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The above Memjet printhead is a multi-segment printhead that is developed from printhead segments
35 that are capable of producing, for example, 1600 dpi bi-level dots of liquid ink across the full width of a page.
Dots are easily produced in isolation, allowing dispersed-dot dithering to be exploited to its fullest. Color planes
might be printed in perfect registration, allowing ideal dot-on-dot printing. The printhead enables high-speed
printing using microelectromechanical ink drop technology.
In addition, co-pending PCT applications PCT/AU00/00516, PCT/AU00/00517, PCT/AU00/00511,
40 and PCT/AU00/00754, PCT/AU00/00756 and PCT/AUQ0/00757 describe a print engine/controller suited to
driving the above referenced page wide printhead.

A multi-segment printhead of the above kind may field 1280 nozzles. Firing all the nozzles together
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A mul ti-segment printhead of the above kind may field 1280 nozzles. Firing
all the nozzles together RECTIFIED SHEET (RULE 91) WD 02/04219
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40
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an arrangement of nozzles in a four-color printhead segment.
FIG. 2 is a closer view of the nozzle region of the printhead of FIG. 1.
FIG. 3 illustrates a single pod and its firing order.



grouped physically to reduce ink supply conplexity and wiring conplexity.
They are also grouped logically to mnimze power consunption and to
enabl e awap/ey of printing speeds, thereby all ow ng speRdl/AOWMEI0755
consunption trade-offs to be made in different product configurations. 40
BRI EF DESCRIPTION OF THE DRAWNGS FIG 4 illustrates an arrangenent of
nozzles in a four-color printhead segnent. FIG 2 is a closer view of the
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t he mahner of Biep thayps ipfmageyfwertasofisqgments manulti-sssmgmeintheapr | nt head. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS In FIG 1 is seen the arrangenent
of nozzles in a four col tnt head
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Table 1. Print Qle rmgo t hs ‘based on nunber of col ors #Col ors Col or
channel s Appl i CAPTOR"SEGHE ﬂhef‘ tWdth (m 3 CW Photographic 484 4 CWK
Desktop printers 600 5 CMYK-1 R Net page-enabled 716 6 CWK-1R-F Hi gh-speed
Net page enabl ed 832 T3¢ brirthenirgerttidh Posed B 3uwbeof ¥t ol or _band is ideal ly
two rows of 64D #opz| pSologhahelas 96, 97 fAplidtre yel | ow| Fesnehtewsith { or a t ot al
of 1280 nozzlep per cplor. The punber of col ors determ nesgmype total nunber
of nozzles intthe segnent . _Table 2 lists sone exanples. Table 2 Exanpl e
nozzl e counts ¥ G3l orb EXAPl e appl i cat iTBWEF Al nozzl es péf* segment 1 K
1280 3 CWY 3840 4 CMYK iAW ©] CWRK-T Rockkiopbidlds N F1 G [Z | So5€EN|a nore
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single 20 row of Snozpl &1%8R the nozzlh@@agé'f“@blidypi cal Yy sepfrated by 32m

(99), while thetgo T WS 800 are af fser by
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15 The composition of each 116pm color band is ideally two rows of 640 nozzles, such as 96,97 for the

yellow nozzles, for a total of 1280 nozzles per color. The number of colors determines the total number of

nozzles in the segment. Table 2 lists some examples.

Table 2. Example nozzle counts

# Colors Example application Total nozzles per segment
1 K 1280
3 CMY 3840
4 CMYK 5120
6 CMYK-IR-F 7680

In FIG. 2 is seen a more detailed view of the nozzle region of the printhead of FIG. 1. Within a single

20 row of nozzles 98, the nozzles are typically separated by 32um (99), while the two rows 98,100 are offset by
16pm (101). The distance from one 1600 dpi dot to the next is actually 15.875pm, but the segment will be

placed at 7.167 degrees relative to the paper such that the horizontal distance between printed dots is 15.875um.

This nozzle placement gives rise to interleaved nozzles for a single line of pixels - one row prints even dots and

the other prints odd dots.

25 Looking at the nozzles in Figure 2, it is clear that if both rows 102,103 of cyan nozzles were to fire
simultaneously, the ink fired would end up on different physical lines of the paper: the odd dots would end up



16m (101). The distance fromone 1600 dpi dot to the next is actually
15.875m but the segnent will be placed at 7.167 degrees relative to the
paper susVOobvhef219 he hori zontal distance between printed dBCHFAUSH/WBSB75m
This nozzle placenent gives rise to interleaved nozzles for a single line
of pixels - one row prints even dots and, the other prints odd dots. 25
Looking at the nozzles in Figure 2, it is clear that if both rows 102,103
of cyan nozzl esn wehe, 4@t pveredotsSiowid bitl ap @Cuishey , Litehige, thi Kot frintgichy wo udaginte dzledp  on
di fferent physbgmb W(Luidreﬁasupqﬁ &oﬂaeta@&@e;em sbeREwO BR1O 118 WPtk Ais@ld viieedWdrzies is

02/04219 PCT/ AHg'Qt/ ore ?f cntlcal 1mp09ance 1n terms ofnensln% aglgt tﬁe cgmben\z{t%g ofdcgl%)éd 1%&? §1§9 ?%%#P?t

anot her. Likew a nozz

end up on a coﬁ’ﬁf ‘éte‘éiP yP ‘Hﬂ‘FF‘ErFCéFPE pqé‘é‘tn °6fhe "iﬁi(')“s(S‘I‘J’tpaplE PARESS UndqriRe pﬁ‘ﬁ‘%??r lyq distance

di st anZes bet wetyeertizwd ©ews of the sandreio§ B (160, ock dot rpwsa [This mepre thetarized ¢ven doteefhe  Of
ensuring that tahecood bl oot Ofs HH Chctaictiictrednirdwedf Bycolohtd Bl e @@ Bl116pm

nozzl es ends upod, nN&JIE%&Q %Ce‘é’%s ddGhes B ﬁl' it 4o m%%m%%erQﬁ&?lln%S {““ *anﬂgaa‘? 6ile cdi@SSES

under the printhead i stance 5 hetween sanme col or

i s 32m (104), OYP5ddnite PO PP Seeres e HR TRt Y t‘&’%&h"‘“é%t“? PHI ' AT 2same
col or are pri negler day orzzles dnere apa’s tiot linPlaes figgdl & timn € dheipeoralee Bnthe owespopding deiwin

col or1@nd t he mexdx: il mist be Sredld Gia T { 1E55ibt-lindNO i@ rdididdshigs RétBeegtha/@Sous roddof ahadles
l'ines which i s NetARilitRtnal woWmRgL. of dot lines. The printing of one
color conpared to the next is ther ef ore stagger ed in time to accommopdat e
the tl e taken f-—Q 1stance$et\peelpt§v£ OI"VOO S e COLO: 1n90t mes dOt l f nOZZ| es for one
col or's dot Ilné are red. at ? atfl H’u nozz es for the corresponding

dots in 10 theDhe‘itsfa“‘E?BTtYﬁer"“‘Pﬁfé‘f‘er?j’é°ff"iz’?1§8°“§€““tv???E”ST7¥57 25 dot-1ines. The
rel ationships %tm%a;t%lf&l@ﬁ&t%fﬁo%lsgtanQe%qu%fcoﬁpé]ls Rengeneral i zed by

defining two vari abl es: DI di stance between two rows of the same color in
dot-I pes = 2 %(Cl BI stance between the sane row of nozzl es between two
col ors = 7. 25 AR now say that if the first row of nozzles is row L,

then row 1 of afakdw2 oEcoloBC d@drtibet Nne: 15 L- (C-1) D2 and row 2 of color Cis
dot-line: L - (G1)D2 - D The relationship is shown in Table 3 for an
exanpl e 6-col o . g{ﬂ) mlLpead. Note that one of the 6 colors is fixative which
nmust be applied first. 20 Table 3. Relationship between different rows of
nozzl es Col or Sense TRgtlatipiskigis Yprayin Tap)d TR an Eppmple Gd@lor plinthegdy Note thatjone of thy 6calprs i e)
row 2 L -D  L- Bxativ whioh¥oubt te applie®@&rstk - 7. 25 (bl ack) row2 L-D2-D1 L-9.25 3
rowl L - 2D2 L - 14.5 (yellow) row2 L-2D2-DI L-16.5

20 Table 3. Relationship between different rows of nozzles
Color Sense Dot Line When
D=2, D,=7.25
1 row 1 L L
(fixative)
row 2 L-D, L-2
2 row 1 L-D, L-725
(black)
oW 2 L-D,-D; L-925
3 row 1 L-2D, L-145
(yellow)
row 2 L-2D,-D, L-165
4 row 1 L-3D, L-21.75
(magenta)
row 2 L-3D,-D, L-23.75
5 row 1 L-4D, L-29
(cyan)
row 2 L-4D,-D; L-31
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tl'nere is aysmglAl It)thDy %80 ccl)eep shift register.

Once all the shift registers have been fully loaded (1280 load pulses), all of the bits are transferred in

parallel to the appropriate NozzleEnable bits. This equates to a single parallel transfer of 1280C bits. Once the

transfer has taken place, the print cycle can begin. The print cycle and the load cycle can occur simultaneously

as long as the parallel load of all NozzleEnable bits occurs at the end of the print cycle.

The load cycle is concerned with loading the segment’s shift registers with the next print cycle’s
NozzleEnable bits.

Each segment has C 1-bit inputs directly related to the C shift registers (where C is the number of

colors in the segment). These inputs are named Dn, where n is 1 to C (for example, a 4 color segment would
have 4 inputs labeled D1, D2, D3 and D4). A single pulse on the segment’s SCIk line transfers C bits into the

appropriate shift registers. Alternate pulses transfer bits to the lower and upper nozzles respectively. A total of

1280 pulses are required for the complete transfer of data. Once all 1280C bits have been transferred, a single

pulse on the TEr line causes the parallel transfer of data from the shift registers to the appropriate NozzleEnable

bits.
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A single Memjet printhead segment contains 1280 nozzles. To fire them all at once would consume
too much power and has the potential for problems in terms of ink refill and nozzle interference. This problem
is made more apparent when we consider that a typical Memjet printhead is composed of multiple segments,

20 each with 1280 nozzles.

Nozzles are therefore grouped logically within a segment to enable a variety of printing speeds. These

groupings allow speed/power consumption trade-offs to be made in different product configurations.

In the lowest-speed printing mode, 10 nozzles of each color are fired from the segment at a time. The
exact number of nozzles fired depends on how many colors are present in the printhead. For example, in a six
25 color (e.g. CMYK-IR-F) printing environment, 60 nozzles are fired simultaneously. To fire all the nozzles in a

segment, 128 different sets of nozzles must be fired.

10 Dy = number of lines between the nozzles of one color and the next (likely = 6-10)

u D2 = number of lines between two rows of nozzles of the same color (likely = 2)
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hi gh- speed print fires eight tinmes as many nozzles at once. A firegroup
thereg contains 64 nozzles for each color. The arrangenent is shown in
Figure®5, with chrofSpddRdhtinteried - apsinglp fresrop@; At THeEORAYK SRR PEp B e e ¥ he
exanpl e. Note tddts vithea Eresrpnciedsatimenyadina e evm fidigrivepo doxigedx agydrat ed
for clarity. 1@edvi.I BEl@hlES: B Bredduf 8th & @EbmlgdlisQs @8l RYhEPUPERASE S8 WRed pihthd) 2
phasegr oups i N pag (b SECIHhg, ol 15e SFE U éﬁonmaéeeh&uglC%&?ﬂmgspuf;@lnxmtgn@h even

nozzl e rows, ase rou$ cont al ns

enabl e |i nes, E\?“é‘rﬁ’ﬁ‘ﬁ% 'l’”ee@Bfr?B“”Ei? A5 Bdes- F%ﬁ%%‘élﬁ &&Hf’f‘&?""‘éﬂ‘ﬁ faFeéf‘ghf ‘H‘ES |‘°P¥ fig of
the t3® phasegr bigpsecdaring pifice the kightspeed prin fiyey cighi 4imesgs maBy ppages gf|opcef { firsgpup thyrsfore
wi thin a singl empho@egrioup esha@be Théerataies: if shdwin ROFidatd |5 Seth cHirdi@pofld nietgreOUpmAf i r e
WD 02/ 04219 PCI!II@%Q/Y Q%@lﬁpod& the example. Note that the distance between adjacent chromapods is exaggerated

for clarity.

ol=w]

10 firegroups are organized into a single phasegroup, with 2 phasegroups in each segment. The Even

35 Phasegroup contains only the even nozzle rows, while the Odd Phasegroup contains the odd nozzle rows. Two
enable lines, EvenEnable and OddEnable, independently control the firing of the two phasegroups as different

firing phases. Since all firegroups within a single phasegroup share the same firing pulse, the firegroups fire



si mul t aneously. The arrangenent is shown in Figure 6. The di stance between
adj acent groupings is exaggerated for clarity. Table 5 is a summary of the
nozzl e gMoapr/angsd i n a segnent. Table 5. Nozzl e groupi ngs POT/AHOGINISH e
segnent Nane of G ouping Conposition Replication Nozzle Ratio Count

Nozzl e Base unit 1:1 1 Pod Nozzles per gpod 8:1 8 Chromapod Pods per
chromapod C.1 8C Firegroup Chromapods per firegroup 8:1 64C Phasegroup

Fi regr oups per sipftasegy. olipari@enientGA0Gn inFegmre The dBhars bgreoirjiscer epupBedyreageraidd 1
1280C 5 The | ogi &aly. 1898 8 s 8 sughn@Y R U518 4HPads In adeghbbirber of printing speeds,
as listed in Table 6. Table 6. Printing speeds supported by printhead
Speed # Phases # Nozzles fired per phase 1 128 10Cl2 (C per firegroup) 2

64 20C (2C perT;blersqq,gmpmggfggmqg@geg%g per fi regroup) 4 16 80C (8C per
firegroup) The—pHhri—sp S nrnmﬂmﬂreu to—the Meget —print head by neans

of the serial |%P’§P§Géﬁ‘fé’maThe |WP@F‘15‘1"et at i| oRRYF0PH & Bﬁﬂﬁt speed relies on
an understandijng of the grinthead internaljs, ¥#Pch|afemtherefore 10
descri bed here[Noldte nozzl|esset be Tired 1 a gtiven|firing pul se are
determ ned by:_A_bms—hrbyl eSelect (selegct—1 of 8 nozzlles from a pod) 8
bits of Chromap@8Sel ect (|SEFARET Y8 8 chr ormpods“to {iré When one of the

Chr omapodSel ecfcibtnkd | S S&@ds p@Qi:dmapdd€ SPEqi T 1 ex ChiomePod’ s nozzles will
fire as 15 determ ned by ChromapodSel ect land NozzleSel egt. Wien all eight

of the Chromapdd@&MBct || Rem@plradeeoy| | (of %'he ¢hr¥fagods will fire
their nozzl es. [ piieiouf OF U |TFlech@ bl plkekdlpl Ng a ho:€ Y1 asax pul se on the NPSync
line, the state machinelinside the printhead sinply rung through

Nozzl eSel ect fB#Y to 7 |fPeseg@asberveahdnd sat of21 ChfommpodSel ect val ues. To
run through the valid set| of ChromapodSel gct val uegs, ChrgmapodSel ect is
shifted - a specirfiredmunber—of—brts—Wen the—ChromapodSel ect matches the
initial ChromapodSel ect, the Nozzl eSel ect 20 value is increnented. This

hel ps to spread the power and heat evenly across the printhead during the

printifng of  1.boeita MM upiRL sufifdk QhudvdE pRdh LF2d: s RET LAY 00755 9 a i ne.

Table 7 lists various print speeds together with the related settings for

hromepodSel ec it e i e ABHBned2D! © 7, |1 ial el tings for
Speed # Phases # Nozzles fired per phase
1 128 10C (C per firegroup)
2 64 20C (2C per firegroup)
3 32 40C (4C per firegroup)
4 16 80C (8C per firegroup)

The print speed is programmed into the Memjet printhead by means of the serial interface. The
interpretation of the print speed relies on an understanding of the printhead internals, which are therefore
10 described here.

The nozzles to be fired in a given firing pulse are determined by:

. 3 bits NozzleSelect (select 1 of 8 nozzles from a pod)
. 8 bits of ChromapodSelect (select 0-8 chromapods to fire)

‘When one of the ChromapodSelect bits is set, only the specified chromapod’s nozzles will fire as

15 determined by ChromapodSelect and NozzleSelect. When all eight of the ChromapodSelect lines are set, all of
the chromapods will fire their nozzles. When told to start printing a line via a pulse on the NPSync line, the

state machine inside the printhead simply runs through NozzleSelect from 0 to 7 for each valid set of
ChromapodSelect values. To run through the valid set of ChromapodSelect values, ChromapodSelect is shifted

a specified number of bits. When the ChromapodSelect matches the initial ChromapodSelect, the NozzleSelect

20 value is incremented. This helps to spread the power and heat evenly across the printhead during the printing of

1z C = number of colors



2 11000000 2 3 11110000 4 4 11111111 O(8) 5 For the high-speed printing
node, the state machine generates the firing order over 16 phases as |isted
in Tabl e O oXed2i®e 8. Hi gh speed printing firing order ChrPOBEApDW/0C2Y|

Sel ect Phases Select 11111111 O Even & Odd 11111111 1 Even & Odd
11111111 2 Even & Odd 11111111 3 Even & Odd 11111111 4 Even & Qdd
11111111 5 Even & Odd 11111111 6 Even & Odd 11111111 7 Even & Odd The
firing order i sli®i Mablecrlist @rios powvepeedpiogetnitriwity thrpedsettikds e Cigomapddfeitt@aichitohift
setting all theydits of 10 ChronmapodSel ect, we sinply set 1, 2 or 4 of
those bits. The fewer bits that are set the fewer nozzles wll fire. \Wen
only I bit of ChromapodSelect is set, it takes 8 tinmes as long as the high
speed node to fiis, ﬁjtlglsgp@é;fl,,qgmmap'ggelg‘cﬂ ring order for the slowest speed
printing is shpwa—inTab Low-speed printing firing order

Chr omapod Nozz| e SHF¥ct ph&Riemarodidedt i #85H70000 0 Even & Cdd 01000000 O
Even & Gdd WO P2/ 04219 PCT7 AWo@bde 755 10 Q0100000 O Even & COdd 00010000 O

Even & Odd 00p0100Q O Even & Odd 00000100 0 Even & Odd 00000010 O Even &
odd 00000001 P Evefi & cdd 18889%00 1 E¢en & Odd 01000000 1 Even & Qdd
... etc ... 00pO00I® 7 EVen &i1{ddg@o 00Q00WUY 7 Even & Odd The EvenEnabl e and
QddEnabl e are peparate generated signa r each color in order that the
firing 4 11111111 0(8)
5 For the high-speed printing mode, the state machine generates the firing order over 16 phases as listed
in Table 8.

Table 8. High speed printing firing order

Chromapod Nozzle Select Phases
Select
11111111 0 Even & Odd
11111111 1 Even & Odd
11111111 2 Even & Odd
11111111 3 Even & Odd
11111111 4 Even & Odd
11111111 5 Even & Odd
11111111 6 Even & Odd
1 7 Even & Odd

The firing order is similar for slower printing modes. However, instead of setting all the bits of
10 ChromapodSelect, we simply set 1, 2 or 4 of those bits. The fewer bits that are set the fewer nozzles will fire.
‘When only 1 bit of ChromapodSelect is set, it takes 8 times as long as the high speed mode to fire all nozzles.

The firing order for the slowest speed printing is shown in Table 9.

Table 9. Low speed printing firing order

Chromapod Nozzle Select Phases
Select

10000000 0 Even & Odd

01000000 0 Even & Odd
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The pulse profile for a given color depends on the viscosity of the ink (dependent on temperature and

ink characteristics) and the amount of power available to the printhead. The viscosity curve of the ink can be

obtained from the ink supply’s QA chip. The line times then for the various print speeds are twice as fast as

would first appear, since the two phases are overlapping. The print speeds are therefore as listed in Table 10.

Table 10. Line times for various print speeds

Speed # Phases Line Time # lines per
second
1 128 128 pis 7812
2 64 64 ps 15,625
2 32 32 s 31,250
16 16 ps 62,500
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while the data is being transferred to the printer.

In order to reduce the chances of nozzles becoming clogged, a cleaning cycle can be undertaken
before each print job. Each nozzle is fired a number of times into an absorbent sponge. The cleaning cycle
involves a single load cycle to all nozzles of a segment with 1s (i.e. setting all nozzles to fire), and a number of

35 firing pulses to each nozzle. The nozzles are cleaned via the same nozzle firing sequence as a standard print
cycle. The number of times that each nozzle is fired depends upon the ink composition and the time that the

printer has been idle. As with preheat, the cleaning cycle has no effect on printer performance.

The printhead segment is programmed via an I°C serial interface. This includes setting the following

parameters:



15 a variabl e |l engthed defective nozzle list using up the remaining bits
The defective nozzle list is variable | engthed, with each set of defective
nozzl es va@ong2the followng structure: 5 bits count (OPET/AR0/@753 i St)

3 bits of color 20 count x 11 bits, one entry per defective nozzle In
general ternms a printhead segnent has cgpnections as defined in Table 11.
Note that sone of the connections are replicated when nultiple colors
present. Tabl es11. Preisntdo@Eculsogpiestregbeivect i ons Nane Repeat for mul ti -
Function colored sggnent D[ n] Yes Channel n of inmage data SOk No Seria
data transfer clock NPSync No Nozzl e Phase Synchroni zation PLL No Phase
Locked Loop clbdck TEfhakdetype gimpaiure g ér) enabl e Reset No Control Reset

SC No T Cserial c . far r T i . C
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Connact | ons. ar BEEREery A i 8 B okt S BSbSS S St Pon apite £ 1
det ai & t hese ebhmeritingdgectivgnopdssi e 12. 6 col or segnent connections # Nane
Function 1-6 V- Negative actuator supply 7 VSS Negative |ogic supply 8
D [n] Channel 1 of Exagsncodbsdsqbiy fofcharaearizitivevestor, cBmmikednfnel printhead) 9
D2[ n] Channel 2 of image data [n] (infrared in 6 channel printhead) 10
SClk Serial data trass efflagl A€ Kinthdd MdtenPaGirhtod Gnclu@igd riab biaBér ¥nd number of colors

represented in the segment
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. 16 bits of alignment data relative to previous segment (0 = first segment)

15 i a variable lengthed defective nozzle list using up the remaining bits

The defective nozzle list is variable lengthed, with each set of defective nozzles having the following

structure:
J 5 bits count (0 = end-of-list)
.« 3 bits of color
20 . count X 11 bits, one entry per defective nozzle

In general terms a printhead segment has connections as defined in Table 11. Note that some of the

connections are replicated when multiple colors present.

Table 11. Printhead segment connections

Name Repeat for multi- Function
colored segment
Din] Yes Channel n of image data
SClk No Serial data transfer clock
NPSync No Nozzle Phase Synchronization
PLL No Phase Locked Loop clock
TEn No Parallel transfer enable
Reset No Control Reset
SCl No I°C serial clock for control
SD No PPC serial data for control
CCEn[n] No Control Chip Enable [n]
Gnd No Analog ground




12-16 V+ Positive actuator supply 17-22 V- Negative actuator supply 23
NPSync Nozzl e Phase Synchroni zation 24 D3[n] Channel 3 of inmage data [n]

(bl ack i wa@ovamnel printhead) 25 D4[n] Channel 4 of i nmaBeT/dadEI75
(yellow in 6 channel printhead) 26 PLL Phase Locked Loop clock 27 TEn
Paral l el transfer enable 28-32 V+ Positjve actuator supply 33-38 V-
Negative actuator supply 39 Reset Control Reset 40 D5[n] Channel 5 of

i mge data [n]f (magent@ in Sochanneklogesawpead) 41 D6[n] | Channel 6 of
|rmge data [n]’ (Cyan - 6 hhannnl DAt hnarls) fl’) SCcl-1 C-s ri a| Cl OCk for
control 43 SH VC Serial dat® for| CBHEASE 4948 v+ Posit|ve actuat or
supply 49-54 V- Negative aw&uat grrosivpgiuytoriphip2/ 04219 PCT[ AU00O/ 00755 14 55

Vdd Positive |pgic—supply—56 MMW Control Chip
Enable [n] 58 V. K’bgatlve I%fgl c ISUEPIYE 8P 5ense Anal og Bense out put 60- 64
V+ Positive acfuatwgp SUpply A nulft nent _printhead is |deally conposed
of a number ofl|identical prifthe c}Josmw'I%wst“pspl These are typically 21nm
segnment s t hat pr after

manuf acture, to produce a printhead of the desired | ength. The segnents
may be set with overlap, as desired, to allow for snoboth 5 transitions

bet ween segnents. Each 21nminch segnents prints 1600 dpi bi-level dots
over a different paFie2Grm longpentisadsesmenshapfigird@estston 0t eaifrs- PHrages: bond reffstrdh
each segnent proguael wlRGOubot ®d Wiaretvhr@over supply to trag@3tore Abdrerahding RGconnections are
represent ed bycaoSRADiRE! oM aRfiatRhnfi@s ThKS detkiOhesCbRBbA/, 15 segnents can
be conbi ned side-by-side to produce a 12-inch printhead. Each segnent can
be considered to have a lead-in area, a central area, and a | ead- out area.
The Ieﬁd out ofraerj@@@gg@mmgogﬁe&%ponds to the lead-in of the next. 10 In

FIG 8 is seenthe thrm ar-eas—ot—a—segrert—by—show-ng—we—over| appi ng

<<s

segments 106, 107.7 Notle tRE the |ead-out ard 8908 of segment S (110)
corresponds to| t hesl ead- | v-ar elaNege 0datos@gpiyent S+1 (107). The clentral area
of a segnent ijs—t h7at —ar-ea-hat 1\?:; Ro—over | ap—at—all—(110-of 1 d6 and 111 of
107). Although| the' fi gure ‘shows =t Pprd gééé’ﬁ?ént s verticall y staggered, the
segnent s alr edist agger eq atbia] S| || @lhiinel abGhRe G [ Fadtivd iNeghanadl ﬁmmaﬂ)gn?\ﬁeinnv; P?n
10 SClk Serial data transfer clock
11 Vaa Positive logic supply
12-16 V+ Positive actuator supply
17-22 V- Negative actuator supply
23 NPSync Nozzle Phase Synchronization
24 D3[n] Channel 3 of image data [n] (black in 6 channel printhead)
25 D4[n] Channel 4 of image data [n] (yellow in 6 channel printhead)
26 PLL Phase Locked Loop clock
27 TEn Parallel transfer enable
28-32 V+ ‘ Positive actuator supply
33-38 V- Negative actuator supply
39 Reset Control Reset
40 D5[n] Channel 5 of image data [n] (magenta in 6 channel printhead)
41 D6[n] Channel 6 of image data [n] (cyan in 6 channel printhead)
42 SCl I°C serial clock for control
43 SD I°C serial data for control
44-48 V+ Positive actuator supply
49-54 V- Negative actuator supply
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N+(C- 1) D1+D2 Dn i 8¢she3hapdd fKigtoh giokpg. @.ul]_a $91k lines, one per segment group. Even though there is no

segment for the 2nd set of 8 segments, it is still convenient to group the segments. Some bits will therefore be

unused in the last group.
As the number of segment groups increases, the time taken to load the printhead increases. When
30 there is only one group, 1280 load pulses are required (each pulse transfers C data bits). When there are G
groups, 1280G load pulses are required. The bandwidth of the connection between the data generator and the
printhead must be able to cope and be within the allowable timing parameters for the particular application. If G
is the number of segment groups, and L is the largest number of segments in a group, the printhead requires LC
ColorData lines and G SCIk lines. Regardless of G, only a single TEn line is required - it can be shared across

35 all segments. Since L segments in each segment group are loaded with a single SCIk pulse, any printing process
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f eedback |inesl_The segnent  pkevi‘ously actite rhe’ of feedbick nust

al so be disabl ed by havi ng a 0 onits D bit, and thls segnment may be in a
di fferent segnent gmoiqgonﬁlrvéwﬁSﬁllepult\h@nhewhmﬂerségmmmm. t han one segnent
group, changi ng thevxfne&g@aeolﬁnﬁm@ag:mm&safe@ﬂwdlfraﬁeam/b@gngﬁtamﬁ;ow@u@@@ﬁdnm@ t he

ol d segnent, amgdeeag@éau,&gestﬁlaﬁea@%m&m% ests eedlpﬁmﬁﬁolwed bel ow that a
prlntasad has been g&ﬁstruc froma nu nents as descr.i bed
S assune

above: i HHE «F ypasé‘Plém IWB%l‘HlS"r%ﬁ‘e“Blh“r”ﬁb‘%aé SPREcLBGHERPY AV e been
gr ouped | nt o Gsigaigmute dhreenspsiie sigylipneouply. Jhigivpequee thedpwespred Tripting megle allowyore nt
group. It is assurgetint hemnall gihdeals (€0L-DEhSnd 4inch@d e dofttolke &ih.deslgh ashumesai®f ibme d
that the firi ng.lfﬁgﬁﬁtlﬂ%f St O tﬁelfsgge prrn& &Lshﬁaﬂdsg ﬁlﬁch@)t n@l leﬁagmmaﬁer fbre

si mul t aneousl| Y, onnectlons n t!hy }{nntﬂead ggw grBLlljnng of Rlémsgljhould a paIL\c‘]Bar fiq;ilecatlon {e?] Te 1?%(311'.%1 ble 14

inforgption on a r-=s ese
i sts“the ext éﬁgﬁ%’i‘fs ag S‘ﬁ‘haéﬁ‘f ?aﬂ?fgnetl?Fétn"%‘FSéIeéVéinltl‘éES’IWéPeFdrP&Pﬂ“&m?S‘F mA B8 artdes Tab)| e
14. Printhead dohndebictonsd pate mide] figce DosmeityptinteimulBmeo@ly, themputibedogicds 1€ sgfriaf t
regi sters of segnRAeSe Bd thdlink tinks 2 hdsarks addcfidh @&amOSCJ K[ N|

( Shift Regl sterd ock A’é&gmlel{? ﬁgd%ceg R%naﬁ)g”e gi’}«;edbaé{(aés Ha?éed fdﬂ.ermI'lgPeeJiblacQ g%seh tntacp ust th h e L

segnents in se
9 %rongle of thg firing gulses Since multiple segments are collected together into a printhead, it is effective to

30 share the feedback lines as a tri-state bus, with only one of the segments placing the feedback information on the
feedback lines at a time. Since the selection of which segment will place the feedback information on the shared
sense line relies on D1, the groupings of segments for loading data can be effectively used for selecting the

segment for feedback. Just as there are G SCIk lines (a single line is shared between segments of the same

13 S = segment number
14 D1 = number of lines between the nozzles of one color and the next (iikely = 7-10)

15 Dz = number of lines between two rows of nozzles of the same color (likely = 2)



NPSync 1 A pul se on NPSync starts the printing of a line for all
PLL 1 Phase Locked Loop clock for generation of timng signals in
pri nt heagv@eno41Paral |l el transfer of data fromthe shift PEHASIE®IESSI0 t he
internal Nozzl eEnable bits (one per nozzle). Reset 1 Control reset SC 1
12C serial clock for control SD 1 1 C sgrial data for control CCEn G A
pul se on CCEn N ANDed with data on DI [n] selects the sense lines for
segnent n in segmergougrtipuprel.CC8ehgshaed Aniglsag waeWs® the trrptCCEn Greds plisednial 0g
sense ground VEengﬁ{bYtahatgﬁWgsi: ﬁgbld}iesgam M toPfdedAd Alihe mdbacmlﬂestmese@uﬁrber of
colors V+ Posi Evmus%i aat(i': of t%eldﬁapk rXust (§)§ dlj\ggl?l‘fylh;l(l% ld&(gllltg:]ﬁlsb pagé t){lﬁseémegt ma?r1

Positive | ogic e specl
descri be the pPdt %cuffeé@at S@ﬁ‘%ﬁ?”ﬁeﬁ?‘éf"f&fvhetl Pi‘é’e I mere R oBTee TRt %rﬁ‘tﬂuﬂ‘an¥‘?grﬁetfﬁe‘il?©“kt he

i nventfon to asgnoreniesyivodiavEibligthe gl eegidhi wd oetlihgtdnkonesht f eat ures. Persons
skilled in the art kiRt sdiowZiRr ApaftheRibhsdam cdnkQRdlibie a SP6E bifsésternbudiment s

segment s.

that will NONSL3E! f5Sulh b bkl R EARGes Rl peed gpo\aﬁ%;o%gmmp 004219
PCT/ AUO0O/ 00755 17 d of control rin nozzl es
on rows for re%ﬁb‘cﬁ“{%s ‘i“P‘i‘&lméﬁ%ffﬁ‘i’é‘ltéf°ﬁpn“‘eia“‘}5‘}e‘i"Hefarfée cf° HE RPHEd ‘?‘ﬁ&sfuﬂlﬁi ng: 5

| oadi ng print &elths fifing mechanismder hy erindepd iq fetlall sprhehtp firp Bgiltanequply angiqnly e jsereshliate
segnedds t o t hemddcd febbaiinforntatid a4 d@iuhdnMgst4bbud] tsstiBibgll these MBZZTaBe Btabhe bits
provi ded one pPgkeAQéhictons @R e frhilhiBmlBEaldRzzl €s in respective channels in
time independent manner using separate timng generators in each channel.
2. A nmethod of controlling the firing of nozzles in a printhead as clai nmed
in claim wher &b 14 Printhead poapsions s fjrjng can be started at a set tine

all owi ng print|xaeat a chpsen del ay Mcr@f(fn—dot -1 ne and dot - on-dot
pri ni[i ng. d3_. ] HEtTTod—of gt T ot ng 1;1;5&*5tddMt'x%dlst&}&ofﬁbglﬁéﬂsﬁkyﬂl” g primt leﬁ|dse
:ﬁdct ﬁiarrgro:‘i I eS@it t he pu ge is proér‘gﬁl}f“‘éﬁfﬁc PYRERECOARD Reds ‘émnhozgl e.
15 4. A nethod| of control|ing the fifYaueg TohDplippvintede | semgntpip fegrrchiaeete s
claimed in clajmesgncwWherer i the pul SBAﬁlﬂs@f)ﬂNfPSynbSart&tﬂhﬂiﬁﬁn@ﬁfalﬂi}éf(ﬁblogg’naﬁfmad
bits | oaded tofgrtinmngogeperator—thg iR ) X , ]
printhead
Ten 1 Parallel transfer of data from the shift registers to the internal
NozzleEnable bits (one per nozzle).
Reset 1 Control reset
SCl 1 I°C serial clock for control
SD 1 I°C serial data for control
CCEn G A pulse on CCEn N ANDed with data on D1[n] selects the
sense lines for segment n in segment group N.
Sense 1 Analog sense output
Gnd 1 Analog sense ground
V- Many, depending | Negative actuator supply
on the number of
colors
V+ Positive actuator supply
Vs Negative logic supply
Vaa Positive logic supply

15

Throughout the specification the aim has been to describe the preferred embodiments of the invention
without limiting the invention to any one embodiment or specific collection of features. Persons skilled in the
art may realize variations from the specific embodiments that will nonetheless fall within the scope of the

invention.



to the printhead fromtables, one for each channel, via the printhead
serial interface. 5. A nethod of controlling the firing of nozzles in a
pri nt headv@as2/ef2a med in any one of clainms 3 or 4 wherei nP€aUpI/OATSHead
nozzle rows are in offset pairs for each channel and firing of the offset
pairs is 20 effected by out of phase pulse trains. 6. A nethod of
controlling the firing of nozzles in a printhead as clained in claim1l
wherein nozzles in respective channels are simlarly grouped and the
nozzles within groups are fired sucgesstvely. 7. A method of controlling
the fi I’! ng of nozzl ?.S : nAafne g(ilop(:torn:%ﬁirq Lﬁe%i 'glo?ﬁog&egodrnwsgolr%ls mti@eivwlgagll%‘alsr}la 25
respective rows of nozzles are orgari zed in repeated pods of KoZ21"és al ong
the length of ERERIMERFRPETANHS es, the nozzles in a pod being fired one
after 3he ot hetoadil oingdatalygespegtive chemd siifssgisee opegistiGhesnaspaietivead hannel s ar e
linked as a ChaHgaBResh: W BRIk clhEriORevidRd dnefer folk®; 4 her firing of nozzles in

each channel | ﬁlhn:g Hle §otz§e§ in"%’is egge éthgelsr i19 tgﬁe%cdepel{a%langé uslné1 seEatpa% él[n?l? gegél\‘?;toirs\{r? eaglo ds ’

and bl ocks of chronapods are operated as a regroup, egroups firing
toget her. 30 8"&method of controlling the firing of nozzles in a
printhead as clai ne@ i n ot  coppding hfiring ¢f@ozflgsrin apgntieshd ap Hadmed dixhajmd yhgren a
contrvdl ed by sednblishfingtchitde ftdrttd dnGsetfpiait A16WiRe pahiting A1 @ chodak RARPOESIoMIng A8 dot-bo i 1
firegroups. 9. gt hod of controlling the firing of nozzles in a printhead
as claimed in clail ”57 whg‘re%nd t he Fr+ t head nozzl e rows are. iln qfhset
pairs for each chanfiel aAdBI'CEREEPE PR BEHEE " 8PS RSLEST BIRE ' A%F %

bei ng two phas &grosapae fed by prrpctagonisesadiprprefile oftheguissdsproermmesd oy thtitkedls, one
phase group forezgach of the two 35 offset nozzle rows. 10. A printhead
inclugsng nozzle rows, SUGRBSSEWRrlMWE his IPRZAL B3 pih@kddRd Dihel 8 SIRBG whatdh 1 NK

channel s i ncl uding. respecti channel £t registers in whi Q receive
print data; no%%'i’uge_ g?]tgeﬁ{)%u%eidt\ggpm rmél\?fdﬁ’étsdéageﬁéo a:_gltrafl?ng ﬁ%?z’%f’zms?g%%? egﬁts%%ngrloé%gi ve
the print data“fSPinteudp Eblrsyaae Bivah Aereel vdreomtetd sedldiirer s; and separate
timng generators i A each rethedvhehtotling thefffiedf nogeles jn|aerinthead jaypipinjehin pry oppef dldinge
channel s in ti B 4 whideRAERAL nof¥R FIVE fre in dikset phirs PF dathlch@Rin@Ging bt 66l phiMisCl ai m
10 whegei n the nozal 63,3k fukd:@ds. Py an electrical pulse train, the profile
of the pul ses bei ng programmahl e 02/04219 PCT/ AUOO/ Q0755 18 12. A
printhead as clained in & ai.mtg‘ffﬂ‘?/ﬂ%"g?ﬁm%‘ﬁe " (f:;él;éﬂeﬁfn&f’?nlt gyt BFAPded by
programmed bi weerefngagledn rewechverchapricls ge el gzresd and gnozzles witingresad figg ¢l ai med
in claim12 whekeisnelt:he programed bits exist in tables |oaded to the
printhead, one for gach GhRRAREconwIitFthe fBndVE hdlid §2 Phin®SadGd Bl cihift 6GhédiM 13

wherehn the tables are programmed via a serial n%er ce o.the,printhead.
15 AZri nt noatied" e Rial SR Y b Rad Figh gl LS AGHn ol kR RIS

print head nozzPEdsH\iPodheias firgdqnegfier hepthepaiing Ge sy suceessymPdteA Fetpeqtivehrgrel e kef of

t he of fset pai rschrgmapyd whertin tf ongodffershe otpan Firdng oftnpzalesiscachtnne s ip stepratolesiedovad

clai med i n any.@n& iafe iGpedtivefoasl@dat 0 14 including an interface to the print

head blocks of chromapods are operated as a firegroup, the firegroups firing together.

30 8. A method of controlling the firing of nozzles in a printhead as claimed in claim 7 wherein
the firing of the nozzles is controlled by setting the firing pattern of the chromapods within their firegroups.

9. A method of controlling the firing of nozzles in a printhead as claimed in claim 7 wherein
the printhead nozzle rows are in offset pairs for each channel and blocks of firegroups form phasegroups there
being two phasegroups driving each segment of a segmented printhead, one phase group for each of the two

35 offset nozzle rows.

10. A printhead including nozzle rows, successive rows of nozzles defining respective ink
channeis including: .

respective channel shift registers in which to receive print data;

nozzle enable bits provided one per nozzle at which to receive the print data form respective channel

40 shift registers; and

separate timing generators in each channel to effect nozzle firing in respective channels in time
independent manner.

11. A printhead as claimed in claim 10 wherein the nozzles are fired by an electrical pulse train,

the profile of the pulses being programmable.



10 by which the timng paraneters can be specified externally operated via
a slow serial interface. 17. A printhead as clainmed in claim 10 wherein the
nozzl es woOpEeerti ve channels are simlarly grouped andpgratpsoiEs® fired
successively 18. A printhead as clained in claim 17 wherein respective rows
of nozzles are organized in repeated pqggs of nozzles along the |ength of
each row of nozzles, the nozzles in a pod being fired one after the 15

ot her al ong the rowl2 suc@éedsiexes qpiats inghinrle sizedtticpdseplofinia adtegmied by frdzsnked as a
chromapod wher gisihadel® 2008 RfteF the other firing of nozzles in each

channel is in step ong,the row of nozzles in ther t. ods. .and
firing of the no.zz?éés i é p@‘%ﬁ% raf)(fl Y mtgélmslgfv %efeﬁlgtﬁetpﬁgm?%%?ﬁﬁam\éﬁfa ees(riiorélu,leg t he
chromapods. 19T ErhftRrHEsd" 4€°¢ ai med in cl ai m 18 wherein each channel is
formed by two of f sefi4.r ows rathead2@claigg inlchig 13 witregire tavapod® sramsed gip gaunl Riedhcd N
bl ocks as firegneyfsehose chromapods fire sinultaneously to form two

phasegroups each dr ilé( I ng A%lnl eglfas glzﬁn?ed Ql%lnee& CIQItlS 19584 ,Qifxerehl% pQJtl‘Fea%%Bzzlg Bw@areOf a

segnent of a segpented print egs._zo grlnter haV|n% a printhea

i ncl udi ng nozz{P& M FHRE ©r LB Y B GiRe OB G 2P 8¢ Olgeps eﬁ'g’ns’respecti ve ink
channel s i ncl udi ng: 1¢espdetiitieed 2ptaired &l anyohd of glaipel§iesit @pleding pp ipirfaceitp thegrigtbadi ve
printl@ata; 25bywaics hetigngabeetdicinde peoiivd Geallp Aerapdvia 2307 Zdig inktfachi ch t 0
receive the print daja fLORWRSPEEHd ¥R heSbilstin £pQiSt €r'S; and
separate Ui m ng. gengratons, )il sach channel Lo gffect nozzle firing in
respective chanRars ih time *f RaEp&htent anner . 21. A printer as clai med
in claim20 wherei n'¥he AgF¥ieaiss diimged micligd 7 plereiiesertieiory € ez gf Semid i n, 30
the profil e of repdaed pdslof@ezlchaing e lprzt gi casnraidk wzzen the detle inrmprriddindfiyedpreafyr demed
bits I®paded t 0oler ibdgiB@wgenerator. 22. A printer as claimed in claim?21
wherein the progra I | Skl I [ , one
for each channel erE%ﬁR%‘?%f%%%%”f@m%ﬁgiﬁ%?ﬁ%ﬁ@ﬁ%?&gﬁggﬁ?%$§ﬁ?ﬁggﬁgas
clai med in cl afESOORITER &I PR HBEER APBs PO BT H F P Eecys RiH P AR 9%4% i n
repeat ed pods ofzleézotrellsd yiswing the firms patevett Fre gfomemeésh r ow of nozzles, the
nozzles in a pod being f iapeaheaneclahdl 8clain 1@ whets etth Biinclad f@RAG! by 18 offse\iGws of

SUccesg ive pOd §ozﬁis aﬁd%ﬁ%ﬁgdk 'Meeorééllﬂ&ﬁlﬂgllo&s Qlﬁl%gr!)dpmgg cl@cﬁna@odscfpe{ SQM&QSIMEEI@ n
the one after the other ) |n(§%§&a | ong
SIS

firin f ngzzles .in each channel _i
Lhe row of - noz o1 Bt e el ofeoB A5 St APt B R D g ShPS gt S
controll ed by settiAY theé PRt paye pRaintheat incluging Roprke TRMS1SErFRESO EPY'S of 4@zles defining

respective ink channels including:

respective channe] shift registers in which to receive print data;
25 nozzle enable bits provided one per nozzle at which to receive the print data from respective channel
shift registers; and
separate timing generators in each channel to effect nozzle firing in respective channels in time
independent manner.
21. A printer as claimed in claim 20 wherein the nozzles are fired by an electrical pulse train,
30 the profile of the pulses being programmable and determined by programmed bits loaded to a tirrﬁng generator.
22. A printer as claimed in claim 21 wherein the programmed bits exist in tables loaded to the
printhead, one for each channel via an interface to the printhead.
23. A printhead as claimed in claim 20 wherein respective rows of nozzles are organized in
repeated pods of nozzles along the length of each row of nozzles, the nozzles in a pod being fired one after the
35 other along the row;
successive pods of respective channels are linked as a chromapod wherein the one after the other
firing of nozzles in each channel is in step along the row of nozzles in the respective pods; and firing of the

nozzles is controlled by setting the firing pattern of the chromapods.

40



