1 PRI NT ENG NE/ CONTROLLER W TH HALF- TONER/ COVPCOSI TOR FI ELD OF THE | NVENTI ON
The invention relates to a print engine/controller adapted to work together
with a nunber of print engine/controllers in driving a printhead and to a
printhead driven by nultiple print engine/controllers. BACKGROUND OF THE
INVENTION In the prior art a single print engine/controller controls a
single printhead. However this solution does not scale well for w der
format printheads, for high resolutioh input imges, or for faster
printing. For wide format printheads the controller chip has to be nmade to
run faster in order to print the sane nunber of printlines, each of which
is now | oRBENT ENGINEt(FéNHIR%hE&NﬂQH HALFTONER/COMNP QSEIIOR control | er
has to be run at a faster clock speed. O if the input imge has a higher
resolution then the controller chip has to have nore buffers internally or

run fast eFIELD (OTHME INVESEHIIQON process the effectively larger input inage
since it is a higher resolution. A range of printer types have evol ved
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Si | ver br omkltipheprintiesginetomtutllcan assessnent of the prior art to drop on
demand printers along with its manufacturing process. Various nethods,
systens and apparatus relating to the present invention are disclosed in

the foll %@(@Rmﬁ@gl@gmmvﬂqﬂmfl | ed by the applicant or assignee
of the present invention on 24 May 2
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printlines, each of which is now longer. Or if the printhead is to run faster the print
controller has to be run at a faster clock speed. Or if the input image has a higher
resolution then the controller chip has to have more buffers internally or run faster or

both in order to process the effectively larger input image since it is a higher resolution.

A range of printer types have evolved wherein an image is constructed from ink
selectively applied to a page in dot format. In US patent number 6045710 titled °Self-
aligned construction and manufacturing process for monolithic printheads’ to the
inventor Kia Silverbrook there is set out an assessment of the prior art to drop on
demand printers along with its manufacturing process.

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 on 24 May 2000:

PCT/AU00/00518,  PCT/AU00/00519,  PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00523, PCT/AU00/00524,  PCT/AU00/00525, PCT/AU00/00526,
PCT/AU00/00527,  PCT/AU00/00528, PCT/AU00/00529, PCT/AUQ0/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AUQ00/00535, PCT/AU00/00536, PCT/AUQ0/00537, PCT/AU00/00538,
PCT/AU00/00539,  PCT/AU00/00540, © PCT/AU00/00541 ,  PCT/AU00/00542,
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PCT/ AUOCQ 00543, PCT/ AUCO 00544, PCT/ AUOQ 00545, PCT/ AUOCQO' 00547,
PCT/ AUOCO 00546, PCT/ AUOO/ 00554, PCT/ AUOO 00556, PCT/ AU0O0/ 00557,
PCT/ AU00/ 00558, PCT/ AU00/ 00559, PCT/ AUCO' 00560, PCT/ AUOO/ 00561,
PCT/ AU00/ 00562, PCT/ AUCO 00563, PCT/ AUOQ' 00564, PCT/ AU0O0/ 00566,
PCT/ AUOCQ 00567, PCT/ AUCO 00568, PCT/ AUOO/ 00569, PCT/ AUOCO' 00570,
PCT/ AUO0O/ 00571, PCT/ AUCO 00572, PCT/ AUOQ 00573, PCT/ AUOCO' 00574,
PCT/ AUOCQO' 00575, PCT/ AUOCO' 00576, PCT/ AUO@ 00577, PCT/ AUCO' 00578,
PCT/ AUCQ 00579, PCT/ AUOO/ 00581, PCT/ AUOQ 00580, PCT/ AUCO' 00582,
PCT/ AUOCO 00587, PCT/ AUOO/ 00588, PCT/ AUOO/ 00589, PCT/ AU0O0O/ 00583,
PCT/ AUOCQ RG549 ) 1054800 #8086 UPEIO IO (EEYALBON0ALED 0RGHAL00/00547,
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In addition, various methods, systems and apparatus relating to the
present invention are disclosed in the following co-pending PCT applications filed
simultaneously by the applicant or assignee of the present invention:
PCT/AU00/00755, PCT/AU00/00756 and PCT/AU00/00757.
The disclosures of these co-pending applications are incorporated herein by
cross-reference. Each application is temporarily identified by its docket number. This
will be replaced by the corresponding PCT application numbers when available.
Of particular note are co-pending PCT application numbers patent applications
PCT/AU00/00591, PCT/AUQ00/00578, PCT/AU00/00579, PCT/AU00/00592 and
PCT/AU00/00590, which describe a microelectomechanical drop on demand printhead

hereafter referred to as a Memjet printhead.

The Memjet printhead is developed from printhead segments that are capable of
producing, for example, 1600 dpi bi-level dots of liquid ink across the full width of a
page. Dots are easily produced in isolation, allowing dispersed-dot dithering to be
exploited to its fullest. Color planes might be printed in perfect registration, allowing

ideal dot-on-dot printing. @ The printhead enables high-speed printing using
2G162-5G



3 mcroel ectronechani cal ink drop technology. In addition, co-pending PCT
appl i cati ons PCT/ AUCO 00516, PCT/ AUOO 00517, PCT/ AU00O/ 00511, and

PCT/ AUOQ 00755, PCT/ AUOO 00756 and PCT/ AUOQO 00757 describe a print

engi ne/controller suited to driving the above referenced page w de
printhead. A single print engine/controller (PEC) chip is capable of
driving a printhead of the above referenced type, printing a dithered
versi on of a 320ppi contone inmage over3a 12 inch printhead. It is
desirable to be able to print higher resolution inmages for higher quality
output. It is desirable to be able to run the printhead faster. SUMVARY OF
THE | NVENTianelquieomaeshariedl ank drepitepbsology.a print engi ne/ control | er configured
to be coupled with others to drive an ink drop printhead conprising: an

interface at wyj }ngE&g%&{nﬁ%ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁﬁé’?@q@%@%ﬁlgaﬁgTﬂxe[?&gﬁ@t—,t 0

decode conpresse |tr?a e e recel ve resse page a, a

hal f - t onePCTOPeE00HN, taad CUIPAS 000765 pECTYAB0G V0T I8s atd PUTEAUOCOORST | mage
pl anes; and rinthead. interface to output the conposite strip to a

pri nt headdeSEHRE Briprt f?é‘&HlefcﬁPTé?ﬁeéc%‘ﬂP%é‘P Ligﬁvﬁﬁ the shove relosdsetPags dhead
interfaceyoubhutting printhead formatted data; and a synchronization signal
generator outputting a synchronization signal to couple print

engi ne/ cont r ol Aevirgle prisiyenginedonizreller(@ELC) chippe copable sft drivisg aprintheadof nt head.

A Menmjet pripthead is multi.-se t printhead, ere each segnment of the
or i nt head B0y ke siiinbit oo henl VRIS Pbd AATHPLEoprTEAdEcan be

const r uct eglinch pRIMHEELITE B @skAEIO% b&AIB t&Pﬁﬂ%}iiglﬁbrf}%‘hﬁioﬁﬁnﬁ & aghney | nthead
segnment, or can be constructed fromnultiple chips each o% whi ch cont ai ns

nor e t handwiey eepwtedt is desieablsfortieraglei te remthepaimthend fastsrh cases, and the
| ogi cal connectivity is the sane in both cases - nultiple segnents
conbining to forma w der printhead. ZG 162-SG 4

SUMMARY OF THE INVENTION

The invention resides in a print engine/controller configured to be coupled with
others to drive an ink drop printhead comprising:

an interface at which to receive compressed page data;

image decoders to decode compressed image planes in the received compressed
page data;

a half-toner/compositer to composite respective strips of the decoded image
planes; and

a printhead interface to output the composite strip to a printhead

the printhead interface including:

a multi-segment printhead interface outputting printhead formatted data; and

a synchronization signal generator outputting a synchronization signal to couple
print engine/controllers to synchronize their respective strips at the printhead.

A Memjet printhead is a multi-segment printhead, where each segment of the
printhead has physical connections. For example Memjet printheads can be constructed
from multiple chips, each of which contains a single printhead segment, or can be
constructed from multiple chips each of which contains more than one segment. The
wiring is the same in both cases, and the logical connectivity is the same in both cases —

multiple segments combining to form a wider printhead.

ZG162-5G



The present invention advantageously uses nultiple copies of the same print
engine controller chip to drive a nulti-segnent printhead, each responsible
for a strip of the page, all synchronized froma naster chip. A variety of
configurations can be built depending on the required application. For
exanpl e, given a 12-segnent printhead, a single print engine/controller
(PEC) can be used to run the entire printhead at a contone resolution of
320 ppi and at a maxi num | ine speed of430,000 |ines per second. |If double
speed is to be achieved, 2 PECs can control 6 segnents each, still running
at 320 ppi contone resolutlon But the effective speed has been doubl ed.
Simlarly, if The peserioisenticasaivaniageptsly nsss ueulppbhe(dnmom@ fpie, pEntPECs
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achi eved. s&%i?‘bklﬂgeﬁglﬁé/?giu%ll&r ljrtfcgt EI o foud b iapd &tﬁpgfiﬁtthlafd &%"?o%cﬁﬁeous to

produce w d pages I'nput "res I'on
conbi nat i maclupén af 324 i @ed affomesientmiLing speed PE®S,000 liresgrmeecpadelfanblee gi ven

to multiple PE Di f.f.eren Cs then deal with s of the ae,data,
pr oduci ng® p[eﬁ‘gls::fﬂ bg acﬂa&@vgﬁ %P Sapdengrp Se%{ﬂ?ﬂt%laaq&i‘r 1A

si npl e wayorfdneSefthtitth. dddtané effédiRe RpéALING dderd HQUBIER] glhﬁ’llaﬁy, 1?%@0(!11?011%' mply
to have each PEC responsible for a given nunber of printhead segnents. The

pr ogr anmi ¥egoltion isde v¢ gustied ECO prir 2 BECH pan mintthé printheadont 80400 lipeyesri s
organi zed in a, n&%cgl n unit within a half-toner/conpositer within each PEC
A tag encoder W tfhiin each print engine/controller is able to deal with a

strip of a pageymhtbnitios apablse befreqlilgdised R dmbRddebad diek phsihgt amged
pages are%]gﬁm rabl e. en several PECs are_used in unison, such as in a
dupl exed FRIENSS dei B ?ﬁr( % BN rtherel sidsnpf gupaeei avhilehatseeasdsPBEs of

nmore than Mo, r‘ﬁﬁs”ﬁ-‘ t o ne sync
si gnal . Sl\Jﬂyh:one %&I nt eacgi s%oorﬁd Psgﬁyei gf;&&#é?_ RS +H§Z %dtg'g\?aig%asﬁlggét%gars#él
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internals of P Callowfor a single strip of a page jn conjunction
wth ofher pECRvRgES el prlbeit il BTl s ihrtaRersrageodas S page

ZG162- SG pages, faster prints, higher input resolution, or combinations of all three.

To use multiple PECs, the same page can be given to multiple PECs. Different
PECs then deal with strips of the page data, producing the total page in a faster time
and/or higher resolution. A simple way of sending data to the printhead from multiple
PEC:s is simply to have each PEC responsible for a given number of printhead segments.

The programming of individual PECs for strips within the overall page is
organized in a margin unit within a half-toner/compositer within each PEC. A tag
encoder within each print engine/controller is able to deal with a strip of a page and is
capable of producing a partial tag when tagged pages are desirable.

When several PECs are used in unison, such as in a duplexed configuration or
in a printhead configuration that consists of more than 15 Memjet segments, they are
synchronized via a shared line sync signal. Only one Printhead Controller Chip,
selected via an external master/slave pin, generates the line sync signal onto the shared
line. The internals of PEC allow for printing a single strip of a page in conjunction

with other PECs. This includes generation of partial Netpage tags and page
ZG162-SG



5 descriptions. However it is up to the external page provider to allocate
the various strips to each PEC correctly. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a diagramillustrating data flow and the functions
performed by the print engine controller. FIG 2 shows the print engine
controller in the context of the overall printer system architecture. FIG
3illustrates the print engine controller architecture. FIG 4 illustrates
the external interfaces to the hal ftongr/conpositor unit (HCU of FIG 3.
FIG 5 is a diagramshowing internal circuitry to the HCU of FIG 4. FIG 6
shows a bl ock diagramillustrating the process within the dot nmerger unit
of FIG descrpi@nsy Hpworerdt éf vpiaths evtervak pagengrovider pr aldmets thietaiinus he dot
reorgani zat. ! f _Fl 5. FIG 8 shows a diagramillustrating the
po1d %ﬁfébp%c tga o

process w e r/format unit (LLFU) of FIG 5. FTG 9 is a
di agram show ng internal circuitry to generate color data in the LLFU of
FIG 8. FIGs. 10 and 11 illustrate co‘r{&onents of the LLFU seen in FIG 9.

FIG 12 i BRIEFDEYGRIBERMINQF THEPRAWINGS Ui try to a printhead interface.

FIG 13 i i - COLL ! r i rf.ace.
DETAI LED O chzl B %@%ﬁp ﬁ@&@&gﬂ?iﬁ%&é@%e@@rﬁ 1%63%’?@% |b§/' n‘&% plhﬁgh

pri nt headengimit ¢onirslleront rol | ed by one or nore print engine/controllers

( PECs) , escri bed bel.ow, to allow ful]-Dbl eed inting of both A4 and
Letter nglég. §§5’Qwé ﬁ%‘?\ﬁ@?fsef@fnec?ﬂngpﬁ/ﬁ F‘n‘k‘e &P%te%‘%&[ b petalPriRS 759 n t he
present gthidchipe environnent, these being: 6 CMy, for regular color

printing. ZGlL62-SG 6
FIG. 3 illustrates the print engine controller architecture.

FIG. 4 illustrates the external interfaces to the halftoner/compositor unit (YICU) of
FIG. 3.

FIG. 5 is a diagram showing internal circuitry to the HCU of FIG. 4.

FIG. 6 shows a block diagram illustrating the process within the dot merger unit of
FIG. 5.

FIG. 7 shows a diagram illustrating the process within the dot reorganization unit of
FIG. 5.

FIG. 8 shows a diagram illustrating the process within the line loader/format unit
(LLFU) of F1G. 5.

FIG. 9 is a diagram showing internal circuitry to generate color data in the LLFU of
FIG. 8.

FIGs. 10 and 11 illustrate components of the LLFU seen in FIG. 9.

FIG. 12 is a diagram showing internal circuitry to a printhead interface.

FIG. 13 is a diagram of a dot counter used in the printhead interface.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A typically 12 inch printhead width is controlled by one or more print
engine/controllers (PECs), as described below, to allow full-bleed printing of both A4
and Letter pages. Six channels of colored ink are the expected maximum in the present
printing environment, these being:

. CMY, for regular color printing.
Z2G162-5G




K, for black text and other black printing. IR (infrared), for
tag-enabl ed applications. F (fixative), to enable printing at high speed.
Because the printer is to be capable of fast printing, a fixative will be
required to enable the ink to dry before the next. page has conpl eted
printing at higher speeds. Oherw se the pages m ght bl eed on each other.
In | ower speed printing environnents the fixative will not be required. A
PEC mi ght be built in a single chip toginterface with a printhead. It wll
contain four basic levels of functionality: receiving conpressed pages via
a serial interface such as |IEEE 1394 a print engine for producing a page
from a cohpr esKetpribackitextiand pihienbladnpgiinting. f uncti onal ity i ncludes expandi ng

t he page i nmge i fhering the ntone | ayer, conpositing the black |ayer
over the bontOH%8P%?€@¥%Hﬁﬁ?Sﬁgﬁﬁbﬁ§_Hﬁﬁﬁ&infrared tags, and sending the

resultant,inagg{ﬁﬁnﬁgfﬁgégﬁkﬂﬁﬂﬂ%%agP%héﬁ%ggontroIIer for controlling the

print head and stepper | ow- speed serial ports for
comuni cation with the two QA chips. Note that there nust be two ports and
not a single port to ensure strong security during the authentication

procedure. |In BLGUEShA phifited RAD bk REpdtl oYY Bt HtiRe LOMSRRE wall H0 CLyIRBS tc{ rom

conputer systemto printed page. ‘A docunent is recelived at 11 and | oaded
t o menor yerablef e ok toidey diefore teegeert ppgeithes nempletedeprirgiiged gt apyedsequi r ed
obj ects mght be .added. P f.rom ry,12 are rasterized at 13 and
conpr esse glgfmﬁ 1, Fages P%gqﬁ?’iﬁ?grﬂns?lcgﬁmé& th?“ﬁ?rr islﬂ‘?‘a?1 RAYPE STUEMNSS er 10.
Pages ar ethe €ixaiiwedilpgotbemReeded page images within the print engine
controller 10 into a nenory buffer 15, fromwhich they are fed to a page

expander 16 wherein page images are retrieved. Any requisite dither m ght

be applied toAdBC epighoBe by Rl a dingle’ chiprty ikletfade With! £pghthbay el wilght be
conposited over. the, contone |ayer at 18 together with any infrared tags at

19. The cOWHBRIQUEagie faclyof functonadity's2- SG 7 printed at 20 to produce page

21, g ggewi Nt RBAVAEEARHN el Al G3HNEATR &3F GHIAYEsd4Oe and starts

. a print enginé 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 printhead.

. a print controller for controlling the printhead and stepper motors.

. two standard low-speed serial ports for communication with the two QA chips.
Note that there must 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 document is received at 11 and loaded to memory buffer 12 wherein
page layouts may be effected and any required objects might be added. Pages from
memory 12 are rasterized at 13 and compressed at 14 prior to transmission to the print
engine controller 10. Pages are received as compressed page images within the print
engine controller 10 into a memory buffer 15, from which they are fed to a page
expander 16 wherein page images are retrieved. Any requisite dither might be applied
to any contone layer at 17. Any black bi-level layer might be composited over the
contone layer at 18 together with any infrared tags at 19. The composited page data is

Z5162-SG




expansion and printing in pipeline fashion. Page expansion and printing is
preferably pipelined because it is inpractical to store a sizable bi-level
CWK+I R page image in nenory. The first stage of the pipeline expands a
JPEG conpressed contone CMYK | ayer (see below), expands a G oup 4

Fax- conpressed bi-level dither matrix selection map (see below), and
expands a Goup 4 Fax-conpressed bi-level black |layer (see below), all in
parallel. In parallel with this, the taAg encoder encodes bi-level IR tag
data fromthe conpressed page i mage. The second stage dithers the contone
CWYK | ayer wusing a dither matrix selected by the dither matrix sel ect map,
conposi t eprinthdatd( togveduce phgackl.| ayer over the resulting bi-level K |ayer
and adds the IR Iayer to the page A fixative layer is also generated at

each dot positi need in any of C K..or IR
channel s. The jIr rl%teélgln%r piee tﬂ(gs% ﬁ°@$§?ﬂsmllﬁaa%?%%tﬁ¥%%#?a%e

pri nt headexfjadsién phd Phhﬁ;agim lb’ipairfeai@ﬁuéﬁ ePané)@MISIOIll Bndbfnting isSpréReMIOW t he
print engine/controller 10 fits within the overal inter system

ar chi t ect dipglineflhecquse jibig dmprshient dn storent sizpkle bt—ierf@le(él\/&l%ﬂ&maaegmage imcl ude

a Print Epgjine/Controller (PEC). A PEC chip 10, or chips, is responsible
for receiving the conpressed page i mages for storage in a nenory buffer
24, perform ng the page expansion, black |ayer conpositing and sending the
dot data to th€heifirsitstegedot thB pip¢limagxpahdssoad®ﬁtﬁu¢drqae$ed\jcbmo@CdWIiYﬂsis 25, 26

and provi ns, of re |ng ri nt head h racteristics to ensure

opti mum p]:g ‘?ﬁfggg?wb GESE@ Fﬂélps B?’é&?mBIFS%EHCbé ewehd E{I?rl@ﬁf‘?‘&ﬁlecn% nmenor y
buffer. Thep W@Bélmb}lfzﬁﬁrex%ﬁndssaf(ﬁbuﬁmoFéﬁgoﬁlﬁl%ss%@rﬂ?ﬂ&%F%ﬂacﬁqgfer (sé@ge and
for scratch use duri ng the printing of a given page. The construction and

wor ki ng ofeleriatlyn pareflelr dn parallelowith thas, tiedeg crdoidet egodes bitkevehiR tagrddiza range

of stand d f e utilized
in use of ?Iﬁzﬁég%ngg %dn %\ﬁjnelg I oi;lﬁe Seg masttSa i 8’(3&“ € COH%?&%S{K‘F Y&hi p 25

i s mat chegsifiga ﬁﬁhéraﬁmhl ®lecird tyaht dithgematQh ﬁh:lcpﬁlaﬁa:onilamen&qﬁsuai ustl on and
wor ki ng of units i s known to those skilled in the art andarange of
known QA YAt &yekeverithnesylimg: iyl K layey aud adds the IRdeyertotthe page.

fixative layer is also generated at each dot position wherever there is a need in any of C,
M, Y, K, or IR channels. The last stage prints the bi-level CMYK+IR data through the

printhead via a printhead interface (see below).

In FIG. 2 is seen how the print engine/controller 10 fits within the overall
printer system architecture. The various components of the printer system might

include

. a Print Engine/Controller (PEC). A PEC chip 10, or chips, is responsible for
receiving the compressed page images for storage in a memory buffer 24, performing
the page expansion, black layer compositing and sending the dot data to the printhead
23. It may also communicate with QA chips 25,26 and provides a means of retrieving
printhead characteristics to ensure optimum printing. 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
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I nvention. For exanple, a QA chip is described in co-pending United States
- Patent Applications: USSNOur docket Qur Title nunber TBAAUTHO1lVal i dati on
Protocol and System 09/112, 763AUTHO2Ci rcuit for Protecting Chips Agai nst

| DD Fl uctuation Attacks 09/112, 737AUTHO4Met hod for Protecting On-Chip
Menory (Flash and RAM) 09/ 112, 761AUTHOSMet hod for Making a Chip

Tanper - Resi stant 09/ 113, 223AUTHO6A system for authenticating physi cal

obj ect s TBAAUTHO7Val i dati on Protocol a8d System TBAAUTHO8Val i dati on
Protocol and System 09/ 505, 003AUTHO9Consumabl e Aut henti cati on Protocol and
System 091517, 608AUTH10Consumabl e Aut henticati on Protocol and System

09/ 505, 14?@%@@%@@%11%@@&@ u@lmzeﬁrl@vsmﬂ the ABC 9f thednvention.

09/ 505, 952AUTH12Unaut zed Modi fic es S or in Flash Menory
TBAAUTHL3A Sys?é??ﬁs%lé}f ‘Ma ORI %HP gg 1%5@ Esafea 567 ﬁ‘i@kaﬁﬁﬂiﬂmmm

Aut hent i cetn eRip$Pé.P THE Bndtrueli®f b P BoflliRb P Q‘ﬁ@ﬁmﬁ‘i@%b’wﬁ‘% %ﬁé skllled in
TBAAUTHL5Shi el d| ng Mani pul ati ons of Secret Data ZG 162-SG 9 QA chip

communi cathieawt ansya wgbéﬁknti)\m Qidptbepisehimght fre wilisedain uéeun“dha BE@quttb!e of the

ranni g« MO of BRaflplen A tiys FRREBR G eieebiife BRG st Rkl her o i1

can be enappkehtiohat

USSN Our docket ;{ Our Title
number

TBA AUTHO1 Validation Protocol and System

09/112,763 AUTHO02 Circuit for Protecting Chips Against IDD
Fluctuation Attacks

09/112,737 AUTHO04 Method for Protecting On-Chip Memory (Flash
and RAM)

09/112,761 AUTHO05 Method for Making a Chip Tamper-Resistant

09/113,223 AUTHO6 A system for authenticating physical objects

TBA AUTHO07 Validation Protocol and System

TBA AUTHOS8 Validation Protocol and System

09/505,003 AUTH09 Consumable  Authentication Protocol and
System

09/517,608 AUTHI0 Consumable  Authentication Protocol and
System

09/505,147 AUTHI11 Consumable Authentication Protoco! and
System

(9/505,952 AUTHI12 Unauthorized Modification of Values Stored in
Flash Memory

TBA AUTHI3 A System for the Manipulation of Secure Data

09/516,874 AUTHI14 An Authentication Chip with Protection from
Power Supply Attacks

TBA AUTHI135 Shielding Manipulations of Secret Data
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there is enough ink to print the page. Preferably the QA enbedded in the
printhead assenbly is inplenented using an authentication chip. Since it
is a master QA chip, it only contains authentication keys, and does not
contain user-data. However, it nust match the ink cartridge's QA chip. The
QA chip in the ink cartridge contains information required for naintaining
the best possible print quality, and is inplenmented using an

aut hentication chip. Preferably a 64 MBit (8 MByte) nenory buffer is used
to store the conpressed page image. Wile one page is being witten to the
buffer another is being read (double buffering). In addition, the PEC uses
the nmenory to buffer the calculated dot information during the printing of
a page. During the printing of page N, the buffer is wused for: Reading
conpr essed pag@ANhifReatliigication Walytberlgest heluded vathén thdadverNif fuBRdriality f or

page N [ ti onpressed page.N+1 Preferab a PEC chip wll, incorporate
a sinple #f@? E’ﬁ%ofﬁw B‘PF%F%@@JI%BF@@?XP%‘EW%@{‘%‘F HgsersrEll SMARDE Bifct | ons:
perform i nt i i i i ween
ring  paecaP pRhpER B el Be oRpromthed i e T L byl Bt o€
print (thtestieppengh mit torprmedls pas:. aPsfdably pho Qs sihbedsigd dh o prdsthedie

various portions of the PEC chip during .a print,. provide a ns. of.

Pt ert ac| REIFD e RREPRAPT s oh a4 IELT DR Fhigr SHRIDE 3 Barist GREHULCt )
ZG162- SG difly cBhtaMis ARtiRniRARS &Ys, dHdedded Glohdomhihhiser- Atk e a8 TE Rlust

| ow- speed data requests (such as readlgg the characterization vectors and

writing puplish theonk| estyidggs fRAdehip. ndaasQaf chipi ini g inkecqybidge atomtaimd

| andscape, to.exte | ST | ..0f the . e _processing
o por  or BEABbA AL fos A REOA: pRE T RBaCtB. B el
pi xel s. Assiig arefushdnticsthm (BRY) can be extrenely sinple. A wide

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

. Reading and writing the bi-level dot information for page N
. Writing compressed page N+

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

to perform the following functions:

. perform QA chip authentication protocols via serial interface 36 between print
pages
. run the stepper motor via a parallel interface 91 during a print (the stepper

motor requires a 5 kHz process)
. synchronize the various portions of the PEC chip during a print

. provide a means of interfacing with external data requests (programming

registers etc.)
ZG162-8G



variety of CPU known cores are suitable: it can be any processor core with
sufficient processing power to performthe required cal cul ati ons and
control functions fast enough. An exanple of a suitable core is a Philips
8051 micro-controller running at about 1 MHz. Associated with the CPU core
35 may be a program ROM and a small program scratch RAM The CPU

comuni cates with the other units within the PEC chip via nenory-mapped
110. Particul ar address ranges nmay nadOto particular units, and within
each range, to particular registers within that particular unit. This
includes the serial 36 and parallel 91 interfaces. A small programflash
ROM may bt i npioViseraaneansiof igferfpingmithatiinghead ﬁ@gm¢rﬁé0‘d§p@ﬂdo®ta)r¢qu¢®s CPU

chosen, b 0 re. than 8KB., Li.kew scratch RAM
area can {)ﬁel ?%e%%‘%%gﬁ}“ ﬁ{égz%%}?nvﬁgersmﬁmmﬁ RE %dlfrﬂglsegfogr am code does
not have to mdggpwh%tﬁemﬁ&g%tﬂg%é %oftﬁm%dnmcépyta trﬁ@tﬁ&@ t@Q)Et@Itn%f' ar ea.

The RAM si ze ends on the CPU chosen (e.g. stack c ani sns routine
cal ling cBR¥itions, register sizes etc.), but should not be nore than
about 2 KB. A PEC Chl p using the above referenced segnent based page w de
printhead can reproduce black at a full dot resolution (typically 1600
dpi ), but reproduces contone color at a sonmewhat |ower resolution using

hal ft oni ng. The paglz description is therefore divided into a black
bi -1 evel | ayerSEfgalhothstipage P@Qﬁsmgﬁﬁ@e@?%@%’ dqdespted hardgyase. the CREE i ned to

conposi t egMeht AR 1& ?ﬂfc@é&%&é&’ €As a-{( Q8RB e PLa %V%Itehééﬁsrlm RNSA §fig. Of a

bitmap containing a 1-bit ‘opacity for each pi xe) [ayer matte
has a rewswiett obﬁPUHatownscmcs amtsagdfrle fiachmobe afiy pheessor nbrerwish sidficient

resol ution. The hi st supported ZG.162-SG.11 resol uti o s 1600_dpi, i.e
he pr ntBpes g pobis: to SRR 60 EiBd A AonD o comsid; bedonss B bi ¢ map
cont ai ni ného@gﬁ2AH'ekaM*%f°@Exﬂfabf@éor§@§B TS gos\qhﬁ{&oJéoﬁtﬁoueptrmﬁmg at Thi S
contone image has a resolution that is an integer factor of the printer’

dot resolfthoi-lbhMHIhé\SBﬁCgﬁ@Cletbdb@GPUe@r?:éé@ﬂlmbmprogr@zﬁ(}i\dlandmnailz |nches
for a si the rinter dot res Iut hi gher
cont one P@J gﬁagﬁ%o%tgh ?’lﬂlgl p & ‘?’%&s ?aé%fuwﬂégh %thf”hwél ' @’%E@gum ng an

strip of d¢hie valimpubryp@geped e, mtmm adefed tingemal Snad ®partydulaalnity, an

i nteger factor of the black bi-level resolution, to sinmplif cal cul ati ons
in the R#§ wifhipsacksrange. tg neetoular apaisiers wighia st particalap uaitk This inglydes | ayer

the serial 36 and parallel 91 interfaces. A small program flash ROM may be
incorporated into the PEC chip. Its size depends on the CPU chosen, but should not be
more than 8KB. Likewise, a small scratch RAM area can be incorporated into the PEC
chip. 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 2 KB.

A PEC chip using the above referenced segment based page wide printhead 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 contone layer. The black bi-level layer consists
of a bitmap containing a 1-bit opacity for each pixel. This black layer matte has a

resolution that is an integer factor of the printer’s dot resolution. The highest supported
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and the contone layer are both in conpressed formfor efficient storage in
the printer's internal nmenory. In FIG 3 is seen the print engine
architecture. The print engine' s page expansion and printing pipeline
consists of a high speed serial interface 27 (such as a standard | EEE 1394
interface), a standard JPEG decoder 28, a standard G oup 4 Fax decoder, a
custom hal ftoner/conpositor unit 29, a customtag encoder 30, a |line

| oader/formatter unit 31, and a customilinterface 32 to the printhead 33.
The decoders 28,88 and encoder 30 are buffered to the hal ftoner/conpositor
29. The tag encoder 30 establishes an infrared tag or tags to a page

accor di ngreB@ummtSolﬁGDsipdéweﬂmﬂnt@rﬁ fubladot rttsghltiom dihe cortonmdryenfonsists page

and the ag cont nt. of b .

e ent T orSt &fimE? Porfithindla S-bE PR BT st Hitis whiss Ky oA i

| oaded i nédtorloRAMuSAay b 2eSoRAMNIthitdE hatRe&D fadter 6ibdha phinter3Qiok k&g, hi gh
speed serial interface 27 while the previously |oaded pag%Els read from

DRAM 34 ahlee bl@b@%@ummdgwdut@n ipPeAwpEnYiTe ipflssifPie singlfcREGhiee- page has
finished ﬂ?ﬁﬂa B ﬁﬁm& beyds Eél-% &Sﬁlg{lﬁ%ﬁﬁonﬁ%&%‘ﬁ tlﬁﬁmﬁﬁgf% %'ra%gce -

printed, ew page i1 s o V|a spee Sdra

At the fnreqmra:t, &gth éabbPECgﬁbﬂ&tﬁn@&pﬂﬁﬁ&f ﬂttyodlﬁEang@ nphiessasheoosdlamive:  ( CMYK)
| ayer, and ex nds ny of oup - C ressed bj-)level data_ streans.
The two sfr@ UE? X @ Hﬁ%%ﬁ &% rOQéﬁqﬁ%%%ngiH@dPE@°1§D§cW%dFW?léblor

agnosti c @di@llatfcﬁi's $n ﬁie Rl?ge IThis3% bt § 2yuRemehd BGHER! ThaBlacRbiidiel R ?Eert

inks), and a matte for selecting between dither natrices for contone

di t heri ngan(dstbe chmbosayeriare thth inemopdesstdifpen foneffiz@nt 82ra86id thegaimgdriel Wit h
the first, . is encoded any tags for later rendering in either IR or black
ink. Fi Qprﬂ Yhird stage dithers the contone layer, and conposites
position tags and the bi-Ievel spotl Iayer over the resulting bi-Ievel

di thered | ayer, t.a streami.s, id reat e, snoot h

rans 1 one. ackobovbit aipt 15 LEEERFE: e les | TBnaBiut FRRRISERN ) 10 s
adj ust ed ¢x@asAem end plietidopipdeatcosissl & high spedasetial Meathce PP (hkhtsghannel s
of b|-IeveI data are &r uced fromthis stage. Note that not all 6 channels

may be piteulert LgiF d Rt prienfcrb dustandsrd Sddpleeoder R, priapdad daronay b
only, Wt Kihushedioh Maﬂ%ér{e?/cd;gﬁosﬁgﬁ%ﬁl 50, 30 QubiB HOLEDder b0 Rld Ve' Y,

the position tags nmay be
loader/formatter unit 31, and a custom interface 32 to the printhead 33. The decoders

28,88 and encoder 30 are buffered to the halftoner/compositor 29. The tag encoder 30
establishes an infrared tag or tags to a page according to protocols dependent on what
uses might be made of the page and the actual content of a tag is not the subject of the

present invention.

The print engine works in a double buffered way. One page is loaded into
DRAM 34 via DRAM interface 89 and data bus 90 from the high speed serial interface
27 while the previously loaded page is read from DRAM 34 and passed through the
print engine pipeline. Once the page has finished printing, then the page just loaded
becomes the page being printed, and a new page is loaded via the high-speed serial
interface 27. At the first stage the pipeline expands any JPEG-compressed contone
{CMYK) layer, and expands any of two Group 4 Fax-compressed bi-level data streams.
The two streams are the black layer (although the PEC is actually color agnostic and
this bi-level layer can be directed to any of the output inks), and a matte for selecting

between dither matrices for contone dithering (see below). At the second stage, in
ZG162-8G



in Kif IRink is not available (or for testing purposes). The resultant
bi-level CWK- IR dot-data is buffered and fornmatted for printing on the
printhead 33 via a set of line buffers (see below). The majority of these
|l ine buffers mght be ideally stored on the off-chip DRAM 34. The fi nal
stage prints the 6 channels of bi-level dot data via the printhead
interface 32. Conpression is used in a printing systemthat enploys the
PEC. This is to reduce bandw dth reqyprenments between a host and PEC, as
well as to reduce nenory requirenents for page storage. At 267 ppi, a
Letter page of contone CMYK data has a size of 25MB. Using | ossy contone
conpr essi paralidl gath thhdsstsiscncaded HafE @Gagsstoe labe] rongering do eitherdRi oregas iobnpr ess

with a ratio ug to.10;:1 witho noti ceabl e 1 oss of .quali.tLy, i Vi a
compr ess oty dreciisd Stpee Sbig hoafonsets (e, oa EaPbey oh RRIg o8P PLIH dat a
has a sigiele®] sfHMB layeP Bo&rand redattiag SR PSRl F@ MThe 988 Str¥eh Ys 1BAIly  Usi ng
| ossl ess bi- |evel conpression algorithns such ‘as Goup 4 Facsimlé (see

bel ow), tahugsest ot creaig smoethripansisions awpsstpvarlapning segmeaksontthg printheagd aidng a

e. Sj f 0.8MB dj t her ed f i
Gt conahePBA i ARG gRof¥ohalfEF duiASEh o SPRERAD UEI B oBRRR) oo ™0
i mage f orpmbi-dedcdibed polowdeish ahissstidee Neleathby got &t cedhghigs afayliessy IJPEG

contone i mage conpressi on and | ossless bi-level text _conpression. The
format i sPredwpae thegnivithsrd: Borrxanpds: tisqurathaad ingaytbe QMY enlrpvieh Kiiwskgd to
al I ow strai f rg.ecqjgnﬁ LIS ans{ LA | 40t | i . t and
i mages n%'#&rr%l%lc&/[ on't eoverdl agl‘,%n?%g' n%gireg{élth%’r@tgpggalggﬁ 'ba%gé“a ma entéel%;e is
2. 5MB (i .eKifymk ionbygvailubie (@ fohesting paipotass t Thassulpmg bi-levelgeMaikze i s

0.8MB (i.g, ,text onl % The 7ZG 162- SG 13 absol ut e, wor 5t - case page,.i mage
size is 31?3%-{#% B bl B pr Pﬁg%%ﬁﬁlh&easz@%éﬁt3érww B age
page cONtgiMss (FBGERwW)! MBeINSHRGMBER 1B l%l%h't $e J:de%[‘l’g-stc@ecf%ﬁ'ﬂﬁ 3
Facsim |l e conpression al gorithm (see ANSI/ElI A 538-1988, acsim le Coding
Schenes avidclopdPRAMEGAL rldic fimahstago peintsghe Grabapneds phbislensl| dot dEguiip thent |,
August 198r8 h%@n t%ﬁ iy to | osslessly conpresses bi-level data for
transni ssf'o &P S 6w and noi sy tel ephone lines. The bi-level data
represents scanned black text and graphics on a white background, and the
algorithmis tOmagrekdon ihiusedcinas printig sysage shdti dmplsysethigl PGt I'Thindd tot uned,
for exanple, for halftoned bi-level inmages).  The

rrpreguce bandw?dth requ?rements between a hogst arzd PEC, as well as to reduce memory
requirements for page storage. At 267 ppi, a Letter page of contone CMYK data has a
size of 25MB. Using lossy contone compression algorithms such as JPEG (sce 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 (sec 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 normal worst-case page image size is 2.5MB (i.e. image

only), while the normal best-case page image size is 0.8MB (i.e. text only). The
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JD Group 3 algorithmrunl engt h-encodes each scanline and then

Huf f man- encodes the resulting runlengths. Runlengths in the range 0 to 63
are coded with termnating codes. Runlengths in the range 64 to 2623 are
coded with make-up codes, each representing a nultiple of 64, followed by
a termnating code. Runlengths exceeding 2623 are coded wth nmultiple
make- up codes followed by a termnating code. The Huf fman tables are

fixed, but are separately tuned for blMgck and white runs (except for

make- up codes above 1728, which are common). Wen possible, the 2D Goup 3
al gorithmencodes a scanline as a set of short edge deltas (0, 1, 2, 3)

wi t h ref ealisnbée worstiresgppages toage szaid BAYB The tdel D‘eergyfmg@) sAaslmung a

ent r opy- enco so that the zero. delt sy, nbol is on | ong etc.)
Edges v tNAEEOLH Bifeatt Foranhimeeet ing M5 esapia Mheoieds hoMB.

runl engt h-encoded, and are identified by a prefix. 1D and 2D encoded |ines
are marked dlfferentli/ 1D-encoded lines are generated at reqgul ar

interval s, whefthéfoupy u‘éﬂcsbyn}ee@emm&am@n pleerithiy (849s XNESK Rt el%écoder
can r ecovp&csgrplﬁgndddg&, §?Ae§n%s%f€o @@Ltrdl”ﬁ%ﬁgﬁ% ﬁoardé;?‘%z% 4, ({fiméw 0 f

achi eves conpression“ratios o (see

st andar dsEfmipmehie cAugmsi d988ya@m@efmedftacmsm:slsgz SYSPRE®S , bi-1dwdlr dvad fof

El ectroni ¢ | magi ng Jan ary 1992, pp, 5-21). AGroup4 Facsim |l e
al gor i t hnirfused vaqt_ﬁi&v“s@rei) 11%8*6 RS h’i‘qSeTg‘bBi'lﬁ@el dtasprsseninsranne ng

Control FyRgt {eQhsnd ggp@eso&pa R batiB b hdEa E‘%Jebtontlﬁ'f?slr‘%ged AR %8} cl9ss! essly

conpresses _bi -Tevel ta for transm'ssion over €rror conmuni cat i ons
li nes (i.efindges (it nﬂasxpilcelyt naofl tynesk, for exfamgeds, for A@ivoad bideved dimages)i Shalone at

a |ower 0Cco The ou 4a|gor|thm|sb ed. on the, 2D G oup 3
21 gor1 ¢ hfD AR & A&t e BBt st S ook TR A e

t ransmi ssie@iltihs nﬁﬁa;gdehﬁlehgﬂagm &é?ﬁﬂg@@) tol @3 ar€ B6RABHH lPRS1aBH: Cg c&ﬂesl onger
generat ed at reqular intervals as an aid to error-recovery. oup

achi eves RunpragBsinghe range o tpéﬁéiﬁ Aty dodedrniid: makegre@des, feaeh xemeswﬂgm set of
test i mgﬁﬁlﬁgﬁ{'@# @ZF%%)@&N&P@ 3 t& nmi%xenr fc%r %l‘%&}]‘l &%ee%] u%? 3 agvg ed'SSI on

al gorithm as a conpressi on a gorl % Br ayers
However , wtth nlrﬂt]ﬁlf)lﬁmmket@bdcelss ﬁflbvxtedﬂ@da tePminatiogvesdes Ths Huffndrembley tateon

(100- 400 and it en odes runl t hs xceedi ng 2623 awkwar dl y At 800
dpi, our gf%@? r]i’i%ﬁfeu?ﬂp }ﬁ tuned; bia??ﬁ @%Wg’ée rung) ¢eReRigHoRmaKeYD @defecoder
core woul ghhe 12YRI R Gref Qmi&H. WheREbssibik, ik 3 GRRD 3 algorithm encodes a

scanline as a set of short edge deltas (0, £1, £2, £3) with reference to the previous

scanline. The delta symbols are entropy-encoded (so that the zero delta symbol is only
one bit long etc.) Edges within a 2D-encoded line that can’t be delta-encoded are
runlength-encoded, and are identified by a prefix. 1D- and 2D-encoded lines are
marked differently. 1D-encoded lines are generated at regular intervals, whether
actually required or not, to ensure that the decoder can recover from line noise with
minimal image degradation. 2D Group 3 achieves compression ratios of up to 6:1 (see
Urban, S.J., “Review of standards for electronic imaging for facsimile systems”,
Journal of Electronic Imaging, Vol.1(1), January 1992, pp.5-21).

A Group 4 Facsimile algorithm (see ANSI/EIA 538-1988, Facsimile Coding
Schemes and Coding Control Functions for Group 4 Facsimile Equipment, August
1988)  losslessly compresses bi-level data for transmission over error-free
communications lines (i.e. the lines are truly error-free, or error-correction is done at a
lower protocol level). The Group 4 algorithm is based on the 2D Group 3 algorithm,
Z2(G162-8G



handl e runl engt hs exceedi ng those normally encountered in 400 dpi facsimle
applications, and so would require nodification. The (typically 1600 dpi)

bl ack layer is |osslessly conpressed using GAFax at a typical conpression
rati o exceeding 10:1. A (typically 320dpi) dither matrix sel ect |ayer,

whi ch mat ches the contone color layer, is 1osslessly conpressed using
AFax at a typical conpression ratio exceeding 50:1. The G oup 4 Fax (4
Fax) decoder is responsible for deconpdessing bi-level data. Bi-level data
islimted to a single spot color (typically black for text and |ine
graphics), and a dither matrix select bit-map for use in subsequent

di t her i ngwath théhessersih medificdtiom thiatl sinonpamsss saliorbis ashienadifB®edemoder) 1DThe

i nput to the q%.Fax decoder is 2 %gneslot bi -l evel data, read fromthe
external BRARTS THE BHOSUDTST ERuTiE] LN EBHaS Fema § suer geovery.

deconpr esgeshpht atigvels c@ﬂip?essﬁﬁ@atﬂﬁ%ﬂ%ﬁ@fﬁﬁﬂd 2bil-toesel fetahe dQITTSRNbftO the
Hal f t oner/ Conpositor Unit (HCU) for the next stage in the printin

pi pel i ne. testrigngps. - Tes,dsigugdats andmesiprmencetehanEznp 4 epmpressiert aleptiti t he

bi -1 evel . t HCGY, h. ressed
i 1 evel iy ML ERInbRSioR I ATOP IR pERTl Bt Hop bl i STRAT 201
hol di ng atablek breltdnediohn loiveescahnidgtsohitioh {EOBAMEREHE Gnd Mronkoderingsodth | on.
Having two |inpe ers al]Jows one line to be read by the HCU_ while the
ot her | i n& 15%5%5 W W%er’-t AAP0 ¢ o3 maxinygwe sedengthrs qurrantly §49Pt ant
because aasi e, i e € | ¢aldoy: -1 s nmust
t heref or eA%gng%?ﬁ 82@% é\ectb)ﬂo?hcﬂrﬁ g& %ﬁ%% %gnégxﬁl#ﬁi%%% ﬁrr%nngli %%g’. ﬂﬁ?lg{hﬁ@gt

buf f er i nghandtee rhlengthh aaxceeding |thodei mermalhe e@dovideredieinodéd woiulfabsmaite t o

decode the sane line multiple tines.: once for .e t put . 60Qdpi .dot ! i ne.
Zor62- SG R Bsp ourgutr FRielon; Toefom g GO B AR e 1 or
a singl e wadlefkly @ngiessed ubiig (HHaRUk ai thBER co\fig}jrés@,io&lhatimﬁ@&aﬁlgl RYEr @ provide
adequate resolution for inages, spot color is targeted at "applications

such as t@éxicalyPA0dai dithetompigix selopplager, mhichomalekgs. thywerfons eelon ycle%*lt and
s . a° et ; : _ ]
1 S0P D A SPLERS BRI ST g S0P 0 ©

all ows var I on maxi mum prin ity. Each
of the two line buffers is therefore total 2400 bytes (12 inches x 1600 dpi

i= de ;Igi 3023? 'CLS"%" eeég@ﬁ{ % %gk %@4%}8%&3&%@ 95' fe@l%nsff)% ?Arxdeﬁgﬁlﬁfegsiﬁrggi-fquf’” d
data. Bi-level data is limited to a single spot color (typically black for text and line
graphics), and a dither matrix select bit-map for use in subéequent dithering of the
contone data (decompressed by the JPEG decoder). The input to the G4 Fax decoder is
2 planes of bi-level data, read from the external DRAM. The output of the G4 Fax
decoder is 2 planes of decompressed bi-level data. The decompressed bi-level data is
sent to the Halftoner/Compositor Unit (HCU) for the next stage in the printing pipeline.
Two bi-level buffers provides the means for transferring the bi-level data between the
G4 Fax decoder and the HCU. Each decompressed bi-level layer is output to two line
buffers. Each buffer is capable of holding a full 12 inch line of dots at the expected
maximum resolution. Having two line buffers allows one line to be read by the HCU
while the other line is being written to by the G4 Fax decoder. This is important
because a single bi-level line is typically less than 1600 dpi, and must therefore be
expanded in both the dot and line dimensions. If the buffering were less than a full

line, the G4 Fax decoder would have to decode the same line multiple times - once for

each output 600dpi dotline.
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resol ution. Consequently each of the two line buffers is therefore 480
bytes (3840 bits), capable of storing 12 inches at 320 dpi. Wen the nap
mat ches the contone resolution, the typical conpression ratio exceeds
50:1. In order to provide support for: 800 dpi spot color 1 |ayer
(typically bl ack) 320 dpi dither matrix select |ayer the deconpression
bandwi dth requirenents are 9.05 MB/sec for 1 page per second performnce
(regardl ess of whether the page width16s 12 inches or 8.5 inches), and 20
MB/ sec and 14.2 MB/sec for 12 inch and 8.5 inch page wi dths respectively
during maxi mum printer speed performance (30,000 |lines per second). G ven
that the decoﬁmﬁwimdl tatesigneddot gllow highareisdlutéomdﬁf@ta forhe S'@glel:a)lmdecoder

Can 2 . BTSS0I R SR G B B T

i nt er f aceimapbg SFGMHMr ofs t@l@%ﬂ% pilitafieisedubh Aefext ARl H@d‘lgi‘é?lﬁiw(tyﬁ%llyr enment s
to the external DRAM  Since ax is lossless, the co exity of the

i mage inp%lé%@ oWhep aisedh g et 3§f1 lingt graphies, Hhméamqahéommwatrwo exasedsal |y an

800 dpi Kk r r

pandv it ht £ Gqa Tt Fg v B eso iR Modf SRASSTUMA SllF, 1y, &
typi cal 3R&:hdell (hai twoelines Blffers isahdrefore lr PRBESytéd (10Inehdshan 680: c%i =
resulting in a 0. 025 MB/sec bandw dth. The fastest printing spee

confi gur at9-4 B#$)320 zG162-SG 16 dpi for dither select matrix and 800 dpi
for spot color 1 requires bandw dth of 1.72 MB/sec and 0.056 MB/sec
respectively. A total bandw dth of 2 MB/sec should therefore be nore than

enough for t helIssplBBeRIol te Withahwalax slest wap senuidideatic matshdhe egntore
i mpl errentl%gomarm{%ﬁﬁe@ %tfyet%h Fhe t%clﬂfé:e&uffepsrﬁthé%f@te Sufvlg&ése(%w&ts Fax

Decoder cores are sui 't can be any core wt i ci'ent processing
power to @ealoohstohegd2guilesel MId:pJII d(liconbe map neatelies dle cohtone résohsiohast

enough. nust .be capabl e .of ha dl.ing runl engt hs exceeding those normally
encount er%‘ﬂt)fmcaﬁﬁﬁmalﬁ S“P%E?é‘f’r?ixf“? Bbﬂr cations, and so may require

nodi fication. A JPEG conpression algorithm (see | SO'I EC 19018- 1: 1994,

I nf or mati on .
In order to provide support for:

. 800 dpi spot color 1 layer (typically black)
. 320 dpi dither matrix select layer

the decompression bandwidth requirements are 9.05 MB/sec for 1 page per second
performance (regardiess of whether the page width is 12 inches 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 a 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 in a 0.025 MB/sec bandwidth. The fastest printing speed configuration of 320
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technol ogy - Digital conpression and codi ng of continuous-tone still

i mges: Requirenents and guidelines, 1994) lossily conpresses a contone
imge at a specified quality level. It introduces inperceptible inage
degradation at conpression ratios below 5:1, and negligible inage
degradation at conpression ratios below 10:1 (see Willace, G K. , "The JPEG
Still Picture Conpression Standard", Communications of the ACM Vol. 34,

No. 4, April 1991, pp.30-44). JPEG typii€ally first transforns the inage
into a color space that separates |um nance and chrom nance into separate

color channels. This allows the chrom nance channels to be sub-sanpled
wi t hout aypiriet idithéreseldcd smttive eadi $60 olpi férespetivealor i reguiressyaatiendtk of dl. B i vel y

greater s i tivi i nance .t han chromi nance..After is fir st ep,
each col o@ﬁ%n%‘f %i@gc%e&%@@fc&gér at%‘(a‘ﬁ%;lil Qal"r’f@“ﬁa%%éai TG E}?Hﬁf nto 8x8
pi xel bl ogkgeforEds det gk ensudhhptHeToRAObaRidtAl 0 the frequency domain via
a discrete cosine transform (DCT). This transformation has the effect of

concentrating imge energy in relatively |l ower-frequency coefficients,
Re

which allows Rbgker I dherding fenstipralily éndmplemepiednpy @ncerudélay Guban i zed.
i s quanbzfl Odtel & widl SaRbily Bl TU0GE BlesEUBIEBRL Abahibekiy Gord Ur L her
by rdering coeffti y Treque

conpression I's achieve cients ncy to maxim ze
t he |i kel withoahffidierstdpraceningzpoveer opéifiroi dnt sequand dalvahntionsnlaad gidntrencodi ng

runs of zeroes. Finall he runl engt hs d on-zero freqguency

coefficie gtl‘g}segé%?‘i“&@?' ébmé’dt. %E)e‘@gﬁtg? égglFa&RHP% gngths & ‘ée_égm}gr’é‘%ess of
conpr essi fimall_En@dnRtedl in THE0 YK SinidVibpEQRbANC aARYSR héy %ﬁ‘iﬁf@esfsed to
a planar color” JPEG bytestream 'If | um nance/chrom nance separation is

deenmed newediéigajon.ei t her for the purposes of table sharing or for
chrom nance sub-sanpling, then CWK is converted to YCrCb and Cr and Cb

are duly sub-s : G r | | 3 f -cont ai ned.
It contains al 3”@%@% ?oeqﬁrlﬁgsg ﬁ%%@%oﬁg%nefgglwgmﬁ}' :b%a’ q%}%ﬁ ?@% ion
and Huf f neesdcddhes. Digiedl JBiprdecatatnd soding ponsiohligudustorge sfillr whdgst he

on-the-fly deconpressjon, of the contone data |layer. The input to_the JPEG
decoder iRequyerignis ayr grideliges. dSRDORBILY FRMPreses & Captene impage @Emspe%féeds

e, {SEIEP RSN Ko e B UheaC g BASICS: cLBBTSRSR e o OIS
below 5:1, and negligible image degradation at compression ratios below 10:1 (see
Wallace, G.K., “The JPEG Still Picture Compression Standard”, Communications of

the ACM, Vol.34, No.4, April 1991, pp.30-44). JPEG typically first transforms the
image into a color space that separates luminance and chrominance into separate color
channels. This allows the chrominance channels to be sub-sampled without appreciable
loss because of the human visual system’s relatively greater sensitivity to luminance
than chrominance. After this first step, each color channel is compressed separately.
The image is divided into 8x8 pixel blocks. Each block is then transformed into the
frequency domain via a discrete cosine transform (DCT). This transformation has the
effect of concentrating image energy in relatively lower-frequency coefficients, which
allows higher-frequency coefficients to be more crudely quantized. This quantization is
the principal source of compression in JPEG. Further compression is achieved by
ordering coefficients by frequency to maximize the likelihood of adjacent zero
coefficients, and then runlength-encoding runs of zeroes. Finally, the runlengths and

non-zero frequency coefficients are entropy coded. Decompression is the inverse

process of compression.
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al though typically all color planes will be the sane resolution. The
contone |layers are read fromthe external DRAM The out put of the JPEG
decoder is the deconpressed contone data, separated into planes. The
deconpressed contone inmage is sent to the halftoner/conpositor unit (HCU)
29 for the next stage in the printing pipeline. The 4- plane contone buffer
provi des the neans for transferring the contone data between the JPEG
decoder and the HCU 29. Each col or pl 4fe of the deconpressed contone data
is output to a set of two line buffers (see below). Each line buffer is 3
840 bytes, and is therefore capable of holding 12 inches of a single color
pl ane's pixels at 320 ppi. The line buffering allows one line buffer to be
read by the HCU while the other line buffer is being witten to by the JPEG
decoder. Thi s The CMPYKt @ntCNi¥3 aosna lsyengh eomprissaetol itrp@n‘as cb}ppiJBEGi y less

t han 160 nust therefore be expanded in both t i ne

i monsi o el SR g SR Eed e A Beqrid SHcPssen: eHeer fPERSUecoder
woul d havgurhesed 8£QER shinSaBr bhrBMindibd SitPdhplindBden CMER i§ &nveA& 00Ut put
600dpi dotline. Although a variety of resolutions is supported, there is a

tradeof f ¥Eteand ﬁh@nﬁéﬂbmatduéms%w@d | Ab¢ dPBGErkstieam insompletsoand: i on and
Raai 1 on, sTXeMindd Y ERvye AT AN ISR M ETRRL, AR FRFFagd,

affects tiﬁdﬁﬂﬁﬁiﬁ@ﬂﬁﬂdﬁ 18 bandmndth and possi bl e resol utions. Note that
since the contone imge is processed in a planar format, each col or plane
can be stored at a different resolution (for exanple CMY may be a hi gher
resol uti on t haThd JRE(K dptaaiee)s. reiﬁlﬁsibiegfwsjerfstjmﬁgrth@dn-clm:lﬂpﬂeconﬂlﬁsszidmt ion is
1600ppi chln t he nter's full daot re tion). However there is only
enough o £ CP‘Ft ?-5’%’# nih%r%w ¥ %IJBEQ%%‘%‘T&%HE i PRNREPECqmonea 320ppi

line of kNG §31 'tﬂﬁ’&éﬁ? be! jr’ral s, gjﬂzseﬁan Uity d(ﬁl]EtIHllﬁl e, VRS pafky red at

hi gher contone resclution, PEC |ps wou quire al t hough
it shoul drepesendingd CMAK @dmoneflrmgd: Bwhpwﬂormlmemn pe ima diffevdnit kesglutibh, onl y be

bi -1 evel . rt . for 4 color 320 t he conpr essi on _out put
bandur gt ot PERBRT e leBlorhyign il o8 ing SER BRGSO R e e
(regar dl egsd om\ietdReimdl MMJGTM dﬁﬂput f thé IPRCN&Ro@r i 11 ddcBfmpRSJed and 88
MB/ sec and 64 MB/sec for 12 inch and 8.5 inch page w dths respectlvely

duri ng mesanEa §ate. rferdratepdele parssod hedeeonossed@onione dmpgs isswab il the
halftoner/compositor unit (HCU) 29 for the next stage in the printing pipeline. The 4-

plane contone buffer provides the means for transferring the contone data between the

JPE(G decoder and the HCU 29.

Each color plane of the decompressed contone data is output to a set of two line
buffers (see below). Each line buffer is 3840 bytes, and is therefore capable of holding
12 inches of a single color plane’s pixels at 320 ppi. The line buffering allows one line
buffer to be read by the HCU while the other line buffer is being written to by the JPEG
decoder. This is important because a single contone line is typically less than 1600 ppi,
and must therefore be expanded in both the dot and line dimensions. If the buffering
were less than a full line, the JPEG decoder would have to decode the same line
multiple times - once for each output 600dpi dotline. Although a variety of resolutions
is supported, there is a tradeoff between the resolution and available bandwidth. As
resolution and number of colors increase, bandwidth requirements also increase. In

addition, the number of segments being targeted by the PEC chip also affects the
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The JPEG decoder is fed directly fromthe main nenory via the DRAM
interface. The anount of conpression determ nes the bandw dth requirenents
to the external DRAM As the |evel of conpression increases, the bandw dth
decreases, but the quality of the final output inmage can al so decrease.
The DRAM bandwi dth for a single color plane can be readily cal cul ated by
appl ying the conpression factor to the output bandw dth. For exanple, a
single color plane at 320 ppi with a c@mwpression factor of 10:1 requires 1
MB/ sec access to DRAMto produce a single page per second. The JPEG
functionality is inplenmented by neans of a JPEG core. A wide variety of
JPEG cor ebamaivadiguand gioksibleiresobinnbe NateythdPE@ectbe eombbdinsagefis piceadsepimcessi ng

power to performthe required. cal culations and.control functions fast
enough.  FBPIEES ARG, cahgolat eland it bR sigvE abia ifREEH TRl ERd O BRBHEE Lp ¢ o
140 MByt eeMFEGnay Wb ligldh [r@WRutRACRMPIRSE ihedf TheARbifkst m(pgseﬁgd abntpAOL ONe
resolutions up to 400ppi for the maxi mum printer speed 0,000 lines at

1600dpi pewolsden HdhoO0apid membps the printer’s fabdgtsesolysionht deweyses ditre iNomdy t hat

the core s I i QN reduci.ng. th equi repent s
that are %?Pglggé%&%lgﬁh%rb éﬁgﬁﬁgkgﬁefzﬁgﬁggﬁ@@c@%@ spé)f%%%deac%%ﬁg? 8ﬂecor es.
The size whgthhe2 dadhes.i sifekpdalleld i@h&e oN Guipt evdshidfuirdd0&t 8pBedab@srne G ven
that the deconpressed data is out to aline buffer, the JPEG ZGl162-SG

3 ut ; .
19 decodefeselHon.aayiiple Ride shigs @@éli)dabp Erpired aftheuehs is shawld ke gpted fhat gy or
pl anes ong,at [ : [ : € SW ' j i.he and
G ol 1 191 Gy el P e, PR RAYUE il BOThTNeL 3 WHE Mt M Fofmy 207 01
cont ext f 320ppache detamprpdsamedytpanchnilwaltdepiemensrire 46 ddBéss fomnl tphee

external DRAM as.well as appropriate JPEG decodi ng.parangfers. In FIG 4
The. ha f t Bt oSBT EaRe e e EIaen)o! 2P ST n d8Et RETRUHCH SHBeHPT 8.
hal fi oni nfhchdg, GRNBNEIKANPLER!dy MBMED bRl intR AdbBS! BVR! patRr SidiRs of the
sanme, and conpositing the spot| bi-level layer over the appropriate
hal f t onedresRAstiBelE dueipe magimum printen spesd ipsrfpmnaace (30,409 lines pprsepemt), t he HCU
29 is able to map K to CMy dots as appropriate. It also selects between
two dither matThedBEGndecodixed fasl dpeotlyl fibms the, mpis owmany wihehe RA¥DoNdi ng
val ue in Lt her trixeselect .map.. The | t to.the HCU 29 is . an
expanded PFSte 1 R} B0 S RE SRleradnBat PR Hend Pidhbiirbe (57 an
expanded &iterneVBRANIOAL theale@tl dfvomp@éssioufih@easds, thabagkpand@dreases, but
dither-matri x-sel ect

the qualslty of the final output image can also decrease. The DRAM bandwidth for a

single color plane can be readily calculated by applying the compression factor to the

output bandwidth. For example, a single color plane at 320 ppi with a compression

factor of 10:1 requires 1MB/sec access to DRAM to produce a single page per second.

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
ZG162-8G



bitmap at typically the sanme resolution as the contone | ayer through buffer
39, and tag data at full dot resolution through buffer 40. The HCU 29 uses
up to two dither nmatrices, read fromthe external DRAM 34. The output from
the HCU 29 to the line |loader/format unit (LLFU) at 41 is a set of printer
resolution bi-level image lines in up to 6 color planes. Typically, the

contone |layer is CMYK or CW, and the bi-level spotl layer is K In FIG 5
is seen the HCU in greater detail. Ond@ started, the HCU proceeds wuntil 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
scal e uni deodercian asadilpdecaupess amdntirelBne fok kadbaifahe ceoeplems ona at hemeyf f er

pl anes suhas 42 rinter. resal ution ot h rlz nt al | d ically.
The ‘scal e revif b ForiBksighing SBing wi ppd coprgneape ruvoloBedbEl ( o

printer §&s@driicomeR@iniushBE kagnt abhtbxefd exay édl&%lbﬂ/e) aidtht08ed GirReN! eved
by replicating a data value an integer nunber tines in both dinensions.

Pr ocessesa@esﬁm@ﬁeﬁtﬁf@éQPe‘%M#aVBIWSIaPPWHﬁ@rﬁ’EGﬂeCQ@Hg hogmetki.| led in the
art. ZG 162-5G 20 Two control bits are provided to the scale unit 43 by the

margin unit 57: advance dot and advance |ine. The advance dot bit allows
the state machitn@lG.o4 thehalligper/spmposispreunin §IGH @8 combings thafinctions ofit a

(useful t erl in nts in
the.pri nt AUARAE ARSI @R SO0 P8 1o PhBel eI GBI B SBR0NT 1 5
when a pacdmmuitag the s@tDbi-Retldapasvbeho af)pﬂ’(bpﬁﬂe (Ihalﬂoﬁiedl e@’ytoneaﬂa};ﬁ’(ﬂ) net
truncation of data according .to printer It al so saves the scale

uni t ff lr?)‘#F’fee’(iu‘i“? ;Kﬂ@nl%b‘éé]ileapn@ﬁﬂ oF- H?Hez? d@lable thEap e MY Ket Ss%gal e unit
is afu uagwﬁlakw 1t &fso sellagbwée hio HitRd Al SRR ofnaatﬁ?]llseﬂ kér' |OTe] bhls Yab&r

verti cal scaling via Iine replication, I NE, each val ue
i s used seathe chrretponding mekictin thefdithet mabix splmt stlap.uibhe omlui tegthe VIGU p9 xel

| t th ut | ' h f t
navance. 1 SEPBEd 20t BBEH wel PG o HIRT SERaE) SoHBEh et o sel ect
bit of thepasdhdesslevsl spcPDdhRd tﬁﬂﬁ@ﬁ'&ff&'fﬁerdnngﬁpanaaﬁ ditH&LrﬁatlefsefeBﬁ scal e

unit is the sane for the 8-bit and 1- bit case, since the scale unit only
gener at esbifirt édypisallysihe same aeselusiontas dhe epntenselayerytbiovgle Auffere3% aud tager ent

resol uti ofl, LY 3o rSEAlEA through buffer 40. The HCU 29 uses up to two dither
matrices, read from the external DRAM 34. The output from the HCU 29 to the line
loader/format unit (LLFU) at 41 is a set of printer resolution bi-level image lines in up
to 6 color planes. Typically, the contone layer is CMYK or CMY, and the bi-level
spotl layer is K.

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 HCU is to scale, in the respective scale units such as the
scale unit 43, all data, received in the buffer planes such as 42, to printer resolution

both horizontally and vertically.

The scale unit provides a means of scaling contone or bi-level data to printer
resolution both horizontally and vertically. Scaling is achieved by replicating a data
value an integer number of times in both dimensions. Processes by which to scale data

will be familiar to those skilled in the art.
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i ndependently. 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 correct resolution and does not need to be
scal ed. The scal ed-up dither matrix select bit 1is used by the dither
matrix access unit 48 to select a single 8-bit value fromthe two dither
matrices. The 8-bit value is output to the 4 conparators 44, and 49 to 51,
which sinply conpare it to the speci f0c 8-bit contone val ue. The
generation of an actual dither matrix is dependent on the structure of the
printhead and the general processes by which to generate one wll be

fam liar to thbwe ciirbl bds iare lpthi@dt to ﬂfe sdah: ouintddnby \thd meergis wgt 63t er t han

the 8-bit _dither i X, val u hen a 0 iis output.
These. _bi ¢4 dphahd dihiikeriie” actbs e ot bis Affvs g padtinsntt b
mar gi n Un%énefa?e Bl Bistan6ds dTahe gahﬁe B@Mdta@(ﬂs@iful ﬂﬁtpaﬁé maSihélnd BRatifd Nt abl e
area of t page) . The final stage in the is the conpositing stage.

For each @it datrefos ayerlanping gggg;egtst Iﬁeth% prlgthaa@)l niteeadience fied igrllows the such as
unit 58, Ut Rt fLom h ,dot .nerger
unit is aﬁg% %Mr}\%% gon cglﬁ%l When g’haer ﬁe Bﬁ dﬁ% %S beenT@%Shegr ?%?X%b % he spot
col or t calkevipg acecktion cﬁldata)aﬂclbtdmgmi pﬁntﬁfb ﬁﬂﬁglﬁs ng| dlsh figes ter @BRAudiOr g
testing purposes), black to ZG162-SG 21 be merged into ¢ enta an
yel | ow (i ﬁomaefmuae&anq@l prd-pi-Haglegic WThedapy to Hierssalgynit l%méﬂi e ‘a%ferdat ato

be pl aCEdTh@hﬁ’e %I@b&k&z&%@:ﬁ tme%&!@éﬁgw«@g&glee% sé&lﬁg%??ﬁbr &pﬁ%&aﬁ %rchéad' ly

generated. The reor onsi I'ng
gener at edw1thliuteash lipa,neach rvahlegs\nsa:d mﬂ«)facmraneesaﬂocbf&cghmmnt@ uptscaliipp 32- bi t

uantltles SO t he IS nent rde and.in rder within
gegrrents TPHT® th? e(?rfcﬁ €?‘é“pmr SR |vis tsﬁ" £ cter t&‘?‘est&hﬁ BB for

over | appi g 5@ 388 Bbs %t%ca@tfag@ﬂ@im)edhé thphe GUEBL sl Bar of TWQdaRRYE Ol bits
are provided to the scale units by the margin unit 57: advance dot and

advance |toggled ﬂ@b&jb/lﬁf%@gho?h%loglceﬁor dwsscelemitiathe ssmetfpnibeSdbityamklat e
mul tiple %P?atsg,r&gﬁc% tﬁé scta_[%%n?ﬁa&g%g@ner&%tﬁdﬁet%ge%f ul for page margins and
0]

creating over ng segnen in the printhead). The advance
line bit allows the state machine to control when a particular |ine of

dots has been élh&% ?eﬂ:‘ﬁdof th@%&ﬁgxff ﬁdg%%‘é%ﬁ%eum ltﬂ:é?r tct) rQs%lqucondﬁ’;[ 2 ?ecgc%ﬁe%l ng to

printer margins al so saves m g speci al
end- of - | i indedeadeérdly. The bi-level spotl layer at buffer 45 and the dlther matr1x select layer at

buffer 46 also need to be scaled. The bi-level tag data at buffer 47 is established at the
correct 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 dependent on the structure of the printhead and the general processes by
which to generate one will be familiar to those skilled in the art. If the contone value is
greater than the 8-bit dither matrix value a 1 is output. If not, then a 0 is output. These
bits are then all ANDed at 52 to 56 with an inPage bit from the margin unit 57 (whether
or not the particular dot is inside the printable area of the page). The final stage in the
HCU is the compositing stage. For each of the 6 output layers there is a single dot
merger unit, such as unit 58, each with 6 inputs. The single output bit from each dot
merger unit is a combination of any or all of the input bits. This allows the spot color

to be placed in any output color plane (including infrared for testing purposes), black to
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The conparator unit contains a sinple 8-bit "greater-than" conparator. It
is used to determ ne whether the 8-bit contone value is greater than the
8-bit dither matrix value. As such, the conparator unit takes two 8-bit

i nputs and produces a single 1-bit output. In FIG 6 is seen nore detail
of the dot nerger unit. It provides a neans of mapping the bi-Ievel
dithered data, the spotl color, and the tag data to output inks in the
actual printhead. Each dot nerger unif1takes 6 1-bit inputs and produces a
single bit output that represents the output dot for that color plane. The
output bit at 60 is a conbination of any or all of the input bits. This
al | ows t hke ssrgeddolooryan.ombgenpl ackeykliow (iﬁnuybkaukmmsqmsont inl the erifiibead)udi ng
infrared fo

ol | ow (i 1 e BB B RERRRELIp B ofnd” i hERSecao” it B0 car a 1o

be plac edraaaﬂﬁganeﬁat&l erhel dvb EeordanR UDRYL) sbqg rdsh¥RAhIY €orCaking R bdnérdl
generated by |y conbining all of the input bits. The dot nerger unit

cont ai ns éot@h@am B Rasgoloxy %ﬂiéf} oggpnizing it jigto Febit guanditignsk thagdhmst the

6 i nput bj i 6 22

corr espon%lllﬁtﬁut %g}ﬁo‘ra%& lf}h)r?‘(ﬂaégri S er t Forli ‘3%% S%gl%glﬁtﬁt ahﬁi}ll[%gl Itsde%%'% Y hen
ORed t ogetelyaired ducftorthe fabethhi duad fop utvawpphlgt seginBntl kfa nof gkSersted® ih ddatedpt reorg
unit (DRU) which is responsible for taking the generated dot streamfor a

gi ven col %‘id%l ane and organizing it into 32-bit quantities so that the
output is in segnent order, and in dot order within segnents. M ninal

reordering is TgaLLHLS it ?rotvnfedftéﬁie SHRtuNMOLS thOfmalN e LhiRBP! Afen&OTeNt s

are not enerat ed in segnment order. The DRU contains a 32-bit shift
regi ster, a@gadwcezudgl t The egverncerdot dvitl alowe dhd atatel rabhine rtegiestmte A

5-bit count I kee s tr of t bits Jpraces ed so The dot
cavance. Syl FEBRedid Uy St 05 P RRERL kel mePiiRy iy cieadity e,

i nstruct fdieveRhppisg seordlite n Bhd prismead)d Dee auidit -lidenbiFlafowd theQiad er (A)
62 is clocked every cycle. It contalns the 32 nost_recent dots produced by

the dot ni@agdRe (heqnt n ampastiquigr limppafiyiats hag bren finigegi dyreby allﬂ‘é’glgst er ( B)

63 every f t EE?RI e

state nmac C%M%%\?l%yaa Sl rrp %t%q%wérclgu Iﬁ%%%vegdtgg @Q ‘?% E&B :

7 etc.) fneqnmngegccsﬂlen(i@)‘llﬁal@m copied to register(C) 65 with the sarre
Wi teEnabl e pul se. A 32-bit

The comparator unit contains a simple 8-bit “greater-than” comparator. It is
used to determine whether the 8-bit contone value is greater than the 8-bit dither matrix
value. As such, the comparator unit takes two 8-bit inputs and produces a single 1-bit

output.

In FIG. 6 is seen more detail of the dot merger unit. It provides a means of
mapping the bi-level dithered data, the spotl color, and the tag data to output inks in the
actual printhead. Each dot merger unit takes 6 1-bit inputs and produces a single bit
output that represents the output dot for that color planc. The output bit at 60 is a
combination of any or all of the input bits. This allows the spot color to be placed in
any output color plane (including infrared for testing purposes), black to be merged into
cyan, magenta and yellow (in the case of no black ink in the printhead), and tag dot
data to be placed in a visible plane. An output for fixative can readily be generated by
simply combining all of the 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
2G162-8G




mul ti pl exor 66 then selects between the foll ow ng 3 outputs based upon 2
bits fromthe state machine: the full 32 bits fromregister B A 32-bit
val ue nmade 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 form
bits O to 15, while the 16 even bits fromregister Bformbits 16-31. A
32-bit value nade up fromthe 16 odd bits of register B (bits 1, 3, 5, 7
etc.) and the 16 bits of register C 2Fhe bits of register Cformbits 0 to
15, while the odd bits fromregister Bformbits 16-13. The state machine
for the DRU can be seen in Table 1. It starts in state 0. It changes state
every 32 Awedsaﬁtmicngesmadiﬁz jalMesk aegsitaghit and Oeactdfantb bitcaleltbat s t he

A0 O o bl AR B SLA"000 2 P o0 (nover 'a;pAaDdsz,t
advance for cycles 1 to 31). Table 1. State machi ne for DRU out put
5, gy creover| aopupyt pomeplhext, o gl Al XERS! abupgt Sk fegyl or o
over| ap 2g¢hdraedtedot BBesa Tood B ch icbRl pReahdPraanizing 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 shift 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 instruct 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 a WriteEnable signal produced by the DRU
state machine 64 via a simple 5-bit counter. The 16 odd bits (bits 1, 3, 5, 7 etc.) from
register(B) 63 are copied to register(C) 65 with the same WriteEnable pulse. A 32-bit
multiplexor 66 then selects between the following 3 outputs based upon 2 bits from the

state machine;

. the full 32 bits from register B

. A 32-bit value made up from the 16 even bits of register A (bits 0, 2, 4, 6 eic.)
and the 16 even bits of register B. The 16 even bits from register A form bits 0 to 15,
while the 16 even bits from register B form bits 16-31.

. A 32-bit value made up from the 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
from register B form bits 16-13.

The state machine for the DRU can 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 (noOveriap = dot advance for cycle
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C contains first overlap 3XC, odd Bl B contains second overlap The margin
unit (MJ) 57, in FIG 5, is responsible for turning advance dot and
advance line signals fromthe dither matrix access unit (DVAU) 48 into
general control signals based on the page nmargins of the current page. It
is also responsible for generating the end of page condition. The MJ keeps
a counter of dot and line across the page. Both are set to O at the

begi nning of the page. The dot counter23 s advanced by 1 each time the MJ
recei ves a dot advance signal fromthe DVAU. Wien the MJ receives a line
advance signal fromthe DVAU, the |line counter is increnented and the dot
count er i 8, #glswOvedap= @ébwl@yél\@ detveivencerfentyclasigodmyl dot val ues are
conpared to the ZGL62-SG 24 margi ns of the page, and appropriate output

dot advance, |ine advance and within margin signals are given based on
these mar 91391%1 gme%yl&%}@m the only substantial nmenory requirenents
for the HCU. In I's seen the line |oader / format unit (LLFU). It
recei ves dot |nforrrat|onfromthe HCU | oads the dots for a given print
line into er—storag eP-p—and—sore—n external

LIl Ul ug Ir\‘)ulll/ UII \J

DRAM 34) ) e PG g red f rintjhead. A

hi gh Ievef@%ref cmg}‘lg nagPprlﬁ VLY nqogﬁ]rﬁ}sgwof its ei?ergal ilnterface is
shown in ELG 9. The input 67 tlo the [LFU js a set of 6 32-bit jwords and a
Dat aVal i d| bi% ,| al | ¥enerfat e® by t h@ HCStaftyestetet put 68 i a set fof 90 bits
representjing-al maximum of 15 prii nt head segnments pf 6 colors, Not| all the
out put bitt nay be, valid, dependl ng oerwiﬁrmmy colors are actdyally used
in the prj ntlh ad. The phy5| Eal pl atenent of firing nozzl ks on tHe pri nt head
referenced abave, nozzlles in tjwo of flset T8 “%p neans that odd and even dots
of the same Toror are for two differ cohfa](:ilg?rst”'e even dots—arje for |ine
L, and thle qdd dotspare [forpline L;2. 'i[I pbn, there is a nunber of

| i nes between the dots of one dolor and toverlgfot sj of another. Siince the 6
color planes flor the sane dot ,ositigin are calculated at one tine by

A contains
Even A, second overlap
2 X 1 3
cven B B contains first
overlap

C contains first
overlap

3 X C,oddB| 1 1

B contains

second overlap

The margin unit (MU) 57, in FIG. 5, is responsible for turning advance dot and
advance line signals from the dither matrix access unit (DMAU) 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
ZG162-SG



the HCU, there is a need to delay the dot data for each of the col or planes
until the same dot is positioned under the appropriate color nozzle The

si ze of each buffer line depends on the width of the printhead. Since a
singl e PEC generates dots for up to 15 printhead segnents, a single odd or
even buffer |line is therefore 15 sets of 640 dots, for a total of 9600
bits (1200 bytes). For exanple, the buffers required for color 6 odd dots
totals al nost 45 KBytes. The entire s@4 of requisite buffers m ght be

provi ded on the PEC chip when nanufacturing techniques are capable.

O herwi se, the buffers for colors 2 onward may be stored in external DRAM
Thi's enabierginshef BrCpags, load \apbiagrigigeoutpitodehadhvinace, dmstcachfaecebemd/veenhzmol or

pIanesrra change in the fu is trivia t he eve ts for
color 1 on YL, ggsqal’fc%meg%?@ﬁjﬁ?eﬁgo? ShesSE i Eethsy eﬁ;ﬁ Iﬁgﬁ&o cppigips r}ﬁ?t dul ar dot
line ZG %amﬁﬁlzﬁelﬁ raqimemegﬁqbrﬂlemﬁj[puffers are needed). In addition,
the 2 half-lines requi red for buffering color 1 odd dots saves substantr al

DRAM bandwi dt h. The various line buffers (on chip and in DRAM need to be

pre-1oaded w th a@iG. (8 ibeked €hd Nige PagRr i /SforPhi RhRATSFUHhalt ickeikas del ean
edges The end of the pa‘?e |50@generat ed automatically by the HCU so it
wi Il havelnforpatigh figgy e HaUA Sltblerdet%@éﬁ givep| psiok lige e amrppmat@:buﬁﬁr N

CESplit (868 ) I i of the
t wo buffers E%ﬁjgﬁéFan%p?fn 9?—31 Clﬁ e@flcan I%ﬁﬁl\? 3%53(?%&%? @hs m%ﬂg%l

Buf f er EForder @qdioetbfoe thaipfisthed. ni diginieseh Hleek cﬂlﬁgﬁﬁi & the Mg FUdRt @rrhOoft he
print head interface (PH ) 32 in and_F.therefore have

i dent i cal 'SEYIHLRUA Eﬁéf(a Tif)%hﬂ‘ﬁnt“ﬁg%%) i@%ﬂi’é}t ?t ’EF’llrIré:q)¥33cﬁf’F§f6éﬁé’lbf t he
two buf f ef§rdssind W’Datté\@eﬂldtlﬂt Wﬁ' deferhfi b?rttH@HO@ *Pﬁé Glgpﬁle@id‘ls ol RIbf JGrd WO
buffers are logically swappe upon récel pt of I ne-sync srgnal from

the PH . BpreReringfaemeximuandl F5 griethewhirgowdts aff6 Galenab Nmraﬂethe outpusbibs buf f er
t he nupbered 73. The

per col or 4 FIG .11 ol or
si ze of eac ﬁe §%P%ﬁ??e&dlqg 0%‘“893{ & orsgﬁ%ﬁéw%gousﬁ%}no%igr té'ﬁ nts at 1280
dots per segnent. The nmenory is accessed 32-bits at a t| rre so t here are
600 addresse f ui,rin 0 b| . t he
even dots ar esrﬁ gc’%ﬁ%ggfg‘r@rgg héefeféﬁég dots Zles Oget%lc F% r §ﬂ%e bfa%‘lfv I
there is Imzyleunusa@aioﬁ"mcz@m(,fmﬂans ﬂfat odd e é@nfd%wedf th@@dineléolﬁﬁﬁﬁ%ﬁﬁs)o itis
| ocat ed a& t he end of each color's sub-buffer. .
ifferent lines. The even dots are for line I, and the odd dots are for line L-2. In

addition, there is a number of lines between the dots of one color and the dots of

another. Since the 6 color planes for the same dot position are calculated at one time by

the HCU, there is a need to delay the dot data for each of the color planes until the same

dot is positioned under the appropriate color nozzle

The size of each buffer line depends on the width of the printhead. Since a
single PEC generates dots for up to 15 printhead segments, a single odd or even buffer
line is therefore 15 sets of 640 dots, for a total of 9600 bits (1200 bytes). For example,
the buffers required for color 6 odd dots totals almost 45 KBytes.

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. It is trivial to keep the even

dots for color 1 on PEC, since everything is printed relative to that particular dot line
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The amount of menory actually used fromeach sub-buffer is directly rel ated
to the nunber of segnents actually addressed by the PEC. For a 15 segnent
printhead there are 1200 bytes of even dots foll owed by 1200 bytes of odd
dots, with no unused space. The nunber of sub-buffers gainfully used is
directly related to the nunber of colors wused in the printhead. The
maxi mum nunber of col ors supported is 6. The addressing decoding circuitry
for each of buffers E and F is such tRat in a given cycle, a single 32-bit
access can be made to all 6 sub-buffers - either a read from all 6 or a

wite to one of the 6. Only one bit of the 32-bits read fromeach col or
buf fer i @osadditeradl lineobufters areaneaskeds dutgsiditioni tthe 2Thalf-Enesc swwired fehown i n

FIG 11. bits of ,address allow,the..readi of .a.particular bit by neans
of 10- bi tél%gefrmgd%o(ri%rs% &eal ﬁ%ts aeRy ° bgpagg?le@%‘@g Wg’fc{%@ndhﬁ B ot addr ess
choose 1-buffer (@nchipese i3 DREM)GRedltd be Prdloadeth wiil allb@s BPorOthbWakeis share
this logic, a single 15-bit address gives a total of 6 bits out, one bit

per col optintechatthat it hagelear edess.t Thergd o the page sngenpyalademteipatically e tha o al | ow
a single ﬁé’[pif)titwﬁ?h%.éaez{}leed%.i tten to a particular color buffer in a

gi ven cyc he 1 ndrvi dua i teEnabl es are generated by ANDi ng the
single WiteEnable input with the decoded formof ColorSelect. The 32-bits
of Datain on |InndGrE0 mrsecrshbloell diagrans éordfolyr NreESplitf(er Oasplit 7lhof TAG] y cl ock

the data in. dr.es eneration.f readi ng from buf S, nd, F is

strai ghtf%)r\% ﬂ’.e_@é%h‘ga%r?‘&]l rﬁ%q]?e%é?%g‘”%i"ﬁf?‘?m i(ﬂﬂdgésp; 1?&6\‘?%@' 3’5%@ %o fetch
6 bits reiugganFiy o Md 1 REBuFS OF isf Dol P@Tdrbs HeBlank0 iR Hans@WiRddi NY
640 to the current bit address, we advance to the next segnent's

equi val endatgén thevprinibendsn@ripee (PIIDER) insFits e 3t HBuffets Famdl Evherefdot bawr e
separ at ed. ;i1 fer t hi s NunBegment i NEes retrieve the data
repr esentleﬁlé;m%lpgmgc\lg'lﬂzlar fclgdthu}s[%,ﬁ & g%dpl{g?egﬁ%lggo? atglm?soefs%oltt%’ S Sg‘glheet UHSR Ehn

NunBegnmentvitten tol bhilt ke ottieibierbetfy fbd Sros 9Be (WS byfrérs Rird Fogicallpewapgdess i s
then repeated for the odd dots. This entire even/odd bit_generation

process | @Npeapte thabng-pypesignah tpaniba £illg Botbbulies £ anddirre compasad t i ne.
Thus al | b i8S & Subl-b f oLl tR Hb6nFhlFpGn th I ' by
the print ea(Sle?n 64(S)’ x%ﬁ xﬁlﬁgﬁr‘%egneﬁ’t S cyglrlels. gﬁeﬂ’&eﬁ%gg{rrleﬁ?%méﬁ%g, t he
nurber of neyisires73. STHOSIZ06 cayic bbsbutiiotie24(0ctytesperangh esBoldfl Stshgmentsriner  of
g;)l:lo(ras ( Oﬁ]?&t(}?c&clt%/ pgrrsfe%n{e?lt.t t}ﬁe %‘[én?&? & gécegsegl3t2§bi%r§ ‘Eu%g,u s(,:(? elrenarae (%loven read

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 actually used from each sub-buffer is directly related to the

number of segments actually addressed by the PEC. For a 15 segment printhead there

are 1200 bytes of even dots followed by 1200 bytes of odd dots, with no unused space.

The number of sub-buffers gainfully used is directly related to the number of colors

used in the printhead. The maximum number of colors supported is 6.

The addressing decoding circuitry for each of buffers E and F is such that in a
given cycle, a single 32-bit access can be made to all 6 sub-buffers - either a read from
all 6 or a write to one of the 6. Only one bit of the 32-bits read from each color buffer
is selected, for a total of 6 output bits. The process is shown in FIG., 11. 15 bits of
address allow the reading of a particular bit by means of 10-bits of address being used

to select 32 bits, and 5-bits of address choose 1-bit from those 32. Since all color sub-
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each color's buffer). In addition, we generate the TWiteEnable control
signal for witing to the 90- bit Transfer register 90 in FIG 9. Since the
LLFU starts before the PH, we nmust transfer the first value before the
Advance pulse fromthe PHI . W nust al so generate the next value in

readi ness for the first Advance pulse. The solution is to transfer the
first value to the Transfer register after NunSegnents cycles, and then to
stall NunBegnents cycles later, waitpgg for the Advance pulse to start the
next NunBSegnents cycle group. Once the first Advance pul se arrives, the
LLFU is synchronized to the PHI. The read process for a single dotline is
shown i n buféers shdrehin dpgis eusloglodé:bit &idrdssfgives3GoRil oDONERE Mt ore BARSE

D e

Xf er sReney g He NHRQY B PartiBWaN\88lor WYERF irT af BRI The Individdil
TWiteEnable = ;V\ant ToXfer AND NOT DoneFirst) PHI: ADVANCE DoneFirst =
DoneFi r st WaiteEnables arngasiceatet by ANDipg themangle WirBngbonpmvwith dendsispded

' = SV | hi f i = 6 bi
From ERSel CB(RSATRITFar e o PR A 7R3 St BT abEhEi m o -

Xf er sRemawill svgnallykldokdhé data in.

Address generation for reading from buffers E and F is straightforward. Each
cycle generates a bit address that is used to fetch 6 bits representing 1-bit per color for a
particular segment. By adding 640 to the current bit address, we advance to the next
segment’s equivalent dot. We add 640 (not 1280) since the odd and even dots are
separated in the buffer. We do this NumSegments times to rctrieve the data
representing the even dots, and transfer those bits to the PHI. When NumSegments =
15, the number 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 times, incrementing the start
address each time. Thus all dot values are transferred to the PHI in the order required
by the printhead in 640 x 2 x NumSegments cycles. When NumSegments = 15, the
number of cycles is 19,200 cycles. Note that regardless of the number of colors
actually used in the printhead, 6 bits are produced in a given read cycle (one bit from

each color’s buffer).

In addition, we generate the TWriteEnable control signal for writing to the 90-
bit Transfer register 90 in FIG. 9. Since the LLFU starts before the PHI, we must
transfer the first value before the Advance pulse from the PHI. We must also generate
the next value in readiness for the first Advance pulse. The solution is to transfer the
first value to the Tranmsfer register after NumSegments cycles, and then to stall
NumSegments cycles later, waiting for the Advance pulse to start the next
NumSegments cycle group. Once the first Advance pulse arrives, the LLFU is
synchronized to the PHI,

The read process for a single dotline is shown in the following pseudocode:
Z2G162-8G




Until (TWiteEnable) EndFor Wait until BufferEF Wite process has finished
EFSense = NOT (EFSense) Wiile read process is transferring data fromE or F
tothe PHI, a wite process is preparing the next dot-line in the other
buffer. The data being witten to E or Fis color | data generated by the
HCU, and color 2-6 data frombuffer D (supplied fromDRAM. Color | data
is witten to EF whenever the ZG 162-SG 28 HCU s QutputVvalid flag is set,
and color 2-6 data is witten during @vher tines from register C. Buffer
OCEl1 81 in FIG 9 is a 32-bit register used to hold a single HCU generated
set of contiguous 32 dots for color 1. Wile the dots are contiguous on

t he page, Domadistid FdddL even dots are printed at different tinmes. Buffer AB

82 is a b ffer mechani sm f or del ayi ng odd dot data for color 1 by
2 dotli ng?m% s%ﬁigﬁd B therefore have identical structures. During the
processi NEor DéthiBekmaft06! ¢ @ptx9 one of the two buffers is read fromand then

witten to. The two buffers are |ogically swapped after the entire dot
line has been ¥Bedadeemen0biihgF® bit flag ABSense determni nes which of the

two buffers are reaémf“&m%ﬁfl%érﬁén%ﬂ%& Pﬂsﬁgp‘ﬁgﬂs%ﬁ%gaﬁ@ﬁz' bits of color

1 data whenever the output va con is every 32
cycles after thedlfirst flag has been sent for the line. The 32 bits define
a contiguous Zﬁ%? of 32 dots for a single dot line - 16 even dots (bits O,

2, 4 etc.), ISR MAIRIng otNupPRAmMENts "3 5 etc.). The output valid control
flag is used ag,a WiteEnable control for the OEl register 81. W process
the HCU data every 2 CQutputValid signals. The 16 even bits of HCU color 1
data are conbi ned wvahtTolder-6(Xfews®enining of 0) egi ster OE1 to nake 32-bits of

even color | data. S mlarly, the bi t f caolor 1 data _are
conmbined with the lgt‘%ﬂfnﬁﬁés of r(é}sﬁpgl?’gﬁferaz‘ﬁ}@ r‘r&&i— B%O%FErét?of Bdd col or
| data. Umgnpapscewgt: of the first QutputValid signal of the group of two,

we read buffer AB to transfer the odd data to color 1, 73 in FIG 11 within
buffer EF. Upon r eld@iehirsigt DopeFise OFndWalieknablzal i d signal of the group of

two, we wite the gup— wantToXfer AND (NOT TWriteEnable)
SWriteEnable = NOT(Stall)
If (SWriteEnable)
Shiit Register = Fetch 6 bits from EFSense{ReadBuffer]:CurrAdr
CurrAdr = CurrAdr + 640
XfersRemaining = XfersRemaining - 1
EndIf
Until (TWriteEnable)
EndFor
Wait until BufferEF Write process has finished
EFSense = NOT (EFSense)

While read process is transferring data from E or F to the PHI, a write process is

preparing the next dot-line in the other buffer.

The data being written to E or F is color 1 data generated by the HCU, and color 2-6
data from buffer D (supplied from DRAM). Color 1 data is written to EF whenever the
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32-bits of odd data to the sane location in buffer AB that we read from
previously, and we wite the 32-bits of even data to color I within buffer
EF. The HCU provides 32 bits of data per col or plane whenever the
QutputValid control flag is set. This occurs every 32 cycles except during
certain startup times. 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.). ZGl62-SG 29 Wil @8ouffer CEL1 (83 in FIG 10) is used
to store a single 32-bit value for color 1, buffers OE2 to CE6 are used to
store a single 32-bit value for colors 2 to 6 respectively. Just as the
data for Héllos OutpwVehd iflagiinse, ARl eilos216ente sentiitay duethpthgr Gows diois and
32-bits &gﬂ#%§§nting color 1 even dots every 64 cycles (once every two
CutputVaI|§ ‘Tags), the remaining color planes are also split into even
and odd dots. However, instead of being witten directly to buffer EF, the

dot data } . nu .of .lines,.a i S. Wi out t M vi a
buf f er CD13 ?@gre(%)ﬁyélq(ﬁ? )%(? Q%ﬁ%'%ftﬁ%gmaro?sg dF%Bglg agq’ll%%hr’?jrqi%enﬁ'wéecﬁie’l Pten to
DRAM  t hecdinigaoliso32 dotp fa\tolvtd . | White efelotLad cBﬁt@gfbumﬁMeﬁﬁﬁe,%é b@Bnd O
buffer EF (71,72). This process nust be done interleaved wwth the process
writing cefeddofs %Iﬁpﬁﬁqefléfdlﬁ?!’eﬂfiv@ﬁ? time an QutputValid flag is received
fromthe HCU on line 85 in FIG 10, the 32-bits of color N data are
witten t r . V; \al | t i ned
64- bi t vallgldgu{ éﬁmﬁzﬂéltﬂ edﬁﬁ?])g bél 0 %{d Igﬁ%ﬁgir@ HINQf'ggl)%M?r?Pg dhg%g% EOSI' @ﬁrgar al | el
for all 2dbtimepl BnHers A end BohaefoBuhdveridentic8bstrucom¢sai DeringOths praesdings4- bi t s

(320 bytes) to nabl e th ots for. two complete ments to st or ed.
This all o&‘;aim%’%ﬁﬁ’g% é’neédﬁ%}ﬁ’o é&ﬁ%ﬁsdﬁ if%‘aﬁ‘ngf’??e“@;%g& Vg4ten 1908 es) for
the previ puffers 8@NBEIkaly Sadrbed RftbMthe RAGrealM IAY BRs BRhDrodeRsdde AVsinbleafi: out to
DRAM Address generation for witing is straightforward. The

Col or NW i ﬂé@ﬁﬁgqf@e detgrainesowhich 9é g twoduliersane esad fipnsandbowtitteragt put Val i d
flag. The address starts at 0, and increnents every second QutputValid
flag unti] 39. Instead of advancing to 40, the address is reset to 0, thus
provi di ngTehBCUprignides Berbita of ﬁ@ogb%@tﬁéwhenﬁveg thppewpuiswlil spgradlaghe seteadi ng
does not r; i i preVi .
seqnent” s ids Subivph bifes St Kb The hlhocnd Rnd IR LTRE BB o ¢
si ngl e sedpfertd ®ndgtaus sthel I datef a sngdbdenlinn- 1dhevenaloio@®itn g, 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 81. We process the HCU data every 2
OutputValid signals. The 16 even bits of HCU color 1 data are combined with the 16
even bits of register OE,; to make 32-bits of even color 1 data. Similarly, the 16 odd
bits of HCU color 1 data are combined with the 16 odd bits of register OE; to make 32-
bits of odd color 1 data. Upon receipt of the first OQutputValid signal of the group of
two, we read buffer AB to transfer the odd data to color 1, 73 in FIG. 11 within buffer
EF. Upon receipt of the second OutputValid signal of the group of two, we write the
32-bits of odd data to the same location in buffer AB that we read from previously, and

we write the 32-bits of even data to color 1 within buffer EF.

The HCU provides 32 bits of data per color plane whenever the QutputValid control
flag is set. This occurs every 32 cycles except during certain startup times. 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.).
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pseudocode: adr=0 firstEncountered = 0 Wiile (NOT AdvanceLine) If

(HCU Qut putValid) AND (firstEncountered)) ZGl62-SG 30 Col orNWiteEnable =
TRUE ColorNAdr = adr If (adr == 39) adr = 0 Else adr = adr + 1 Endlf Else
Col orNWiteEnable = FALSE Endlf If (HCU QutputValid) firstEncountered =
NOT(firstEncountered) Endlf EndwWile Address generation for reading is
trickier, since it is tied to the timng for DRAM access (both readi ng and
witing), buffer EF access, and theref2@ e color | generation. It is nore
fully explai ned bel ow. Address generation for buffers C, D, E, F, and
colorN are all tied to the timn of DRAM access, and nust not interfere
wi t h col oWhilepgrgtee $8Ein@3vintiHGr ebdrid sisedbtchstbfeea single 3gabit FalugHer balsi ¢,

i nci pl e the. dara f i ngl t of col i ther, odd or
Bven: dot spuifert P 16 PR AR Reh 80 B SRR R T T e B St L feRbd bty " Cnce
the data Jusass thedatarfoncblby Din SPRAMLG BDSRS eptGeig doi 1asRU AR 0pitd he

values in ColorBufferN. This is done for each of the colors in odd and
even dot sCPEStEELole dngieatdotssaghedt cxcleidpnee orrdBYsOntpat Validufagshtla (20

sets of Génﬁerﬁhg 8dlor f_)lgﬁ'&. H08iso 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 OutputValid 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
scgment 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 generate a single segment’s data. The process is shown in the following

pseudocode:

Cadr=0
firstEncountered = 0
While (NOT AdvanceLine)

If (HCU_OutputValid) AND (firstEncountered))
ZG162-SG




process begins again. Once the data for all segnments in a given printline
has been transferred fromand to DRAM the current address for that
color's DRAM buffer is advanced so that it will be the appropriate nunber
of lines until the particular data for ZG 162-SG 31 the color's line is
read back fromDRAM In this respect then, the DRAM acts as a form of

FI FO. Consequently color N (either odd or even) is read fromDRAMIinto
buffer D while copying color N (sanme @&@dd/ even sense) to buffer C. The
copying of data to buffer C. takes 20 or 21 cycl es dependi ng on whet her
the QutputValid flag occurs during the 20 transfers. Once both tasks have
finished (typically the ORaNNWatekmables TRUFe t he sl ower task), the second
part of the process begi@%bﬂ&%@rg%éﬁ in buffer Cis witten to DRAM (the
sane | ocations as were jus& read) "and the data in buffer Dis copied to
buffer EF (again, no col@fadi=eed® is transferred to buffer EF while the
QutputValid flag is set since color | data is being transferred). Wen both
tasks have finished the sané“bfﬂ%ess occurs for the other sense of color N
(either odd or even), apd.then for each of the remaining colors. The
entire doubl e process happens 10 tines. The addresses for each of the
current lines in DRAM are thenreqdat-eld for the next line's processing to
begin. In terns of band2$qh , the DRAM access for dot data buffers consunes
the great mpjority of B M access from PEC. For each print line we
read an entiregdet line for colors 2-6, and wite an entire dot |ine for
colors 2-6. For the maxi numof 15 segnents this equates to 2 x 5 x 15 x
1280 bits = 192, 000CHiorNWeRelrable HFABSE per print line. For the fastest
printing systegﬂigo,ooo | i nes per second) this equates to 687 WMB/sec. For
1 page per secon& printing the bandwi dth required is 312 MB/sec. Since the
bandwi dt h is s@HCGhOumevaedr esses of the various half-lines for each
color in DRAM should be optinized for the nenory type being used. In an
RDRAM nemory  syst eistigcomiensp FNOT Hasiapquotered) " hal f-1ine buffer is
aligned for eaghygolor to a 1 KByte boundary to maxim ze page-hits on DRAM
access. As the various segnents are processed it is necessary to ensure
that if tihelWhidet of the next segnent was going to be aligned at byte 960
wi thin the 1KByte page, then the 640-bit access would span 2 pages.
Therefore the variabl e DRAMVaxVal is used to check for this case, and if it

Address generation for reading is trickier, since it is tied to the timing for
DRAM access (both reading and writing), buffer EF access, and therefore color 1

generation. It is more fully explained below.

Address generation for buffers C, D, E, F, and colorN are all tied to the timing
of DRAM access, and must not interfere with color 1 processing with regards to buffers
E and F. The basic principle is that the data for a single segment of color N (either odd
or even dots) is transferred from the DRAM to buffer EF via buffer CD. Once the data
has been read from DRAM those dots are replaced based on the values in
ColorBufferN. This is done for each of the colors in odd and even dots. After a
complete segment’s worth of dots has accumulated (20 sets of 64 cycles), then the
process begins again. Once the data for all segments in a given printline has been
transferred from and to DRAM, the current address for that color’s DRAM buffer is
advanced so that it will be the appropriate number of lines until the particular data for
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occurs, the address is rounded up for the next half-line buffer to be
page-al i gned. Consequently the only waste is 64 bytes per 13 segnents, but
have the advantage of the 640-bit access conpletely within a single page.
ZG 162- SG 32 The address generation process can be consi dered as
NunSegnents worth of 10 sets of. 20 x 32-bit reads followed by 20 x 32-bit
wites, and it can be seen in the follow ng pseudocode: EFStartAdr = 0 Do
NunSegnments times: For CurrColor = 0 t3d MaxHal f Col ors DRAMSt art Address =
Col or Curr Adr[ CurrCol or] Wiile reading 640 bits from DRAVSt art Address into
D(>= 20 cycles) ColorNAdr = 0 Wile (ColorNAdr 1= 20) If (NOT

HCU_Qut puthgatolatjs meaissead bad oNBORAM.[ Ooltds NAgedt Goer, God DRANtB]s d4soa C

Col or NAdg]. Co dr. = Col or NAdr_+ 1.. Endjf EndWiile .EndWj -, wait
t[Jnt i ?)r r eangﬁla%tl ‘?ﬁ?ﬁs E;QBSW?I(#& Bﬂ(j'i[’rt Nn(élﬂé‘%fg) ' ?rsg‘fep #ﬁ fead E{Oé‘n W Addr ess
(>=20 cycbefr DGty ddHng=cdlorERAGIME oBlSha deAst) to Witk C( CPhOE b 20) If
(NOT HCU_Qut put Val id) Transfer D] Col orNAdr] to EF[ CurrCol orl E _di@[f
( ( Col or Nagi#ta te bpgfer ANBkeedPraol b eyaigmtenendioe oms yhetbpsther Ouant Valid + 1

occurs during the 20 transfers. Once both tasks have finished (typically the DRAM
access will be the slower task), the second part of the process begins. The data in
buffer C is written to DRAM (the same locations as were just read) and the data in
buifer D is copied to buffer EI' (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 10 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
MB/sec. For 1 page per second printing the bandwidth required is 312 MB/sec. Since
the bandwidth is so high, the addresses of the various half-lines for each color in
DRAM should be optimized for the memory type being used. In an RDRAM memory
system for example, the very first half-line buffer is aligned for each color to a 1KByte
boundary to maximize page-hits on DRAM access. As the various segments are
processed it is necessary to ensure that if the start of the next segment was going to be
aligned at byte 960 within the 1KByte page, then the 640-bit access would span 2
pages. Therefore the variable DRAMMaxVal is used to check for this case, and if it
occurs, the address is rounded up for the next half-line buffer to be page-aligned.
Consequently the only waste is 64 bytes per 13 segments, but have the advantage of the

640-bit access completely within a single page.
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El se EFAdr = EFAdr + 1 Endlf ZG 162-SG 33 Col orNAdr = Col orNAdr + 1 Endl f
EndWhile EndWile - wait until wite has finished If (DRAMSt art Address ==
DRAMVaxVal) Col orCurrAdr[currColorl = round up DRAMSt art Address to next 1
KByt e page Else Col orCurrAdr[currColor] = DRAMStartAddress + 640 bits
Endl f If (Segnent == nmaxSegnents) I|If (Col orCurrRow CurrColor] =

Col or MaxRow Curr Col or]) Col orCurr Row currCol or] = Col or St art Row curr Col or]
Col orCurrAdr[currColor] = ColorStart Ade[currColor] Else

ColorStart Row currColor] = ColorCurrRowcurrColor] + 1 Endlf Endlf EndFor
EndDo Wait until next Advance signal from PH Note that the MaxHal f Col ors
regi ster i s on&h¢ akkessiganeratien prondse cambe consotesed as NireSagsrents voutth afid even

colors treated sepayfat.ely, not, i nel ugi caolor 1. For exanple, in
terns of %F?%Pgr@agézg’lkf)%g? ?‘%ﬁqvﬁtdl %aﬁy%g%%ﬂt‘ﬁ’épé %ﬂ%e“f(?n(b@o?eﬁ?én e i n odd
and even) gR0shSeMibeas.f Col ors shoul d be set to 9. The LLFU requires
2NunSegnents cycles to prepare the first 180 bits of data

EFStartAdr =0
Do NumSegments times:
For CurrColor = 0 to MaxHalfColors
DRAMStartAddress = ColorCurr Adr[CurrColor]
While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr =0
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 != 20)
If (NOT HCU_OutputValid)
Transfer D[ColorNAdr] to EF[CurrColor|[EFAdr}
If ((ColorNAdr == 19) AND (CurrColor =
NumHalfColors))
EFStartAdr = EFAdr + 1
Else
EFAdr =EFAdr + 1
EndIf
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for the printhead interface (PH') 32. Consequently the printhead should be
started and ZG 162-S G 34 the first LineSync pul se nmust occur this period
of time after the LLFU has started. This allows the initial Transfer val ue
to be valid and the next 90-bit value to be ready to be |oaded into the
Transfer register. The printhead interface (PH') 32 is the neans by which
the processor |oads the printhead with the dots to be printed, and
controls the actual dot printing process. It takes input fromthe LLFU and
outputs data to the printhead itself The PH is capable of dealing with a
variety of printhead | engths and formats. In terns of broad operating
custom zations, the PH is Qudervetrer CalodNAdcbidi ng to Tabl e 33: Table 33.
Basic printing paraneterﬁ @@netbscriptionRange MaxCol orsNo of Colors in
print headl-6 No of segne M witten to per transfer. Is equal to
Segnent sPer Xf ert he nurmh@wiife segnents in the | argest segnen 1-8 group
Segnment G oupsNo of segment groups_in printheadl-2 The internal structure of
the PH allows for HodWkilemiiabfungl wetedies finghedgnent s per transfer, and a

maxi num of 2 segnen @@HH i '§=Eﬁ{§ﬂﬁh for a 15 segnent (8.5
inch) printer capab égo p??ﬁgpg%m 4/ Cetter %ﬁvﬁlnl bl eed. Multiple PECs
can be connected togéldi@Cutddpfcatdolriv=dsnng nipn DR AAESREARISERS Yo nERE

pri nt head terface (PH') contains: a LineSyneGen unit (LSGJ), which
provi des %@ﬂ P38F zati on signals for nultiple PEC chips (allows
si de-by-side printipgeand front/back printing) as well as stepper notors.
a Menet interface (M), which transfers data to the Menjet printhead. In
FIG 12 is seen the i fiodor@atrAsifcuncCalog] @ DRAMSSariAdkiresad 6dbisf ace (PH ) 32.
In the PH there aé&ﬂ%mo LSGJs 89,90. The first LSGU 90 produces LineSyncO
(LSO, which is

If (Segment == maxSegments)

If (ColorCurrRow{CurrColor] == ColorMaxRow[CurrColot])
ColorCurrRow[currColor] = ColorStartRow[currColor]}
ColorCurrAdr[currColor] = ColorStartAdr[currColor]

Else '
ColorStartRow[currColor] = ColorCurrRowjcurrColor] - 1

EndIf

EndIf
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 treated separately, but not including color 1. For
example, in terms of a standard 6 color printing system there are 10 (colors 2-6 in odd

and even), and so MaxHalfColors should be set to 9.

The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data
for the printhead interface (PHI) 32. Consequently the printhead should be started and
26162-5G




used to control the Memet Interface (MJl) in all synchronized chips. The
second ZGl62-SG 35 LSGAJ 89 produces LineSyncl (LSI) which is used to pul se
t he paper drive stepper notor. A Master/Slave pin on the chip at 91 all ows
multiple chips to be connected together for side-by-side printing,
front/back printing etc. via a Master/ Sl ave rel ati onship. Wen the

Master/ Slave pin is attached to VDD, the chip is considered to be the
Master, and LineSync pul ses generate@4by the LineSyneGen unit 90 is
enabl ed onto the two tri-state LineSync comon |ine LineSyncO, shared by

all the chips via two tri-state enables 92. Wen the Master/Slave pinis
attached the fepdinehyac phlsp must eesns thifepestpdtod tive aftve thel [AVRA] hasgtartddi TSy nc

pul ses ge . the t in ncGen its 0, are t enabled onto
t he comm%fj{v?stntglgﬁlﬁéall ilqrr‘f 3“"5{\.‘9’@1’&#‘1? %S%e ‘6@@ anﬁﬁhe N)Eg?)g ?DIEW}IBG E’Olﬁ T8 Ll’gbepul ses
are usedloageddihto BETBaRrEr aédistthe connected chips. The LineSyncGen units

(LS@J) 89,90 are responsible for generating the synchronization pul ses

required for prjntin page. Each LSGJ produces an external _LineSync
Signal to enabfee PriFEeas ARSI ok A HEWePArGrCh theiraeseeios leadsithe

| t i | W0} |
gener at eSp@n il lJAeHHR ErPlibts §o WO %ﬁnﬁeﬁ, d gonélg)?sl hhg?&ﬁﬁ‘g Hgt{"%@%{ﬁ%g%'prtﬁ LsfBiRy Cycles

until told to stop. The LineSync puls e next |ine.
The exact takemipput fodm thyCLEY abé owpats dataneShe pripthesbiselfs ThetRiHIns ngghbhy t he

Cycl esBet nPul ses reqgister,. on er generator. It nust, be at |east |ong
enough oo S 4 RSOt S AR s DRRRRAt. Hlors pobigad Beeitn be

| onger asciemhibatbnk BE PEX &9 iirAnetb9zdGeOTARGas TaBlReG8! @l  requirenments of
paper transport circuitry). If the Cycl esBétweenPul ses register is set to
a nunber less than a line print tine, the page will not print properly

si nce eac i .se will arrive before the particular Iine has
finished E??lh??'ﬁgixﬁgﬂgﬂbggPgl\;\%ﬂr]]%tefsnt erface registers are contained in the

LSGJ. Table 34. LineSyneGen Unit registers Register NameDescription
Cycl esBetweenRul seshe pnunber of—cycles to wait between generating one
Li neSync [pul seVHRE t he [next . GoCont r Blescriptitther t he |.SQU i|Rangejent | y
gener at i M&IGESync No of Colors in printhead 1-6
SegmentsPerXfer | No of segments written to per transfer. Is equal toj 1-8
the number of segments in the largest segment]
group

SegmentGroups | No of segment groups in printhead 1-2

The internal structure of the PHI allows for a maximum of 6 colors, 8 segments per
transfer, and a maximum of 2 segment groups. This is sufficient for a 15 segment (8.5
inch) printer capable of printing A4/Letter at full bleed. Multiple PECs can be
connected together to produce wider prints as necessary.

The printhead interface (PHI) contains:

. a LineSyncGen unit (LSGU), which provides synchronization signals for
multiple PEC chips (allows side-by-side printing and front/back printing) as well as
stepper motors.

. a Memjet interface (MJI), which transfers data to the Memjet printhead.

In FIG. 12 is seen the internal structure of the printhead interface (PHI) 32. In the PHI
there are two LSGUs 89,90. The first LSGU 90 produces LineSync0 (LS0), which is
used to control the Memjet Interface (MJI) in all synchronized chips. The second
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ulses or not. wite of 1 to this register generates a LineSync pul se,
transfers Cycl esBet weenPul ses to Cycl esRenai ning, and starts the ZG 162- SG
36 countdown. Wen Cycl esRenmi ning hits 0, another LineSync pulse is
generated, Cycl esBetweenPulses is transferred to Cycl esRenmaining and the
countdown is started again. wite of O to this register stops the countdown
and no nore ineSync pul ses are generated. Cycl esRenai ni ngstatus register
contai ning the nunber of cycles remai®36ng until he next LineSync pulse is
generated. The -LineSync pulse is not used directly fromthe LGSU. The

Li neSyncO pulse is enabled onto a tri-state LineSyncOline 97 only if the
Mast er/ Sl hggUpB‘?\ peaduges LimeSwiclt@.S1vmdiicdy is God de gubsatthe papee driveeBpper pul se
is only useg%in the formas generated by the Master PEC (pul ses generated
by Sl ave PEEE are ignored). The Menjet interface (M) 93 transfers data to

the Menj eA Madted1eadpiatonHe ctapdt 9EAllSys thbikipMdNigitoibaleBhiR&d tWReReriier St art
printing the next line of data, It is also used to enable feedback froma

speci fi edsideginsisle. primingpEapidiack nrinting st o p ester/Slave telatignshap.bIEhenor

control li $1Ld its . .n e i firi rofil

o ogr ammen AT DR SEMERER 18 Vi, e 988 Synplleled He ARG 0 s
state neCineSend hddes ioehdrarag by e Ipin?Sgtd&Gad uhilwdiim%qlamedemtcﬂ%s eWb lﬁﬁ‘»dtlai:en g
Secti on .1, and it i nglude functionality faor a preheat cycle and a
cl eani ngjﬁﬂ?ﬂs}é@c W%nﬁﬁ? %“‘_F’gim adHred By 6]11?}%‘3“%? 9B e Hi-sigif SHBERIT (see
bel ow) . Thgeie MAREFSHRE Bin 90RadHRE 1 G@,Hﬁ@@m&{@ IO RieR ©%heQhe 148! 2
sources: Al 1s. This neans that all nozzles [l fire during a subsequent
Print cycirs LianBynd gulsdsegestateddrydtheawioakinsByrfcticn lunid i8R0t dre npt emdbieelad for a

preheat or_.cl.eaning cycle. -rom it he. 90-bit jnput held.in, the Transfer

regi ster %rftotﬂﬁeecq_rﬁlgf’f)fﬁ?rsgn? En‘fsheltn tglsa‘ﬁﬂ"a}]&e %gtﬁgdl}? S lflgﬁﬁ“ﬁd’“lﬁ‘?s fffage. In
a first tLﬁgaa@j(gn,PHIanfaj]mgcdﬂ,ﬁeaéd@higg_e sent to the printhead, and in a
second transfer, the last 42 bits are sent to the printhead with the top 6

bits 0. Chee hineSyeGent winffsydLBEEN $8:90, ase 1raspensiblely &orc egenemsting othepul se i s
sent to tg}%chronization pulses required for printing a page. Each LSGU produces an external

LineSync signal to enable line synchronization. A generator inside the LGSU
generates a LineSync pulse when told to ‘go’, and then every so many cycles until told
to stop. The LineSync puise defines the start of the next line. The exact number of
cycles between LineSync pulses is determined by the CyclesBetweenPulses register,
one per generator. It must be at least long enough to allow one line to print and another
line to load, but can be longer as desired (for example, to accommodate special
requirements of paper transport circuitry). If the CyclesBetweenPulses register is set to
a number less than a line print time, the page will not print properly since each
LineSync pulse will arrive before the particular line has finished printing.

The following interface registers are contained in the LSGU:

Table 34. LineSyncGen Unit registers

Register Name Description
CyclesBetweenPulses [The number of cycles to wait between generating one LineSync
pulse and the next.
Go Controls whether the LSGU is currently generating LineSync
pulses or not.
A write of 1 to this register generates a LineSync pulse, transfers
CyclesBetweenPulses to CyclesRemaining, and starts the
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LLFU. The MJI knows how many lines it has to print for the page. Wen the
Ml is told to "go', it waits for a LineSync pul se before it starts the
first line (via an NPSync pulse to the printhead). Once it has finished

| oadi ng/printing a line, it waits until the next ZG 162-SG 37 LineSync

pul se before starting the next line. The MIl stops once the specified
nunber of |ines has been | oaded/printed, and ignores any further LineSync
pul ses. The MIl is therefore directlggconnected to the LLFU 31 (see FIG 3
and 4) at 96, LineSyncO at 97 (shared between all synchronized chips), and
the external Menjet printhead 95. The Ml accepts 90 bits of data fromthe
LLFU. O fthese 90 bits, wmoiydowe Bihea CyclesRymeainingi it 0p ahtwben dndeSyngf
segnents jland nunber of cphlies isv gdnelagedy aliydlesTheedPulses St @ansfopeti does
not care which bits are @lcleaRaﬂgi i@ i é@nﬁfo@mﬂ@&taﬁ@dhgiun it nmereljy
passes the bits out to tDevRfk BEReRdhisT AWt Aops HeScoRRMoGAMHICho Shgal S
com ng out of the M aL%é@yﬁ@ﬂulE&zﬁ@Eer[&ﬁ@djts of the Chl p as descrl bed
below. T N TUTTE 1 e ILII IL,I tdizng a
maxi mum yt‘)j&{ é@?@g %ﬁtaﬁl&'{‘r&ﬁigefé TEX gtﬁ% 8‘1‘““% g CPF% F§élﬂ%l r 1f er to
a maxi mn-ef—2 segrent L Line mcapuiwllsg gheratedy "‘"‘"‘"“é‘-GI—I—Oﬂ-S——W—t—h—-the

[

sense of i nput and out put vmth respect to the I\/R The nanmes correspond to
the pin c dak!

Connect i on tetll #887 g1 aRisRt IREE B9 Bo Toaoure ST T8k iy

r egl ster cliabbdgnmastri&tale Di{eSyird08lx@u®p olyt i6 ﬂ[éll\/mhtlef/SIalveq)lmateQI ofsesagnment s

Do Do shi MEER ot bighudsfty e Pilebind St S heed S0 im o Lo riind PY oy ot er

of segrrenmsterFE HsekBR&HIR W Slzgfe@@(%mré §n6f‘eﬂPSter of segments 0-7 pul se
on SC k[ (ShiftRegisterd ock) |oads the 2] 20current values from D

[0-7], D2fe ¥emjggp@riape (MJI)-93]transB0dat) tathe M@W*ppnthw@ at b andgelnt group
N on t he ﬁ%'ﬂ&tﬁ&?%terface when to start printing the next line of data. It is also used to

enable feedback from a specified segment. The Memjet printhead 95 itself is
responsible for controlling the firing sequence of its nozzles, with firing profiles
programmed via the I*C serial interface 36 in FIG. 3. The MIJI contains a state
machine that follows the printhead loading order described in Section 18.1, and it may
include functionality for a preheat cycle and a cleaning cycle. Dot counts for each
color are also kept by the MJI (see below).

The MIT loads data into the printhead from a choice of 2 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.

. From the 90-bit input held in the Transfer register of the LLFU. This is the
standard means of printing an image. In a first transfer, the first 48 bits are sent to the
printhead, and in a second transfer, the last 42 bits are sent to the printhead with the top
6 bits 0. Once all 90 bits have been sent, a 1-bit ‘Advance’ control pulse is sent to the
LLFU.

The MIJI knows how many lines it has to print for the page. When the MJI is told to
‘g0’ it waits for a LineSync pulse before it starts the first line (via an NPSync pulse to

the printhead). Once it has finished loading/printing a line, it waits until the next
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TenlOParal l el transfer of data fromthe shift registers to he printhead's

I nternal Nozzl eEnable bits. pulse on CCEn[N] ANDed with data on D 1 [n]
CCEn[ 1-2]20enables the sense lines for segnment n in segnment group N of the
print head. PHSensellrinthead Sense (tenperature, voltage, resistive etc)
Reset 10eset the printhead TOTAL 55 The MJI mmintains a count of the nunber
of dots of each color fired fromthe printhead. zG 162-SG 38 The dot count
for each color is a 32-bit value, inddyidually cleared under processor
control. At 32-bits |length, each dot count can hold a maxi mum coverage dot
count of 17 8-inch x 12-inch pages, although in typical usage, the dot
count wi | Linb®yncgadisedredore stagtingsitie afktelinee didte Malgeomr orea lthe- pagidicd Thmbeiot

counts are.used by the processor to updat .chip in ord redi ct
Shen the. T apt ProigBalHETETE ot oo andurtisPdd BB phiGhe b B e o

i nk in t et i@ Edhe@astd BF 1M SPIREFIGE 9hE 8P o, 1SHRPncdRUWM i Ng the

nunber of drops elimnates the need for ink sensors, and prevents the ink

channel s @hyad baiween glldnpchranizeg dbirel aod die eoemel Msmjgtipringread 95t HBreQA chi p

after ea . 2\ Wi | tbe print nl ess,there is enough ink
Yo, andvEREns Do R G Ay Il TR IR B S ERG e Hs GolrentEe
hal f - pri ningdo plg auimberchf s8gatenkeandr @pibentof olde will Ge vhBdl STHREWI§ Batd ayout

of a dot counter, for Color N. All 6 dot counters are preferably identical
in structWpeunerdeesyutt Eumbich hitsas viahd g whiclk bifatare pet wiid 1 gperelle  HOU,

into al ' w4 L - 9 ki . oder 99
0 Do o it Bief old (ERERARAG, e B 11fihnd BRI Qlnibg SuEREOTEr
102. The tbedfhll are wikt€d tonthe pinob® of tleashiisladdeseariimdtbetow.l | ne 103. Loadi ng of the
count er 1 | | ocked b bit on 104, The_ processqQr comruni cates with
the M VLP%F @Fi@ﬁ 2 ek of epREeGags 4 dhs PHNHER: fRguding 2 maximum of 6

colors, clocked in to a maximum of 8 segments per transfer to a maximum of 2 segment

groups. Table 35 lists the connections, with the sense of input and output with respect

to the MJI. The names correspond to the pin connections on the printhead.

Table 35. Memjet Interface Connections

Name #Pins | 1/O Description
D1[0-7] & | O [Output to D1 shift register of segments 0-7
D2[0-7] 8 | O [Output to D1 shift register of segments 0-7
D3]0-7] 8 O [Output to D3 shift register of segments 0-7
D4[0-7] 8 | O |Output to D4 shift register of segments 0-7
D5[0-7] 8 | O |Output to D5 shift register of segments 0-7
D6[0-7] 8 | O [Output to D6 shift register of segments 0-7
SCIk[1-2] 2 | O |A pulse on SCIk[N] (ShiftRegisterClock) loads the
current values from D1]0-7], D2[0-7], D3][0-7],
D4[0-7], D5[0-7] and D6[0-7] into the segment
group N on the printhead.
Ten 1 O [Parallel transfer of data from the shift registers to
the printhead’s internal NozzleEnable bits.
CCEn{1-2j 2 | O |A pulse on CCEn{N] ANDed with data on D1[n]
enables the sense lines for segment n in segment]
group N of the printhead.
PHSense 1 I |Printhead Sense (temperature, voltage, resistivity
etc)
Reset 1 | O |Reset the printhead

TOTAL 55

The MJI maintains a count of the number of dots of each color fired from the printhead.
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processor to paraneterize a print as well as receive feedback about print
progress. The followng registers are contained in the MIl: Table 36.
Menj et interface registers Register NaneDescription rint Parameters
Segnent sPer Xf er The nunber of segnments to wite to each transfer. This al so
equal s the nunber of cycles to wait between each transfer (before
generating the next Advance pul se). Each transfer has MaxCol ors x
Segment sPer Xfer valid bits. Segnment G @d§psThe nunber of segnent groups in
the printhead. This equals the unber of tinmes that SegnentsPer Xfer cycles
must el apse before single dot has been witten to each segnent of the

pri nt head Theidet pguntdfor saghhelon 180 3Rihexalve idivpluetle (cleatadawrsiee praessot he dat

yci oe toCamiTorr 2na B eb A BrRbAT P B GO St et By BB of
processor )7 StiathixTIRidvArfagts, |aﬁh@léh?d%efygic§lt ﬁ’sltagé R AbBE@int WAR SRR Bhdg The

nunber of lines remaining to be printed. Only valid while Go=1. Starting
val ue i s Neptedradter ach pagmes halbwage. o The dit anutisrasResad hy tgherovassoerto of sets

of Segnen sALransf.ers.remai ni.n efore. he Printhead is considered
oaded T oline acnry BP i ohad EPHE0 RS A i drbidh 45RO R R %ﬁ‘?y_ val i d
whi | e Go=procE&ggfkauipstie valumd TR if tEh@kriake SREAENHS GE QRURSs frEABthE in the
current set, o transfers of. 1 dot to each segnent. Starts at Segnent G oups

and count higovirPuptng theawgbey f deppwyelininates-the nesh fosdde gersatsTard Brewents val ue
to place : | Melng : | §&- ly 1 of
the 8 bit gﬁslhlg&}l%!aé %ZI? co?ggrs%o%&gp’ﬁ)gg#gq%%%go ?%gm nmli(](l) Hrr{ﬁjjrr?ﬁSc gnents.
See - after each page. A new page will not be printed unless there is enough ink left, and

allows the user to change the ink without getting a dud half-printed page which must be

reprinted.

In FIG. 13 1s seen the layout of a dot counter for Color N. All 6 dot counters are
preferably identical in structure, The dot counter takes the color N data at 98, from the
HCU, into a 15 line to 4 line encoder 99. The four line output of the encoder 99 is to an
adder 100 and Color N Dot Count 101 outputting a 32 bit count at 102. The counter
101 might be cleared by a bit on line 103. Loading of the counter 101 is clocked by a
bit on 104. |

The processor communicates with the MJI via a register set. The registers allow the
processor to parameterize a print as well as receive feedback about print progress. The
following registers are contained in the MJI:

Table 36. Memjet interface registers

Register Name | Description
Print Parameters
SegmentsPerXfer The number of segments to write to each transfer. This alsol

equals the number of cycles to wait between each transfer (before)
generating the next Advance pulse). Each transfer has MaxColors
x SegmentsPerXfer valid bits,

SegmentGroups The number of segment groups in the printhead. This equals the
number of times that SegmentsPerXfer cycles must elapse before
a single dot has been written to each segment of the printhead.
The MJI does this 1280 times to completely transfer all the datal
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SenseSel ect for how to determ ne which of the segnent groups to sense.
Set Al | Nozzl eslf non-zero, the 48-bit value witten to the printhead during
t he oadDots process is all Is, so that all nozzles will be fired during he
subsequent PrintDots process. This is used during the preheat and cl eaning
cycles. If O, the 48-bit value witten to the printhead cones fromthe LFU.
This is the case during the actual printing of regular inages. ctions
Resetwite to this register resets th&89Vll, stops any |oading or printing
processes, and loads all registers with 0. The MJI also places a pul se on
the RESET line connected to the printhead. SenseSelectwite to this

regi ster With any val ue clfedhslinht thepdbthesd/al id bit o he Status regi $ter,
and the rpumilingsg acti on (lbpansbdeOsf Ldad/Peit brdesd peffadh ngDot s and
Pri nti ngDAchifetiak te Tirk fread bnlQEdE poifl of 16w OF BidesssBHI S are set, the
Feedback tdud S Creared aTh@&\ﬁ&hj@gl_g‘?é}fa%e’ggpaﬂﬁﬁe% . potirstatus—bits are

cl ear, aﬂlﬂ, bits

0. This sPOSE Ry B ot Eéﬁé“@%ﬁﬁ%ﬁ%ﬁ%@goﬂ GG PR BRd ¢ s
.er,

witten to SenseSelect re el se is given on CCEnl or CCEn2, with the
D1 E)i ts set-accarding to W%@H@EM%W:@@OHNS dowddoOhe sense line has
been t est deusierRomainng | [ aveder of sekeolPlagmeadiroups twanefess reamathing befbeedback
bit of the Status regi st elthd Brigthead Gosmbiteredfloddeticdfot Hiescupient &iharSiartd

LoadDot s Print Dots cycl B280 sl ¢ovntsrdvenmcte ). Gntyhvadidwahile Gel.t he fir st

Li neSync [BegGeupdRdn@ighe OfThBHmbeN@$ skii@s @b@sPiehiiffly e dEhcltdie sbebig

| oaded/printed after the eRaER A£G dfdo e EeaRlent JthRERVQERUIGBupsTRR
| oading of each line cons§gkfs QdwrRPHRMIF valid while Go=1.

SenseSegment The 8-bit value to place on the D1 lines during a subsequent
feedback CCEn pulse. Only 1 of the 8 bits should be set,
corresponding to one of the (maximum) 8 segments. See
SenseSelect for how to determine which of the segment groups to
sense.

SetAllNozzles [f non-zero, the 48-bit value written to the printhead during the
[.oadDots process is all Is, so that all nozzles will be fired during
the subsequent PrintDots process. This is used during the preheat
and cleaning cycles.

If 0, the 48-bit value written to the printhead comes from the
LLFU. This is the case during the actual printing of regular
images. '

Actions

Reset A write to this register resets the MJI, stops any loading or printing
processes, and loads all registers with 0. The MJI also places a pulse
on the RESET line connected to the printhead.

SenseSelect 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 both
CCEn lines with all Dn bits 0. This stops any existing feedback.
Depending on the two low-order bits written to SenseSelect register, a
pulse is given on CCEnl or CCEn2 , with the D1 bits set according to
the SenseSegment register. Once the sense line has been tested, the
value is placed in the PHSense 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 Num-
Lines lines are printed, each line being loaded/printed after the receipt
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G oups 48-bit transfers. As each line is printed, LinesRenmaining dec-
rements, and TransfersRenmaining is reloaded with Segnment Goups agai n, and
an NPSync pulse is given to the printhead. The status reg- .ster contains
print status information. Upon conpletion of Nuniines, he |oading/printing
process stops, the Go bit is cleared, and any fur- ther LineSync pul ses are
i gnored. During the final print cycle, nothing is |oaded into the
printhead. wite of O to this bit sto@f the print process, but does not
clear an other registers. ClearCountswite to this register clears the

Col or| Dot Count . Cal or?Dot Count ~ Col or 3Dot Count __Col or 4Dot Count

Col or 5Dot|Count, an Col ®f @0etnchnst pHeeyiTde doading obeach Ine donsats & Segmdnt- or 6
respectiviely are set. neEstiebit krgnsdenar As eachfli® ik psinted, BinksRdmainiedlklack
HSenscead only feedbackeménts, handpTrantfeesBdnmirgen s réloatedt Wigh | kgmelrbupll] se
sent to slegment SenseShg#inind dSNBSIDE Mdl@gﬁ\fenttbﬁhd:p&ﬁib@éakvﬁébﬁhﬁlréi pf the

Status register is set Ist%ogfah@%@waﬁ%%ﬁﬂéﬂbﬁ@ bh EoraPleRén OF NGRE Bk | dot s
sent to the printhead. t&oﬂog&%hhgﬁl ﬂﬁ% 6B1tQQU1@£IleaIfaOm§,r tot s
sent to tlhe print head. d dy?@ il ﬁﬁ)alll? m‘? ycfe] ';fn(%j?ts
sent to the printhead [ 0% i %%‘ 0 bl t_count of col or5 dbts
sent to tihe printhead E'6 ﬁ‘r‘ﬂ@gato Rf{@?‘[cheﬁogﬂtt QS’P“SBFISWG"“HJts

sent to tlhe printhead-f TKﬂgFSQTSQfmuc register is a 16-hit register With
bi t interfpletembns ass ‘Britotesthis rraistes ciars the (CobprdDetCauagi GaleDotCount;
NaneBi t sDescri pti on oaffiolyBReouft, set CotomdDaiouits cuColeniDotChuadi ngendbt s,
with the [number of dot £obwaDniGegnt wgheers ifdisflerlr 2d3,i4 SToatstgesiRadpiar) ng.

If clear,[ the MII is npét Cuiscquintly a vod@iofiQ hdohs effeaif i ngDot s1If set, the M
IS currenfdadbftkl nting dots. IT clear, the MIT Ts not currently printipg
dots. PHSense Read only feedback of the printhead’s sense from the last CCEn pulse
sent to segment SenseSegment. Is only valid if the FeedbackValid bit
of the Status register is set.

Color1DotCount  [Read only 32-bit count of color] dots sent to the printhead.
Color2DotCount  [Read only 32-bit count of color2 dots sent to the printhead.
Color3DotCount  [Read only 32-bit count of color3 dots sent to the printhead
Color4DotCount  |Read only 32-bit count of color4 dots sent to the printhead
Color5SDotCount  [Read only 32-bit count of color3 dots sent to the printhead
Color6DotCount  [Read only 32-bit count of color6 dots sent to the printhead
The MII’s Status register is a 16-bit register with bit interpretations as follows:

Table 37. MJI Status register

Name Bits Description

[oadingDots 1 [if set, the MIJI is currently loading dots, with the number of dots
remaining to be transferred in TransfersRemaining.
1t clear, the MJI is not currently loading dots

PrintingDots 1 [If set, the MJI is currently printing dots.
If clear, the MJI is not currently printing dots,
FeedbackValid 1 [This bit is set while the feedback values Tsense, Vsense, Rsense,

and Wsense are valid.
Reserved 13 |-

The following pseudocode illustrates the logic required to load a printhead for a single
line. Note that loading commences only after the LineSync pulse arrives. This is to
ensure the data for the line has been prepared by the LLFU and is valid for the first

transfer to the printhead.
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eedbackVal i dlhis bit is set while the feedback val ues Tsense, Vsense,
Rsense, d Wsense are valid. eservedl3 1- The foll ow ng pseudocode
illustrates the logic required to load a printhead for a single line. Note
t hat | oadi ng comences only after the LineSync pulse arrives. This is to
ensure the data for the line has been prepared by the LLFU and is valid for
the first transfer to the printhead. ZG 162-SG 41 Wait for LineSync For
TransfersRemaining = 1280 to 0 For | 44 0 to Segnent G oups |If
(Set Al l Nozzles) Set all Dnlines to be |  Else If (1=0) Place first 48 bits
of LLFU s 90 bit Transfer register on 48 Dn lines Else Place last 42 bits
of LLFU s 90 bit Transfer register on 48 Dn lines Endif Pulse SCk Wit
Segnentspﬁyﬁug{ §%§|%§ Send ADVANCE si gnal EndFor EndFor C eaning and
pr eheat cyé?es % g}nply acconpl i shed by setting appropriate registers in
the Ml aRer PaagesRBmbigidg¥e 180 totthead' s firing pul se profiles.
Set Al Il Nozzles = I_ Set the firing pulse profile to either a | ow duration
(in the case of teelpddaSsemenibueyrsor to an appropriate drop ejection
duration for cleani t Nunmlines to be the nunmber of tines the
nozzl es shoul d be f#?%%ﬂ%k’mgg

Set all Dn lines to be 1

Else
If (I1=10)
Place first 48 bits of LLFU’s 90 bit Transfer register on 48 Dn lines
Else
Place last 42 bits of LLFU’s 90 bit Transfer register on 48 Dn lines
EndIf
Pulse SClk
Wait SegmentsPerXfer cycles
Send ADVANCE signal
EndFor
EndFor

Cleaning and preheat cycles are simply accomplished by seiting appropriate registers in
the MJI and programming the printhead’s firing pulse profiles,

. SetAllNozzles = 1

. Set the firing pulse profile to either a low duration (in the case of the preheat
mode) or to an appropriate drop ejection duration for cleaning mode.

. Set NumLines to be the number of times the nozzles should be fired

. Set the Go bit and then wait for the Go bit to be cleared when the print cycles

have completed.
The 1.SGU must also be programmed to send LineSync pulses at the correct frequency.

Throughout the specification the aim has been to describe the preferred embodiments of
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Set the Go bit and then wait for the Go bit to be cleared when the print
cycles have conpleted. The LSGU nust al so be programmed to send Li neSync
pul ses at the correct frequency. Throughout the specification the aimhas
been to describe the preferred enbodi nents of ZG 162-SG 42 the invention
without Iimting the invention to any one enbodi nent or specific
collection of features. Persons skilled in the art may realize variations
fromthe specific enbodinments that wdl2l nonetheless fall within the scope
of the invention. ZG 162-SG 43 CLAIMS 1. A print engine/controller
configured to be coupled with other simlar print engine/controllers to
drive an {hekingewsipop withphie litnidegnihe dnvegtiomrfoi anse ohe cantodimeritcor specificei ve

conpresse c ers .o decode,conpressed i e planes in
Che T ool (UREAS otk ORI HIRET R B o Foy SRR TR BEF it BE SeBifioe < o
respect i vembadimpsts othdt heville aoaabelesyadsl] phvathis |y sfpkl LENHRY idvaRdBhone

| ayer to a bi-level version and conpositing a spotl bi-level |layer over an
appropriate halftoned contone layer; and a printhead interface to output
the conposite strip to a printhead the printhead interface including: a
mul ti-segnent printhead interface outputting printhead formatted data; and
a synchroni zation signal generator. 2. The print engine/controller of claim
1, wherein: the half-toner/conpositer is adapted to map K to CW dots when
there is no Kink ina printer. 3. The print engine/controller of claim1l,
wherein: the a half-toner/conpositer selects between two dither matrices on
a pixel by pixel basis based on a corresponding value in a dither matrix
select map. 4. The print engine/controller of claim1l, wherein:
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t he ‘hal f-toner/conpositer has as an input, an expanded contone | ayer, an
expanded bi- |evel spotl |ayer, an expanded dither-matrix-select bitnmap and
tag data. 5. The print engine/controller of claim4, wherein: the tag data
is at full dot resolution. ZG 162-SG 44 6. The print engine/controller of
claim1l1, wherein: the a half-toner/conpositer selects between two dither
matrices on a pixel by pixel basis based on a corresponding value in a
dither matri x select map. 7. The prin#3engi ne/controller of claiml1,
wherein: the half-toner/conpositor includes a margin unit to apply margin
data to the respective inmage planes during the conposite process to
generate pLiddMSdata in strips. 8. The print engine/controller of claimi,
wherein: the hal ftoner/conpositor scales input inage planes under control

of a margin unit set to establish print data for a strip of the image. 9.

The pri ntiengi RepaRNEdBhd/@nt@flec baifiBubed W 8L SddplciNGithalthert QREILE GRRPOSI tor
further conprises a nunber of scale units, each scale unit receiving data

froma bu?ﬂ%‘iﬂe/q?(al}f@llelér‘i@dﬁt/e areiakdremerinheddecopirisingecei vi ng two control bits,
t he contrg& ?rﬁﬁ gh%§$% Vgn&%ﬁgg%ﬁgPé?ﬁﬁd an advance line bit. 10. The

print engine cont & of el ar %t he advance dot bit allows for

t he gener aﬁag@rde@fbdemmtd tgqode comprISdsinBize iptvs it te deivélipédnpra®idd g advance
line bit grOV|des for truncation of data according to a printer margin. 11.

The printY%&gine/control ler of claim9, wherein: the buffer | ayers conpri se

contone | Ql‘lglrf%oneﬂ’c&hpl)s%éﬁ ko 8 ({?ﬁ%dsné ﬁ@ctﬁ@%tq%sdéﬁﬁﬁg rdeéo%' % e{Tﬁital;lést ayer,

each of which may be scal ed epen e prln controller
of cl ai m tdftoring alventone dgrer s a@n leval betrmbn\aﬁd:l comgodat@a Bpdtl di-level tlyeioes not
require scalln |ne/c troller of claim9, further

conpri si ng*'4" BWﬁBE??%%&%E? rl¥P er of output |ayers, the
conposi t i AgrigthagEnkemtae Jlﬁﬁutfﬂib co%%o&ﬁ@stﬁg‘télg printhead

the printhead interface including:
a multi-segment printhead interface outputting printhead formatted data; and

a synchronization signal generator.

2. The print engine/controller of claim 1, wherein:
the half-toner/compositer is adapted to map K to CMY dots when there is no K ink in a

printer.

3. The print engine/controller of claim 1, wherein:
the a half-toner/compositer selects between two dither matrices on a pixel by pixel

basis based on a corresponding value in a dither matrix select map.

4. ‘The print engine/controller of claim 1, wherein:
the half-toner/compositer has as an input, an expanded contone layer, an expanded bi-

level spotl layer, an expanded dither-matrix-select bitmap and tag data.

5. The print engine/controller of claim 4, wherein:

the tag data is at full dot resolution,
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output layer, a single dot nmerger unit with inputs equal in nunber to the
nunmber of output |ayers. 14. The print engine/controller of claim13,
further conprising: a dot reorg unit which takes a generated dot stream for
a given color plane and organizes it into fixed length quantities so that
an out put of the half-toner/conpositor is in segnment order and not in dot
order within segnents. 15. The print engine/controller of claiml13,

wherein: the dot reorg unit is adapted4dto receive a dot advance signal from
a dither matrix access wunit as an instruction as to which bit to output.
16. The print engine/controller of claim10, further conprising: a margin
unit for 6urniEhePﬁ@fmabehneﬂdhﬁOénbhadvah@ehtine signals into genera

engi nel cont? BB RP Ao BeRgiararren e il gRPe BV madmnBral es an

end of papeiciered én @BoRaPokEAPTalde GOMMIRE nidix SMéctang. | ine across a page.
18. The print engine/controller of claim17, wherein: the dot counter is

advanceabl e by 1 each time the margin un|t recei ves a dot advance signal

and re- segtabl?hé |n$%gﬁ§? H?&ﬂﬁo?ﬁﬁ 1, OE&% receives a |ine advance

si gnal . The p cont a|n11 further conprising: a
l'i ne | oadthe/Hatfruomdr/conipbsitarindledsiamagimodit todpplymagdn dita asntieh@spective
half-toner/co 05|tor nd | oading dots for a |ven print line into an
appr opr i at®Aes EF’@? 'é‘?‘%ﬁffgﬁéomp%lﬁ?ﬁr?qeﬁbto %eﬁérﬁﬁm’cné dafa Iy ptH8$- required by a
printhead. ZGl62- SG

8. The print engine/controller of claim 1, wherein:
the halftoner/compositor scales input image planes under control of a margin unit set to

establish print data for a strip of the image.

9. The print engine/controller of claim 1, wherein:
the half-toner/compositor further comprises a number of scale units, each scale unit
receiving data from a buffer layer and at least one scale unit receiving two control bits,

the control bits being an advance dot bit and an advance line bit.

10.  The print engine/controller of claim 9, wherein:
the advance dot bit allows for the generation of multiple instances of identical dot data

and the advance line bit provides for truncation of data according to a printer margin.

11.  The print engine/controller of claim 9, wherein:
the buffer layers comprise contone layers, a bi-level spotl layer and a dither select

matrix layer, each of which may be scaled independently.

12. The print engine/controller of claim 11, further comprising:

a bi-level tag data buffer which does not require scaling.

13.  The print engine/controller of claim 9, further comprising:
a compositing stage for a number of output layers, the compositing stage having for an
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output layer, a single dot merger unit with inputs equal in number to the number of

output layers.

14, The print engine/controller of claim 13, further comprising;
a dot reorg unit which takes a generated dot stream for a given color plane and
organizes it into fixed length quantities so that an output of the half-toner/compositor is

in segment order and not in dot order within segments.

15.  The print engine/controiler of claim 13, wherein:
the dot reorg unit is adapted to receive a dot advance signal from a dither matrix access

unit as an instruction as to which bit to output.

16.  The print engine/controller of claim 10, further comprising:
a margin unit for turning the advance dot and advance line signals into general control

signals based on a page margin of a current page.

17.  The print engine/controller of claim 16, wherein:
the margin unit also generates an end of page condition and keeps a counter for dot and

line across a page.

18.  The print engine/controller of claim 17, wherein:
the dot counter is advanceable by 1 each time the margin unit receives a dot advance

signal and re-settable to zero when the margin unit receives a line advance signal.

19.  The print engine/controller of claim 1, further comprising:
a line loader/format unit for receiving dot information from the half-toner/compositor
and loading dots for a given print line into an appropriate buffer storage, formatting

them into an order required by a printhead.
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