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
l'ine-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 TitBilgkeRrintbh Ordlep Tir@deSrokitetinrean el ectric

10

15

20

25

30

> ver o dak eham

field to the material into is i nduced a small

nmechani cal strain due to the piezo effect. In the

fi eﬁjel@f)f&ieqﬁ sftlegCtric inkj et printing, one or nore
smal I prezo-electric actuators cause the vol une of 15
an i nk chanber to change nonentarily, causing a

pressur.e chan within the. chanper, .that,. when | arge
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dropl'et being ejected toward the printing paper or
substrate. Often the piezo-actuators thenselves form
oneQr ' wal | s of the chanber. 20 In
the@f‘éﬁhg?ﬂ%%&h%ag%t?l y drop-on-demand i nkj et -
printing, typically an array of inkjets are

confiqgured side by side_and travers h aper or,. . .
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droplets of ink at substantially the same velocity,
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cause.variations.in print density. The hunpan eye.is
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can pbe caused_ by a variety of 30 factors. 2 . . .
through a nozzle commumcating 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.

P

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 infended
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-parallel
converter with high voltage push-pull outputs. That

.circuit 5 has a 64-bit shift register, 64 |atches and
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control logic to performpolaZity sel ect and bl anki ng
of the outputs. A problemw th existing drivers is

t hatheztmnmmtemmamgmnweﬁ hly aﬁvérlcﬁfcﬁlesdwmalbaﬂﬁlw b@icular
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hardwired into the driver, limting the ease with
whi ch 15 such drivers can be adapted to the '
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dri rinter actuators.
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i ndidesigmal |y, first and second circuit parts. The
first part is programmable and 30 has an input for
receiving print data, storage nmeans for storing

sel crinahh® @d@rtke IBeagh@Med waveforns in the form of
event and tim ng data, 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 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



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

- event and tine data pairs, a parallel output for
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out putting event data, and control circuitry for
controlling the timng of output of event data 5
according to correspondi ng e\lgent timng data. A
preferred enbodi nent of the nvention is now

descri bed,. by way of, exanple only, with reference to
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Cham&idmgrtbgaonéspo‘ﬁdﬁg%*réﬂ?hﬂﬁﬁ@&@in illustrating a
typical waveformfor firing an individual inkjet

channel actuator; and Fig. 5 illustrates a conceptual
nod i l ai |l ed
TR b KGR 9 ol R ERRben o705

ar cédanpid only, with sefelenoedo themramgs dance with the
preferred enbodinent. It consists of a field
programmabl e gate array (FPGA) 25 10 connected to

f ouBrief Dbscriptiond thlE D¥ptingd 1. 12, 13, 14, each

i mpl enented in an appllcaglon speC|f|c |ntegrated
circuit (ASIC). The FPGA 10 has a data input 15 to
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i ndpmfmdlenmpmeMafmemmome by-line printing by
thegdn |nter e indiy ta.is coded
in agch oﬁﬁ E)uét%rﬂﬁlrﬁ’é rl’étg chlﬁg%%i“é?e ﬁb@gglﬁnj}r i sing
EveRig. 3ixh HvelntiabiafEilMatadas a dfiRer and output stage for 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

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
mput 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 insfruction to change an actuator driver state. For example to

N/



Event is an instruction to change an actuator driver
state. For exanple to 4 change from pull-down to
pull-up with a particular slew rate and voltage
clipping level attached. An Event tinme is a binary

 coded tinme at which this is to happen. The Event tine-

10

15

20

25

30

can be coded to IOns resolution. The data pairs are

delivered to the various driver ASICs 11 to 14. Since
wavefornms to be 5 applied tog4individual actuator

el ectrode are individually specified by a series of
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internal bus 22 through 2-stage memory/regxster 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. (Togsther
therefore, elements 23 and 25 comprise a 68-long shift register.) Shift register
25 is connected 1n 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.



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-o0utput pads 32. 5 1In operation, data words--
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consisting of a seven bit Event _tine 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 voltage tPim (6 bits), slewrate
trim (8 bits) and an action code (3 bits). The trim
f or mureratioovdateworda tensising ofit solen hitdhep vak une a five bit
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to qgive %her precision. The expanded input data is
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26, which internally contains one identical elenent
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portio f AS 1, in Fig.2. Coupled to the

menBiy %@%?é&b&g@éﬁerﬁ gi ¢ 23 are shown a 3-stage
control register 28 and a 3-stage A/ D input sel ect
tinmer/buffer. The former is optional. The latter is
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converter 36 The.A/E) éonverter 36 provides a digital
R hE #PGA 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 differential analog
multiplexer), which has a 66-bit-wide input from the output stage 30 and an
analog output to a 8-bit 2§Msamples/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



In operation of these elenents, the A/D input select
timeribuffer 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
reading 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 equipgent for analysis. This is
parti cularly useful for features such as tenperature
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r ecEPPEXIBE PRigY ePlﬂlé?a%@%/eﬁfB&nSPﬁ%l@e%t“Stllinﬁbﬁ%dmﬁmdlior
bi t \Y
e Pl SR R e B Y BBk n s SHED-
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expanded event data are clocked into a 6 bit clip

| evel portion 43, an 8-bit output current portion 44,
a cFigp shovadieindioldubion11 4% o@ﬁﬁm‘ihg ségiaad 45€a0handold. age

rail, control. hits and hese varlous portions
of O Sl isBriveis B dihe rosn bgi qvenidims 10 ol ot spaded
D- t goehit s&r&g erﬁees’eﬁerﬁ&itsaﬁfévé& tinfe b BITPkRNRRLS 4 L«.&%n_%ft
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contrarutosaed By ¥EBERHENEfphioft, ML oA Bfne
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tr agﬁs Eé > 475 7T1?ers]ed VaSIlous 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 fumn 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
r2il and ground. Transistors 57 and 58 have a mid-connection which is
connected fo an output pad 32. Also connected to output pad 32 are pull-mid

transistors 62 and 63, which are coupled to a mid-rail veltage 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 out put pad 32. Al so connected to
output 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 portion’43 into D-to-A converter
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outpHiybiciiftiBiodelt during its logical progression through the FIFO. (As an
alternative, however, the data can be parallel shifted through the FIFQ so that
register 41a always receives the serial data and register 41¢ 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 puil
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 conirol, 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-wail 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 pul

25 toward, or whether to turn.all buffers off for a. .
hi gh i npendence state. As already nentioned,- eight~
bits are binary codes for current drive strength or
slewrate control, and six bits are for voltage
clipping level. Each transitgon can therefore be
controlled in its start tine, sIeMIrate and fina
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robust in a noi Sy €environment
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 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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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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This mechanism produces the Event/EventTime data expected by the driver

20 ASIC, and this data is loaded into Event Data Shift Register 68 which forms
part of a parallel-to-serial converter shifi register along with the other
identical channe] circuits (not shown) and from which data can be shifted out
to the driver ASIC.

25 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
output _as Event Time with the next Event in the- queue
and the queue is advanced. This mechani sm produces
the Event/EventTi ne data expected by the driver 20
ASIC, and this data is Ioadef into Event Data Shift
Regi ster 68 which forns par Lof a parall el -to-seria
converter shift register along wth the other

i dentical channel circuits (not shown) and from which
datﬁhﬁ be shifted out to the driver ASIC. 25 It

Wi | of course, be understood that the enbodi nment
descri bed has been given by way-of exanple only, and
that nunmerous and,varied nodifications _can be nade
within t ebpEcugiior favingeaTaynt inkigt priteragiatprs, A

dri ¥&hpdifgui t for driving an array of inkjet printer
actuators,” 5 conprising: a serial input for receiving
seri al pedrra] igpat @ reveivery sstidrprinddatst ori ng t he print

data in_the formof eyent and .event timn data , . .
pairs; %rﬁ%ﬁteef&{’reﬁtor&ﬁ ﬁPm'f‘té{;?ao‘Bt%{“f‘Pr?g e@%’é ﬁ?‘?ﬁ‘éﬁnﬁﬁ‘mmg
anddd@pgieatrol circuitry for controlling the timng of
out put of event data according to correspondi ng event
tim ng ¥auallelputpyt friopppttiageyentidatanant cor dance with

claim1l : LS . - [
St ot g orieh binfucs RTRbALRIR, S Az ot My lRER etk Bhea
dr i ewerding muioircspendogeredhinengvlsth cl ai m 2, wherein

trimdata for a given actuator is 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 ouiput 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 clatm 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

St



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 1 to 3, conprising a plurality
of registers in a parallel first-in-first-out

“confitguration for outputting one set of event data in
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parallel fromone register while inputting a |later
set of event data in series to another register. 25 5.
A driver circuit in.accordarlcze wth claimé4,
conprising at |least three registers in a paralla

b b S L Y80 i oy 8"

SerjegiterOne regi ster stores event data and one
regi Ster outputs event data in parallel. 30 6. A
dri ver circuit in accordance wth claim5, conprising
a F troI | e or | nt.ad |
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cyc wherein the event timng data 1s
ar r&ng!ehlffcmnmalﬁﬁerﬂmtalglﬁengmc}@lﬁent outputs within a
range greater than n, such that event data for
di fferent actuators naybe output fromdifferent
reggst er 8 drvepcighitdn asypriameywite an}l&l(ﬁ)f the pheteddrg claims,

circuit_ in accgrdance with any, one t r ecedi.ng
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and 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 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.



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 20 converter

. for converting actuator current or slewrate. 10. A

driver circuit in accordance with claim@8 or 9,

further conprising a denultiplexer for denultiplexing
predeterm ned output bits of each channel to provide
control signals for that chakhel. 25 11 A driver
circuit in accordance with claim 10, wherein the

conkt? ol A diigeradisuit e hacdrlancegninh slaim 18y wheteia thdeonael

out put . t ne aof .high-voltage, | ow voltage and
hi gﬂﬁma}f»p’fﬁﬁﬁﬂ cludosa sigoal tondgiPs the chmpmeL optputi ableass painc o
Wi tihteﬁh&iiﬁib%lta%@ﬁﬁé&ﬁ@ﬁi{gﬁ%ﬁ& [RY vol&iggé‘a' s further

i ncl ude a signa drive t'he channel “output to at
| east one internediate voltage between the high and

| ow ol t . 13. deiver circuit for driving an
ar vy o ARRgSEr i or Y elg e s oo,
progidpsait € circuit part and a fixed circuit part,
the programmbl e_circuit part conprising an input for
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event and tdateestdeaga npans Hr basied seipaiable hee-pogrmnaslt a

and the pre-progra wavef orps;. and the fixed
circuit par‘?avggoﬁﬁllg i%nﬁﬁgfo%n ?@“g‘ﬁe @ngdg%e?ﬁaﬁ‘go% for
storing theutsngi eveithokd ik ¢ai aiRfabed upbnRBE glidt@lata and

out put for outputting event data, and 15 control
circuitry fBfPEIRPBBIMHGVAREORISIANy of out put of

event dal axaE GRS Joelggtgﬁlggfre%@ﬁé} 9 r&¥RH atdar&dhglg the

data. 14. A driver circ riving an array o
i nkj et gyeRtrpudtinagdaiapairss  parallel 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 oufput for outputting 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, conprising4 a register for
receiving and storing event and tine data pairs; a
par allbel  dudrpuet cif:euit foridiwihg A &SV AL S ter30fafdrs
control circuitry for controlling the timng of ot put
of eV¥HP™#%¥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
5 control circuitry for controlling the timing of output of event data

according to corresponding event timing data.



