1 PRI NT ENG NE/ CONTROLLER W TH HALF- TONER/ COVPCSI 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

engi ne/controller controls a single printhead. However this solution does
not scale well for wider format printhtads, for high resolution input

i mges, or for faster printing. For wide format printheads the controller
chip has to be nmade to run faster in order to print the sanme nunber of

pri nt| i neBRINYENGINITCONTROEBKR vd & HAGF-TONKR/GPMROEHORs to run
faster the print controller has to be run at a faster clock speed. O if
the input image has a higher resolution then the controller chip has to

have nor eFIEfDE THE ENVENTION run faster or both in order to process the
effectively larger input i is a higher resolution. A range of

i mage since it .
printer types h @V%W@t%%éraé?wt&ﬂgmﬁﬁ@@rql@ adapted tocver teecthst wikh
sel ective iced: [ : . 45710
Shirey it ‘%%21339%%?#2?‘?1‘3@?‘?%%9t&ﬁ&’ﬂ{ﬁa%?%ﬂé%&??ﬁS@%‘?D@%&“E?&?@?en nol i t hi c
pri nt headsultipte pivet engineeontestlels.a Si | ver brook there is set out an assessnent
of the prior art to drop on demand printers along with its nmanufacturing
process. Various nethods, systens and apparatus relating to the present

i nvent i ong A@EGRICENPEF THE TRYENHIgN ng co-pendi ng applications filed by

the applicant or assignee of the present invention on 24 May 2000:
PCT/ AUOO/ 00518in BETpritsOart GOSingle RATY enghoy/ gosRier POMtolsJ@Criogs 2arinthead.

PCT/ AUOO/ Q0523 CT/ AUQQ 00524, . PCT/ Al /0052 CT/ AU0Q/,00526 ]
bcT) Aoo HEBS: By Flt) GBBSaot SEas ATKh Bos5aer BB/ BaRs e high
PCT/ A0/ Q06aon RETAWA0632r RETUAGRNA05 30 RE ARG 0958kads the
PCT/ AUOCQO' 00535, PCT/ AUOO/ 00536, PCT/ A 00537, PCT/ AUOO/ 00538,

PCT/ AU0O/ omweler ritp/hreigo/ troswde tpaum Apgtey Bosuler tperinatsosans apmberefl 62- SG

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/AUQ0/00518, PCT/AU00/00519, PCI/AU00/00520, PCT/AU00/00521,
PCT/AUQ0/00523, PCT/AUQ0/00524, PCT/AU00/00525, PCT/AU00/00526,
PCT/AU00/00527,  PCT/AU00/00528, PCT/AUO00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539,  PCT/AU00/00540, © PCT/AU00/00541 ,  PCT/AU00/00542,
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2 PCT/ AUO0O/ 00543, PCT/ AUO0/ 00544, PCT/ AUOCO 00545, PCT/ AUO0/ 00547,
PCT/ AUCO' 00546,
PCT/ AUDO/ 00558,
PCT/ AUOO/ 00562,
PCT/ AUCQO 00567,
PCT/ AUCO 00571,
PCT/ AUDO/ 00575,

PCT/ AUCQO 00579,
PCT/ AUOO/ 00587

PCT/ AUCO' 00554,
PCT/ AUCQ 00559,
PCT/ AUOO/ 00563,
PCT/ AUCO 00568,
PCT/ AUCO 00572,
PCT/ AUOO/ 00576,

PCT/ AUOO/ 00581,
PCT/ AUOCO/ 00588,

PCT/ AUOO/ 00556,
PCT/ AUDO/ 00560,
PCT/ AUCQO 00564,
PCT/ AUCQO 00569,
PCT/ AUOO/ 00573,
PCT/ AUDO 00577,

PCT/ AUCQO 00580,
PCT/ AUOQ/ 00589,

PCT/ AUCO' 00557,
PCT/ AUOO/ 00561,
PCT/ AUOO/ 00566,
PCT/ AUOO/ 00570,
PCT/ AUCO' 00574,
PCT/ AUCQO 00578,
PCT/ AUOO/ 00582,
PCT/ AUOO/ 00583,

PCT/ AU0O/ RISE4dJ00ME5AAU0 0 PEFEA00/PEF4AU0 BTHBHIN0/00643, AURE BB8 §30/00547,

e/ AUoa 02od O BE 00 bR B aon QORI bt R DR8I e

di scl os urR(ST/@st(IOV[HEéSCO pe:rrdmg()/aoﬁg catBGIUIAU@UEJOlSﬂ@OY PRCBAAGIDONES6LN by
cross-referenc I n ad vari ous and

P 6)yste Iﬁﬁﬁratus

rel ating RGTARI00/ Qprségent P pf%‘%ﬂ@@@%@ﬁ e d) %ﬂﬁb@@ 056t nePEHA %66
s e R S G A S D el

PCT/ AUCO' RICIZAXI00T00S 7 ) scPG%‘MTé&O/ﬁ@SIQhesé’CHdAU@ﬂmOF@} ,apPCTALNE0534 e I

. . i Yoot - .
dent 11 98 Bt RODGaRY oo PEETBIb OO A D0 £ e By AR Y
cor r esporEli A RGN, | CRETRNUMNIDSEIS Wren/Avabloabs®. BcPatidogilsas, note
are co-pendi ng PCT application numbers patent applications PCI/ AUJO/ 00591,

PCT/ AUOGRQHMOOWBAWO@&WOO/WAUM&UQO/@Mw PCTR AU/ OIED83,. whi ch

orer toa M RURAGEE) T BERALRLOORP Rt PR oBS [LARUABORRESZS ¢ ¢ om

print headncsagrmomsgmat BCE‘/AC@WD(D@SOf Pm'mlwonms% or mxpEpiee/005690 dpi
bi -1 evel dots of ross the

Dot
casi ly p &Ué\é@orqosgw%vmommMcaywwsga@n@mmwﬁ@%pm to be
exploited toits f "th %l?stclosgl\fé %'ft@s@@g-ieﬂlggﬁpﬁﬁaﬁéﬁs%g ﬂmoﬂmpﬁéé B&tin

registration, allow
by cross~reference

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/AU00/00578, PCT/AU00/00579, PCT/AU00/00592 and
PCT/AUQG0/00590, 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.
ZG162-5G
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i deal dot-on-dot printing. The printhead enabl es hi gh-speed printing using
ZGl62-SG 3 mcroel ectronmechani cal ink drop technology. In addition,

co- pendi ng PCT applications PCT/ AUOCO 00516, PCT/ AUCO 00517,

PCT/ AU00O/ 00511, and PCT/ AUOCQ 00755, PCT/ AUOO 00756 and PCT/ AU0O0/ 00757
describe a print engine/controller suited to driving the above referenced
page wide printhead. A single print engine/controller (PEC) chip is

capabl e of driving a printhead of the above referenced type, printing a

di thered version of a 320ppi contone inmage over a 12 inch printhead. It is
desirable to be able to print higher resolution inmages for higher quality
out put . |m1cr@l@§§medmn@afmkbbomwpbnq1@gwun the printhead faster. SUMVARY OF
THE | NVENTI ON The invention resides in a print engine/controller configured

to be coupl ed iafiof'diehehalrd LT USbIRROM L ARG BAFCT ARG  an
interface at ich to recelve conpressed page data; inage decoders to
decode cdr@r/addd05ihgaend PATEAUOH/00AES, r BCEIALERD/@WiFpr asls BAT/HEQ@0dEH7a;, a

hal f-toney/cgnpositer to co ite respective strips of the decoded inage
D anes. | SRATIORS B By ROBRRE Sott! DL EpUnE: HE o SOrtROSt PRy Paiea
printheagxhﬁmﬁdprinthead interface including: a nulti-segnment printhead

interface outputting printhead formatted data; and a synchronization signal
gener at or out pAsinghgprint spgiohiconiroller (BRCY chjnas capsbleouplrvingg printhead of

engi ne/caoptrollers to nchroni ze t.heir respecti strips at th rint head.
A Mo et 1 PG e SR ToE g EiErd CRRE S Ywet EorRSheiebE Rl of "t ne
pri nt head shiash phyhaRIt 8 AHRMId e abfofo pri@Mdter Maojutlon Rinhgdsealighean be
constructed frommultiple chips, each of which contains a single printhead

segment , welivanims. ltdsdesirablette de pblshe i the priathesd Fsteeach of which contains
nore than one segnment. The wring is the sane in both cases, and the
| ogi cal connectivity is the sane in both cases -

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 —

mutltiple segments combining to form a wider printhead.
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mul tiple segnents conbining to forma w der printhead. ZGl62-SG 4 The
present invention advantageously uses nultiple copies of the sanme print
engi ne controller chip to drive a nulti-segnent printhead, each responsible
for a strip of the page, all synchronized froma master 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 pdinthead at a contone resolution of
320 ppi and at a maxi mum | ine speed of 30,000 |ines per second. |f double
speed is to be achieved, 2 PECs can control 6 segnments each, still, running
at 320 ppi cdiedmesent spiegiion advaniagcondy apee sl sapiEY ohdbe saBR MBLDb| ed.

Simlarl i . i i . i . PECs
can run Eheg sDRFIEEEABIE g ERahil-lnbR HREARNIR B pb RIS RoiPlip 8 T2 6o
be readi liye pgedall synchionitedrmn usmakigal ohip. pAi vatietyopf donfiguiRfidhspranritesbull? | nches
br i 1t 5t HEPSUREER SicdSaBred HRPTSRGT: RS POt fioh 42 REuno N BoNRS  of

PEC chi psg@/% tteggin@ég lgpi(lzgé}]&;}lﬁéﬁg%a'té AERLAAL b BfifeaQ at BEGRI0REN be

achi eved. ing single printhead fromnultiple chips Is advantageous to
produce westbrtionpd§as ppf asltata npaximiis, linki sphat off 30000 lmes penecoml. Ifdouble

conbi nati ons, .of all three. use nultiple PECs, the me_pa n_be given
Lo mult1 predraie Berachitid o PEGEEE PRt B Shemanie sty TG RBPIEHS FAGR data.
produci ngohidfe tRbRlioRABA! tHe Feb@od ficcl hiPbecANMuBledNiSERAY, §5@k Wbh©@he A
sinple way of sending data to the printhead frommultiple PECs is sinply

to have eesohitiPEG todworkédiod40api,d FiGesrnuntherprithesd ah3heRlinesgwent s. The
progranmm ng of i ngi vidual PECs for strips within the overall page is
organi zed in ST gin unit within a half-toner/conpositer within each PEC.
A tag encodersywtlirbhiRatedCindlidbe fAGIN abciofot shllghed’ duplek printidgaOnwv th a
strip of %ggage and is capable of producing a partial_ tag when_ tagged
pages ar ®Efedriptipl inghsa {13 spamgnisppesong idgs¥ga ingeenpltn 2 seRddEG n a

Supl e UGS b B e o Lr00 1 Doliongepts o
si gnal . @G/ chimervidrg the keatird@iratioo lsigaplsGhinghinations of PECs can be achieved.

Driving a single printhead from multiple chips is advantageous to produce wider
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
PECs 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/controlier 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
ZG162-5G



selected via an external master/slave pin, generates the |ine sync signal
onto the shared line. The internals of PEC allow for printing a single
strip of a page in conjunction wth other PECs. This includes generation
of partial Netpage tags and page ZGl62-SG 5 descriptions. However it is
up to the external page provider to allocate the various strips to each
PEC correctly. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagram
illustrating data flow and the functi &ns perfornmed by the print engine
controller. FIG 2 shows the print engine controller in the context of the
overall printer system architecture. FIG 3 illustrates the print engine
cont r ol | elescintiang. e Hayreaer fiigup4to) the @xtornal qage peovddardprmlocatprthe vadeus to t he

hal ft oner [t i HCU) of FIG 3. FIG 5 is a diagram show ng
interna|S@%%EE?%%QQ?%EQﬁ%ﬂ&cu of FIG 4. FIG 6 shows a bl ock diagram

illustrating the process within the dot nmerger unit of FIG 5 FIG 7
shows a diagramillustrating the process within the dot reorganization unit

of FIG 15 @E_Sﬁlﬁlﬁfﬂg%o iHéE WINGRat i ng the process within the |ine
| oader /Tt 1 40 iadrlrh ilstfink ldta Row it (hd et ipRERAMREHP W grind ! e hal

circuitry to generate co afa 1nthe LLFU o 8. FI and 11
i Il ustrateegimogpandler.s of the LLFU seen in FIG 9. FIG 12 is a diagram

how [ | ci i t, i.nth interf . _FlI 13 i di
of . dot T0ur gho L it nep Ao alesd® i ettt Fersrrleptiesiefen oV o
THE PREFERREBENMBODI MENTS A typically 12 inch printhead width is controlled

by one or nore print engine/controllers (PECs), as described below, to
al | ow f ulRIGbhBdlustyatdsiibé prantehgipe contrafler architecture.

FIG. 4 illustrates the external interfaces to the halftoner/compositor unit (HCU) 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 FIG. 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.
ZG162-SG



and Letter pages. Six channels of colored ink are the expected maxi numin
the present printing environnent, these being: CW, for regular color
printing. ZGl62-SG 6 K, for black text and other black printing. I R
(infrared), for tag-enabled applications. F (fixative), to enable printing
at high speed. Because the printer is to be capable of fast printing, a

fixative will be required to enable the ink to dry before the next page
has conpleted printing at higher speefis. Oherw se the pages m ght bl eed
on each other. In | ower speed printing environnments the fixative will not

be required. A PEC m ght be built in a single chip to interface with a
print head. |t Knifpr bladotgxband gtharblaskgriatingvel s of functionality: receiving

conpressed paggs. via erial jnterface such as | EEE 1394 a print engine
for produci ngqg(ﬁé@éed%%ﬁia&%hlﬁ%@%lg&“@&m The print engine
functionglity g 4 L : hmage, dithering the contone

| ayer, corrpospi @%ﬁ%&%@gghﬁg%%q%%gﬁfﬁe contone | ayer, optionally

adding infrared tags, and sending the resultant imge to the printhead. a
print controller for controlling the printhead and stepper notors. two

standard | ow sRefcke SRS prititei9d Be EPhble QMALDHAAGALR fihiite SNEbd \Guitd tehi PS.
Note that there nust be two ports and not a single port to ensure strong

security cadile Alee inkhie dnyt brdonei a tnicshpageokasdunmpletpds pEintjog at higher spesds.t he 1 ow

of data e) cunen r o ut.er temtao r.int ed page.

docunent GUSFEEAe BASTRR LBMbE ST SRE: PHALFT ey B EnBBERien age

| ayout s neytihgiveffidabesk @qairéy required objects m ght be added. Pages from
menory 12 are rasterized at 13 and conpressed at 14 prior to transn ssion
to the print engine controller 10. Pages are received as conpressed page

i mages W t hi n A PECpmight beetngitrie acangle adhleto flerfatt Ovith aeprmhealuflt &4ill15, from
which they are fed to a_page expander 16 wherein page inmages are

retri evedoniamfopRasicdpyeds ﬂﬂgﬁlﬁgﬂoﬁﬁ’lr@’ht be appli ed

receiving compressed pages via a serial interface such as IEEE 1394
. a print engin'e 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

ZG162-8G



to any contone |layer at 17. Any black bi-level Iayer m ght be conposited
over the <contone layer at 18 together with any infrared tags at 19. The
conposited page data is ZGl62-SG 7 printed at 20 to produce page 21. The
print engine/controller takes the conpressed page i nage and starts the page
expansion and printing in pipeline fashion. Page expansion and printing is
preferably pipelined because it is inpractical to store a sizable bi-Ievel
CWK+I R page image in nenory. The fir/st 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 &rotestas 20 tepsedeempagssded bi -1 evel black |ayer (see below), all in
parallel. In parallel with this, the tag encoder encodes bi-level IR tag

data fromth nag t cont one
CWMYK | ayer ugl; ng‘ gﬁé ﬁgc mau(:?l r |f igﬁg%hgggﬁaﬁg%g{lﬁgégﬁ%? a?fdr?ataﬁslsd%é E%eect map,
conposi t exphristorband griging ihlpdestink dyshiono VRagetdxpansesidnd printing-ik @wedtrablyl ayer
and adds the, IR |ayer to the p . A fixative |ay | so enerated at
anch ot THRAIPEA GROMEILdS BRPRHEADN Lois 4 s HolsHy GrviC Rigage Tngee By ©1
channel s.,,dh&~l ast stage prints the bi-level CWK+I R 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. Tﬂ’l@eﬁxﬁhﬂia@@mfdb@rmfén@ sxpindstre IEGrompresyet eontamgMYKncl ude

a Print r.ol ] er i S T onsi bl e
For | rocdHt he REE0 ssrRds adund Tt Pord bt B dGluRR mide hEPGRR 1 er
24, perf ahdfi (@e HelBv)Page eRp@mSS Oifloupbl atk-doadeEssed BPRSEL blagk andr g&edi ng t he
dot data to the prlnthead 23. It may al so communicate with chi ps 25, 26

and provibeksviaalhiepasalisl. Feparplis)ivig th’ér thatageengodu gnerdes bi-lvek fag dasur e
opt | ”“m dn‘i‘tt}i@&n;ﬂ;%@?(fgggézﬁn |ng "Isi'}ébde?&td sﬁ%get(ﬂ{h%rs HRREhHhE ANPR: la?ré} memor y

buf fer. € menor s for orin e conpressed page nmage a
for scratwingusditishn mangx télectpd bpthanditler neatgx edactpage compesitonkd bilevélon and

black layer over the resulting bi-level K layer and adds the IR layer to the page. A
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

£G162-8G



wor ki ng of nmenory buffers is known to those skilled in the art and a range
of standard ZGl162-SG 8 chips and techniques for their use m ght be
utilized in use of the PEC of the invention. a master QA chip. The naster
chip 25 is matched to replaceable ink cartridge QA chips 26. The
construction and working of QA units is known to those skilled in the art
and a range of known QA processes mght be utilized in use of the PEC of
the invention. For exanple, a QA chipPis described in co-pending United
States Patent Applications: USSN Qur docket Qur Title nunber TBA AUTHO1
Val i dati on Protocol ,and_ System 09/ 112, 763 AUTHO2 Circuit for, Protecting
Chi ps AgaSiry andpeshnfrugs fog fhgippse mpighichesutgiyed mpusepf the Fikig of Mstinvsatipn,

P i On- Chi = h . 09/112 761 Al Met hod f
Veki g o O p AV CRodhat TR e AP 355 ROrECRAyETRIS B e |1

aut hent i c@hi dhipsPis/ STEAEorRBIEKNSand NBrkMdTHOGAEiisdakh®n BY tooe sitillanth System
TBA AUTHO8 Vali dation Protocol and System 09/505, 003 AUTHO9 Consunabl e

Aut hent i cthe agranpraotapeort kipvn Qyspreassseromighy be gdlizrdrinmse ob fulb of the
Aut hent i cat,i P 147 AUTE
At hent | CBVERDESE Behoigted AT Bl SEdo-Retihe URETSBR B

Modi f i catApplicafionsal ues Stored in  Flash Menory TBA AUTHL3 A System for the
Mani pul ation of Secure Data 09/516,874 AUTH14 An Authentication Chip with

Prot ect i [dBS$Nom Our docket | Our Title
number

TBA AUTHO1 Validation Protocol and System

09/112,763 AUTHO2 Circuit for Protecting Chips Against IDD
Fluctuation Attacks

09/112,737 AUTHO4 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 AUTHO7 Validation Protocol and System

TBA AUTHO08 Validation Protocol and System

09/505,003 AUTHO09 Consumable  Authentication Protocol and
System

(09/517,608 AUTHI10 Consumable  Authentication Protocol and
System

09/505,147 AUTH11 Consumable  Authentication Protocol and
System

09/505,952 AUTHI12 Unauthorized Modification of Values Stored in
Flash Memory

TBA AUTHI13 A System for the Manipulation of Secure Data

09/516,874 AUTH14 An Authentication Chip with Protection from
Power Supply Attacks

TBA AUTHI1S5 Shielding Manipulations of Secret Data
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Power Supply Attacks TBA. AUTH15 Shi el di ng Mani pul ati ons of Secret Data
ZGl62-SG 9 QA chip communication nay be best included within the overall
functionality of the PEC chip since it has a role in the expansion of the
imge as well as running the physical printhead. By | ocating QA chip
comuni cation there it can be ensured that there is enough ink to print
the page. Preferably the QA enbedded in the printhead assenbly is

i npl enented using an authentication c8ip. Since it is a master QA chip, it
only contains authentication keys, and does not contain user-data. However,
it nmust match the ink cartridge's QA chip. The QA chip in the ink
cartridge contains information required for maintaining the best possible
print quality, and is inplenented using an authentication chip. Preferably
a 64 MBit (8 NBytchjp eremonyicatidf may be bestadclnded within thheventfusgpadlitypage

i mage. Wi.l e ge is pein ten to. the buffer another is beging read
(Goubi e a5 EPE qBp N e e 4 i s EXpegion S 4% ieaRy S cuiieg B e
cal cul at g yﬂ@ﬂ pﬂﬂiﬁe@a masy Ridathy chmb RoRiuMidafign Merd iP@@Eve dMdhileAGhithe
printing of page N, buffer is wused for: Reading conpressed page N

Readi ng 4ksfe s engusl mhéo print eheepagdotPrefarablnihei QA ¢r@bed§q§en tee prigtheadng

conpr essed N+1 Prefe abl Q r i I

m cro- coﬁﬁe%fafﬁ% S IEW&?I%%}I% g%a%tg t%:ra%rlr@% ?Vlﬂelpf of If%gvélﬁ(% ﬁ%sg%ﬁ%ﬁgﬁ perform
QA chi p ulhestithia@binbBntatb® kelss aud dos€hdidonitdih e;rséradaea 38lohetee énmpsti nt
pages run the stepper notor via . a parallel interface 91 during a,print

(the st eppai¢h f%tﬂ’é’f Cﬁ'éﬁ@ﬂer 24 dipeHz Thy S sdyp lgytﬁé Hb rfastedeh CopRMSous
portions u%gfl&go a&&é& r g‘l'éfd(tpr 08 R bddt gos@fb?é"nst b &f%@flmbf&rﬁeh{eam ng

w th extern reques ranmng reg
using an authentication chip.

Preferably a 64 MBit (8 MByte) memory buffer is used to store the compressed
page image. While one page is being written to the buffer another is being read (double
buffering). In addition, the PEC uses the memory to buffer the calculated dot
information during the printing of a page. During the printing of page ¥, the buffer is

used for:

. Reading compressed page N

. Reading and writing the bi-level dot information for page N
. Writing compressed page N+ 1

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.)
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ZG162- SG 10 provi de a neans of interfacing with printhead segnent

| ow- speed data requests (such as reading the characterization vectors and
writing pulse profiles) provide a neans of witing the portrait and

| andscape tag structures to external DRAM Since all of the inage
processing is perfornmed by dedi cated hardware, the CPU does not have to
process pixels. As a result, the CPU can be extrenely sinple. A w de

vari ety of CPU known cores are suitabll@: it can be any processor core with
sufficient processing power to performthe required cal cul ati ons and

control functions fast engugh. An exanple of a suitable core is a Philips
8051 mi crlo- coPYflf aMmeans ﬂfwger&tclnga‘ﬁ%%ﬂw SeREHb LVEERSEd WRtATeAWEtSCPU cor e
35 My Desithiks OEHIRR ROV A d-ehR N boto 188 AN RGN The CPU

comuni cates with the other units wthin the I'p Via nmenory-nmapped
FQ Partiscul ampredde & siseahs 0 egitinR YhdPetruid apdldrndecHpd iagistindctures RN¢kiathdlhi n each
range, tq_particular registers within that particular unit. This includes
the seri a8l and parallel 91 interfaces. A small programflash ROM may be
incorporated into the PEC chip. Its size depends on the CPU chosen, but
shoul d not be nore than 8KB. Likewi se, a small scratch RAM area can be
incorporated into the PEC chip. Since the program code does not have to

mani pul ate i es, .t e.is no need for .a | e scratch area., The RAM size
depends on ( heTesaLHGbE s ociStine i borisimstt e fediead aiobiero s Fing

convent i @ass ndt@els tofrosdss PieRl A9 a reBult, tBROICHULaAMk RBABESimpIBAA Ragut 2 KB.
A PEC chi p using the above referenced segnent based pagé w de printhead can

r epr oduc &apetci GRU fnewh|corpstare switsiblet iitoran( hoygiycpriobsssars@ae aNiih) sufleient
repr oduc ] or at._a,sonewhat | r. resol.ution i ng _hal ftoning.
The page%§ ecggﬁ%&% Bvr??iqé }getr gPeithc?r &"'QHF%‘? cfggc\ﬁ?aﬁltogs aa‘ngl AKX Obitiﬁ?céggf aflﬁséyer and

a cont onendwheAn Shenph aflk ditablevwte isl @Paiipk B0defhidedcdmrolenmsirgeatover the
contone | ayer. The black hi-]evel |ayer consists of a bitnmap containing a
1-bit opatpityl Mbiz. edncigiedearith they GPYicarad ) mprbemarregramnBOM apdasmatli on t hat

S 2D L pRARIm RN RAM.! TR RIPEcSuntinfltes VAR ! dREF unlivifhid BfShpEUPPOT t ed
chip via memory-mapped I/O. Particular address ranges may map to particular units,
and within each range, to particular registers within that particular unit. This includes
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 prinier’s dot resolution. The highest supported
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11 resolution is 1600 dpi, i.e. the printer's full dot resolution. The
contone | ayer consists of a bitmap containing a 32-bit CMYK color for each
pi xel , where Kis optional. This contone imge has a resolution that is an
integer factor of the printer's dot resolution. The highest supported
resolution is 320 ppi over 12 inches for a single PEC, i.e. one- fifth the
printer's dot resolution. For higher contone resolutions nmultiple PECs are
requi red, with each PEC producing an 8frip of the output page. The contone
resolution is also typically an integer factor of the black bi-Ievel
resolution, to sinplify calculations in the RIPs. This is not a .

requi r emdptolutipnis PO diFk & epthg eringsr’s) fallglot regglufion. dhe cpptops yeheonsisiper ar e
both in ¢ ) e .m, f hed-ent 7 st Lt inter Hater nal
morory. 108 o g s Pl MRVl B ol P Ripplio, T 08
page expefisneimagdhyyd rdsbgopitpelis ae irteges ifsdter «f the phingi’ ssioeegdolevn.al
interface 27 (such as a, standard_| EEE 1394 i.nterface), ndard JPEG
decoder 2dhe hishashsupppredresgiution i3 320 gplc@wE 2 iachey éc?’b‘h?ll‘i‘&\%fpts%qiéref EB%posi t or

unit 29, @y aé@ﬁ%gﬁg d@pﬁggﬁﬁoﬁo’ﬂﬁ‘&h%}g& coh%ﬁg%éslofhﬁfdﬂ@tlﬁlﬁﬁgfgnf’ﬁcg’%ve and a

custominter tot print hea T ecoders 28, and encoder 30
ar e buf f eeqdredpowitheattaPEE pnetucoenaogiip of tH2®utpih paga gllencottere r@®lution

establishes an infrared tag or.tags a. page carding to protocpls
dependent's FsQutggrcal sé8 ’rﬂt%‘?f %Btoga?fte%bef b{&ﬁg B’g]_%@aaﬁ?foﬁlﬂ@’a ?Lﬁé?’pg@nt ent of
a tag i s ARhLIABAs fBb RIPs. OThisNEnoPs RYBREMERYRMERE. THE 810K bileveN@kéte Wor ks
in a double buffered way. One page is |oaded into DRAM 34 via DRAM

i nt er f acengSheaenhteles: laydspse bothfin sampressdd fghm Jpeefficicat starage m Befraigéer’s27 whil e
t he pr evi.otusl | gaded page is read from DRAM 34 and passed through the
print endflﬁ’én%f’]ﬁ&o%e. Once the page has finished printing, then the page
just | oaded becones the page being printed, and a new page is | oaded via

e L specty i o LT BaChiR oo MUDR RGNS RERERR
G oup 4 FaparPaeisgeding pipaditel codsibi ot ldghpeed Bodalt inerfite @Arfsuchras at he
ayer canand R b4 Biestielon SHECBLITNG derney 20ah B LIE R & el ect i ng
gte;\é\g,eni ?e&é&h Mu@foﬁ?%af%eﬁ%ﬂﬁﬁofi bhiesd, ng c(§6& p-l%' ShderABo ! Raiecond
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
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ZGl62-SG 12 parallel with the first, is encoded any tags for |ater
rendering in either IR or black ink. Finally the third stage dithers the
contone | ayer, and conposites position tags and the bi-level spotl |ayer
over the resulting bi-level dithered layer. The data streamis ideally
adjusted to create snooth transitions across overl apping segnents in the
printhead and ideally it is adjusted to conpensate for dead nozzles in the
printhead. Up to 6 channels of bi-le¥2l data are produced fromthis stage.
Note that not all 6 channels may be present on the printhead. For exanpl e,
the printhead may be CWY only, with Kfpushed into the CW channels and IR
i gnor ed. narallel wathitheefigst, is lyacqsed iany éaestiaglataragndsang in pithey IRjas blackfin.R i nk i s

not avai l.abl or.for testin u S The i - | K- IR
ot - ant o 1B, PP EE b E A0 R ERRRE My er T LESMNE booion GEEWAMET 1R
set of | iigevebsidiElagef se theatiMing BiRRvelajitheiet Yayet. Thedata birgsen Butiéatlys m ght

be ideally stored on the off-chip DRAM 34. The final stage prints the 6
channel s agfustsd-tp Steste HRROt FeasiUons aoress oyeslanpimeatpements in dhepristhead Adr essi on

. di i | RS
bandui dt HOTRY0) adRRy Y ShERbR e Rl EA R REGrinhh® U5 (0 8 chBRICT oy
requi r emmfitis-lével dpmgere strodueegd frod tIHA6 Atagpi , Natelibstt mot giiagehafnetomaprie CMYK

data has a size_ of 2H5MB ing | psgy contone c ion a rith such
ot s R semuas bapriaugh, e s B o S SR At AR P
wi thout nphiGeaRIe chasRlsnd IRAkhdr¥d. Aﬁbx‘ﬂaﬁgﬁlﬁ, tﬁ@ﬁ&ﬁ@&?ﬁ@s ﬁag%eﬁra%g

2.5MB. At 800 dpi, a Letter page of bi-level data has a size o .
Coher ent inld & IBuok imsottavailabe oy fesketéng/purposge). | Thesbultint bislevel SSMIIK- | evel

conpr essi.qQn, al gor.i th uch .as 4 . Facsiml e ee l.ow), ten:point
te>r<rF cod‘B‘rC@g’gg '\ﬁn'tbf‘ﬁgrg 1335 if?)mbqgegggmmltﬁ’fgfnn&e\ﬂ g“e d? g ﬁ%&:",%g%te%]g%g:a si ze
of 0. 8MB.bufefs(seddbdlB®.€The tapRes offthdsMific Qﬂﬁéﬂﬂﬁi(fihﬂﬁg @ledBy stogdnsn tes of
114MB of bi-level data. The two-layer conpresse

_ ) / @é)ag{elnaefor_nat
descri be@fbetipRaM 34t The fimal sipga piets the p charusds of birlgvd ol pete vidtheone

i mge co i ossl ess bi-level text conpression. The format is
conpact %ﬁ%ﬁa?@eﬁg&gg?brage- efficient, and sinple enough to allow

straightforward real -ti ne expansion during printing. Since text and inages
normal |y don' tCameesdsign, ist dsed o ranprintingy systena sent pagdoyisnthg 6’11z dhis is2to5 VB

(i.e | n%gtfuce bandwidth requirements between a host and 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 (see below),
contone images compress with a ratio up to 10:1 without noticeable loss of quality,
giving a compressed page size of 2.5MB. At 800 dpi, a Letter page of bi-level data has
a size of 7MB. Coherent data such as text compresses very well. Using lossless bi-
level compression algorithms such as Group 4 Facsimile (see below), ten-point text
compresses with a ratio of about 10:1, giving a compressed page size of 0.8MB. Once
dithered, a page of CMYK contone image data consists of 114MB of bi-level data. The
two-layer compressed page image format described below exploits the relative
strengths of lossy JPEG contone image compression and lossless bi-level text
compression. The format is compact enough to be storage-efficient, and simple enough
to allow straightforward real-time expansion during printing. Since text and images

normally don’t overlap, the 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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only), while the normal best-case page inmage size is 0.8MB (i.e. text _
only). The ZGl62-SG 13 absolute worst-case page imge size is 3.3MB (i.e.
text over image). Assuming a quarter of an average page contains inages,
the average page image size is 1.2MB. A Goup 3 Facsimle conpression

al gorithm (see ANSUEI A 538-1988, Facsim|e Coding Schenes and Codi ng
Control Functions for Goup 4 Facsimle Equipnent, August 1988) can be
used to | osslessly conpresses bi-levell3data for transnission over slow and
noi sy tel ephone lines. The bi-level data represents scanned black text and
graphics on a white background, and the algorithmis tuned for this class
of i magesalisplute svosstsase pegeyimage Sighdsd 3. 30 (bxalest everf igragehl FASHANER - | evel

) - . | - :h. . i dth
£ cens Syt baf AREMESRANE FEGoREIEACRAARA ST TC BT " 63"
are coded with termnating codes. Runlengths in the range 64 to 2623 are

coded with nmake-yp codes, each representing a. nuJtiple of 64, followed by
a terminating éoégfmm%q&@wg SRERESHIAG 2l6onth dsesoisteia 3ol 188! e

make-up ¢ 0l gy;%d t } I e b ;
fixed, bu{)‘gcg?%ﬂés)g |§ar t g f mt%ﬂ n@mgh ng;ﬁp(gn}gu%?};y (% ﬁ%ﬁe% c%%fsﬁ ig‘?
make- up cBgkgpmerah Fmeguit7 288 8)whirc be arsed ctontossipssitemppessi biHleyelt taa 2br G oup 3

o 90 P, SREBIE e SERULALE B Bt B B RSR U BASeoed >
ent r opy- epngaeRet &kOorhats $418 wHAt BaslQlrbithds ¥APMe algor@ithYs nRBEfdithislcRRY etc.)

Edges within a 2D-encoded line that can't be delta-encoded are
runl engt hefeitagde it ismerplightly naidnned iferdexpynpde. goe fipltionadbi-lgvel inpgesicdbed | i nes

are mark ifferently. 1D-encoded, lings are. ge t LT r

Mt ervar orD bl & R ARERAF G BAPs b SREHE! Pl Blant RN |,
can r ecovesulfii® FrdldnpehsnRusRngvhi th theirimgedl tol 6Bege c&gl @i tdr@atidl ceiaup 3
achi eves conpression ratios of u see . Urban, "Revi ew of

to 6:1 ( S. J.,
st andar dsRegdenghsiathe mnge6ddg i2AdS aisrcorsd St mekesyrseades each meprgsaating?

a1 gort ¢ nri {AERARE e ) o (BRI IRt hlese i DER o COBEE T 1 ©
Cont rol PFaitl mudtisle fnoake@porgdes fHmesid iy @ tebginapng rode. Algdiffma®8B)eslaps sl essl y

conpresses hi-level data for transm ssion over error free
P Exetgl, but are separafely tuned f%r sblac and ng%e runs (except fgr make-up codes

above 1728, which are common). When possible, the 2D Group 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 ensurc 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,
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comuni cations lines (i.e. the lines are truly error-free, or
error-correction is done at a |ower protocol level). The Goup 4 algorithm
is based on the 2D Goup 3 algorithm ZGl62-SG 14 wth the essenti al

nodi fication that since transm ssion is assuned to be error-free, 1D
encoded lines are no |onger generated at regular intervals as an aid to
error-recovery. Goup 4 achieves conpression ratios ranging from20:1 to
60:1 for the CCTT set of test inmage$4 The design goals and performance of
the G oup 4 conpression algorithm qualify it as a conpression algorithm
for the bi-level |ayers. However, its Huffman tables are tuned to a | ower
scanni ng WisBepsseatial modifisgpndbal sincg{pnsmissipads assumgd| te by crer-fisg.clddi ng

2623 awk s 0 j i ; i ; .

At hough ey e ach §leer SHI B LEMILL BUERGTS' SUTESOLIGRARS. | o
not handheup Ydchitgthsorapesssh fgiok hagengfrone20:y tewoaufuir elie GCITT 46Cofpi
facsimle applications, and so V\D#| d require nodification, T pically

e (ty
1600 dpi )leshiimages) hherdesign gopls apd e 9%%%@?@%&%@)@%%@&5%@ i cal
conpr essi : i L e 1:C i j.t i X
select la glrlfya{t/\halgcaﬁé&rrg@gh%%l tgi %81]1313%{‘%1%2%?%'(12%41%gy;%gfﬁél)\)gewﬁiz‘lr,ogfF{gsS f{l/l
conpr essédgblesarn ¢néd Far laveracannmg@solotop (196si08dpi a binditerceled rurdergthsl. The

G 4 F A [ ible.f d ' bi - |
dat s Bi SRR pEorD: ot OO SRE R ReSdpt ERGER RIS Diack 1o
text and Aji@eh & GRWRCH Mec@iRd cBradiblRN béTBYilakleSRIiragk iRIBECER hidht Hee i Nn

subsequent di thering of the contone data (deconpressed by the JPEG
decoder ) hamde I’W#ﬁnggtso ex¢pediBg Heose dewrowdly escoupteptdarias4e dui- fassigiledat a,

read fromthe .external M. _The o t oft A..F ecoder i s 2 planes
of - decongPeReuis Ay & uPippatrndiBitions b dBa i Rbog ARGRREK VR Boh,
t he Hal f tiGuRRE4CROPORIsEl udifiy G4Fh@hi)ahgﬁca11 f&em@ﬁésﬁioﬁtr&@eekdée&iih% 1p£1i. NI ng
pipeline. Two bi-level buffers provides the neans for transferring the
bi - 1 evel (RicglipdLfgpihdithes matyix selgctdayesdwhichapptelrs thoepntenge¢plofdastmpiSessed
bi -1 evel L.Si! |, : . : : I &.£apabl e of
hol di ng zg&%ﬁ'ﬁ{ly &@B%E%Hhs%g %%ﬂég'tt gﬁﬁlwﬁéﬁé%gsé@?gﬁo%é@%ﬁ}g’sol ution.
Having two |line buffers allows one line to be read by the HCU while the
other line is [ i I L Sedi Sy} t ant
because a si ng;][:i)i g CEL%P éivfé%ﬁFtli%\ga?%décgg?r?glrlggg&flgeiggogﬁgﬁc%g%%ﬂ !,)maéﬁé nmust
t her ef or datae Bi-level data is limited to a single spot color (typically black for text and hne

graphics), and a dither matrix select bit-map for use in subsequent 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. Fach 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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expanded in both the dot and line dinensions. If the buffering were |ess
than a full line, the 4 Fax decoder woul d have to decode the sane |ine
multiple tines - once for each output 600dpi dotline. ZGlL62-SG 15 Spot
color 1 is designed to allow high resolution dot data for a single color

pl ane of the output image. While the contone |ayers provide adequate
resolution for 1inmages, spot color 1 is targeted at applications such as
text and |ine graphics (typically bl#gk). Wen used as text and |ine
graphics, the typical conpression ratio exceeds 10:1. Spot color 1 allows
vari abl e resolution up to 1600dpi for maxi mumprint quality. Each of the

two |ine buff&pet celor Heisedesigaed i allowogh mesobuiop 1dot idgienkos asingloccolysi =
19, 200 bi s).. ' £t ' trjx i deal |
ot oh ¢ nEEEfIHE SBRCUHC Duflie E OMbRPTay B rb¥iap Sy RRRHGN Kf ¢ (P2 1)

t her ef or émagd, byt eslot 384 Gurited it appliagiipk uel asstbor dnddinkZraphtdye@ypadall320 dpi .
When t he map. mat.ches the contone resol utiaon the typical conpressjon ratio

exceeds S¥ACK). |Wbesy wed asotent and Hae granbinst thegypicalgermprgssiah BHOCEICE7dS1 | ayer

(typi cal lyy. ol [l L si on
bandwi dt ﬁmfléq%ﬁ)pé(r}rlgﬁt? gugggvggl%@@m@égﬁ P%?cﬂ&gfgsieﬁ%ﬂaxggggﬂﬁﬁpggl or mance
(regardl &ansh of thdedbdinet hdfepagetherdsde total D200 nyhe(10rinéhes  n6b@€pi =and 20
MB/ sec and 14.2 MB/sec for 12 inch and 8.5 inch page wi dths respectively
during &gﬁoﬂﬁﬁﬁ)pri nter speed performance (30,000 |ines per second). G ven
that the deconpressed data is output to a line buffer, the &4 Fax decoder

can readily deconpress ine fromeach of the outputs one at a tine. The
& Fax decoderT%F§e%°€H“’6i0§é'I& fligher mptsix pelectanap %H@rlgealifyarn@tﬁé thsrgqptone

interf aC?esoﬁﬂﬁn%%ﬁ‘é&mﬁ/?&ftslﬁz%%‘fp%ﬁ&?t%_liﬂ%ﬁffgﬂis@seﬁlefe@:‘ﬁre%ﬂ% 'egggf&fo%@,r enment s

to the external nce ax 1s lossless, the co Ity of"the
i mage i npapdbde ofstarfres 12mobestat 320 dpt. aWhenl tHeenarembtebessthe domtdbdresolypomal |y an

800 dpi bl ack. text/graphics |aye exceeds 10:1 conpression, so the
bandwi dt %‘%ﬁ’ﬁf’f@@ﬁ?sg’ﬁrﬁ?o & 8‘5)%5%& second is 0.78

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 (regardless 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 sccond). 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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MB/sec. Simlarly, a typical 320 dpi dither select matrix conpresses at
nore than 50:1, resulting in a 0.025 MB/sec bandw dth. The fastest
printing speed configuration of 320 ZGl162-SG 16 dpi for dither select
matri x and 800 dpi for spot color 1 requires bandwi dth of 1.72 ©MB/sec and
0. 056 MB/ sec respectively. A total bandwi dth of 2 MB/sec should therefore
be nore than enough for the DRAM bandwi dth. The &4 Fax decodi ng
functionality is inplenented by neans16f a G4 Fax Decoder core. A wi de
vari ety of (AFax Decoder cores are suitable: it can be any core wth
sufficient processing power to Eerform t he required cal cul ati ons and

control dpirfer dishes selest matrbuand 30Q dpufar spet eelpabirequres handwiddly of dnfZengt hs
g o . . S Sedislis et oo,
o oo oy EAREndL00RB Mty ELaRYRL AL LR 0 OBl GRS JAPRE BB P | e

19018- 1: }8&4foré B¢ Aioiathae Bnodgddbindk RAM Hangividah. conpr essi on and codi ng of
continuous-tone still inmages: Requirenents and guidelines, 1994) lossily

conpresses a contqgne_i mage at specified, quality level. It introduces
i nper cepti bl e T%é‘x@ %@é@"ﬁ%ﬂ@éﬂgo ﬁor@é%ﬁseggp FicRiat; s megs B%N""Sai, Z¥nd

negli gi bl§edoAB0& .efgrvﬂg@j%/% BF REIPDRESI P Rofel atOsuitABlOW A bl b @6re
Wal |l ace, G K, "The JPEG Sti1l Picture Conpression Standard”,

Conmmuni c awitlo sefffient tireceddivg péoter 34, pard, thapreghirdd @alculafiod0 and) )conI¢iEG
typically,. first transfo the .ima in a.col or _space that. separates

| i manc QBT HAG YRRl UG b SARAHG O Qoo FRIFBRE Xatfung PGS ¢ ne
chrom nangeméinaRbanttRAP e S40Y iIPlaesimiiet RpplicatlpRy, esdd¥oe mdyoseqiiecause of
the human vi sual system s relatively greater sensitivity to l'um nance than

chr om narmedifiggtiosy this first step, each col or channel is conpressed
separately. The image is divided into 8x8 pixel blocks. Each block is then

e e o

(DCT). This trans concentrating rmage energy in
rel ati velmychAnolwgy- £ r Bipieh capnpeedsiancicatt sodingi ¢h cortinownstdvieqbel - fmapqerency

S S A S TR SRAC TR M N AR TSN i S
gregg” NG FQAEH IGEEME SnftdducEE SBaEY it TB%bENdESraliktfon kK ebipRefoR rafsl acent
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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coefficients, and then runl ength-encoding runs of zeroes. Finally, the

runl engths and non-zero frequency coefficients are entropy coded.
Deconpression is the inverse process of conpression. ZGl62-SG 17 The CMrK
(or CW) contone layer is conpressed to a planar color JPEG bytestream |f

| um nance/ chrom nance separation is deenmed necessary, either for the

pur poses of table sharing or for chrom nance sub-sanpling, then CWK is
converted to YO Cb and O and Cb arelduly sub-sanpl ed. The JPEG byt estream
is complete and self-contained. It contains all data required for
deconpressi on, including quantization and Huffman tables. The JPEG decoder
is responsible for performng the on-the-fly deconpression of the contone
data layer. The input to the JPEG decoder is up to 4 planes of contone
data. This wi |Thet GMF&l(oy GMYB cpitanedayer dp cempresiedgioad Ohaviat eplebdBECmage, or

4 planes ., representing. a K _cont one | e. Each .col or pl eina
differ entby}eégrS?Iﬂt ﬁthﬁlna?%%ﬁodﬂlmcﬁ %?Qﬁg;f}gléllﬁ E-%eo e(()1 rneﬁ Saszrlf&s @f\‘lﬂfqrffg‘%tg t he sane
resol uti okBe otk @RA il Py e SclRbiRinaheashbl agiplihpehex CRIYR s ddnAbdltediioe out put
of the JPEG decoder is the deconpressed contone data, separated into

pl anes. ThHerGrewshpr and &b aedubnhaibrsampled. sThe IRE® Priasieamay eeraplete/ @dnposi t or
unit (H Y t he L. L0t | i.pel.i .. pl ane
contoneClt\)&lﬂjlff}czc Z’P&ﬁegv? é)s%eia%rg%%sré@é}reﬁtef Pgﬂg&%ﬂ r%rsl%ht gldgglr% %_L%gmg%ﬁog bet ween
t he JPEGndébdtiedn tablds.t he HCU 29. Each col or plane of the deconpressed
contone data is output to a set of two [ine buffers (see below). Each line
buffer is 3840 bytes, and is therefore capable of holding 12 inches of a

si ngl e col or pPrenPEG decodbsisatspabiblepior pEtferming ehdord-flerilyn deaintppessioone | i ne
buffer to be read by the HGQUJ while the ef line buffer is being witten
to by thé)f}h%@m@?c%’é%gy&rme gy Wptg? IBRE Deedet e REES %ﬁfﬂf@%’& line is
typical | ydaka¢%31|i§ Ay baay eI %laﬁé%gréﬁﬂt%fen@iﬁg% eMyeRfneiRapsled 4 flakat h the

dot and |ine dimensions.” | 1e buffering “were Iess than"a full line, the
JPEG decodprsantiog d (IMYK ¢ontaiedmdge. t Fashsale plangean heiin 4 gifferant reselutiomnce f or

cuppor  edinpyia ePieafigal iy sl BiiEs s R Fetlier SRt bdmeatme

bandwi dt head®fom the external DRAM. The output of the JPEG decoder is the decompressed
contone data, separated into planes. The decompressed contone image is sent to the
halftoner/compositor 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
JPEG 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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resol uti on and nunber of colors increase, bandw dth requirements al so
increase. In addition, the nunber of segnents being targeted by the PEC
chip also affects the ZGlL62-SG 18 bandw dth and possi bl e resol utions.
Not e that since the contone image is processed in a planar format, each
color plane can be stored at a different resolution (for exanple CW may
be a higher resolution than the K plane). The hi ghest supported contone
resolution is 1600ppi (matching the pfABnter's full dot resolution). However
there is only enough output line buffer nmenory to hold enough contone

pi xels for a 320ppi line of length 12 inches, If the full 12 inches of

out put wakandwidih ead passitle gselutionnt Vple thatsingeihe epntona imags ieppeessehitns woul d

be requirge it t i . t he

printer Vit {an%{ fOPlggth?éyh %ogg'ﬁﬁfaﬁ%g%r BQ%@%Q %ﬁép%fof&?enft fg%é&ﬁ_l tlggﬂg@g& gﬁl %ICBZOppi ,

t he deconPNES siagrbeoahipitr baohiiod tthar g W péaent Tharkepldt: Mpbseal tattorke page

per second perfor mance_((rega_rdl ess . of whet her the g)ag{_ltla] width is 12 inches
g

or 8.5 itseciudon isdabonps (nechiws thaerimer silldot resglution). ilemever thege i§ oplych page
widths r i I d i L 0 lines
per seconﬁ?ggﬁ' Eﬁ%@t@@ﬁ%ﬁ%@?@?ﬁ%@? Icéﬂﬁ)?grg%ﬁ\iwﬁai n %&y&& a the
DRAM i ntlengthcE inthes.arfbui figd 1Qoimphessef outpditwas meqescdt itehigherd vardore
requirenentg to the. e al As t.he |evel . af co essi i ncreases,
the. banaiFHde chasRE SECips pREK Ay orbash] HERRERE PO TG can

al so decrgas Qutpth SnDRANRAGIWIA LA folly Be bRIAEI. e With QipRIre & £3BloReal eadi | y
cal cul ated by appl ying the conpression factor to the " out put bandw dth. For

exanpl e, ROpphdhedeompressioarmitput teadwidih reguiramants gnpAeMBoac farabpege of 10: 1

requires 1 MB/sec agcess t t a.prnoduce, a_singl.e. p. . The
SPEG 1 undieF ORETL DETSTRRS CrERCSE O SIS tf PRbd BdnaBoR MRbePEER,, oy
of JPEG datles),ail 881 MR and cdaMsecamyt IPEEclcoing 8wt ek Updge Cwiiilis
processing power to performthe required calcul ations and contyol

f unct i onsremgstively dwang mpsimune RERAST eed perigrmanse QR lings Betsgeonddconpr essi on
speeds up to 140 MBytes/sec, . which allows deconpression of 4 color planes
at contone resbteutPifhsdagpderoisatpdpsirectlyr fromnte pmpinnineiery ritiethe RIRAM 30, 000

Not e t hattERE G B aEREE Phtom AR RRBRINA d heARIRNE RRURERBRE o 3RECC
external DRAM. As the level of compression increases, the bandwidth decreases, but
the quality 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
pagefsec 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
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reduci ng the requirenents that are inposed by nore generalized JPEG

conpr essi on/ deconpressi on cores. The size of the core is expected to be no
nore than 100,000 gates. G ven that the deconpressed data is output to a
line buffer, the JPEG ZGl62-SG 19 decoder can readily deconpress an
entire line for each of the color planes one at a tine, thus saving on
context switching during a line and sinplifying the control of the JPEG
decoder. 4 contexts nust be kept (1 cdftext for each color plane), and

i ncludes current address in the external DRAM as well as appropriate JPEG
decodi ng paraneters. In FIG 4 the halfioner/conpositor unit (HCU) 29

conbi nes daseder¢ae readily degompsassrangmtireglinenfor eghras il ¢algnplangsiope evinel ayer to
o . ; O ) |
ovor ¢ ho it Shaloth Anbi?s, 3eiGe diffis alfTRON shhilAyind in Pkl BE ¥R | EVEL

t he pri ntdecoddrhe chifekt? Shussbakém (1 @on@pt fér eachCdforddinse) amd iagpdapoureiie. |t
al so sel ects bet t di t. her trices an a Ebggk@@y pi xel basis, based

en
on the cAdESHENEE fErenal REAM a5 el priopraler P Be RABMCEtRY i nput to
the HCU 29 is an expanded contone |ayer (fromthe JPEG decoder unit)

Cpandod. s e i P RBRRS Aepie ot PP bt e B SbA 1 on oo
the cont %ﬁd@gfhet&h%a Mﬁ%ﬁaﬁ@@ﬁ%ﬁ(ﬁﬁfkrtt@% %iﬂ@%ei Risiditbi tHd Qe SRR ]yt Ion

t hrough buffer 40. The HCU 29 Uses up to two dither matrices, read from
t he ext eravalpoBRAYIIB4spoTha-lewtl jager fovemthe hppredtiate halfioned eotpmelayérdél / f or mat

unit (LLE at 41_is.a.set of print esol.utjion bi-|leyel | ines in up

Yo 6 col dPopausK pairadra frinhcBe JIEHR2? it bR oo 18r CORN Sols ¢ he

bi -1 evel appRPistel ayMso bdedfs bétvebnt fvo ithes nSR@ELsloRe Fildd by higd ®adisbastet ai | .

Once started, the HCU proceeds wuntil it detects an end-of-page condition,
¢ H%Hé

or until anthe gomsssppading vglug inhisetithes mairixsseleshingpl The s tocth 290 st task
O 1% Fghfel Bhbne VR B BETHEXP BEAP ) i Rty LB bl e

unit 43, al recerv planes s o printer
r esol ut i expahiet hbiFevdl zgotialdyyr amduyle Hufeal By .anThgaidal dithidrihalpikaxledies a
means of scalingﬂgéﬂtone or bi-]evel data to printer gjution bot h

hori zont RAPA lyj tag sarpe resplition §s fthe %«mﬁ@wgmt}bmpé%ﬁﬁ et 1hgnd tafat a
data at full dot resolution 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 horizontaily 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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val ue an integer nunber of tines in both di nensions. Processes by which to
scale data wll be famliar to those skilled in the art. ZGl62-SG 20 Two
control bits are provided to the scale unit 43 by the margin unit 57:
advance dot and advance |line. The advance dot bit allows the state nachine
to generate nmultiple instances of the sane dot data (useful for page
margins and creating dot data for overl apping segnents in the printhead).
The advance line bit allows the stat@0nmachine to control when a particul ar
| ine of dots has been finished, thereby allowi ng truncation of data
according to prlnter [ It al so saves the scale unit fromrequiring
speci al end- of LW r?@nﬂf@lgb& areh arovigsgt tor thet sealesunift d30py the sasgin gt Fine

buf fer  JRgndd 05 L U9EAO P TG Rhabld B3 bR S8 he EIL hifhintPeeso2! 1 19

V|aI|nere i cat’i on, 'i'ne val ue 1s used scal

factor t|gm&-atecm&]fnfpm:lhsﬂaﬂasdsMmlheaﬁama)daczhka fugeful/ taa gagaﬂiargm@hnd:a*eatmg Once
the input_line has been, used scale factor t ance line bit has

been set W¢4prig fopevglappngesEmentidn; %H’E‘n‘@ﬁ‘? )erThaee‘imS’g’f’ allpws thedr ess i s
t09g} ed. (BRI h LN fbddl -wHERC, | Atichld: Une! BE d5EA Bé'%htﬁms%eﬁh%e? for

the 8-bit an case, since'the scale unit only generates addresses.
Si nce eacaﬂiowﬁng hrencatinn @tﬁelataaqpemsli@m pxéntar nllafg‘imr elttaloeswbutheowaletingly ar e

scal ed endent|y.. The bi vel t. at. buffer .and the dither
mrr i x SRR P srkal i tdineibes Jhe i N Blesdhis At ifh ALY el | 2g
data at brHefiffe i (sdBscaft @bl HARY t&bIEAYertl HR6daline S0 Kiid Rpligidndagis not
need to be scaled. The scaled-up dither matrix select bit is used by the

di t her meawithix eagt bscs eapl walng is useslewg@tfaarosﬂmgﬁsaosafﬁm herigontal porilinge t wo

di t her matrlce al.ue is ut to.th 0 oF 4. and 49
o 51, wilbheCeRbr RO R yhe Bin b e e B AAE Suite °Trc
gener at i Qfmedit a8k Béétntlsi:k scdlk Yhaor dalek), Xhd ﬁlpdﬁbﬂffﬂef!‘HecﬂlblttdfethSTaﬂdﬁ'Sslfse of the

printhead and_ the general processes by which to generate one wil]_ be
fam|iar tegelehgloublebuticang). nhelegierfpr therscalganit dsthsisamg 4o e iSshit fidkkt er t han

the 8- bi t.di.ther.. ergcﬂ \{%h%gap%&le esodldhggg If not, then a 0 is output.

These bits are t With an |nPage bit fromthe
margin unit 57 (vvhether or not the particular dot is inside the printable

o2, 1 POl AR ta e o U o feAmay s oo
independently. The b1—leveI 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 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 cutput 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 O 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 arca 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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merger unit, such as unit 58, each with 6 inputs. The single output bit
fromeach dot nerger unit is a conbination of any or all of the input

bits. This allows the spot color to be placed in any output col or plane
(including infrared for testing purposes), black to ZGl62-SG 21 be nerged
into cyan, magenta and yellow (if no black ink is present in the
printhead), and tag dot data to be placed in a visible plane. A fixative
color plane can also be readily geneRadted. The dot reorg unit (DRU) 59 is
responsi bl e for taking the generated dot streamfor a given col or plane
and organizing it into 32-bit quantities so that the output i.s_in_segnent
order, ankf Miegeinte cyan mpgentarndopiart G nablackink is pugsgalinfhe pdnthegdyyi r ed

due to thaﬁqd‘;}gg?do}rﬁ% tgq}es%l%&%l VLI &a&%e.se rﬁ?{&{i@%%l‘ér g%!ge QERGIRIRA 10

segnent or WO contr its are provided to the sc units by the

mar gi n unicddib/genachiain Ghe ddoteoandnia VRO &91is raporiitde faivtakiag tldogerbratedal | ows
the state, machine to generate nultjple instances of the sane dot data
(useful 4 SPEYR fAb? & f&%ﬂ%@%&%mﬁ alltOf%?blBeraswmg%é@mms in
the printdigae)is i S8n Y 3RRE, bl Bitlordbr! OMfin' REmSAR! SinfBANLHRCHA KONt O
when a particular I7ne of dots has been finishéd, thereby allow ng

t runcat i onqufeddhiedo dedoetdhatglotsofop piartappingsseginpits atetnod peneraied gsseghentscal e
unit from drequi ring special end-of-line logic. The conparator unit

cont ai ns 4% nple 8-bit "greater-than" conparator. It is wused to determ ne
whet her the 8-bit contone value is greater than the 8-bit dither matrix

val ue. As suchrwé benteQmbahad govided to thrkesletunits 8y bhd mhfppwitisit Sndaditpcbuces a
single 1-bit output. In FIG 6 is seen _nore detail of the dot nerger unit.

It provi d®é a@dngdiascefine.naplist Agvarre do¢ -tite¢lowyithe, statsgmaghize tp rgengighs |

color, a he. : O..QUI Ut i ' ' ch dot

nmer ger u%l : %k%lgtg%&?%giﬂie ?a%%u‘?g dg{r?gf‘ﬁ %?%Qﬁogggg%ﬁ%%%g% %T&L{:I'?M}%g{glf F?at hat

r epr esentfer blerlappinpuiegdents or tHehpiintheddyr Pheanvanthdine ubipatlows tthasta®d is a
conmbination of any or all of the input bjts, This allows the spot.color to
be pl aced™® neafﬁy%atf%a’k’e% BIRsFIHia Ele(qurﬂa%msn‘geefl frv%he@fjthﬁleﬁﬁyta_@gwr}gg

pur poses k@K of AatdCadtBH é% %’iﬁter(}% ins"BgesltR sand thelseaw ddinfibhe case

of no black Ink in the print an ag dot
requiring special end-of-line logic.

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 I-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 plane. 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
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data to be placed in a visible plane. An output for fixative can readily be
generated by sinply conbining all of the input bits. The dot nerger unit
contains a 6-bit ColorMask register 61 that is used as a nask agai nst the
6 input bits. Each of the input bits is ZGl62-SG 22 ANDed with the
correspondi ng Col orMask register bit, and the resultant 6 bits are then
ORed together to formthe final output bit. In FIG 7 is seen the dot reorg
unit (DRU) which is responsible for t3king the generated dot streamfor a
gi ven col or plane and organizing it into 32-bit quantities so that the
output is in segnent order, and in dot order wthin segnments. M ni nmal

r eor der i MyNPed waituthe eerrespendipg CalorMaslk ragiviar bifoard theresliany &Pty #g thsdgnent s
are not ' .. The DRU contains a 32-bit shift
registerfﬁ§gﬁ%g%§§?b%?%gggﬁﬂ%%gﬁgﬁg$3 and a regular 16-bit register. A
5-bit counter keeps track of the nunber of bits processed so far. The dot

advance si gnaly,. ffyem I I X |t i 0

i nstruct the LFJrlgjs 7%%95\%%} gﬁecg}tgg&éﬁ%ﬁﬁgﬁb@%gﬁ%&t&%&%’Iléciﬁn'}é@g |ﬂ{§t er (A
62 is cl gehkadted\det yiraycla.a giver cslbaplase hinbodanizgtit irte 824bit qlanhttigsrsoduced by
t he dot rger unit (DMJ). The fyll 32-pit value is .copied to_  register(B)
63 every% @;cw&gutbgf oM EIGT oioR  FCbpb o n¥ithigr gmeats- YRl pru

state maGhlR&IRA iy r@uited! IR & Riebidet ERHNARS forl BeerkPpaiddsdintents Riel Sotl, 3, 5,
7 etc.) from register(B) 63 are copied to regi sterFC) 65 with the sane
W i t eEnalgeserpigt se segine3@-obder. Tima|RR |cortains 663 2-bie shidielegistes, dhregwiae 32bite

following 3 outpuyts bas on.?2 bits,fromthe stat.e chi ne: he full 32
bt s 1 ot ahi et ThobR fibider B i so sy oruR iRrico NBE BhRRer ot 88

regi ster pfodebieliSoQar. The dot £K1vahée JignafRdnd e diBeemeixkicksss Qhit (BBAUPIs B. The
16 even bits fromregister Aformbits O to 15  while the 16 even bits

f r om r egiusedio ipstfust thed?RY ag g which bits should be gutbue nade up fromthe 16 odd
bits of register B (bits 1, 3, 5, 7 etc.) and the 16 bits of register C

The bits of registe . bt ikl ert k4 I regi ster

B formbits 129{26} ?ﬁ%@%&g%iﬁﬁﬁéﬁf%&% %Il% c?gtg&%ghgge?lnqsﬁl e?glgl el It

starts i rniost pdoduékd 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 etc.)
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 (roOverlap = dot advance for cycle
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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 (no
Overlap = dot advance for cycle ZGl62-SG 23 0, and noOverlap = noOverl ap
AND dot advance for cycles 1 to 31). Table 1. State machine for DRU State
NoOver |l ap Qutput output Conment Next State Valid O X B O Startup state 1
B 1 Regular non 1 1 1 overlap A contains first 1 0 B1 2 overlap A
contains Even A, second overlap 2 X 1283 even B B contains first overlap C
contains first 3 X C, odd Bl overlap | B contains second overlap The
margin unit 57, in FIG 5, is responsible for turning advance dot and
Revance. el SpQHtd T Restvarive ANDIeY caUes IoTSTeesd RATL (DAL 481 nto
general control signals based on the page nmargins of the current page. It
is al so responsible for generating the end of page condition. The MJ keeps
a count errgle 10¢tatdBlabhife fGCPRES the page. Both are set to 0 at the

begi nning of the page. The dot counter is advanced by | each tinme the MJ
recei ves a dot advance signal fromthe DVAU. When the MJ

output
State | NoOverlap | Output Comment Next State
Valid
0 X B 0 Startup state i
Regular non-
1 1 B 1 =t 1
overlap
A contains first
1 0 B 1 2
overlap
A contains
Even A, second overlap
2 X 1 . 3
even 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
ZG162-5G



receives a line advance signal fromthe DVAU, the line counter is
incremented and the dot counter is reset to 0. Each cycle, the current

| ine and dot values are conpared to the ZGl62-SG 24 margins of the page,
and appropriate output dot advance, |ine advance and within margin signals
are given based on these margins. The DVAU contains the only substantial
menory requirenents for the HCU. In FIG 8 is seen the line | oader / fornat
unit (LLFU). It receives dot informa24on fromthe HCU, |oads the dots for
a given print line into appropriate buffer storage (some on chip, and sone
in external DRAM 34) and formats theminto the order required for the

pri nt headnargingiciihe dpae. Midosmoreptiale SR doh@dvaree {ine wdvanse gnd vitkingxt er nal

interface,}.s:S i,n. E j 2.t o e j 6 32-bit
wor ds an?ﬂdggﬁa%\g%f iaﬁe lglh{én %SFJS)gnglr@ gétjien(?@%lgé't h%ﬂ%Hgb%Wh%&éﬁ?%ﬁe g%lyi s a set
of 90 bi tsgbstargial msmioty rqudemants fartheoHCLS pri nt head segnents of 6 col ors.
Not all the output bits my be valid, depending on how many col ors are

actually used in the printhead. The physical placenment of firing nozzles on
t he pri nt head In&fl6r ersc adsahothe, linenbmzdbie s formitwmip {EEEBU).r diveecareandott hat odd

and even.dots of fhe | o re far two di.fferent |lines. The_even dots
are for I“i‘fﬁgnit}o ‘Hnttﬁ&aﬁ%&‘g?%@rﬁég%ﬁ%ts ora givVAR Pinbling into appropriate buifers o ' 5
nunber ofdrddae glﬁaetde@aﬁp,t hel d9hs P bxenfl BRAN adaddhRrMetssheth infnakher .

Since the 6 Cco planes for the same dot positi‘'on are calculated at one
time by otdee ré¢Qited tfvethe primtheade ddhigb leed dlock bagian ofigheal. LBY indermsaff t he

color planes, until the.same d | si.tio d e _appr i at.e col or
nozsl e TS CRIeH il B 10 . AR B o REERFHIR «3RPOHR3A BN, hoad.
Since a vwairdOARl £BGavaNnebal 85 galeiged BY tPHED. ettt B8aEa SETHO s a
single odd or even buffer |line is therefore 15 sets_of 640 dots, for a

total of raBeEnbng 8 maxppemmftlédyintimed segment of 6 colpas.ppt all the @HDRYE f or
color 6 t 49 E@/ e . equi site
buffers nlgﬁ%q%gdﬁ%%g%ﬁggbgﬁg%ﬁ% (%E%%E%ﬂégﬁﬁ%%H§F%%]ﬂﬁﬁﬁg'techniques
are capable. QG herwi se, the buffers for colors 2 onward nmay be stored in

external DRAVY s eOABERRSTEfd RoBRaYal i SYRRATRAG SISt ance

bet ween col o S ange in uture. Istrivial to keép the
even nozzles in two offset rows, means that odd and even dots of the same color are for two

different lines. The even dots are for line L, and the odd dots are for line L-2. In
addition, there is a number of lines between the dots of one color and the dots of
another. Since the 6 color planes for the same dot position are calculated at one time by
the HCU, there 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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dots for color 1 on PEC, since everything is printed relative to that
particular dot line ZGl62-SG 25 (no additional line buffers are needed).
In addition, the 2 half-lines required for buffering color | odd dots
saves substanti al DRAM bandw dth. The various line buffers (on chip and in
DRAM need to be pre-loaded with all Os before the page is printed so that
it has clean edges. The end of the pagg is generated automatically by the
HCU so it will have a clean edge. G 10 is seen a bl ock diagramfor
Color N CESplit (see Qesplit 70 of FIG 9) and the bl ock diagram for each
of the two buffers E and F, 71,72 in FIG can be found in FIGs. 10 and

11. Buf f dpo pdditional Fae brdesurraicsdediec ﬁaﬁﬂélﬁhpfloﬁhet ? didfrlisnesi eguiredaft to t he
print head, igater faes Rk asié s.‘i‘%e@u@stal:ﬁlal %yﬁwso FHach. F 1 }ge\ceﬁfo%qldaave

f
i denti cal stru%tur es. EJI‘I ng processing o I ne of dots, one of the
two buf f éwsferss(onvehift tusdh irt DRWKMD acéd® bd herloadedbeithglir@salstféredhe pdgeeist wo

buffers are | o al | pp on pt of the |line-s ignal from
he P . ool Bt besi R pes1Be Sopbedmecs SncaisdaurA b BERS. out f or
per col 0rHC@§o§thQﬂ‘thv@a clén edde. the color 1 sub-buffer numbered 73. The

si ze of each sub-buffer 1's 2400 bytes, enough to hold 15 segnents at 1280
dots per segnent. The nenory is accessed 32-bits at a tine, so there are

600 addres s ednffdE 18de keenuhblbelf diagrapy fog diolerdy OFSpbit (sse Sresplddi0e s£F1G. AI I t he

even dot .bef or.e th d dots b- buff
Chere 1s iy THE LBGR QiskEuR 1 galf of i PPty BB ¥ A2 18 PR b 5

| ocat ed &buﬂd’iﬁh EGd. ab wdah. @it 'BF 1§labidautef1ﬁifferedmeclamsuﬂfor @fangfemgy
actually used from each sub-buffer is directl eI ated to the nunber of

segnent s e @athe risthend datedagsy (PEHR 3pae Fle 3.5 Buffese Gravdt F thearefersebayet her e
are 1200 i Gl UG Sk, AU, DY 1400 Y L P A £ o

unused space. € nunber rs garn used 1I's |rec y rel ated
to the nuwiresn tofwltitd the otharde deing réehbfrpmn niteetach bufffiers aeexiogicadly swhgredof

col ors supported is 6. The addres dj circu for each qf
buf fers epameqem@&?éwer%@ sigh ?%ﬁﬁgybpﬂl “ﬁeﬁh é Fgge spppaefess can
be made g 6aédb R0 104b R pelebél&e'hs%hé?v@ﬁ% fst@m11atﬂe &m}n dubbifrg to one

of the 6. Only one bit of the 32-bits read fromeach color buffer is

sel ect ed nufnbered Botlhie stk of caakht ubtbuibiet &. 2400 byiss.ovwvgh foshadthddeedgmenyas, 11, 15
bits of 1280 dots per segment. The memory is accessed 32-bits at a time, so there are 600
addresses for each sub-buffer (requiring 10 bits of address). All the even dots are
placed before the odd dots in each color’s sub-buffer. If there is any unused space (for
printing to fewer than 15 segments) it is located at the end of each color’s sub-buffer.
The amount of memory 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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address allow the reading of a particular bit by nmeans of 10-bits of
address being used to select 32 bits, and 5-bits of address choose 1-bit
fromthose 32. Since all col or sub- ZGl62-SG 26 buffers share this |ogic,
a single 15-bit address gives a total of 6 bits out, one bit per color.
Each sub-buffer 73 to 78 has its owmn WiteEnable line, to allow a single
32-bit wvalue to be witten to a particular color buffer in a given cycle.
The individual WiteEnables are geneBBted by ANDing the single WiteEnable
input with the decoded form of Col orSelect. The 32-bits of Dataln on |ine
79 are shared, since only one buffer wll actually clock the data in.

Addr ess d&#@r%%ha%ﬂ%bg&aioﬁmﬁje flpchih asldrase gives adiqint of O<bitstquki st YibPHHar d.

Each Cycéo ord ?ﬁbﬁ %ﬁguﬁ'ePT St ‘%0 h&sSivs 5\9@&?\’1‘11%{31‘1'?0‘?9 hﬁ@ tI) %ﬁ&g a m%‘éé 82-bit 10 to

representing r or a particular segrent
t he cur r emfuebid badninmms to wepatimdmc eolvo buffer iext giveegyelet ' §Theqmilvﬂhdnt dot .

W add 6 t, 1280 th dd d, d [ ted {n th
buf fer . VWTELTERIES A araegiie oA s B sineli P naut ST i seadsd | ng ¢ ne
even dot Sforrﬁ%?dofcﬁ@élé&r ﬁ@@%%l@'&@atte@n bA%nE ard B dNUAREH BhS batrerl 5. T he

nunber of bits is 90 (15 bits). The process Is then repeated for the
odd dots.WIII'HtrtlEtllEnIQCI(éheeﬂmmodd bi t generatl on process is repeated 640
times, increnenting the start address each tinme. Thus all dot values are
transferred to the PH in the order required by the printhead in 640 x 2 X
Nu nBegrrent s cyhddress gahemntidi fiBagading srom bdffers hieandnli nd sfraighitforyatde sEach 19, 200

cycl es. t hat l.ess t he r col or tually, used in the
o1 i nt heats ol e FETAOAE Rl 1ok GHTRR'S sy Rrlog SR IR ERE ccr
col or's Hatdclar sepmemdddy h@ding VB0 86 BRS ArRnt B adiiehd, SfNaRhAccCONhE abxtsi gnal
for witing to the 90- bit Transfer register 90 in FIG 9. Since the LLFU

starts beegnentismequdrglent\gdot.We adgd 6dfstmetr 128D dingesthe\odd gndpesrenrdots € Advance

pul se. 1 QEilied Al byt S 00RRET A" Bis VB! WL BRAGupeSS for

the firs vance he "solutioni's rans ue to
t he Tr ansémesehdag $lﬁeeéveafdoﬁ ahld maegforthiose biyctoethe I&Hd Whem MusmSsgatits =
NurrSegrrents cycles later, waiti ng}for t he Advance pul se to start the next

NunSegnerts theyembeyplhits is BAEE ¥ 9ebits). r e pravesh dsthpp repsatsd forghaodd datsL LFU i s

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 Transfer 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:
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synchroni zed to the PH . The read process for a single dotline is shown i
the foll owi ng pseudocode: ZGlL62-SG 27 DoneFirst = FALSE Want ToXfer =
FALSE For Dotl nSegnent0 = 0 to 1279 If (Dotl nSegnentO: bitO == 0) CurrAdr
Dot | nSegnment 0 (high bits) (puts in range 0 to 639) Endlf XfersRenaining
NunSegnents Do Want ToXfer = (XfersRemaining == 0) TWiteEnable =

(Want ToXf er AND NOT DoneFirst) OR PHI: ADVANCE DoneFi rst = DoneFirst OR
TWiteEnable Stall = Want ToXfer AND (ROT TWiteEnable) SWiteEnable =
NOT(Stall) If (SWiteEnable) Shift Register = Fetch 6 bits from

EFSense[ ReadBuffer]:CurrAdr CurrAdr = CurrAdr + 640 XfersRenmining =

Xf er sRendPoiehgst=FYALBHdi f Until (TWiteEnable) EndFor Wait until BufferEF
Wite pr finished EFSense = NOT (EFSense) While read process is
transfer?‘?ﬁgﬁggﬁ?% f?%ﬁg or Ftothe PH, a wite process is preparing the
next dot -HdrMwtinSeghent0t=ero 127Hf er. The data being witten to E or Fis

color 1 data generated by the HCU, and color 2-6
f (DotInSegment0:bit0 == 0)

CurrAdr = DotInSegment0 (high bits) (puts in range 0 to 639)

>

EndIf
XfersRemaining = NumSegments
Do
WantToXfer = (XfersRemaining == 0)
TWriteEnable = (WantToXfer AND NOT DoneFirst) OR
PHI:ADVANCE
DoneFirst = DoneFirst OR TWriteEnable
Stall = WantToXfer AND (NOT TWriteEnable)
SWriteEnable = NOT(Stall)
If (SWritcEnabic)
Shift 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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data frombuffer D (supplied fromDRAM. Color 1 data is witten to EF
whenever the ZGl62-SG 28 HCU s QutputValid flag is set, and color 2-6
data is witten during other times from register C. Buffer OEl 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 the page,
the odd and even dots are printed at different tines. Buffer AB 82 is a
doubl e buffered mechani sm for del ayi ng8odd dot data for color 1 by 2
dotlines. Buffers A and B therefore have identical structures. During the
processin of a line of dots, one of the twp buffers. is read frgmand then
witten t C%Quf%ValbLﬁa%a%seéar@di SYPcA0l datas ivaplen drsing othaktimss fiog dot
line has jfa Eg@ processed. A single bit flag ABSense determ nes which of the
two buffers are read fromand witten to. The HCU provides 32-bits of color
1 data whenever the output valid control flag is set, which is every 32

cycles afpefetdie & 'ix?FId'@ﬂ; %‘?fbg?és'ginsté:e&%gﬁfﬁ?lﬁ@%dg'lé‘ﬁc g& gﬁe E g define

a contiguous set o 32 dots ngl e Ine -~ 16 ev Its O,
2, 4 et c.dontigans 32610tmjﬁbr golos 1( BVhide the d8ts &re evmtignousThie theytageitthe add ehdcont r ol

flag IS useddaé %ﬂ&ﬁ Ie control for the OEl register 81. W process
the HCU dafa% ég@p%pw 3 8% gnal s. The 16 even bits of HCU color 1

data are conmbined with the 16 even bits of register CEl to nake 32-bits of

even col cBufferdal 82 iSh AbLAE yffefch endebadiast fobHélayiaf olPdoCoItPfor ko tidbyar e
conbined with the 16 odd bits of register OEl to nake 32- bits of odd col or

1 data. Upépilipese Byfferpa m@ﬁhqr@fpr@ﬁvsudwmcwostw@m Idyringribe groseping  t wo,
we read %}f d Wle RBdbR Bﬁ%ﬂ?}ﬁ‘é wd'Budd ag%%a? %{;’1{} q%dgﬁm}wﬁfén Otp. PH@ twl W thin

buf f er rece e secon p Si gna e group of

two, we VWuffef:‘s airh&ogleez}ytnv&@p@d afoetdhé antiretdot 1ihe hasbeenlpperkiedn A sinblefbier AB
t hat me ad fron1$reV|oust and we wjte the 32-bits of even data to

col or 381 Foepif felsrones vipjgh P&GWBPP@% agoregd frompand aElery®r col or pl ane

mhenever the QutputValid control flag is set. This occurs every 32 cycles
of 32 dot ertdrEFrargy it oFsate T de Whrerieadiesoiupitoalig coso 4gigseh, - and
16 odd dajmich B Ever 323cyc§eseefffér ke first flag has been sent for the line. The 32 bits

define a contiguous set of 32 dots for a single dot line - 16 even dots (bits 0, 2, 4 etc.),

and 16 odd dots (bits 1, 3, 5 etc.). The output valid control flag is used as a

WriteEnable control for the OE; register 81. We process the HCU data every 2

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

even bits of register OE,; to make 32-bits of even color 1 data. Similarly, the 16 odd

bits of HCU color 1 data are combined with the 16 odd bits of register OE; to make 32-

bits of odd color 1 data. Upon receipt of the first OutputValid signal of the group of

two, we read buffer AB to transfer the odd data to color 1, 73 in FIG. 11 within buffer

EF. Upon receipt of the second 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 I within buffer EF.

The HCU provides 32 bits of data per color plane whenever the OutputValid control
flag is set. This occurs every 32 cycles except during certain startup times. The 32 bits
define a contiguous set of 32 dots 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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ZGl62-SG 29 While buffer CE, (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 color 1
is split into 32-bits representing color 1 odd dots and 32-bits
representing color 1 even dots every 64 cycles (once every two QutputVvalid
flags), the remaining color planes are also split into even and odd dots.
However, instead of being witten dir@dtly to buffer EF, the dot data is
del ayed by a nunber of lines, and is witten out to DRAM via buffer CD (84

in FIG 9). . Wile the dots for a givenline are witten to DRAM the dots
for a preVinggdufienOF (@3 iaddGr r Uhhis predvioasterent pinglerdd-bit yakeder pplog 11 72) .

This pro r{' O} %J)BBQ%%S%I@%% laa:’s‘éﬂ'%l}é"iz'&lhit Ja RF 981‘3?51?% {gf n%t %e'ﬁ@&ﬂg%kror 1to

buffer EF. Every“tine an t put Va ag I's receive on |line
85 i n Fl Qustlf, the Hata f&2edbirt kisapliriatw32-bitdasdpecsamtmovaoldrt lesdd dotdbafd Fr-biGEN ( 83) .

Every second QutputValid flag, the conbined 64-bit yal ue. is itten to
col or buf PRESFLPESplor Ffven Hafisamy e irﬁtée(PP‘"eﬂ Ve WL DHIPGEY R HHEah & 2- 6.
Col or Buffehithd &idr AR PITHS c0dn G Rididord 320 bytes) to enable the

dots for two conpl ete segnents to be stored. This allows a conplete
segnent generation tinme (20 x 64 = 1280 cycles) for the previous segnent's

dat a ( bothowerss, mstdad o€ heiggtvajttanodimesthytp thudiar Bbit theodabrlan is Algtayed by a
generatiop for w.iting,ts_ .straight rd. e r. It l.e..signal on
e 87 iRt ohfibts A Lowrfitd SltP RiPARF vl Rl oL IS ¥ 377

and i ncr efvefcs epieey liseairifh RUDRAIN dthefdodgfodat previdls lihd siegrasd Gbm
advancin the address is reset to 0, thus providing the

doubl e- bg?é&\’ffg@d Setendo bIRPERGT ked2)s ol s pepeass oHE beetamen@tefi@?é@d Aath occur
ur 19, 5 pERERUNY S P pet e previoue searenc s data cap be
The process is shown in the followi ng pseudocode: adr=0 firstEncountered
= 0 Wi | gz N FinRAYAOGOLIVITN Ady i HodiRdt Rt VAL U ANRE fss"iR tHRAC oMy €d) )
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 scts of 64-bits (320 bytes) to
enable the dots for two complete segments to be stored. This allows a complete
segment generation time (20 x 64 = 1280 cycles) for the previous segment’s data (both
odd and even dots) to be written out to DRAM. Address generation for writing is
straightforward. The ColorNWriteEnable signal on line 87 is given every second
OutputValid flag. The address starts at 0, and increments every second QutputValid
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:

adr=20
firstEncountered = (
While (NOT AdvanceLine)

If (HCU_OutputValid) AND (firstEncountered))
2G162-5G



ZG162-SG 30 ColorNWiteEnable = TRUE ColorNAdr = adr If (adr = 39) adr =
O Else adr = adr + 1 Endlf Else ColorNWiteEnable = FALSE Endlf If
(HCUQuUt put Val id) firstEncountered = NOT(firstEncountered) Endrf End Wile
Address generation for reading is trickier, since it is tied to the timng
for DRAM access (both reading and witing), buffer EF access, and
therefore color 1 generation. It is nore fully explained bel ow. Address
generation for buffers C, D, E, F, andlcolorN are all tied to the timnmng

of DRAM access, and must not interfere with color | processing with regards
to buffers E and F. The basic.PrincipIe is that the data for a single
segnment of color N (eit Kedod¥riteEnadosTRIdEs) is transferred fromthe DRAM
to buffer EF via buffer(gRH gz%ge data has been read from DRAM t hose
dots are replaced based on e values in ColorBufferN. This is done for
each of the colors in odfiadngd=89en dots. After a conplete segnent's worth
of dots has accunul ated (20 sets of 64 cycles), then the process begins
again. Once the data for allagbﬁ nts in a given printline has been
transferred fromand to M the current address for that color's DRAM
buffer is advanced so that it will be the appropriate nunber of |ines
until the particular data fomrdrZ&6R21SG

EndIf

Else

ColorNWriteEnable = FALSE
EndIf
If (HCU_OutputValid)

firstEncountered = NOT(firstEncountered)
EndIf

EndWhile

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

25162-8G



31 the color's line is read back fromDRAM In this respect then, the DRAM
acts as a formof FIFO Consequently color N (either odd or even) is read
fromDRAMinto buffer D while copying color N (sane odd/even sense) to
buffer C. The copying of data to buffer C takes 20 or 21 cycl es depending
on whether the QutputValid flag 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 begins31The data in buffer Cis witten to
DRAM (the sane | ocations as were just read) and the data in buffer Dis
copied to buffer EF (again, no color N data is transferred to buffer EF

whil e t Hbe cplopstling|is aead) bagkfeons SARAMn ck iy isepert ghpnathesDBAM gets as a
transferr : 4l t urs for

t he ot herfsggelr?st:\e@yigg E@%%F&%%?ziCtoﬁg\r/ﬁé%ﬂct}{%?ﬁag)%n??)sgﬁacfﬁgﬁﬁ or eglgo of the
remai ni ngufet @ shild kepwng icokr A0 dahe aidieessehs) pe baffd0C. t Thesopyidgeof
addresses._ for each of the current lines ipn DRAM are then_updat ﬁ&/li%ogg t he

next |inela@ gE FstrigkesoheniZh. ovctesieprrding oHavbrthe: the Pwlau ess for
dotdat @ Rk fifinf S YORRNLAR.  OREAboMALGL! fabe Glnjdlel (BIFMIFIRE m PEC

For each prin e we read an entire dot Ine for cotfors 2-6, and wite
an enti r eccess willnlee therslowérotask)2 6. sdeond tphet afethe pooness bddns. s dhaelatasint hi s

t t 5 .15 8 it = 192,000 bit .24, 00Q byt i nt
et oD e G Bovrten i PRAMOS sie IcatmBon 1o o yendsatioma defig ™ "
equat es R8P is :E,%i@@fo bR B (@?zﬂﬁ, MEEISEN Q& B kaRdfbne fohsurRaBewidich

required is 312 / sec. Since he bandwi dth is so high, the addresses of

t he vari dbe OutpftValidh8sg finsct sinsh colsir or data is Drg/tahsfatred)beWhpn ibathzesksf or t he

menory type (Yl sed. 1n an RDRAM [ systemd o | e, t.he very
et hatfer it H Some Brtyr ol PR AR Henef Y-8 o PRisdiary Vo
maxi m ze epagpaid then Gt JARNY eceBsiningScoldre Yhé e1its dSetlBPicssta@perBriocessed
it is necessary to ensure that if the start of the next segnment was goi ng

to be altimffedl e adsyassesoion cogh off the cHEentdies dn PIAM arp dhen wdagpddfopthe access

woul d sp . gﬂ% : e the variabl e DRAMVaxVal is used to check for
this casg{,gxglhn I ??SSI gg{’:gééﬁ the address is rounded up for the next

hal f-1ine buffer to be page-aligned. Consequently the only waste is 64
byt es per 13 dedemsst of bindwidthy éhet PBRAIM eantsader dbt date bubd- binsuaes des

conpl etel g¥ea\{\jr&a5](i)n %f gfl a%gees's from PEC. For each print line we read an entire dot
line for colors 2-6, and write an entire dot line for colors 2-6. For the maximum of 15
segments this equates to 2 x 5 x 15 x 1280 bits = 192,000 bits (24,000 bytes) per print
line. For the fastest printing system (30,000 lines per second) this equates to 687
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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ZGl62- SG 32 The address generation process can be considered 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 tinmes: For CurrColor = 0 to MaxHal f Col ors DRAMSt art Address =
Col orCurr Adr[ CurrCol or] Wiile reading 640 bits from DRAVSt art Address into
D(>= 20 cycles) ColorNAdr = 0 Wiile (ColorNAdr !'= 20) If (NOT

HCU Qut put Val i d) Transfer Col or NBuf f e82Col or NAdri CurrCol or bit0] to

(] Col or NAdr] Col orNAdr = ColorNAdr + 1 Endlf End While EndWiile - wait
until read has _finished Wile witing 640 bits from C i nto DRAMSt art Addr ess
(>=20 cycl es) Theqddrespemezationmrpeess eandesponsidared as\Wignssepens st 10= 20) | f

(oot or N & 245 kit B Rt 35 R R bnofiPL Stk R B AR B g, 4
El se EFAdpligwinkAdéudbedde:

EFStartAdr=0
Do NumSegments times:
For CurrColor = 0 to MaxHalfColors
DRAMStartAddress = ColorCurrAdr[CurrColor]
While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr=0
While (ColorNAdr != 20)
If (NOT HCU_OutputValid)
Transfer  ColorNBuffer[ColorNAdr|CurrColor_bit}]  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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Endl f ZG162-SG 33 Col orNAdr = ColorNAdr + 1 Endlf EndWile EndWile -
wait until wite has finished If (DRAMStart Address == DRAMvaxVal )

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

El se ColorCurrAdr[currColor] = DRAVStart Address + 640 bits Endlf If
(Segnment == maxSegnents) If (Col orCurrRow CurrColor] =

Col or MaxRow Curr Col orl) Col orCurrRoWécurrCoI or] = Col orStartRow curr Col or]
Col or Curr Adr[currColor] = ColorStartAd8[currColor] Else

ColorStart Row currColor] = ColorCurrRowcurrColor] + 1 Endlf Endif EndFor
EndDo Wait until next Advance signal from PH Note that the MaxHal f Col ors
regi ster is one |ess than €Ay eCArNMIG s in terns of odd and even
colors treated separatelp,qput not including color 1. For exanple, in
terns of a standard 6 color printing systemthere are 10 (colors 2-6 in odd
and even), and so MaxHadW&iktors should be set to 9. The LLFU requires

2Nurseqent s oyl o RIS LSt 2R (o of daa for the e
and If (DRAMStartAddress == DRAMMax Val)
ColorCurrAdr[currColor] = round up DRAMStartAddress to next
1KByte page
Else
ColorCurrAdr{currColor] = DRAMStartAddress + 640 bits
EndIf
If (Segment == maxSegments)
If (ColorCurrRowf CurrColor] = ColorMaxRow[CurrColor])
ColorCurrRow[currColor] = ColorStartRow|[currColor]
ColorCurrAdr{currColor] = ColorStartAdr[currColor]
Else |
ColorStartRow[currColor] = ColorCurrRow{currColor] + 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 MaxHalHColors 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
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ZG162-SG 34 the first LineSync pul se must occur this period of tine after
the LLFU has started. This allows the initial Transfer value to be valid
and the next 90-bit value to be ready to be |oaded into the Transfer
register. The printhead interface (PH') 32 is the nmeans by which the
processor loads 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 34s capable of dealing with a variety
of printhead | engths and formats. In terns of broad operating

custom zatigns, . the PH_ is paraneteriz ccor Tabl e 33: e 33.
Basi ¢ prithg fi 1%Lﬁ1§§w1€?esmﬂﬁr?€°‘5é@érPFE?‘i?BﬁtHRSﬁ akfgd. }ﬁ’éol ors in
print hea%ilg) @ﬂh r‘r? >\<ftaﬁ1re e hlid tr%x‘(‘@f} tbit%hfeoto%rre& gqe%feer I's
equal to 8> (he nunber of segnments 1 n the | argest segnent

Segnent Gloaded iiido tief 7reegfeengisgroups in printhead 1-2 The inter naI structure
of the PHI allows for a maxi numof 6 colors, 8 segrrents per transfer, and

a maxi mum of se nt . gr.oups. IS, sufflc 5 se nt (8.5
"nchy printer Mg et PR Saisiof fisen by Phicnthy BrkRRERERDns pecs
can be gf?ﬁ\ﬂﬁ:ﬁa &l B lokefo E@¥Mt@@ U dMnflBls tRE iabfusl @ pirmﬁ &ss. The
print hea nterface (PH) contains: ~a LineSyncGen unit whi ch

provi des taken dipu diozathy dJLFéi @mih‘l)lﬁptﬂté datarip the mléhfraé@selm fﬂ@e é’ Sl I%V@able

si de- by-sj r|n|n / L not or s.
= o ot eI ERpRY ofRRRleRPheREad e JntBirto ot GRRERE D T,
FIG 12 lcasts]@@,mlbﬁtgthermem@hraﬁietdniztedlaﬁ:o@dmgtteTqﬂﬂemhead |nterface (PH) 32.

In the PH there are two LSGJs 89,90. The first LSGU 90 produces LineSyncO
(LSO, which is wused to control the Menjet Interface (MJl) in all

synchr oniggd $4ifiic FfiREsAhe4SL62- SC

Name Description Range
MaxColors No of Colors in printhead 1-6
SegmentsPerXfer | No of segments written to per transfer. Is equal to, 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 Ad/Letter at full bleed. Muitiple 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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35 LSGU 89 produces LineSyncl (LS1) which is used to pul se the paper drive
stepper notor. A Master/Slave pin on the chip at 91 allows nmultiple chips
to be connected together for side-by-side printing, frontiback printing
etc. via a Master/Slave relationship. Wen the Master/Slave pin is
attached to VDD, the chip is considered to be the Master, and LineSync

pul ses generated by the LineSyncGen unit 90 is enabled onto the two
tri-state LineSync conmon |ine LineS$dcO shared by all the chips via two
tri-state enables 92. Wen the Master/Slave pin is attached to G\D, the
chip is considered to be the Sl ave, .and LineSync pul ses generated by the
two Li neSy¥eldet? praducesdgneyngt dLabt waichps dged Ehpulse His aehdH Ve SISeRS nc

lines. Inthis way, the Master chip's LineSync pulses are used by all PHI's
on all the connected chips. The LineSyncGen units (LSGJ) 89,90 are

responsi A ddster/Sipreeimon tig dhfyeat Hyaibwsamildpleichipspe bs esnneelgditogethet dor

printing a,  page., Each LSGU praoduces an exiernal i neSync signal_.to enable
i ne. syncHiechT Sd¢ PBRUNS BTG P vt Vst g repaeatth WikBsyng

pul se whgRe WplsthriSPiveGfin is ARARENRNVEYEMY B FBMsiaYel 88 bdthd MdsRl tindt 0 St op.
The LineSync pul se defines the start of the next |line. The exact nunber of

cycl es bdtinghisme pulseSganerated ketheildnefometen neit 06 annbledpotoshBevaaesiPigl ses
regi ster,

. ) b I N h I
e to priran kg ynsd. SR Bl SR e AreG Rt Frea” Tor

exanmpl e, WherfHeNHREH18veSPAGE altachb@ GICNDTRRS Shiffis sRRlerdd 8B ke Slave,
circuitry). If the cl esBet weenPul ses regis is set to a nunber |ess

t
than a |iané lgpeSyncnuigss cepsatsd gy the (tvoddne %@n PRk 8PP0 ast neteensbled
i . . . - e
ori nt 1 ng. St e LS In diS BB et llr SPS TSRt B e o,
Tabl e 34.ustd be &y REGeon alhtHe coagecsddathdpsRegi st er Name Descri ption

Cycl esBet weenPul ses _The nunb cycles to wait t ween gener.ating one

Li neSync 1Hgi gfénﬁsafdwﬁﬁ% Aol . Q5o dh s o etmeanstife. TsOSraaee r Bt | y

gener at i RYndHrBEPHG puldd $&tiRE HOPrinting 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 pﬁlse 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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wite of 1 to this register generates a LineSync pul se, transfers

Cycl esBet weenPul ses to Cycl esRenai ning, and starts th ZGl62-SG 36
countdown. When Cycl esRermaining hits 0, another LineSync ulse is
generated, Cycl esBetweenPulses is transferred to CyclesRenaining and the
countdown is started again. wite of O to this register stops the countdown
and no nore LineSync pul ses are generated. Cycl esRenai ning status register
cont ai ning the nunber of cycles remai 86ng until the next LineSync pulse is

generated. The LineSync pulse is not used directly fromthe LGSU. The
L|neSyncC)nnIQp is—enabled onto a tri-stat f the

e lineSyncO line-97 gnly |
Master/Sllave pin at 91 ijgouwnsdown Wist eycleBsmaining itsy 04 ROty EBER¥IHUI se
is only used in the fornpulse gisnegeatratedpy Cy¢lesBeveandulspECis( fransissedet@r at ed
by Sl ave |PECs are i gnor e@ycledhemdibimg and thet@unhtdown (Mihfedain. ansfers data to
the Menjet printhead at [Bdwrigndf Detol this icdadtdvbugpat the ipentlawe aslam horagt art
printing|the next |ine ofil8{as plltesiate gdrethtetsed to enabl e feedback ffroma

speci fi edeRgd 3 inidd1® YRMEhs Péglg%m%ﬁgalﬁa 'tﬁéﬁhﬁbérsof c&@l%??éiﬁé;&'n@ @l
control li ng t firing ﬁl%!ﬁ%ﬂ?ﬁ“m Jﬁﬂg}ﬁé% ff‘e?fil?d-\f th | ring pro les

progrann'u va Lhe P2C—seft+at—rfaterrace 56 i1 The—MiH——contatrns a
state mnmachine that follows the printhead | oading order described in

Section 11%&@8%:) buld®Ys nbhGsddd@irdcuncieéranat ITGSTWOrTR: PireReado pylsd & and a
cl eani ng cycl e t counts for each color are also kept by the MIl (see

bel ow). Tneblkd lonfooads-sue binePysOtline Bt palyHE the Mesian/ Slavppincet Yf iszehir a
sour ces t
Brint oy cfahen, Gons AR EESRl; Bite 1R9AE) SR e fhth 5 Silckile By ERCEUEN

preheat aqvlagtcREC Qgﬂ@ygb@rate&bgamdvb@mabetgnbmdmt held in the Tr ansfer
regi ster of the LLFU. This is_the ndard means  of g In
o Tt TheMeavet Twifaq (D 38 Grpsrsods Kol amioh @rinfherheh IR anadel L o

second t gfl ot ggs‘rgéc%%%e‘}?mbggg ﬁlgﬁg G n&;a 151{% ﬂO&atht headaldh fbed fie top 6

bits 0. Its have Advance’ control pulse is
sent to tdmeble feedback from a specified segment. The Memjet printhead 95 itself is

(7))

responsible for controlling the firing sequence of its nozzles, with firing profiles
programmed via the PC serial interface 36 in FIG. 3. The MJI 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 MJI 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 MJI knows how many lines it has to print for the page. When the MIJI is told to
‘go’, it waits for a LineSync pulse before it starts the first line (via an NPSyrc pulse to

the printhead). Once it has finished loading/printing a line, it waits until the next

Z2G162-8G



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 ZGl62-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 MII is therefore directl$7connected to the LLFU 31 (see FIGs 3
and 4) at 96, LineSyncO at 97 (shared between all synchronized chips), and
the external Menjet printhead 95. The ME accepts 90 bits of data fromthe
LLFU. O LineSsmcaulsgibefore startingtthe nprttlinee orheddothens anag thegpesilied nwmher of
segnent s d nunber r ]l ' . ' t.ne does
ot car o Griteh T Fen JoaeSlipinTpabin {Bist gl turkhT fme pitER SR BALLER
passes t hRerbidrs divetitlyt @nhéBedotol the NEAU 3 Tixee FHGER3 hind dpatelitd LamSynd] atsi7gnal s
comng out of the MJ] are wired to the pinouts of the chi a335d| cri bed
FiPrc

bel ow. THehaved befagen 2l pirpdronsred ehinge ARG HY eerppleMpmy gt ng a
Maxi mum q\f/{o acg&% 96 Bits 6F 855 8nd t%@.ggm@gé@%ﬁé BRI cBﬁEspBﬁ@-RSI er to

a maxi mum segnen groups. Ta I'i'sts the cdnnections, wt he
sense of ihgputheaminbartfidegmicnts andspadter of @otdne willl be vahié. MdweIBostatespond t o

the pin connections on the i.nt head. ..Tabl.e 35. et Interface

Connect i REMUNES Pk ofe hiBadals HE VaH 574 YRS PYE A5 tolt BIE 1 8 TS
regi ster ok SQRBIN Suido the PRh@edd. Fho dbMUpiel ah® cblirdt Ridnblsr@aing 6ht 6f
segnents '0-7 D3 [0-7] 8 O Qutput to D3 shift reglster of segnents 0-7

D4[ 0- 7] 8heMIayeuviredstomde ginphts of Sy akipeas defserihegrhe 0-7 D5[0-7] 8 0O Cutput

to D5 shift hster of segnents 0-7 0-71 8 Q QUL 8 R f
register 13?6 1&@8 :l?@%?smﬁr-’b/er O%(SIOEJ[’TP??S 5o @Jpafu% °%h lg%lj %Fﬁl}a il B e
( Shi f t ReQofdrgrdked in loQadsxititeh 618 sphientiled @andfetialbhdx@miin, of 2{e@méht,
D3[0-7], D4[O0- 7]b D5{_0-7 and D6[0-7]. into the segnent )
groups. Ta; le 35 lists the connections, with the sense of inptt 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] 8 | O [Output to D1 shift register of segments 0-7
D2[0-7] 8 | O [Output to D1 shift register of segmentis 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 DI1[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|[1-2] 2 | O |A pulse on CCEn[N] ANDed with data on D1[n]
enables the sense lines for segment n in segment
croup 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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group N on the printhead. Ten 1 0 Parallel transfer of data fromthe shift
registers to he printhead's internal Nozzl eEnable bits. CCEn[l-2] 2 0
pul se on CCEn[N] ANDed with data on D1[n] enables the sense |ines for
segnent n in segnent group N of the printhead. PHSense 1 | Printhead Sense
(tenperature, voltage, resistivity etc) Reset 1 0 Reset the printhead
TOTAL 55 The MII maintains a count of the nunber of dots of each col or
fired fromthe printhead. ZGl62-SG 388 The dot count for each color is a
32-bit value, individually cleared under processor control At 32-bits

| ength, each dot count can hold a m cover.age dot t of 17 8-inch
x 12-i nchifsageiscount oroeash qqletlg?pﬂ dgoit ‘g; 1n41wéiu cleas t ‘TPmS@SSP’éad and
Cl ear ed Aol SAE oA fodn AU a8 Jésaehod@a Gveralds @6k B b
processor to update In or er to predict en t e ink cartridge
runs out Df 841mh x'lllielnc}pImeSSM’[oulgth&yfhbhﬂ wsaga)rike dbt coukt iwill heaeahand i dge
for each of the colors fromthe QA Counting the nunber of drops

el i ni nat edeargd afele gaghopagenir halfpages, Taﬁdlob%%ﬁt%e ugedeby fhe EW&Fﬁ*?@t ©from
runni ng [ t | & each
page. qimﬁgﬁgéﬂgqﬁﬁﬁﬁB?f pt& ?%%gdéh 2§EE$H%reH?§r§§B§§h I n Ie ? and

al | ows t heroctsesr ltrmmhhﬂgdutdae)fmﬂmmhh lwautidgefor ieach af thedolozd ifrelprtthéd page
whi ch rmstlwg)eglo rinted.

| G the.l t of t
for Col orC e, e ot of drops BhmipeRaRe peol frank saastrs: el e The
dot countgg lﬁtélls}%ntleqr&ﬁ'rﬁt{mt\é dat aaRtupSed lEQEANE is Wekden tdiHR @Aldid i ne to

4 |ine encoder 99. The four I1né output of the encoder 99 is to an  adder
100 and Gdteorcath Page. CAurew paEE wilk pefthe ptgltad 3nlepy thersoigramongh ideleftrard count er

101 m ghb%;P gvscthffe ﬁseg 0 %ge %he inl % 1tlhout ge 1ng a (lﬂ(l)da Halp 8r11(1)t]:3d thg,Ge Wi tmeurst ]}01 s

cl ocked
reprinted.

In FIG. 13 is 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 MIJI:

Table 36. Memjet interface registers

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

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 wriften to each segment of the printhead.
The MII does this 1280 times to completely transfer all the data
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The processor communicates with the M
all ow t he

about pri
Tabl e 36.
Par anet er

via a register set. The regist

processor to paraneterize a print as well
nt progress. The
Menjet interface registers Register Nane Description Print

s Segnent sPer Xf er The nunber of segnents to wite to each

ers

as receive feedback
followi ng registers are contained in the MI:

transfer. This also equals the nunber of cycles to wait between each
transfer (before generating the next 38dvance pul se). Each transfer has
MaxCol ors x SegnmentsPerXfer valid bits. Segnent G oups The nunber of

segnent gJ_aups_A_n_t_he_pJ_Lg_hea.d._th_s_equaJ;_t_h.e udber of tines that
Segment sRer Xfer cycl es muiar the hpgste thepdrtieads sjngl e dot has been writ{en to
each segmi¥ninlafest he pri nt ibadumbérefiiblad Poias cydidsso p2E8OmM.i nes to conpl elel y
transf er [Riohitérie thaPaint ZekbenlPEodPpoinr of Midre of proeedsor)t he printhead. 4umli nes
[ The nunbighn@f Toad/ Print] ﬁyme@lﬁeﬂgtdgﬁeg Ok us [M@fgtéror I ng the Pr [ nt ( read
only fronyaoigQ Phing! €W Of 0fep BF linerehdining 15 B ‘l oL TS St at us
Regi ster [i NesRemal nr ng he u er of IThes remarni ng To be pri nte el y
valid whill e CGo=1. Startilgg vaIu 1S U i nes and ca nts[ down to O.

r ansf er s Renwi-hi-hR4 LB En AL dOHS A BB A aaini ng
befor e {{NENHPIRONEHERT 5 [ BHIVHERR! FEATTONSRGrARgplen: emane beiar] s a
1280 and fcounts down to Ofhedminthead) is Fonpirlered derded fop o aussRbR®i Hirmyahe
nunber of|_segment groups |t 29fdnd qmqnisrdOMEIO@UOnbmahdeﬂnb Getlansfers of |1 dot
to each S&girotpsRShaidise Al hSegmbot 6f eegmsera doupsotentainingp i theocirenOsttyofyal i d
whil e Gogl. SenseSegnent fhendferbiof 1Vddtue eh¢h fgatdt. Flartd@ Ibnleht@Suphiiidg a
subsequer counts down to 0. Only 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. Seeg)
SenseSelect for how to determine which of the segment groups to
sense.

SetAllNozzles If non-zero, the 48-bit value written to the printhead during the]
LoadDots process is all 1s, so that all nozzles will be fired during
the subsequent PrintDots process. This is used during the preheat
and cleaning cycles.

[f 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 MIJI 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.
[f 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 simuitaneously 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 PIISense registers, and the Feedback bit of the
Status register is set.

Go A write of 1 to this bit starts the LoadDots / PrintDots cycles, whichi
commences with a wait for the first LineSync pulse. A total of Num-
Iines lines are printed, each line being loaded/printed after the receipt
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feedback CCEn pulse. Only 1 of the 8 bits should be set, corresponding to
one of the (maxi mum 8 segnents. See SenseSelect for how to determ ne

whi ch of the segnment groups to sense. SetAll Nozzles If non-zero, the
48-bit value witten to the printhead during the LoadDots 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 witten to the printhead4@ones fromthe LLFU. This is the
case duri ng t he act ual pri nti ng of regul ar imges. Actions Reset wite to
this regi < he S S cading o lng processe , and
| oads all| registers wi ﬁadlneﬁy@cmplseaT 39 Ieadingeel &acbdll@econéﬁtstfl’fesm li ne
connected to the print[Geeups 48ehiteselfast Anwichdineds phintedy bigesitemaining eerny
val ue cl gars the Feedbjgrkesd, iathd bl tansfersRamaipigg iss ralemgled t with Segohent@aoups
remai ni ng action dependglﬁ),rhnﬂrm NE$wepulse it lgiveh aathanpriahaswdalhe Batustregrg Dot s
status bijts. If eitherised coiins patistatas irfoditioR€Uport b@npleestbatiNuBLiness
cleared and othing norig ellaadiﬁgr nmllﬁ fé’n%ébs%%@%uﬁletl}d Bit 3 Elefre@3dnd AyPik-5e IS

U)

I I
g, ven, o i aneou yqugggeM%é eniiiogihy 0 it gl T paps oy
S Sel e D
ik A eno;w?th}sedweg%%gp%ss b D

tested, th = s ~Yala sedbatk bit
of the d@la@r@url@gu st eff wgtesf@tthlsc;@gwer cloatsythy Golprl BpC i, Golps Dot g
LoadDots |/ PrintDots clfelas3Dotieraty c6ﬁi¢é4ié@§0wtt h aColariDatopunthe fandst
Li neSync |pul se. A t ot afCobitDatfountrregisternidditarle 1p2i htdd, oe&abspertinelpatehg
| oaded/ prii nted after tje Casequentl¥@bite G0 has no effect.

Feedback

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.

Colorl DotCount  |Read only 32-bit count of colorl 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
Color5DotCount  [Read only 32-bit count of colorS dots sent to the printhead
Color6DotCount  [Read only 32-bit count of color6 dots sent to the printhead

The MJI’s Status register is a 16-bit register with bit interpretations as follows:

Table 37. MJI Status register

- U)

Name Bits Description

[oadingDots 1 [If set, the MII is currently loading dots, with the number of dots
remaining to be transferred in TransfersRemaining.

If clear, the MJ1 is not currently loading dots

PrintingDots 1 [If set, the MIJ1 is currently printing dots.

[f 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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40 of a LineSync pul se. The | oading of each |ine consists of Segnent-

G oups 48-bit transfers. As each line is printed, LinesRenaining dec-
renments, and TransfersRenmaining is rel oaded with Segnment G oups again, and
an NPSync pulse is given to the printhead. The status reg- ister contains
print status information. Upon conpletion of Nuniines, the

| oadi ng/ printing process stops, the Go bit is cleared, and any far- ther

Li neSync pul ses are ignored. During t#& final print cycle, nothing is

| oaded into the printhead. wite of O to this bit stops the print process,
but does not clear any registers. CearCounts wite to this register

cl ears the Col orl Dot Count, Col or2Dot Count, Col or 3Dot Count, Col or4Dot Count,

Col or 5Dot , -ﬁ\ggej | or 6Dot Count registers if bits 0, 1, 2, 3, 4, 5, or 6
respecti v‘g%;;?%r[él S tn.g)ConsequentIy a wite of 0 has no effect. eedback

HSense Rdad ToaskeriReaatinial ~0f280he0pri nt head' s sense fromthe | ast CCEn pul se
sent to segnent SenseSegnent. |s only valid if the FeedbackVvalid bit of
the Status regi st T 8lQeegmesiimuPPot Count Read only 32-bit count of col orl
dots sent to the qug%ﬂg@ﬁgzﬂﬁﬁlor2DotC0unt Read only 32-bit count of
color2 dots sent to e printhead. Col or3Dot Count Read only 32-bit count
of color3 dots sent t SettabldDphingstthdad Col or 4Dot Count Read only 32-bit count
of color4 dots sentElto the printhead Col or5Dot Count Read only 32-bit count
of colors dots sent™f% the printhead Col or6Dot Count [Read only 32-bit
count of color6 dotis(isemt to the printhead The MJI's Status register is a
16-bit register with bit i ntergyetati ons as follows: Table 37. MJl Status
regi ster Nane Bits DeBlees first 6% bitoati-hiDot %) bit Transfer regists on® Dsliegsr rent | y
| oadi ng dots, with 1he nunber of dot emaining to be transferred in
Tr ansf er sRemai ni ng. ¥ clear, the MII is not currently | oadi ng dots

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 setting 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 LSGU 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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PrintingDots 1 If set, the MII is currently printing dots. If clear, the
MIl is not currently printing dots. FeedbackValid 1 his bit is set while

t he feedback val ues Tsense, Vsense, Rsense, d Wense are valid. Reserved
13 1 The foll ow ng pseudocode illustrates the logic required to | oad a
printhead for a single line. Note that |oading commences only after the

Li neSync pulse arrives. This is to ensure the data for the |ine has been
prepared by the LLFU and is valid for42he first transfer to the printhead.
ZGl62-SG 41 WAit for LineSync For TransfersRemaining = 1280 to O For | =
0 to SegnentGoups |f (SetAll Nozzles) Set all Dn lines to be 1 Else If (
= 0) Pl adke finyestiongwvithaus linitingribesinyentign toraansens embgdisicat ognsngsifion | i nes

El se Pl a 4 ' E [ - j n | ines
enart PucohBEet bl S b SR e BB R i O R 1
EndFor Grhiadinngiandaprweiieatoneiheless #ille witlip! yheacwoppl o8 héhd Iyweatdi.i ng

appropriate registers in the MIl and progranm ng the printhead' s firing

pul se profiles. SetAllNozzles =1
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Set the firing pulse profile to either a |l ow duration (in the case of the
preheat node) or to an appropriate drop ejection duration for cleaning
node. Set NunLines to be the nunber of tines the nozzles should be fired
Set the Go bit and then wait for the Go bit to be cleared when the print
cycles have conpleted. The LSGQU nust al so be programred to send Li neSyne
pul ses at the correct frequency. Throughout the specification the aim has
been to describe the preferred enmbodiggnts of ZGl62-SG 42 the invention
without limting the invention to any one enbodi nent or specific

col | ecti on.,of atures. Persons skilled in the art may realize variations
fromthe gaéypi ¢ enbodinents that will nonetheless fall wthin the scope
of the invention. ZGl62-SG 0 43 CLAIMS 1. A print engine/controller

configured to bepauabed/cHik IR Chetasidid B copleltwit ERBE AR TR! | ers to
drive an ink drop printhead conprising: an interface at which to receive

conpr essedngiageonfutlzrs tordiye ad adodrep printiead cardprisogrpr essed i nage pl anes in
the received c resse page data: a half-foner/conpositer to conposite
Fespect | vES TS Ao ReEbReR R g Bres BT by hal Ttoni ng & contone
llayer to ambic deR¥drs ¥PdRbONcANSteSRARASSS plAgksan BRGEcelvdd confitésed | ayer over
an appropriate hal ftoned contone | ayer; and a printhead interface to out put

t he _corrpo@ﬂgﬁedaé%;_ri p to a printhead the printhead interface including: a
mul U - segnmpte BELALISAG: 1 €55 365 ULBULEING R fRaskd BEIRLIAE, data; and
al” gener P

a synchronization si or outputting a synchroniz on signal to
coupl e  pibihblfeadignedontcldld & 8 bi-lvelywredisromd@nipitinglasppridiiilsvel St ri ps at
the print head. 2. The print engine/controller of claiml, wherein: the
hal f - t onelay&bayss&nappropyaty daliiopad centorglakeri 1dOMY dot s when there is no K

I nk 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 print head.

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.

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

the tag data is at full dot resolution.



inaprinter. 3. The print engine/controller of claiml1, wherein: the a

hal f -t oner/ conpositer selects between two dither matrices on a pixel by

pi xel basis based on a corresponding value in a dither matri x sel ect map.
4. The print engine/controller of claim1l, wherein: the

hal f-toner/ conpositer has as an input, an expanded contone | ayer, an
expanded bi-level spotl |ayer, an expanded dither-matri x-select bitnmap and
tag data. 5. The print engine/control #dr of claim4, wherein: the tag data
is at full dot resolution. 44 6. The print engine/controller of claim1,
wherein: the a half-toner/conpositer selects between two dither matrices on
a pixel W% pi xEre pridenging/serteplishobelaise |.exbsseiti ng val ue in a dither matrix
sel ect ma ' [ I £, Cl Al , -ehn:

nal 1 - oneech it Rrefile BRES AL Slo Bt Bfibdy ol A3HRITY B, e
respect i vieasisibaggieond eorespehdingrenlidin cdithepsiatrix @leecasp. t 0 generate print
data in strips. 8. The print engine/controller of claim1l1, wherein: the

hal ft oner/ conpositor scal es input inage planes under control of a nmargin
unit set 40 @&4111 ‘REA . L:p. of the image. 9. The print
engi ne/ co’irit r olejfljér ot%g?g?ﬂfn&ﬁltfdj%g{%?@ @’téﬁltéerrﬁgl f-toner/conpositor further
conpri sesha halfitder/cohpssml énamies 8, magmhurscal applynmergin ddeity thegesfattvef r om a

buffer |ayer d at | east one scale unit receiving two control bits, the
cont rol g BERRRNHER STBEOUGERE BeanHCAPANEE T FHB b (. 10. The
print engine/controller of claim9, wherein: the advance dot bit allows for
the generation of multiple instances of identical dot data and the advance

line bit %rovithepringengine/penirdllenoblaigal avkateior ding to a printer margin.

11. The i nt,.enai.ne/control.ler of.clai rej.n: fer ers
compr 1< b RIERASH A ppEl a2 gl infiel ofinds WL et oF Mgt i SeB1™ D 1
| ayer, eagtabhiéh phidichtaneya beipsfahekhdgadependently. 12. The print

engi ne/controller of claim 11, further conprising:

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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a bi-level tag data buffer which does not require scaling. 13. The print
engi ne/controller of claim9, further conprising: a conpositing stage for a
nunber of output |ayers, the conpositing stage having for an ZGL62-SG 45
output layer, a single dot nmerger unit with inputs equal in nunber to the
nunber of output |layers. 14. The print engine/controller of claim13,
further conprising: a dot reorg unit which takes a generated dot streamfor
a given color plane and organizes it4dnto 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,

wher ei n: quiaIt deery & singledntimergepip e Ppuls sapilvi@ nimler to A ReEde ¢nal from
a dither dﬂ% ilﬁé,efasccess unit as an instruction as to which bit to output.
16. The print "engi ne/controller of claim10, further conprising: a margin
unit for turning the advance dot and advance |line signals into general

control signal.s based . on a e r.gi f a current page. 17. The print
engi ne/ colﬁ‘tro?]ill’@_rprﬁ e‘&gl’é‘?r}?ﬁni‘%?lg@\ﬂ’ﬁ@%hﬁ=&W@%i’@?ﬁs‘ﬁﬁit al so generates an
end of paggoCARM LindNwARA KBRPS Rncatat &5t fiREnT®r 2Nver bAGr FEMESHIA Page.

18. The print engine/controller of claim1/, wherein: the dot counter is
advancealsirgaries it iptocfixedi lamgth heaniidieg sothahan ontpueditbs half-tuter/aetupostter issi gnal

and re-settabl etto zercg (gheg thﬁ narﬂﬁi n unit receives a line advance
si gnal . 18 SCERRI BRdeh EnLRe)iiR 2P BHE BB Se P -ai m 1, further conprising: a
line | oader/format unit for receiving dot information fromthe

hal f-toner/conpositor and |oading dots for a given print line into an
appropri dte b }Eé?rrlﬂét%@@@@qmﬁoﬂﬁm%éqlmﬁgllNH‘@fﬁﬁilinto an order required by a

print heaqhe g(%]rggr'g%t 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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