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describe a ni CFHBPUOPBecRERI Y08 op” IR UGEHRHd PaTATRELT S he FEEFTRPOTS:

referred to as PET/NEIf0RT17 pd PET/MEAESITThe Menj et printhead is devel oped from

printhead segnents trhafscaes £ BRed e diaf apflic06hu &t iB@sporhteiherci@dyarsplrd@srend600 dpi

bi -l1evel dots of liquid ink across the full width of a page. Dots are
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regi stration, W N - on- dot prlntlng. The printhead enabl es
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descrisge a pri RbrR0sH0E4 SPRAIRNbES, pEMAT®EAsELind PCT/AU00/00590, which describe

microelectomechanical drop on demand printhead hereafter referred to as a Memjet printhead.

The Memjet printhead is developed from printhead segments 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

40 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,
and PCT/AU00/00754, PCT/AU00/00755 AND PCT/AU00/00757 describe a print engine/controller suited to
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t

create smooth transitions across overlapping segments and it can compensate for dead nozzles in the printhead
by reference to a printhead characterization vector. The resolution of the dither matrix select map should
40 ideally match the contone resolution.
Each printhead segment can be queried via its low speed serial bus to return a characterization vector
of respective segments. The characterization vectors from multiple printhead chips can be combined to

construct a nozzle defect list for the entire multi-segment printhead and allows the print engine to compensate



Each printhead segnment can be queried via its |ow speed serial bus to
return a characterization vector of respective segnents. The
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page from a corpr esdeered.Ar ayprablideprlifatiadlgi ne functional ity incl udes
expandi ng the page iFixgss), tolénttieprintingat biltepeednt one | ayer, conpositing the
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and sendi ng th?ungtl%xﬁll*%zt ant inmage to the printhead. a print controller for
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data rate. Document rasterization and document printing are therefore decoupled to ensure the printhead has a

constant supply of data. A page is not printed until it is fully rasterized. This can be achieved by storing a
compressed version of each rasterized page image in memory. This decoupling also allows the RIP(s) to run
ahead of the printer when rasterizing simple pages, buying time to rasterize more complex pages.

40 Because contone color images are reproduced by stochastic dithering, but black text and line graphics
are reproduced directly using dots, the compressed page image format contains a separate foreground bi-level
black layer and background contone color layer. The black layer is composited over the contone layer after the
contone layer is dithered (although the contone layer has an optional black component). A final layer of

Netpage tags (in infrared or black ink) is optionally added to the page for printout.
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The print engine works in a double buffered way. One page is loaded into DRAM 34 via DRAM
interface 89 and data bus 90 from the high speed serial interface 27 while the previously loaded page is read
from DRAM 34 and passed through the print engine pipeline. Once the page has finished printing, then the
page just loaded becomes the page being printed, and a new page is loaded via the high-speed serial interface

30 27. At the first stage the pipeline expands any JPEG-compressed contone (CMYK) layer, and expands any of
two Group 4 Fax-compressed bi-level data streams. The two streams are the black layer (although the PEC is
actually color agnostic and this bi-level layer can be directed to any of the output inks), and a matte for selecting
between dither matrices for contone dithering (see below). At the second stage, in parallel with the first, is
encoded any tags for later rendering in either IR or black ink. Finally the third stage dithers the contone layer,

35 and composites position tags and the bi-level spotl layer over the resulting bi-level dithered layer. The data

stream is ideally adjusted to create smooth transitions across overlapping segments in the printhead and ideally it
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register, a regular 32-bit register, and® a regular 16- bit register. A
5-bit counter keeps track of the nunber of bits processed so far. The dot
advance si gnal cfclenRiting &e 33iyelds e pingiratopiestapi caissts heriND of MU ddepngg Sigscforttigpse 32

i nstruct the Ddes@odvaianhiotdavdidets cysln@ eddaodderlap dbq@udriap AND dol ddvancé fof §gts3 oy A)
62 is clocked every cycle. It contains the 32 npst recent dots produced by
the dot nerger uni tTal(laVkJ}techhﬁetf,mliU 32 b|t vaI ue is copied to register(B)
63 every 32 cygd ) of 34 fah s+grat—prpduceqd by the DRU
state nachi ne Zfﬁvi a l\éoogvfrl e gag' %ﬁl 1 ﬁac"imnt 16 odd bi nex‘{(bl ts 1, 3, 5,
7 etc.) fromregistef(B) 63 arle copiled to regl ster(C) 65 Wt the same

Wi teEnabl e pulge A[BZ-bI T  NETT pIEXOr 09 shhSRaSEel ECTS | Wt he
following 3 outputs bhased upon 2 hitts fromlthe state nachijpe: he full 32
bits fromregister B|! A 32-bit|Bval u¢! made YBesrFapTHEP 16 eNen bits of
register A (bifs 0% 4, 6 etjg ) and e IR EVRNadlolegp0l 220 T¢0i ster B.
The 16 even bits fromregister] Afoimbits |0 to 15 while the 16 even bits
fromregister BFform®bits 16-{FeEna Al 32-bj tjAveisesetpatiEedgp Prom {he 16 odd
bits of register B (bits 1, 3,|ebaB7|etc.) aB@IontahEﬁrs‘I:GveﬂDi)ts of register C
The bits of re;j StHef § oAb etk ﬁrsovea

Bformbits 16[13. The state nEthi e for tHs DR EINER selen in|Table 1. It
starts in state 0. |1 changes [state|every 3?‘”’%“0”2‘7"@2’3@9’ 8 PCT/ AUOQ 00756
cycles. During The 3Z cyctes a single noovertap bit——cottectsthe AND of all
the dot advance bits for those 32 cycles (noOverlap = dot advance for
cycle 0, and noOverlap = noOverlap AND dot advance for cycles 1 to 31).
Table 2. State nachiThenaesruniphy) S AFENGOVERPapOR Potetayteresiades nmsethext
stat e OXBOSt ar tronp ths tighbrendatrii dd8kRey UhAU) A® ntoquerl caid! st bAeCaniic @hgh Sarfiny & the

overl ap2 2XEVeRuAa palgénqsqu@sbmb@@tg@mtmgmemd%ags cEMER. Bgmq%@sca&texfdf&o%d ‘

over | ap 3XC, O?nge aBr:I'C cont %Itgls s&_ito (gattthé)begmmn thhe aCO”Hlt oltcr:]msl terls atg/anced% ?eachqf%e
The margin uni atvance: dot

on
and advance |i f§ ffg“ﬁ‘%ﬁs %d"’ ‘\‘df"i‘i?ﬁs "H’lt‘EeIJPMALErd‘th‘i%“é%{f@%’%* aU’f‘ﬁ“Ei"‘”(cDNHQEﬁ)ﬁ‘"Z}S‘el nt o
gener aP cont r oPMUghalins cdyms Sdocomenteh@d ha e covater gy iwret tof. Badhayclectber qeent linpad ot | t
i's al so responsinl fe fofipared @RS nRieink) 6f thelpbye,LRElapBtbpriR@ GfpucoNiahde O a2 aMikREPS
a counter of d%r Aknatd LD BvAGELE S [hAE HBAE- Tﬁé%mﬁr taﬁlgtthe qlﬁQubasmsl%

begi nning of t fgghlg ot counter I's advanced each ti1nme

recei ves a dot reﬁﬂelﬁ%éém F9Mal fromthe DVAU. Wien the IVU receives a I|ne
advance signal fromtHE 30 sEmhtine fopdsr /| forig veb@HlR r It Fegeivpsifetiefpramipe tiernthatEthe
dot cdfinter i s ldadsetott for 2Qiventpeid tineGyCdpopritthignite bmge bmd dniep, &id Gond Gtexter:ADRIGE ar e

conpared to thesRf Bias mef mb B o@ag@mremdmapfgﬁl&@r halRieRIRK biaghtor A YBRCE,

line advance angmsvgf ttsl‘lelxtgmall Hlprfag 1s sh ?I:G 9. alrhgm gﬁ QEEF% isa snt oq’g?lsb W%Pdr %Idns
The DMAU cont ai ns th
DataVahd bit, all generated by the HCU The output 6 is a set of 90 bits representing a maximum of 15

-h

TS

mb.“.nn.u: whi-e—t-he—odd—bits—f+om regi st er

printhead segments of 6 colors. Not all the output bits may be valid, depending on how mary colors are actually
20 used in the printhead.
The physical placement of firing nozzles on the printhead referenced above, nozzles in two offset
rows, means that odd and even dots of the same color are for two different lines. The even dots are for line L,
and the odd dots are for line L-2. In addition, there is a number of lines between the dots of one color and the
dots of another. Since the 6 color planes for the same dot position are calculated at one time by the HCU, there
25 is a need to delay the dot data for each of the color planes until the same dot is positioned under the appropriate
color nozzle.
The size of each buffer line depends on the width of the printhead. Since a single PEC generates dots
for up to 15 printhead segments, a single odd or even buffer line is therefore 15 sets of 640 dots, for a total of
9600 bits (1200 bytes). For example, the buffers required for color 6 odd dots totals almost 45 KBytes.
30 In FIG 10 is seen a block diagram for Color N OESplit (see Oesplit 70 of FIG. 9), and the block
diagram for each of the two buffers E and F, 71,72 in FIG. 9 can be found in FIGs. 10 and 11. Buffer EF is a
double buffered mechanism for transferring data to the printhead interface (PHI) 32 in FIG. 3. Buffers E and F



requirenents for the HCU. In FIG 8 is seen the line |oader / format unit
(LLFU). It receives dot information fromthe HCU 15 | oads the dots for a
gi ven priwo d2ioassel Nt o appropriate buffer storage (some on pgh yooAnteSOMe i n
external DRAM 34) and formats theminto the order required for the
printhead. A high-level block diagramof?the LLFU in terns of its external
interface is shown in FIG 9. The input 67 to the LLFUis a set of 6 32-bit
words and a  Ddfesiorsihavelidpiigal stragfures. dfinre thetnengesting of Hiae ¢fidey onplalthegue yditrs ig ritjertog
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The addressing decodt HGHoRi"e R e Poreredl gt sy are fo thy ebit rgngfer &sgister %P hat
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al | col or sub- bUhdred sosds &r wsinglh dogind iOgbwn in e fBlioRigs @euddeddi t  address gives a
total of 6 bitsDe.l;gF,rstgm_s}git per col or. Each sub-buffer 73 to 78 has its
own WiteEnabl ey} alB g & low a single 32-bit value to be witten to a
parti %‘3' ar col or er given cycle. The individual WiteEnables are
gener dated by ANﬁPrr{ﬁ”‘ﬁ‘?%meé‘forrgqt@Wl teEnabl e i nput with the decoded form of
Col or Sel ect. 20 THRotigSegyerti&bitdf=Mat al n on |ine 79 are shared, since only
one buffer w || act cakddy=0Dbibségmchte (Hbabils) (phts inAehdé essagener ation for reading
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ac]pess can be lmac% to6all

XfersRemaining = NumSegments



address that is used to fetch 6 bits representing 1-bit per color for a
particul ar segnent. By adding 640 to the «current bit address, we advance
to the newlo @agasgent ' s equi val ent dot. We add 640 (not 128@cr3Atemoeisge odd
and even dots are separated in the buffer. We do this NunSegnents tines to
retrieve the data representing the evenl125 dots, and transfer those bits to
the PH . Wen NuntBegnents = 15, the nunber of bits is 90 (15 x 6 bits). The
process is then ré&peated for the odd dots. This entire even/odd bit
generation process wmanfTepeat(esdsBehtdiringees, increnmenting the start address

each time. Thus all mgawa@kuqaﬁa@ro&feu@lﬁéﬁwn@ﬁm& erbheadvihcEN the order
required by the print hes DoneF?StBR meéna nSegnments cycl es. \Wen

NunSegnents = 15, t he hunb e$-1%4° 19, 200 cycles. Note that
regardPess of the n@%eWaHFOWV\UPéN%TCW%EﬁP'%Sed in the printhead, 6 bits
are produced in a 3WrigEneble =Neabtatlycl e (one bit fromeach color's buffer).
In addition, we genq;r(@t,,ﬁegnme)TWi t eEnabl e control signal for witing to the

90-bit Transfer regi StsﬁhR g?sterl r;eth:A &uts%%m &g&iggs'&%%&”ﬁérarts before the

PH , we must transfer ore ance pul se from the
PH . Ve nust al so gen&t#t®= PHré‘\ ﬁ‘é% value in readiness for the first
Advané@ pul se. The solXigrsRemaiiieg tXgersRemainiodet the first value to the Transfer
regi ster after Nui ngagients cycles, and then to stall NunSegnents cycles 35
later, waiting forUnﬁ,bm,,,{g@@ﬂrgge pul se to start the next NunfSegnents cycle
group. Once the first Advance pulse arrives, the LLFU is synchronized to
the PH . The reg B ocess for a single dotllne is shown in the foll ow ng
pseudocode: DoH@FP’P"é@”ﬁ“E?NESEW%ﬁﬁf‘ﬁW@P FALSE 40 For Dotl nSegment0 = 0
to 12189 |f ( DotEF9épeg@T EFbers® == 0) Curr Adr = Dotl nSegnent O (high bits)

(puts in range O tw@&&}ad pgﬂzﬁglxitra?gfe%{n§ﬁﬁrfﬁh@oﬂgto:themﬂﬂgﬁgtg§rﬂ§e§ is\Wp2d 2339
PCT/ AUO0O/ 00756 &%&#p loxter (XfersRemai ni ng == 0) TWi teEnabI e =
(Want ToXf er ANIS tBo I rst) PHI : ADVANCE DoneF

TWitebnabl e 5 Stal (MelsgE TS B °AR|B°‘(1Wt*ﬁWﬁatf"’ebEH"aHF‘é jod %W% ﬁdétﬁﬁ‘a‘b‘rugef
NOT(Stall) If @ESwWilitddEndBAM). (Sl §data Revgites todiF whengertthe [ICH's BiitpusVafid flggyis set, and color -
EFSenge| ReadBUfolieita]lsQﬂélfdﬁﬂrfgoth@lﬂih&/ﬁdrﬁreg!st@ﬂfI’Adl’ + 640 10 XfersRenmining =

XfersRemaining - 1 pERdbE ddtdid, 9(lsTaV3§ it I@&@ﬁmc@)homﬁasgfqlrcuﬁdeﬁate&gatotJomémfa@r EF
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F oM e aring
the next ~dot-line iBaffHB S%tsﬁé‘?“bﬁﬁ‘?ffe’é‘? mectppigm ﬁ’aﬁ%’t‘ylb‘%‘?dﬁ@"t A3 for gy By 2EoresF s
col or 1 data geénrsat @d Bbherefolvhalel@lehticanoictae| Onring +h6 pda@tsag bfradime udbtf, ewe of the two

25 - buffers is read from and then written to. The two buffers are logically swapped after the entire dot line has been
processed. A single bit flag ABSense determines which of the two buffers are read from and written to.

The HCU provides 32-bits of color 1 data whenever the output valid control flag is set, which is every
32 cycles after the first flag has been sent for the line. The 32 bits define a contiguous set of 32 dots for a single
dot line - 16 even dots (bits 0, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5 etc.). The output valid control flag is used

30 as a WriteEnable control for the OE; register 81. We process the HCU data every 2 OutputValid signals. The 16
even bits of HCU color 1 data are combined with the 16 even bits of register OE, to make 32-bits of even color
1 data. Similarly, the 16 odd bits of HCU color 1 data are combined with the 16 odd bits of register OE, to
make 32-bits of odd color 1 data. Upon receipt of the first OutputValid signal of the group of two, we read
buffer AB to transfer the odd data to color 1, 73 in FIG. 11 within buffer EF. Upon receipt of the second

35 OutputValid signal of the group of two, we write the 32-bits of odd data to the same location in buffer AB that
we read from previously, and we write the 32-bits of even data to color 1 within buffer EF.

The HCU provides 32 bits of data per color plane whenever the OutputValid control flag is set. This
occurs every 32 cycles except during certain startup times. The 32 bits define a contiguous set of 32 dots fora .
single dot line - 16 even dots (bits 0, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5 etc.).

40 ‘While buffer OE, (83 in FIG. 10) is used to store a single 32-bit value for color 1, buffers OE, to OEg
are used to store a single 32-bit value for colors 2 to 6 respectively. Just as the data for color 1 is split into 32-
bits representing color 1 odd dots and 32-bits representing color 1 even dots every 64 cycles (once every two
OutputValid flags), the remaining color planes are also split into even and odd dots.

However, instead of being written directly to buffer EF, the dot data is delayed by a number of lines,



D (supplied fromDRAM. Color 1 data is witten to EF whenever the HCU s
QutputValid flag is set, and color 20 2-6 data is witten during other
times fromg@gksier C. Buffer OEL 81 in FIG 9 is a 32-bitpagregi@ioeiseused to
hol d a single HCU generated set of contiguous 32 dots for color 1. Wile
the dots are contiguous on the page, thellodd and even dots are printed at
different tines. Buffer AB 82 is a double buffered nmechani smfor del aying
odd dot data f @prdigwiteyoutio BRAND vielenffpriCRES in FEE £%- dyhde the datp i Bivenlise ¢ witten thBRAM.
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buffer AB to trfdlagpeseudodseodd data to color 1, 73 in FIG 11 within buffer
EF. Uddn recei ptadcfo t he second 35 QutputValid signal of the group of two,
we wite the 32-f,t§ig,,§ouggre@d§| data to the sane location in buffer AB that we

read from previ ghﬁer%fmaréﬁnmmyl te the 32-bits of even data to color 1

wi thin buffer des 32 bits of data per col or plane whenever
the QutputValid cdfﬁ'f'?%ouﬁ’f‘&@'d?%N%@'PtE”"FFﬂt%ed) Joccurs every 32 cycles except
during certain start upgoborNgieEndttee= BREDI t s defi ne a conti guous set of 32
dots faor a single dotcOloims@r adt6 even dots (bits 0, 2, 4 etc.), and 16 odd
dots (bits 1, 3, 5 etg QyWiile buffer OEL (83 in FIG 10) is used to
store a single 32-bi t vacf f)or color 1, buffers OF2 to CE6 are used to
store a single 32-bit v£1dhe for colors 2 to 6 respectively. Just as the
data for color 1 is sfHset into 32- bits representing color 1 odd dots and
32-bits representing coladr=ddreven dots every 64 cycles (once every two

Qut putodal i d fl ags), thgqfemaining color planes are also split into even and
odd dots. However ESI nstead of being witten directly to buffer EF, the dot
data is delayed by a nunber_ of |ines, WO 02/02339 PCT/ AUOO/ 00756 11 and is
witten out to DRAMSIPAVHAEreTALEB4 in FIG 9). Wile the dots for a
given line are wibntlen to DRAM the dots for a previous line are read from
DRAM and written tqubuiduguivii) (71, 72). This process nust be done

i nterlgaved with thq,rsgng&ﬁé%d%b% %n&%ggd)l to buffer EF. Every tine an
Qut putValid fl ag I% f\lecelve fromthe HCU on line 85 in FIG 10, the
32-bits of color data are witten to buffer OEN (83). Every second
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pseu docode: 15 ]ﬁ@[\/lz(i)n this respect then, the DRAM acts as a form of FIFO. Consequently color N (either odd or even) is
read from DRAM into buffer D while copying color N (same odd/even sense) to buffer C. The copying of data



firstEncountered = 0 While (NOT AdvancelLine) If (HCU QutputValid) AND
(firstEncountered)) ColorNWriteEnable = TRUE 20 Col orNAdr = adr If (adr
== 39) agigR/ksx®e adr = adr + 1 25 Endif Else Col or N\Wpdiekvmbbhss= FALSE
Endif If (HCU QutputValid) 30 firstEncountered = NOT(firstEncountered)

Endi f EndWiile Address generation for rléading is trickier, since it is
tied to the timng for DRAM access (both reading and witing), buffer EF
access, and t hdt @i Ceaesl00F 21cygre Hevprding enrivhether the Quippsiyalid flag logoyrs dps] thei 24 &ehstre | ow.
35 Address gen@n&tbbtd skt dave libifiEeypicdly thEDRAM afeess ailiche @6 IsioweNtaskp, @he adcbnd tpired titeO

the timng of DPRAMLBLEEES darBRbhifer®USHrittb DRAN BfefsSie Focods Bs WeR iR read) R QRGBSR NY
W t.h regards t% tglul% Is%g Sed gbﬁ%dEP!:' '-Ill_,r}loecopzraﬁldé%a ip tgajns?e?r%fotl gftlerﬁiFthl%ttherOhteut\ﬁaﬁ%é is]c or
a single segnent of COf or fel(fgﬁler odd or ‘even o?sl) is transferred from
the DRAM to bufst&hee eofor {aip ithgig Eapsterredy Whephot taplts Baveftisted s smp pressss praatforfihe st DRAM
t hose dots are smeplf ebety bhsed! oavet)hwmd thel foregh ontheGerhaininBudldre rM: entir déusle pecegione
for each of th@apal O ifned. NThO Sieredddd Gbr QMCHT tHd QlrSnt ik InEIRARL HORR ikl QR TBRTneS
worth of dots g§eSSl?o%gg umul ated (20 sets of 64 cycles), then the process
begi ns agai n. ce he ata for all segnments in a given printline has been
transferred from andPt Y REERARILRE T FFYPR PSSt Heweqmars “rEH 1¢sgt 620 € 3T3iAM
buf f erl0i s advane@doliowd bt J0at32-bit wrinis,|abd ifsen bt hrer impyvlbping mtudocltnber of | i nes

until the particular data for the color's line is read back from DRAM In
this respect th%gStagQ@:pRAM acts as a formof FIFO Consequently color N
(either odd or even) 1s read fromDRAMinto buffer D while copying color N
(sane odd/ even S8NYEFeABMBEPSar C. The copying of data WD 02/ 02339

PCT/ AU0O/ 00756 12 FerCuyGhlprerO tcMpdialieolo®) or 21 cycl es dependi ng on whet her

t he Qusput Val i d f | agpromstaraddebds + ogdortdhddrtsi@nsf ers.  Once both tasks have
finished (typically the DRAM access will be the slower task), the second

part of the proces eqgi ns. e _da i ffer is.witten to DRAM (t he
same | ocations as V\é'\lhqe Eﬁ%qg Sﬂggﬁ)fm%hgw%@ag%{?sﬁ "\mrc1f3(>rf)%?f‘:F’%ers§ Dis copied to
buffer EF (again, no &SlBYAdN@ata is transferred to buffer EF while the
QutputValid flag is 5vwée (®lorNger'eed)or 1 data is being transferred). Wen
bo]th tzasl(<s hﬁve fidgi sheds (kOLHEQ R ARESS OCCurs ;or t he ot her senlse of
color N (either o or ev ini.ng col ors.
The entire double pr ocesseﬁ%{‘geg&e?}%éﬁé%g&?l&%ésﬁ%%é g’éﬂi@?‘?‘”@’h each of the
current lines in DRAM are Qﬁ?&ﬁ’*d[@%'&@%br the next line's processing to
begi n. The address genergatlf on process can be considered as NunBegnents
worth of 10 sets of. Z2dwnhi82-bit 10 reads followed by. 20 x 32-bit wites,

and ithscan be seen igahhe- 9! laWMLRselgocode: 15 20

While writing 640 bits from C into DRAMStartAddress (>=20 cycles)
ColorNAdr =0
EFAdr = EFStartAdr
30 While (ColorNAdr = 20)
If (NOT HCU_OutputValid)
Transfer D[ColorNAd] to EF[CurrColor]EFAdI]
If ((ColorNAdr == 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1 :

35 Else
EFAdr = EFAdr + 1
Endif
ColorNAdr = ColorNAdr + 1
Endlf
40 EndWhile

EndWhile - wait until write has finished
If (DRAMStartAddress == DRAMMaxVal)

ColorCurrAdr[currColor] = round up DRAMStartAddress to next 1KByte page
Else



25 30 35 40 EFStart Adr = 0 Do NunfSegnents tinmes: For CurrColor = 0 to
MaxHal f Col ors DRANMSt art Address = Col or Curr Adr[ Curr Col or] Wil e readi ng 640

bits fromyigRAMRI®rt Address into D(>= 20 cycl es) Col or NAdrpcay Quodfvnt =g
(Col orNAdr '= 20) If (NOT HCU QutputValid) Transfer

Col or NBuf f er [ Col or NAdr | Curr Col or bit0] t!& C[ Col orNAdr] Col or NAdr =
ColorNAdr + 1 Endlf EndWiile EndwWile - wait until read has finished
Wi le witing 640 bit SofrGyfdicintrler DRANEIAdMeRsr+S4abie >=20 cycl es)
Col or NAdr = O EFAdr EndiEFStart Adr While (Col orNAdr !'= 20) If (NOT
HCU Qut putValid) Transfer D Col orNAdr] to EF[ CurrCol orl EFAdr] If

Col or NAdr == 19) rrColor == NunHal f Col ors)) EFStartAdr = EFAdr +
(1(EI se_ EFAdr = EFA@?QE%OHLEH'&TSFQ JPbrNadr = Col orNAdr + 1 Endlf EndWhile
EndWii Pe - wait until '"WPPREUQSICHTGoio8 e BolprMarromi&seoa Addr ess ==
DRAMVaxVal ) Col or Cur r AdrdobtfturrBot{anGolod = GoierRiarifpowDREMB] ar t Address to next 1

KByt e page Else WO 02/ QRRR2UrREEIBLIONL 08dBGrARmebies Cur r Adr [ curr Col or] =
DRAMSt art Address + 64QQits Endlf 5 10 15 If (Segnent== naxSegnents)

ColorStantRow[currColor] = ColorCurrRow[currColor] + 1
10 Endlf
Endlf
EndFor
EndDo
Wait until next Advance signal from PHI
15
Note that the MaxHalfColors register is one less than the number of colors in terms of odd and even
colors treated separately, but not including color 1. For example, in terms of a standard 6 color printing system
there are 10 (colors 2-6 in odd and even), and so MaxHalfColors should be set t0 9.
The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data for the PHIL
20 Consequently the printhead should be started and the first LineSync pulse must occur this period of time after
the LLFU has started. This allows the initial Transfer value to be valid and the next 90-bit value to be ready to
be loaded into the Transfer register.
The printhead interface (PHI) is the means by which the processor loads the printhead with the dots to
be printed, and controls the actnal dot printing process. It takes input from the LLFU and outputs data to the
25 printhead itself. The PHI will be capable of dealing with a variety of printhead lengths and formats. The
internal structure of the PHI should allow for a maximum of 6 colors, 8 segments per transfer, and a maximum
of 2 segment groups. This should be sufficient for 2 15 segment (8.5 inch) printer capable of printing A4/Letter
at full bleed.

A combined printhead’s characterization vector can be read back via the serial interface. The

30 characterization vector may include dead nozzle information as well as relative segment alignment data. Each
printhead segment can be queried via its low speed serial bus to return a characterization vector of the segment.

The characterization vectors from multiple printheads can be combined to construct a nozzle defect list for the

entire printhead and allows the print engine to compensate for defective nozzles during the print. As long as the

number of defective nozzles is low, the compensation can produce results indistinguishable from those of a

35 printhead with no defective nozzles.
Each segment has 384 bits for characterization vector, comprised of:

. 64 bits of flags and printhead segment information, including serial number and number of colors

represented in the segment
. 16 bits of alignment data relative to previous segment (0 = first segment)
40 . 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:



I f (Col or Curr Row CurrCol or] == Col or MaxRow Curr Col or])

Col orCurrRow currCol or] = Col orStart Row currCol or] Col or Curr Adr [ curr Col or]
= Col o r Sivayg2mdsdocurr Col orj El se Col or St art Row curr Col or Jpc/AU00/00756
ColorCurrRow currColor] + 1 Endlf Endlf EndFor EndDo Wait until next
Advance signal fromPH Note that the Mi%Hal f Col ors register is one |ess
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Each segnent hhs %84ilts ¥ chaf SRFEFIREREIH vector, cofiprised of : 64
bits of flags ANd guai Nyhead e MEKnabgd@kdrat i on, 1 ncl udi ng serial nunber
and nunber of polaors represented in the segment 16 bitsf{of alignnment data
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defective nozz[e /55U USIngyep tr [SYq1 R o e 0} pctive nozzle |ist
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foll owi ng strufptur®" WD 02/ §2339 PCYAM0GPGEPS6 14 5 bits count (0 =
end-of -1 ist) 3TOTS Of CTOR@T  CloWHivelogebudly LS, One entry per defective
nozzle In genepal ter a printhead segnent has connectiophs as defined in
Tabl e 12, Note|that«sore of ythe | positive logic supply

The 21mm long printhead segment may have 64 bond pads, on 300pum centers. 24 of these bond pads
are V- power supply to the actuators, and 20 are V+ power supply to the actuators. The remaining 20

connections are CMOS logic power, signal, and data connections. Table 13 details these connections.

10 Table 13. 6 color segment connections
# Name Function
1-6 V- Negative actuator supply
7 Vs Negative logic supply
8 Din] Channel 1 of image data [n] (fixative in 6 channel printhead)
9 D2[n] Channe] 2 of image data [n] (infrared in 6 channe! printhead)
10 SCIk Serial data transfer clock




J~ connections are replicated when nultiple colors are present.
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40 D5[] " [ 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
55 Vad Positive logic supply
56 Gnd Analog ground
57 CCEn[n] Control Chip Enable [n]
58 Vs Negative logic supply
59 Sense Analog sense output

60-64 V+ Positive actuator supply

A multi-segment printhead is ideally composed of a number of identical printhead segments. These

are typically 21mum segments that are manufactured together, or placed together after manufacture, to produce a

printhead of the desired length. The segments may be set with overlap, as desired, to allow for smooth

transitions between segments. Each 21mm inch segments prints 1600 dpi bi-level dots over a different part of

the page to produce the final image. Although each segment produces 1280 dots of the final image, each dot is

represented by a combination of colored inks.

For example, 15 segments can be combined

side-by-side to

produce a 12-inch printhead. Each segment can be considered to have a lead-in area, a central area, and a lead-

out area. The lead-out of one segment corresponds to the lead-in of the next.

In FIG. 12 is seen the three areas of a segment by showing two overlapping segments 106, 107. Note

that the lead-out area 108 of segment S (110) corresponds to the lead-in area 109 of segment S+1 (107). The
central area of a segment is that area that has no overlap at all (110 of 106 and 111 of 107). Although the figure

shows the segments vertically staggered, the segments are staggered at a slight angle so that they are aligned in

the vertical dimension.

It is assumed below that a printhead has been constructed from a number of segments as described



39Reset Contro
channel

pri nt headywARes3yC seri al
44- 48V+Posi tive actuator supply 49-54V-Negative actuator supply

55VddPosi tive | ogic supply 56GidAnal og dfound 57CCEn[ n] Contr ol

Reset 40D5[ n] Channel
print head) 41D6[ n] Channel

cl ock for

5 of
6 of
control

i mge data [n] (magenta in

Chi p

6

i mage data [n] (cyan in 6 channel
43SDI 2C ser i alpcdat@ofoarsecont r ol

Enabl e

[n] 58VSSNegative | ogi c supply 59SenseAnal og sense out put 60-64V+Positive
act uat or suppl yoor- it sfrmedhshierreta fppdingpiranes: thesegmenisdirtepece snpersia Gofemet greber
pritnt. keeteds Bietg Mesad Sgmedipene It igfisembdtikeald cyloR hnmmpsegae ntshsshdrat

are manuf act ur @gh dedEft RS amisaPibr dRl AR it @ISt 8Tendfil ShuhRAYS, 2Rt e sd:RePkgduce

of identical
a printhead

as desjired, t

i nch segnents FRTHEEIEIODY HF avplably Eoparigistds over a different part of
Al t hough each segnent produces 1280 dots

page to produ

of. the desired |ength. The se nts na set. W ver
ot P PSPy ol BERREC, 3ol it Sl iR 48

ce the fina

i mage.

l.ap,
nmm
t he

of the final | mages. eaGbhadRbecticss T epresented by a conbi nati on of col ored

i nks. For exa
12-inch print
central area,
to the lead-i
segnent by sh
| ead- out area
segnent S+1 (
overlap at al
segnments vert
so that they
that a printh
descri bed WO
| oadi ng pur po

with L segnent

colors in the

printhead is th

a time place
t hese things,
froma printh
DnCLI nputs to
(Shi ft Registe
the L segment
printing of a

10

15

15

AL~

ntae e~can_h
LIl T CaATT |LvJ

Ao _hyv o1 Ao

hngﬂm Each s

P Vel
LI STYUTT

ns
egnent can

orptred—stde—by—st+de—te
tion. J

3Def\écrl .
e 2PN%i dered to have a lead-in

proeguce a

area, a

Ay a | ead-

t area.

Thets it sgeerpd ssgpats §@dnent cor |

esponds

8dik t he nex
M ng two ov

n
(0]

107). The ¢

108 of segn

(G 10 Tn FI
er | appi ng s
ent S (110)
entral area

(A puls? orl FTLEE EMiftRaABrerCIEk@ Lotk RS-0
E AR e Stroth @R 1ined 1246 the Mglﬁ‘ents I-n_@é{neng h

gq$&esponds to the [ead-in are
BiPa segnent is that area that

@
a 109 of

a

has no

MS® of 10
cal |y stagg

fland 111 o
bred, the s

A sy yn NEAYRE piasie G rpriptng ofeilipairal  sh
egemenit.s are staggered at a sligh

a
e
0

Balgned
hd has been
P/ 02339 16

[ the ver
constructe
CT/ AU0Q/ 00

Piasd Eockid TEoD SR For gereptioniof firsing s
g _froma number of segments as
4 above. 1t is assuned that f

pws t he
it angl e
Fd bel ow

r data

se&n the seg

5 in the |la
br i nt head.

h~t | laWaVWal

ents have
rgest segne
t is assum

aVvatd fi v

hRete! gt pider Fom s siEft Sethmente igrog
Ntal group. It is assuned there ai
PRozzIdFRA e bitsliRe fet rfo-izlag mechani sm f

Ips,
Le C
r the

aaal. Se
eedback i

S

o~
LILILE™>4

nf ormati on

1 LILELIA 2

o [ala¥
TCUUUOST _y, uTTa \AR1] y \YARAY2 JCY

devl};ﬁ‘gliegé ol v AN anly _Ann
N a common tri-state bus. Assul

yjnent  at
m ng all

reBl e 15 i

5ts the 5

b1 wrigheleck fersavelct i ons that are a

ail abl e

easb Table 1

b1 Pri nt hea

Jrcefneetd afsl Nanme#Pl nsDescri pti

on

Coaay ey
Clock N) lo
in_segnment

r
S

gtersof—s
hds t he cur
aroup N. N

) EE'SHEIPCC%n AN it TalOh SR Blcisthet |
. ent val ues fron& [l nes

| K
Pgﬁ‘feﬁé“i%’rﬁﬁf‘%n ONERPEVI “start s 1

[NI
5 into
he

fRe for al

lsegnent s.

Analog sense output

Gnd

1

Analog sense ground

V-

Many, depending
on the number of

colors

Negative actuator supply

V+

VSS

Positive actuator supply

Negative logic supply

Positive logic supply

With reference to Figure 5 the HCU provides the means of dithering with two different dither

matrices, selected by the dither matrix select bitmap. The dither matrix access unit (DMAU) 48 provides the

appropriate dither value each cycle. In addition, the DMAU copes with dithering over multiple overlapping

Memjet printhead segments. The purpose of the DMAU is simply to provide the appropriate 8-bit dither value

for the appropriate output dot position in the printhead.

If the entire Memjet printhead was physically monolithic, a single dither matrix (eg 64 x 64) would

suffice. However, the Memjet printhead is composed of multiple overlapping segments. The segments overlap

allows for a smooth transition from one Memijet segment to another instead of a sharp edge that has the potential

for visual artifacts. In addition, due to issues in placing segments, they will not necessarily be perfectly dot

aligned. A regular dither matrix will not be able to cope with these transitions nor the sub-dot alignment
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will correspond to sumlar matrices in other PEC-managed sets of segments.

Each segment also specifies the horizontal offset in the central area dither matrix for the first dot of the segment.
This allows compensation for the up to 2 dots of misalignment caused by overlapping segments. It also gives

30 the dither matrix generation software more flexibility to provide an arbitrary joining point at the end of the lead-
out component of the lead-in / lead-out dither matrix.

The multi-segment dither matrix is organized into lines. The total number of lines equals the height of
the dither matrix. Each line is loaded into local DMAU memory from external DRAM in a double-buffered
style. While one dot line is being generated, referencing the current line of the multi-segment dither matrix, the

35 next line of the multi-segment dither matrix is being loaded. The dither matrix line buffers are swapped upon
receipt of the advance line signal from the HCU state machine.

In Figure 13 is seen the composition of a line from a multi-segment dither matrix.

The size of a single line of the multi-segment dither matrix depends on the overlap size and the
number of segments. Given a central area dither matrix width of 64, an overlap size of 32 dots and 15 segments,

40 we have a total of 64 -+ 32 + 32 + (14 x (32 + 32) ) entries, where each entry is 8-bits = 1024 bytes.

The DRAM storage requirements are 64 lines (height of dither matrix) at 1 KByte per line for a total
of 64 KBytes. The DMAU must load one of these lines from DRAM each output line. At maximum print speed
of 30,000 lines per second, this equates to roughly 30 MB/sec.

The DMAU in fact supports two of these multi-segment dither matrices, selected by the dither matrix
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of 30,000 |lines per second, this equates to roughly 30 MB/sec. The DVAU in
fact supports two of these multi-segnment dither matrices, selected by the
di ther matrix ROPIDPIX3Yee BRAFORUO0/ 00756 18 5 select bit. Wien the

Matri x2Valid 1-bit regi stbiBuifegSedagt Dithelveiixelpet AAB@Man2\Gid, berAdmat ri X i s used.
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speed. The DVA ore c ers at 1024 bytes per buffer,
and 15 of f set Léf“&’df'@?/g?’aé‘c‘? o&ﬁ% é'=TJH‘§eqnﬁPtf)|A§P(%°ﬁrTV Phto the central area

dither matrix ('didet et PR (dplor12é®ch segnent). The process of address
generation is descriteadri=icutrhe+fiol | owi ng pseudocode: Dbl BufferSelect = 0
Mat ri xLi neSt ar tedar@ss- 244 (refers to 64KByte-aligned address of start of

Matr i )&l CurrAdr = NextOverlapAdr

Else If (dot == 32)

NextOverlapAdr = CurrAdr

CurrAdr = CentralAreaFirstDotDitherOffset[segment]
Else



Load Matrix 1 address pointed to by MtrixLi neStart Address 10 |f
(Matrix2Valid) Load Matrix 2, address pointed to by MatrixLineStart Address
+ 64KByt eqoli/0288925 Endif Do until end-of-page currAdr = pgd/atdonersdvance =
0 dotAdvance = 0 dot=1 segnent = 1 While (NOT |ineAdvance)

Cal cul ateEntry EndWhil e Dbl Buf f er Sel ect!®= NOT Dbl Buf f er Sel ect

Mat ri xLi neStart Address = (Matri xLineStart Address + 1) AND 63 Load Matrix 1
address pointed to BYrAMEEAFRPAITESAMP 3Addr ess Load Matrix 2, address pointed
to by MatrixLi a8t art Address + 64KByt es EndDo where Cal culate Entry is a
single cycle prnggo@g‘:smg@scri bed by the follow ng pseudocode. Note that if
the Matrix2Vali re%its_t1er is clear, the first dither matrix is always used,
regardl_ess of any valfue fromthe dither 30 matrix sel ect bi t map. CQut put
mat ri x°>val ue read f e8aReDLEBHI &f Sel ect, Dither MatrixSel ect AND

Mat ri x2Val i d, Giser Adr Qut put dot Advance = NOT ( ((dot < 32) AND (segnent
NOT == 0) AND (dotogo=d3)91 OR ((dot > 1248) 35 AND (segnent NOT =
nunSegnent s) ) [ (doto == 0)) CQutput lineAdvance = ((segnent ==
nunSegnments) AND (dot == 1280)) |If ((dot < 32) OR (dot > 1248)) CurrAdr =
CurrAdr + 1 Else If (dot == 1248) 40 CurrAdr = NextOverl|lapAdr Else If
(dot 10 32) Next Q/erl\]o@_pbqtjtpe dot @d rseeeht co@pigry aigdysed=for counting dots and only correspond to actual
Cent r al Ar eaFi r séghei/d toheindbd: sehd Begn@edap ardzl, #€ iR 021 ORAIDanPEThADRAOWELE6 19

CurrAdr = ( Cur roﬁdaq'ea.-l- D&ngw[%vgﬁp %enfr@ qjtetnativ.la tlots( gggspoﬁd_' tolg}glgﬁt S and segment S+1. The
dotAdvance is therefore only given on every second dot during this period.
Each printhead segment can be queried via its low speed serial bus to return a characterization vector
15 of the segment. The characterization vectors from multiple printheads can be combined to construct a nozzle
defect list for the entire printhead and allows the print engine to compensate for defective nozzles during the
print. As long as the number of defective nozzles is low, the compensation can produce results indistinguishable
from those of a printhead with no defective nozzles.
Each segment has 384 bits for characterization vector, comprised of:
20 . 64 bits of flags and printhead segment information, including serial number and number of colors
represented in the segment
. 16 bits of alignment data relative to previous segment (0 = first segment)

. a variable lengthed defective nozzle list using up the remaining bits

25 The defective nozzle list is variable lengthed, with each set of defective nozzles having the following
structure:
. 5 bits count (0 = end-of-list)
. 3 bits of color
. count X 11 bits, one entry per defective nozzle
30
The fade-in/fade-out dither matrices are not simply lead-in and lead-out. They are defined
together such that when applied according to any misaligned overlap, there is a constant dot gain over the
overlap region. Any two segments may not be dot aligned.
Misalignment between segments is important. Where two segments are not perfectly dot aligned, a
35 dot on the first segment does not align perfectly with a dot on the second segment. Two dots on the second
segment may overlap a dot on the first segment. If the dot on the first is printed with a dot on the second
there will be a giant dot formed from the combination of the two. If the dot on the first is printed and neither
of the overlapping dots on the second is printed the result is a half dot space. The first case will make a dark
stripe down the page, and the second will make a white stripe down the page. Both results are undesirable.
40 A solution to the above misalignment problem is to have a dither cell that takes the misalignment
into account so that on average the dot gain in the overlap region is constant such that there is no dark area
or a stripe going down the entire page. Because there are two segments, two dither cells are needed. One
can be thought of as a fade-out, and the other as a fade-in. They must be used in conjunction with each other

to produce a constant dot gain. It will be evident that a different misalignment gives a different dither cell
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gai n dffference conpar ed atp@nterhi@s Shandaded pehteder cel | . 30 Throughout the
speci fication the.ai mhas been to describe the preferred enbodi ments of the
i nventi on without Finiti ng the invention to any one enbodi ment or specific
col lection of featufE8PHEATYERETLRPIFEE in the art may realize variations
fromthe specific enhrfdhareompasitrfaatmpesit the seivseprivedeagnd fal |l within the scope
of the invention. V\Qpﬂﬁkﬁzﬁeﬁff&eBﬁiﬁéé\id@&ﬁdﬂ@ﬁ&ﬁﬁm%m&ﬂmmeﬂmmpémm hod of
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mai ntai n a subst ant PEFTSUCEA& SNt dot gain in the resultant image across
Overl ap port| ons. a lead-out dither matrix; and

a central region dither matrix.

7. A printer as claimed in claim 6 wherein the lead-in dither values establish fade-

40 in of one segment and the lead-out dither values establish fade-out of the preceding segment, and
the combination of the two provides near constant dot-gain over the overlap portion.

8. A printer as claimed in claim 6 wherein for each set of two overlapping

segments there is overlap characterized in terms of a misalignment and misalignment is used to

generate an offset leading into the central region dither matrix.



2. A nmethod of preparing print data as clainmed in claim1l wherein the

| ead-in dither val ues establish fade-in of one segnent and the | ead-out
di t her valwrap@sabl i sh fade-out of the precedi ng segnentpctagholodsse

conbi nati on of the two provides near constant dot-gain over the 15 overlap
portion. 3. A nethod of preparing print2data as clained in claim1 wherein
in each two overlapping segnents overlap is characterized in terns of a
m sal i gnment and t hé& Airigta 2 daireed intelains’ whergiede pisplighampné infatmation it objfifed &em | eadi ng

i nt o the commoaA cldiattdredtion Madtdr istsred @h.each piftedaQekmerd: afdriepaé tombinddnd dbstndad a as
clained in clapm3:ewas ek fe hi¥prinkda. M sal i gnment i nformation is obtained
froma characterization vector stored in respect of each printhead
segnent. 5. A nethod of preparing print data as clained in claim4 wherein
the characterization vectors fromthe nultiple segnents of the printhead
are conbined to construct a nozzle defect list for the entire printhead.
25 6. A printer having a nulti-segnent printhead including: an interface
at which to receive print data; a halftoner/conpositor to conposite the
received print data; and a printhead interface putting conposited print
data fromthe halftoner/conpositor to the 30 multi-segnment printhead; the
hal f t oner/ conpositor including a dither matri x access unit presenting a
dither matrix used in conpositing print data, to maintain a substantially
constant dot gain in the resultant inage; the dither matrix access unit
addressing a dither matrix that is a conposite of a set of dither matrices
for the nulti-segnent printhead with segnents overl apped at respective
ends; 35 the set consisting of a lead-in dither matrix; a | ead-out dither
matrix; and a central region dither matrix. 7. A printer as clained in
claim6 wherein the |ead-in dither values establish fade- 40 in of one
segnent and the | ead-out dither values establish fade-out of the preceding
segnent, and the conbination of the two provides near constant dot-gain
over the overlap portion. 8 A printer as clainmed in claim6 wherein for
each set of two overlapping segnents there is overlap characterized in
terms of a msalignnment and msalignnment is used to generate an offset

| eading into the central region dither matrix. WO 02/02339 PCT/ AU00O/ 00756
22 9. Aprinter as clained in claim7 wherein the msalignnent information
is obtained from a characterization vector stored on each printhead
segnent and they are conbined to construct a nozzle defect list for the
entire printhead.



