1 PEC13-SG PRI NT ENG NE CONTROLLER W TH DI THERI NG AND COMPOSI Tl NG

CIRCU TRY FIELD OF THE I NVENTION The invention relates to a print

engi ne/controller (PEC) able to receive print data and generate and out put
inaformat suited to what inks are available at the print head. BACKGROUND
OF THE | NVENTI ON A range of printer typks have evol ved wherein an inage is
constructed fromink selectively applied to a page in dot format. In US
pat ent nuP$é¥S6045710 titled “Self aligned construction and manufacturing
process for nmonolithic print heads' to the inventor Kia Silverbrook there
is set out an assessnent of the prior art to drop on demand printers al ong
with its pdiRINEENGHNEERNTROLLER NI THIEHEBINGAND SICOEIQRIITINGCIREITRY dr op on
demand print head hereafter referred to as a Menjet print head has been
descri bed_j - i [ted States Patent Applications filed

si mul tanegfﬁgpﬁgﬁ%]%%ﬁggent application and hereby incorporated by cross
ref erence: PCTThappritiomtelaten tdNupribesngiDockedleNiEGeble (PETivApan/ 010 518112

PCT/ AU D03t rhZamaR6H0 ALRRY DQ5L Gy i1 MMER he BT AAKO0/ 00592 MI63

PCT/ AU00O/ 00590 ML58 The Menjet print head is devel oped fromprint head
segnents that are capable of producing, for exanple, 1600 dpi bi-Ievel
dots of |BHOUKGROONDAF THBINVENTION] Wi dth of a page. Dots are easily
produced in i L O: i i r - j i . oited to
s tul et chrar bEmcEbRR Myl nALAE o e SLIRE b o SARHEY

al | owi ng PRSI 8 BPEedh I Stmpr i 1 {US hgtent mHEbss 6P437 1 Orfislad) “Selrglianedsconitgyption gede d
printi ng mnsbhguringiperee fe elondmchianhaat t BK intkn@p KiacSiRapbagdere ¥aki @tig

met hods, e . J . resent invention are

i sel osed arEhe Araior 8RS iRk Blchd9ub il REERE b BAERE bRECL0! | cant
or assi gnee of” PHfEoclsFiaBeshrnIchl i dsmandgring flepdabrecsfips rsferigfl tchastahldempipteansiont

app} i cat i/l@ﬁl:l has been described in co-}fgdilllag Ul;it'g\cbcsges ga\SteZn(t) Alg;éi_lc_allti'g\r& f(i)lfdosoinglélt]e-melglg_llyl ‘ig\ l_tlt&)’ 00522
PCT/ AUOO >CT 05 , : ,
PCT/ AUOO/‘%%%%"E%‘@%‘%&SE&%’?C PABBS/T0ESS, PCT/ AUCY 00526, PCT/ AUCQ 00527,
PCT/ AU00/ 00528, PCT/ AUOCQO 885 2@plipatiph Nk 00 Bedet™UmbeU00/ 00531, PCT/ AUOQ' 00532,
PCT/ AUCQO' 00533, PCT/ AUOCQ' 00534 R6b/oéddP 00535, #2fe3/ AUOCOD 00536, PCT/ AUO0/ 00537,
PCTI AUOO/ 0053

8, PCT/ AU00/ 00539, PCT/ AUCCI 00548 B Auno/ 00541%2PcT/ Aucar 00542,

PCT/ AUO0/ 00543, PCT/ AUOO/ 005 A/A@9Paid90/ 00545, 1IR@T AUOQ 00547, PCT/ AUOO 00546,
PCT/ AUO0/ 00554, PCT/ AUOO/ 005Gy ARfab/0fdde 00557, ipfgd/ AUOCOD 00558, PCT/ AUDO/ 00559,

PCT/ AUCQ' 00560, PCT/ AUOO/ OOSPGCJF}’AF(.J%I//O(%W 00562,15%'{/ AU00/ 00563, PCT/ AUCQO 00564,

The Memjet print head is developed from print head segments that are capable of producing, for

example, 1600 dpt bi-level dots of liquid ink across the full width of a page. Dots are easily produced in
isolation, allowing dispersed-dot dithering to be exploited to its fullest. Color planes might be printed in
perfect registration, allowing ideal dot-on-dot printing, The print head enables high-speed printing using
microelectromechanical ink drop technology.

Various methods, systems and apparatus relating to the present invention are disclosed in the
following co-pending applications filed by the applicant or assignee of the present invention
simultaneousty with the present application:

PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521, PCT/AU00/00522,
PCT/AU00/00523, PCT/AU00/00524, PCT/AU00/00525, PCT/AU00/00526, PCT/AU00/00527,
PCT/AUG0/00528, PCT/AU00/00529, PCT/AU00/00530, PCT/AU00/00531, PCT/AU06/00532,
PCT/AU00/00533, PCT/AU00/00534, PCT/AU00/00535, PCT/AUG0/00536, PCT/AU00/00537,
PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540, PCT/AUG0/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547, PCT/AU00/00546,
PCT/AU00/00554, PCT/AU00/00556, PCT/AU00/00557, PCT/AU00/00558, PCT/AU00/00559,
PCT/AU00/00560, PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AUG0/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AU00/00568, PCT/AU00/00569,




PCT/ AU00/ 00565, PCT/ AUCO 00566, PCT/ AUOQ' 00567, PCT/ AUOO' 00568, PCT/ AUOO/ 00569,
2 PEC13- SG

PCTI AUCQO' 00570, PCT/ AUOO/ 00571, PCT/ AUOQ' 00572, PCT/ AU0O0/ 00573, PCT/ AUCQO 00574,
PCT/ AUCQ 00575, PCT/ AU00/ 00576, PCT/ AUOQ' 00577, PCT/ AUOCO' 00578, PCT/ AUOO/ 00579,
PCT/ AUCQO 00581, PCT/ AUCO 00580, PCT/ AUO0/ 90582, PCT/ AUOCO' 00587, PCT/ AUCO' 00588,
PCT/ AUOO/ 00589, PCT/ AUOO 00583, PCT/ AUOQ 00593, PCT/ AUOCQO' 00590, PCT/ AUO0/ 00591,
PCT/ AUCO Bil8%9%8 PCT/ AUOO 00584, PCT/ AUOOI 005 85, PCT/ AUOO 005

86, PCT/ AUCQO 00594,

PCT/ AUCQO 00595, PCT/ AUOO/ 00596, PCT/ AUOCQ 00597, PCT/ AUOCO' 00598, PCT/ AUCO 00516,
PCT/ AUCQ RFOBAG00RCETI0AUSKY S0B0371 PCTY TAAGDY 0093 0 2PCTAETI0A0D/ 0B5IDE)00/00574,

PCT/ AUCQO £950800/00575, PCT/AU00/00576, PCT/AUOO/OOST/‘ PCT/AUOO/00578 PCT/AU00/00579
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kind will_out in a particular format, provi I mage data in

a range of¢ T"H’g@@‘)gﬁ n@’AW@Q%% MRGAIOORIE, nRETAHE0ATE; v %HOOBP it ers

with printCTgam®osnot FATrAEd/00d0th PATAON0/EEPDNECTIgUMATHE, BIT/AUk/0cstannel s.

Some cli eigalifhobltR, SUSlLNaTAR! HAPAVE dbf oM HRISSP! BATR BB ONe | Nk
resses theé

channel to anot r?dp“ nt en e/ controller \é

i ssues. NFEAYRORH Od/AH08RP P RINCHAUOK0&A . SETANRY P 16 BEF AV 0% MWaknel s at t he
print head depaRdBci®@tres dﬁié&hﬁ-pélﬁiﬂg appficatit kre ﬁEdrﬁt&atéﬂﬁ&din&ﬁﬂogs Ee?erencel q
engi ne/ contro n ne/conptroller chit ur.e idea needs
to be desi gnedlﬁlgmbum Sycgﬁ)it ahlhn Vol ndm[?out%m agtdag%iml '¢ aarrflorlim?tspm‘" 'ilghe print
head at Himgse dgtaéwangsdemﬁwlw Thiee mwmimmwbﬁrem@dﬁfomw wish pring ksadsi on

resi des it @icP itk coﬂ‘%blﬂ% ﬁlﬁﬁﬁef (Q lidk@hanhdls. @bihd/@iedito khl Kys@mQRzHPidsitd 1o feRd
Coerrl SI e at recei.v

te t 0 dat a; decoders
to decode]g“ra%e%’ %8"'8%"%’“ ik chgan 8lft° il fege Rﬁf"ét %%nef ﬂ“(%]i EP d?i@é‘? gtg?fﬁﬁf“&sed page
data; and a R Speedqeﬁid’ Saxihiitsiin eglecticn of onppots fhameks mh e Ryinahfed dieieads dnhe
hal f -t Onefeé&fﬁﬂi&@%f Bo@ pribt e dudd ﬁ's@bnglﬁe/c@ﬁﬂ'ollgfe Fl'ﬁﬁfnnﬂ@ﬂ};&e/goﬁtl‘dllagrcmtet:ﬁre ide@ t he

respectlve nes.as, in i st.er hol ding masking bits
in nurrberne% aq %'fs%?“‘fdﬁ‘ép'ﬁlhé‘?f?é? Voé'fme t?r%%&te‘{ﬂ‘g%@?el g@é’@’étthﬁ?ét Fehserebi ts to the
dot nerger unlt being ANDed with respective color mask register bits and

t he res@ﬂmthldﬁrﬁﬁ@ﬁhqggﬁher to forman output bit in a channel for
whi ch there Iﬁ at the print head. The dot nerger unit provides a

means by whic they ippveptip} fe8de dn ¢ PRt Fredigsenrp e 9 wg aypk grop pfigjtheadneag. A
col or rrashmpreglgster within the dot nerger unit holds a pattern of bits that

ef fect the mapRingnQh wililBOSRk bnpddRi baol 8¢ he dot nerger unit. |mage data
m ght be delivered totvf';llcllerﬁe ° anﬂlzl # Bag at anes in all of CW and K

toget her wi t h GRS P4yl rfSﬁﬁtCBVﬁtﬁa)&sofawga ﬂﬂsml pfecpg sommrsiehpizasatandnk.  Speed
m ght be ahgliehertchagosiar foichagosittémaye pldis: dhia; be used. The ideal print head then

wor ks Wit 3l Xonkdtme SR BGhdine: SOME
a dot merger unit taking bits from the respective planes as inputs; and

a color mask régister holding masking bits in number equal to the number of image planes;

respective input bits to the dot merger unit being ANDed with respective color mask register bits and the

resultant bits Ored together to form an output bit in a channel for which there is an ink at the print head.
The dot merger unit provides a means by which to map data bits to the respective inks at a print

head. A color mask register within the dot merger unit holds a pattern of bits that effect the mapping of

image bits input to the dot merger unit. Image data might be delivered to a client with image planes in

all of CMY and K together with data to go into tags on an output page in infrared ink. Speed might be

such that a fixative needs to be used. The ideal print head then works with six ink channels. Some

printers may not provide for all of CMY and K and K may need to be expressed through use of the CMY

channels. It might be desired in some circumstances to put a high-resolution plane otherwise destined for

the K channel into one of the color channels. These outcomes are met through what bits are loaded into




printers may not provide for all of CW and K and K nmay need to be
expressed through use of the CMY channels. It mght be desired in sone

ci rcunstances to put a high-resolution plane otherw se destined for the K
channel into one of the color channels. These outcones are net through what
bits are |oaded into 3 PEC13-SG the cogor nmask register. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a diagramillustrating data flow and the

functi onsPEsé¥$®rmed by the print engine controller. FIG 2 shows the print
engine controller in the context of the overall printer. system
architecture. FIG 3 illustrates the print engine controller architecture.
FIG 4 iltheelar geskaegisite external interfaces to the hal ftoner/conpositor unit
(HCU) of FIG 3. FIG 5 is a diagramshowing internal circuitry to the HCU

of FIG 4 i amillustrating the process within the
dot nmer gel?RJ:Ek?%Esgpf%qg&%ﬁéﬁé‘%g’g%om a diagramillustrating the process
wi t hin t he dotFlfedriganliaganiibmtrajing tatoflov-@. .thd functehGerfBrmsh dyvthe gridhi eagineam

il lustratipgithe process within the line |oader/format unit (LLFU) of FIG
5. FIG 9 is %tl,gi g%ram showing internal circuitry to generate color data in
the LLFU of FI'G> gShowpipegrint ongine conmroier ip the epofextof e TR BPERA Exsteprrchitretie) FU seen
in FIG 9. DETAGLEDuDRHSCR iPiht diinClontidHEr aRREEfRRED EMBODI MENTS A typically 12
inch print he ! i r s¢ri bed
below, to al ?{ggvm% gllt]%&ﬁ%ftgi 9%1% %t%r?dgegsp%}] %goﬁ&/ﬁﬁgﬁtapﬁgﬁ%®%6§§ég'. Si x
channel s of cdi'Br &# 2ilgan shewing integghraretigeo hedUpiRG: A t he present printing
envi ronnent, theseshoes sigock diadydy ilh@mtidp@igpioaasss @@idhe ok nfthdr gt of FIG. 5f or bl ack
text and ot herypl LNt : infrared), for tag-enab

appl i cati ons. FI% Zﬂé&"a{‘?‘%ﬁﬁ;“{l?‘{%a%%gﬁé rgg%rvﬁtﬁinﬁ)r? fotreorgs "6%0%“6%&. gBé‘cause t he
printer is to € éabpasaalisghmsilipsirating the pioprgs wighirf thy bitej lgaderfapativait fldgyh pled t o
enable thaGi Rk to dry before the next page has conpleted printing at

hi gher speeds. rwi_se the. pages, m ght, bl eed on . each e Ip | ower
Cpoed printi e S ORR thin bOSpR NS Fritlo nFRe 00 RS KD GO A pEC T i
be built in a BtndPenddhilpystats cpmpoaenfsaf de WilUseen ipFiGn®- head. It will contain
four basic levels of functionality: receiving conpressed pages via a

serial i f int engine for producing a page
froma c@%‘%@@@ﬁ#@ﬁﬁ?ﬁ@%&%@@@ %‘ﬁ‘?‘?ﬁ%@%ﬁ ty includes expanding
the page i nmage} tyoralind? inclgprinhigad widthdyventradiyely, one ompos?ids vy destrébedbeirmk tol ayer
over the MEREANSeed bAWRE of QRI A9 Qlﬂiljﬂeﬁera;ﬂ&'s.ngiﬂ Brha! 8olofdSnk ANfle $6AGINY the

resultant_ i o the print :
max1mug1e1n tthe present ppmtlng environment, these being;

» CMY, for regular color printing.

= K, for black text and other black printing.

* IR (infrared), for tag-enabled applications.

* F (fixative), to enable printing at high speed.

Because the printer is to be capable of fast printing, a fixative may be required to enable the ink
to dry before the next page has completed printing at higher speeds. Otherwise the pages might bleed on
each other. In lower speed printing environments the fixative will not be required.

A PEC might be built in a single chip to interface with a print head. It will contain four basic levels of
functionality:
* receiving compressed pages via a serial interface such as IEEE 1394
* aprint engine for producing a page from a compressed form. The print engine functionality includes
expanding the page image, dithering the contone layer, compositing the black layer over the contone
layer, optionally adding infrared tags, and sending the resultant image to the print head.
* aprint controller for controlling the print head and stepper motors.
* two standard low-speed serial ports for communication with QA chips. Note that there ought to be
two ports and not a single port to ensure strong security during the authentication procedure.

In Figure 1 is seen the flow of data to send a document from computer system to printed page.




a print controller for controlling the print head and stepper notors. t wo
standard | ow speed serial ports for communication with QA chips. Note that
there ought to be two ports and not a single port to ensure strong
security during the authentication procedure. In Figure 1 is seen the flow
of data to send a document from conputeq4 systemto printed page. 4 PECl
3-SG A docunent is received at 11 and | oaded to nenory buffer 12 wherein
page | ayotEX3¥my be effected and any required objects m ght be added.
Pages fromnenory 12 are rasterized at 13 and conpressed at 14 prior to
transm ssion to the print engine controller 10. Pages are received as

conpr essed dpragient ispeegiest at Wi andjopded tpemomotyrbutfes ng vhreeicrmat It eny UeGifeatdend nenor y

buf f er 15anyfrd”q01F9dW6!ib@shn'§th¥ adE® Ifag‘eg fib@ rRmBRUE are QURARE G 13 11 WRSEEL: PRJE
i nmages are.r 0 any contone

ht be applied
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| ayer at %@y @g@twteﬂﬂlglm tdntreilasy 10 mwfer aredy tefffs 1at frdh® whidth thex enpiaisto tacgigpage
data is pe&bitti&de dherdf pie 1Mg%'§1%tr@@geAg}reqﬁﬁt@ et Mghﬁi@%ﬁh@é A £ lher takes

the conpressed,_p nd starts the page expansion and printing in
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Fax- conpressed sizibivi-l-as OMYKi-Rpapd imagde il @yasy. (see below), all in parallel. In
parallel wth i el h .dat a
fromthe corrpr{éﬂgsl,ﬁgSt St&pég%ghlg E}gd{gyggﬂgg secongglﬁrtéag‘l:de‘!c'gt 1\Jg)rﬁ{‘s Eaf’ %Zsee g]?wc}he CMYK
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recei vi NGinkiRe (:S8PRESSed page i mages for storage in a nenory buffer 24,

performng th e_expan hl ack copposjting and sendi ng the dot
data to the prelf‘%?éJ h%éﬁpeﬁ'fsﬁwf ﬁier’?ﬁ eﬁ%‘%‘%"" %“ﬁﬁ‘ulr?l %gf”éh‘%ﬂ‘(eh"’@] PR S51eD5 26 and
provi des @achietures befvarletsmmnmtgoﬁhammtei’madnmfghirlmnder| stics to ensure optinum
printing. . Ihe;P E%:Aeﬁ']o;ztnﬁersh@rfc% péC tcllﬂﬁ) S0 S(Hec(ﬁfpg I1§?Js}|)09§ble i DR

Jouffer.
The nmenory buffer 24 for storing the conpressed lge I mage an%Sﬁ?
scratch us 8"“&!’6‘?5?6?1 §ret H’éagffrff’rrff‘il%ﬁ ngF megrogy RAEF JFarfaormigd %EFS%XP%E?WJ Blﬁd‘and

wor ki ng of meeroomgpokitifgfaed sndig thedwuieta t de btad 8ead 2Ki Ik heythidoromhmiak twitRgd a range
of standard c]ﬁﬁé'ZQ 86 &4 ?],‘OLIS&Q[H‘IE% gisreélg)‘mgtpnﬁtIh'éad"éﬁa?acmlglhstto Qn%ur%J Eﬂtlliﬂm%%rdmtm!g n use of

t he PEC of the Inven
The PEC is the subject of this specification.

* a memory buffer. The memory buffer 24 is for storing the compressed page image and for scratch
use during the printing of a given page. The construction and working of memory buffers is known
to those skilled in the art and a range of standard chips and techniques for their use might be utilized
in use of the PEC of the invention.

* amaster QA chip. The master chip 25 is ideally matched to replaceable ink cartridge QA chips 26.
The construction and working of QA units is known to those skilled in the art and a range of known
QA processes might be utilized in use of the PEC of the invention. For example, a QA chip is
described in co-pending United States Patent Applications:




a master QA chip. The master chip 25 is ideally matched to repl aceabl e ink

cartridge QA chips 26.

The construction and working of QA units is known

to those skilled in the art and a range of known QA processes m ght be

utilized in use of the PEG of the invention. For exanple, a QA chip is
described in co-pending United States Patent Applications: 5 PECL3-SG
USSNQur Docket Qur Title Nunmber TBAAUTHO1Val i dation Protocol and System
09/ 112, 76B83AB®2C rcuit for Protecting Chips Against 1DD Fluctuation
Attacks 09/112, 737AUTHO4Met hod for Protecting On-Chip Menory (Fl ash and
RAM 09/ 112 761AUTHOS5Met hod for Making a Chip Tanper- Resi st ant
09/ 113, 2 Uuélg A syst efuf Bpeketut hent i cati ng physi cal objects
TBAAUTHOy Val i on” Prot agakeand Byst em TBAAUTHEBVAMedat i on Protoco| and
Syst em 0B8L505, 003AUTHO9Consunabl el Aut hentication Protocol and Syste
09/ 517, 6D H10ConspimabE Tk hent Velidetiop roprdenlcBttemaind Syst em
091505, 147AUTH | Consunabl e Aut he 1Cir(ﬁxﬁ1fdrBﬁte&h@t&ﬁ@AgaﬁﬂdD]SYﬁ&&lﬁbn
09/ 505, 9pPARI2Unaut hor APEHMbdi i gation of Values Stored in Flash| Menory
TBAAUTHLIBA System for the Mni pul f’l on_of Secure Data 09/516, 874AUTH 14An
Aut henti 11993 Chip with f]rn? jecti pMetheddpn Hresesting By Meniiry @lokhsand
TBAAUTH1pH Iﬁn €l |ng Mani pul'atTons pRaggcret Data QA chip communicatipn may
be best nel udedwithi-n-the overall funectionality of the PEC chi p ince it
has a rol & 5% ¥'he expansfORi®Y t hbMethejar Makinga Chib FEReiRIHY t he phyki cal
pri nt hea@?fllByBl ocat| ng AQ)DHQﬁhl p ,3mmmlforahth@ﬂcatzﬂimgsmltobﬁam be ensured that
there is ﬁBA)ugn TR O Phipitot e VHﬁatioEPx%io‘E’dl ﬂl Qh—enbedded— n the
print he assenhly | s inplenente nt| cat| on chip. Siphce it
is a nast® QA chip, itABRS cont %{‘ilﬁétloaﬁltoli'i’éfﬁﬁfidcsait?ﬂbn keys, and does not
contain S05, o@t 8. FPWeVATTHIX rruStonsumtnemu&aﬁcduslkpr&acrolsrnﬂ gﬂﬁms QA chip. The
QA chip 09/51,7,5 g Ak wrtrk ge OconL & regu g-for mai-nt ai ni ng
t he best | e prlint qu‘W ty, R ?:TSlf"%a lleéﬁ'ih%\q’éaﬂ?répd‘)tﬂcé’]ﬁ?g Bl aut hent i cati on
chip. Pr eﬂ%ﬁ%.bﬁy a 64 MBAUTB MByt @c)nsumhbH}nh@a:wahermt@cowesystem storej the
conpr essgd page T mage- T Write one Y the-buf-fer
anot her je/b8dag read (deubhie buf rg%?ﬁ‘érgzedmd‘ﬁ& W"f%&rﬁ‘ﬁb ShE i
Memory
TBA AUTHI13 A System for the Manipulation of Secure Data
An Authentication Chip with Protection from Power
09/516,874 AUTH14
Supply Attacks
TBA AUTHI15 Shielding Manipulations of Secret Data

QA chip communication may be best included within the overall functionality of the PEC chip

since it has a role in the expansion of the image as well as running the physical print head. By locating

QA chip communication there it can be ensured that there is enough ink to print the page. Preferably the

QA embedded in the print head assembly is implemented using an authentication chip. Since it is a

master QA chip, it only contains authentication keys, and does not contain user-data. However, it must

match the ink cartridge’s QA chip. The QA chip in the ink cartridge contains information required for

maintaining the best possible print quality, and is implemented using an authentication chip.

Preferably a 64 MBit (8 MByte) memory buffer is used to store the compressed page image.

While one page is being written to the buffer another is being read (double buffering). In addition, the

PEC uses the memory to buffer the calculated dot information during the printing of a page. During the

printing of page N, the buffer is used for:

Reading compressed page N

Writing compressed page N+/

Reading and writing the bi-level dot information for page N

Preferably a PEC chip will incorporate a simple micro-controller CPU core 35 to perform the




PEC uses the nenory to buffer the cal culated dot information during the
printing of a page. During the printing of page N, the buffer is used for:
Readi ng conpressed page N Reading and witing the bi-level dot information
for page N Witing conpressed page N+l Preferably a PEC chip wll
incorporate a sinple mcro-controller GpU core 35 to performthe 6 PECL3-SG
follow ng functions: perform QA chip authentication protocols via serial
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factor of th rinter’ resol ution st supPorted resolution is
PEC chip using the above referenced segment based page wide print head can reproduce

black at a full dot resolution (typically 1600 dpi), but reproduces contone color at a somewhat lower
resolution using halftoning. The page description is therefore divided into a black bi-level layer and a
contone layer. The black bi-level layer is defined to composite over the contene layer. The black bi-
level layer consists of a bitmap containing a 1-bit apacity for each pixel. This black layer matte has a
resolution that is an integer factor of the printer’s dot resolution. The highest supported resolution is
1600 dpi, i.e. the printer’s full dot resolution. The contone layer consists of a bitmap containing a 32-bit
CMYK color for each pixel, where K is optional. This contone image has a resolution that is an integer
factor of the printer’s dot resolution. The highest supported resolution is 320 ppi over 12 inches for a
single PEC, i.e. one-fifth the printer’s dot resolution. For higher contone resolutions multiple PECs are
required, with each PEC producing an strip of the output page. The contone resolution is also typically
an integer factor of the black bi-level resolution, to simplify calculations in the RIPs. This is not a
requirement, however. The black bi-level layer and the contone layer are both in compressed form for
efficient storage in the printer’s internal memory.

In FIG. 3 is seen the print engine architecture. The print engine’s page expansion and printing




1600 dpi, i.e. the printer's full dot resolution. The contone |ayer
consists of a bitmap containing a 32-bit CWK col or for each pixel, where
Kis optional. This contone imge has a resolution that is an integer
factor of the printer's dot resolution. The highest supported resolution is
320 ppi over 12 inches for a single PEE i.e. one-fifth the printer's dot
resol ution. For higher contone resolutions nmultiple PECs are required,
wi t h eachPEEG9r oduci ng an strip of the output page. The contone resol ution
is also typically an integer factor of the black bi-level resolution, to
simplify calculations in the RIPs. This is not a requirenent, however. The
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data via rint
compressmn algorithms such as JPEG (see below) contone images compress with a ratio up to 10:1

without noticeable loss of quality, giving a compressed page size of 2.5MB. At 800 dpi, a Letter page of
bi-level data has a size of 7MB. Coherent data such as text compresses very well. Using lossless bi-
level compression algorithms such as Group 4 Facsimile (see below), ten-point text compresses with a
ratio of about 10:1, giving a compressed page size of 0.8MB. Once dithered, a page of CMYK contone
image data consists of 114MB of bi-level data. The two-layer compressed page image format described
below exploits the relative strengths of lossy JPEG contone image compression and lossless bi-level text
compression. The format is compact enough to be storage-efficient, and simple enough to allow

straightforward real-time expansion during printing. Since text and images normally don’t overlap, the




Conpression is used in a printing systemthat enploys the PEC. This is to
reduce bandw dth requirenments between a host and PEC, as well as to reduce
menory requirenments for page storage. At 267 ppi, a Letter page of contone
CWK data has a size of 25MB. Using | ossy contone conpression algorithns
such as JPEG (see below), contone inmage8 conpress with a ratio up to 10:1
w t hout noticeable loss of quality, giving a conpressed page size of 2.5M.
At 800 dppectasd.etter page of bi-level data has a size of 7MB. Coherent
data such as text conpresses very well. Using |ossless bi- |evel
conpression algorithnms such as Goup 4 Facsimle (see below), ten-point
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El ectroni zﬁgoliri{ﬂx%g Iwﬁg ’the\é(s)slentlaf 1'1'12)d1ﬁcaf’i tﬁat since %‘aﬂ’smp SD ion”is assmlled to be error-free, 1D-
encoded lines are no longer generated at regular intervals as an aid to error-recovery. Group 4 achieves
compression ratios ranging from 20:1 to 60:1 for the CCITT set of test images. The design goals and
performance of the Group 4 compression algorithm qualify it as a compression algorithm for the bi-level
layers. However, its Huffiman tables are tuned to a lower scanning resolution (100-400 dpi), and it
encodes runlengths exceeding 2623 awkwardly. At 800 dpi, our maximum runlength is currently 6400.
Although a Group 4 decoder core would be available for use in PEC, it might not handle runlengths
exceeding those normally encountered in 400 dpi facsimile applications, and so would require
modification. The {typically 1600 dpi) black layer is losslessly compressed using G4Fax at a typical
compression ratio exceeding 10:1. A (typically 320dpi) dither matrix select layer, which matches the




A Goup 4 Facsimle algorithm (see ANSII EI A 538-1988, Facsim | e Coding
Schenes and Codi ng Control Functions for Goup 4 Facsimle Equipnent,
August 1988) | ossl essly conpresses bi- |evel data for transm ssion over
error free comunications lines (i.e. the lines are truly error-free, or
error-correction is done at a | ower progocol level). The Goup 4 algorithm
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(12 inc h%regardless ofo whetger the page W1d?fh 151 h32 or 8.5 inches), and 20 MB/sec and 14.2 MB/sec for 12

inch and 8.5 inch page widths respectively during maximum printer speed performance (30,000 lines per
second). Given that the decompressed data is output to a line buffer, the G4 Fax decoder can readily
decompress a line from each of the outputs one at  time.

The G4 Fax decoder is fed directly from the main memory via the DRAM interface. The amount of
compression determines the bandwidth requirements to the external DRAM. Since G4 Fax is lossless, the
complexity of the image impacts on the amount of data and hence the bandwidth. typically an 800 dpi
black text/graphics layer exceeds 10:1 compression, so the bandwidth required to print 1 page per second

is 0.78 MB/sec. Similarly, a typical 320 dpi dither select matrix compresses at more than 50:1, resulting




The resolution of the dither matrix select map should ideally match the
contone resolution. Consequently each of the two line buffers is therefore
480 bytes (3840 bits), capable of storing 12 inches at 320 dpi. Wen the
map nmat ches the contone resolution, the typical conpression ratio exceeds
50:1. In order to provide support for: 1800 dpi spot color | |ayer
(typically black) 320 dpi dither matrix select |ayer the deconpression
bandw dt hP&&4ER rements are 9. 05 MB/sec for | page per second performance
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MB/ sec and 14.2 MB/sec for 12 inch and 8.5 inch page wi dths respectively
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pi xel block is then transforned into the
The CMYK (or CMY) contone layer is compressed to a planar color JPEG bytestream. If

luminance/chrominance separation is deemed necessary, either for the purposes of table sharing or for
chrominance subsampling, then CMYK is converted to YCrCh and Cr and Cb are duly subsampled. The
IPEG bytestream is complete and self-contained. It contains all data required for decompression,
including quantization and Huffman tables,

The JPEG decoder is responsible for performing the on-the-fly decompression of the contone data layer.
The input to the JPEG decoder is up to 4 planes of contone data. This will typically be 3 planes,
representing a CMY contone image, or 4 planes representing a CMYK contone image. Each color plane
can be in a different resolution, although typically all color planes will be the same resolution. The
contone layers are read from the external DRAM. The output of the JPEG decoder is the decompressed

contone data, separated into planes. The decompressed contone image is sent to the halftoner/compositor




frequency domain via a discrete cosine transform (DCT). This transformation
has the effect of concentrating imge energy in relatively | ower-frequency
coefficients, which allows higher-frequency coefficients to be nore
crudely quantized. This quantization is the principal source of conpression
in JPEG Further conpression is achievaad by ordering coefficients by
frequency to maxim ze the 1|ikelihood of adjacent zero coefficients, and

t hen runl Bs¢1-$: encodi ng runs of zeroes. Finally, the runlengths and
non-zero frequency coefficients are entropy coded. Deconpression is the

i nverse process of conpression. The CWK (or CMWY) contone | ayer is

conpr essetnit(@CH) Fifenihemey stagsrin hpEtihy pipcting: Eerfrpldng confopnipulienreeidetthomiamance
fSe|0ar a}] i omrﬁ@sf&a@gm%oﬁt&%&@%wem@liem@rdeéo%amﬁ‘emﬁ@pses of tabl edsg?ri ng g{)
or chrom nange sybs n an
are duly subsggnﬁlf %Eor P%ﬂr?ﬁj %F‘E@"f?retsségf}éwg’ﬁ?‘r%ms‘s QYR (%t Bt %frmc' I f:ri‘)ﬁf’eal ned.

It contai bv@“alﬂacldlaﬁé?uﬁf@aﬂﬁwéwtdsmnd deoiipe epdilon holdinp ¢ udiendf agirghtebizat i on

and Huffi Ina]@ stpAbk 85320 phie HEES HAGRE Sliows Snd BRBAS 'tcpllJeereJd% aReidPLMENE: t he
on-t he- fléheﬂﬁnet% re sjon of the contone data |ayer. Thé |ni)ut to the JPEG

decoder g isheigpwdticg o by dherBirfedegoder Th‘?”l‘ﬁ‘@p%f“}t Pecpusp? Sagleicpniese line 1) anes,
r epr esent s pgicaly s thao 0O g, andrenge thedforedbe pkanied inrt@riesiendrdtige Am&MiE. ¢bnt one

i mage. EaghygRl; wepé 1@8@%‘1&]‘1 Gam, lgg ﬂler}P%QécEJe?&ﬁm ha(ff[et%(zllecld&é tgél]_i]amghﬁe%g) he |ayers

typically all co | anes w | e sanme resolution
are read P9 m"'E"ﬁé"ré P‘ﬁl&lﬁoﬁmwmf’rhéﬂ%g}pwmw of KRlUPEG Yerosteferd & he
deconpr essadebft leowrérohereehition and @pilitad @adwidih. OAPle@NMAGh and AEmELeRopReRRed, cont one

i mage is liﬁmldtﬂ E&gﬁl@ﬁlﬁﬂ?‘iﬁfot&pﬁgﬂ/ GP MQ §ﬂrtth%rnﬂrgﬂger g)il;sgélrr%né gel}fl War%etéulr_é I‘ }?E% for the

next st age I n i rintin ane“ conto pl‘ ovi des
t he meanschiPrasp aﬁfeﬁﬁ%fb@}dmd n@ Pfém%mqbwgmd al?ta thglesingobncontre inpEd pleceseder and
t he HCU 28 a phag fora) @th @loafienc@fn tehred mr@]sﬁzﬁﬂimGlﬂ(fﬁrQMme mby RUt put to

a set of ﬁ%@ Ijeioﬂlg%nl tHJnt r[ﬁgl%n&?el"he%ﬁLestV\gj oxl%ad tone resolltJ)t nlselﬁ?dg}g} (mat%mﬁglyt es, and

is therefo P i nCHes. of & Sl ngl°e “co S plxels
at 320 ppirinterhigll Idptrfesolbum? eﬁ*t?wgerﬁeteowlmeughowtﬂm lfué“Fr Tpemopyeto Ih@éehobgh t he HCU
whi | e t hecon@iehkls Ifdraezobp;fhfl@dfldn@h DEihénes. \Mthetﬁnem lﬁcaesb,yo&@ewals%@rmm@@ﬂ Thi's
is inportant becgyo

e cont C 1600
ppi, and TOSE THerer mrmnp gﬁé PRhY Ee re%“érf% {ﬂ}%gthégfhogﬁhgp‘?tw ﬁ?ﬁlﬂlﬁaéfnﬁ’%]l ons. |f
t he buf f equiphigomiesrpsinteewiy stilhenty 13 bfi- M/df Wlth euppdrhfer 4 REG «f 8Wppicthe dvoeripestiave t o
decode t h@patiRividinR mmgmeem ME/{¥B for 1 pe%@ﬁé?sefc&fd pa?&xhanewagﬁa s@gm{herd()t l'ine.

AIthough vari ety e tions i i.s a  tradeoff

bet ween t'RePFeY gﬁth %dli'f%%? g%}]zi]i‘ef‘ aﬁlldzg E‘%%g‘i/\?{“ﬁ? s} ”F’ BeAth Sy B %unber of
col ors i neidbaswectivdiadvdivg rdftthmﬂqmiersawémrémaﬂn@c(m 090 tiease sechmd). addi t i on, the
nunber of seg nﬁ@ﬁ@mﬁwag if & BRERDroVind B Bfory AP DRASIn@Hal L GhS arkifi

bandw dt h and possi bl e resolutions. Note that® since the contone Imge is
processed’ FPRPESIT Fgmited thigpandvidia Hec&‘B‘fr‘EfPts P dife X! E?@A%’{ drselde dtvelpe

di ff er entcompsoiou tiicemsey, fierbagdvadtip derd@ivl brae ealigy offthgghi@r oun@s dhagt icanalvohan t he
K Pl ane) - qekbice MoRNGoty SHRRRA @Mﬁgé 008 o Ol el O ﬁ! G400 apg{ymgtt&h' ng the

printer's full_ dot reso u I on However ere
buf fer meRBPF=IE M6 & BREEGR dardyifthonEer sikamles a piggle éolgzﬂﬁﬁuat P%hepi gfith jagngt h 12
i nches. |domprasiofi fabtbr of 20:1 rREHES] MHE/sc0 btc@bio DRASA 1 @Rpthick & €nghd padti pghedond.

The JPEG functionality is implemented by means of a JPEG core. A wide variety of JPEG
cores are suitable: it can be any JPEG core with sufficient processing power to perform the required
calculations and control functions fast enough. For example, the BTG X-Match core has decompression
speeds up to 140 MBytes/sec, which allows decompression of 4 color planes at contone resolutions up to
400ppi for the maximum printer speed (30,000 lines at 1600dpi per second), and 800ppi for 1 page/sec
printer speed. Note that the core needs to only support decompression, reducing the requirements that
are imposed by more generalized JPEG compression/decompression cores. The size of the core is
expected to be no more than 100,000 gates. Given that the decompressed data is output to a line buffer,
the JPEG decoder can readily decompress an entire line for each of the color planes one at a time, thus

saving on context switching during a line and simplifying the control of the JPEG decoder. 4 contexts




contone resolution, nultiple PEC chips would be required, although it
shoul d be noted that the final output on the printer will still only be
bi-level. Wth support for 4 colors at 320ppi, the deconpression output
bandwi dth requirenents are 40 MB/sec for | page per second performance
(regardl ess of whether the page wwdthi12 12 inches or 8.5 inches), and 88
MB/ sec and 64 MB/sec for 12 inch and 8.5 inch page w dths respectively
duri ng nekGS%¥8 printer speed performance (30,000 |ines per second). The
JPEG decoder is fed directly fromthe main nenory via the DRAMinterface.
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scale Jactor tunes (the advance line bit has been set scale factor times), the input buffer select bit of the

address is toggled (double buffering). The logic for the scale unit is the same for the 8-bif and 1-bit case,
since the scale unit only generates addresses.

Since each of the contone layers can be a different resolution, they are scaled independently.
The bi-level spotl layer at buffer 45 and the dither matrix select layer at buffer 46 also need to be scaled.
The bi-level tag data at buffer 47 is established at the cortect resolution and does not need to be scaled.
The scaled-up dither matrix select bit is used by the dither matrix access unit 48 to select a single 8-bit
value from the two dither matrices. The 8-bit value is output to the 4 comparators 44, and 49 to 51, which

simply compare it to the specific 8-bit contone value, The generation of an actual dither matrix is




In FIG 5 is seen the HCU in greater detail. Once started, the HCU proceeds
until it detects an end-of-page condition, or until it is explicitly
stopped via its control register. The first task of the HCUis to scale,
in the respective scale units such as the scale unit 43, all data, received
in the buffer planes such as 42, to priditer resolution both horizontally
and vertically. The scale unit provides a neans of scaling contone or

bi -l evel B&t'&%¥ o0 printer resolution both horizontally and vertically.
Scaling is achieved by replicating a data value an integer nunber of tines
in both dinmensions. Processes by which to scale data will be famliar to
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input bits. The dot merger unit contains a 6-bit ColorMask register 61 that is used as a mask against the

6 input bits. Each of the input bits is ANDed with the corresponding ColorMask register bit, and the
resultant 6 bits are then ORed together to form the final output bit.

The ColorMask registers for each output are set depending on the meaning of the input layers
and the available inks in the print head.

Assuming contone layer 1 is cyan, contone layer 2 is magenta, contone layer 3 is yellow, and

contone layer 4 is black, bi-level spotl is black, bi-level tag is infra-red:




dot streamfor a given color plane and organizing it into 32-bit quantities
so that the output is in segnent order, and in dot order within segnents.
Mninmal reordering is required due to the fact that dots for overl apping
segnents are not generated in segnent order. Two control bits are provided
to the scale units by the margin unit 34 advance dot and advance |ine.
The advance dot bit allows the state machine to generate nultiple instances
of the safR¢'&¥% data (useful for page margi ns and creating dot data for
over | appi ng segnents in the print head). The advance line bit allows the
state machine to control when a particular |line of dots has been finished,
thereby &l | ovif g Printhsededorsonet efntaiatiagk &kciby Bolprlagkoregistitnfoe CyaraMggents and t  al so
saves the scal eelgRivoufineno1id@eiiid10%nd SPE60 Rbpe@&REy, Al lplaRBe 1hOBial ind B
conpar at or unlt cant ai ns e 8-bi t "greater-than-or-equal” conparator.
It is used to gt @faﬂflﬁéen\ﬁhaé'fin%lpwt he 8-bit contone value is greater than or
equal to the 8fpil inkdicgtire fixavime, thiexColoaiask for Asative welld be: hE 1 Elo ifpafraatdaloesuni t  t akes

two 8-bit Inp% lr@mimwfa@l@@l&%@r.';sg]s&g{ro@fiatwe%md@ualﬁlﬂﬁ In FIG 6 is seen
nore detajl ?‘a unit. provi des a nmeans of nappi ng the bi-
f ink ts éesg-lg&t

| evel dither edf g the it B?ad aaﬁéorttﬁ@ﬂgtpa@(’ﬁawaw te)ulewe ks i n
the actual prisipbheatits daetbladotolor ringey CalorMasktrediees. F5t5 bf b tinfilafe citesnetind

produces a1 alvkfest Qb LNRLEERE RSRAURLR Qb dot for that  col or

pl ane. The out bit "at 60 1s conmbi nat1 on or all of the input
bits. This all O¥sSAoHeolopaan becss| igrany base&olpy) sifprby by ?Fﬁalﬁ%eoﬂy?rﬁmatedﬁq drthepl ane
(i ncl udi ngplormbskasedstr. Farexing®t i Ng pur poses), black to be nerged into cyan,

magenta and yeIkLpgqavc&bﬂ &E\{emg\z;aﬁc@;wﬂ%rp%&%az@ésdl&og he print head), and tag

dot data fo be ace An output for fixative can
readily be geﬂéwaftléefmbwe&?weyelwr?aiomqulgreaftfr “@ﬂldbﬁ‘éwlqonput bits. The dot
merger unit canipailnslodis Gredi meaahafdl‘gfalsdw TGk dpiser voliabe D®ot1SAdoRS0A MBSK

agai nst t ach_ of ut bits is ANDed with the
correspon%s%em@e&%%g%gsk tPODmED canam{yeﬁow‘ “he resultant 6 bits are then

ORed t oget her I #poflGplpn is W@eﬁﬁewdlml@w'p@tgolﬁi it can fhewal@y ige Wbiglk chergi sinepdir by f or
each out put arsemﬁgemle d@l&mﬁd ﬁﬁsté?@fﬁlﬁt&hz{ﬁﬁ@ﬁli ngomdf Tihe dtm.utpotlaﬁmwc%mo@nd t he
avai |l abl e |nksln th (gdlp tf"d‘ 81 Wntone i éﬁt sn contone
layer 2 is madenta, orfta8%r8pria Sy eres °r ""é P afE o™ ?dﬁeégeT%%

bl ack, bi-I evellpu§pemsmuplsly loheaipkut Iqulthdrwerled pragerged. Fonexamplegifl spofldis BRCHB- SG * | f

the print headoglaRSodMis 260 l@j’eﬂ tl'ml aﬁ\x}ﬁ chritddfie sHolN@ bR MBSA M %'Y%y%&% f or
Cyan, Magenta 011001, . 0O 1010 nd 011100

respectively, ﬁ%ggl(’%ﬁ%{(cfeﬁ@terf hl%r ?Pfa&’c%aﬁe?fﬁ apd, Y gllowaig 190, RURIY: anda@idif0s  and

yellow. * |f abspectivdks require fixative, the Col orMask for fixative woul d

be: 111111. 1fy ﬁﬁtl(lﬁaﬂlﬁg cglqgaﬁll)nl%t eneFa?eglﬁ&' Ee@ecglﬂg%ﬁetﬂltyﬁmt rEd?&en%@{]M ﬂ{eegl ster
for flxatlvevvo gI bllack ink is present in the print head,

and for tpéessf“i‘:?]bf ‘ﬁﬁ’rvbggre"%ar%ée want to view the tags, sinply set bits of t he
bl ack colr cHﬁﬂhml{sregu@dlxetrv%mmotoﬁ‘gasktegmrf&ﬁx&w@fwoﬁm& linfit.ared channel's

Col or Mask: r egi P $rﬁf bl&R ?quF‘es ﬁ)@drtlveo End(s\:iao?la}{ng gon‘?oﬁe g%ﬁﬂe{egt%lagly lEhle %glol:}msl«?reéiﬁat I ng
mode. for fixative would be 011000,
* Hnone of the cyan, magenta, yellow or black inks require fixative, but the infra-red ink requires
fixative, the ColorMask register for fixative would be 100000.

In FIG. 7 is seen the dot reorg unit (DRU} which is responsible for taking the generated dot
stream for a given color plane and organizing it into 32-bit quantities so that the output is in segment
order, and in dot order within segments, Minimal reordering is required due to the fact that dots for
overlapping segments are not generated in segment order. The DRU contains a 32-bit shifi register, a
regular 32-bit register, and a regular 16-bit register. A 5-bit counter keeps track of the number of bits
processed so far. The dot advance signal from the dither matrix access unit (DMAU) is used to instract
the DRU as to which bits should be output.

In FIG. 7 register(A) 62 is clocked every cycle. It contains the 32 most recent dots produced by
the dot merger unit (DMU). The full 32-bit value is copied to register(B) 63 every 32 cycles by means of




‘The Spotl color can be set to any base color sinply by setting the
appropriate bit of the ColorMsk register. For exanple: * If spotl color
is cyan, the cyan Col or Mask register would be 010001 * If spotl color is
yel l ow, the yell ow Col or Mask regi ster would be 010100 * If spotl color is
green, the cyan and yell ow Col orMask rdag sters would be 010001 and 010100
respectively, to enable spotl onto both cyan and yellow inks * If spotl
color is B¥HeS&pecial ink, such as gold, it can be enabled into an ink
channel sinply by setting the Col orMask register of that channel to
010000. Tags, spotl and potentially contone planes should be appropriately
di r ect ed. 2 FieCenkignighabprodusesibe theR Ugtateymaghiekott vivgrsggefe Schiticowiteb Lthe 66 oddibput s
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regi st er( 62-is—clock avaryy r\\/r\l e contains the 32 mst recent dots
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The margin unit (MU) 57, in FIG. 5, is responsible for turning advance dot and advance line
signals from the dither matrix access unit (DMAUY) 48 into general control signals based on the page
margins of the current page. It is also responsible for generating the end of page condition. The MU
keeps a counter of dot and line across the page. Both are set to 0 at the beginning of the page. The dot
counter is advanced by 1 each time the MU receives a dot advance signal from the DMAU. When the
MU receives a line advance signal from the DMAU, the line counter is incremented and the dot counter
is reset to 0. Each cycle, the current line and dot values are compared to the margins of the page, and

appropriate output dot advance, line advance and within margin signals are given based on these




A 32-bit value made up fromthe 16 even bits of register A (bits 0, 2, 4, 6
etc.) and the 16 even bits of register B. The 16 even bits fromregister A
formbits O to 15, while the 16 even bits fromregister B formbits 16-31.
A 32-bit value made up fromthe 16 odd bits of register B (bits 1, 3, 5, 7
etc.) and the 16 bits of register C. THe bits of register C form bits 0 to
15, while the odd bits fromregister B formbits 16 31 The state nmachi ne
for the DAG't¥h be seen in Table 1. It starts in state 0. It changes state
every 32 cycles. During the 32 cycles a single noOverlap bit collects the
AND of all the dot advance bits for those 32 cycles (noOverlap = dot
advance f By dheDYAUsprinsdiopaly subgantialipmonrtaiemyplog e IgHvance for  cycl es
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The size of each buffer line depends on the width of the print head. Since a single PEC
generates dots for up to 15 print head segments, a single odd or even buffer line is therefore 15 sets of
640 dots, for a total of 9600 bits (1200 bytes). For example, the buffers required for color 6 odd dots
totals almost 45 KBytes.

The entire set of requisite buffers might be provided on the PEC chip when manufacturing
techniques are capable. Otherwise, the buffers for colors 2 onward may be stored in external DRAM.
This enables the PEC to be valid even though the distance between color planes may change in the
future. 1t is trivial to keep the even dots for color 1 on PEC, since everything is printed relative to that
particqlar dot line (no additional line buffers are needed). In addition, the 2 half-lines required for
buffering color 1 odd dots saves substantial DRAM bandwidth. The various line buffers (on chip and in
DRAM) need to be pre-loaded with all Os before the page is printed so that it has clean edges. The end of
the page is generated automatically by the HCU so it will have a clean edge.

In FIG 10 is seen a block diagram for Color N OESplit (see Qesplit 70 of FIG, 9), and the
block diagram for each of the two buffers E and F, 71,72 in FIG. 9 can be found in FIGs. 10 and 11.
Buffer EF is a double buffered mechanism for transferring data to the print head interface (PHI) 32 in
FIG. 3. Buffers E and F therefore have identical structures. During the processing of a line of dots, one
of the two buffers is written to while the other is being read from. The two buffers are logically swapped
upon receipt of the line-sync signal from the PHI. Both buffers E and F are composed of 6 sub-buffers, 1
sub-buffer per color, as shown in FIG. 11, the color 1 sub-buffer numbered 73. The size of each sub-
buffer is 2400 bytes, enough to hold 15 segments at 1280 dots per segment. The memory is accessed 32-
bits at a time, so there are 600 addresses for each sub-buffer (requiring 10 bits of address). All the even
dots are placed before the odd dots in each color’s sub-buffer. If there is any unused space (for printing

to fewer than 15 segments) it is located at the end of each color’s sub-buffer. The amount of memory




In FIG 8 is seen the line loader / format unit (LLFU). It receives dot
information fromthe HCU |oads the dots for a given print line into
appropriate buffer storage (sonme on chip, and sonme in external DRAM 34)
and formats theminto the order required for the print head. A high |evel
bl ock diagramof the LLFU in terns of 1Zs external interface is shown in
FIG 9. The input 67 to the LLFUis a set of 6 32-bit words and a

Dat aVal i dPESit%+SG al | generated by the HCU The output 68 is a set of 90 bits
representing a maxi nrum of 15 print head segnments of 6 colors. Not all the
output bits may be valid, depending on how many colors are actually used
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two buffer 1, 720 n FI G can he found in FIGS. 10 and 11.
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buf fers ayker W@@ﬁ%ﬁfﬂfﬂy @mféﬁmer 0&@@%@8 s B 0pyclast Noth ghal rpgawsilessyof ghe giughsadf f r om
t he PHI . dBrfshcruf flsﬁuﬂﬁaﬂﬁpﬁﬁldlezﬁ AW 216 PIFRREEM a @ crlG e WR1dABMbR Hi8m edeh coHR- buf f er
per col Ol af showmn in FIG 11, the color 1 sub-buffer nunbered 73. The

si ze of eac sub- buffer is 2400 bytes, enough to hold 15 segnents at 1280
dots per segnénedditphevqrggenty thesTaddegsecnBal -sighil tfer ariting t4 fhe@)-bis Granifer e ar e

600 addr esses of ﬁarn@ascfsn&blblehuﬁﬁ ﬁ&fs(béi%ﬁ%erﬁfiﬁ‘gweliglsimaﬁs?er%fe ﬁ?s@'daﬁ&%%mﬂé” the
dots in each color's sub-buffer. |f

even dogf are 3@@
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then to stall NumSegments cycles later, waiting for the Advance pulse to start the next NumSegments
cycle group. Once the first Addvance pulse arrives, the LLFU is synchronized to the PHI.
The read process for a single dotline is shown in the following pseudocode:
DoneFirst = FALSE
WantToXfer = FALSE
For DotlnSegment = 0 to 1279

I (DotInSegment0:bitd = 0)




17 PEC13-SG actually used from each sub-buffer is directly related to the
nunber of segnents actually addressed by the PEC. For a 15 segnent print
head there are 1200 bytes of even dots followed by 1200 bytes of odd dots,
Wi th no unused space. The nunber of sub-buffers gainfully used is directly
related to the nunber of colors used i¥8 the print head. The nmaxi mum nunber
of colors supported is 6. The addressing decoding circuitry for each of
buffers EPEESE is such that in a given cycle, a single 32-bit access can
be made to all 6 sub-buffers - either a read fromall 6 or a wite to one
of the 6. Only one bit of the 32-bits read fromeach color buffer is

sel ected, for a t ot airigf=Botinfegment0 Biighdits) Tues in pree@e&89i s shown in FIG 11
15 bits of addressygal | ow the reading of a particular bit by nmeans of
10-bits of addrﬁ?f geln u: d to select 32 bits, and 5-bits of address
choose 1-bit fromthose Pﬁ@@lﬁfl color sub-buffers share this |ogic,
a single 15-bit adedress glves a total of 6 bits out, one bit per color.

Each sub-buffer 73“@&T$§ﬁh%§ﬁhk§m£M@_M%1teEnable Ilne to allow a single
32-bit value to be witte cul ar color buffer in a given cycle.

The | ndi vi dual W1 t LGS O B ANDRE P O PPVl o W t onabl e
input with the decobeerifsor Donofirs(oft TWSeEmbk. The 32-bits of Dataln on |ine
79 are shared, sin uaIIy clock the data in.

Addr ess generation %%?D?%%T?ﬁ§A$&; %%g%E and F is straightforward.
Each cycle gener at e¥VideEnghle= 5 @@%@k that is used to fetch 6 bits
representing 1l-bit pawrdnaie)for a partlcular segnent. By adding 640 to
the current bit addr equi val ent dot.

W add 640 (not 1280$§ﬁ1R%§w9d%%ﬂ%§ 3£ﬁ§%b§ﬁgg%£"é%parated in the
buffer. We do this NUFHGAGHERETAI | s to retrieve the data representlng t he
even dots, and transfeerskdramegbixigseRaibine- IPH . Wien NunSegnents = 15, the
nunber of bits is 90.(15 x 6 bits). The process is then repeated for the
odd dots. This entire even/odd bit generation process is repeated 640
tines, increnentiWyl{Neitedndly address each tine. Thus all dot values are
transferred to gdaeorPH in the order required by the print head in 640 x 2 X
NunSegnent s cy t he nunber of cycles is 19, 200
cycles. Note tﬁ%r§?mly?gﬁg%wﬂ%mg?ﬁgﬁiﬂﬁ%%r of colors actually used in the
print head, 6 Uﬂﬁgwafﬁoﬁﬂﬁ@acéd in a given read cycle (one bit from each
color's buffer). In addition, we generate the TWiteEnable control signal
for witing thﬁEe 0-bit Tragsfer éeglster 90.in FIG 9. Since the LLFU
starts before Procsipls Ry Ering danslrant E prictofhe P At Rogsigr@aidie Advance
pul se fr omxttdhtdinPH|the ohér mifet al so generate the next value in readi ness for

the first Advaﬁlg gata lﬂimg%tten-rbg oPP Esléglbxolndala%ette teh 'B?ﬁx@ gl@fj zhlﬁ golgr 2r6sc{ata\fﬁ%lnue to
t he Transf ster after n]ggmants c to stal

NunSegmerit e"&@ﬂ’@’éedlﬂ&’["wl\@/ap?lf’ A By Wt 0155 \W&ﬁ’é&cr paPsH scyryvalid fag ffe next
NunSeg e rbtsand calal 26 dgtadsupitterueieg dtivetithds fisin rediiwanic e pulse arrives, the LLFU is

synchroni zed té?xfffmh(zlz PH[ m ﬂ]@e § gaa%zg)gtorggq%i “%Erte,ﬁoﬁi ngl %I nag S ghown in
the foll owi ng pseudocod DoneFirst = L nt AL

contighous 32 dots for color 1. While the dots are contignous on the page, the odd and even dots are

printed at different times.

Buffer AB 82 is a double buffered mechanism for delaying odd dot data for color 1 by 2
dotlines. Buffers A and B therefore have identical structures. During the processing of a line of dots,
one of the two buffers is read from and then written to. The two buffers are logically swapped after the
entire dot line has been processed. A single bit flag 4BSense determines which of the two buffers are
read from and wriiten to.

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

every 2 OutputValid signals. The 16 even bits of HCU color 1 data are combined with the 16 even bits of




For Dotl nSegnentO0 = 0 to 1279 |If (DotlnSegnment0:bit0 == 0) 18 PEC13-SG
Curr Adr = Dotl nSegnent O (high bits) (puts in range O to 639) Endlf

Xf er sRemai ni ng = NunSegnents Do Want ToXfer = (XfersRenai ni ng == 0)
TWiteEnable = (Want ToXfer AND NOT DoneFirst) OR PHH : ADVANCE DoneFir st
DoneFirst OR TWiteEnable Stall = Want TiXf er AND (NOT TW i t eEnabl e)
SWiteEnable = NOI(Stall) if (SWiteEnable) Shift Register = Fetch 6 bits
from EFSefs@}-®eadBuf fer]: CurrAdr CurrAdr = CurrAdr + 640 XfersRemaining =
XfersRemaining - 1 Endlf Until (TWiteEnable) EndFor Wait until BufferEF
Wite process has finished EFSense = NOT (EFSense) Wiile read process is
t r ansf er r feRigeTd 40 MpkgFe-Bitsnf epentoglon hdatapidimilagly, virei I evddbis o€ BE Uicglopt éyeard ng t he
nei<t dot dbdnmaed Wit he162dah SlEst(ﬁ ke k@r OF, 41821l 35-Bitsg baWColdF | bdi2 mpolgEeﬁ}?gfr tEeD' S
color 1 e e m

(suppl i edegtaO %‘f@lgm al@gﬁ‘&gr 4P 2 (l;t‘éc‘fl;é awleéea?/\ﬁﬁe totni?“%ﬁﬂ\%ﬁ‘é‘{fg@é?c‘mﬁé BeU s

Qut put Val Fi§- flf @ghin buffesidh. UpamgcaigbGhe 2eofd GatbwValid sigmal ofttiergreboof twg, vaetvitizr ti mes
from regi gt el vicor BdlahRto tlg-:sgcmﬁgcahé’h i Ll%ergBhﬁtV@ergd%ﬂtafntprenfﬁ%)sgn% e%V%dTé o hold
a single ?%J— ner tedF’L ntlguous 32 dots for color e the
dots are ttsg@ﬁ 1 B FoPhE™S ertEﬁe odd and even dots are printed at

di fferent ti nebhe HBUffreideAB lﬁﬁofi @taaercboluntﬁlaee bnéer e Ompeiainicambl fag isdal ayi ng
odd dot d@fidoched ev&?h?&gyclgs eg%pt?duru%qgljtalxﬁ?arc‘mp tﬁ%@f'ﬁ{ 632 ﬁhs%&gle? %:B ol s&ro‘igi}{'ave

i dentical st ruct ures. "During processi ‘? one of the
two buf f el pra SP“@&H“?’P%HP&Y?WW@FFW|4Fi°éﬁ“ W"dﬂhifés iftd- %éF‘Férs are logically
swapped after Whig bufartGes; 63 dorIG] ii0)as haizo hees sipflomassens foAccﬁdrnguﬂerBOEg flag

ABSense r : fro tten to.
The 0 prot dese b Drtngh s O ahifhor Wi 1 bGP AE: S HRRARI i % G0
flag is SSé;pt int(33-bijs rgpeesenting color 1 odd dots and 32-bits representing color 1 even dots every 64 cycles

(once every two OutputValid flags), the remaining color planes are also split into even and odd dots.

However, instead of being written directly to buffer EF, the dot data is delayed by a number of
lines, and is written out to DRAM via buffer CD (84 in FIG. 9). While the dots for a given line are
written to DRAM, the dots for a previous line are read from DRAM and written to buffer EF (71,72).
This process must be done interleaved with the process writing color 1 to buffer EF.

Every time an QutputValid flag is received from the HCU on line 85 in FIG. 10, the 32-bits of
color N data are written to buffer OEy (83). Every second OutputValid flag, the combined 64-bit value
is written to color buffer N (86). This happens in parallel for all color planes 2-6. Color Buffer N (86)
contains 40 sets of 64-bits (320 bytes) to enable the dots for two complete segments to be stored. This
allows a complete segment generation time (20 x 64 = 1280 cycles) for the previous segment’s data (both
odd and even dots) to be written out to DRAM. Address generation for writing is straightforward. The
ColorNWriteEnable signal on line 87 is given every second OutputValid flag. The address starts at 0,
and increments every second OutputValid flag until 39. Instead of advancing to 40, the address is reset
to 0, thus providing the double-buffering scheme. This works so long as the reading does not occur
during the OutputValid flag, and that the previous segment’s data can be written to DRAM in the time it
takes to gencrate a single segment’s data. The process is shown in the following pseudocode:

adr=20

firstEncountered = 0

While (NOT AdvanceLine)

If (HCU_OutputValid) AND (firstEncountered))
ColorNWriteEnable = TRUE
ColorNAdr = adr
If (adr == 39)
adr=0




every 32 cycles after the first flag has been sent for the line. The 32
bits define a contiguous set of 32 dots for a single dot line - 16 even
dots (bits O, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5 etc.). The out put
valid control flag is used as a WiteEnable control for the OEl register
81. W process the HCU data every 2 O2QutValid signals. The 16 even bits
of HCU color 1 data are conbined with the 16 even bits of 19 PEC13-5G

regi ster B&E133® make 32-bits of even color | data. Simlarly, the 16 odd
bits of HCU color 1 data are conbined with the 16 odd bits of register CE,
to make 32-bits of odd color 1 data. Upon receipt of the first QutputVvalid
signal of the group ofsawo, we read buffer AB to transfer the odd data to
color 1, 73 in FIG 11,4Mthin buffer EF. Upon receipt of the second

Qut put Val i d si gnal of tﬁe group of two, we wite the 32-bits of odd data
to the same location F%buffer AB that we read frompreviously, and we
wite the 32-bitBlsof even data to color | within buffer EF. The HCU
provides 32 bits of cHatdReraneQisP! ane whenever the QutputValid control
flag is set. This occurs every 32 cycles except during certain startup
times. The 32 bit¥%Yefine a contiguous set of 32 dots for a single dot
line - 16 even dofeH{Whouput®alid2, 4 etc.), and 16 odd dots (bits 1, 3, 5
etc.). Wile buffer used to store a single 32-bit
val ue for col or %Qﬁ?g§§§ -Jh&ﬂﬁﬁ%§é?€§@§)used to store a single 32-bit
val ue for colors %1 o 6 respectively. Just as the data for color | is

split into 32- bEddsvhilepr esenting color | odd dots and 32 bits representing
color 1 even d e e nge ever id flags t he
Femai ni ng. col arenr ekl GENAER"GR, PR o LM oS B

i nst ead oFdygiang W\Wiﬂig@ tbafier diFr aseess ?"dttbe“tfﬁrﬁ feelpr Eﬂbnerﬂtf?e dros maeet fally @cpidledfdayed by
a nunber wfow. lines, and is witten out to DRAM via buffer CD (84 in FIG
9). Wile,the dot i line, a 0. DRA dots for a
previ ous ‘.Ed%és 5P %r b‘i?ff 4 é/%,'C?\l\j: é‘rr’l%cov\(/’r%?] fré httlfdetoﬁ Y %R&gﬁ“ﬁ? and Thj s
process nnt ﬂob@teﬁérmﬂ,ﬂﬂl tofon i progpysing with rdgardtie bffen g F V\Theforiswgmmuﬂlm thit theo buf f er

EF. Everydatalfm s@Ble @gﬁa&iﬂbf\éaiond(eﬁtheagddéedfeﬁ@&sl)ré%qn&eh@m&nhﬁe A bk 16 85E' n
very

FIG 10, re Wi ffer CEN (83)
second OJ‘fl “E%Z(f[? cfB R g’& dati ]?1&% 9855 F?Bﬁij Mghoe %Pésl At ep?‘i“% 8 BA VS B0l or
buffer N Q@@?ﬂffcfiﬁhl Thithia gere ie caah o the ablbrelin dddrndadven éntd O¥ftepd ameBteledmentGol or
Buf fer N {S@bfdoaen RS~ 29 ggtssof of cy@l@s?) Q}I&l $he gﬂ?bggs Mﬁl@a%zm t Gncf ﬁl@ Qzltgfmt J'le dots

for two C(I%gnr%)l ete seg ment s % ows a conpl ete segnent
gener at i ofEPFHE" f‘fﬂ P%lﬁh“f‘ 152]%?6’ Evé*?%eé)ﬂ%?ndtf%@%%me&a%enéww r dalgat g
(both  odulodnbRaMenifetds slyantad shehavit willtte theomprogriote DAt ofAﬁld;hﬁﬁlSthegﬁﬁEﬁ]&tl on for

Wi ting i §eShdd &nrz ﬁﬁeV@Fegd bath) ﬁmi] %Mzr '\Mftm; 135@&%9 =y &eém aagas'a! f&& & 1s

gi ven ever second utValid f ress start
i ncr ements %v%(}nffq%%% T BT YA e‘dm} ip 5@%?@@9‘“" l?“ﬁ%‘t%‘éﬁéile(ﬁr’l’yﬁ'évﬁ?{cr ng to
40, the ad¢messidiesnsas@io buffe A, Tht bepging bioddiadd Rdfet haked 0 b 2 chuds lgreidtg schene.

Thi's wor K}% &hérﬁﬁg)ugﬁvﬁl%a c%g'ls Hrgmg&rg%(} ll;]aQIEfGTQC(SI‘H bothdtlalsli(f {L]age Br%ls%e(%ﬁﬁ!‘ﬁ Val i d

flag, and t revi ous segnen data can be wri n t he
time it ﬂflf‘a‘RPe”sM ﬁeesgéfﬁlé%eé!eéloyerérswgqheseg@@ AEAL ths PRgrssbegith dhpdatsde bfef §isshown i n
t he fol | owliagopsendaiecats loatlsns 7 Pere fubth&HEAE W Bitehedifsr DAs copied to buffer EF

(again, no color N data is transferred to buffer EF while the OutputValid flag is set since color 1 data is
being transferred). When both tasks have finished the same process occurs for the other sense of color N
(either odd or even), and then for each of the remaining colors. The entire double process happens 10
times. The addresses for each of the current lines in DRAM are then updated for the next line’s
processing to begin,

In terms of bandwidth, the DRAM access for dot data buffers consumes the great majority of all DRAM
access from PEC. For each print line we read an entire dot line for colors 2-6, and write an entire dot line
for colors 2-6. For the maximum of 15 segments this equates to 2 x 5 x 15 x 1280 bits = 192,000 bits
{24,000 bytes) per print line. For the fastest printing system (30,000 lines per second) this equates to 687




VWil e (NOT AdvancelLine) If (HCU QutputValid) AND (firstEncountered))
Col orNWiteEnable = TRUE Col orNAdr = adr If (adr = 39) adr = 0 20
PEC13-SG Else adr = adr + 1 Endlf Else ColorNWiteEnable = FALSE Endlf
I f (HCU QutputValid) firstEncountered = NOT(firstEncountered) Endlf

EndWhi l e Address generation for readi@lis trickier, since it is tied to
the timng for DRAM access (both reading and witing), buffer EF access,
and t her eP&&S€ol or 1 generation. It is nore fully explained below
Address generation for buffers C D, E, F, and colorN are all tied to the
timng of DRAM access, and nust not interfere with color | processing with
regar ds t ¥Bfer fFer page penepcqnd prtiag ha bindwidthireguirgd|iss 1P $1B/seat Sinch éhe bahdwithfior a
singl e segmiK tefadf@leobr B (Lot WAIERA GorQachCbRP Ok A shodidt v PSS cnd r om t he
DRAM t o bltﬂg_l}‘mer = ) bﬁffZ{E)RgE/‘ Once the data %‘}? beep reaij f.r om DRAM
those dot S"ATEYPENIELEE BaY PR, SFER LT MP B PO B PP e i s done
for each dienadder cadhl colostoiari KBpid bamdpnete emxidize pageAfts @r DRAM eoplsetie e agivent ' s
worth of dehsshaspraesiiiisab&tad 20l $iaOF m8 4tk ¥EME RN seblﬂgl? w&sh%rrﬁrté)g SS

begi ns agaj n. ce the data for all segnments in a given printline has been
transferr %‘&”"fjﬁ%;ﬁ'ea()ﬁé Wity %P%Aﬁayt‘i Pige 5P tha AtO-biiggresssoukd gpan2ipages. Histelre the DRAM
buf f er i svasiehrab@EdVegaltifnatd to theek fot theast,ed & pprap| thaiddressuiddeidedip thi thes unti |

the parti gl @leindgded o 8¢ p Qﬁlgﬁé&l Qforllsgqu ﬂt??hei':oﬁlﬁrégggisgggﬁesf el,? {pys%};%,rb ﬂl this

respect then, the DRAM act's as a formof = Fl Consequen
(either otfte b aduipiags ofithe ofQsbitposersATDFRNMtHR BoitglffPP®r D whi | e copying color N
(same odd/ everTisefs®y gch@atibbifrb@Es chn be TARId&QPY INDBS D erbatorth b ol frein xGot akes 20
or 21 cyclgitergadsd enghn%n 3?rl).wh.et her. th OJt,glt.i!lt%/ lid flag occurs during the
20 transferss Onte" Bt H tadRE Ve ¥ AT ¥ E@b‘i"&%‘?sf'@‘mfi%e DRAM access
will be the sl oetartidsk) , the second part of the process begins. The data
in buffer Cis pyiddeBients@mBRAM (the same | ocations as were just read) and
the data in buff% EIC%E)CQ ied to buffer EF (again, no color N data is

F EprigErery

transferred to b 19 MR ol putValid flag is set since color 1
data is DRAMStartAddress = ColorCurrAdr[CurrColor]

While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr=10
While (ColorNAdr 1= 20)
If (NOT HCU_OutputValid)
Transfer ColorNBuffer|ColorNAdr|{CurrColor_bit0] to C[ColorNAdr]
ColorNAdr = ColorNAdr + 1
EndIf
EndWhile
EndWhile - wait until read has finished

While writing 640 bits from C into DRAMStartAddress (>=20 cycles)
ColorNAdr=0
EFAdr = EFStartAdr
While (ColorNAdr 1= 2()
If (NOT HCU OutputValid)
Transfer D{ColorNAdr} to EF[CurrColor[EFAdr]
If ((ColorNAdr = 19} AND (CurrColor = NumHal{fColors))
EFStartAdr =EFAdr + 1
Else
EFAdr=EFAdr+ 1




being transferred). When both tasks have fm shed the sanme process occurs
for the other sense of color N (either odd or even), and then for each of
the remai ning colors. The entire doubl e process happens 10 tinmes. The
addresses for each of the current lines in DRAM are then updated for the
next line's processing to begin. In t&2s of bandw dth, the DRAM access
for dot data buffers consunes the great majority of all DRAM access from
PEC. For ®&dhS%rint line we read an entire dot line for colors 2-6, and
wite an entire dot line for colors 2-6. For the maxi num of 15 segnents
this equates to 2 x 5 x 15 x 1280 bits = 192,000 bits (24,000 bytes) per
print line. For the faste%fprinting system (30 000 lines per second) this
equates to 687 21 PECL3- SGldYBA&EWoldn0Adrk 1page per second printing the
bandwi dth required is 312 MJ/sec. Since the bandwidth is so high, the
addresses of the various hal f-lines for each color in DRAM shoul d be
optimzed for the nefdMpile ype bei ng used. In an RDRAM nenory system for
exanpl e, the very fidastndalabiuhdRaechwffgreqsi S aligned for each color to a
1KByt e boundary to maxi m ze page-hits on DRAM access. As the various
segnents are processed it is necessary to ensure that if the start of the
next segnment was goif fRRAMSt@ddreds FghBdMMaxValt e 960 wit hin the 1KByte page,
then the 640-bit aCCG@@oerﬁcﬁr@@Br]zr&ﬁ@ﬁﬁDRﬂMﬁEﬂdﬁfagt&&% lKlé?tEh
DR4AMVaxVal is used 150 check for thi's case, and If It occurs e address is
rounded up for the “ifext half-line buffer to be page-aligned. Consequently
the only waste i s 64 ®drésrAgrunTslod edRAMSsartABditss + hedvits t he advant age of the
640-bit access conpggfel y within a single page. The address generation
process can be considered as NuntSegnments worth of 10 sets of. 20 x 32- bit
reads followed by 20 x 32-bit wites, and it can be seen in the foIIovvi ng
pseudocode: EFSt ar tigegmenC—DaxNgmmegnents tinmes: For CurrColor = 0 to
MaxHal f Col ors  DRAMBtrt Addr ess. = &QA C&ﬁ L ?q(l) r] V\hl | e readl ng 640
bits from DRAMSt art A d{ess lFnto[ rg_[ c %&% ! dr =0 Wile
(Col or NAdr = 20) |f (Wrmowwwmrswwm@om
Col or NBuf f er [ Col or NAdr | @rcGaldfiEurdobbQ}F corrsthtafandidy]  Col or NAdr =
Col or NAdr + 1 Endl f lJ:ErspdV\hlle EndWwiile - wait until read has finished
VWhile witing 640 bits “from C. into DRAVStartAddress (>=20 cycl es)
Col orNAdr = O ColorStartRow[currColor] = ColorCurrRow[currColor} + }
- EndIf
EndIif
EndFor
EndDo
Wait until next Advance signal from PHI
Note that the MaxHalfColors register is one less than the number of colors in terms of odd and
even colors freated separately, but not including color 1. For example, in terms of a standard 6 color
printing system there are 10 (colors 2-6 in odd and even), and so MaxHalfColors should be set to 9.
The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data for the PHI. Consequently
the print head should be started and the first LineSync pulse must occur this period of time after the
LLFU has started. This allows the initial Transfer value to be valid and the next 90-bit value to be ready
to be loaded into the Transfer register.
The print head interface (PHI) is the means by which the processor loads the print head with the dots to
be printed, and controls the actual dot printing process. It takes input frotm the LLFU and outputs data to
the print head itself. The PHI will be capable of dealing with a variety of print head lengths and formats.
The internal structure of the PHI should allow for a maximum of 6 colors, 8 segments per transfer, and a
maximum of 2 segment groups. This should be sufficient for a 15 segment (8.5 inch) printer capable of
printing Ad/Letter at full bleed.

Throughout the specification the aim has been to describe the preferred embodiments of the




EFAdr = EFStartAdr Wiile (ColorNAdr !'= 20) If (NOT HCU Qut put Val i d)
Transfer D[ Col orNAdr] to EF[CurrCol orl EFAdr] If ((Col orNAdr = 19) AND
(CurrColor = NunmHal fCol ors)) EFStartAdr = EFAdr + 1 Else EFAdr _ EFAdr +
| 22 P EC 13-SG Endlf ColorNAdr ColorNAdr + 1 Endlf EndWiile EndwWile -
wait until wite has finished If (DRAM33rtAddress == DRAMvaxVal )

Col orCurrAdr[currCol or] = round up DRAMSt art Address to next 1KByte page

El se Col oPECU+$Adr [ curr Col or] = DRAMSt art Address + 640 bits Endlf If
(Segment = maxSegnents) If (Col orCurrRow CurrColor] =

Col or MaxRow CurrCol or]) Col or Curr Row currCol or] = Col or St art Row curr Col or]
Col or Cur ringhnfieruwithy| lgpifing=thCoiventiSt tor anAdné cmbad@shtogr] specHcswellection of features.

Col or St ar bJRM GE fritle Qft InagrefiRh Phitbns RANMKE WekifOdbdimants! that FHoherkeRdl! f%ll EndFor
EndDo Wi t.hunthll neg&1 Advance signal fromPH Note that the MaxHal f Col ors
regi ster VEBREPRESEDE HEA"The nunber of colors in terns of odd and even
colors treated separately, but not including color 1. For exanple, in terns
of a standard 6 color printing systemthere are 10 (colors 2-6 in odd and
even), and so MaxHal f Col ors should be set to 9. The LLFU requires
2NuntSegnents cycles to prepare the first 180 bits of data for the PHI.
Consequently the print head should be started and the first LineSync pul se
must occur this period of tine after the




LLFU has started. This allows the initial Transfer value to be valid and
the next 90-bit value to be ready to be |oaded into the Transfer register.
The print head interface (PH') is the means by which the processor | oads
the print head with the dots to be printed, and controls the actual dot
printing process. It takes input fromt4e LLFU and outputs data to the
print head itself. The PH w Il be capable of dealing with a variety of
print heatF9'®¥Hyt hs and formats. The internal structure of the PH shoul d
allow for a maxi numof 6 colors, 8 segnents per transfer, and a maxi num of
2 segment groups. This should be sufficient for a 15 segnent (8.5 inch)
printer c‘é]g‘ﬁblse of printing Ad/Letter at full bleed. Throughout the

speci fi cat.i on Apgntaigihe b@&oiheaﬂaﬁa@evdﬁﬁﬁkjbt%mﬁlb@ tﬁé &ﬁ%ngmomgd.&cme n%s of the
23 PEC13-SG i ny ntion wth cml wm:h in inven one enbodi nent
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vari at i ondatef representing cempraesicfl | pageeimogrd iande pit Isast bt deguidprl that onednhsteé s the ddplit Wi t hi n
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controller for a'g wi dt h i nkj et i nt head, the print engine con ol l er
i ncl udi ng™&8 A FS ‘?’femfeﬁrf‘té Ftiaidnecui t whi ch defines an input interface
whi ch is confi gur edlittaing edetmmesitigaireitnepriddsentigngd oeilpr assethopagedidrages

and at |east ORG.AGHLENed MR md Sr LONNESEE Ind Andiae aﬂdrbgHB031tﬂ1££u%£1L€g§ngand s
configured to decode data representing | nage pl anes that constitute

conpressed pag®@ A {eAer yP‘PFé”&’t"feldé%P’a‘b‘ﬁeé 9 e gpdat Bascdarend © meRe Iefdh ng

di t heri ng and dbeapbdiatd thgprintheadui try which is configured to dither and
conpose decoded inmmge data received fromthe, or each, decoder, the

di thering and conpositing circuitry being confi %ur ed to apply one or nore
di ther netri ce’ PHY pgiRe GBEE claisgddn alaifmal. dhithictohegipleast onedpjearatedgiiredifer ed
data to tdeéncprai dohthead .tond.im#xe pihihrﬂkcoeﬂg:blﬁiﬁctmttﬁd)inbﬁﬁntélﬁlceCﬂoadedEmEI ayNda€d @i m 1,

I n V\k" c h I%[n%e]ﬁ]& !‘,0 %%Ese&)&gt%nlléﬁ.\ts ?(gg ?’hgﬁg re%éll;e(d lf'l'IDIE‘I thede.[ltl mn erfacea cont I nuous tone

i mmge data decoder connec Interface 1o decode any data
representing conpressed continuous tone |mages received fromthe input

interfaces. 3. Apff b@he@ﬂ@blﬂ:ﬁa&ﬂhﬁlﬁd’d% hieh I%Z%ﬂhlﬂlﬁﬂﬂe étﬂbaﬁ'oﬁd 1ﬁ'ﬂa at&lrmrant in
whi ch the eanes a%als\;e gnrgie c!lat (Fg:or aiftcgde c—I:rtCldl put int 3 dt | mge data
decoder conneaed B UF PRrdials Py 188"5*‘58 5?10 AR FEPTEEENnt i ng
conpr essedmbfﬁssqfdév@rfdP?ﬁﬁg@tadmelaedrf@eehwadﬁlme@m:the input interface. 4. A
print engine controller as clained in any one of the preceding clains, in

whi ch the dith r|n and C i.ting circ |t i ncl udes, dith trix
access citcui t‘%} {1 cgngol eng aé"f‘egb‘? ey F{necEms B 'f‘é\?f& ‘g’g'i”ﬁ froma
pair of dind hfenpomtgrqrm lsfthdpse(ﬂthernnatrh@cwmm ﬁhlchAs pmhggtable hgd memagotet r ol | er

as cl ai Magkibva dAN¥orPNRirOF dithenaR I RGRHA HhGh@loB. 1N which the dithering

3. A print engine controller as claimed in any one of the preceding claims, in which the dithering
and compositing circuitry includes dot merging circuiiry that is configured to define a number of
merging units that correspond with respective image planes, each merging unit being configured to
receive input data representing each image plane and to generate oufput data representing a

predetermined combination of the input data.

6. A pagewidth inkjet printer which includes a print engine controller as claimed in any one of the

preceding claims,

7. A method of processing image data for printing by a pagewidth inkjet print head, the method
including the steps of:

receiving data representing compressed page images;

decoding compressed image planes which constitute the compressed page images; and

dithering and compositing the decoded image planes by applving one or more dither matrices to




and conpositing circuitry includes dot nerging circuitry that is configured
to define a nunber of nerging units that correspond with respective inmage
pl anes, each merging unit being configured to receive input data
representing each i mage plane and to generate output data representing a
predeterm ned conbi nati on of the input gata. 6. A pagewidth inkjet printer
whi ch includes a print engine controller as clained in any one of the
precedi ngPE'&¥Hs. 7. A nethod of processing image data for printing by a
pagewi dth inkjet print head, the method including the steps of: receiving
data representing conpressed page i mages; decodi ng conpressed i mage pl anes
whi ch conte fleceedimagrenlanenind wappmel atdeae ditlered daste thapdntiéatiher i ng and conposi ti ng
t he decoded i mage pl anes by applying one or nore dither matrices to 25

PEC13- SG _t he, decoded i mage pl anes and ing.at |least dithered data to
the print > head. . PR neélg\‘/n%rc?‘ﬁ‘f’ﬁle n bﬁ@“&‘&ﬁ%&?& ‘t' hergBstighesiepcy tqdhe
descr i bedackumeiyingwiatvingy, &F epagevodh ingjet tniet hegicconpanyi ng drawi ngs, for a
pagewi dth inkjet print head. 9. A new nethod of processing inage data,
substantiglly as described herein wth reference to the acconpanying

dr awi ngs, *f or® prY BEPP! BIPessheaipash derupstirtiady apdescrbedrhgmsiy, with reference to'the

accompanying drawings, for printing by a pagewidth inkjet print head,




