-1- I NK CARTRI DGE FOR AN I NKJET PRINTER FIELD OF THE | NVENTI ON The
invention relates to a conpact printer systemable to print full-color,
busi ness card size docunents froma 5 device about the size of a pen.
system incl udes various hot-connectabl e nodul es that provide a range of
functions. In particular the invention relates to a controller for a
printer nodule of the conpact printer system Ref erence may be had to
co-pendi ng applications claimng priority Ifrom Australian Provi si onal
Pat ent Application nunber PQO560 dated 25 May 1999. The co-pendi ng
applications describe rel dNEICABIRIBSEAOR At NI T RRINTER| enent i ng t he
conpact printer system The co-pending applications are as follows: PCT
Appl i cation PCT/ AU0O/ 00501 PPO  PCT/ AUOO/ 00502 PP0O2
PCT/ AUQOY ooé%%%bﬂgéﬁmﬁ%ﬁ‘%m 00504 PP04 PCT/ AUOO/ 00506 PPOS
PCT/ AUO0/ 00507 PPOIPeTyiake 90 f oS stPRien b prnaitbryon b5gs (i documents from a
PCT/ AUB0/ 005itGke o fhe siZ6E T peA B Tt RdePRABs hoRGR¢AINGHIQE BidtProffR] hange of functions. In
PCT/ AUO0/ 00 SdtcuRictnventifaTel a0 OdoffRel for FBRAkoF modhid o EIRGMMDsyEkm. THE | NVENTI ON
M croel ectronic rl@f@&%fc@r%whﬁdwcotp%&mbﬁ%&sm&& me%Q ferQAJsJ?aﬁan'i‘}oQé&&l Ha[témz ati 0” of

numerous d EVA 1cat10n number fl(%%lﬁp ategl %%/Iaé 1 98? [l'lﬁa co-pendfng 'tlpgllcanons desc c rgl du es an met oda for O’l e

digital caneras N a urlzalon ren

devi ce t hat “H%‘?é“e‘f%gc‘h%@é?i’f‘ RApfE S’é‘ﬁﬁ}‘%ﬁ“&&éd‘?ﬁﬁppfﬁatt?f‘sdﬁl‘”e@ﬁ%n| c manufacturing
techniques is the printer. 15 (ifverickth NymbgyailPalet®. printers are | arge
conpared to many of the devices T Neyr/AutbesoiSUPPQr Pro1 FOT Instance, it is
inpractical to carry a color pri IILF(I;T/AU@()/OOI;@GQE puTnipPeRgg of Tnstantly printing

phot ographs taken with known compagimAisidsat——carpigs—Arconpact printhead
has been described in co-pendi ng RPaten annnnr atlion Treatly applications
S 814 here

fi1ed simltaneously to the preéseht”ABKIY%ati or y incorporated by
cross reference: PCT Application NeFHEPYP¢Kket NuB®&r POT/ AUDO/ 00591 MI62
PCT/ AUOO/ 00578 1J52 PCT/ AUOO/ 0Q578CcTiAUNEas07PCT/ AUBBY 00592 MI63

PCT/ AU0O0/ 00590 MJ58 20 I n ordef Tecrsun&dosdsCt a |cempact pyint nodule for a
conpact printer systemit i s neCespamotshs@ddresseeime propl em of control
of the printer and communi catio z o6 At head. Met hods of
very large scale integration ang—mcroelectroniic_manufacturing are known
but have not been applied to th¢ nBEAYU®E comali®printler system No
suitable print controller exisf{s Ydgrat§v%dpact |cBfér prijnter nodul e.
PCT/AU00/00514 PP16

PCT/AU00/00515 PP17

The

10
BACKGROUND OF THE INVENTION

Microelectronic manufacturing techniques have led to the miniaturization of numerous devices. Mobile phones,
personal digital assistant devices, and digital cameras are very common examples of the miniaturization trend.
One device that has not seen the advantage of microelectronic manufacturing techniques is the printer.

15 Commercially available printers are large compared to many of the devices they could support. For instance, it is
impractical to carry a color printer for the purpose of instantly printing photographs taken with known compact digital
cameras.

A compact printhead has been described in co-pending Patent Cooperation Treaty applications filed
simultaneously to the present application and hereby incorporated by cross reference:

Docket Number

PCT Application Number

20

PCT/AU00/00591

MJ62

PCT/AU00/00578

1352

PCT/AU00/00579

1IM52

PCT/AU00/00592

MJ63

PCT/AU00/00590

MJ58

In order to construct a compact print module for a compact printer system it is necessary to address the problem

of control of the printer and communication of the image to the printhead. Methods of very large scale integration and

microelectronic manufacturing are known but have not been applied to the needs of a compact printer system. No suitable

print controller exists for a compact color printer module.

25
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25 PP33-SG -2- SUMVARY OF THE INVENTION In one form the invention resides
in a nmethod of controlling a printer nodule having a printhead that prints
an inmage on printable nedia, said nmethod including the steps of. 5 storing
an image in image storage nenory; sensing the presence of printable nedia
in the printer nodule; activating a notor to advance said printable nedia
past said printhead in said printer nodule; retrieving said inmge from
said i mage storage nenory; transform ng s4i d image to a formsuitable for
said printhead; and 10 transferring said transfornmed i nage to said
printhead in a synchronous manner for printing by said printhead on said
print abl e neYMMARY AF BHOYYRBYII(Norm the invention resides in a controller for
a printer nodul e ihayvbigheanvinfidndsids ad mbthd bf cfnrblivk $ priddar nhoB(&ving OFtingidad thdt gt &

medi a, sai d iGREnhRHhabiSheds QIS iREhdinPnGERbLE &l processing unit; 15 program

menor y5 assogj gt ?ﬁmé"’émré%%or geg]gmoryr al processing unit, said program nmenory
storing pro ram st eps execution by said central processing unit to

operate sai e“fi?glﬂ?‘?f’résfm?f’(gﬂﬁw@e P2 B pew®¥ | mage: one or nore interface

uni ts conmuftiEatied 2gtouip adence sitpEN e ediapfst sdurigheat p piderntenAiit:ie; | mage storage
Menory st or irrgvigaidimigeibgesid ipn siauze RS access unit in communication wth
sai d i mage ShibBGEe salBAR YA ford &itghieGR Ridhbalhefafac€ssi ng unit and a printhead 20

i nter{ace, wsgmagmgns@&gﬁﬁégeH@J.épnﬁ&gﬁ,?gwﬂmmmm& RRGiRink 1) sadhiftne TR G
storage nenor transferrl ng said inage to said printhead interface on

conmmand froM sal 'd; Central pr ocessing unit; wherein said printhead interface
transforns said MTEGE fﬁ“’&r‘heﬂ’f"i“T‘Pf‘Feﬁij‘B§°°a“°B"r’ foraPHEE Fodule frying FpapherddiatripEs m3f° t he
i nvent i on wiop prinfaige ngdid, dd nintrdliergemetiding: f ol | ow ng description. 25 BRIEF

DESCRI PTI ONa ertralfriicesf2MA NGS I n order to assist with describing preferred
embo dlSWE nts pngérant rhla%or& R%Qd?éd Ilensald Eeﬁfaﬁ;rc@ég&@ uﬂN slnli pr%m%% srtogngtpl%g’am sﬁe%l f&r%un(g

fi gur es in w;al(d\ ahtral:pro esslmg Ln%tlf)ab&cpa%fe spé pfinter mogu%t I‘tht said 1mag<;2 Is a camera nodul €, 30

FIG 3 is a nenor a comunication nodule; FIG5 is a

fl ash nodul &°°FF “6‘3”?0%“"55 QP’T“H‘E‘F”‘%“H‘E?°§“’°“"’“E‘3I"@““i"“f“%r“8 Yeaser nodule; 35 FIG 8
i s anef f ect §pSuEtc@emp|s@ing sfidmage;adar act ers nodule; FIG 10 is an adaptor
nodul e;  Fl & ithdee scepss@nitireammagatibreyith pafd@nakstorage ngmely, sipigemg# procasick phieand Zffintkepds 13 | S
a firat conp@edce, PidiidbietcesS i hdcddibly Suldi s in sald hrkagelrageSnedor S CRME mBORNPRGH ofdfid Nt er
configurati %theadF‘e@c;,ﬁcd“&ar@ﬁ{)rbgafdgenﬁza@m%gﬁg JEinter configuration; FIG 16 is
a f Ourt h CO[TPerem Sal(P prmtpeade ntertgopranlsfgmsrs% llmage for pnntmg byaprmthead

Further features of the invention will be evident from the following description.

25 BRIEF DESCRIPTION OF THE DRAWINGS
In order to assist with describing preferred embodiments of the invention, reference will be made to the
following figures in which:
FIG1  isa printer module;
FIG2  isacamera module;
30 FIG3  is a memory module;
FIG4  is a communication module;
FIG5  isa flash module;
FIG6  isatimer module;
FIG7  isalaser module;
35 FIG8 is an effects module;
FIG9  is a characters module;
FIG10 is an adaptor module;
FIG 11 isa pen module;
FIG 12  is a dispenser module;
40 FIG 13 is a first compact printer configuration;
FIG 14 is a second compact printer configuration;
FIG 15 is a third compact printer configuration;
FIG 16  is a fourth compact printer configuration;

FIG 17 isa block diagram of a controller for the printer module of FIG 1;
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FIG 17 is a block diagramof a controller for the printer nodule of FIG 1,
PP33-SG -3- FIG 18 is a schematic bl ock diagram of a printhead interface;
FIG 19 is a schematic bl ock diagramof a print generator unit; and FIG 20
is a schematic bl ock diagram of an up-interpol ate, halftone and refornmat
for printer unit. 5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Referring to FIGs | to 12, there are shown various nodul es that together
forma conpact printer system |ndividualF3nmodul es can be attached and
detached fromthe conmpact printer configuration to allow a user-definable
sol ution td'bdsistedgntcRiosk depramenfa pirhead interce: | mages can al so be transferred
from one corfaiet isprdrta@rblotkaiagmodl neint eeverttbronit asihe use of a secondary
conput er syH®Emn isVaHitda@Slobkansgantor FHupinRblatd) RBbonelafilrd@ihabo@rit@uidl | ow
straightforward interaction. 10 A conpact pri nter system configuration

consi s{s of &TQEWSF&LHSQBP%%REJERE& el{%srg? connected together. Each

conmpact printer contributes to the overall
functional ity of ReFErepAIFi Up & #ohpaetion rpditeghat teBh PrsPees e sESeh

conpact pri rtdeiduaiyrepdelds gan pettachep)iing defabhgd fopmghe expded piieer prfiguratiphi to gllopy @ pper-defingbleisdutipnl y
connecti ng M tidmeGtdiized pEditgBBGdes g dsblbe@rhnsiErRal fidnBfie doBpaft Rinf th fhGthet Gt @ Be of a

pen- shaped d&%h&ﬁomp'&@%ysleﬁ Mbtales Qe atnmﬁnam&fm’eﬁlce 19 Eliow Et%l’ghcf(;l%ééh St e nds on the

nurrbeg and type g comn] chia’( rsysgx:lr] Lo@ﬁ GhtioN R ISJS &3 nk num gr%p%c nnt-cle-rhxr%djlels“lgcl)g %Dl'l ty of
a corrpact prl nter c ?ur at1.on depen Frg éu | es

in the gi velfBERPIGOTArTYRRes i 8‘?1‘15%?5? “H F’l&ﬁ f"@‘i“" %&"ﬂ‘f ] F%Hcélf’:‘tw“ﬂ%cf pyinter .
physi cal | y &teuraing: |Eefé Fdmpact pYipfes mpdylp itvpiedlly beppiiiberett of p peal Phygigely sewvertiteadh ¢thst  be
connect ed | pemasypriverchedules tafaah theh@nple® ginGiabed GRIRNTEE tehegtiRf thegoripad BinteGiavice depdndsloy  t he
compact pr I i Bimbed@k by of BhSact prirer RdSesbdhddted. e @MiEHRSy JPOIBRSact prdket ONISurktiBEiefREI Ul es

to seld confoﬁtg;%grgpa@mte,ggogu\{gsgq;gglteggon,ggh&mgransfer of data. In terns of
physi cal connect [ely onsi St of a ce

bo dy, a mal e Conne(:&%mgact pnflterﬁlﬁms connecplz?thp su(::?lly am?l%grlf:glr T%e phhSlc connectlon llov{s mogu?i tF‘I
Since nost ATEEESn A GerIRs i logicdheopiseiaiibfae PRY BOTRIE PSHer Se'fah‘éls MdUtes can
typi cal | y berovddsrraessiogs thamedy toge idenfisure@ulptogifia fontrdaiseefdl y have a nale or a
femal e connect or In tdostof ghidics conctich® &t ddinga@ prinRymddi@ confistéTe tehtBIbo®f a riale €onfisxohdl €.
Adapt sy NDAUleeR, ad d e LRSS aSile BB SinbRIN B6duRY ha VT BEHH nBR arld @mblcokredn @6 hbfdiesRin

ei ther en d 1caﬁy bg LO\A‘%PTd in aﬁ)rggélc Eertp 1[; rkx&)l&lg onl %I/l.f In'glggrg‘;‘eln&?@connétot Qultl{hxs th ﬁm&ﬁ' yy%l} cal

connection e conpa rin rOVI I.ca
connection ‘b"% %"8 % ’t&‘?‘i%?ﬁ“‘i"‘fqi‘giaﬁ‘éw ‘F"‘ée SW%I%P“‘F‘?%‘“%“B‘% béf°“b°?‘fdﬁ’teé‘%e"§% 8" Bus.
The conpact PP cogggupation. Bus provi des power to each nodule, and provides
t he neans by whi &Rurckét ghysicsl cénpegtivg bepvemeaitithdrehmae erntenmyduids egvided thydazicd] sontebtion t he
conmpamst pri Bdveén i@ it orm S compdd: paiids SYAR BHLY ThE @mPUcQLiRE Sikial PEs@MlidieSwirtRach®ans by

whi ch the CQSEH@Q& plqcl&em%earﬁaMﬁhgwﬁ%urgns%@m&”ngﬁﬂes En%quﬁiy cmg:t printer Serlal
user-interf Ce dgc%mdennnogotocg ovulgghe meansb Wg:l((?the COm| acQ ners s[em con res re%uc

grouped i nto f“hr ee typas. 307 F 0CeSsIng rodulres i ‘1 I9F| ht er
Modul e (FI G™Eyrrertye é{‘ef\‘lﬂdﬁ‘le (FI G 2), and a Menory Nbdul e (FI G 3).

| mage processi ngcmwb’é*sm&#ﬂbscmhem?dlﬂyotmaxpe%ets t he conpact printer system
apart30f rom ot her pen-| i kemgembcessssmodulrBigaudipg OBiesIonds (FIO uid @serC@ilel (FES 2),
print, st orgdONendBMofiit (B §). PARbOGkiAHtides LIERFRAY whaRAURUPRPIDE: sf¥Rd bafom

i ncl Udl ng a&haé@@ﬂ& @el:nc PJ Cé?oc&f Jgﬁod"llga) capn@enprgi Jto?eco; x%anl}@ gy;}h(ﬁcg}‘a cq;'naégs’ a

Conmmuni cati ons NModul e

nmodul es provi de servi ces t 8“sécfeﬁ’egrm°d‘§°5 mfh’dmg a"SA‘gap(th I%"e‘i§'<lf {:ncfedanfEueCtS ?’l"%’%gf% {}% to
ot her nodul SRS Modeht BE&Y 2 p Gt MedueqdP BidfiopgkesnpafuRasetifceerist ‘G"ti"’iT"délﬁd a
Laser35Mbdul @ extepde@uithionalitygdtimt neodules;amidul es are t hose that attach to the
conmpact printer system butisoRkEnadkiptietisgh Yen MOCRRG @it 2 Diber ASYle FidRNsoB@RAU| €.

They do n o,;odmge,eﬁ,&amt Ltaach rtcﬂﬁuebrﬁpgm meémtem ande mme@m@pem@yﬂag%th& B6dute. 18480
PO\/\B r ) I S Ol IIO; necessal\r{p TS uxre Powar and {nd/ eve{l ?{owde gelr OWF ])(ﬁverhl lateg MO(EI]CS a ig%ﬁdtb%auseh y p r OVI d e

is typically 1 ncorpora I Ces.
housekeepi n%“c?f’ﬂ?ﬁ‘ﬂlﬂ‘é%pméﬂﬁ‘s ?y‘%}‘é"llyd‘tcérﬂ"%&‘gl"‘é% Pflike dﬁ"é“é“‘f ul components in a
conpdlt printer AYwghdpysckechipgmodifies end Esdated apgdujeparguselly eomponent] B icemectinterysiertige
processi ng aangraphodyogirdadahedao #Bga pridddsiad andhotogapHic@masipuagon(11fe $2e (1 1) lwssdtibrabidens of
the conpachmfé bikteEhodlIR LS iAFiEs 14104 dxdnple bdaBgutatiohbrolided bR EbHheEX SR Enodules
configuratigng. P OAWGEd:RY,,gonnecting various nodul es
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together are shown in FIG 13 to 16. PP33-SG -4- FIG | shows a printer
nodul e that incorporates a conpact printhead described in co-pending United
States Patent Applications listed in the Background section of this
application, incorporated herewith by reference, and referred to herewith
as a Menjet printhead. The Menjet printhead is a drop-on-denmand 1600 dpi
inkjet printer that produces bi- |evel dots inup to 4 colors to produce a
printed page of a particular width. Since 4t he printhead prints dots at 1600
dpi, each 5 dot is approximtely 22.5min dianeter, and spaced 15.8751tm
apart. Because t He® pPTHie Pl “i“’g““’d'ilat ipegrpaties 2 PRI PHTERC d‘is‘i?ﬁ"dé‘ co-Repfig Upftefyiates

di t hered or Rt drrliggiichsliyiedinithf Racksigemd sectionaf (s prglicatipy frpammatated hergwityby v fereneepand mfeteéad
for a parti cohewitepp¥drgadingad. s Meaig@rintisd tia kirop-dhREnEld@Ebiesjetphiter pat prrturemd t 0
be stati Onarlyvela&gin td ABrs tolﬂt%dup@a@%rtedba@e M@cuﬂaﬁﬁth Elhc% thpf;dnmga‘lﬂ&@tgjdotsé\l&b ml Q1ch
_?_Llen:)??ra]‘?e:’ Sgot i 95}1&9%%1922%&%% dQulflleter %d s;% lS%?ﬂﬁ apalg .Bec seztﬁe émrM grﬁl\@FleFI:he ln[:h! rq%!;] ts.
Power is supsﬁ?“ldéﬂmb“ifd THI F‘g‘@ed\f%ﬂb"t“ res‘ité) B’é‘ff”tyéP‘?“JﬁBrﬁ‘g‘E“a fof arf’arb%tl‘“taéﬂl‘ﬁ?“‘l’,‘dfr?ﬁért nment
12. The pri ntifile dls cpaglesghepiingigad éacbe ttationa pndellaeethepprenit Taigpaviiiemintead & Yemies ginthead fsd
(or sim | arcosjoed a piinben bfadedtieal MEckihMemiktSegihddsert ed into sl ot 13. Ml e
connector 14 and heRRkQo&RIRHERE  dody 1 Balidghtl MeRict HHIRPoNLR subflicd bPE R vole

modul g to tmwmsugeﬁg%;mmﬂym&mm 353@6%1 ,§J29v\4v§d t&o%gmr $t,n$ﬂg'a%usﬁgs card RE

canmera nodu
printer sys ts"m'?ré el 5"“?‘?@ a’?fg’e)dsfms‘ffté‘b‘f‘t& ak ?‘?gM?l“rfﬁ'ﬁ’?ém 141'1*?(5 q’%ﬁ i %fifﬁ‘fag °°8%eﬁ‘;3n€?fs es

a body 21 haf\)?‘r‘f@d“é‘r‘“l"@ﬁﬁ‘F"é‘“T‘ﬂiﬂed&nnect or 22, Alens 23 directs an image to an
i mage sensor and F¥jFetivat qam@ednoﬂwmgéhmmmgiemgwdrha Pintind-fhponcatdeormamgitceghe24,. A
convent i onalconhd®prinded sRER bs aABant & captarhy InAR€ TR Samé¥@ Indduld S mixists @ Bugy 1 APing HfemaliN i mage
is c a@§ ured c\Mﬂ&Qr 2t2 I)\Qeng-@lﬁﬁecpmx&ég&o %7mzlg§sens&'a'fﬁbﬁgahzem§elﬂlro@gmé Jﬂﬁg@&n tﬁ:rcﬁnera 24.

E); arS]tS L?;rggd AEI,CI% evgntlo al v1ew ElndT\/%Sd u]irovléedleas we(a as a?e S cap S e g&‘]nl% ca ed waen ng'l(;rker[;%uon EHl atio n,

con alnsa 'ar to
t hat found d’HSh‘?deqjﬁT”‘Sr‘“‘aéeéf’fé‘faégemdlﬁi ‘Ea‘ Peinter figdite I%If"‘i\?étisﬁﬂ?ei}‘ pﬂ?é‘&"u‘l‘“’é“"éﬁ‘°‘b?5 iptersihg a
body 31, LCIS28e Moy afseigopteipt 2 ST im@Fde il o fratSundpprieBEEEF 20 button 35. The
Menory Modul e 30 FiGs siewsd Mdrda MdduleD tlesngrisibisaboky B 0 LCB 120INibingn Ph@tTogaphidsSELETAgEeS
capt uped by vhdde3sCaPRERy 2D dule 36 RE stFBRIDN oYl TR B} Roridel iR Spitt Bnabdd BEHRE by BECabher®0.
which can b el‘h@n%&@r? 1%(%913 s%reg 1&’5‘1 égt eajh l(” V\lhlcl( c%ﬁ% a&éséet?entheggt ﬁlﬁ‘t‘esogut?(%qpamnlbnaﬁ %&)Qllu%t I on.

'ltzﬁl.llnbllj]:;sf)l ::”éFISlPr solFtror? rc|)v1 FS 6e\z/1| 9 wnt? aécesd to éndmglga 1%%%55%%t umbnarll éeso\ﬁltlcgltprowdes rg;%g ces§ to ?Sn

t hunbnai | fO‘F"‘ﬁ‘isatT’I‘?é‘“Wé'f*Fﬁ‘P‘W“R/bdul e 30 attaches to ot her nodul es VI a a femal e
connector 36 or elMsmapHergle 8logtacyto otfidnmodptes|via a fe@de comeltof Wyerhas coumrrdt Tpmsleal | ow
t he nedul e el dele OaRA@CI@0heatodulitd Ha €dinea&ld: cdffer cad & OEvhigGibtoR Pévwdis prd?idsi@bm ths

provi ded fr@mt&ngduleﬁmameggmllmgul e 10 via the Serial Bus. A Comrunications

Modul e 40 I S Shovw(')orlummlz 1ons %&du Q(?IS s%owmg ?‘l;[elco(?nrrln%mcqgoqy r!lo%ule CO(I;IQSI;'SSO a%gn%m\%f a
connect or hat term nates 1 n an §_F ?) COI’II’IEC'[ or

for a corrpuf"&a ”]8‘6?%‘*‘“ t%fﬂ‘eﬁes én RPPRSH® BHFTr PRSI fR] tp°rbf‘5232psgﬁa5ﬂ°1‘ &
pott. The CBHHHRATcHe POyt eugs a mmxta%@n@w&ambe prrepieddna campaierafier ¥ be
conned¥X ed t eongectgipingzecarbe trififierd tg@ee8 Be ©orMREDd tBdarionsRdds oftha rpmpeet ptinta pygéng Tree d
bet ween t he camiipdifiory modilGidwl @xpiirad iin&xtsSo B BEKIbR& tdhe cbrpterCAITRR GilagePfod pRitRg to By St €M
The comnhg@gehg{gglegmgmogul@llol ovvs captured inmages to be downl oaded to t he

modul e 10, A Fl asteReaare eyern st i i 43R SRyl Bt e oo
to gener at e 5 EPPUERP ity Ff%ﬁ‘%ﬂ’ Ts*‘f‘am@ﬁ“le atagher A g p RS YR &ﬂﬂgwwcmﬂtawe
Camer¥® Modumge @@iectoTHielt qhtzins fis dviy daversovece- {ThedFrehMadule iptutmticatindertedty theiCamefadfvilice
connect or 52heafeghired35siripl] s@itct RALRFRIh Modie td He explily &inBS ffitd iSxifidM batRPOWRI  SOUr ce.
The Fl ash Mdul eris8 siglaafiRt m&jaL $0¥haS EkA Glafbhald Yhe taiaﬁ‘g oAl BrolVDElin ke caraala Riddule

requited. Aulhs, SbLAD. BLINS L8 FLABNMRINLE wQ NEEHBRLELS L, i ned

off to maxi m ze ly i S used
to aut ormat e™THE TS LY thﬁﬁ‘i‘“{efa pledles ?16“[‘16“5‘ tl\ﬁﬁeffrﬁbﬁ‘??%‘ed@é%?‘ﬂ“mﬁi 136 3%, each
phot d*0separ Medslg Ssyrsigts Splads {1 |h8“S‘f‘8 aHeD ﬁ% PERI/ATOP bytpa 6aah NI Feuttop Pof 6-EQF wttet or ed
in Menory Mpdidvweth88sr toAgigt tink erthand hequber & misHrSet &y ENINBHI b 64 TH Fink My d@aonilades
Modul e 20, 284l ceaddiol6b e @fnalE @nddor b0TH Tk MAYuId tdR& itd o8 oMb ModdQ 0 Jid 2 40
Modul e 60 cgpsists of a body 61 housing a LCD 62, START/ STOP button 63 and
UNI TS button 64. A-SELECT button 65 allows the user to select tinme units
and the nunber of units are set by UNITS button 64. The Ti ner Mdul e 60

i ncl udes
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a mal e connector 66 and fenal e connector 67. The Timer Mdule takes its
power fromthe Printer Module 10 via the Serial Bus. PP33-SG -5- A Laser
Module 70 is shown in FIG 7. The Laser Mdule 70 consists of a body 71
contai ning a conventional |aser pointer operated by button 72. As the Laser
Module is a termnal nodule it only has one connector, which in the
exanple is a male connector 73. The Laser Mddule is an isolated nodule, in
that it does not perform any inage captur‘é‘ storage, or processi ng I t
exists as a functional addition to the conpact printer system
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i mage that can be printed out via its Menjet printer. It also contains the
3V battery required to power the conpact printer system In this mninmm
configuration, the user is only able to print out photos. Each tine a user
inserts a business card 130 into the slot in the Printer Mdul e, the inmge
in the Printer Module is printed onto the card. The sane imge is printed
PP33-SG -6- each tinme a business card is inserted into the printer. In this
m ni num configuration there is no way fora user to change the image that
is printed. The di spenser nodule 120 can be used to feed cards 130 into the
Printer Nodtcking2Pings cafs fiperdintarhe prinisdn thigranimpnpgpicrajortieispg way iy 2 8B RISBRE | ng a
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imges to the Printer Module's current inmage. PP33-SG -7 The standard

i mge type has a single conceptual definition. The inage definition is
derived fromthe physical attributes of the printhead used in the Printer
Modul e. The printhead is 2 inches wide and prints at 1600dpi in cyan,
magenta and yel |l ow bi-level dots. Consequently a printed image fromthe
conpact printer systemis 3200 bi-level dots wde. 5 The conpact printer
system prints on business card sized page$” (85nm x 55m). Since the
printhead is 2 inches wde, the business cards are printed such that |
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The Printer erefore be. ca converting L[*a images to
the parti cul"8F g€t thI sz"i’a PlRgragt Cppas© Wc%‘?{ﬁ pace. However, since the
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program storage nenory, which is suitably 8 Kbytes of flash nenory;
program vari abl e storage, which is suitably 2 KByte of RAM a parall el
interface; PP33-SG -8- an Image Access Unit and associ ated i mage storage
menory; and a Printhead Interface. The controller may al so include a

nunber of housekeepi ng and adm ni stration el enments including; a Seri al
Bus Interface; 5 2 QA Chip interfaces; a joint test action group (JTAQ
i nterface; a clock; and a nenory decod&r. The controller is intended to

run at a clock speed of approxinmately 48 MHz on 3V externally and |.5V
internally <10 t o Hiegridades Brifges\aespeiatedipang pipster birey'Bhe act ual operati ng
frequency w4l bePamhcaidmitegger nul tiple of the Serial Bus operating
frequency. The CRk dosiroliehth® NE@diude@ nMBer 8f nSsdiiRbify A 2GhiflseaRRNdidmatdiRfudist Y| € CPU,
running at about aJSeJYh%slméﬂQ can be a vendor supplied core. Referring to
FI G 175the contraol | c{% 170 i ncorporates a si npl e mcro-controller CPU core
171 to’synchroni 78RR e fdge capture and printing i mage processing chains
and to perform gendt it <epEPRITAY Wyfctiem duti es including the user- 15
interface. A w decedranety of CPU cores are suitable, it can be any
processor core WatnBm&tkdidcei ent processi ng power to performthe required

cal cul ati ons and 1@9&3&&1@1 is 1LtU1|aé;ittd rgﬂsa ctogc%f;ee(ﬁ@%%ateg 4§Wﬁzton 210 l Ind 1 5V mtemally
expectations, Si i cated

har dwar e t ha 76' p&wer consum%tlor\n'nle acmfxqagratlr% frquency wﬂnyg Fn mtegpr E\)Sltlé?e oﬁe elila%l Bus f;ﬁ:ratmép
can be extr eff?‘é‘f"&?y ShefrpY & irtendesiiRr a pimyls ““‘ﬁ‘h"é’{’“°15°é‘°’“f"‘af§ U gt Aot bM‘ilzu?ﬁ‘d g Erepper

not or to adwvepnksdeache card during a print (the stepper notor requires a
5KHz process). Amrefex@mqHI@]70H caitrdietil 10aiddr@ra@od sinpie Sict-cbhtdled QB8 cdB0 510 syhabiogize 20
control | er ridRddafige Ak priaRPihhee frodWislée chas $A Gl pitoBitherdlal dPerdiklBysOR b ibs@ciBdink b uderS A
Pr ogr %n Rowlr;]tezgce Q\die@an% H’U JD Ie?agersétgalesﬁgaéﬁe% pBAéls\é!)r]CZ §W1thI\D&1e1gl:E u:essﬁlrg p%wer to

conmmuni cat es %n th ”¥fm*f In t control l'er via nenory-mpped
UO suppor t ed”Bs “T%'f‘?‘(i)‘i””fﬁ’&?ﬂ'ag’fm Hons PP P O T A P nges map to
particular units S‘“%?ﬁk‘.i“\ﬁ? trPde progssiags ReEpvERd by dedicaisdiierdp st harPUrdesgy Ros i SPraRist el
t hat parti culsaresult,trCRU cailty prenjelygilnpiel @gwevdniemesebe fagt Fnoeeh & ryp a staeber Btor fopfvance ticerd . 25
The CPU Menutisag DewEeteppd fbtol rSuitts SIKMPprevessem@h@ple §1@ uithR tdrSd APhing sGPdcdat a
accesses. The GRS« hipulat es data addresses into internal controller
regl ster accessea ocf w&hh‘n%Ci’lP orelg 1sallro m @ ;31% rarna{(': &L}Qﬁﬁﬁgg{: %l | ows
RO ers 175

for menory con I nc

address i né% ci%ﬁ‘caéfﬁﬁ“hd*ﬁf‘?fr FS ‘B‘ﬂ th ‘iS’f““’ e|r H%@e"ff?gﬁwedfﬂé“pg%br WHP&%‘TI ash
ROM 172 i s ilffeRertiotar aftreseiraeriimep to prasicwlanppity eyid Ivithin epch ragge. b artijay rpgisisrs wighip feehraiailef or
cont rol | i ng wit Thes isk@pqraeianpipanicanded her functions (expanded: bel ow). The
ROM spze depends 1Ritpt Remdaflebobd) 078 @ simpld decon i bhtfdfyiROIPURR: accdfks. TR iRcdid) fdsidkes

Kb yt es. Lik %XM aﬁcﬁesse?intam@xjnall co%ﬁe%&ﬂr 5&%5%133&4 1§erﬁaﬂ9\9£p&9£u§‘¥7§ qndl t}{y'egre Eiln@s for

control ler f Ond %pe of cothoIléD Tes ersa’fpe bus 45 inc| tuﬁs aﬁt}re(gs lmg q75a an§ daa 01]; contro qmef) 5’89 ram

code does n&F™RHY rge
scratch area. ThéheR’ﬁGW?F lash R E1{BS ‘“ﬁﬂ‘P°‘[a‘FfE“tﬁbU°¥fﬁ'é?é‘éﬁ°’isé“"5 Seq‘éet‘cﬁst,f% controlling
mechani sns, ths eippeoudtdr g otbea fubctimgepaded ©rdw)- A eROM sizgdepends pn the GPE shogst, gut jhouldygt be
shoul 3 not e hBkBydshan about 2Kbytes 35 The optional Serial Bus interface
176, is connect egdidude b Ban M BAad73 gmmo&%@pa@ammm phifaatily, J&geammmkoragus is

controlled Ql}{ enhe grogléod%Zo%s n@t@n Ve erggrgﬁl[aﬁ%- %s Qre ls V@edtf(b?l g%gat&xrargg ﬂ'g%%AM s@é t hough

ot her protog ﬁ %/ ehsw " . us IS escrlb K-S
co- pendi ng o8 &Y F10) "rseéfeérsf"g‘d“e‘f 6“‘55‘56‘\?@“““%8“%‘6’?‘1“%1“5 B “i‘zﬁ‘“te&) fb‘éé gulq pgPe

al l ows the PP%H%@WS‘PM mages to and fromthe Printer Mdule 10, by

ext erifal cont r ol THepmionatSa@! Rygimerfage 1AM d cin@ct@i0o thahaamal drip lverciedddus3I T, The fdrid Bogs
nmodul e 80, cdakdneiby RO 1 @SindreferiblG RIISIHETSB photdtol, @R6BIFPIERS prd:dd@s kB EERiMbITDHd Bériet 30
sends and r 8GRIaERed RIS pitidh RRrddRRbRE. QG Bus interface 176 allows the transfer of images

to and from the Printer Module 10, by external contro! from the camera module 20, memory module 30, effects module

80, other modules or a computer. For example, the memory module 30 sends and receives images using the USB protocol
40 on the Serial Bus. )
The parallel interface 177 connects the controller to individual static electrical signals. The CPU 171 is able to
control each of these connections as memory-mapped I/O via the low-speed bus 175. The following table shows the

connections to the parallel interface.
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40 on the Serial Bus. - - - - The parallel interface 177 connects the
controller to individual static electrical signals. The CPU 171 is able to
control each of these connections as nmenory-mapped UO via the | ow speed bus
175. The follow ng table shows the connections to the parallel interface.
PP33- SG -9- Connections to Parallel Interface Connection Direction Pins
Paper transport stepper notor Qut 4 Nozzle capping solenoid (optional) Qut
1 Buttons In 2 As indicated in the table)-the parallel interface 177

provi des conmmuni cation to a stepper notor 187 in the printer nodule 10 and
can receive signals frombuttons fT88eclimstePrratid Ingrfionper sensor to detect the

presence of printabl e—Pn@d4—a—|—nC—°l‘1iEﬂ&pn—m—er—ntgdBL‘i§“°“ 8 THa¥e are two

: aper,t it st i { 4 .
optional |ow speed sexigt Bt et Es 478179 cotgjected—tothe| i nt er nal
| ow- speed bus 175. A[Bidost nterface 178 conpectm toja QA chip 189 in the

ink cartridge of the printer nodule 10. The second interface connects to a
j QA chip 190 on alB&cafRdih AL atEE bt drtacd V2 ploBRS@RAm IR toNAMAleF}E nfoldPIsT i theFrhBC es

IS to Connetue an receive Sl Ia aper T Cct TCS! € 0. (5 elldge
. 5 aE ek el AR ey 0 S vl B

Aut hent i cat i"SR™ChY I f onI y a single line is used, a clone ink cartridge
manuf att urer cou [”éfrea§ tregptiotsdovatehiste ipterect OB 1 Hsetieid 1 fis itpre! l9wysppse B f e st

non- pr opr i etirerfite Tatohreptetg€QA dhip OP-tiverd cattid@clof e pingowiuld)@{Twsepnd inkpefact spmed®Ae C hi ps
is used to UKD brGRipEnt btBle 10Mkhe SRl hAligEwo ild@icss B Bicdn@tet(dHoth Badh-motidMEIA Chip
retrieve | n|$9onJ tﬂaqlttke:grln§§e 'Qg%hl; fSanE Jg%ra!e ﬂllﬁs %ﬁert\LOr Aq,ggs a%lpﬁxhén@d as @c&hem!ltllon as the

remainin g v %Lx&snl?(%ng a smg?(}me 1T used a cloxfe m cartn g? rﬁanufactuter co lcl ﬁfeg hsentylc:itlon me&amsg)ﬁmd

characteri st contigure-the print

rémai M ng i H‘R“?‘iéf“l&r?@%““ﬁff&&"tg%d on a page- by page baS| s with ink

consunpt i on i nf oAGEY-meftediratesphidtestralt tipRAtchies ifsqd tptabtbeptidatd thetink eitpdse THegntrollergan
ensur e that therdretriedSnkveaaetErisarh fr@WS ink Be8ridad @ dhip 2@eklitaGheld@naiciay velgrexch daah coletmRiThg dry.
The | mage StaidgQsedVRI T charadtidticd 5 préper Gonki Qre e Printhedd 3. 10U: 1h&BhainRE inkHolulBR@@ited | T

is suitabl yor[@'{)'a Iby age\‘i)%s IL%&O%\B@%I ﬁormapdn%éungl%red l%%le !Pr)nth§aglnteba@$18$ n)%nslxrmgﬁ i's

retained after I's referred to as | mnageRAM

for CtonvenlEAEE™ 'ﬂ‘%@nﬂi‘eﬁdé %%W@?‘gby “ﬂ“"fgr?ﬁ' eRAM i s kept in an interleaved
format (the col OWGWW@OWW isgsedyip \“’i‘é’ﬁ‘h“m‘l%é‘l priey frgee- 16t <Ryl et gy M (-

| mages are &iser et sp that i apagfis rdtajmed aftq hemmtve has biet shesoff. & ds rBivid tops InjageBAMfor Wi t h each
i mage repr esanrhiecek. 1y iniBRleld id GhafeR N8 § kpQRinditdAtaitg fobndd(ths @loScoBfonedks Bralgivén pa@laer

sanp | es e aC L.loredT(QQhe;) q;né’%las afd Eﬁ%&ﬂl onQJf wwid BHREMid£4 @I{/I{}' glq‘*J*lQ I’w1tt1 Ql@x nhz@; x@Jre!s@lé(y Q'QSO

l'i neay, CMWY rﬁm lTn&g%ggsof%%mc%maF%lgso JDytes (approxi rratel y 1.3 MB). The

image 1s WI‘I Yfrage Access Uni i and read by both
the I mage Acces&<ifl at‘“°‘i‘8’§m%[‘?‘f8 e fpse e""@%ﬁ@“’éf%ﬂlﬂﬂ’ t"‘agféfé SO0t s

print head i fiereorifogiele!-31)88). Thyiyeee ERtteelo &geoR GY dhibstmagd Pecestinit | Raabippd bihed g bnageo
this i mage ARaDUn.182labd dRPgit Garoae Ssit N the pragied [dietted 180. Vie&PY hves nbtiverg dredgaies s
Unit 182. 2{cedshisnid HRE BenNGCIEmSt abdidh the n(\a{gAu)els 18 llhﬁge hesvmans for the

contr Bl ler to acﬁlg ﬁé&getAugss IUHIP(QA%) 1851 is thgﬁgﬁs%% Jnﬁtﬂo‘ller ;I;rzl&ess tﬁeQHJgg iR nla&kAﬁ@ﬂ 'fhgad

pi xels fromth e nenor f"‘
The 1 AU al | 8 controﬁer fan regi rplxels firfm};lhe m%aée lrﬁee ér\r}aé dstora eC rrécéngry the 1xels acli eII’R} a%iows pl@rﬁr anc}<

degrees rot ’é&e‘i'ebVFFa“lgi%é‘ls%a“a‘}“@’?"é’é‘ﬁe“’dgfa“f’%e contr ol I er when the image is to be
transferred to abiehhercadhdiedowrollePihgithegmage igtonr trapsfeard tdpyotheidodule Rirpls pig Mittsp bilse n

t he i mage i @nthadr Rign thoaele d béidg@adeasotaivier ML THE regifitienf hal@l sifo pigel @rhsfdshebel AU

al | owgpi xel plgngr,amm‘e@gds,r,g,geﬁc;go?dggmpsla@d@g,gd interl eaved or rotated by 90 degrees

as desired. The "J'hgﬁrgge Acc%%%§ § 1 8HS :| stral%:l‘x @orwardS acc@ss %gcga%‘ srgg Entage';{mr ig aﬁ&q%gﬁé Vlgﬁg hani sm

to | nrageRAM 181, gister set as shown In

fol | owing t SBEpPpYL. %ES 9 ping bl
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| AU Re "stern Nane Bits Description Inma eAddress 21 Address to read or
wite in ImageRAM Deltal 2 12 Anount to add to | mageAddress when stepping
fromone pixel to the next in reads/wites for the first 2 of each set of
3. Delta3 12 Amount to add to | nmageAddress when stepping fromone pixel to
the next in reads/wites during the 3rd access of each set of 3. Mdde 3 0
= Read from I nageAddress into Value. 1 = Wite Value to |InageAddress.

Val ue 8 Val ue stored at | mageAddress (if- Nbde = Read) Value to store at

| mmgeAddress (if Mbde = Wite) The data is read fromor witten to the

appropri atg_address in | mage RAM wheHW®\Registetshe Val ue register i s rea from

or witten Name, or-di nﬁltsf bt he sepnse—of nhd,DeSCYIPP,QnD.-l aguanll n! aRar—and
ImzigeA‘ﬁc‘i’ress I1 . I Address to »read or wnte 1n ImageR _ 7
3 the C ues are

rotated ac GRfid S ACCONRyt X 1%
set as shown in the faqllow fagls/haebkoethed%gdfsatﬂsmﬁe ti ngs or D ffer ent lma a

Access Modgs _Access Type lmage Read or Witten as Inmage Deltal? Deltla3
Address | ntRsif eaved 8502 r piwount ‘°5§‘4 %F ‘t‘-';qd§350he&5“’:’epmgf@3 15PpT REP B ol or s) 534
rows x 850 |pixels 0 1{1600[ readffSY”éeﬁa“rr‘“ TR R BEG F8Ws x 534 pixels N3 3
(each pixel[Moa€0l 0T) 334 T PySReXd R UnRAIRdsSntdWak002 1602  534X3-2 n 534x2 5

The controljler 170 nay al spl+ Witk Vidle todmagdAddidss- phase-| ocked | oop 184 t hat

dAddidss. ph I

i i|a i st I ss(lf d
S anal fror T“Jf‘?s?L?”ilif??5""&?&5‘3&?‘%&.f R HE o ehockso—the ot ock
184 and crystal 185 would not be required. A n JTAG (Joi nt Te
Action Group) | nt & FaiRERIfiem i gt e ISR AUEHE r%aéerﬁ’*?’b‘ﬂ’le“éw ¥ ‘&luetreegsf'ier g1
pur poses. Diemorptiep 9. rieuing 8 fip ek o Mgdedpterieqyed/rlapppang t9tatrdapcess i aqgoqplished yia B ‘W‘t esting
t echni ques &rle razigtepu Mreedyes draye bystbvmig hBo®WngBel¢- 1t 1 n Sel f Test) and
f'uncti onal [T OCK TSOIali OfkegishFS-AMEHI BREnHhaed AWBIMbISNT P area s assumed for
overal |l chi|p t estesiTgeeCi r CUI timyge Reddve WRken it hgadinagt e f deall PiH P80 |i s t he
means by wH | Ler | oads the prilnt/¥ées 186 \.{\.ét.h.t.h.e1 do{s to be
printed, af (ﬂ‘e’ti@!‘ﬁfégglog) t he 86?9:f°ﬁ%{‘|534d’8‘flspr| ntiing Brocess. 'The|fol'l ow| ng
description describes oneEptenEiattonofa—gmetiodgf—convgiting the
i mage stored in ImageRam o i nmage pr| nted gn a card. 15 The Printhead
| nterface 18nat Slait NV APPEY 850 3ls x334pkADET  OF [UNI KS a3 shewn |n KB G 18,
i ncl udi ng: | (achhipel] @ton)| nt ef Baces (shHixpis 191, Whi cN transf@rs datmoz ot he

Menj et prin{heads#®® and controls the nozzle firing sequences dyring a
pr| nt: a p:xi r 0?34‘.{_2‘: ne Q\/nr-hr ohi-zatton—-GCGenerator-—units lI SGJ I\ 1092 whi ch

provi dse synchroni zati on SI gnals for the ME 191 and the st epper notors 187,
and 20 a Print GEEMHEIEH7UpY tlse(ndedoy clophrhasippkedjoop di¢dhat payidgs fmgﬁé‘g'ra}s Brificeeigotier
| mage RAM 1.8 The(clogk 134dgaivibasg pignallityh craalgscillpterd B oms CRY ioBGOr cldgkiso 1 clobkd Beapd <G 1¥5Smage
in real tinmeodsothedsidied by the Menjet Interface 191. In addition, the PGQU
has a Test Pattep Elanlmﬂﬁm Wb 88 RRA BB mlehfe 18 Unclubdd if B cSiRBICH thr¥estRE ﬁ%bssﬁbdé

whi ch I R
co Inf r %)({1 F zé %he %m%le{[% !)f?h o? oll!zrr!lg/argty oﬂQest%nE Ieéhmgut,ls arellJeQ\!mtm? glmdgng blg {Bt}iﬁ In SH Te%

ctional block 1solat10n An oveglead of 10% in chip area is assumBl for Overall chip testin <:1rcu1try

The Printhead Interface (PHI) 180 is the means by which the controller loads the printhead 186 with the dots to

\vJ
1
D
1)

be printed, and controls the actual dot printing process. The following description describes one implementation of a
method of converting the image stored in ImageRam to image printed on a card.
15 The Printhead Interface 180 is a wrapper for a number of units as shown in FIG 18, including:
. a Memjet Interface (MJI) 191, which transfers data to the Memjet printhead 186, and controls the nozzle firing
sequences during a print;
. a pair of Line Synchronization Generator units (LSGU) 192, which provide synchronization signals for the MJI
191 and the stepper motors 187; and
20 . a Print Generator Unit (PGU) 193 which takes an image from the ImageRAM 181 (in L*a*b* or CMY) and
produces a 1600 dpi dithered CMY image in real time as required by the Memjet Interface 191. In addition, the
PGU has a Test Pattern mode, which enables the CPU 171 to specify precisely which nozzles are fired during a
print. o ’
The units within the PHI are controlled by a number of registers that are programmed by the CPU 171.
25 In the PHI 180 there are two LSGUs 192. The first LSGU 192a produces LineSync0, which is used to control
the Memjet Interface 191. The second LSGU 192b produces LineSyncl which is used to pulse the paper drive stepper

motor 187.
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25 In the PH 180 there are two LSGUs 192. The first LSGU 192a produces

Li neSyncO, which is used to control the Mernjet Interface 191. The second
LSGJ 192b produces LineSyncl which is used to pul se the paper drive stepper
not or 187. PP33-SG -11- The LineSyncGen units 192 are responsible for
generating the synchroni zation pul ses required for printing a page. Each
LSGU produces an external LineSync signal to enable |ine synchronization.
The generator inside the LGSU generates d-Li neSync pul se when told to

"go', and then every so many cycles until told to stop. The LineSync pul se
defines the st ar (ThedfnePitGenyrii 192k femonsible fprsnciasing the svisbiprizesion Ryfsescagetedier phntpake e n

Li neSync pulpsze $ach ES@todrerhmeeindlineSnesigny ole@sBat webhiaios g8 ceregigiside the LOSIE  per
generat or. |gtnetitiS Lind3ghc flise WIRASIY tol Q1 ghd BERWG o hifdy Fdids i ANB sthpl. THE LihByrPpulsit (200
ms for the |d9%%5%]pgﬁqi:twng&]ﬁnieng) and anot her line to | oad, but can be | onger
taf aggf)% :: '?dCI( :i g[“ ?’%(eaeﬁng nurribf_r og:ﬁc?es twefin %t C \II)\uB Sel% muned%?tlfle yclf rtl\ElegnP ses r?gls €, one
number | ess PEERM*YE Iﬂnmée appaptippe ‘i“?“ﬁ‘ﬁ° alioy ne fing ¢pering 2P ms e the Ipy fPFFP PrﬂF‘@B@?ﬁ“‘;"‘e‘si nce
each Li neSy riee tpledd et canibé lpngepydesird (forefagple tofabvemypdatetspegial keguirerheptrie pdper Ganfpordirg e
printing. 10ftEloglciratvte-anmsd geibta B kdeto s MBS iets e o ind pakt fias Be fa@GiISbeFS pe@iisadened i n
the LSQU  ldeRERsmGRIRe willirdve R%Q:'th%%ﬁfc&ar hﬁﬁiﬂlﬁﬁlihﬁpnmﬁe Description

Cycl esBet weenPul The nunbe cl. ) Wween generating one
Li neSy%r?c pul se aﬁlée‘f%uwh‘?ta& o5 Sthéélegf’oyegrsgscon% nhh 2 le LSGU is currently

generating LineSync_pul ses or not. A wite of | to this register generates
a LineSync pulse, transfers Q cl e&PSynapo WPt Acgiges 1 0 Cycl esRemni ning, jand

1 ister E\n ﬁlr ] Ranmainina hi fBeSQW tlc’llxr\nf hnr lLinaSuyne
%Lar ts the co Fwee ulses Tl;cnun?ber o%"c cles??)walt betwe n generapl nﬁgé'nl}rdmlse.jafla pU| S€
'S gener at ed, e weenPuI FESxdl S ansfte to es ning jand
the countdowp is started agaih. A wite of 0 to this regl ster stops |t he

UO“

count down andjfi® nore LineSync|cC bl@ﬂ@heatheLSQEnetrr@tﬂedne nglyiniaes anang A
status register containing the ch emee ‘S’; aﬁsgrﬁﬂi? eﬁﬁ‘(tfuf;:lgowtnhe next
Li neSync pul sg is generated. Theh N ° ° K‘,ﬂﬁ;ﬁ‘ nagct s |t he

controller 170 to the Menmjet p Cnte nPLB&;straEfaMd CRGs nhg tha “and
appropriate s{gnals to control tdqedomzzdﬂeiakmdl ng and firing se ences
during a print. 15 The Menjet |AtEF P:Qg‘g;‘:ﬂa%te’isg’pséheé‘t“&?%“i‘?ﬁl‘f’rﬂ"’ffé‘
follows the pfinthead | oading phd “FI P ng order described, and i ncI udes t he
functionalityj of a preheat cycle and a cI eani ng cycl e. The MII 191 | gads
data into the| printhead fromajchoice of two data sources: Al Is. [This
means that al [cClaeRabkong Wi T 11 [ & sthhifdgide cahtamidPBGbar F cyf¥s rahbinihgyiat] @e nedNd | S
t he standard pechani smfor | oatpreSge piseis pniratthead for a preheat or clieani ng
cycle; 20 From-a—l2-bitinput held in-a transfer register of the PGEJI193.
This is the standard neans of printing an inmage, whether it is a photo or
test pattern. ThEeXYguignterfage(Mipiof popnssts threonpeties 17 tg Memet prifthaadl§f, proyjdingfhgsh data
pri nt head amdaparofriathyignals to ghuhpktiemerzle L@t #nd firing sehng@esidgingamitt. t 0 t he PGU. The MII
191 kuisows how meuy Ménijdd Biricd 19hi@SstateGhadhint WHich foldws thby@iniB@@Badiny MA@ firink bier dritle§ arki O1 d
go ) ltm%ésrthg ﬁlflcggnal@y of Hr&&%&n&%ie@ﬁlg Q@ﬁ Q](e%ﬂf lt)l l%ﬁ{a& ﬁtonnganthlea(i §(tm choﬂ:@
Once it has finis hed | oadi ng/printing a line, it waits until the next
Li neSync Zg pu se before starti ng the next line. The Ml stops ance the
speci fi ed nunberAdf T pra% ‘thélé“%ZEeW“ firg et SrFaret PP Ena i fhe SeF TegREPES any
furt her Li neSyndoadied theepgnthedifes 2 pyieat prsleaginggyéled after the PGU has al ready
prep&fed the firisdmal2bibindut ikl Bia gdnger regigidr oBhe PFOLB. This is 8Ostdnduel nikdhs ipiintigkad idage,

whether it is a photo or test pattern. The 12-bit value from the PGU is directly sent to the printhead and a 1-bit

‘Advance’ control pulse is sent to the PGU.

The MIJI 191 knows how many lines it has to print for the page. When the MJI is told to ‘go’, it waits for a
LineSync pulse before it starts the first line. Once it has finished loading/printing a line, it waits until the next LineSync

25 pulse before starting the next line. The MJI stops once the specified number of lines has been loaded and/or printed, and

ignores any further LineSync pulses.

The MJI is started after the PGU has already prepared the first 12-bit transfer value. This is so the 12-bit data
input will be valid for the first transfer to the printhead. The MJI is therefore directly connected to the PGU, LineSync0,
and the external Memjet printhead.

30 The following table shows the connections between the MJI 191 and the Memjet printhead 186.
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input will be valid for the first transfer to the printhead. The MIl is
therefore directly connected to the PGJ, LineSyncO, and the external

Menj et printhead. 30 The foll ow ng table shows the connections between the
MA 191 and the Menjet printhead 186. PP33-SG -12- Printhead Connections
Nane #Pins 1/0 Description ChromapodSel ect 4 0 Sel ect which chromapod wil |
fire (0-9) NozzleSelect 4 0 Sel ect which nozzle fromthe pod wll fire
(0-9) Aenable 1 0 Firing pulse for phasegroup A Benable 1 0 Firing pul se
for phasegroup B CDhataln[0-3] 4 0 Cyan output to cyan shift register of
segnents 0-[3 NMDatal n[0-31 4 0 Magenin@ead Odpnettiotso nagent a shift regi ster| of
segrments 0-[3__YDakmd n[ 0- 3] #AnsQ YHKP Llow i nput to yelQewyptighi ft register
segnents O- §h’811'€€f"l§ﬂ?€‘ 1 0|A Pul $e%n SS’Pf@”‘B@R““("ﬁP??W‘?{é@iS’%terG ock) |oads| the

current valiges om-Chatrat--6+-3] Bat-al-nf i he
! AN AL A YAy 03— hto

12 shift rLf%ZZIe§eg?ts of the print Jﬁe cFaé:thécns(fzzecF T 6polsa all e? transfer Olf

dat a fron]thp shift rpnlcrpr

bits (one péf"aﬂbzzl e). “Sensé Ded

w th data on—Chatalnfn 3el-eetd e N IOt et A—tsense 1 |

Benable: =i T o SR IR Rl G Rup 0T SEgTEnt .

Tenper at ur € Sense Vsensé | | Yol't ge Iéu_ns_((a)p R?s%g%se | | Resistivity sense

Wense | | NOGHitHSETSE THe GUT AT 0TY &fn olibt o Ofn ¥ kepi®l® oAmEdR@-3AENAbl e and

BEnabl e |ines depend on tthe vigcosifty of the |nk (mhlch is dependent jon

t enper at ur ¢ gi—ehargeter-steshand-—the—anpunt Py gyat-tabtel to

the print heali}{:irj Oéjtypl cal Em be? du aﬁ?n mﬁmrogﬁggena ' reimeé» gl%e".tsg ms. Thel MJI

therefore gontains a programmble gulse duration tahlgg_Lndgxed_by_iggdback
5 from t he |gPPHthdad, The tAble 8f p‘{ﬂ‘@énpa‘d"ryall"rve}?&'egarf FEPHE use of a
l'ower cost [power supply, land aids iin nmaint ai ning nore accur ate draop
ej ection. THBC®HI se Durati oh tabPe P g%g‘“ adsiii Frersee lu‘j]yﬁ t he
current Vsgnse and Tsensg¢ sett|ngs.|, grsg gﬁthea 1(9 SS cone from
Vsense, and the |lower 4-bits of address conme from Tsense Each entry ijs 8
bits, and nepresents a fixed point vaI ue |n t he range of 0 4ms, 10 The
256- byt e t"“lﬁl;tlr':‘fI S—wr-tten h:fl tpe 0~ [, Paral I"t f’ ‘fdaféfrfi’mfhes g rs%othe ROCTs Each
8-bit pul sé Hiration ently in {hd tléﬁﬁ et . ZEfﬁ ess™’setti ng
Viscosity qurve of ink (ffromthe ink cartri dge QA Cﬁl p189) Rsense 15
Wense Tseénse Vsense PPP33-SG 13- [The MJI maintains a count of the nupber

of dots of regelsqtor—fHedrFrompt e R AEhestsdd ARod Vs GO Bty HaE

the sense lines for segment n.

(72)

Tsense 1 I Temperature sense
Vsense 1 1 Voltage sense
Rsense 1 I Resistivity sense
Wsense 1 1 Width sense

The duration of firing pulses on the AEnable and BEnable lines depend on the viscosity of the ink (which is
dependent on temperature and ink characteristics) and the amount of power available to the printhead. The typical pulse
duration range is 1.3 to 1.8 ms. The MIJI therefore contains a programmable pulse duration table, indexed by feedback

5 from the printhead. The table of pulse durations allows the use of a lower cost power supply, and aids in maintaining more
accurate drop ejection.

The Pulse Duration table has 256 entries, and is indexed by the current Vsense and Tsense settings. The upper 4-
bits of address come from Vsense, and the lower 4-bits of address come from Tsense. Each entry is 8 bits, and represents a

fixed point value in the range of 0-4ms.

10 The 256-i3yte table is written by the CPU 171 before printing the image. Each 8-bit pulse duration entry in the
table combines:
. Brightness settings
. Viscosity curve of ink (from the ink cartridge QA Chip189)
. Rsense
15 . Wsense
. Tsense
. Vsense
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color is a 24-bit value, individually cleared under processor control. Each
dot count can hold a maxi num coverage dot count of a single 3-inch print,
so in typical usage, the dot count will be read and cleared after each
print. The dot counts are used by the CPU to update the QA chip in order to
predict when the ink cartridge-will run out 5 of ink. The processor knows
the volune of ink in the cartridge for each of C M and Y fromthe QA
chip. Counting the nunber of drops elintRates the need for ink sensors,
and prevents the ink channels fromrunning dry. An updated drop count is
witten to the QALY pairins eqouneefthhnubdr pftdots oficaphesplorfirpd fyen thgiptirthead e dooyptfprigck d
unl ess t her eoloSs :2M6iLge, indildubiip Eitared @B pradesds® WBtrol. ERBAOUSEI cait 101d € &GS cdvdia@e donk

Wi thout get tdh,Rghe Aifdte dln&f}% Qo ih t}aéax mgcs the REcolinCRi bMa@d chBE:r B fmRMTUNI cat es

with the M V| a -&e . cgmfs ar?l_ ed 1?1? CP-lI} t0 ulpga?egle §I\ q¥p in o %r & T\il\!edk{; enQPLAk Eagndge wﬂl run out

par anet eri ze ecel r| ntC ogr ess.
The fof | owi ri’é‘ E‘@P@‘feﬁwgmai e V&‘HFW&P‘H&HC PH9ES eﬂﬁf %%Yéffm ﬁh?] Pip-ge &g

Regi sters Regtesy dvps tlaiveiese et frprkisoters 2] prrventhe ialrrbtests SoNyiFE &h 41 wraied TR
nunber of t rcamsf @it ¢ @A chipghetedh brida @l ndwhiBagpwiil mit fe@eartkd (rlkssiigde Is yno@0 O left, Fdplpws S
the number Rfuscpllna@Sndsk widde: (REh Q@ knod ek rulise puidlaer of 12-bit data val ues

to transfer for 3 Gy mluéaiés‘%mh Myﬁh'v@?é iskNE: ﬂ%‘[l%?é?é}s afthy tde@ﬁ% E’FahQénze%)ﬁﬁdt%S to

perfo torin Pri nt St at us
Pl otlr L Lt R i T R rkscomea pAIE S 2SS o)
valid V\:hl | (‘-n ’I Starting valu pMPIHiCtRWFﬁC?R?gge%nd cgunt g demn to 0.

Tr ansf er sRqg 'Prnt:P' X ::r;l'hc ARSI ¢ ¢ anst er s teraifi Ag—before—the—Print head

i s consi dergg,f@EEed for ﬂl@ndmyérwausfees;emedm%mmemhéaﬂusmyioe) Telnihe Slarting
value is Numlransfers and Coutt& pulskwme $RTIdk anSh18etSegITebn tata Vives d wdpifer yal ue

to place on_the Cyan data |freeendinging a subsequent feedback
SenseSegSel[8BPLsE se.  Onl y| Too Bmoy pfEoAPRY eesiHETMY be set, corresponding to

one of the Mbnisegrenis. Set Al Nozzles Tf non-zero, the 12-bit value Wwitten
to the pri rngggad—dm"rﬁg—rhﬁrhngHMMegacwsg{u%st& att—ts, so that —at

nozzles w I Ling: sRenEallnfr ed—dur+ number of lines re; ing to be te alid W] o=1 " : i S
used during t'Re"Bréheat an'ds,fmg R G Ve 2 oounie Howd 0,0t € PEBTt value Witten
to the prlrthead cones fromthe Print Generator Unit. -! This is theé case

duri ng t he | detsFaRemginipnt | ng| ik numbey ?f@?f@fereqem%@st’efqrm? gighead foprisidpped loadpdara t 1A
wite to this register rese&‘%‘@@‘é‘“ﬁ\fﬁ’lly"a@tw@ﬁ@ UV Y- (o[l e ] Fsl"“'ﬁlt"?“ﬁ@ _
processes, [FHEscghthads al i rﬁgha{&ﬁaomcmmacwp@mm p this
regi ster wifth any val ue cl %ﬁs$e§she:tdﬁeedlbﬁbdﬂﬂa4 itglshipidtbe ©f cotrdw@ndBt Ricersf

i ngDot s

regi ster, and the renpnini
4% L SRR .

and Printlﬁﬁﬁg\t"ézb%tat us b
Jaéatdmnélﬁem&eana&am both status bifs are

—

Feedback bijit is cl eared anc{l

clear, a puylse is given sijmq, than@@u@ieyntamtothhmnﬁem®356g$@¢lelcttGeneiatorri@ltvm th all

Cyan data pits 0. This st ogidisihg cased | privting qfaphotojer {53 images. gi ven
O

HIPS NN
on Sense SegSEiEet—wi-th—th QAN He kgl me i RReR S il HeeRs e Pegnent
regi ster. {nce the various i588ReldfBG0.Nave een tested, the values |are
placed in { R@sS@srge, Vsenseyidsen B@ster BIMGAMMBIENBEs thegFepdinitidrilid bit dmelStinke
Feedback register, and the remaining action depends on the values in the LoadingDots and
PrintingDots status bits.
If either of the status bits are set, the Feedback bit is cleared and nothing more is
done.
If both status bits are clear, a pulse is given simultaneously on the SenseSegSelect
line with all Cyan data bits 0. This stops any existing feedback. A pulse is then
given on SenseSegSelect with the Cyan data bits set according to the
SenseSegment register. Once the various sense lines have been tested, the values
are placed in the Tsense, Vsense, Rsense, and Wsense registers, and the Feedback
bit of the Status register is set.
Go A write of 1 to this bit starts the LoadDots / PrintDots cycles, which commences
with a wait for the first LineSync pulse. A total of NumLines lines are printed, each
line being loaded/printed after the receipt of a LineSync pulse. The loading of each
line consists of NumTransfers 12-bit transfers. As each line is printed,
LinesRemaining decrements, and TransfersRemaining is reloaded with
NumTransfers again. The status register contains print status information. Upon
completion of NumLines, the loading/printing process stops, the Go bit is cleared,
and any further LineSync pulses are ignored. During the final print cycle, nothing
is loaded into the printhead.
A write of 0 to this bit stops the print process, but does not clear any other registers.
ClearCounts A write to this register clears the CDotCount, MDotCount, and YDotCount,
registers if bits 0, 1, or 2 respectively are set. Consequently a write of 0 has no
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bit of the Status register is set. Go Awite of | to this bit starts the

LoadDots / PrintDots cycles, which commences wth a wait for the first
Li neSync pulse. A total of Nunliines lines are printed, each |ine being

| oaded/ printed after the receipt of a LineSync pul se. The | oadi ng of each

| ine consists of Numlransfers 12-bit transfers. As each line is printed,
Li nesRemai ni ng decrenents, and TransfersRenaining is reloaded with-.

NunmTr ansfers again. The status register €dntains print status information.
Upon conpl etion of Nuniines, the |oading/printing process stops, the Go
bit is cledred, and any fleder LineSync pulses are ignored. Duringithe

final print fegete nothing (s loaded into t 0 t
this bit SISt he print . pf GRS GBS Hoaa S Sh T AT 08 of o 5.

(0]

C ear Count § & T teto ttm R&&gty%&d@arckm%ém;t astgghaggssg@&b&tpulsee&msg@mt and
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=)
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of Rsense frofmthetast—SenseSegSerect t-Sse—sent—to bbgllb‘llt SenseSeynent .

s only valid if _t Feed ackVval %]gmp it w1tIx the Statu egister is set.

? Il
Wsense Read_onl v Fe8abseR %‘Fter\ﬁf PO pmerpreations s iollavs
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gratus regilster+yEet——EpBiEat Escrlplion ¢ to
the rint hg'tgiba&%t Count Rdad of| f%éfétlr{\ ity Sﬁggmjdlfgdﬁég*éntég‘m}ésgt@dt%gﬁ?ﬁigg&tg He

qu. traj 'ed/in Ura at
printhead, | _YDot Count Read onl y IRKkalticMIgountreafy lpdilgldoyy dots sent to the
printhead. | PTHeePMIPs St at ys Reg |If§‘tt’é*}ewlss°aﬂeltef4’b‘?“t‘g“l°@ ster with bit
i nt er pret atH as—f-oHews:—MHLcearhe M ivgol g
Pﬁ'ntlﬁgA © 1 Y 'Thisbits sel While there 5‘ lse

Loadi ngDot § pdntihds SEL, T ITE |V 1Y ThHLHiiSH Whik tled R Y amoxg&tasnammne n_the nunber |of
dot s renmai Nrggpadc@aibe T ranst er r{ads bitds sk vEaR e @edbddevimesThetrg Vsechst, Rechseand Wsknse VD |
i's not currpntle\é | oadi ng dots Iﬁqeivaﬁdi ngDot s 1 If set __the MM i s—currentlly
printing doR&Evds el agr ~ tlhed Mmir SUFF y—Brinting—do it NgA
| This bit |FeuseSpomped’e t Her b | 2?%1}101(15‘Fscém?)tr?hrfrﬁago kﬁﬁafﬁim |enémtm R
This bit i $prs@igaEd € There i S [aniPisldSe: careniinbile t2mp akd vahild thelPontigewlitas kiMaded d 1

This bit is set while the feedback val ues Tsense, Vsense, Rsense, and
Wense are val i theRasekiz\pethodddiiubtiatd thQgia FeFeOdad4 prkhiea fNOdinelSlink. INete Bt Fording t

chro ITBsp od b @dnﬁlgncis on%l_ﬁader% Lllne%yrk e Pr&deﬁhﬁs%gm&& the B&ttu%e brleﬁ]qs been pre%ﬁéd by the PGU and
Printi ngNozzSIwg?fo TS, ser! ds the,current nozzle being fired while the
PrintingDotS & fuq“ﬁf’ SB
Wait for LineSync
For TransfersRemaining = NumTransfers to 0
If (SetAllNozzles)
10 Set all ColorData lines to be 1
Else

Place 12 bit input on 12 ColorData lines
EndIf
Pulse SRClock
15 Wait 12 cycles
Send ADVANCE signal
EndFor :

The Cleaning and Preheat cycles are accomplished by setting appropriate registers in the MJI:
20 . SetAllNozzles = 1
. Set the PulseDuration register to either a low duration (in the case of the preheat mode) or to an appropriate drop

ejection duration for cleaning mode.

. Set NumLines to be the number of times the nozzles should be fired
. Set the Go bit and then wait for the Go bit to be cleared when the print cycles have completed.
25 The LSGU must also be programmed to send LineSync pulses at the correct frequency.

From the simplest point of view, the PGU 193 provides the interface between the Image RAM 181 and the
Memjet Interface 191. The elements of the PGU are shown schematically in FIG 19. Two image processing chains are

evident. The first, the Test Pattern mode, simply reads data directly from Image RAM 181, and formats in Test Pattern
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The foll ow ng pseudocode illustrates the logic required to |oad a printhead
for a single line. Note that |oading 5 commences only after the LineSync
pul se arrives. This is to ensure the data for the |line has been prepared by
the PGJU and is valid for the first transfer to the printhead. Wait for

Li neSync For TransfersRemaining = Numlransfers to O |If(SetAllNozzles) 10
Set all ColorData lines to be 1 Else Place 12 bit input on 12 Col orData
lines Endlf Pulse SRCOock 15 Wait 12 cy®l-es Send ADVANCE signal EndFor
The O eaning and Preheat cycles are acconplished by setting appropriate
regi sters i meteh@nil@FAU) 192 GrtoSetbybbulietns zehds $r antpht to BeMIT 1h &hePeshbrd edughant jowans e gi St er
to either a aony eehdbds Ruirkd b} plini afidsee. AQbnvérdi piodeQt @BtconlMEIE) > Obrmbt@nagilito CMY
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th nmb
e nu er ngérbaSSﬁes the conte%t otocor'tone buffer tb\?\ﬁ)r the oulﬁut uﬂl&;rng an§l?ancie Ehe m?‘]mge(t)mter%ace 191”‘H1e F’

wait for th ete 25
The LSBU nudtesa ‘@’b‘aﬁaé‘e‘b?fétj?"ﬁﬁ%ﬂ‘““d"é L’?é’*HCMYﬁ%‘SVWé‘a ?ila@@%““%&t‘"‘t“ﬁ%agg’ﬁ
frequency. Fenymsiop brecessir piflamigte UHRY wpit 13§ funnpergliel. ThibuifPEkds 4980wy Pfﬁhﬁlf@@’sﬂgﬁﬁﬁ‘e

i nterface between the Image RAM 181 and the Menmet Interface 191. The

el enent s off the PG are showm SEHE TRl Gk GYhehtbl Unk © 19.  TWO 1 MHQE progessi ng
chains are [ evimeil . Nesikpr&l, [ the Test Paf CapasilabdBuffeS1 NPl Y reads dlat a

di rectly fri@offt rage RAM 181, flabimat s in Test Pattern PP33 SG -15%-
Access Unit Bﬂffep?&ll\ 194 jinto 984 upﬁloff,(g’f'ﬁf)dréhq_ 53¢ eonten 3s ? Vil
191. The second prlnt chain contains the jority of functlons reqU|red
for printing an Hpadena mmbyefierias %9?1""15%?5@%9% ve S ficars [qQkun tfhics pregmagHcoRRgieph t

i magedot o Clhese afeammuadzedindle felitoginggblet he result in contone buffer 197. An

Up- | nt er polfate, Harftone and MERIPEMMmedtshthi PAU FrEsseN1 T ( UARU) 198 npssages
t he content/Uasf contone buffer 197 f oliz¢ hpCaoutsiiortof Ruatifeants 195, and hange t he

mem et intgrface 191, The PGJ 5 TQM%MLeLy—QLp&L&merS,

AesiHattern Acceson ny L r takbl ('R

i ncl udi ng I Cohvad: Lt Bg‘tO\CMYL,UHVCl SHORTTERRE 35%9‘/@‘5““"&&&, Eac}Hl7k1'7)U*lx'8'-Eltspa' aref er s.
The conver s B, dkIERm T Refoga and 1he, HBHTkIL, s0kS0%s e T N_par al tef | The

buffer sizes are shown in the folTowng table. Buffer sizes for Print
Generator Unit Buff ofput lﬁi’f&%myl&setﬁlenmoﬁx ith@lshnp(f}en&d&fp%ess Blehsfs@brah2-Sesdn X 12
bits Buffer re%xstgr’tcgnj)‘lg do:t;é enerath{ o%e ag\dn?( ﬁ‘o@n tL ?139 t§r§41 bﬁQeBEt%g h Itﬁg%zltasgexgratpd f}-ol% th@aCh

Apart from a_nunb

IS r
[ Bokup. t abl AEAD Y BRI R bl g S0 BT AR D PR AR e
fol | ol ng t &b & MW@frﬁ?rTfﬁnsrfeé‘&‘EﬁEP@}"ré‘m bethyfe F%%“@W@Pd@é%’?é%b‘w{f“ wpigeg with all
Conposi t i on 1B¥its, eheffiomn Sembiad 4bit gt @ gy singlf et sliPiediser. fihcAupremiger (95 @emfyescts ada* a* b*
to CWY 14, 73Qb8nubantshid ol dn@sd d@ach 17x1 7x17x8-bits U Inte olate /
Hal ftone / Refor mtongneggi%r 97 Lcﬁh‘é‘ Lix l%lo} the cﬁgﬁé% ght&é image. The contone buffer is generated
by the conversion processor 196, and is accessed by the UHRU 198 in order to generate output dots for the printer.

20 The size of the Contone Buffer is dependent on the physical distance between the nozzles on the printhead. As
dots for one color are being generated for one physical line, dots for a different color on a different line are being
generated. The net effect is that six different physical lines are printed at the one time from the printer - odd and even dots
from different output lines, and different lines per color.

Since the ratio of 534-res lines to 1600dpi lines is 1:6, each contone pixel is sampled six times in each

25 dimension. For the purposes of buffer lines, we are only concerned with 1 dimension, so only consider 6 dot lines coming
from a single pixel line. The distance between nozzles of different colors is 4-8 dots (depending on Memjet parameters).
We therefore assume 8, which gives a separation distance of 16 dots, or 17 dots in inclusive distance. The worst case
scenario is that the 17 dot lines includes the last dot line from a given pixel line. This implies 5 pixel lines, with dot lines
generated as 1, 5, 5, 5, 1, and allows an increase of nozzle separation to 10.

30 To ensure that the contone generation process writing to the buffer does not interfere with the dot generation
process reading from the buffer, we add an extra line per color, for a total of six lines per color.

The contone buffer is therefore three colors of six lines, each line containing 534 8-bit contone values. The total
memory required is 3 x 6 x 534 = 9,612 bytes (9.5 Kbytes). The memory only requires a single 8-bit read per cycle, and a
single 8-bit write every 36 cycles (each contone pixel is read 36 times). The contone buffer can be implemented as single

35 - cycle double access (read and write) RAM running at the nominal speed of the printhead dot generation process. The
contone buffer is set to white (all 0) before the start of the print process.

The Test Pattern Access process is the means by which test patterns are produced. Under normal user
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The output buffer 195 holds the generated dots fromthe Print Generation
process. It consists of a 12-bit shift register to hold dots generated one
at atime fromthe UHRU 197, three 4-bit registers to hold the data
generated fromthe TPAU 194, and a 12-bit register used-as the buffer for
data transfer to the MR 191. A pulse on either the Advance line 15 fromthe
MIl, or the TransferWiteEnable fromboth the TPAU and the UHRU, |oads the
12-bit Transfer register with all 12-bitl§; either fromthe three 4-bit
registers or the single 12-bit shift register. The output buffer 195
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shift register of output buffer 195. After the 12th bit has been cl ocked
in, a TransferWiteEnable pulse is given to the output buffer and the next
12 bits are generated. After this, the UHRU waits for the Advance pul se ,
fromthe MR Wien the Advance pul se arrives, the TransferWiteEnabl e pul se
is given to the output buffer, and the next 12 bits are calculated before
wai ting again. In practice, once the first Advance pulse is given,
synchroni zati on has occurred and future -Advance 20 pulses will occur every
12 cycles thereafter. The Upl nterpolate, Halftone and Refornmat process is
shown schenat i cahhipericdll sitelo€30260 is FEen@mko prodB BigHghAMty kernitg @d HigidesigyenlyrvttaebOP@dd at ed
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6x6 bi%ock) . Trepddatfepioisr aper e BrthmatnetHess FaSh toorrey) Bptae BT BeRF " but
since the phiseledl20030 are to be dithered, the effect is that the 36

resul tant bi-| evele pheitas infeifukea s0RerckoRtPer®OM thObuB oftBd ittk@e forhkiéng pusks. Micleadchtoregin n| y

capabl e of maée%lia gienggrtlﬁ id tﬁnsﬁtechij e ﬁ%@xl:ad fn@&m 1801 ato 4 stxita@;l@fox‘ifw &fareaoneaamsary
to convert ngrr%gp pr%ﬁgad lﬁ.qﬂ%é%gg%l%g}ém le orﬁ(}u‘t’segeggit%gnd%isltrm%ks t(N)thrﬁe the printer

specifically, "a di sperse ) re her i s produce using a stochastic
di t he cel | ™20 woRVEPPEHY™4e 6%t one OMY i mage into a dithered bi-|eve
CMY i mage. The 8Thsiughout Borecciigsiion e pitbrsecyy fesrabeiths prefeepetoedimeptiof ha YRR gthont
conpar at or LBihgtheintehion © iy pre Ebboogi dr bperific patiectidn ef fljutedy Barsons §@lediphé relevprft argnigp 8- b t
cont one val Wgizd e spbdiR BmtodiRent thhtR@iImorsBdidss fAnakikibthe stofe @tk ipubtiodi t of 1 is
generated. Otherwi se an output bit of O is generated. This output bit wll
eventually be sent to the printhead and control a single nozzle to produce
asingle C M or Y dot. The bit represents whether or not a particular
nozzle will fire for a given color and position. The sane position in the
dither cell can be used for C M and Y. This is because the actual
printhead produces the C, M and Y dots for different lines in the sane
print cycle. The staggering of the different colored dots effectively 40
gi ves staggering in the dither cell. The size of the dither cell depends on
the resolution of the output dots. Since 1600 dpi dots are produced, the
cell size should be larger than 32 x 32. In addition, to allow the dot
processing order to match the printhead segnents, the size of the dither
cell should ideally divide evenly into 800 (since there are 800 dots in
each segnent of the printhead). PP33-SG -17- A dither cell size of 50 x 50
is large enough to produce high quality results, and divides evenly into
800 (16 tines). Each entry of the dither cell is 8 bits, for a total of
2500 bytes (approximately 2.5 KB). The final process before being sent to
the printer is for the dots to be formatted into the correct order for
being sent to the printhead. The dots nmust be sent to the printhead in the
correct order - 12 dots at a time for a 2 inch printhead. 5 The dots are
produced in the correct order for printing by the up-interpolate and dither
functions. Those dot values (each value is 1 bit) can sinply be collected,
and sent off in groups of 12, The 12 bit groups can then be sent to the
printhead by the Menjet Interface 191. In order to halftone 9,600 contone
pi xel s, 9,600 contone pixels nost be read in. The Address Generator Unit
201 perfornms this task, generating the addresses into the contone buffer,
whi ch effectively inplenments the Upl nterpolate task. 10 The Address
Generator Unit also perforns the reformatting task, as described above, and
the addressing for the staggered dither cell 200. The printhead interface
180 therefore perforns the bulk of the imge formatting tasks. The inage
stored in the inmge storage nenory 181 is translated by the printhead
interface 180 into a suitable format to drive the nozzles in the Menjet
printhead 186. The CPU 171 is responsi ble for housekeepi ng and

adm nistration tasks to operate the printer
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15 nodul e 10, but not the imge formatting tasks. Throughout the
specification the aimhas been to describe the preferred enbodi nents of the
invention without Ilimting the invention to any one enbodi ment or specific
collection of features. Persons skilled in the relevant art may realize
variations fromthe specific enbodinments that will nonetheless fall within
the scope of the invention. PP33-SG -18- CLAIMS 1. An ink cartridge for an
inkjet printer conprising: a housing defldning at | east one ink reservoir;
and at |east one second roller nounted to said housing 5 2. The ink
cartridge actemding to claiml1l wherein said at | east one second roller is
resilientlybi as@dink QrRgitd an ikkLShE Gmpsking: The 1 Nk cartridge according to
claiml mhereln,ahﬁmgggmmﬁg&gogmmkggagmgne second roller is neutral and
cooperates wth qpe first Pller said at |east one first roller

i s powered and nﬁ ’°§%%F“?‘”m 51 it head to draw print media past
said printhéad. Tk °"“’f"r§“e“°‘i°ﬁ‘l{‘g eepipy W’Ef{j’@ S"éf’(f’b‘fﬁ“di‘eﬁij"“ti gl 5?‘W‘|y biFREP 8t her e
are two second rodbimrs nounted to said housing. 5. The ink cartridge
accordi ng to. cl armink carkkRE Riofling @ klelm MBEbieR, ih Ge, baRifaBéaf) OiS &cbndd @118 @dutr @il choperates
cartridge and saigha lpagt-ontfRﬁ‘@gr saﬁ at 1eJ 9 &Ghe Firkd I&)ll&@'b&»{ejem@m@ﬁ}&ﬁ&jginnga $rRth&h @k 5
including at |east. o fluid conmuni cation with said printhead.

93978 QL4
ge la%a Saldmm ea’fo claim 1 incl udi ng a data g nnect or for

7. The ink cartrf’dbe a

transt®r of *dat a“t‘ié‘ﬂ‘%ﬁ‘é’ﬁ“é‘é’id'dg‘ﬁﬂ%l’f’fY'Sf'ei}%reﬁ%tg&?’:%?ﬁdc‘@ AP ENE S Blocessor. 8.
The ink car fri dg&hedkeidi argdng etmp wiepnveredt ninratsed dereereraid Tﬂf‘}déﬁj'éd:fa‘ﬁow much
i nk has been usegkinth®d. The ink cartridge according to claiml including
wherein said i nkn{e%ﬁ 6‘&&1’%@4 a@cojdiﬂ@tl) Hdﬁanﬁ:ﬁdm&ﬁ&&toné&gfofTﬂmdchmrﬂuﬂkmon witisaid gridead.

conbi nati on Of aTPBl; Qx e a@c'agmétg clinj;ll kln&ﬁfng i dag gogne§a Ifoqjtraqgfér g}"tizﬁz{ betmé){ &aﬂ@u@gy | east

one fjrst roIIer ,and said I nk SScartr| ge having a housing defining at | east
one ink reservoif and af’ "Ide?iocte one second roller wherein respective 20 said

ones of thedfirsTreiherdeveigng oritnaf sheeh gidgus BAOR "It e "ehe" ¥fe combi nati on
of cl ai m 109wher &icrk sridge sgtordingta gaim binduding ehsreid saidarikirasqrvoir lychjdes arlest f0mbptnk-hi as t o
sai d housi Nn@. 12The ¥daBindE@I6D4 pridkbriafan Gl cafdgeis4i plifterWVBE @ lesd ond fitst tabegnd Saindl at

| east one second ca'x:tmgé }ﬁ\rlng a gouﬂr%l&ﬁﬂnﬂé at @@t@n&m@ﬂoﬁﬁrﬁ & 180k &nBse@hbd rolle@@Stin Qslﬂ@tl\fe 1 rst

rollep, said at sa%am%gof%ngstgd gescgndrogemggage Sh og]gyvered and nmounted adjacent to a
pri nt eadto dr aw 3a

V‘P l cp Lath ﬁ tg t aghogs(l)rrbl nation
of clai m 10'Wher 1é‘1°ﬁ°"’f"\‘7\75°"5°§%"8’i‘15’ P?S"T‘W?g EHILEE W “sf“”f’“ FUPBIIEF 4. The
conmbi nat i on1®f cPrambitagiongfdaing] Orvhagei): i uigeed aglesiong S??P‘@r‘ﬂb@%‘ﬁ““b‘é‘fd\ﬁ%"é‘ﬁa“‘é At
cartridge and saiegtopsfirsniblive setll.at 185 one Trigollgdsrowand trid gund adgded formprndheaditvairagiprpt sai d
cartridge incl udg&i.pis ski€@agthe@ne port for fluid comunication with said

printhead. 6. Tﬂ%comn;*asmrm;m@fb “ﬂire,&u@;emdl&emﬁg@wﬁ@@ms cartri dge i ncl udes
a data conn ctor for tran

e al ity rance
Chi D and a ?I’ OCGS mbmaﬁfc}'l ciahm IZWE%nwxg?glalsV\% osefbeéweenifi%ca egtgaénldn Sal dat
i ncl udes hoW- nuche F"l"i‘k‘“ﬂ%f‘ﬁé‘é‘ﬁ whsipaid carpridlge inefydes gt Jopspng poft fopfipid gpmmupicafiop witgysai
wherein said i nkeimeérvoir i ncludes at | east 450 not of ink. 19. The
conbi nat i onief ctratombidaBornwheing10Svbdrsh sipd éafidgeRtides§ das adngbctyifir mner ofidga Hewesa taald
i nt erggedi at e t heglapaddh@onip Qb b Sécsssor. 35 PP33- SG
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17. The combination of claim 16 wherein said data includes how much ink has been used.
18. The combination of claim 10 wherein said ink reservoir includes at least 450 ml of ink.
19. The combination of claim 13 where said printhead of said printer is located intermediate the two first rollers.
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