change nonentarily, causing a
pressure change within the chanber, that, when |arge

e”ﬂ&il eftidh &ﬁ%&é'téahantaﬁ%@d;@fetfopﬁ] ﬁat% pﬁ!rﬁt@;pdhﬁierelﬁl . nk

hrough a nozzl e conmuni cati ng w e chanber,
d raphide obedry @embmwfoméﬁi@qmdﬂmﬁﬁmlﬁ@ tﬂﬁlp‘élaal@ ty
substrate. Often the piezo-actuators thenselves form
one or nore of the side walls of the chanber. 20 In

t hBadligRbihdio the Ghventiahi t y dr op- on-demand inkj et
printing, typically an array f ~ ) of inkjets are
conflgured side by side and traverse the paper or

S Bk &g lefirib Qetitbi ty@cANPLIMERE thd k,lectkédels. Botdesi wakkhas | iy

nkj ets fire substantiall %t e sane vol une
d rmptlem&td@rmadlfrcall apidzotmeateniad mw,h asfE Thaed Gisrameie y,

ST, i BB JAAY o SRUBE IR ® chOrHBrRE U e

ar | a Ions In ve
C a!ﬁl sﬁi@ﬂl SRclidafallstopt éicstotihe bﬁﬁd efftci. ghit thy fielidsy b&ze@lebh‘mn

the i ntended osition, Wails ri ions in voI

calnkist pARTRS PRNY PR STINPIESr et & it Reriel oo g of

VelLy uﬂ‘t%ﬁﬁht)ér\f@ cRdngP Sonfinvirlg, cafidiny & pte@étm'@ﬂfangé’dﬂithﬂuﬁh
is nomnally identical; such varjat

each in {yg [ or}

c ashambes dheicuhanlarge gapuaki garpfesulin the gipgjog of g droplet of ink
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. ¥t 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
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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.



Pi ezo actuators are typically driven by driver
circuits which apply a particular voltage across the
el ectrodes causing the actuator to nove. An exanpl e of
a driver circuit is HV3418 avail abl e from Supertex
Inc., which is a 64-channel serial-to-parallei
converter with high voltage push-pull outputs. That
circuit 5 has a 64-bit shift register, 64 |atches and
control logic to performpolarity select and bl anking
of the outputs. A problemw th existing drivers is

th [{1&)6 .capahpi | i ar Iimt-4 ability to
co ﬁl?l?% acé{&%}'f\?x 5 ﬁgplgaﬁ.ﬁrl Vet % WYG%’?HW&W@&P apnly appgigular
ar evaliage adrbs thoeld@rodB AL Ak loyst

i ndi vi dual  act u:uors to ac%oueﬁatc%afot?t?lgig't‘}%rgﬁgﬁéﬁ?ﬁg&f%e

ri SEVEHCITEI 18 HiVE1E8 pestlkle frommSuneiridn Zitc. ndzah B3 64schalnas

vardeahil L S8 i fil: rmal manuf act ur ..
Vol PO FardgFdondeh Sl i VAR Bl PHb O Rt PO cirayie
al |hasa gﬂﬁ:;ultm wegisten d4i lhighdsaind ?Bﬁt&ﬂﬁogﬁ@ tdlﬁérfl%ﬁ polarity

i ndivi.du . hma aspects of such control are
ha%&l\\/%draélabll%mgt#ﬁeo‘inﬁv’&, limting the ease with

whi ch 15 such drivers can be adapted to the

requi rements of rapidly evolving printhead design.
Su leg with exiptingdrivierris fat they Aevonaieapallin dihiniihe
Pr @8R td ' - drj.yer circuit.i rovi ded for
i o o APl Bl ot oG acvmis T

riving an array o
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data, at ‘I)eas.%iraonlze)e re%i,s .er for storing the print pgdﬂg?ga
i n 8K ESC Y YA PISRAER R vidvaliozelesrishgh erarasiatberisitisat asise
a_ midkehdralal Outhubdai toRpnRE UF nLrol
circuitry controls .ﬁg timng d;%egg%épu atge?isev%%’w%f%t a
25104 cHPHiliwgtad sapabillite penmitioh aoteatemstindividiiaty, dahg aspebts
acePERAREIM LR t of the jnvention, .a
driver cir cuiay‘!? or dri v?oﬂggglgﬁera %tﬁlgg*ae ?ﬂﬁ?(fvétg%?&ht er
ac Buskitdsivsrsican pe edaptiddo vitei requicaiiats &FespidlyRUsk el praftad

i ngés‘t(é'ndual ly, first and second circuit parts. 'Fhe
first“part is programmble and 30 has an input. for

receiving print data, storage nmeans for storing
se%ect abl e programed waveforns in the form of

ev W%H“fﬁ}rﬁe%elﬁéﬂﬂa, and an out put

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 serjal 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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3 for outputting event and tine data pairs based upon
the print data and the pre- programed wavefornms. The
second part has a register for receiving and storing
event and tine data pairs, a parallel output for

outputting event data, and control circuitry for

controlling the timng of output of event data 5
according to corresponding event timng data. A
preferred enbodi nent of thé& invention is now

descri bed, by way of exanple only, with reference to

the oﬂflp@wﬂgga%enﬂagd Bihedat 3096 blafdl upon e frite db¥aani A%Spre-
Fi g. is a block diagramof a driver architecture in
apogrampebwayaferms dlhesecond prd haewinasiterdor reeelving and

[ ' ' t [ j- f

¢ R b e S BRUS pREUM B Gey SRERBEEIM S
i hddisonkral diRgritay b icugifol Bmglihe titiing oShape of evera datangl e
channel. Fig. 4 is a tine diagramillustrating a
t%ﬁ&%ﬁgwgﬁéﬁ%ﬂ%wwﬂnﬁ@gé%& i ndi vi dual i nkj et
channel actuator; and Fig. 5 illustrates a conceptual
nodel of FPGA logic for a single channel. 20 Detailed
Déguefeptd embodimehtollhaiwive®nis gow Aestnibed, byheayoefer al |

archi tecture. of driyv i n_accordance with the

o PETIE SV HisR ErtRies e UBRDESY's of a f el

programmabl e gate array (FPGA) 25 10 connected to

four high voltage drivers 11, 12, 13, 14, each o
i BplebRerriptionpidhe Bsavingst i on specific integrated 3
circuit (ASIC). The FPGA 10 has a data input 15 to

recei ve hexadeci mal data representing the inage to be
pFigal éva bloth diagranoflDdriven eshitecturh im agtardanéewvh the

St Byt £ BBl 7 Ut piel ot s
cBited showathe datbingl Achikchensf haddderASICadfFigai rs
¢ %ng r3 iisS !a Ql%clggﬁtgarg Hﬂlstlga\tﬁlgta‘&l{vgp gﬁdvoa%lltlla'luetséfage/_\?or a single
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 ' 1 }

Fig. 1 shows the overall architecture of 2 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 {o 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
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Event is an instruction to change an actuator driver
state. For exanple to 4 change frompull-down to
pull-up with a particular slew rate and vol tage
clipping level attached. An Event tinme is a binary
coded tinme at which this is to happen. The Event _tine-
can be coded to | Ons resolution. The data pairs are
delivered to the various driver ASICs 11 to 14. Since
wavefornms to be 5 applied t% i ndi vi dual act uator

el ectrode are individually specified by a series of
such Event and Event-tinme pairs, the |ogical structure

of chaggefrpm) Ialﬂlrmhiomuﬂbmwéleﬁpmeulgrmrm andavodtage ms
2Bk b RS0 AL 5B S et

n oto lidpperd r‘]hee&'veﬁsShﬁ@ can b& ecichﬂ @ E0ns b&so‘hﬂﬁono fThe data pairs

R s b e LS e oAt o b
F e gi7e® PRRHR i@ adifats) éléc%rotl@ Qre ﬂ@%ﬁg@ﬁr @tﬁmﬁe e f H §3’Eés ng

variations that occur between nozz
Fi gf sugh Evene apch Everigimepainscthe lagicl stemthre Alagd iélaﬁounsh'hﬁ

in. drive ustr Each ASIC co

| i eGhe SRR tore Bt e i e e e
fr &mubdmuEH’ﬁ&eﬂ:&d ahti@ohtffiletl b2 6hd P (A eh@hatthy dfi@ARICE S
%ﬁ?}ﬁ'ftgr gOI\/Hz but could have 12 bits at 100MHz (an

opt By O tenyeeramnsdhe HPSA, theiagehalertiirghas BYDS)

an ﬁnhéx%ﬁﬂ AibptaBili rﬁﬁgQg@ :
shown, de %ndl ﬁgﬁgﬁ%@% i’g‘lgeeﬁ'((’: méﬂt%&ﬁt& dlzl‘%enné ta
i smiefhpdr of qempensating varatioal thateccaPbetheauizzies st age

menory/regi ster | oader |ogic 23. Connected 20 to the
bus 22 is a 32 x 17 bit | ookup table nenory 24 and a

24Rbfetm:@ﬁe ﬂ@@etheshﬁeﬁial $tegiust e cad® ASAC 30 t€ D4 @flef O

t he ter %r?elt f(glc 23 are,a control . register
2GR AT “‘fz’feﬁh FEGS{G ARPPIGE R ipoigR0 toggreiv thy Everat o
f'1 840 EvepAkimé PaRa &S 8SthE RPGUAMD. FeQ1;STue 6 FEsTRS:

| ogic 23 Z25(‘;2}&0 feed shift regi stn?rlﬁZ(% V\hle%:,ablbg%qg&gss

a WileiahpOQMER i cowd hewnlditsaf 10QMHg arhentiongHewebbiags

. St DvORTHLS Mo LN AR ool

of is@Bownd dapdnditlg @vtheiselecttrl/bi3 -vwidédp 'F]heF«ﬁta is input into an
internal bus 22 through 2-stage memory/register loader logic 23. Conmnected
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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regi sters 26. The bank of registers 26 is in turn
connected in parallel to a 66- bit-w de high vol tage
out put stage 30, which is connected to 66 hi gh-voltage
30 output pads 32. 5 |In operation, data words
consisting of a seven bit Event tinme and a five bit -
Event are clocked into the data bus 22. The five bit
Event code is expanded to 17 bits via the | ookup
tabl e 24 by adding voltagestrim (6 bits), slewrate
tr|n1 (8 bits) and an action code (3 bits). The trim

r mul %r i des, data to control

Serighy

Horsen g o Sanien vitaiste P ol a TR

al@:bémrére B6kBd tdth MeRtalUud 22! ThBEive bRIIERGoli®isdRpanded to
appropriate conbi nation of slewrate and voltage trim

t &7 gitwahh@n@kupﬁahle 24 ibyaddmp&oksgedrae@ bita) glewgatedrims

r@gP 15584 B Rl S b AR it P ol to B
pagts Vﬁ)ﬁnﬁmﬁldl weldcitq imidpéndenily sqtmad:lr anpeabrzde andglaws
which .is active every 68 cl ocks [

.th
t Faghdriay sl tp Re gxnepdediq iR %PYOPF%CP@%P@? of IV (Ris

e D b hioBBr RYkisien. @ conplete set of data is

r\ég%%ﬁ% o%{ﬁedg9 SIprE!)y1 tﬁe bank of FIFO registers

26 V\,hl ch | nt ernally contains one identical elenent
for C t put. T r t hese
Eﬁﬁx a ed'] I%cfz)ilyanls gfgjgcgg nﬂg c}é é(iuﬁ(fflq% IQQQErf? or e

d e@g@mn{nsm@vms it @sis aﬁgxgﬁe;aﬂeaiutpiﬂtpadﬂ 32 ail‘Eifle mnxee biys

made to el enents 20 .shgwn in the -1 eft_hapd
PSRRI WHioR 1SPERT G BB GISF B I peraielerod

”%%Wéﬁaﬁﬁb??ﬁfokgﬁ%%zé ogi ¢ 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

gggﬂ}‘f% ?g n}%u + g%dlseag%ﬁgllegg)‘gg¥ %ﬂia &%aﬁﬁggﬁgmﬁw
6 Gylhhd bamkabémegmtm% t\ﬁaclomtqgmnymoagmsmemuaﬁ 25

calrpet 3 g hluply e e IR gi

f QRelPRaKersitaNRkailia Figde. FPGA 10.

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 differenfial analog
multiplexer), which has a 66-bit-wide input from the output stage 30 and an
analog output to a 8-bit 23Msamples/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
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"bits of expanded "event code). The seve

“anfVeRtf

In operation of these elenents, the A/D input select
timer/buffer 29 controls selection in turn of each of
the 66 anal og outputs fromthe output stage 30 for 30
connection to the A/D converter 36. Wen each out put
IS in turn connected to the A/D converter, a digital-
readi ng of that output is provided on output 38 for 6
anal ysis by the FPGA 10, or for FPGA 10 to pass to

ot her data processing equipnment for analysis. This is
particularly useful for features such as tenperature
nmeasurenent, or analysis of reflections in the inkjet
pr ianalgsis bache EPGAS1(, as foeFEGADENtd pass do pteddag
appli.cation GB0506307.8 5 "I nproved Pjezo-Electric_In
T PSP g FHOAR | Jioa P PREURIE NoHpbdtn Batines such o
Adggrdratirt aResuMMdn®Nomags hak o@q@HE&ionfriﬁi DHOGA bhge

or for analysis of ‘"actuator resonant frequencres or

as selrtatse day dstomihed 10 tawewlisg (waterdegmplictimd IFB0506307.8

co«pend i icati-on GR0506302. 9 " Sinplifjed
or RO e RS BeRIR vePRb O B ARBYSR Rt Pepeeits
c odeptatiom andNistive Fesibak iQonttoDind M@nMﬁ@?mn@r bidlydi€bs
printing appar tus"%_. Fig. 3 shows an_individual cell
40 2EBHPETRPHG: Fesibutiss ar asngiatamesonap Q-festors (alossaibed in
[ CeBipReng4phiits ppfdrisk BGOSR ol 1
I ¢ Its of even
t | fEfallishing| dser eelumk reod grorav e esighedsiettidibredeirayentoinndrep

poLti - af: . b~ 40. The 17 bits of :

exggr?gglaﬁ%\?gﬂ?ttp%gg{%%%%a%ﬁ %cked into a 6 bit clip

| evel portion 43, an 8-bit output current portion 44,
a cla enabl e .portjo 5 and first and second vol tage
a1 BBREPE B Rl G AoRpmin, scis G o ddo el Hlcone

of Clabeciptdopivts 240bilsithe bbiel tiedventifind

Dto-Acé:a% verst ers1 goe-and 51, gncl an%ﬁetﬁlggrgl{#&n%swed

LEQfts)-bit be SHeniinsnticy gt des are glopladisbroughve bayen-hiil
coaélal BsfreMpbitoR 49k GfétFIﬁf)Z:gﬁ 4891nd ([l;ﬁ Elgsu?tv e%ﬁ%q%gé event

el ements are in turn coup to an _

cofittp are dickeding®a 6 ditstip leviet portiondd, mn 8-t ageut4Brrent

tcsg‘?llil?é ttlg,lragﬁér}f? g%a:gfeég)%lil rl t%j al{do ﬁrgtua!nld_sgg)ng D/gl g%lrlai_l gc?nvt\gl
bits 46 and 47. These various portions of the ouiput 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 volis.

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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25 respectively, these transistors being connected
bet ween a 65v positive supply rail and ground.
Transi stors 57 and 58 have a m d-connection which is

connected to an output pad 32. Al so connected to

out put pad 32 are pull-md transistors 62 and 63,
which are coupled to a md-rail voltage of 32.5 volts.
30 In operation, six bits of clip level data are

cl ocked through FIFO portign 43 into D-to-A converter
50, and the anal og equivalent is applied by control 7

bl oc tot stors 57 an 8 t.o cause. a | ect ed
VBREL 52t it o fdPee Sk sebereqpftitnt e aposcR of
Sh&VBZ. AigriBANLY Bils ASRwIhRCSRALRE ei%elkbdﬁhl%Qgh PAfG i on 44
and D-to-A converter 51, and output anal og control

bPeréikn 44 and Reie e cenveren ylo M@@ltslﬂt@mllogtcemtd bbhek&ppl i ed

oA GRRERNR HUER L e Bt G il 5

ne‘eﬂmltbus 46, Anind el eldterRing thehsvgtchuigwwe 0 WhicRbhd :@@d

A G PP s bieh 1 R G TR Fohedeh 1 o

0@%[ a dla&e;@@ﬂxﬁlﬂe@ &Ebr&@ﬁﬂe g?éc?s)é tﬁl%%ltvﬁﬁtﬁl the trfsi®on is to
furt Rer FO control l er 48 which mai nt al ns

cheml ar read and wite pointers to the three
correspondi ng 24-bit register arrays 41 a, 4lb & 41lc.
The | ower seven bits of each register are "live"

dQuupledtonthe daay onintent kil isy faahtHIRQ contreller Wh evhidbhe
count d of the Sq[ueue expires, it all

tH’é‘mrter % Bjaﬁff'élflafl WEER BRRIETS 19 the theas, caupspopding 8419@

re;&t&ﬁhaﬁs41tahﬂlﬁ&&@@| PhERD WL Sveh Bits oféa%ﬁk thhgdn to
nmore data on the next sync pul se. en the

"idewprephuetpe speienually sownting . Biendhe epgmter at the
dﬁéa%rdf*ﬁ%d% Eé‘&p‘i‘@%fi‘t ARG &%{f@émf’e} iflad %ﬂr& i eév]'&ata

oes no eed t physi ca noved durin
| tgvecabd @rtod thessioointddhregistdus frbemfthém to(b&ﬁfeamore data on

ernative,, h ve dat e para hi fted
CHeaBR b et AR b S s tisdeR el S At Rl By s
I e€iivas tHelataSe képgidterslal @ 428 dmu 287 &de8 hotdked &b BaY'S
outputs the parallel data to the out put ads 352
physically moved during its logical progression through the 0. (.
alternative, however, the data can be parallel shifted through the FIFO so that
register 41a always receives the serial data and register 41c¢ always oufpuis 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 confrol, 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” signai causes an output o turn on very hard to clamp

inactive electrodes to ground in shared-wall actuators.
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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
25 toward, or whether to turn.all buffers off for a

~hi-gh. i npendence state. As already nentioned, erght-- -

bits are binary codes for current drive strength or
slewrate control, and six bits are for voltage
clipping level. Each transition can therefore be
controlied inits start tin®, slewrate and final
voltage. A further "clanp enable" signal causes an
ourheutlative dllocati@nanddotpl iwaniskr bdbitd fonplippdde lemeland vlew

el ectrodes to 0 i n shared-wal |, act uat . S._ The
r SRIGEAG At 5p3eBl t?%ﬂgﬁmﬂ& 33@3?“%& b dipiEpd Sepepping on
cl f’fa@@fs et @s\’\ﬁllncﬁﬂfltw% FMagé Bnf otiths RS dRRRE Rpdiifsee and

erent allocations can be designed, dependi ng on
fdwfmf)s such as which of two voltage trimoptions are
deci ded upon (see below). 5 Fig. 4 shows how a
conplete ink jet actuator pulse 100 can be encoded. In
t hirig. 4:&1&@salo|wi s plste Stlojehadtietyti ;milseg 00 bareke ¢hceddds Ina

|| 01 at t d |- -
g&éﬁt"a ie i a’é’ﬂ‘é%“qgﬁ‘#‘je E"%{'ﬁ% aaP“J:‘r I %t\}ggﬁ?%‘g
at detlatégﬁ) Q%Juﬁydo(.ﬁ"'e%)zmt o2 1K @Rt tyfcﬁeplgeﬁﬁt Adlarhp Bvent 18 Of

pul se which 10 transmtted it, delayed by the

v it @@ecsi'elaﬁfl{é+?7) tHach Eeertyhapprnaethe tigiernd dhe $ymc PR
pe!#ﬂnﬁtﬁed%aélaﬁ?&w t‘ﬁ? VA€ of Pf h g[el?\{gérl% | ng‘ﬁ@%ﬂ ShE¢the

ses ve not i ona 0 ‘one sync
pendtutadeldyds dedrbytsided the midrng beexden Efmr pul:mx,aammheur

event allow n ed.events to. _occur
opalD Hstorineclo cf s aierat TRl SR B as of

t hﬁmﬁbﬁ@v‘eﬁt 100),386RHR® tb iR fahRd @bentdtol dé@lh&twﬂﬁﬁ ghef rom

the rate of output data to allow this to happ % The

c OUMEEYGRAIOE S KRG (oae Rutpaa elfhe FHX isite d%"é’ﬁh’@t ¢ rate of
a
Tl fork W Aol Rl nisSe Rl THSLIBHE,
r obetbod has the adbiagiage thal it oamrehtccumulate errors as might be the

case with simple run-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 correcily
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/RunlLength pairs, where Event is
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20 Fig. 5 shows a conceptual nodel of exanple FPGA
| ogic for one of each of the 66 channels to be
controlled. (Al though the resources shown in Fig. 5
are for a single channel, in reality the nmenory
storage and nuch of the logic can be shared on a tine
di vision basis.) Data bus 60 shifts greyscale print
data in froma previous identical circuit and outputs
the sane data on the next €l ock 25 edge to a
successi ve channel via data bus 61. If the data so

3 i ks it ohSe t he print
B B T oo 1S P e
diEneat/EgertYamesparsr ed t o channel data register 62. The
print data in conbination with print cycle
i dentifying signal 63 and optional greyscales subdrop

CAWiinBEr dFalteRhevdRRTorddHRiNAY 040 tefeda FOHEREIHIOH
alternative 30 waveforns to apply to the actuator

Steareded sharask yalb pushitecbre srinirhegds, Rplyeneligdectpators can
L nit . _ _ .
LG Bl I AT U AR 5 o
daraf ithredal preative wsvforms. r & fiattipossilile wakefent/ the ritdi ne

airs. Anu r of alternative waveform definit.ions
QAP efm % BRIV IR LAY AL PRI B R P RRIPAEAPEd. el |
af Bk 1tRE Hieét Prbplet HeREdod (RPN ddiidnds ghetamiggat or s

can be fired at any one tinme. This requires each
abrepigh oA ssresisk passiblewavsorgy the aan-fying gr@vegrmihised when

el ) . h
rit BB 3 AL Rl Gl R k) B
i utaheqoinp Hath doés mdt dgmenytdjectiontod p drapietc dnthajl possitde

dr opl_ et royi ded th rint a demands ej ection of a
Tt B D e B el S SFRRR s o
N@tnglété Fifigg W16 WBERDit 8 ndeR deqified to gecthadioglkt s isat a
point in a conplete firing cycle where it nay eject a
detersically adhapent Reong W B3 2 does not demand ej ecti on
of a droplet. Athird possible waveform the adjacent
waveform is used when a channel is at a point in a
cloriphasy prifiting thg priycdate dirrstly conirdls whether the Sgug perpnt-o

ki w%gc_&%f’is%he&%véﬁ cHoRePRY SichaldeY nAfkag eilditshaape

[
gject a droplet. In greyscale printing, a binary greyscale value determines

how many sub-drops (for example between 0 and 15) are ejected 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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In binary printing the print data directly controls
whet her the firing or non- firing waveformis
alternatively chosen for a channel that nmay
conditionally eject a droplet. In greyscale printing,
a hinary greyscal e value determ nes 20 how many
sub-drops (for exanple between 0 and 15) are ejected
in rapid succession.. The function of subdrop counter
65 is to count the nunber of sub-drop ejected. In the
exanple of Fig 5, three bl otks of Event/RunLength
pairs are stored in 25 sequential nmenory A run-dength
gr dhpnecassitydorpe alsle i@aswitahswarformuatietiombetween sub-drop

E t/ RunL [ . 0. , 4 5

RS B bttt i P
CORRpMRIh@ic® br SNBY S (Ristah BnRNEkHAY & kb-ifop peasd Tids

determ ne which of the three alternative waveforns to

aprﬂqyuﬁrnerarl%ds &0 scave welicitnel pyealy ’é@m BgavefprmEmgoding
NeGESTUckiYe, b Qmﬁb&a e Al QHD ré@lu%ﬁttc%] %p and

en sub-d periods neans®that run gr oups
p r efBreadil gnbalrmpmcslt (axdepwhlert b wayhfoad veulhit aldzrad)phave had

boundaries or oint_in tinme durin

oo PSR et on Aoy oY i s it Qg burden
i ngf fieGag Whtandd 20 St o P @A W8 Tupik B £SIC0 e Tind ength
perspective, since additional Event/RunLéngth pairs

ar BUSUEFAMbERT Pipe sheym wrkig. 5 identifies othes o awespssper i od
(CXsERIRIMIEh S L6 e%E'BdA‘éﬂéJJ)s{;’e: RERE AN G DY aalle

Event on a s avol d Uunnécessary
baticwingHdmgthar @mradderf subtrixgordét therc traiyselwa® @ the mlﬁh@

FPGA t o r r | C,_ the Run t queue/ combi ner
ﬂ%&ﬁy Sﬁbtﬁ%@%é PSSV %5&{3% %8 tercsteive 10

Evmté e - A0E13 apahﬁﬁn@mutd&euﬁam h réperCRERARAES

thg{pﬂg addi n the run-lengths. An er/ subt r act or

AS FORFALEIEY QuiRy! igtothe ﬁéef—lff éé@whﬂf@glsﬁeuwﬂh divgridineg
S UKt kPEdeh NOIRE HRYE1MesSNidn 194188 aihi the\ll\hhleﬁc } e is

remains nore than valuel28 as nu fic renal nder
t heutpyfrps et e sgthdhensxt Evensdn e queue and the queue is

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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Event is repeatedly output into the Event data shift
register wwth Event Tine 15 set to zero. Wien there is
| ess than 128 remaining, the nuneric remainder is

out put as Event Tine with the next Event in the gueue
and the queue is advanced. This mechani sm prooduces
the Event/Event Ti ne data expected by the driver 20
ASIC, and this data is |oaded into Event Data Shift
Regi ster 68 which fornms pant of a parallel-to-serial
converter shift register along wth the other

i dentical channel circuits (not shown) and from which
data can be shifted out to the driver ASIC. 25 It
widlhimof course, be understood that the enbodi nent
descri bed has been given by way of exanple only, and
that nunmerous and varied nodifications can be nmade
witt hi n A BRv&reaB&t R dhbRigial 4Ry b:pﬁ‘lk'e%%rint_g Iniord,: A
driver circuit for driving an arra& f 1 nkj et printer
acbuptigng; 5 conprising: a serial input for receiving
serial, print ta a.register for storing the print
data i'n It-‘%leln ug??ﬁrg(f‘e“é%%tmgﬁ tecgléaht timng data

pai r S;a ragipar fok kieting tHefiint 801 OME Bothi oMMt evela tiaiing
and 10 control- circuitry for controlling the timng of
OGPBU¥M§¥ event data according to correspondi ng event
tim ng AaiR) odputAoithRfing tvehitidia;isagaccor dance with
claim1, further conprising a | ook- up nenory for

st or i wgntrelicircuitny dof contrpitine Viiedimingad pu@nbeleventzial, A
drio¥ehinglf el ol AcCandance it h cl ai m2, wherein
tr|n1ga§a FOre8g g#@en act Uxt 6r-i's conbined with event
data for that actuator for adjustnent of

2. A driver circuit in accordance with claim 1, further comprising a look-

up memory for storing trim data for individual actuators.

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 1o 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



the event data each tine event data is to be output to
that actuator. 20 4. A driver circuit in accordance
with any one of clainms i to 3, conprising a plurality
of registers in a parallel first-in-first-out

... canfiguration for outputting one set of event data in
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parall el fromone register while inputting a |ater
set of event data in series to another register. 25 5.
A driver circuit in. accordance with clai m 4,
conprising at |east three ¥egisters in a parallel
first-in-fast-out configuration, wherein, in a given
SYRgistepy Ehieselertieely egiblihg ind dcablivg scad vad writkemadésmf the
series, one register stores event data and one
re@%%¥Qﬁ' outputs event data in parallel. 30 6. A
driver circuit in accordance with claim5, conprising
a FIFO controller for maintaining circular read and
w7t e pAI driver sirduif it hevortanteewidh ciatm Sor szurth@rgqogmeﬁlgg a

f | d_di sabl
modersp it mpRERE ephed Il R teph ol Ry AR, wibreh

ac ﬁﬁr&a{tm dhaGd ﬁ‘raﬂg&i ®icoftrolftifibf of emmrtpm withina 5
synchroni zation input for receiving a sync pul se each
n tAnge Rreatpe ihas n, qdythat fven faa rewicrenhacliglomapay peoutput

ar ﬁ%ﬂﬂﬁﬂ'etteﬁtl‘égit@t]&ﬁn té“;gn@ é) cﬁ,yent outputs within a

range greater suc at event data for
dlfferent actuators nay be output fromdifferent
isters,in a given sync c
i Brut o Aas SR de e Y Fon ™ o il caims
cl @ih8Rin theheraBclowhe capides @ chamtpit chrplub®eSach
channel for each actuator, each channelﬂt8g5r|5|n
t

paplaﬂml@t cogpristig anwplisl oytpit epd atgash g digit plag
Dt MvertEORY e&ﬂv%tmtg%e 1949511/6@ Ednfiel duljfit RPddaRlg hharee!

out put to an analog signal for driving at |least one
pi drvingatlsestione piseoralcoiricaptuataeobihe aya,e! ink et petpators.
actuators. 15 9. A driver circuit in accordance with
claim8, wherein each channel conprises at |east

fi st aadirbes oinchifianaddrédncowith slagm Eneheareinl eeals thabnelst

n (cj;omprises 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 channel 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.
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second D/ A converters, the first parallel output and
D) A converter for converting actuator clip level data
and the second parallel output and DY A 20 converter
for converting actuator current or slew rate. 10. A

“driver circuit in accordance with claim8 or 9,

further conprising a denultiplexer for denultiplexing
predeterm ned output bits of each channel to provide
control signals for that channel. 25 11 A driver
circuit in accordance wth ¢l ai m 10 wherein the
control signal s .inclu ive h nnel
ld-put AdBVEnEr ot iﬂﬁngafa&F %‘% W@ o
hél 1é Q%Eﬁde 33iendBio dhive btle\eBinstel bGpint toiab 1@&@@5 dance
alm wherein the control signals further
|nﬂ:druﬂé1au: mliggabe%erdﬂlﬂ\hghtdmé lemanhegesout put to at
| east one intermediate voltage between the high and
| ow voltages. 5 13. A driver circuit for driving an
afsay @QfdrivekiiRduiiiol Midhg ae bi@f 6f ifikjct SRR dchiategs, a
programmable circuit part and a fixed circuit part,
th@npﬁl&b@am’mbl e circuit part conprising an input for
recei D r PB4 Qﬁ gﬂ;r storing
sel ec%ggﬁ%g pr E'SIBF%S‘?% 10 wave in the form of
eventthalpdogramglectalcal,tpandotalmmg pumpﬂbﬁor}ecempmtu ng
event and tinme data pairs based u ata
and the pi& aﬂﬁ%@%%‘ﬁﬁ%& f%‘é‘?r{%%ecggﬂe@?ﬁéygﬁ- méfé{g

circuit pahief6@Rdhithd Remdfeedit Ah@timhey dat€ aad wh ogpaitdr
storing the event and tine data Ealrs a paraIIeI

out put f oputpuitisgeven gnd fmadaigpags based vpanthepipt data and
circuitryguf f%rr Lé R9vdgnd bea ng of output of
cc

event data ing to correspondl ng event timng
dat a. tibdixed cmculv part comprising 4 vagisthr ifor negetwing and syrigg the

i nkj et Bt Im?c{ &l %a{aupaa}rg rasparanel output for outputting event data, and

control circuitry for controlling the timing of output of event 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 outpuiting event and time data pairs based upon the print

data and the pre-programmed waveforms.



conprising: 20 a programmable circuit part conprising
an input for receiving print data; storage neans for
storing sel ectabl e pre-programmed waveforns in the
formof event and timng data; and an output for
outputting event and tine data pairs based upon-the_ -
print 25 data and the pre-programmed waveforns. 14
15. A driver circuit for driving an array of inkjet
printer actuators, conprising; a register for

recei ving and storing event and tlne data pairs; a
par gkl el t|n ev data and 5
con??ol é?@%ﬁ#%réﬂﬁﬁQ Pg?% et PRBPTAGUSIoT Ut put
of eemptisidgt a according to correspondi ng event tim ng

dat a. . . .
a register for receiving and storing event and time data pairs;

a parallel output for outputting event data; and

conirol circuitry for controlling the timing of output of event data
according to corresponding event timing data.



