-1 INK CARTRIDGE FOR AN INKJET PRINTER FIELD OF THE INVENTION The invention relates to
a compact printer system able to print full-color, business card size documents from a 5 device about
the size of a pen. The system includes various hot-connectable modules that provide a range of
functions. In particular the invention relates to a contrpller for a printer module of the compact printer
system. Reference may be had to co-pending applications claiming priority from Australian Provisional
Patent Application number PQ y plications describe related
modules and methods for |mplemg%si&%gﬁﬁzgﬁnr’}gﬁgﬁimﬂg% pending applications are
as follows: PCT Application NumberDocket No. PCT/AU00/00501PP01 PCT/AU00/00502PP02
PCT/AU00/0OB030F0E REENANON0/00504PP04 PCT/AUO0/00506PP08 PCT/AUO0/00507PP09
PCT/AUO00/00508 Pt thRtd Alelé3 @ QOS-YAL fribibr Bkl Add QOGHO il QB? bidsis T R 0M00RARFIM 4.3
PCTAAUO0/0QRd36d0: e sPCT 40d GALQARRAAREL OV Ricul IHUQRIAMRIRI Rkt BRRA K G BRI QF THE
INVENTION, Migirizslianls mﬁam@smﬂg FEhgER DRy et indng mihiairization of numerous

devices. Mobile ph %”?Shcéomrst? ha { J%It%n nssa{r?p i tdeyices, r.oﬂy rgm%\uscf P’%%%.é’?&%l Gy common
examples of the mlnlaturlza |on tren 8) ?J 11 rﬁ) (igeo mlcroelectronlc

manufacturifYSERIGURY &R %ﬁ“r’ﬂféﬂv'aié‘*??omerﬁ ?%“I%ﬂ%zaﬁ‘i}é?fé"ﬂige&‘iﬂetée %tegr%" AR EBHIPLRY to
many of the H@Vi&@gnﬁf@"f?ﬁb‘lﬁfﬂpgﬂfﬁﬁﬁﬁmﬁﬁ tASEAtEPH I RPrAT i Yo carry a color printer for the
purpose of instantly printing photographsPakéerieitivrkinaveer corfippeiet Wegital cameras. A compact
printhead has been described in co-pendingPPHMD/OIﬁleeratiqn Presaty applications filed
simultaneously to the present applicatior] anvmtirvambmmorpor reference: PCT Application
NumberDocket Number PCT/AU00/0054 NG i 3 AUO00/00579UM52
PCT/AU00/00592MJ63 PCT/AU00/0059 IVI\pe?/MG]Odgoym to uwpydyu a u:lmpact print module for a

of-controal-of

compact printer system it is necessary tq ““Ptm\%db} Broblem-eicontrot-of he printer and
communication of the image to the printkead,_MeLho%?s_oweL)L egration and

. : ) T/AU00/005q7 :
microelectronic manufacturing are knownp_ht it have nof heen af nlueg ta the needs of a compact printer

system. No suitable print controller exists fdi"A2UMB%E color priRfe? module.
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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:

PCT Application Number Docket Number

PCT/AU00/00591
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PCT/AU00/00579
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PCT/AU00/00592
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PCT/AU00/00590

MJ58

20
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

PP33-SG



25 -2 SUMMARY OF THE INVENTION In one form, the invention resides in a method of controlling a
printer module having a printhead that prints an image on printable media, said method including the
steps of: 5 storing an image in image storage memory; sensing the presence of printable media in the
printer module; activating a motor to advance said pr_irétgble media past said printhead in said printer
module; retrieving said image from said image storage memory; transforming said image to a form
suitable for said printhead; and 10 transferring said transformed image to said printhead in a
synchronous naer I)%ﬂ n,{] t‘l%ﬁald printhead on said printable media. In another form, the
invention reS| esina controll or a printer module havmg a printhead that prints an image on

printable media, salf °88F?fpbltf5t”1¥8'}%°6r”§|ﬂe§’”§ RERPAT o RBasiRg iR fRodtls MUY AR HSEHIB & ciated
with said centidf poteRSAE BRI SKIPHISY a8ty storing program steps for execution by said
central processngnimiseé et secgsaiempdinter module to print said image; one or more interface units
communicatragivyitie pesngormngitsbbhseikdnprt@rtemodude; image storage memory storing said image;
and an imageraesgasmottitd neasamupicationewithssaid jmage istamgesmamnery, said central processing
unit and a priatbeadadhiteracs isaldngge.Aagess unit accessing said image in said image storage
memory andt,gr@;aﬁﬁggg\g ﬁﬁ?d%@ﬁﬂ?s&f?aﬁé‘}g Sgglg}mgeg@ interface on command from said central

proggssing ynit.wherein.said arnthead Interiacs franst rmss%\%n%jer 3 %Jnor (i 'rr‘.%heXI% Riipthead.

Further features of the invention will be evident from ){%C ?o(ﬂ]owmg escription.
DESCRIPTISN B e DRAWINGS In order to assist with describing preferred embodiments of the
invention, referencé"AATBEHTaHE BSPTH eHtWiR RGeS WWH[&WW%&”%& WP RROUAR MG 2 is
a camera madefeLb BTG adiHHRe BRSO dule; FIG 4 is a communication module; FIG 5 is a flash
module; FIGa@eiwra iveresinmnodule; FIG 7 is a laser module; 35 FIG 8 is an effects module; FIG 9 is a
chatacters magtatemembty st cisa mviadapteranaoiatang bl sdid pis ggarp epranpaulie; drddsand 2ejs far eigpainser
module; 40 il igRpfistsreRachRiiniar serfiguationintia ks a second compact printer
Conﬁguraﬂo%e'ﬁ!ﬁoﬂe%iéf?cetmfg &9%@%96@%@6&9%9ldf?a‘ii%ihtéﬂ@d&i@, is a fourth compact printer
Conf'gurat'Oqﬁnfgle%o%e'%e%?;l/%lﬁng'%%riﬁm%e%@ controller for the printer module of FIG 1;

an image access unit in communication with said image storage memory, said central processing unit and a printhead
20 interface, said image access unit accessing said image in said image storage memory and transferring said image to said

printhead interface on command from said central processing unit;

wherein said printhead interface transforms said image for printing by a printhead.

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;
FIG 2 is a camera module;
30 FIG3 isamemory module;
FIG4 isacommunication module;
FIG5 is a flash module;
FIG6 isatimer module;
FIG7 isa laser module;
35 FIG8 isan effects module;
FIG9 is a characters module;
FIG 10 is an adaptor module;
FIG 11 isapen module;
FIG 12 is a dispenser module;
40 FIG 13 s a first compact printer configuration;
FIG 14 s asecond compact printer configuration;
FIG 15 s athird compact printer configuration;
FIG 16 is a fourth compact printer configuration;

FIG 17 s ablock diagram of a controller for the printer module of FIG 1;
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PP33-SG -3 FIG 18 is a schematic block diagram of a printhead interface; FIG 19 is a schematic block
diagram of a print generator unit; and FIG 20 is a schematic block diagram of an up-interpolate,
halftone and reformat for printer unit. 5 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS Referring to FIGs 1 to 12, there are shown various modules that together form a
compact printer system. Individual modules can be attached and detached from the compact printer

configuration o allow, é&h‘érﬁ&’tfcQBJ!JL%BJ%%‘PL%R%J%RH%@ess -card sized printing. Images can also be

transferred f'%?gl Hne com aucELE) ter to nother Wg%ct)}out the use of a secondary computer system.

Modules have a minimal user-interiace agﬂr(')t\ﬂf Sral LH[tforward interaction. 10 A compact printer
system confldﬁr%?tloﬁaégﬁ@i’é'fé)'(‘}‘fkg Fﬂﬁ'ﬂB il @5fﬂ‘ﬂaa?:%?f’ﬂfé‘|3dr%dmg " R81iHdRted together. Each
compact printer module has a function that contributes to the overall functionality of the particular
compact prirREFAEFRIRRHFEIOHOE QER Ot RPERREAMEBPROENESS typically shaped like part of a pen,
physically connectirefavithtotherl compeactprintenviriod mesidoformpethefcomplatet pencsiagped device.
The length ohhth&GompastcpriatetaaedtriaeRe RO e totpac b eniaiyne of compasihpintatisnodules
connected. thedHactionalitpahingcaniRast NintencRniicAtiRRARENMHE I AhdhRucRMRagtpLinter

modules in tEL%oné(?E‘o!ﬁ&ﬁé‘#%@'%mﬂ@ﬁa&%ﬂ%‘i E&Eﬂh‘?‘eﬁmqg&llﬁﬁsﬁ d%?@%#&%r&%h&fﬁ'ca"y and logically.

The BhySIcaI Connegtclooﬁr]-] a%! 0r¥r¥t§rs s?e on gtha or?cgr%ls{;epteuml)er 0 m act prln epl’(fjlot UFS COOQI!]%Q dqon eCtlon IS

taken care of bX the com act rinter erla us-a that provides ower allows the moaules to self
configure and PrEVIFELoF e Rt e g TH taITHe °Vﬁra'é,fé‘:”a '?:r('?r'lt e A AL printer
modules corfSIEPSIe B heHy! ”}frrﬁ‘%ﬂé'edb%H@HYGPaATdé'becﬂﬁé"Eaer” zﬁ%‘%"ﬁéﬁ?&?@'%ﬁﬁé%r at the
other. Since M3t RIGALNSS- KRt ATAERPArtPTetAvies donlseittoF therrampreiciniss exire dsppiestly be
connected intanymordet bGerteampriod ke by duaneeted. Meafendivalfigofatencen nettornbatdimsdgends
detaamined by ttheorfpragtior ebihies moeyilen Adkaptooimodules allow these single-connector modules to
be connected at eithercand-ofm@iveniccamprsdpsRiRLIcanfigitatione Ay whdenyritahsaragction
between all U@%oﬁﬁ’e%a%%m@ﬁﬁmgfd&% m&%%%d%é%%mmag&ém.néﬁsgﬁt\y@e@ gham in the form
of the compagct pHNiEY. rsa%kﬁé tﬁe%?odm‘?o%am&ﬁ&&ré%@L‘?&%%%@'n%'r#?m‘?& ides power to each module,

and provides the means W data Is transterred between modules. Im or an%r\; the compact
ms O 8 sical connection ?‘IOSI Cf)mpact i) rinter modules COHSISt 0 a ce tra ? fe connector a
printer Serial Bus and ace ocol prov e means e compact printer

panying pro
systém auto OESHH@Fége%WE”ﬁ%DEﬁtﬁ“eﬁ@? W@ﬁaw%&eaaweaﬂwﬁ@%eﬁad L@EI‘E EBPa @f PPtesean
modules carPYBEA BLISRHCIFHE BRYaEetyFrEa SOUHEERIY HEEE8KIPG 1Tt ERBRTIRE [RIA RS S AIREY MBBIUle
(FIG 1), a Cérmtiea ditesdude iEFAGRR), medylisal Rfehas sjndikconnks (PGB, torrregnqoied eesiistngndadidess are
primarily whatrgetspthercompadtrprinter system apart from other pen-like devices. Image processing
modules capture, pAfdursiesehRicinanipubatephetogiaphiactmagessdneysekeapingidesdesdincluding an
Adapfer Modilg.{fiHem1Ohe aimEfactsriiodrir(5da Bls. fncarpmynicréiansMaciie: (Gl dls@nd a Timer
Module (F'Gn%)ﬁuu'e"%%%%&%%m&) r%h%f %Véqr%n%é/d%%e%% HSElﬁ!s ’Th%g.lr!.lﬁt\/ﬁr tﬁécé?ﬁfef H{Jr%énm

funCtlona“ty EO Otggﬁ:cmng nying p{o co prow he me ns by wI%"ﬁl (Ierclzgm%acl |n ers s{gm auto confl ures, re 2 d a Laser
Module (FIG 7 1Saiated B

es are t ose that attach to the c t printer sy tem ut g\
completely |H§é5§ﬁﬁ%ﬂ‘f%ef‘ Shestd odule. They do not necessarlly require power, and may even
provide their own poHEFRBIBe NibHIRS A REBAHES Wt ause the functionality they provide is
typié8lly incorporated into bther pepikeceidnd crduinitbtiote Rotgelddplh Modanss Mads6lad
modules areausefshoorMpadFits Inasgompadigprintes sy wierlyiheyseate: extras dnnar sysiemad@dicated to
image proceaséngraind @hatographicesaipulatiopwul)ieis 2erd b hirlpusis atttnasmictiiagecompact printer
modules are shown in FIGs 1 t0 AgsRBiRFmRlane0niiHIAHRRREE HFE o) CARRAGIG ¥REIGUS
modules Communications Module (FIG 4), and a Timer Module (FIG 6). Housekeeping modules provide services to other modules
35 or extended functionality to other modules; and
isolated modules including a Pen Module (FIG 11) and a Laser Module (FIG 7). Isolated
modules are those that attach to the compact printer system but are completely independent of any other module. They do
not necessarily require power, and may even provide their own power. Isolated Modules are defined because the
functionality they provide is typically incorporated into other pen-like devices.
40 Although housekeeping modules and isolated modules are useful components in a compact printer system, they
are extras in a system dedicated to image processing and photographic manipulation. Life size (1:1) illustrations of the
compact printer modules are shown in FIGs 1 to 12, and example configurations produced by connecting various modules

together are shown in FIGs 13 to 16.
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together are shown in FIGs 13 to 16. -4 FIG 1 shows a printer module that incorporates a compact
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 Memjet
printhead. The Memijet printhead is a drop-on-deman_d4 1600 dpi inkjet printer that produces bi- level
dots in up to 4 colors to produce a printed page of a particular width. Since the printhead prints dots at

1600 dpi, each 5 dotis ang%lmaﬁ%xu%%n;rncbfspglg?eﬂs%%rpaa'aHna@a%%sgr.%é R 2P ARABESANSe the

printing is blg]ev e Inpyt image shou be error- |ffuse$ or be t results. T glcqélya
Memijet print eaﬁgn'cgt'oar Sgﬂl'graBa%ga (()jr?e%'on Oﬁn'sia/@f’dfﬁ"mf‘ NS eng her% Errﬁt eé‘gfdao 8'S stationary

and allows i PEBEr8 W@k‘?&%ﬁ@ﬁh@eﬂ\dﬁﬁ’iﬁ@é&m‘ﬁdMé%‘j%f”b?‘?ﬁ‘ﬁ%%?&oQp'é%?ﬁ%%rdh?}%?‘i‘iﬁfﬁ%er of
identical 1/2 MEHIWBH] & S8GMBRIHE SR BETe 1 S BRITEY BO T mpE B8 RABRAP IS ARLASHIEL e e mijet
printhead. Powerigaipplicdd- byné tredey ot siOb & Pyrhvers @dcinstibtieryinonparthientridndhe
printhead is activatedhtecorimenteddhininguhernymdysmegs pattb{ofr sinilarsippdapsintakje media) is
inserted intoalet 1ds dMBIL GORNECLOH bésaitl R MPlRRONNRELOG Hoviei HateiGmaN AN idiheks
modules to the, RERtaL MAGHIR iddi Gl 22 8hawsa:.gamera module 20. The camera module provides a

point-and-shoot Ca%?%‘%?%%ﬁ’l@?@é&ﬁ’pﬁ?e‘?aEQM%EJSW'%%%@&%%% %We‘?%”?i)&.fec?gp%ﬂe”%I(“ages

The 8amera I}J] e CO [ISES a having a female connector 2 eQ |rects an
batte oused |n attew éom artme t12 Jhe rintHead Is activated to ¢ mmenc%lplrmt% W ena usmeészfar (or
Image to an |maé essing C

conventuonaF'\’}]'éa\/\f‘ﬁ‘?‘?&HPt% 15 %Iﬁé(’f‘h&‘%@ﬂ %évﬁ"fé?{@eétﬁbl%‘.&ﬁ‘ﬁ'ﬁfﬁﬂ‘éci%f LBl AReEIP Rk Take
button 27 is PESHEHTHPAREE MdtfeS are transferred to the Printer Module 10 for subsequent
printing, manipulatibl®, ThateraggeraneeCameranktotedeeaisgdetrieime dssesifctime cameensiriiiar to that
found on regulerecamerastelr Hx Banoivspaivicintory Tviodue 3oidomprisingbelpndnvd] a Gd 32, IN
button 33, Odindatdttanadéhamndiedslafritabe BQntaite Berdsr.aldipedArmaanygMadete3isvanstanckake module
used for storigRHALRY RRMIGINALER GRIIUIRA DY the.LameraaPis hheRmery TROGMIS stares 48
images, eacbu&few&&bre%%a&‘?a?&%ﬁééﬁgt@ e il rE%@MJ&Q&eﬂueﬁt PRHF%%%HJ G R0 LR e Rkl

resolution prQV|de§Argq Ia alg ess to individu m]ma es, a hum nail resolution prowdes read
ule also con |ns se mer de Simi unaon REX
access to 16 images at once Int [ form. emor O attaches to other modules via

a female con nectorFé%E’c?POr"P‘nséIg'%’ﬁ'n'\é%%? ?foﬁﬂﬁ'é'%aeﬁ%dy% o d3?eIJH81'8°88?1€8&%P§’ LtV s Fbdule to
be @nnecteb 3 "StHEF YARPHMLEAGIRTEH PR Brivioed H9rPthEmesn My BN the
Serial Bus. ACoeaiumeeetisiers Mathate %0 wheed h FIS ethaetdd hrsalyite atid gnenati s Wonconsists
of a connectéw4olasrd @ogigislead 2hdhvaitet ensitaitesifnebiimapprapnatedonveciar dodearegm@sterlport,
such as a USBgporinRs2@ihseniatport or parallel port. The Communications Module 40 allows the
compact printer systeimd.RacanRGIREhdARHEOMRMIEKiANVRRL:SehREFAEEISRIEHNIRIBARSTRANkRE

trangferred hEiweeR cUHﬁe&QETAFM% A0ehiteoy iR MRS Of J%@Qmﬂffl%\% RGbRES RNk he

communlcatp n?érrﬂoﬁﬁé ?0va9r\’é’§er g%tured images to be downloaded to the computer, and new images
for printing to be upload ded into the Odprlnter module 10. A Flash Module 50 is shown in FIG 5 The Flash

Module 50 is used {oGRREPARS HSHT With TS CLR 1 WRER VARG RO EBAS U IS Tmera
Module 20. THe? ﬁ*’fﬁ%‘?? N)Féiﬂ[ﬁ‘r@%e&ﬁéﬁé@rﬁﬂVB%‘@P'}%Eﬁﬂiééo{ﬂ%’ﬁéFﬂfél%‘Cééhﬁ‘é%awsﬁsé??ose%pﬂﬁ%ﬂe
connector 532 RIgPATaliS GESTBITRINEPILE AP GO Hié JPRRAT: AUNGH EMEE TS BRStERERREANT ceBRIET Y B the
Cardéra Modurieecioghisngeecpaireitindersinhpieeswitchmallevys! theedrkas moldielofltveteyhracexpiic ifsteuried off to
maximize badtenyitetiord Gois hiowscatirnierdvodl erGOothaittishe segter avtomategthertaking tobanultiple
photos with thedamegrs MedulgirOoeach photo separated by a specific time interval. The captured
photos are stored in MempauMedulgwith ASY. tastuhemdiiemn antsd ghandedRyihecaneiaylodule

20, and can H&?n@?%(%@@'&ﬂ%%%%%&l%rTM‘Bﬂ%H%IJL%J;LﬂE% é‘ﬂem&h‘é%%rﬁ&?@c’%%@t& 58.fpdy 61
galLCD

hou le con’necto ontains |t£)clJJ tto%w%?’sgj? %'%u&tpn matl II'T' s% tedl%v thﬁ_ mera ||5)WS the
use%ﬁo select ime Units ana fe nUmbEr of UNits are S U8 BLtton 54 imer d‘uele 60
includes a nf4f8 r&%ﬁﬁ’eﬁ‘fb’?%@"ﬁ%#@Pﬁé’l%F@SW%dé%P 87 ﬁg'yrtﬂﬁq‘iéjroﬁ/lte)H\f‘ff@”i’ﬁl?étéerﬁgfﬁower from the
Printer Module 10 \ﬁgﬁf@ows a Timer Module 60 that is used to automate the taking of multiple photos with the Camera Module
20, each photo separated by a specific time interval. The captured photos are stored in Memory Module 30. Any flash
requirements are handled by the Camera Module 20, and can therefore be ignored by the Timer Module. The Timer
40 Module 60 consists of a body 61 housing a LCD 62, START/STOP button 63 and UNITS button 64. A SELECT button
65 allows the user to select time units and the number of units are set by UNITS button 64. The Timer Module 60 includes
a male connector 66 and female connector 67. The Timer Module takes its power from the Printer Module 10 via the

Serial Bus.
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Serial Bus. -5 A Laser Module 70 is shown in FIG 7. The Laser Module 70 consists of a body 71
containing a conventional laser pointer operated by button 72. As the Laser Module is a terminal
module it only has one connector, which in the example is a male connector 73. The Laser Module is
an isolated module, in that it does not perform any image capture, storage, or processing. It exists as
a functional addition to the compact printer system. It Is provided because laser pointer 5 services are

typically '”COrporat%%'ébﬁ%&ﬂ@'%d’?i?]okk/‘ﬁn@‘?é’bc?ﬁ*e &Q?Mm@ﬁ??d\é'o‘%% %f%%@&é‘%@v?oﬂé.rﬁ 0 RQWEEFPPPlY and

does not appear as a device on al Bus, The Effects Mod ules pwn in n image
processing rrﬁtsjeaﬂ(i'me[togﬁ %%cgyéjuﬁtgér to Sstg?ec?er%dune 'Sater?"na#n OO|tu o2 as ?ne 3 n%c}ﬂrtvﬁ{%]énﬁerrent

image stored e PRSP RABY R TOLFH &' BHE & FEAT @QSB'Fd'&IQat &I?Besa'}‘ft PR BB R e olor
changes, an8%F4irtiREyEHMEs! erisie EHEL N GeHlHe" &S SPeed BB SN hisaSistsHireieet®nics 10
and & LCD s2ieeCHOMdEilsomeres Btalhousen ks diviesscHobger hetieent@rnitieiee wf elffdrantitppes of
effects. A SEbfapder Huttentdh @tlews Boe user to select one effect from the number of effects of the
chosen type. PressimgiresARRIe¥hbutio nicihsappligsptbesatieaidte. image stefadsirdhadnter Module
10. The EffegiaMadieicbiainsurewmer: fraga shes periakRusoMale sanneaiaae s iamale connector
87 allow the %F@&t%vMQQHL‘?JQn s, %Q‘é‘iﬁﬂ&&b@ %D@ﬁeggmmfatcmm@a%\m%mompg% B efertrbilE 9
ShOWIS a Chargcﬁf gﬂ?g}gﬁc%eé bat OISSQaﬁQv(vasCalﬁsep{&) (%oose%erv%e%nsa nu(r% eIr o%og 1 %p_?% of%gg:}ée,l EEEII::@[n y

contains character art cts of a glven topic or genre, xam es Inclu Impsons , Star
Wars(r), BatRiaf © andW it eaegt\?&'%ﬁﬁﬁ%féog]nﬁhﬁﬁthnfl esrpc)’fe%l & B eI PSS B B PSS ch it is
an image pr@éé@gﬁﬁﬁ‘%&d%mw%ﬁ@lg‘tg‘e81‘”56%%”959 ﬁﬁﬁgfﬁﬁsé’i?gﬂﬁ’rﬂ”é'l@@ﬂ”@m@?éfﬁaeéﬂ%b 92.
SELECT buthtt 93nefigiRfstA ETREOMPEr G0 3 ke EFRSEMPIaEIs bocdheeddlietPrianrPRP Py sisistfon 94.
The CharactesdModule obtains power from the Serial Bus through male connector 95 20 and female
conngctor 96. The AdaptordMoslec110uslvowa it ptGalilhe s Bfffemnadafigmaalecannecctatilyat allows

connection hgiwigenaiwer meduirathaliRMpnaeinMala FRRRRELIAH sthila/e/RAl CORRREIORAMOL
shown) a"o"\s'?|§ﬂﬁ‘££% I%Pcé?#%’d? F%@I!%QHI%D%E ‘@EE‘A}%&% ipfemale. 8‘8&5&%‘&%§mJ RE.Adaptor

Module is ahouse eepin e, |nt at 1t facilitates the use of other mo ules and does not perform
ou5| g ustom el etfgn'&ﬁran a LCD SELE T, button 93 allows th(i user to choose the effect that ISH
any speC|f|c roce sm Orits OWn hrou ules have a male connector at one end, and a

female connBttdsY' %MH&@E’MP@H&%H@ Bl Odé‘Er’?li‘ﬁ'éer%‘?reﬂﬁ'étﬁﬁfﬁé@iﬁﬁ‘éﬁqé@'%ﬂﬁe@tﬁcﬁ module
confected atéiftileatiaer e chain. However some modules, such as the Laser Module 70, are
terminating moduleSheaiebthidrestdy é0p avewreit iy Q. inafenge/ feriatenconried kbpwshntisothesieg|svw
connector madulesheannomrly ibeaconmeciedataenelendnetdheochain) didwoosuchmedkstesanediesbe
connected athbtheraingetinéna ednmMadaptofMagdidled R isaieaieathIRdukGnkdashanvss Rerdvegwe 110
which is a peRdnea MR Lis SRitRQlated e iUg.In that it attaches to the compact printer

systgm but is Compk%t‘%h/ol@9%‘35\&%‘5\%‘3@%@%%&% Rk .l Qﬂﬁﬁerl%n%&&%l%ﬂa%ﬂ% Jr%q%%c%ﬂbéspower

The Pen Module is. defin beca¥se| iS @ conyenient (al'xtensmno a&ena a&) 'F evice. It
at In oW versb emo €s, suc

can therefore bec ained together, with eac mod econne ither end of the
may also come wi I’I idlig Fl ﬁ r{ erminating connectors c ean |naﬁ1e

case where fﬁeéésﬁraffﬁdéﬁ&@ i‘&ﬁfﬂ%n&‘&qﬁ@&% af‘&fﬂ’é?f‘fﬁgﬁveae'fgeﬁﬁ%%&%‘8&0&@%‘@”’?’05&%@9 fvith
accurately fe@HIFfg a"BlSHTALY ¥ AP°8198Y BAMteATSHTS D SIBCTSUFIHEETIRIBSE PABERARA LS %R° ti¥penser
module 120 8 ppiadée dslehekmiied FIG12. The dispenser module 120 comprises a body 121 that
hold® a store of buBiaessaarcPsiaMeduprint whedisa pnRramtetuMioduleiskd ilbcatesdntonsiocketatRPton the
dispenser medtdapia pindfBeameoriacily aiginegdena-aard.dispensed. itass tiedispenseumaduyedy slider
123 enters sigt A3 ARAISsRERHADesthes senseithaka i caafigiralie Baampachisinienaystem

must be ab'eca‘;PlPlr'%eQEHrPME(a&u% RALD R Qo R AL P L ORI HAHAR LR DS AllRRSt
Printer Modultfah 9. The Printer I\élq ule holds a single photographic image that can be printed out via

its Memjet prlnter aﬂ afso cor?talns the 3V battery reguwed to power the compact printer s(}/stem
To assist with accurately feeding a business card sized print media into slot 13 of the printer module 1

dispenser module 120 is provided as shown in FIG12. The dispenser module 120 comprises a body 121 that holds a store
of business card sized print media. A Printer Module 10 locates into socket 122 on the dispenser module 120. When
correctly aligned, a card dispensed from the dispenser module by slider 123 enters slot 13 and is printed.

In the sense that a minimum configuration compact printer system must be able to print out photos, a minimum

40 compact printer configuration contains at least a Printer Module 10. The Printer Module holds a single photographic

image that can be printed out via its Memjet printer. It also contains the 3V battery required to power the compact printer
system.

In this minimum configuration, the user is only able to print out photos. Each time a user inserts a business card

130 into the slot in the Printer Module, the image in the Printer Module is printed onto the card. The same image is printed

PP33-SG



In this minimum configuration, the user is only able to print out photos. Each time a user inserts a
business card 130 into the slot in the Printer Module, the image in the Printer Module is printed onto
the card. The same image is printed PP33-SG -6 each time a business card is inserted into the printer.
In this minimum configuration there is no way for a user to change the image that is printed. The
dispenser module 120 can be used to feed cards 130 into the Printer Module with a minimum of fuss,

as shown in I3, B £00neeting.a amermbiade.athin b minimum fo0fiayaton compact printer
System the ecl DRSS A, HirsianProlng il camsia g pa s Gl The
Camera Mociule rovides the mechanism for capturing images and the Brinter Modulé 10 provides
the mechani&HAPF ﬁf Hﬁﬁ@#ﬂ‘@?‘ﬂ%[ﬁlﬁ'he battery in the Printer Module provides power for both the
camera and the priffter " RHET (RELMEI NS SaE B R T BIRTON YIS HPHHE eYElPRdiaUbIsa 852D, the
image is captgrectiyinhdotad naera P4 randd fremdferfett tehelvenPrimesk IR doddsdremaghniimera business
card is insertedumiorthgespriitte Piher YapilaredrinidgBeisctiGrimfbeptiain thethstube bqueass es Prineke” on the
Camera Modueiagainieibevelerirehge dmthartatginddodule is replaced by the new image. If the
Camera Module is sihsaaueidetachrd fiamths Gonpaciidiinies s¥siammisharapiuredmage
remains in the ﬁnwdmgwﬁwmgda@m SRS QHLAS MAMAIMES A5 AR et hE faamera Module

IS si ply tIﬂu:"r(r:'l\nE %‘?H%ree em% gsg‘l;q( g éa %‘mergll\}imﬁle rnte B(iirlﬁlzé%?lm t?e Prlnter%?__dl |srtflla orh%r

configuration in w ich a Me ory Module 30 Is connected to t e contiguration o

embodiment” Vf'lﬂa(%eﬁ the user has the ability to transfer images between the Printer Module 10 and
a storage area con'lféhﬁEﬂ“ﬁ‘FM@W@ﬁ%ﬁﬂﬂﬁ%@éfr%@eﬁ%??@f&ﬁ@%@1FPF&@‘@“F?& HREAE FEBRTHE
Memory ModiI&inghtiatiéanaed e be BEtrdSHHanyAEEs f6 HeP FisteimvoMede(sselyintevlsatiever image
was already istared ihgres), iothbPimgstherleurrent image from the Printer Module to the specified image
number in the Memmo oy d4nshs tefurdiaedvigonaby iMaottulenalsayprovid esiscanayted @ ok sefigingos ets of
thumbnail imagesdenthgimriniendedw es-Maltiplgienean-Magdu asweantberingluead io Agiviensystem,
extending thg Aumbesk %ftm%%m@abﬁ%ﬂ b (SIQERds A HYEHIMEMPRE M%Wﬁ/l&ﬁ@ b fiachnrpected
from one compact PMQgte ) ﬁ%é%'}%m f@u”&',|88£H5%%‘%%a§9v9Wﬁl%sf%eaﬁyge??a%ﬂ“ 'magar@@m HNGmyath the

Camera Moqmet e rlnter%(l uet tﬁes eC| I’X} cr)luubgr rg em Mod UEC%ﬁn El’ln St%mdesaaSWShown in
25 FIG 15, the | usercan Ta eQ hage with the 5'amera od)ulf en g/lfoe es ecﬁ?’ed

imag® numb%fF?PFWéetMEtPHE?PQaN/I%ﬂ‘ﬁéO Wé”&ﬁ&%‘a images can then be prlnted out in any order. By
connecting a CommtyfiiRatiBRENNSEH AR IHETHIA IMENTY EBh FtIFREd1s BB ETIsphitEcEyStem, the
user gains tkierealfityetdiaaang féqdita ean de disetnestsa feprP@eaerehati eriosnyrclpt latescsy sterwihd-iG 16 shows
the configuratioayehtftege drbnmith the addition of a Communications Module 40. The Communications
Module makes the RrintercheduweddiDantbé anywbismobruidatidadodde isipla fmanexicenabepmputer
systgm. This-pdlows.the devwaload ifhddRIeacBgHRE IRAE fed RRGABMUBICALORRERRLIE A0 allows
computer COKhUrQJrQIA@JM Gan CF(GF&%%E%%EMJM%%QHHL%%rﬁér'Ch as the Camera Module 20. In the

general case, the P Intere'(\:/llg a om catlons MO('iluIe 45' ﬁ(lenﬁ ancon ?Bhgrmr&gtdlr'{!l 5 fléltgr%t enué/evwlth
BT} ?LM & fgre h

respect to this centl)éf repository o t € current Iimag e inte ule Is there e central

location for |H§§§t§el?ﬂgﬁyctﬂ5?‘?§f§r lﬁ‘aﬁﬁbfﬁvée% ﬁ?paﬁ%{hf)fﬁ%@fté’yg?é Ak B B8 PR EET cl?ﬁg?iﬂ%o'b?f Vitles a
service to otheyhBeIELAe’ 8 HRBHBEIRPFULEI i rae R RIGHAHM ARyt IR THES PARE A4 F thEe source.
It thé&tefore rrasNBORIEY!to X dipisifdp arpiirrabreter ey mernis veitelonrigiffereteaiodlirgsaliact as an
image store.chirtheieforenvdgetti® alilityotopureadntibofmageriaanctinead? pitermddddLieh 8gmeamaedules act
as both imageoateme.and image source. These modules can both read images from and write images

to the Printer Modulgige geHe@REUMATRintef Module holds the “current” image, and the other modules function with respect to
this central repository of the current image. The Printer Module is therefore the central location for image interchange in
35 the compact printer system, and the Printer Module provides a service to other modules as specified by user interaction.
A given module may act as an image source. It therefore has the ability to transfer an image to the Printer
Module. A different module may act as an image store. It therefore has the ability to read the image from the Printer
Module. Some modules act as both image store and image source. These modules can both read images from and write

images to the Printer Module’s current image.
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The standard image type has a single conceptual definition. The image definition is derived from the
physical attributes of the printhead used in the Printer Module. The printhead is 2 inches wide and
prints at 1600dpi in cyan, magenta and yellow bi-level dots. Consequently a printed image from the
compact printer system is 3200 bi-level dots wide. 5 The compact printer system prints on business
card sized pages (85mm x 55mm). Since the printhead is 2 inches wide, the business cards are

printed such that 1 ‘riﬁle%t% 98’%'%% @M%D?s?ng% &Q&J‘&E‘au'ﬁe%ﬁ@m l%aevm.ﬁogm %gﬂgm%‘e ﬁny?%%ﬁdafd

b d
pusness oy Sasi TR, PLeal oLl e e e e s sl oo

area of a paﬁ‘égfgtiﬁ%‘?@&ﬂ’éb'ﬂ%?ﬂtsx Tﬁ‘ihﬁ%%f* %rf[% 'Q@?W&Bt@”f@tfénﬁb?’é Wéﬁ?#ﬁgg'%?'%ﬁtone to
bi-level ratio"4%ontone resolution of 267 ppi (pixels per inch) is chosen. This yields a contone CMY
pagedsize of 850 x BB4ompiet eliveriveiie e b dvaiepatics! eifed B @eh dimehSiom T histhest s &inth6
provides no peecétbedhtsssrafaguatity sincethinoitpstismiages.igilnkteiséh.shinelpringlhead @pintsadots in
cyan, magentagdanelyielosardtiked bhe. finabautpuctmifias psinte dgpagesmusidharaiviembeds. the gamut of
the printhead andutakadheiatinibytesaf hedrksniotonaseatisdidasidrat fifstsram Jpasrarkisdo use
the 15 CMYqeolor SRACE: toFsRMesgit images. However, the printer's CMY color space does not have

a lingar response. ?J%t's.n%ne.é 'tel¥otnrt“% gt pigmented i o‘éesre%ﬁ‘%o apyall ﬁ' (gl)(?elg%r dé’a hased inks. The
individual color ErofleoCMQartlcu ar device nput an ut can va onsidera |s ra“oge capture

devices (such’as dfjital chmEra gy biekiy Wi 'ﬁ?fﬁﬁ??re(‘f" RS SIS S8R LE" BRaCERRh
sensor will h%{%dﬁ%”?)Wﬁeb’B(fd‘?s?éféﬁaH%%”Eﬁﬁﬁer%‘fétﬁ@fﬂfés tCt’iﬁ%equently, to allow for accurate
conversion, as well 48 & BRI IApH e mTzRgR s arfosHaY iRk d halid! privwdedie PO eRAE IS Ma™iPrecolor
model [CIE, 1986¢ @it 182 iuherdrme trie festtinicadRe porinf@additidmuiCofsrssieasoatetnetidnale De
I'Ect@irage] isvseddfapdae epmpaciagrntensystearibdiesom iscue ipate tiore dot percajpturatiydirestis and Is a
superset of oAkl aionGhGRIOMISRACESIEBYER RE (e M¥od Rie BnaindhidR\)io hisiR tinteiMadwgcmust
therefore be ganahle.elsenvasinileraid |ﬁ1%@&5‘1§r$9em€s RAdlicak-PerHg RS IOhIR i (Y E@lor space.
However, since the comeact E’nrd@!i&rsz?%’%?%ﬂ"'h%\/ OIYV§VJO(1:0BPPQ@%EIXAE}{&&QHSU S, Itis quite reasonable to also

25 allow highly accurate co|or tching between screen and r|n ertob e erforme on éh e PC.
ow for atcurate conv I’SIO as ¥Vf_| as_ti OI’ future Ir‘[]g? SeNnsars, In

However the prlnter (:Prlver 0¥ ram mus a Com acC anl}er Image
Yt

*a*
is tHSrefore (EpTESSATEFHY BH ot 8‘? E”‘m"é’y Sy 8’" R?ﬁ’f@ EotEF'thﬂ)aﬁ%[“g]'iséo'i‘s therefore
1,361,700 byt yasue LS 5elaragr] [ ueh rikgeire CEL8iAGIRIdETE iS4l ReMs R erYatd iHage Stored in
the Printer Moot Pher grditiond dgjas itaess (9cB0 ¢ dRPR: dmE§¥ from the Printer Module, or to write a
new image to the Printemidotule.niheedortiapeaticne proiocolso mamgehascessitedierifwintes Module
provides a cheieeonf ipernaldmagae DEganizapon: iragas st banetorssedsattihalinsehatok ©3k0r as
5342% 850. They 6@l alarReRFRasHRMIR.BISHEARY Aler IBNARIAIMaL e RaceRsath B intesieaved,
each pixel |npg1§0m@,% %&g@Q@bertten as 24 bits: 8 bits each of L*, a*, b*. When accessed as

*
planar, each of the coj orxgb aec%mca{t‘pr.ﬁteﬁ‘?%%eo.sf M‘é %‘?e” e peRdent. ¢ LNe, Snure.imy ﬁ? 2hke s, a
35 pixels or b* pixe <can be rea Yo prowd’e the requwed conifrof functions and

image procel é%’é”ﬂ)effﬁclr?ﬁﬁgﬂl]%o Rﬁe?ﬁ%ﬁ%% é?? appllcatlon specific integrated circuit configured as
a printer controller. BB Beffe¥iatieddt HEICBATBAER [S8hERAA THERENE7MeeRn e ferTe iR e8P iRe
conBbller is chadbrilvee: frrt Sehiel et e e theritodtisveirasnislbs fohepdedtion of the elements. The
controller is designed donbeniatime atedolidimgage 225 ierome MOS: prudess;hvidthfapgpraxingately 9
million transistafsatalinasihall vkl which aresdlasia snenmrsear statianRAME aldisdedds kavaioestimated
area of 16mpidar kIR OMENILLORIRIIRaed &dr IENICTRGAR RHRE 6Q1RieEQd R SO LRARIMCIRBRY,
which is suitgfly ﬁc'e(sfé&ét%%mai 8RR REDRINp1an QR PRI YATIARIE i RIQEAGR MASHS SHik Y- gilByte of
RAME a paral')'(ells Iomi)e“rgf?(‘e S'¢an be read or written at a time.

To provide the required control functions and image processing the print module 10 includes an application
specific integrated circuit configured as a printer controller. A block schematic of the controller is shown in FIG 17. Each
element of the controller is described in detail below together with examples of operation of the elements. The controller
is designed to be fabricated using a 0.25 micron CMOS process, with approximately 9 million transistors, almost half of

40 which are flash memory or static RAM. This leads to an estimated area of 16mm?. The controller contains:

a CPU/microcontroller core;

program storage memory, which is suitably 8 Kbytes of flash memory;

program variable storage, which is suitably 2 KByte of RAM;

a parallel interface;
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PP33-SG -8 an Image Access Unit and associated image storage memory; and a Printhead
Interface. The controller may also include a number of housekeeping and administration elements
including; a Serial Bus Interface; 5 2 QA Chip interfaces; a joint test action group (JTAG) interface;

a clock; and a memory decoder. The controller is intepided to run at a clock speed of approximately 48
MHz on 3V externally and 1.5V internally 10 to minimize power consumption. The actual operating
frequency will be agnlmggggr J@MR'&@@&QE@%%E@& ﬁ&%eorp%%;lg& frequency. The CPU is intended to be
a simple micro- contrgljereas(} le PU running at about 1 MHz, and can be a vendor supplied core.
Referring to FIG 17athe controller 170 incorporates a simple micro-controller CPU core 171 to
synchronize the imHGE IR Ao SHAtHY Y 8B eRLe g CRLHE LR d e %eneral
operating system diti&e! #EIT8IRE the user- 15 interface. A wide variety of CPU cores are suitable, it
can Be any processRAerie Witfrestifficient processing power to perform the required calculations and
control functions fasicgmoeughidogmedtreohsterher expectations. Since all of the image processing is
performed by dedicateek;hardware, the CPU does not have to process pixels. As a result, the CPU can
be extremely simple EQweaygkdt must be fast enough to run a stepper motor to advance the card

during a print (the SFﬁeOo‘BﬁFolEHE%&%% fim Q%M&J@&%ﬁ&lx.ﬁ&e%@ﬁﬂm%&%@% &ﬁd@%(ﬁdérﬁ‘al@h”'ps

805’\}?m|cro %0 controller runnlan fAssomat ram

172 andrrgné%gnow?_%co?gjrr% éctlﬁt%ﬁclflggﬂbmraﬂn% QI_QHGHC&WIﬁ%G an Integer mul Lj) €, g;%eeSerlal shgera{h r un|ts

1 communicates wit
within the cofftrofiet V|5Cr%e'rsn'Btﬁr}dFﬂg)pﬁédrT)E)n%'ﬁrﬁﬁ%‘} g BYS Cﬁh}efﬁné"rr)'? BN 174 Bt AS address
ranges map IP&HiEEIar units, and within each range, to particular registers within that particular unit.

This includes the s&daland Parkied seiertfedésing® e Creememeny Hecsder1 ¥4 iy dinmsididecoder
for satisfyingr@®chdatand ctess @sod hedacoues trdhslates odate aderessesnmiieimeartiead ttontroller
register accesseseoveidtheritniernal lows speasblbliscdh b argnaderefereittoiverierodmaemanyemapped 1/0
of controller pagisterSeqiia busilié® InctbdasaciRress: ies bira andsiatercemtrol lines 175b. The
small Program Flas§},RQV e #nigel EQERY RIRAIMA theFARIRNETI RIRHR) SIRRIESRAISRESDifOL.
controlling the %ESRHRJ 6&9&9& @“Qr%g%%‘d[&%&v%e,(ﬁm%g%g Q@J&V}Q rthSeE%QMot%Hc? %P?Phg§a8” the

CPU chosen but shoul

incorporated ijrrl'f](g ?ﬁ”m % oifer oot(r)r § f’r'ﬁeaslﬁ[r"?mrpogc%%{n varia (Te S S?Eab g |'r§185 thpes Ef:?rogr:jnr'zca{(r)n code does
not ﬁgve to ﬁ?ﬁ\ﬁ‘?ﬂ%fé‘f&'q?ﬁhﬁ%“élma‘?e is no need for a large scratch area. The RAM size depends on
the CPU chosen (eASesERvidEiERISAS. SissraeriteROM g e dhie ivEsmretister 828 BieS, but
should not bé’lrevoyeuniseies wifobe Rbyte 3igh TheodptikonarSerianBos! Ifterfacidby 6 Meneomaendted to the
internal chip lowerspedbuss 1a7ges TieoSerialdBussisncentineiedaye thea@ilar tgideandnprabepatdyidollows
the USB protecahigikhadghe e inpratoenltmay be suitable. The Serial Bus is described in a
co-pending applicatQroreferiRs) 0.ahe Ve i emetiab Bus eyfaced df.allews hedtapsienefdmages
to and from the B 5!&2@! Nk So%rmé ‘?@&&Eﬁ%&%@!‘&&&'JE%J&Q%&%@%%S'I‘z%%H&Qh&gb&%m@% module
30, effects mOdUIe Zﬁ)&édq 8 ﬁf éOétrcg ILeJr re%gfrsaﬁognp #E |§ IudQ s %I(rgs e’l;pa an ? galta or é/o rpcg qrfs].lfggosnenr;ifsat?g

receives |mages &S erial parallel interface

controller to individd& Sﬁ%l'tféoé'i%?%{: F&%T*Sréﬁ%ﬁ& ”fﬂ@o@ﬁjtftilf‘iﬁ%“éoﬂ)'lsét?c?%osmi’glséqéi‘c’fﬁe?ﬁofﬁ@étg"'”g
connections B& BB ABie BETo Vg tMdeiorlowd dBTRAlS 17450t &Y BR GRH TG teb ket Bl & the

30 more than 8 Kbytes.
Likewise, a small scratch RAM 173 is incorporated into the controller for, primarily, program variable storage.
Since the program code does not have to manipulate images, there is no need for a large scratch area. The RAM size
depends on the CPU chosen (e.g. stack mechanisms, subroutine calling conventions, register sizes etc.), but should not be
more than about 2Kbytes
35 The optional Serial Bus interface 176, is connected to the internal chip low-speed bus 175. The Serial Bus is
controlled by the CPU 171 and preferably follows the USB protocol, although other protocols may be suitable. The Serial
Bus is described in a co-pending application referred to above. The Serial Bus interface 176 allows the transfer of images
to and from the Printer Module 10, by external control 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 1/0 via the low-speed bus 175. The following table shows the

connections to the parallel interface.
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connections to the parallel interface. -9 Connections to Parallel Interface ConnectionDirectionPins
Paper transport stepper motorOut4 Nozzle capping solenoid (optional)Outl Buttonsin2 5 As indicated
in the table, the parallel interface 177 provides communication to a stepper motor 187 in the printer
module 10 and can receive signals from buttons 188 (such as a paper sensor to detect the presence
of printable media in the printer module). There are two optional low-speed serial interfaces 178, 179
conn_ected to the i_nterna' low sp§e§ bus 17(:.0nnec.t kst tdrﬁb?aﬁfé"f?rﬁeﬁacé’ eonnectste-a-QA chip 189_in the ink
cartridge of the printer mpdute 10 Thecsgraie Nterface connesisciena Q@A Ghig 190 on the print
module 10. The reason fDPdna\lmgotzwoemteﬁmmes is to conngct todooth the on-module QA Chip 190
and to the ink cartridge QA B tt fE Seipatte lines. The t QA chips implemented as
Authentication Chips. If ..‘."yoé' amgu—; line-is-used,aclone-ink balﬂlugc llaHUIZabLUIcI’ could usurp the

authentication mecﬂa c?cnte&‘ %1 Fér \e”pg %IPI tn%r}ape rp')?tvq sc%rtﬂrqga?ﬂnpt‘o%geppemn?o oﬂg‘}j rmter
between the two A chips Is USG O authenticate the Ink cartri e COI’]U’O er can the n retrleve

ink charactens%cs B TRETK 2ARRGYE btﬁﬂ”%h%‘f% RAPEE TR RIS HIG VoIt GFRE &R Edor ink.
The controllBf EESAE Tk charactenstlcs to properly configure the printhead 186. It uses the
remaining ink volurmesse {parstPnelncy- ey cetn) ipeiieetIaSis’ it erikd dORSUIRTRTI Y- SPERSPrRETO M first
accumulatednisyfatad 7P epntkrtsdiclalReentiadee 18T itk eerrsigeefthatrittel Sorida/Br Hltowsdlireeiranttroet twabe
damaged byqanmingdhyhe bhe tatageoSteragen Meravopib3ieisdisie o tonsiaretdrercurrentuprgatcmage. It is
suitably multidexehdiasi BAld@a bils petsellsadhalithe inagedissatanashalietharnaweihas been
shut off. It is ¢gferiemfo Al MRASRAM i |&QQM@&U%J@&dﬁﬁ%pﬁ%‘%ﬁ%mm%léﬁ k@ptin an
interleaved fgrrm@ta(fm] %gll%rggm%pents for a given pixel are stored together) Images are stored in
one of two formats: eltpft X d t |E* *b*t V\tllth eac h |magje re resentﬁd la 3 %1 Tg lines contamlng
534 sets of 3 8-bit color snéerr'ta X EECh The Pethg Lfntstl)]f ed for the mter eaveaq linear
CMY/L*a*b* iH4Ee8’ Tfé*@f“?ﬁﬁ %yt‘é%thfétﬁﬁtﬁsdtlﬁgt“et{}'&%“ﬂbﬁ‘“Fﬁeé“tt?t&“g"é tg‘WFuttéfhc‘tBrﬁ%aH‘éRAM by
the Image AEYEELLYR DX AEFPERER B\PIBRAN AR MR S8 nesTE 7 aR thiekpelvies eierdtor Unit
193 of the printrezdinterfageiBOk Thardiw itoestipoichavetei ke derantehingdue 9t thigsfrate
mertory. It must diceess tinehdim age doixets hyianthiey ipage Access Unit 182. 25 The Image Access Unit
(IAU) 182 is the menns ot thekoniolasi@ accesetie tnagerin aggeRAML&LIiTRe entller-can
read pixels fipmethejRagainthe KRagt.sierag omema-anA MIite RixrisDAGKIhaIAM allows planar
and interleaygol 30CESR. .ttaat%g.@nuq EJ%?Q @&9{%% RLRAR R RIS R @oﬁ%@r%n%xom% fantglier when

the Image IS 9 ??otr%erri erre to an? elc\>4|8vol1!ormats el S ar%ntt?’%*P Wt%fi eac |m e re res I'qegla/gg Image

is being Ioadse ro onh% e registers o t e aI ow pixe trans anar,

intefleaved JMFoTHtAY rﬁﬁsééeﬁgbgr%%c&g 2] 'Fé?f “rhe Image Access Unit 182 is a stralghtforward
access mechanism 165 LB RNUNEDY r&Wdefﬂf?éFﬁt@@{?Pétet%@eaf%’ié’téF%t'&@%hb@@h@? & following
table. -10 |AGPReHNSYS NA B SmRSASHTR AR e dame Aueidiss 167 rmdEsowieta FEgeRAM
Deltal212 Anvgcast Woitdéizito therRaigedkakehterssinde nf Skappiregy inGrirce mes. JhestAlo ddrenpidnrteidirect random

access to this image memory. It must access the image pixels via the Image Access Unit 182.

tO au enticate the I controller ¢

25 The Image Access Unit (IAU) 182 is the means for the controller to access the image in ImageRAM 181. The
controller can read pixels from the image in the image storage memory and write pixels back. The 1AU allows planar and
interleaved access. It also allows for 90 degrees rotation.

Pixels are read by the controller when the image is to be transferred to another Module. Pixels are written by the
controller when the image is being loaded from another Module. The registers of the IAU allow pixel transfers to be

30 planar, interleaved or rotated by 90 degrees as desired.

The Image Access Unit 182 is a straightforward access mechanism to ImageRAM 181, and operates via the

register set as shown in the following table.
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reads/writes for the first 2 of each set of 3. Delta312Amount to add to ImageAddress when stepping
from one pixel to the next in reads/writes during the 3rd access of each set of 3. Mode30 = Read from
ImageAddress into Value. 1 = Write Value to ImageAddress. Value8Value stored at ImageAddress (if
Mode = Read) Value to store at ImageAddress (if Mog = Write) The data is read from or written to the
appropriate address in Image RAM whenever the Value register is read from or written to, according

t th n of Mode Interleavad/nlanar and - ratated-aececece ic acecomnlichad viathe bwvyn |t
O e Se Su UT 1TVIUUC., IIILCIIUuVCUIlJIULIIuI artyu |YAB‘§€ IS(Tle\F COoo 19 MUUUIIIHIIQIICU VAL AvaRaAAv) \>2 a

— e

registers. The valfyggs are Seas shown in the fotiow ng tabg.Re@ister Settings for Different|image
Access Modesgsatess Typelmag e\ﬁeaabmawri/t/tmraslhg@aaw Deltal2Delta3 Address Interleaved 850
rows x 534 |fR&15011 (each pikel aég t 391“?6 : ?\‘(?“@S(gi B01 ABDTaRRARAE Pdhe N850 rows x
534 pixelsN33 (each pixel|1l colof) V\t%WS X p|§’<ee SNTB021602 a 534x3-2 b 534x2 5 The
controller 1[7/Bemaay also inc¢lude 3 @lﬁﬂhtpfmserlmag}eemhdeopnar&éamwfpmmdﬂ&mmmgemgnals fo the
controller. [The clock 184 draws rﬁ&%‘éf@%%m@?@rﬁ%fé%ﬂfa‘ﬁb? 185 Some CPU mclude a clock
so the clock g4 and-crystat-185yorliciagh e e = on Group)
Interface 183 is included in the camtmﬂear\fundesttﬁgmnrq@oses Due 10 to the compIeX|ty of the
controller, a Vélrfety of testing techMiaeiaredre Iregrfideiess ﬁf@f@@ﬁn@@DST (Bunt In Self Test) and
,N§| efo Siom—m)magemd.ne%,(ihﬂo,de rite) |

functional bleckiselation—An-overheat-otr 10% it crip-areats assuted-foroverall¢e \.,lllp testi g Circuitry.

The Printhead Interfrfﬁl gPHI 80 is the m(?hans b@{rwe altg(!ﬁethe cont|;a r loads tﬁhg/ ri nth ad 186 with

is read rom OI’ ritten to ress in Image wh e regis, er 1S read
the dots to be pnnte(ﬁ controls the act uamﬁ rinti rocegss %el\fowm deseription describes

one mpleméF?f&?iro"H'%ef'&’ ?ﬁ@iﬂ%%?%&”ﬁ%Wﬁ‘& fﬁ@”i‘?ﬁ'ﬁ% ga[roa}ngao ﬁe%céﬁ%ﬁaéfﬁ"fo g BHted on a
card. 15 ThePPRMHEAT T FacEe 188 FeA WA FEPIBP 8% umber of units as shown in FIG 18, including:
a Memijet Interface (MJI) 191, wRéeerrsatishs for Bivend!tiage Messapdeqssinthead 186, and controls the
nozzle firing seq(&itd¥turing|a plkee EPAVEEEIAR Sy ncﬁmﬁszat on&8Heratoriits (LSGU) 192,
which providggyRehronization sigiaaéedREINeNIT 191 gnd the Stepper rpotorg 1877 and| 20 a Print
Generator Uil P@&3)xd93 which takes an image from the ImageRAM 181 (in *a*b* or CMY) and
produces a|1600 dpi dithered CNI¥ ipay@semixelal time as reqéired by thelMemjet 6@&rface 191. In
addition, the D(‘l ) has a Test Pattern mode._which enables the CRU ’I71 to specify precisely which
nozzles are f 'an arrl]&a@ prlnt ‘zﬁémﬁ@gd%% the- PH}-are Eu..t. Iledlg;é" n'jmqgmu. fegisters that
are prograr mleu byihg L PU- 17125 the PHI 180 thereare two tSGUs 192 The first LSGU 192a
produces LideSync&awehich is used to control the Memijet Interface 191. The second LSGU 192b

prodices LineSync1 which is used to pulse the paper drive stepper
The controller 170 may also include a clock phase-locked loop 184 that provides timing signals to the controller.

The clock 184 draws a base signal from crystal oscillator 185. Some CPU include a clock so the clock 184 and crystal 185
would not be required.
A standard JTAG (Joint Test Action Group) Interface 183 is included in the controller for testing purposes. Due
10 to the complexity of the controller, a variety of testing techniques are required, including BIST (Built In Self Test) and
functional block isolation. An overhead of 10% in chip area is assumed for overall chip testing circuitry.
The Printhead Interface (PHI) 180 is the means by which the controller loads the printhead 186 with the dots to
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 Memijet 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.
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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motor 187. PP33-SG -11 5 10 15 The LineSyncGen units 192 are responsible for generating the
synchronization pulses required for printing a page. Each LSGU produces an external LineSync signal
to enable line synchronization. The generator inside the LGSU generates a LineSync pulse when told
to "go’, and then every so many cycles until told to st R- The LineSync pulse defines the start of the
next line. The exact number of cycles between LineSync pulses is determined by the

CyC'eSBetwee”P“'%ﬁesdﬁe%{ﬂ%%n anE 1&%&9&&%&%@1& Hem&r%% be s%clr%h%!%ﬁ‘&n?@?e‘d%ot%r%u#?w qne line to

print (200 msgg’réhﬁ 'SgbsPsuces “QEAFA 9,200, another . le .9859% fo .%‘att.gna?he‘g%nl‘@{g 13 sl (for
example to accommodate specia urrements or paper rans ort Circ

CyclesBetw@é'Pﬁf’tﬁEég‘er%@?%ﬁe i%h?etf" a%u?%&”l@@% thaHaY, é%?fﬁ?'?l%%oﬁﬂgebé?ﬁ%’%m Mot print
properly sincBiE&ERRIHE S A Bitise will arrive before the particular line has finished printing. The
following table showies thestintairfedieyregbsteres EbFRanretes teiern B by theiAEBRsEer shitdREgsters
Register NamepesoniptiontGyclesBetveepRuigesdiadna tmive (20f oybles tonaeét bétiwgemn gererating
one LineSynmpuise anddhe next aGeiantielakathednihe da® dddsgursaathoganetratipg: tilnagync
pulses or nojs e WiieRinetp IS LRAISISH BanerBlEs: Ak NGRMHRHIS Be RNBIEIS SYGIRsBEIWaenPulses

to CydeSReléQé\'['Ml@yn%Bﬂs%ﬁﬁ%m%eﬁﬁ’é’tﬂég&?{{mar\ﬂé@ﬁa@ ﬁﬁ%ﬁé %ammg hits 0, another LineSync
pulsi% is generated, 1%yp psBe weenP Le esis transferre ﬁeq_§g§ma|n|ng and the countdown is

Wing table shows cé reP_llsters con a d ]
started agaln A write 0 tOt IS register stops the COUFI'[ own and no more LlneSync pulses are

generated. CyclesRemainingA status register contalnlnq the number of cycles remaining until the next

LineSync pulse-is-gen%FaLed—'Fh%Mem feffa ' 0-to-the
3 =~ Register. Name . escm)tlon

Memjet printheagl 188 EGwiHIgG both detp; mmmw&&m&mw&mmmguwuw&sgwm&wdmg and

firing sequences during a print. The Mentjetekaterface 191 is a state machine which follows the

printhead loading and firing order dpqrrlhpd and includes the functionality of a preheat cyclg and a
cleaning cycle. T#e MJI 191 loads datali @fgvﬁmﬂ‘égwgm éegf(c? r% ﬁfﬁﬁ m%ﬁr@gs All is.
This means that all nozzles will fire durlr@cae&m efuess toarynteyele, dgsRenstandard mechanism for
loading the printhead for a preheat or c|ed B@ammgmr@maaomgibﬂew brafbdreraietiansfern register
of the PGU 193. This is the standard me%ﬁ,ﬁ @ﬁi?ﬁiﬁi@séﬂ??ﬁfg&g toﬁ)ﬁﬁfﬁ?ﬂal? ¥ ¥%4hbto or test pattern.
The 12-bit value from the PGU is directlyaseiti & theipagitiseags&adoantiolit anddvianraendsgatrol pulse is
sent to the PGU. The MJI 191 knows how!srarpgdiaesdit has to print for the page. When the MUl 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 numbegpftiagsiigs beentoaded anditnimia ARt JaRPIES ARSI HTE Ryne pulses.

LineSync pulse is generated.

The Memjet Interface (MJI) 191 connects the controller 170 to the Memjet printhead 186, providing both data
and appropriate signals to control the nozzle loading and firing sequences during a print.

15 The Memijet Interface 191 is a state machine which follows the printhead loading and firing order described, and
includes the functionality of a preheat cycle and a cleaning cycle. The MJI 191 loads data into the printhead from a choice
of two data sources:

All 1s. This means that all nozzles will fire during a subsequent print cycle, and is the standard mechanism for

loading the printhead for a preheat or cleaning cycle;

20 . From a 12-bit input held in a transfer register of the PGU 193. This is the standard means of printing an image,

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 MJI 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, LineSyncO0,
and the external Memjet printhead.

30 The following table shows the connections between the MJI 191 and the Memijet printhead 186.
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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, LineSyncO, and the external Memjet printhead. 30 The following table shows
the connections between the MJI 191 and the Memje!'L rinthead 186. -12 Printhead Connections
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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 MJI therefore contains a programmable pulse duration table, indexed by feedback

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 ran

ge of 0-4ms.

The 256-byte table is written by the CPU 171 before printing the image. Each 8-hit pulse duration entry in the

table combines:

.
.
. Rsense
. Wsense
Tsense

Vsense
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Viscosity curve of ink (from the ink cartridge QA Chip189)



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 volume of ink in the cartridge for each of C, M,
and Y from the QA chip. Counting the number of dro S eliminates the need for ink sensors, and
prevents the ink channels from running dry. An updated drop count is written to the QA chip after each
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SenseSegSelect pulse. Only 1 of the 4 bits should be set, corresponding to one of
the 4 segments.

SetAlINozzles If non-zero, the 12-bit value written to the printhead during the LoadDots process is
all 1s, so that all nozzles will be fired during the subsequent PrintDots process. This
is used during the preheat and cleaning cycles.
If 0, the 12-hit value written to the printhead comes from the Print Generator Unit.
This is the case during the actual printing of a photo or test images.

Actions

Reset A write to this register resets the MJI, stops any loading or printing processes, and

loads all registers with 0.

SenseSegSelect

A write to this register with any value clears the FeedbackValid bit of the Status
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 NumL.ines, 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 Y DotCount,

registers if bits 0, 1, or 2 respectively are set. Consequently a write of 0 has no
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GoA 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, an_q TransfersRemaining is reloaded with

NumTransfers again. The status register contains print status information. Upon completion of

tho loadina/printing Brecess otn thoa Co-bitic ecloarad and-anv further L ineSyw

I\

NumLines,

laYal
LLASIRASACAC LRI LA SARLRINIRLY BN S ﬁg?o StUpPS; U IC DU Do Litarc g, arnu dimTy TUirtrici =imc Iy iy

pulses

are ignore

- fiapRg the finat print cycte, nothing is foaded mto the printhead. Awrite of 0to't

is bit

stops the p
clears the (

riMdemroCess, but does
CDotCount MDotCou

mddmmeab@zlmfﬂeme@stams%mummsmmmetctssahmt re

Consequen

v\.vvul v otooa

tIY/ a write of 0 has ng

s’ese 0
altctif'the

gister

Tsense frorn

NRdaddast SenseSegS

m@gmam

alid_bhit of the Status.r

FeedbackV
SenseSeg$
Status regis

ead ogl eed%fwﬁﬁﬁéo&tﬁﬁf& Tbcf, l?SF‘f_tl‘eétgulse ggt toks?&ﬁra bi

ad onIy feedback of Rsense from the last SenseSegSelect

L Vysense
e pulse sent to se
ster is set. RsenseRe;

ne last
it of the
bulse sent

SEpseRbgment. Is of

nIseeelivy At biecemaleipyar foieati hibafritfisaStatus register is set.

to segment

L INROtGOUE 1 g o\l RE3D 001 24:hit gount of magenta date sento the printhead,,

t

WsenseRe

<

VOB SuRY S TP AEK O Y i1y 24 bl L3t B e Mo Hots Snio teprintheats < sentto-segmer

SenseSeg

nent. 1S only validifthe |—ee00aCKva||0 It o1 The Status redgister Is set. CLDotLou

tRead only

24-bit count of cyaryglajs, seph{adeRALNBeRA,MRAGRYMREAR QAYRARI count of magenta dots

sent to the printhead. YDotCountRead on.y 24-pit gnyn& of ;,éﬂ'!o"" dots-sent-to-the-printhead—the MJI's
1 Status Regis "
Status Regjsterisap@mit register gyithbit interpretations db IUII(D@@%HFNMI Status Register
NameBitsDesetipiios If set, the MJl1is durrently Nosislngediyisadwithoth @i timbepobidotsdednamotg {0 be
LoadingDots1transferred in TransfersReﬁ?%’?ﬁfPffﬁgf‘ T@]ﬁ%ﬁR@t’ﬁ@WI I|s not currently Ioadlng dots
. . . aqg a 00
PrintingDotsa# J apeiels -r. inkr " ' ' ots.
PrintingA1This bit is set while there is a pmlae mthesAEmabia/hnenﬁjrdmtlngBlThls blt is set while there
is a pulse orPfiE"@Enable line Fppdha(‘kTMIM1$H|Wﬂﬂﬁtmﬂh\ﬁﬁwhﬁﬁnﬂhw}ﬂﬂhm@k values Tsense,
Vsense. Rse LUnaB oy \ay a dalid FUsbitis setwhile there is a pylse on the BENaGIS Lin
» RSEH e ROV SENSCare At G e Rt wnite b HE ek UARERERE \'/éé%e' 'R’séﬁ?e ‘éh‘a waHEnt
chromapod being fired while the|Printinglaatgistatus bit is set. PrlntlngNozzIes4Th|s holds the cufrent
nozzle beingRfisddwhile the Printing®ots-status bit is set. The following pseudocode illustrates the logic
required to |85H"§Wﬁﬁﬁ)@%.d for a siﬁgle @'éh%f%e f’f’i%lﬂéﬁ&i‘ﬁ@"d being fired while the PrintingDots status bit is
PrintingNozzles 4 This holds the current nozzle being fired while the PrintingDots status bit is set.
The following pseudocode illustrates the logic required to load a printhead for a single line. Note that loading
5 commences only after the LineSync pulse arrives. This is to ensure the data for the line has been prepared by the PGU and
is valid for the first transfer to the printhead.
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 . SetAlINozzles = 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 NumL.ines 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 Patte
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5commences only after the LineSync pulse arrives. This is to ensure the data for the line has been
prepared by the PGU and is valid for the first transfer to the printhead. Wait for LineSync For
TransfersRemaining = NumTransfers to O If (SetAlINozzles) 10Set all ColorData lines to be 1 Else
Place 12 bit input on 12 ColorData lines Endlf Pulse EiCIock 15EndForWait 12 cycles Send
ADVANCE signal The Cleaning and Preheat cycles are accomplished by setting appropriate registers

in the MJI: 205eiyihazAl59G Jm&%tpthaﬁ’evtaefgtansr%mmﬁf@rrtn@m ravrrmwatn@namstna case of
the preneat mode) of Lo, appropriate dron eicciion duration.for gleanind madle, Set Numbings to be
the number GFtintes the nozzles shou Tdnﬂe ired Set the GO bit anc? en wait for the Go bit 1

cleared whef?rfﬂ"’éaﬁfu ‘t“%?;}%fé§“ﬁé{\f8”&°8fﬁt5ﬁ§té%f HEHET S HHE A1L 6B BErAMSHYEH 6 'BEhd
LineSync pulSé8arerranestetofragersntler 101 ta Sihpiést 5ottt BrsiBamane peskrerds prdifites the
interface betiakeen it dvaEgeoRANEST inseithie TS tn et Yrerarfees 1ides aThpendie e ganfetses PGU are
shown schemvatecidiypinvebGl Ind hed HREQE P90 co Sspagl lchatins taraize\d envn Tinkefiskiyilyeadlest Pattern
mode, simply reads data dlrectly from Image RAM 181, and formats in Test Pattern PP33-SG - 15
Access Uni PAU O outpu B el sres oY SR GHEPTR; L0 V 9 e-secondprint chain
contains the majsuify of fu 1ct8ma$ytemured for prlntlng an mageméh mversron processor 196 converts
L*a*b* formaRutBdaes to CMY_format andsidbis the result in contone huffer 197 An Up-Interpolate,

Halftone aniePHEiérmat-for-Printer 'ﬁfﬁ.ftz\ SR CYSbx ilnes st colone Blxel @ SIS e one-buffef 197 for
the output buffer 195 apd hance e memie et inte rface 19Jh The PGU 5 takeb asin ut a varlettg of
an mb gisters,’some 0 cesses Ve Si flcantlookupta es or meFF) C onen
parameters, |nclud|n5 L*3%5 {0 8 Yeconver5|on bies ana Fint INg timiNg parameters “TRe
conv®rsion p??f&eeaé%i’fF'T%egﬁ‘dhﬁf%"WW'ﬁn|t 198 run in paraIIeI The buffer sizes are shown in the

following table, Buffer sizes for DrlnfMﬂ'ﬁmﬂw{?m?Wﬁ hH’fB@qBﬁQ?ﬁcﬁﬂﬁac\(‘nmnnclfmn of Buffer| Buffer 153
nit osition

x 12 bits Buffer 29,6123 colors(CMY) x 6 Ilnes( 4|contone plxefg éﬁ"g blts each Apart from a
number of regiskaiten some of the processes have significant lookup tables or memory components. 10

These are siganaa kst indMe following table| Méd3dry3roonaisioniedesseeoithin! PE§-Processes [UnitSize
Composn:lo UR#”BBRN?}?JMEW%/ ﬁQfQFHJ@t\ TestPa grapo Dg@éée“‘rﬁ%EZM'*ﬂ't\sg*h* N f‘l\l|\|/1 A 7'20

~

rermerito 1 ull.\.;llll_\

conversion tables, each 17x17x17x8dl2t s Upl erated tcs)lfate /h I-é)alnfttog\nere{ Io?efocrersnat2(:c)§sos(tf)st|tahltgrbct:s
50x50x8-bits The ou u er i?%] sgfﬁe genera ecf 80'['5 t'h B eneration r'ocess It

consists of a eE?te[r)fP g?.mflots generated one at a time from the UHRU 197, three 4 b|t registers to hold the data generated from the
TPAU 194, and a 12-bit register used as the buffer for data transfer to the MJI 191. A pulse on either the Advance line

15 from the MJI, or the TransferWriteEnable from both the TPAU and the UHRU, loads the 12-bit Transfer register with all
12-bits, either from the three 4-bit registers or the single 12-bit shift register. The output buffer 195 therefore acts as a
double buffering mechanism for the generated dots.

The contone buffer 197 holds six lines of the calculated CMY contone 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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register to hold dots generated one at a time from the UHRU 197, three 4-bit registers to hold the data
generated from the TPAU 194, and a 12-bit register used as the buffer for data transfer to the MJI
191. A pulse on either the Advance line 15 from the MJI, or the TransferWriteEnable from both the
TPAU and the UHRU, loads the 12-bit Transfer register with all 12-bits, either from the three 4-bit
registers or the single 12-bit shift register. The output buffer 195 therefore acts as a double buffering

mechanism {gr Ihe. QaNg: Eb‘i%&sg\%?noﬂﬁs%ﬁ’ ”JR'B%BHU?J dabholtRISR S Anes Gli0eeRIcHatesk M Y

contone ima e J cagpvtv &%awgre%rshsn n%rgst%s . rX USnCOE}V%rS'O” processor 196, and is accessed by
the UHRU 198'In or er to generate ou Lﬁ‘.(:i ffo the ﬁnet P*58"rhe size of the Contone Buffer is
dependent on the pWygi’E&] ?fiﬁﬁﬁé@ﬁ@t%@@ﬁeﬁélﬁe t%i?@éerbﬁofhle PRABTAAG' A G AP 8HE Yolor are
being generdtBHFEP Bifd TR SIeRPTite MBS b FANBRTTEHEISE BOTS O B AFrEhtIiA! SNEeEing G¥herated.
The het effedteigitbray ki Gfe femep ks tdbinaeshadaiepy iimel ratseth &rorse witheofivpeethe printer - odd and
even dots from diffgrenteuipus fafes eamdridiffer @rtrones pereetian’SitTdetheadtiorafsS3d-tes lines to
1600dpi linesoiselkity eaeh: contonepixetis sampled, s timesdy@aehi2bdinseqsion ak s dRespurposes
of buffer lineg. e &t BMI.CARRBIAGH Miths RoAieRSIAN «BMANMARNGIFEN O IdRLdIBeSIGemMIng from a
single pixel I|ngp;{;gigng@g@pg%@g%%%&@gzzIes of different colors is 4-8 dots (depending on Memjet

pargpeters). We thrﬁg%@c‘),{%%s% %rpdua‘{"mcf&aﬂé"ﬁééf m%)t?[al ﬁmejtsatﬂ ofng'6 E%v dhiQRs In

inclusive distance, T orst case.scenario Is t ncltides the Jast ot ine from a
given pixel IR A iR BT AReE TRk AET hEs e eharaed e £e 4! egjei'mer i Miows an
increase of ﬁ&%@@@ﬁ%ﬁ@ﬁ pfdi‘“iﬁd SOOY B e RHAE fﬁé“%??ﬂ&ﬁ[? ﬁéﬁ@%’clﬂhaﬁr%%é@ riihg°to the
buffer does AéPiritEHferganitheRerdot deneration process reading from the buffer, we add an extra line
per color, for a totaltaf @ixrdinebiperces loeu hendemoredsishie fres thegyéfarethirees volorsofsixhtines, each
line ontainingcaBw@nhik CoRtosteval vesfdrhettatasynie ey 1 eiguatseedsca, Xrd aebBéker BiGl1 byites (9.5
Kbytes). Thesmemasyoslyu eauires. asingleshikiaae pekayelerantarsinghe frtiturieevery 36
cycles (each,contore pixgk iskeash30:imesls. hhg SR DAAMIERE {aﬁtﬂe Q@v%@b%@%&ﬁﬁe%ﬁmhe 35
cycle double,AGeeSS, {Jﬁé%rﬁv%g tK‘érﬁ%)s%MeEHM' e"’\E 5%1 to%” '&%uﬁ%& d.of tﬁhﬁeR E‘Eﬂs 29490 tea

generation pI’OCG‘SS ntone buffe I? set tOW e efore the start of |nt pI’OCESS The
ﬂore waltln a ain. In practjce, once the |rB[A Vanc sel et synchronization soccu reﬁa uture
Test Pattern ccess cess'is thé means E)a erns are pro uce er norma user

PPFA-SG 18“E?F(Yﬂh?§f‘é{ﬁ&%’é”tﬁ¥§eﬁp85éf§e§ will not be used Itis prlmarlly for diagnostic purposes and is
not described in def&fl UPEFGSIE. S{IneerH TR BFAORIShiE SAWA fe BrdtfAlIE BrBcesses for producing test
patterns. The operdatiop36f theCdbnivrgsiovpinteeesebe 19 8nbrdtmselrtifraPAOL x31BM (B TMlsis ddekehibed in
a co-pendinginzpydicasionutitied @eloy Osmieessioneiethoob kor i osvpast Frimteth Systemimihiensohversion
is optional siregdheairRpwiiciate: fintayadreatyraunilh Yidesmnad.ohnth e -laldecoasethe dada is@mply
passed throyghwithInCRAREE: ikb\@iRAR BEISIPRLIS REHAFTRHAMIE-HRARLIBIRIa RN, Thirsil7 x 17
x 17 lookup taples,aiRinsed 101 IhRaGRAVEL %ﬂ?@nﬁ&ﬂﬁ@%&y 8 PR eAtid AT i MRgEgLaNd

L*a*b* to Yellow. However, since there are 36 cycles to perform each tri-linear |nterpolat|on there is
no need for asfuast tri-linear mterFOIatlon unit. Instead, 8 calls to a linear |nterpolat|on rocess is more

than adequate. 10 THE HPGIR' H%Vfﬁ8%?8?;5’8\%1‘35“@23%%@%5‘3 BEFIPMA EETUHIRGF%E thecontone
buffer 197 cAREARMEFIRE PRSI Y I AgE AT HE B W OIS % Jest o571 DAiPRFA I e P tHE €t &kt lbrder to
be s¥nt to theeNadhtjemdtdefeffes fohagiiSeesuanibblarpdptdanen prinenezdaia output buffer 195. The 12
output bits are genérateidttadit erthecdpanie obmidtise i< theledePHsiioghifis rerpitenamnstive towpert fowfter. The
control of thisopseoeas taeacursd anmvthed duanpeisignal irpmdnetMdrandhthe dineSyng Ospirtse: from the
15 LSGU. Wiig# thedd iRl siadtonkiRe and af@n rachideskasenpulseg12 bits are produced, and are
clocked into the 12%@8%“'&6@@;&%%[0@ MR AR L AR A ISR G A Dl RAR RERR &IRGHERR, &
Trangfe rW“te'r:rrFf”}P RUISE I3 %l&%t&’aéﬂ%an% Q%rbc‘éﬁfvaf and Mhsaed L2 PR AR AsNRI AL fer this,
the UHRU waits ort e Advance pulse from the MJl. When
of 0 is generated. This output bi thII eventually be sent to the prlnthead and control a single nozzle to produce a single C,
M, or Y dot. The bit represents whether or not a particular nozzle will fire for a given color and position.
The same 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 same print cycle. The staggering of the different colored dots effectively
40 gives 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 segments, the

size of the dither cell should ideally divide evenly into 800 (since there are 800 dots in each segment of the printhead).
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the Advance pulse arrives, the TransferWriteEnable pulse is given to the output buffer, and the next 12
bits are calculated before waiting again. In practice, once the first Advance pulse is given,
synchronization has occurred and future Advance 20 pulses will occur every 12 cycles thereafter. The
Uplnterpolate, Halftone and Reformat process is sho n. schematically in FIG 20. The 534 x 850 CMY
image is up-interpolated to the final print resolution (3200 x 5100). The ratio is 1:6 in both dimensions.

Although it is Certa‘ﬂ'é(rf??’ééﬂ?k% 0k émgaréxe'msm@ ?oto%cgh‘?gr?’&é{%]%%ﬁts(%nﬁdﬂ.&?&begﬁﬁ%% (16

dimensions), t u tan prin tone. The re ered and printed
bi-level. leetzn et% Eem onto (Hﬁf J)szgsgdS ?’Feaéolﬂsogvz\%ﬁobg%% ReTtec ??'njtt?'cyigéhered bi-level dots, the
accuracy of bi-lineal ﬁff%ﬁ‘ﬁ@fﬁff&ﬁ@tﬂ&ﬂ”%’? BB 100U WS Be 'Bﬁ%”l‘iﬁ%rfﬁ]%{&eéff’ég&%tlon
was chosen 10 fHIS REFPIEARUITN ikt HEpRERFANRAT HE IS FECBEb ttfc b BT s B E CPikel ¥ plication
involbes taking a simeféopixepralirddisitrgdteasettie foalind ot ah targeteragie andinps fezedensalkinghe pixel is
replicated tov86epixeisalee 6xBiblackindl eaohepirehvene it oniome pfthe Tesakitrmayappbarbbeckythbut
since the pixglamf aredmdhedibeedythe effect is that the 36 resultant bi-level dots take on the
contone value. Thepsiathe askisaho carAbISR RstotinglotzithastislexMah faghianlidsdherefara.

necessary t%&%ﬂ%@ﬁk‘iﬁ%&@%&%@d&%&%ﬁ) (e} @oﬂbﬂa%ﬁﬁg %M%H&ﬁ\% MQH%n%Qﬁ‘e%fmeUé’oua% digpersed
dot prdered q!jthﬂ'

uce u stochas converting a ge into
a ithered i el G Tt LY B TR0 5 Lo ot Salue & eru o (ML e b arator
199 to the cUrren posmon in the dither 35 cell. If the 8-bit contone value is greater than the dither cell
value, an output bit 8 T GEHEFAEEEOHTAASE AR BRI B0 RTGEHE e P S8 Bt wil
eventually bé&magrteiestReTSHAAdAEarer SoiersndetHEREROEE 1816 Pradtieend Bitiyre"EnowEs 8™ dot. The
bit represent¥auhetitdror o T e paYtICUiarmozile fwitbflgeéoincagivennciornantt positiernePhgesame
position in theoditer wetbcanhgeuseetfarndks M, and Y. This is because the actual printhead produces
the C, M, and Y dotfeidiffecapiinas ihdhe 606 Rriaayale pthe-stapgening #ithedifferanteolored
dots effectivefyfQg IM@%.%E%&?%%BOE%@ mgécﬁ@uol-ggﬂﬁn%%ﬁieg%rgﬁlk‘ﬁﬁ|€tﬁu fleRenAs.PRthe

resolution of, (e QLY R%R?f?'&%th§£9e%‘?.c1§89d98&985&0’?\(%9&99&& %ff’wt['ﬂ‘ﬁ th%%‘l izRRhRuigLDe larger than 32

x 32. In addition, to allow the dot processing order to match the printhead segments, the size of the
dither cell should ideally divide evenly into 800 (since there are 800 dots in each segment of the
printhead). -17 A dither cell size of 50 x 50 is large enough to produce high quality results, and divides
evenly into 800 (16 times). 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 must 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
simply be collected, and sent off in groups of 12. The 12 bit groups can then be sent to the printhead
by the Memjet Interface 191. In order to halftone 9,600 contone pixels, 9,600 contone pixels must be
read in. The Address Generator Unit 201 performs this task, generating the addresses into the
contone buffer, which effectively implements the Uplinterpolate task. 10 The Address Generator Unit
also performs the reformatting task, as described above, and the addressing for the staggered dither
cell 200. The printhead interface 180 therefore performs the bulk of the image formatting tasks. The
image stored in the image storage memory 181 is translated by the printhead interface 180 into a
suitable format to drive the nozzles in the Memjet printhead 186. The CPU 171 is responsible for
housekeeping and administration tasks to operate the printer 15 module 10, but not the image
formatting tasks. Throughout the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment or specific
collection of features. Persons skilled in the relevant art may
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realize variations from the specific embodiments that will nonetheless fall within the scope of the
invention. -18 CLAIMS 1. An ink cartridge for an inkjet printer comprising: a housing defining at least
one ink reservoir; and at least one second roller mounted to said housing. 5 2. The ink cartridge
according to claim 1 wherein said at least one second1 oller is resiliently biased to said housing. 3.
The ink cartridge according to claim 1 wherein, in use, sald at least one second roller is neutral and
cooperates Wwith,at least one first roller, said at least one first roller is powered and mounted adjacent
toa prlnthea{j to dr%n mvp&!w (?drl% p%%tt Sr%tlglr {c))rlnrtlgead 10 4. The ink cartridge according to claim 1
where there dre two second rollers mounted @ housing. 5. The ink cartridge according to claim 3
wherein said media f?‘iﬂ?&f’ﬁfm&tﬂ)éﬁﬁ@éi}'kéé?a’oé afffidge and said printhead. 6. The ink cartridge
according to claim 8! [Pl 0efifiee et RYASTUAE! For%tUHItid communication with said printhead. 7. The ink
cartrfdge acc@ordingTits eleiaitridopriederdinidgoaldatarbarinsitardsronessidr diedamaiisetwease Szt Quality 15
Assurance Chip antb@iprocessor. 8. The ink cartridge according to claim 7 wherein said data includes
how much ink has heenkusedqSccbhedticear tridgeiacaasdingiralaitmedoinclnci Rgewherais Gaiaink
reservoir includes afileastadaf idk RlibnkaickOealtR GREMINARNRE s PrNtRlNEANIR kKRRt dar.said
printer having at Ie%ﬁht%@afl{aggsrgﬁ&mm said ink cartridge havmg a housmg deflnlng at least one ink

res%rvow anq at Ieaﬁ]t one s 9 {V\f erein res ect| e 20 s ones Arst and second rollers
emk‘|§ﬂ r| ge acglr n o clai lwhere wo secon ers moun ed osal housna;
engage each other. e combination of cl alm ereln sal at least one secon roIIer isin

resilient bias’to said ROUSHE S 31 Re TRB A A %r?l'nos?'c IR 1RSSR LCALSE A8 LSt one
second roller is neltf&'%fd cooperates with at least one first roller, said at least one first roller is
powered and-mounted 4 GjaeEA I ANB HARERA Y thai9TiAte PR BT pamsaiicsahe s P8ted The
combination f claifhelitkwareres redving @ctindlriotlefissengacentae fir serditerdatd detvEbresab@aidityation of
clains 12 wherein saigdumed@isinterpesed between said cartridge and said printhead. 15. The
combinationgf claimheifk whesginaridcaskidgernatidesatilaast Ruempanhkaksihdd wammunication with
said printhegd. 16 rfhgcombinatiomebelaim hQ.whereiaisaidcattidaaindidas.a Aata garnector for
transfer of daa bew%%éﬁmon%%%?ev%ﬁm A0 B AR AT ATESTl kNG ERmpINation of

Clalm 16 Whereln Sall’ tri atﬁalnc U ousm ?efml ast ne akl’ servalr at Ieasto esec nE% r Ingl’ell(r?n Of Clalm 10
wherein said ink reservoir inc es a eas %5 (1 of' ik i’@ aInf‘j1e combinat Ion O N ETE iénw ére said

prinfilead of sald prifiteriseidedtednierrisdicia g bt rollers. 35

The combination of claim 10 wherein said at least one second roller is in resilient bias to said housing.
12. The combination of claim 10 wherein, in use, said at least one second roller is neutral and cooperates with at
least one first roller, said at least one first roller is powered and mounted adjacent to a printhead to draw print

media past said printhead.

25 13. The combination of claim 10 wherein two second rollers engage two first rollers.

14. The combination of claim 12 wherein said media is interposed between said cartridge and said printhead.

15. The combination of claim 14 wherein said cartridge includes at least one port for fluid communication with said

printhead.

16. The combination of claim 10 wherein said cartridge includes a data connector for transfer of data between said
30 Quiality Assurance Chip and a processor.

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.
35
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