.
1.% RELATED PATENT DOCUMENTS 2 3 Three closely rel ated docunents
are other, coowned 4 U S utility-patent applications filed in the
United 5 States Patent and Trademark O fice substantially contenpo- 6
raneously with this docunment -- and al so hereby incorpo- 7 rated by
reférenge inﬁg' Egggﬁt F gg&x,ri Q{:QUE!EWS(}IOCUWM 8 One is in the nanes of
Ronald A. As - I dentified as Hewl ett Packard Conpany
docket Bunber PD- 10 1093053-1, and entitled "I NKING FOR COLOR- | NKJET
PRI NTERg, 11 P N E 12
3 Sthlﬁeé'%'tg'l @gA!ru 8 uentﬁ dNEQtnéan E'}‘QE'N&M NGowR IR

THAN 2 DROPS/ Pl XE assi util pat ent
appl i cati on YerPal ubgrity- patenanappésee&1a§51£1189 18 tIh&t é’ﬁ‘tl@

on 5 States patl-%%_and ¥§adeﬁ39t<h©rff§%h s@%ltmtlatl&yl Rdrtntes of
G egory_D. Raskin et . al and identified %1 Packard Oorrpany
docket " §7 ﬁaﬁﬁevsm ¥88hoshigndoeHPRPted ™ B

ENCODER? READr MG dPE%| TEERIrkhADI Ne &tBEEA¥1r&t@N€ERBARNE% H&cudﬁﬁﬁleRCVE

Bl DI RECT]I PRI NTI. NG, , - - _and _su uent.l y a si.gne&d ut| ty- patent
appl i cabi on 98P &F 68/ the namesaﬁg g% ald ésu?& gaﬁd ?‘—%‘31—5? "é L
on 9 1de221f1eﬂgas HAwﬂbtthaekatrdd Coopamontdoickeitn mind)enarﬁ&- of

D 100b453. 1168885317 Rl Pl el R " INRRNR? R SR SO A S

PLATESI1AND EREBNErNPNENTROVAMCEROPSTAMER IAEDEPENDENTRENGING N QR MORE | NK

PRINTER®" --TRAN S2UDREAHZPIK¥ELAS=~-24ng sBbeRYhewtily las=13RY ARNliAat i on
serial._Q8/ 28 . issued_a y S. Patent 5, on
|

29 399 _Fa§€ﬁ§18§§?1°BI\€RGREEJNBBé3 ,» and issued @5

14 U. S. Patent 5, , on y 199__
15 Another such document is in the names of Gregory D. Raskin
16 et al., and identified as Hewlett Packard Company docket

17 number PD-189492, and entitled "DIRECTION-INDEPENDENT
18 ENCODER READING; POSITION LEADING & DELAY, & UNCERTAINTY

19 TO IMPROVE BIDIRECTIONAL PRINTING" -- and subsequently as-
20 signed utility~patent application serial 08/ , and
21 issued as U, S. Patent §5,____ , on ’
22 199, A third related document is in the names of Broder
23 et al., and identified as Hewlett Packard Company docket

24 PD-1092153~1, and entitled "COMBINED CENTRAL AND LATERAL
25 HOLD-DOWN PLATES, AND END-OF-PAGE ADVANCE-DISTANCE DE-

26 CREASE, IN LIQUID-INK PRINTERS" -- and subsequently as-

27 signed utility-patent application serial 08/ , and
28 issued as U, S, Patent 5, , _ on 3
29 199__.

30

31

32 BACKGROUND

33

34 1. FIELD OF THE INVENTION

35

36 _ This invention relates generally to machines and

37 procedures for printing text or graphics on printing media
38 such as paper, transparency stock, or other glossy media;
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3% 1. FI ELD OF THE | NVENTI ON 35 36 This invention rel ates
general ly to machines and 37 procedures for printing text or graphics on
printing nedia 38 such as paper, transparency stock, or other gl ossy
medi a; 1 and nore particularly to a scanning thermal -inkj et
machi nel2  and metréogathatutaniyr tiot at exhnad ngnahes mbrlernilayeity indacd 118
K SPobs Cf £AhCfle oflod PHLE!EBASERALY LS Br! $RaREThrch 1ndidiHud Xe
array. The rnventron e t&ch I'ques to optimze | nmage
qual i ty3(pri kmki spobsa GransedGOn papcAnting gedssp .midi & bre-ddmenating
time, agd al §905917p1x€1na%ag | mpge %%arttlban (,@rlbg@.r i rRR-rRRRET )

| nposed_by 8 an_i nk-dr eat er OR,ART 12 13

To achi Bve vF?FBnE%PEFstPn°PﬁRPéFepFPﬁﬁanuﬁﬂﬁﬁyi4prl&@&é&@éqqﬂ&faﬁﬂmlto

subst angi al | pafeht &he phbkeyspaaealSvs.bepeear iagdrdmeablandpialalo to

| ocati ops e_guant e depos | e o
however9 reqﬁ??é@l%ﬁbé8a3i7d15585ﬁ%°?eEB§éPaEFHFh8“w€P€' §a§3p°s%%fb
evapor a8i on éanilnki8ryihgrheaberpri nting nedia, absorption) -- and this
drying 49 step can be unduly tine consum ng. 20 In addition, if a
| arge anount of ink is put down all 21 at substantially the same tine,
wi t hi n1Bach section of an 22 I mge, rel ated adverse bul k-col orant

effect§1ar|sgb Spri188 Ar®al l ed "bl eed" of one color into another

partliﬁlarly 24 noti ceabl e at col or boundaries that should be sharp), 25
"bl ocktfig" or offset of colorant in one printed i nage onto 26 t he back of
an adj agent sheetTwi hbhiteneegieid sbilelisndnOfinkjet printing with

14 aqueous inks, and to substantially fill the white space

15 between addressable pixel locations, ample quantities of
16 ink must be deposited. Doing so, however, requires subse-
17 quent removal of the water base -- by evaporation (and,

18 for some printing media, absorption) -- and this drying

19 step can be unduly time consuming.

20 In addition, if a large amount of ink is put down all
21 at substantially the same time, within each section of an
22 image, related adverse bulk-colorant effects arise: so-
23 called "bleed” of one color into another (particularly

24 noticeable at color boundaries that should be sharp),

25 "blocking" or offset of colorant in one printed image onto
26 the back of an adjacent sheet with consequent sticking of
27 the two sheets together (or of one sheet to pieces of the
28 apparatus or to slipcovers used to protect the imaged

29 sheet), and "cockle" or puckering of the printing medium.
30 Various techniques are known for use together to moderate
31 these adverse drying-time effects and bulk- or gross-

32 colorant effects.

33

34 (a) Prior heat-application technigues -- Among these
35 techniques is heating the inked medium to accelerate

36 evaporation of the water base or carrier. Heating, howev-
37 er, has limitations of its own; and in turn creates other
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ZZ the two sheets together (or of one sheet to pieces of the 28
apparatus or to slipcovers used to protect the imged . 29 sheet), and
"cockl e" or puckering of the printing nmedium 30 Vari ous techni ques are
known for. use together to noderate 31 t hese adverse drying-tinme effects

and bul k-1 or gdDsBicBPrieLodws ad ldde€isdud8d3deformatiofapf Pheoprint-

heat - applj catipn_t echni ques -- Anong these 35 techniques is heating the
i nked medf um t9"&RE B Ate 36 evaporation of the water base or carrier.
Heati ng, howev- 37 Glessy hesodk nvaces onsvefelrsinwnesnadsenteuhaagnesnds
ot her 4 tr arénc1égféd&“ﬁéﬁeéoﬂgﬁaig QSﬁEthguﬁggsdﬁéﬁEﬁﬁk'Qﬂdﬁ
t he prlnt- “"ﬂ%g“‘“Tﬁﬁ‘ﬁe di um d ossy stock wa

severely 3 n reepdhRary oPdrer aﬁ@POrdlnglﬂs heFFaﬂ§p§P§n8F8§1@SS E&AY

tolerate @Onembﬁﬁl£@§51$$¥5¢éﬁb$@a@f dryingSchaphdtBai¥tRdBefor these
Accordingly, tlng has frOVIded only 6 limted i nprovenent of
dryi ng ch ract% 28tiesmedtat hese 7 plastic nedia. 8

Qs to paper, t appéheeig%?ggf hﬁetaﬁpﬂlbaklﬁﬁusesheat and9ink causes
t t t 1
AR, S ol PreneiSaef cikhandoc faEnnt frBho bR sTRATHY 8¢ £hE dmase o,

gra Spe

t he ; 0 by app| & aphbg EfSheeifbe&blgé it haﬁib;egoﬁgaog oreﬁhedﬁfi1ﬁﬁ
eati p 0

ey o cor BRIV LEGH, LBE paper 3 %app) 18abEdn BRInGRLDBERHR)

st rai ght 3nage°@m§%©ﬁt¢ﬁu$h? *ink; ifisprehpakdngol feBokcPESYidRE 1b&COM of

each paggez whenciiteaU€nd-of- pi@e h@ﬁ&&?ﬁr|§u52h2§saéfects oc%ﬁr -- this
Preheathg however, causes of i sture Bten

resul t amt? shri d&Fagt okakes b%ﬁe OFpPpRfsa Sfaaﬁﬁ ﬁtaPﬁge°d18°f§t1nuﬂﬁ3'paper
di nensi on® undednd hesemedr acds8ntke bbetpapef each pafe when hdled page
t ensi on Pg a sgg%gg% 1sperQ¥Qe§|S used in con-

17 Preheating, however, causes loss of moisture content
18 and resultant shrinking of the paper fibers. To maintain
19 the paper dimensions under these circumstances the.paper
20 is held in tension by a system of pinchwheels used im con-
21 junction with paper-advance drivewheels.

22 Unfortunately these provisions have their maximum

23 effect, in preventing image-quality defects, only while
24 the paper is constrained by the wheels. As soon as the
25 bottom of the page has been printed and the paper leaves
26 the constraint of the wheels, the paper contracts.

27 This happens very quickly, and as it does the paper
28 and the dots of ink on it move in at the edges and up in .
29 the center. The quality defect caused by this sudden

30 releasing of stress can be identified as an "end-of-page
31 paper-shrink defect"; it appears as a thin arched gap of
32 reduced color density.

33 Prior efforts to eliminate this arched gap have

34 included avoiding the page-long accumulation of stress by
35 cyclically lifting or releasing the constraining force of
36 the pinchwheels. This works to decrease the paper-shrink
37 defect by allowing the internal stress to be releaséd or
38 equalized incrementally ~-~ rather than cumulatively.
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21~ junction wth paper-advance drivewheels. 22

Unfortunately these provisions have their maxi num 23 - effect, in
preventing i mage-quality defects, only while 24 t he paper is
constrai ned by the wheels. As soon as the 25 bottom of the page
has been printed @W&&Hﬁ%d&%@%&J*ﬁ@#ﬁ%er, thfgscycifEhfI$§Ié§é@ttQ$the
wheel s, the paper contracts. Thi's happens very

u
as it ddes tﬁé%&péracrlflc% °°%¥ﬁ'd>1t f%’%t%allﬂrll?ﬂ(sb R %v%a‘?ﬁ‘] ‘af the

edges and up tlhlé releas?d poidti LRIHL L he Wiy QUalthiy Ted£cd £ cpapes-by this
sudden releai‘ qtof stress can be |dent1f%fd as_ an "end- of - page
31  paper- sl?Psﬁlglc?é’f SAPETL CHHERHE U TR R R B ORT Tesions
reduced 5col orthedngirtey.a greated3 problem tRrdrortled fpapesrtsheinki dafecthi s

arched gap have 34 i ncl uded avoi di ng the page-1ong accumnul ati on of
stress b 35 cycllcally I|ft|ng or relea5|ng t he constrai ning
force o 36 (b) t Erigimaninteimpde ques t o~ deire ther wheful

paper - shy i nk techmqg:% 1sdqfa%tngoxedam OVH r&éagg eéf‘aihét%é’ésoﬁpy bg

rel easeq or equal i zed |ncrerrentally -- rather than currul atively.
1 Unf dr@sitaon 1 &dwem tak pink JRAYEEEd (Bp 2REN 1 BRAELION ofnthge

sacri fiiges cdmagd -6vejo pARES aQQSldﬂéH‘s AdeBiGihDie 3in eddl® pLESAGLePOI NtS
al ong E}ge vvay. Thj s. I 9SS of osi tion confr ol fan create

paper
Auner o S e R one ot BagT ey o T B FSRIT LR ¢ he
paper - I i nk ccl:eftamtl Wdekd, block:(rig) arfd iyckle nby nn@l:metmgmthwesmeunt

Anot hery susef | p onIy a
9 frggtlon oﬁ tqwl‘fq{mﬂtq flelqﬁélﬂr g%g%ch sec %f Fliﬂ%() Sﬂd
-- so tlHat amlser aay If@fqllmﬁatt@ ishantening « frdrying timﬂed in by one or

nore | atger passes TheTmp%ctlemes ;Iazrtli?al 19010 & Opa DL ERY, ep DEKEATiANEaERCKI €

by redyci ng the anpun dth IS on the page at i ven
tYnE d 9 pass, an éhe way 1n 1ch t ese éﬂ%ferent pgt erns agg 9

to a single fully inked image, is known as a "print mode"

i8 Heretofore three-pass print modes have been used success-
19 fully to reduce bulk-colorant problems on paper -- but

20 less successfully on glossy and transparency stock, which
21 are much less absorbent and so rely to a greater extent

22 upon evaporation.

23 Attempts have also been made to use print modes for
24 hiding the paper-shrink error discussed in subsection (a)
25 above. Heretofore such efforts have had relatively little
26 effectiveness, or have caused still other problems.

27 For example, some print modes such as sgquare or rect-
28 angular checkerboard-like patterns tend to create objec-
29 tionable moire effects when frequencies, harmonics etc.

30 generated within the patterns are close to the frequencies
31 or harmonics of interacting subsystems. Such interfering
32 frequencies may arise in dithering subsystems sometimes

33 used to help control the paper advance or the pen speed.
34 Checkerboard print-mode patterns also are subject to
35 objectionable so-called "banding" =-- horizontal stripes

36 across the finished image. These arise because between

37 each swath the paper advances by substantially the full
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14 - " also may facilitate shortening of drying tinme. 15 The

specific partial-inking pattern enployed in each 16 pass, and the way in
whi ch these different patterns add up 17 to a single fully inked image,

is known as a "print node". Heret of ore t hree-pass print nodes have

been used suc ful to, re ce bul k- col o [-0 \per - -

but 20 P | ess sghgesgfﬁle %ﬁ ossy raﬁégaréggte gﬁo?b%mah ‘Hﬁ

are nuch?lesseabeor@eapland sorely to a greater extent 22 upon

evapor atgon. prlnt%tagp{oétbeyg s3kARcDEER FRAERA HaAREDRpN modes f or
error discussed in subsection (a). 25 above

24 hi di ng the ga er-shrin
Her et of of e suehtBeFomesthzval haliorirantad| gr| mpetdyogll ver é&@@véﬂé%s

have caused shéhtsOEARM spiOb sﬂsduaz similar FAte@ramghee sdfechs, ntbdﬂ)des
such as gquare ar ch?c r boar, Irk atterns Lend to

create oBjec- ?87 af??ﬁnﬁgfe e?FeB eﬁafggﬁﬂe &s ISR Es etc.
30 gemerateﬂomgthhmchhmopatbernheapettboseeﬂemehesfaequeda@aad%.—- or

har moni cg of éggegaggrgg quygggggera§gCchggegkﬁhkn uddity cgﬁ?ro :ﬁﬁe

may arise in her SUbsySt enscSonet he
paper ad®ancetbe dheepehosp edatgnal to theCBe@Kerbaar&"ﬁh MFQh&ﬁ?%xuterns

al so ar ggsubj ﬁQ{ret9e§5ate9bégfﬁ.kQPaQ!f?o§QsC%U €4 ndb@RdntGnode RYIWANYRY

stripes_ 36 across the finished inage, These arise because between 37
each swath th§°p5b§reﬁﬂvﬁﬁcé%gﬁyp§85§f§hfF§FI?rPﬁéePulI 1 height
of a swagh, in effect another type of cunulative- 2 error display. 3

either

Print- n¥ge pattern? 5 qr e |nstead nad%_ st y_ al
hori zontal or nost ver L e SFfuce similar

-~ interfeténce Ahbbhes pbublém, nalytaﬂomg thateddred&p@gaﬂﬁaﬂﬁgqmﬂntnqr(the
d'reCt'9§ 7 duéLS“Eb&Oé?ha%9§Es°LhLHepB§E%§B2 %EQ@EQ%E %%%f%dﬁﬂgﬂgr"

16 end of a sheet of printing medium -- but arises in a

17 somewhat simpler or more mechanical fashion. As suggested
18 earlier, in representative modern printing machines de-

19 signed for fine resolution and high image quality, the

20 printing medium is generally held taut in the print =zone,
21 between two sets of rollers or the like.

22 This arrangement promotes very high precision and

23 accuracy of printing-medium advance, and thus of printing-
24 medium positioning relative to the pen. Near both longi-
25 tudinal ends of each sheet or page of printing medium,

286 however, necessarily the medium is held only by one set of
27 rollers etc.

28 This arrangement leads to relatively less precise’

28 positioning of the printing medium in those two regions.
30 This situation may be troublesome in particular when

31 printing near the bottom end of a sheet, as there the

32 sheet is held only by a tensioning roller -- which for

33 other reasons is advantageously made rather small in

34 diameter, but such sizing may be adverse to best

35 precision.

36 One current development (not prior art with respect
37 to the present invention) importantly mitigates that

38 relative diminution of precision by taking smaller steps
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8~ and also tend to exaggerate other print-quality defects in 9 t he
directional lateral to the pattern. Such problems 10 have def eated
earlier efforts to find print-node solutions 11 to the end-of - page
paper-shrink problem 12 13 (c) End-of-inmage print-medi um advance
errors -y 14 K T P enggj.egltl intro- 15
duced ablove ar ;%Is}les%\%rhle&r}flq% g’%’%dnlgfdnzgzﬁgati ’bg?afﬂ?cnﬁa f‘ﬂ Sf a sheet
of printd ng reditom -artﬂn rPagel7 Th%mm%ﬁmsarh%w?%?e%?éts
nmechani cal faﬁlah %dscxﬁsogéwqgeaﬂfed Iilifa)dexfeaét“ﬂa ?dbdmesfgéﬁaiwedrmdern
printin machi nes de- or fine resolutjon an

qual i tyg; t he efd' 18Frii it tﬁbo"}éﬂq[}‘rﬁ% SRR aﬁ‘?@r“?‘l%‘?'aéf aut™t %t h o[bp'agg Zone,
21 be weertitosd txetast tfimmadtersf @oddeptrikie. q@2@lity neath]lne bethngenent
pronot eg; very, h pr.esisio ccu f.Dr d nce,
and thug‘6 of prf{]r%;?1 nj’a 4 newe%gtq’ mepsossahrgo#f?s%or?e g },5‘{ ?Hp{rﬁ%al%g gﬁle
both | orfgi - 2Bvelt dijvatecerids g ioash e e pagfélwft pﬁh@ldmgtmmum 26

however ,g necessarily the mediumis held only by one set of 27 rollers
etc. 28 Thi s arrangerrent Ieads to reI at [ veI | ess precise, 29
p05|t|orﬁng of thddri ' Rt Q%s-—Sgnersly

si tuat i Mg itgroul Qﬁ;&rqaa:nﬁrﬂaxcw aél v%,y wrdmme ﬁlﬁaa the
bottomﬂd of, a sheg ashedet séh%{ethe 32 sheet is held onlé th
t ensi orfing r A9%red 4pauH ink 1 dporey PRE BVAnP ﬁ%ofﬁlf] frade

rat her @mll qhedz/érbqi;m&teartemmmmadlmmy beveryeotiketophbeel 35

preci siqon. op ( ty r ect 37
to the I%?ese °S r?vleorﬁ [ on) [ rrpoen% q.floge}lemé?%%’t e%?(g P’Eé§8ﬂ% {,F$GS§Q
di m nuti‘on offidlded diroremhtheakiant somds er st eps

15 To avoid the banding problem (and sometimes minimize
16 the moire patterns) discussed above, a print mode may be
17 constructed so that the paper advances between each ini-
18 tial-swath scan of the pen and the corresponding fill-

is swath scan or scans. In fact this can be done in such a
20 way that each pen scan functions in part as an initial-
21 swath scan (for one portion of the printing medium) and in
22 part as a fill-swath scan.

23 Once again this technique tends to distribute rather
24 than accumulate print-mechanism error that is impossible
25 or expensive to reduce. The result is to minimize the

26 conspicucusness of -- or, in simpler terms, to hide --
27 the error at minimal cost.

28 For instance a two-pass print mode may start a page
29 by printing with only some of the nozzles in an array of
30 only half of the pen’s nozzles, all positioned at one end
31 of the pen ~-- as an example, selected ones of the nozzles
32 consecutively numbered one through fifty, on a hundred-
33 nozzle pen. This first pass may be in a checkerboard

34 pattern -- thus actually using, e. g., for example, exclu-
35 sively odd-numbered nozzles 1, 3, . . . in the first row,
36 and then only even-numbered nozzles 12, 14, . . . in the
37 second row, next selecting only odd-numbered nozzles 21,
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1 'n the printing-nmedi um advance, particularly near the 2 bottom or end
gf each page. That systemand its benefits 3 are described in the Broder
et al. docunment nentioned 4 earlier; although that systemrepresents a
maj or contribu- 5 tion to attainment of good print quality near the
bottom 6 of .t he page,_ neverihel.ess I slon Ls.nof_i o] tgriRe-7

| evel erﬁ oyeoz#’n - ey bn%g%rérlen féfﬁae rrté}%ﬁ% I|$és‘9’}'|e ?:IC'E aut .Qg&QMEQS BI‘tlh(gd)
Known t ezhnoliogy iof tpalhtofroes: pixpheketatinrs-inothedgtafbBnareame
particulgrly sinmplg,yay, o diyddedafcdd by dgsaisdanspuUsgual tekthato nore
t han one pen pass Is the 12 checkerboard pa terP_nen%honed agove- every
other pikel 1bengthycef e ikabitarray @i PR%Hhes, (ARICERBR YREIBr akRE are

14 filjed igeOpht hernexttPpasszzlds), and Twe apendwdhidbandnhgipr bbitbm
(and sonetinmes nimze 16 he noire tterns).di sed. , a@ print
mode may® be 1?n£;c%ﬂg%?%c?%ﬁFt% Tﬁ%ﬁytﬁgaB%ge?éé 9a§§g§ ggfaggﬁgegqh ini -
18  tiaf - swafhf sgape péetbiecipeckearidoshd pattespondNay,f hpeveg, whideh scan
or scansg In fgc%0}9é§dpgﬂ?P§fd9€§ ﬁggaggﬁlgcggd ?H@¥ brahogatsPepescan

function% in %%rt as an ini scan (for one portion of the
printingdmedi thyoagd fhfP2) a@a?%f9$eapfintssﬂatﬁr§§thaESr’ the reges
agai n tphs t?QQPaqHﬁdt?ﬁgfe&Qeg'§ﬁééb€?enéﬁkm€§ Afimbetrldn fageydinat e
print-mechanismerror that 1s inpossible, or expensive to_requce. The
result 3% to BhRPugheonpechypdredhnfpiisolianthe grea. ajready STHHES t er ns,
to hideyz-- 27 tHRi8Ib8hadiofi DENBhefOBbpedBed all dBem ithst page a

t wo- pass_print npde y,start_a _page 29. . by _printhng.w I e of the
nozzlesf?n an“ﬁF?gytg? éﬁsg 8ﬂ?§ghalfwgfcphéspgn?éhgo%gi%E?Q§L¥n%§§$tioned
at one ¢ad 3lagadh ubénpeselectedancexzimpl of tbbeet sdmbeaedoff itfe 1o®ez| es
32 congecut | yel u r through fifty, on a hundred- 33 nozzl e
pen. T ?s fi#é?o%ﬁgsgﬁgygggg?ﬁdé checkerboard 34 pattern -- thus
actual | ¥6using, e. 9., for exanple, exclu- 35 sivel y odd- nunbered nozzl es

1, 3, .39 . in the(biyrskpnew. 364 sABpLReRa2BHY pRMeR~HisHee meb KE022 @hel2,
14, . . . in the 3 second row, next se ectlnq only Qdd-nunQFred Qﬁgzles

21, 18 pattern used in printing each nozzle section 1s kKnown
19 the "print-mode mask". The term "print mode"” is more
20 general, usually encompassing a description of a mask, the
21 number of passes required to reach full density and the
22 number of drops per pixel defining "full density".
23 In the two-pass example above, the second half of the
24 pen {certain ones of nozzles numbered fifty-one through
25 one hundred) filled in the blank spaces left by the first
26 half. For each pass, this may be symbolized using a
27 letter "x' for each pixel that is printed and a letter "o"
28 for each pixel that is not, as follows. ’
29
30 | pattern 1: pattern 2:
31 nozzles 1 through 50 nozzles 51 through 100
32
33 X0XOX0X0XO0 OXO0XOXO0XO0X
34 OXO0XOXO0XO0X XOX0XOXO0XO0
35 X0XO0X0X0X0 0X0XOXO0XO0X
36 0XO0XOXO0XO0X XO0X0XO0X0X0
37 X0X0X0X0XO0 OXOXOXO0OX0X
38
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1 23, . . . againin the third row, etc. -- and thus print- 2 ing in

tial f of the pi xel locations in the swath area. 3 The paper then
advances by a distance equal to the 4 | ength of the half-array of
nozzles (in other words, the 5 hei ght of fifty nozzles), and the pen

would print in both 6 nds qQf its nozzle array. -- t | y
pridting a 7 In ??Ff‘yPSeFEEﬁF aﬁééﬁgf”ﬁda?&epéﬁst ea?l’prfeazﬁl:)ivrxz Qﬁ‘?\/\%bvrg{i while 8
t heaf or was egnd-ofshiiba pee Gagledtiedfonde ofenmdxaleanshdiorizontabugh
fifty) as_before prin on fresh,p A, rredl (b ndesel ected
oncd bt - RB3S1BE S BRor2s FF‘Fy-Sﬁe?%%w tf{lﬁ’re{)%grone hindred) f117s in the
ared al r eadympsi phddro®2). TheseTﬁilslelﬁe!?é'viKgﬁ IiesP‘.terﬁﬁf.’tr 1e%l all down
thegpage 3 aFQt #JII'&EQ%dl A5k SVt Rewi Wi Ghhdge ad11d -for suntthnngy, 14
agal n using selected nozzles of those nunbered flft%‘; one, 15’n’o rt\@rough one
hunéir ed. teebe7printed ipgpachpgfethess RiEES AT Y hod Fasks - -
The718  tpat LAl Repsedent HikRbnEd @dwesnerz|mi ekt itet atmowtas 19 t he
"print-node nask"”. The term"print node" is nore 20 general , usually
enc&npas®Agts9description of a mask, the 21 nunber of passes required
to meach full Tderwinserord spaece2in thiiscwient opshgediggK@MS def i ni ng
"fyll density". 23 O _t. t Wa-RAS S, ,rrpg,@ta@f)vpifgﬁecsggend hal f
of LitOhe 22?'%°v>éperr?p(r§esretn§’| r?nolrwesel?'tnggzlz es n%ered fifty-one &hrough 25
ond 1hundredd o ielasicdd hiad i 19 Bihenhunsiradsnegzleypemetiat sis nd®ha f.  For

eagly pasgy;dissiay, Parnyy H¥HA128d dis N Jut aléhg ethé xpedoineach pi xel
that is printed and a letter "0o" 28 ., for each gi el tha"-tt ig gL, as
foll3ows. sppsi@ntially opky gne wertical row, on %‘é??‘e'?n oe 551]

nozz es i dny cughltthough adezFres thikdhrmeadDaB2ngBter theyxagxexoxoxo

OX% OXOX%&aggered laterally to permit very close spacing along the

16 vertical axis. Therefore to obtain the checkerboard (or
17 other) patterns described in this document the various

18 nozzles are fired selectively and rapidly many times, in
19 careful synchronism with scanning of the pen across the

20 printing medium -~ taking into account not only the scan-
21 ning motion across the page but also the nozzle staggering
22 across the pen.

23 In the "pattern 1" diagram, one line of xs begins in
24 the upper left-hand corner, and at pixel positions cffset
25 by two pixels along both top and left-hand edges of the

26 pattern. In the "pattern 2" diagram, however, it is

27 instead a line of os that begins in the corner, whereas

28 lines of xs begin at positions offset from the corner by
29 just one pixel along the top and left-hand edges -- and so
30 fitting between the lines of xs put down by "pattern 1",
31 Hence these diagrams show that pixel positions left
32 unprinted by the first ("pattern 1") pass are filled in by
53 the second. In other words, looking all the way across

34 any row -- and taking into account all the xs formed by

35 both "pattern 1" and "pattern 2" in the aggregate -- all
36 positions in the row are filled.

37 One way to achieve this pattern is to always keep

38 nozzles one through fifty in "pattern 1", and always keep

Cleveland / April 23, 1991 9 P, Lippasn / PD-1093154-1 xBPC-19



>

34 ) OX0OXO0XO0XO0X XOX0X0X0X0 35 XOXOXOX0XO0

DXOXOX0X0X 36 OXO0XO0XO0XO0X XOX0OX0X0X0 37
X0X0X0X0XO0 0OXOX0X0X0X 38 1 I n each of
t hese di agrans, the xs appear in dlagonal lines -- which are angled, if

the vertigcal and rlzppég%lone SPAG %Ew ?éehﬁﬁgréén?n &baEQE}M pirve

degrees (to bot 3 he unns an | 1 nes” of xs represent
pi xels 5 2 trmﬁhese1$rkmn@m 4% " sprcelond tated opeskings reingnyhhfng 6 to

be printeg in @‘f% '&&Lé Eﬁég&&ééV‘%Nid Pg ¥ stb6198pr~eanesent
di agonal |ne§§o plxeé ? are not 2 °*

nserv
space in 4his %hﬁﬁﬁmﬂﬂtt?h%sdﬁag&%&ﬁﬁqu v%eF%nggeHFIBﬁlﬁn %55%—%%%§+
rows, outsof fddtyeftfadl A&zﬂlehyrwﬁhr@gféseﬁtaheohuuaredsnougatpen t hat

i s under- 12 discussion. The nozzles are I& out along the pen in 13

subst ant i &l | y 231 oRer FERET cHPER APC A& AERYE ed nozzies 14  long --

al t hough ms a practical nmechanical matter they are 15 staggered laterally
to pernit very clos agin n erthégg axis ggegefore to
obtain th checkerbgagg—% g%§£%T% ?E%%gr%rns escrlbe 3 i s docunent

t he vario%s 18 nozzles are fired selectively and rapidly nany times, in 19

careful gynchroni smuith scanning of the pen across the 20 printing nedi um
-- taking into account not only the scan- 21 ning notion across the page
but al solthe nozzlelstaggerlng 22 across the pen. 23 In the "pattern

1" diagrgg] one line ot xs begins in 24 the upper |eft-hand corner, and at

pi xel f#tlons off$et 25 by two pixels along both top and | eft-hand
edges of

XoXo 0X0X <- first printed row
15 oX0X Xoxo
16 X0OXO0 oxox
17 oxox X0X0
18 Xo0xo 0X0X <~ fifth printed row
19 oxox X0XO0
20 xX0X0 oxox
21 oxXox XO0xXo
22 . XO0X0 0Xx0X
23 oxox Xo0x0
24 X0X0 oxox
25 oxox X0X0
26 X0XOo 0X0X
27 oxox X0xo0
28 X0Xo oX0X
29 ' oxox XO0XO0
30 HE
31 HE
32 HE
33 I
34
35 In this mode, the pen uses the same pattern all down the
36 page, but the mask is different in different portions of
317 the pen: '"pattern 1" for nozzles one through fifty (rep-
38 resented in the abbreviated drawing by the lower four
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26 patter n.the pattern 2 di agr ho S 27., ol | ne of
“os t hat bf;gl nspos“ilhenscolr'her %&%"‘)2%2 r’%e%f%‘ﬁpis begi nP a p05| i ohg

of fset frbm t mozdleernbybeod ﬁu&ty-cmee pt xebugh ougethendnpdahdebeésehaﬁd
edges -- and %%él&dé@zg P&I ‘Pﬁ +é nf cés ﬁzown by "pattern 1"

31 Hence t hese agrams pos | eft 32 unprint ed
by the fi%st ("pattEth qvalb%tyshatrse cff|tl@uS|rneblyo@sofh@agbeaadfornverhér

words, | aoki ngwd Ipmetwgf BEF 0555 He SEVd & OV - paRBdo ﬁakhegbagae aeeAdAt -al |
t he xsfogrredb attern 1" and "pattern 2" |nthea gsée--

al | 36 positi oH& |7‘i“ hé LEOG ea‘fcfl'f’r%"ocm?s‘?e of eacb‘néeﬁéfjeto Phis
pattern i% to wlarvaysrkerbsgpé}mslozlidzesmeéwhéhrt)hlghbésibyoparapahgesystem and

Mattorn 5F. Provides oy SOFfefnt Aadr BT e Y PR REERRECRRS  Rres
met hod t09 pr| nte gwnt @ hil Higreevio s eEpeoys es§i veeyopepdliendzzlet hesay.
patternsio- i1l ustralethdierad o Upl0c R0 SORECKEEE HodeCdsVER! hEBLy

nozzl e- array representation of ei ght nozzl es rat her
hundred:1¥ 8 one maslpatherny 12he pakirg pepasbul tOpabgnsegtmet
---- 11 12 13 gldlsk patterXOFfom padXO¥o pass. This is s&=chilél PsiBEgd

;8?%15 13 ré)égéd' mé%ﬁfhéii- still égfgg theoégéelzbbreviategxox
14 representation for purposes of illustration:
15 )
16 ass 1 pass 2 pass 3 pass 4 pass 5
17
18 -———
19 .
20 -
21 HE
22 xoxa 0X0X <= first printed row
23 oxox Xo0xo
24 X0OX0 oxoxX
25 oxox XoXxo
26 OX0X Xoxo0 <- fifth printed row
27 ' X0X0 oxox
28 oxox XO0X0
29 . X0XO0 oxox
30 XoxX0 0X0OX
31 _ oxox X0XO0
32 X0X0 oxox
33 o0X0X Xox0
34 0X0X xXoxo
.35 XoXxo oxox
36 oXoX X0Xx0
37 X0Xo0 0X0X
38 t ]
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18 X0XO0 0XO0X <- fifth prlnteq row 19

BX0X koxo 20 X0XO0 oxox 21 0XO0X
X0X0 22 2 X0XO0 oxox 23 o

0XO0X oxo 24 X0X0 0X0X 25

0XO0X 0Xo 26 XOXO0 oxox 27
0XO0X &0X0 28 X0X0 oxox 29
0XO0X oxo 30 31,32, 3

34 35 n this nodg, b?ﬁg pRRsesdieE RS aie Bﬁt%@rﬁhglFag. pREtggn 17
page, butét he aadk"patdefﬁeﬁéndlaardméfénennspedtuoﬁ§ befare, itheapehe
e A heBRZBLCRRAERLEOVOBRLI (LY GLFBas3ny roRseRaedaltekhBoth
abbrevi at ed draw ng Powe positions in
ei ght-noz&l e gP%ﬁﬁ?S 9t eaﬁbt?@Vnaél Peﬁlﬂlonﬁozﬂlé§aﬁuﬁ8¥raFFf yidgd —-
through oge hupdgeg (E@Bbﬁ?QHEEQhé s aE¥ tﬁﬁd“@ﬂ%@pf—(iﬂélta&@%ht ldQ@.%rlalﬁlseaCth
group). 4 ﬂe availabilit ngthod of naskhnghfor var i
ous printPng dﬁ%?&e§°HeBEnGEPFﬁ°b§FFd ﬁh?ﬁe s PEARECARNFRIED Sopg of, d
firnmwarelnrchi thetgoeiefionachrdefitted lin pakkipCrotationl dis, opposdpends
upon whet her t asic atin t r S @k +865H.C
addre55|%g of gg?geren Egékkh ? aéé ?n?gFﬁsl o% i efggﬁtge%henﬁg&bf t he
overal | h3zz| eezsamp}e,10n the fifphophéntedy row ags tied tshmndp ciodummpde i s
to apply;41 sknpehke t n AU cle® tCR3NGGA! Nalfel2
mask pat%érn frggﬁtggsg?o%%gségggg%lggfg gohgaQ%%da'gméép 13 Fbtated"
maski ng 15 stiPlapki figrt RELgsABEabBtev)adedspace rogstdoanrat Pot A6

pur posesy gf ||bH§htéH|Qﬂ the third pass (after the adjacent column) in

17 sweep rotation.

18 This can be shown more compactly by a different

19 notation that allows comparison of space and sweep rota-
20 tion side by side. In this notation, "0" represents

21 nozzle groups that are not fired at all -- at the top and
22 bottom scans of the page -- while "1" and "2" represent
23 not individual pixel rows but rather half-swaths, in

24 "pattern 1" and "pattern 2" as defined above.

25

26 Space rotation Sweep rotation

27

28

29 12 12

30

31

32

33 12

34

-35

36 Now in these abbreviated forms it is easier to see that
37 within the printed image every half-swath receives one "1"
38 and one "2" -- but not always in the same order. Thus in
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15 16 pass 1 pass 2 pass 3 pass 4 pass 5 17 18 ----

19 20 21 22 X0XO0 0XO0X <- first printed row 23
0XO0X Xoxo 24 "X0XO0 0X0X 25 0XO0X X0X0 26
0XOX - X0XO0 <- fifth printed row 27 X0XO0

OX0X 281 the second half®swath Xhe 29 goes down first X@x€pace OXOX 30

X0X0 oxox X0X0 32
ti
XOXO 2 OXOX ig ion, but second in sweep rg&ﬁ;l * Yoxo 34
0X0X 3 xoxo .35 X0XO0 oxox 36

0XO0X 4 X0X0 37 (f} Autorotatin rint-mode masks XXQperat HfPX 38
4 5 I n both these diagrams -- as 1n the basic pattern 1" 6 and
"patter 2" FedGMEtSTE Sodshed Salactrd o, syeh carae that, skerebfefkadi ng
all thesray a@taziodbddutd aternftiiRjudiotthd perpag$§€6eﬁﬁ PaCHofi 9N BEht

gagggifgfaépd%2%$§&%g f Jlgén arré@ an l% 5§¥W%rénégéh§ pecs and
passes. Flguratlvely speaking this can be regarded as

9 "automatic" rotation or simply "autorotation”,
10 To understand what produces this condition, it is
11 necessary first to take note of what constitutes a basic
12 cell or unit of the print-mode mask, and then to note its
13 height hc in pixels. It is also necessary to note the
14 number of pixels (or the length measured in number of
15 nozzles) by which the paper moves m, in each of its ad-
16 vances. For example, in the simple cases diagrammed
17 above, since each mask repeats every two rows, h, = 2; and
18 the paper advances by fifty nozzles at a time, so m, = 50
19 (or as in the abbreviated-notation diagram the paper
20 advances four diagrammed nozzles at a time, so m, = 4).
21 The next step is to determine whether the ratio g%/hc
22 of these two parameters is integral. If so, as in this
23 case, since g%/hc = 50/2 = 25 actually (or 4/2 = 2 as
24 illustrated), the mask will not autorotate.
25 If however, in the two-pass example the paper advanc-
26 es by threé diagrammed pixel rows instead of four -- but
27 the basic cell remains two pixels tall -- then for this
28 case as diagrammed the ratio g%/hc = 3/2 is nonintegral
29 and at each pass the mask will "automatically" fill in the
30 blank spaces left by the previous pass:
31
32 pass 1 pass 2 pass 3 pass 4 pass 5
33
34 Xoxo
35 oxox
36 X0Xo
37 oXox X0Xxo
38 X0x0 0XOX
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~10 wll now be appreciated that the order in which some of 11 t he
“positions are filled in sweep rotation is opposite to 12 that in which
they are filled in space rotation. For 13 exanple, in the fifth printed
row the | eft-hand col um is 14 printed in the second pass (and the

adj acent, col um Ieé fod® nk for printing later) in space rotation --
but is 1 printed In the f i7d pass (after the adjacent colum) in 17

sweep rotation. 18 dJhox can kexshown nore conpactly by a different
19 notgtion that allows CREPFr i son,efcspace and sweep rota- 20 tion
side by side. In this notation, "0" represents 21 nozzl e groups that
are not fired at all -- at ?ﬁ%xtop ak@x22 bottom scans of the page --
while "15 and "2" represent 23 nopxbrdi Vi dakopi xel rows but rather
hal f-swaghs, in 24 "pattern 1" and "pattern 2" as defined above. 25 26
Space rotation Sweep rot%P¥Bn 27 289X 0
0 29 7 12 oxoxl 2 3fRoxeo 12
21 31 12 32 12
2133 8 12 okok 1%, o,
0 9 0 35 36 Now i n xhmee abbreviated fornms it is
easier {§ see that 37 within the printed ingggyevery half-swath receives
one "1" 38 and one "2" -- but not always in tﬁe same order. Thus in
1 t htlsecond hal f-swath the "1" goes down first in space 2 rotation
but secpad in sweepThotalif@rammatic example symbolizes a real case of,

13 for instance, three passes, a total of ninety-six nozzles

14 used in the pen, thirty-two nozzles used in each of three

15 sections of the pen, thirty-two-nozzle printing-medium

16 advance -- and a basic-pattern cell three pixels tall. 1In

17 algebraic notation, g%/hc = 32/3, a nonintegral ratio.

i8 This three-pass mode is discussed in the next section.)

19 The print mode produced in this way is essentially a

20 space-rotation mode (though in a sense that condition is

21 not specifically called for). For example, if the pen is

22 a six-row pen as diagrammed above, the first three rows

23 are in "pattern 1" and the second three are in "pattern

24 2";

25

26 X0X0

27 o0XoXx pattern 1

28 X0X0

29 oX0X

30 X0X0 pattern 2

31 0X0X

32 |

33 For an autorotating case, either "pattern 1" or "pattern

34 2" may be used all down the pen. Thus the paper advance

35 turns one simple pattern into a space-rotated mask "auto-

36 matically”., 1In the shorthand notation introduced above,

37 the pen provides the following periodic behavior as the

38 paper advances.
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34 (f) Autorotating print-node nmasks -- Operating 5 par aneters
can be selected in such a way that, in effect, 6 rotati on occurs even

t hough the pen pattern is consistent 7 over the whole pen array and is
never changed between 8 passes. Figuratively speaking this can be
regarde? as 9 "automatic" rotation or sinply "autorotation". 10

To undetstand what prod@d&asotatioBondition, it is 11 necessary first to

t ake noge of what constitutes a basic 12 cell or unit of the print-node
mask, agd then fo note,its 13 height h. in pixels. It is also necessary
to note'the 14 nunbeP of pixels (or the I ength neasured in.nunber of 15
nozzl es} by which the paBer noves nferr] in each of its ad- 16 vances.
For exagple, in the sinp%ezcases di agramred 17 above, since each mask
repeats every two rows [err] = 2; and 18 t he paper advances by fifty
nozzl esat a tine, so n{erﬂ]2 50 19 (or as in the abbreviated-notation
diagrannthe paper 20 advampcgs four diagrammed nozzles at a tine, so
nerr] 4). 21 The next step is to determ ne whether the ratio
n[err]/ﬁ[err] 22 of these tfo paraneters is integral. |If so, as in this
23 c8se, since nferr]/h[err] =50/2 = 25 actually (or 4/2 = 2 as 24
I1lustgated), the nask will not autorotate. 25 I f however, in the

t wo- paSs exanpl e t he paper advanc- 26 es by three diagranmed pi xel rows
i nst eadlof four -{gBut IRTee-paks hodes cel Herertwifiere ,wens stdighlwmlfa=- t hen
for thig 28 S d apyed el Jdh[e5,

nonlntgéral Eorga Srgﬁt hgg%hgggsgggﬁefQ% dﬂéﬁg éﬂﬁéﬁﬁgﬁﬁi;ﬁéléé%ll I n
the 3013 p| aRRS§prRA&Seraf thay Fhesﬁré\?:t@uﬁort&s§-n 3 ddmgonal Pat;fa%@ 1=

pass 214 pass 3 pass 4 pass 5 33 34 xoxo 35 0X0x 36

X0XO0 3;5 0X0X xooxoxo 38 X0XO0 0XO0X
16 oxo
17 oox
18
19 -- rather than the one-half-density-per pass checkerboard
20 modes discussed above. The diagonals, however, remain at
21 forty-five degrees as in the checkerboard mode.
22 This pattern has been considered advantageous because
23 it worked well with software dithering algorithms and had
24 minimal tendency to create moire patterns when pridting
25 partial-density-shaded and gradient area fills. The use
26 of forty-five-degree diagonals was considered particularly
27 beneficial for its tendency to distribute error-hiding
28 capability equally between vertical and horizontal axes of
29 the pixel array to be constructed on the printing medium.
30 Generally a printing apparatus is characterized --
31 through its basic hardware and firmware design architec-
32 ture -- by a geheral maximum-size print mask or mode
33 pattern that can be formed with the apparatus in one pen
34 pass; any mask pattern to be used with a printing appara-
35 tué must fit within its maximum pattern. For example, in
36 a particular one printing device (of the Hewlett Packard
37 Company) which produces high-quality images, that maximum
38 mask or pattern size is eight rows tall and four columns

Cleveland / April 23, 1993 15 P, Lippan / PD-109315¢-1 £8PC-19



1 ) 0XO0X X0X0 2 0XO0X X0Xx0 3

*X0X0 oxox 4 0XO0X X0X0 5

OXO0X X0X0 6 X0XO0 oxox 7
0X0X X0X0 8 oxXox 9
xoxo 10

di agramdtic Et8fpre §Vﬁb8?#%e§e§dﬁéglaE&?@mSFéth am%ﬂﬁ'oqﬂﬁé ssJthree
passes, & totbhlotlnsneaymask tbatl és three uwoed itmlithd pen, Sﬂhandy t wo
nozzl es ysed %Br%gcgog grg§d£5 sections of the pen, thirty-two-nozzle

printing-medi ance -- and a basic-pattern cell three pixels
tall. If 17 al déEttalséchoPat"%R prPuEEsh[tder one-3dyizd-dengiitit egr al
ratio. 18 ahhgobaae%ﬁaas aadeph%télracu&&e@dlu@erm&me)ﬁe RGiming bF
The prin % roduc d in tﬁ Ea¥ ssentially ipace rotatlon
mode (th8ugh FR1Z S8R EoPhat 1EoflPLi BRSKs 181 used o §;?é‘c’|“r’% 291 “IH

for). F@r exanntepapbrthevpanelsf22hirt&-SMb-mmaqmas &&-dhagmamnednabove,
the firsg thr at t rn 1 d_t hg, sec three are in
"patternh24 ?SgnmwgéuQGadvan e movgmen% o- gg Enak 999 prgv&ousfy
pattern $ 28 introduced ratlnomp’ 9— 32/3, whlch ipxoxt 3integral.

X0X0  gattern 2 3gpjg comb1natlon 8¥Oéo%%1%§ons e At 3HIY Y ik £ase,

either "pattern 1" or "pattern 34 be used all down t'he pen. Thus
t he papdt advaHterotation of the three row mask pattern shown above (as

12 noted parenthetically in the preceding section). No mask
13 rotation sequence is required; and a mask specification

14 for the three passes accordingly might read "111" to

15 indicate that the first column of the pattern should be

16 used in common to begin each sweep -- that is, printing

17 the pixel in column number one of the top row of the swath

18 (assuming that there is any image information to print

19 there). Equally well a mask specification might read

20 "222" or "000", as indeed the pattern may begin with

21 printing in any of the three columns of the basic cell.

22 If instead the number of dot rows were an integral

23 multiple of the pattern height, then as previously ex-

24 plained the printer would have to be instructed to use a

25 rotation sequence telling it how to build the pattérn in

26 each succession of sweeps. For example, using the same

27 three~-row pattern but thirty-three-nozzle advance -- which

28 is to say, a printing-medium-advance movement of thirty-

29 three dot rows -~ the ratio g%/hc = 33/3 is integral, and

30 a rotation sequence must be specified.

31 Such a sequence might be "012", The numbers are the

32 swath or pass numbers in which the respective columns of

33 the base pattern will start a page. The printer will form

34 so-called "swath number zero" (the first swath) using the

35 first column of the pattern as the first column at top of

36 the page, swath one (the second swath) using the second

37 column as the first column at top of the page, and swath

38 two (the third swath) using the third column, as follows.
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35 " turns one si nple pattern into a space-rotated mask "auto- 36

matically". In the shorthand notation introduced above, 37 t he pen
provi des the follow ng periodic behavior as the 38 paper advances.

1 autorotation 2 3 04 125

1 26 127 128

0 910 11 (epss Thr eeges <€ nodesss -3 Heretof ore, one highly fa- 12
vored prigit node has specified a one-third-density-per- 13 pass pattern
that constructs dots in a diagonal pattern -- 14 15 X00 16

oxo 17 *x 18 1POX -- ratHe than the one-hal f-density-per pass

checker boprd 20

xdes di sgsed ab The diagonal s, however, remain at

21 fo#%y-five degrees as in the checkerboard node. 22 Thi s

pattern -

s been c& der ed BRant ageB because 23 it worked well with

software &ithering algorithns and had 24 m ni mal tendency to create noire
patterns ahen prinang 25 partial-ansity-shggqgtgpg.grag$f@tnarea fills.
& gered parT

The use %? of forty-five-

9

egree di agonal s was consi icularly

The other equally acceptable sequences would be

10 "021", "102"”, and all the other six rotations ("120",

11 "201"; etc.) of these three root sequences. Now if a

12 printer is stopped halfway through a page, using this cell
13 and a diagrammatic six-dot-row paper advance, a pattern
14 something like the following will be found -- regardless
15 of whether space or sweep rotation is in use.

16

17 XXXXXXXXXXXXXK

18 XXXXXXXXXXXXXX

19 XXXXXXXXXXXXXX

20 XXXXXXXXXXXXXX completely filled

21 XXXXXXXXXXXAXXX

22 L XXXXXXXXXXXXXX

23 XXOXXOXX0XXO0OXX

24 OXXOXXO0XXOXX0X

25 XOXXOXXOXXO0XXO

26 XXOXXOXXOXXOXX two~thirds filled

27 OXXOXXOXXOXXO0X

28 XOXXOXXOXX0XXO

29 OX00X00X00X00X

30 O0X00X00X00X00

31 X0O0OX0O0X0O0X00X0

32 0X00X00X00XQ0X one-third filled

33 OOX00XO00X00X00

34 X00X00X00X00X0

35

36 As before, this abbreviated diagram symbolizes the modern-
37 ly more interesting practical case of thirty-three-nozzle
38 advance. That case if fully pictured would appear as
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27 beneficial for its tendency to distribute error-hiding 28 capability
equal |y between vertical and horizontal axes of 29 the pixel array to be
constructed on the printing nmedium 30 Generally a printing

apparatus is characterized -- 31 through its basic hardware and firmware

desi gn afchitegsr8g- chréersows BY1 8y 0g0e1 8k, "AXbEHBY Sikhe rk-Rhraeskwer~ nmode
33 pattern t hat can. be %

h
any mask®pat t ERATES Bélﬁgéd QP@ht%?bF;ngpggggéggg2°hg5gglfaegﬁgifdfpass

within i8s maxi num pattern. For exanple in 36 a particular one printing

device (of the Fbmﬂ ack rd 3 any) which_pr hi_gh- Ity
Crges. Bhat e mif) eRRe Tpany) wAi ¢R,RLAdUEes kgl gyalds
colums 5 stock --w ds menandnmdléarbadrhykagwonﬁsdhnéqu&ﬁohgvstW@¢

possi - 2 bgéé Sﬁﬁlﬁef?s§u£§éésfé EﬁeglEBEﬁa h% thﬁtﬁblbr%htand 3

t hree col ums uces
one-t hi r@- dengreplgms OdlagehaparﬁﬂéeapésgtbaftéﬂﬁsﬁﬁtPGG&@ed i vildd ng

begi nning of fhe tbieh? 8661LQH- ambhnthdt HRRK ihtoUthEelen paRlednNGlalsObeint h a
7 unit _paper advance of thlrt y-two nozz

|
i ng- ned|8n1ad98ﬂéé RBFenEhe ﬁTéFr for agﬁalcaFHQH PﬁepﬁﬁQJFHﬁgﬁyt§°h"
IEIFOdUtIed rathuefed ehr htbeapts €o3233ye\Muheb pFobdem.ntegral . 10 f
This cogbination of conditigns,accordin .QVi 1 tation o
t he thrgg row mask® aP?g?ﬁ sﬁSmﬁeﬁboeva? a¥é°n q%% hegfé eﬁé%ically in
t he predadlngbseensen)heyhbrﬁaskl&BlvelVomaphoﬁegéqa@ﬁ@ehegtrequﬂﬁed and a
mask spegific : t p S 0rqi;Rg et e " 111"
to 15 lend g%%ggfégflgh@ Frgﬁp%gigﬁﬁ gﬁﬁ% f§§ﬁ ?gfﬁgéﬁﬁﬁﬁd be 16 used
in comdf to B¥gPAraképnseeBpbe- obhained, spraightdorvardlyhdypiceavesy

col um npgnber ¢+988 QEtEBQlEQEdrBW ah hhe-swath1hRing (f%sﬁ)umm@ tilhtudiligy e is

any Inagg Infgrnatlgn o rlgt in ragggklve %ua%l%a es on'E%ggter
speci fi ¢8ti on®XPERT2L4R Y aPP y g
importance with plastic media.

18 Heat, however, is most straightforwardly applied from
19 below (the opposite direction from that of ink applica-

20 tion). These media present more thermal mass and there-
21 fore an effectively longer thermal path than does plain

22 paper.

23 Accordingly with these media a much greater fraction
24 . of applied heat radiation ends up absorbed in the printing
25 medium as compared with the ink carrier; this adverse

26 energy distribution is compounded by the previously men-
27 tioned dimensional hypersensitivity of these media to

28 heat. Generally speaking, as can be seen from the forego-
29 ing discussion, the application of heat is more problemat-
30 ic for glossy and transparent stock than for plain paper.
31 Heretofore the lower liquid absorption, higher heat
32 absorption, and higher dimensional sensitivity to heating,
33 of these media has defied efforts to obtain adequate
- 34 liquid removal. Accordingly the prior art has left con-
35 siderable room for refinement in this area.

36

37 (i) Black-ink detail ~-- Printing-machine users often
38 prefer to present lettering and certain other types of
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20 ""222" or "000", as indeed the pattern may begin with 21 printing

fn any of the three columms of the basic cell. 22 If instead the
nunber of dot rows were an integral 23 mul tiple of the pattern height,
then as previously ex- 24 pl ai ned the printer would have to be

instructed tofgnelsg detailedt ahkgs aequem@ tied lbilag k,t armcawvwm layid dist he

pattern pn 26 ceSS|on of For_.exa sane 27
Pht cor roft pat FBPRERE oFhfs ey RIRE. RUSTRS Lk ed SHaMys’ e R ARG LA 0
a printifg- nedhamvaduameeSEnseMBnelmf—thaﬁtyomQQred Whﬂ@eaiﬂmaﬂﬂ&sandthe
ratio mgrrl/Beetbts madRed 1A bRHEW 8b1odd SGe woBlLUuNd TSR RNCE Mist
be speci |ed sequence m ght be "012 The nunbers are
the 32 smdnserabégstﬁuﬁﬁer§1pﬁrmpéﬁttlﬁ>@ ceasaedi Jorc lasks iovking

the basegpat t ghBnWirbh sttatetr 8oR398., elBa Riilthies t‘Me' |s efrfef Mm¥ke. sO-called
"swat h nynber zero" gg first swat ) using the 3 flri# c.ol of  the

H#C&oPu t l%?

pattern ds the fir$§ FTaEeBFy PvsyeT, Qﬁﬁﬁ%cﬁﬁﬁa e %econd
swat h) usi ng Geaezalddydspéakingql thie &adémkdgrdﬂ red itnl mate drprodf, tdre
page, ang sway e, 1. Hhoths LAY UL A NG HIS AT AU S

foll ows.

00X 10 oxoc¢mmon1y sgxoby thexjgequencyogﬁ'a.wavefonmnderlvednhy
X00 6 7713 ctrooptlc;lly read4ng, whll% b“hteaé:le'd”'%cféﬂ ml\ cial
"021" " 2" and al

The ot her eq ua 5 accept abl e sequences woul
t he ot hd@ S|XSPG gt esitgndegogcross thep @FlnﬁiRﬁ)mQﬁl%Wmse three r oot

sequence3. Now ifwdthin a printing machine of reasonable cost it is

14 preferable to employ multiplexing techniques for control
15 of the pens. In other words, a single set of signal lines
16 ~- and control signals time-sharing or otherwise coexist-
17 ing in those lines -- is used to operate all of the pens.
18 Providing finer position control for printing of

19 black in direct conjunction with other ceolors would re-
20 guire somehow establishing a separate such waveform for
21 black. That waveform would have to be provided simulta-
22 neously with the position-establishing waveform for the
23 other colors -- but at a different, higher frequency.

24 It would also require arranging for the signals of
25 different frequencies'to share the same basic position-
28 signal transmitting system. These special provisions, to
217 accommodate established multiplexing arrangements, would
28 be awkward or at least costly. In engineering jargon,-
29 electrically it would be hard to "talk" to a color pen

30 (for instance, a cyan pen) and a black pen at the same

31 time.

32 An alternative would be to print black in a separate
33 sweep, between sweeps for the chromatic-color pens. This
34 alternative would pay a heavy price in reduced throughput
35 and accordingly would be very undesirable.

36

37 (j) Conclusion -- End-of-page print-quality defects
38 on paper, as well as bulk-colorant problems on glossy and
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12 ‘printer is stopped hal fway through a page, using this cell 13 and a
“di agranmati c si x-dot-row paper advance, a pattern 14 sonething |ike the

following will be found -- regardless 15 of whet her space or sweep
rotation is in use. 16 17 XXX XXX XXXXXXXX 18 XXX XXX XXXXXXXX 19
XXX XXX XXXXXXXX 20 XXX XEXXXXXX 0 etely fill d
XXXXXXXXRXXXx Y T@Psparent mﬁ &% x §§§§?§9r53 a@% °"}§8%§E&§%&§# s

OXXOXXO0XROXX0xchievement wdxuaifoxmdyxexzéllent inkjetx @oiabimex ——- at
two-thirgs fi lgg %Zroughgutoﬁ&oééoéigxﬁg?u%%rlally 1 MEPPERREOPIIREA ngd

0X00X00XO0X00X 0X00X00X00X00 00X00X00X0gX0 32
ox00x00xdoxoomediaane Awkiraddpessedf3gverprintiagofHideofeted 134n black

K00X00X0400%q 43838 herAaabeL e sl bl O Ared giliag! ey MU es (o
noder n- -37 nore 1 nteresting practical ise of séng rtry thhrefe rl%zzlte 38
advance. 8 Thaﬂm@&§éaPF pgpegtsi efutbg WSGhEo4S8daM t

thirty-three news ihvleht ibnl Ir@thaianane@ablid rtoy usefed tnefinzmentt. m rds
filled, 3$d thirty-three nore one-third filled. 3 4 (h)

Print-quality defects on transparency and gl ossy

10 SUMMARY OF THE DISCLOSURE

11

12 The present invention introduces such refinement. 1In
13 its preferred embodiments, the present invention has

14 several aspects or facets that can be used independently,
15 although they are preferably employed together to optimize
16 their benefits.

17 In preferred embodiments of a first facet or aspect
18 of its aspects, the invention is a method of printing

19 desired images on a printing medium by construction from
20 individual marks formed in pixel arrays. The marks are

21 formed by a scanning print head that operates in conjunc-
22 tion with a printing-medium advance mechanism.

23 The method includes the step of scanning the head

24 repeatedly along a pen-scanning axis that is substantially
25 orthogonal to a printing-medium-advance axis. The method
26 also includes the step of, during each scan of the head

217 along the pen-scanning axis, forming marks in a pattern

28 that approximates at least portions of a large number.of
29 generally parallel, separated lines that are relatively

30 steeply angled relative to the pen-scanning axis and

31 relatively shallowly angled relative to the printing-

32 medium-advance axis.

53 This first facet or aspect of the invention also

34 includes the steps of (1) during one or more earlier scans
35 with respect to each segment of an image, leaving

36 unprinted regions between the angled lines; and (2) during
37 one or more later scans with respect to each segment,

38 filling in the unprinted regions.
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5 stock -- As nentioned earlier, known techni ques have not 6 been
entirely successful in elimnating bul k-colorant 7 pr obl ens on
transparent and other glossy nedia. Dividing 8 the total desired anount
of ink into three passes has been 9 considered the limt for application
of print-jode tech- | Qg d t t ol.ve ' r 1

As noted earlier, é‘\v.gi%ocrozﬁui on fréo%ﬁet?g@né%‘%%f{éqzdfp%ge%%ugg&?hnle?/&are

rel ativeldy mudiistsdmpd@thdit expressily inmludesrit yinpbead mpbrthst tvhat
fromplaidh papsieps S@E thell irWAROIAd W G Reratahed strai ghtforwardly
by convecy 15 tion (stinulated by an air-circulating fan), but inducing
16 evaporation by applying radiative heat takes on greater 17

i mportande with pl &tnmingedile mbfks with Healigqundvbesed i Gol@Sdnt; and
strai ghtfgrwardly applied from 19 bel ow (the opposite direction fromthat
of ink applica- 20 tion). These nedia present nore thermal nmass and

t here- 21 f or & awhsitfagdtiialdlyy damwyarrarnichned itdattthe hearkiobsrmpimg n 22
paper. 23 A [ M nedi t ctso 4
of applied heat ra%%(aé{pfjfogm%&?gfjr&%sor Ller%pi%.&%ﬁ%%%gﬂzﬁﬁén‘%&%ﬁzas
conpared i th the itli@uddhased Calonsiterye Heis hanlrife Ftep ihaning 4
conpounddéd by the peadedty! toRireatl an tdriiase-BJENSI Ot -dnPeiisedsiddyity
of these1 nmedia to é,%at heat . t ner al IS?/. s.pe%ﬁi ng, as can be seen fromthe
for ego- 29 ing dirScudSiCER E AR SRR T 9B ST TP IR DrRATRNRL 30
ic for dldssy and thoartdyeamarim tsingeinddiamfeatvapias rmxpiaper . 31

Heretof gre the | ower |iquid absorption, higher heat 32 absorption, and

hi gher di nensional sensitivity to heating, 33 of these nedia has defied
ef forts ¥ obtThien rededuiaed y34teedliyywing reshvhizies hxoorali repdende foior art

has | ef t15c0N- m3%imiPled ¥haDIR iQAWNA J1&ld NUEPoddhdd xaefl'.e.l.ae]f 3% 3he

(1) Bl ‘i%k'i nkrdettai | -- Printi i -machi ne users often 38 prefer to
present 1I’,ettelpl Ag tARE -@EL My & A of
18 The foregoing may constitute descriptions or defini-
19 tions of each of these two different facets of the inven-
20 tion in its broadest or more general form. Even in these
21 general forms, however, it can be seen that these aspects
22 of the invention significantly mitigate the difficulties
23 left unresclved by the prior art.
24 In particular, the use of patterns with lines gener-
25 ally close in orientation to the paper-advance direction
26 tends to minimize the conspicuousness of positional errors
27 along that direction. This minimization of such errors in
28 turn permits use of heat to accelerate drying of the print
29 medium ~- and thereby facilitates operation at high
30 throughput, but with minimal apparent degradation of image
31 quality.
32 Although the features or characteristics expressly
33 included in these two different aspects of the invention
34 are subject to practice independently of each other,
35 nevertheless as mentioned above they are preferably prac-
36 ticed together to maximize and optimize the benefits of
37 the invention. 1In addition, they are preferably practiced
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g flnely detailed image elenents in black, and the eye is 2 capabl e
‘of discerning black-inked el ements (and defects in 3 them quite
sensitively -- as conpared with el enments and 4 defects marked i n other
colors. It would therefore be 5 desirable to use finer position control
for black 'nkhﬂgcﬁnJunEQQanQ%tﬁtB@EtQQhOE%he?V?@aWMEQE o%h%h§gg%ﬂéP%¥3 7

Such a sirategy, holever ficul't to inplenent Gener al éy
speaki ng? t hetfPfekbas §nrphert pBhaasAt PAUCYBENS of pyegadli pegsditer way

the pitch of the pF&QIeaamgye | $t10s peedeRpler &ahtbyheh@a&mequewamgof a
wavef orm,deri v

db ctrooptlc |1y readin en scans
special 2 S&PeXBQ&EHH ﬁE?BésmFﬁg p%Pﬁ?lﬁ& %ﬁ&Fﬁ&F% ?lxe& r1°°\ﬂ¥"th|n a
pr|nt|ng5nachmﬂenefwheaeomabke aaetdeelred14or pb@%&m@hhaomooénplmpr—
nU|t|p|eélng %?%GEI “e%cLOE %9 éokmag ? ?r&%@sof t%l%t % VW%
single set of Signa Fries T ¢on Signal’s tT1me- ng Y
ot herwi sé@ coekhst angled lﬁngsiﬁreh@SQOMPﬁs§e-Whﬁgeu@@¢k§08@pem&¢edﬁﬂ of

the pensg 18 gjred fBEOEbﬂbﬂguﬁiQSE B?Sbhbﬁ“p%QQH%%ha&OBeQ&&%W NehaQfe 19
bl ack in _direct conjunction wt t her. col ors woul d_re- quire somehow

establ i sRing §idparaveituén Rﬁ?gFBFﬁ#fGhaflthebF&éangﬂ%ﬁ.ﬁ&ﬂRﬁHHQ%“ﬂ@u

have toibe prguaeedgsmaukeaonzg atHGQHSEY§WFbEtb@€p@&ﬂﬂIﬂw&dﬂﬂdﬂﬁIﬁﬂﬁﬁ@
meveforq&for t he, 23 a dif é@her frequency.

nt .
24 G Ao FaGRRr SoR, PRRGERYCEAP™ S & GRRIES
di ffered@ frequencﬂes1soaiharereﬁersadetha$|¢hpomdmhmfoﬁming sgiegnal

t t t dat
establ | hed miPCLaRs, biilhe REE helel ATol ot GubCLaltisiTRY dteops
costly. 14| n eﬁgﬁneesﬂngppesgbhe Q@thleldeﬁneeamnphutamﬁﬂns o Hdved to

"tal k" ug a cebahnaeg %ant séaa haataeqemlagcweeleenhavaic% Rleata iiah at
the sa An alternative woul to print Iack in a

tl
separ at 6 S§ﬁ§§ﬂ mBéFwé@ﬁeEQéeﬁs FGrlﬁhQr@ﬁF6ﬁ§F|é S&TE" This 34
alternauﬂve wiolrdh ipgy sdebeanylptdecfoirhihgd tted anfgiedglliwes3at samdtan-

accordi gl y L.q,he very undesirable 36, ~(j) Conclusion --
End- of - ggge Egﬁnglﬁhgllty CHEF c??gge posdible that:

20 - is within design architecture of the scanning print
21 head and print-medium~advance mechanism;

22

23 ~ also provides at least approximately an equal number
24 of marks per print-head scan, for desired images in
25 which all pixel locations are to be marked;

26

27 - does not contribute significantly to other types of
28 error.

29

30 Such other error types include, for example, interference
31 with dithering patterns; and diagonal lines that are so
32 vertical as to introduce significant print-quality aberra-

53 tions relative to the print-head scanning axis.

34

35 Preferably the mark~-forming step includes ferming the
36 angled lines at a slope much greater than 1:1 relative to

37 the pen-scanning axis. Even more highly preferable is

38 forming the angled lines at a slope of at least 2:1 rela-
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38 on paper, as well as bul k-col orant problens on gl ossy and 1
transparent nedia, heretofore have continued to inpede 2 achi evenent of
uniformy excellent inkjet printing -- at 3 hi gh t hroughput -- on all

i ndustrially inportant printing 4 medi a. Awkwar dness of overprinting
fine detail in i ot r Loitatjon PELi t.
Thus 6 lai rrpoﬁ‘gén?&%s%é%tt sa&o t hre]@% eﬁ%%ﬁfﬁg}éﬂ %%\Qtﬁgé??gl‘%g %%e%e%t he
i nventi dh rerghat ahe ey anqst Jsighdy rere fenped . peovides aSERRRRYIBFLHRE

DI SCLOSRE llrdize of at Madd e5sslodd {WL0E1 P21 B 1 0gdyces1Suchorefbpgment .
In 13 %ts preferred enbodi nents, the present invention has 14  several

aspect s br f XWM& hat: ban pkelptes nrpbhtieReryScaBPing) #Kdlgh they are
preferalBy enpl oyerh teiged heswimoopthigkEydpreféheed bebeflimentldf the In

preferr enbodi ment s of _.a first facet or_aspect 418 of | S ts, the
vent] dh 1o SYETRARR ot M SST g e PFBathekdaes ook En BN BRE %, i,
by const% uct iamgX¥ednm 2es in mlibasiial patt&snfoehbkdthatpigethaeeapixelshe
mar ks arg 21 ... for ' | nt -1 hat : op Lp¢CoONjunc- 22
tion with a p‘?llén%)ién%éjn%%%lﬁtmsggvan%gelt%ejéhan?gﬁhéﬁhQ gﬁg&rﬁgmﬁgfﬁod

i ncl udes® t he adepniAgeeumhy pring enel off theepeapedihearshdy asperivégdni ng
axis thpy is gupstantially 25 orthogonal to a printing-nedi umadvance
axis. [The method 26 al so includes the step of, during each scan of the
head 271 al ong the pen-scanning axis, formng marks in a pattern 28 that
approxinates at +efsShaplorinosse cdobummr g thebeeldf fd9 eaghnefalkhyee

par al I_ei:3 separated | ines éhat ars rel atively

rows 1n direct succession;

14

15 - a mark in another column of the cell for each of

16 three other rows in direct succession; and

17

18 - a mark in still another column of the cell for each
19 of two other rows in direct succession.

20

21 The same embodiment can be implemented in another way that
22 is particularly advantageous in printing on glossy or

23 transparent media. Here the total number of pen scans

24 with respect to each segment of the image is multiple,

25 i, e., a relatively high number, in any event greater than
26 about four; and the mark-forming step comprises, during

27 each of selected pairs of said multiple scans, printing

28 the cell with:

29

30 ~ two marks in one column of the cell for each of three
31 rows in direct succession,

32

33 - two marks in another column of the cell for each of
34 three other rows in direct succession, and

35 _

36 ~ two marks in still another column of the cell for

37 each of two other rows in direct succession.

38
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A

30 Lsteepl y angled relative to the pen-scanning axis and 31 relatively
shallowy angled relative to the printing- 32 medi um advance axis. 33
This first facet or aspect of the invention also 34 i ncl udes the steps
of (1) during one or nore earlier scans 35 wth respect to each segnent
of an inkage, Theayimth3ér ofingrddt Bhingotlonsibednebsn t beoabhdéedsipaesorand
(2) duripng 37 one or nore. later,scans.wth respect to.each n 38
fillingan ¢ (FTRE PRORF T e S £ 10 Sadi L1or CERE Pﬁ”é*éé%%d’“%%g‘g@ti%f t he
i nventi oh di fddvendedbmalative td it marking headxpeeweey ¢achupetr-of

| nstead pf NG d e ye SRS 1 954 LAk T 1 O P CoER 00 DREATHGENE: dn) -
form ng the marks vmglt‘f]ea |qu15(-pfba?g% co%oire%nt; and g 14 % - ' n.

subst antd al | yerxaAR @B¥eng | Yhenidiradiel amrt f bheri prd pum-advange e@irgehieng t he

medi um t@ acced efdl fe Wiy i Mthdfoddet Phes per swalth - Posedispl G€aPthight his

heat i ng ftep having a I’L,O tendency to create an end-of - page
paper - sht i nk HMA&gta4ality. t hat accentuates positional error conponents
paral | el8 12 At aldédet pfount | avgd npeck fer slsllpneeraxssand 3atd nedlted to

relativeyy staepl v, Aol 6L A4 RES, N oy 4 SAGRCY §9 dPac ILOLET 26t he-
positional error ‘conponents paral?el 0 the pr nts ng- imedi um advance
axis. 11018 ventiomhe The cyuvibrr nef soers inew crei@asrdedt asnsost béghhy- 19
tions of eachyf rd PESE %gvosg}jferent facets of the inven- 20 tioninits
broadest or nore general form Even in these 21 general forms, however,

it can Ve seen that these aspects 22 of the invention significantly
mtigategsthe diffirnld i €©@ird basic aspect or facet, the invention is an

14 apparatus for printing desired images on a printing medium
15 by construction from individual marks formed in pixel

16 arrays. The apparatus includes some means for supporting
17 such a printing medium; for purposes of generality and

18 breadth in expressing the invention these means will be

19 called simply the "supporting means".

20 The apparatus further includes a print head mounted
21 for motion along a direction across the medium; and some
22 means for scanning the head across the medium. Once again
23 for breadth and generality these will be designated the

24 "scanning means".

25 Also included are some means for providing relative
26 motion of the printing medium with respect to the print

27 head (the "relative-motion-providing means") along a

28 direction of movement that is substantially orthogonal-to
29 the print head motion. The apparatus of this third facet
30 of the invention also includes some means for heating the
31 medium ("heating means"); and some means for forming marks
32 in a particular pattern ("mark-forming means").

33 More specifically that pattern is one which was

34 introduced in regard to the first two aspects of the

35 invention. It is a pattern that approximates at least

36 portions of a large number of generally parallel, separat-
37 ed lines that are relatively steeply angled relative to

38 the print-head motion and relatively shallowly angled
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23 I efte unresol ved by the prior art. 24 In particular, the use of
patterns with |ines gener- 25 ally close in orientation to the
paper - advance direction 26 tends to mnimze the conspi cuousness of

posi ti onal errors 27 along that direction. This mnimzation of such

errors inmn 28 Jzeereab ﬁ*é;zeﬁ]rcg el P p{fae{fr@trﬁoeﬂ%argge gk the print

29 medi um - - t her | tat'es operation t hr oughput

but with % ni rﬂlfﬁﬂm@m ikt iERACY néRyetisa prqe‘al hegd. 32

Al t hough §he featurgs m@r@gcﬁ@ﬁatsrécefem e@rsiydBBacetnskudsé iavkhese
two different as ects of t e nventi on 34 are sup

ect
i ndependeht | y o0 dh ARk - Iarming gang| £en &0 B%\%HB gﬁbﬁet k8§ are
preferably praﬂela&ﬁwe-tnid:tecbxt-qg&idfnahﬁg) rineBexth $11 L e amﬁltom:emmnghe manefits
of 37 the iny, ntron d t hey ar e prefer ra d
1 in céc;nj unc"t 1 wr’fchs’ceaq 21 tglén o BRI R2E %1?%/1(1: errgs- E °f {ics
that further eddtshcr enjloyerafis cfonpfertutinmgenefpastiadlly inkedpFpixelanyl e,
it is pregerregdthatyd 55‘91!}&% fﬁ&@é‘gaxﬂst déé@PxH:é'@' Uéﬁepéaﬁénﬂonﬁéﬁﬁu only
at sel ected pixel 1oca- ti'ons where narks are desired for construction
of a par-96 tivemefiouctr ddanddhempthogyngl rdieeetieni s-ppévideon, 7
the anglegl |ingsirding nriUg i Y ef S5 P KSt & €h&Opede- 8 sired for
construcfjon of such particular desired image. 9 Simlarly it is
preferretthat the filling-in step include 10 pl aci ng marks only at ot her
sel ect ed1 i er | ocdlin e fdrred lembodihiidest &ir €f desfoedthoofconst napeicds ,of a
desired t, ef rred K step
13 |nic %%erzrr]innver%thleorlang edq'}?t%’eogéa 4 S an'?é (Igl %lggét éég g%
angl e pob%r bI elomthiian idbsibgerpteinn emtm’emﬂ nédium, byseanﬁtngcpnpm head
and prin{gng- nﬁcwr@@dﬂlwmeamm Sfarméd in Pt SB1emAcARAAkbY, it 1S

referred that the rk
P P arrays by ‘a scanning multiple-nozzle pen that operates in

17 conjunction with a printing-medium advance mechanism. The
18 method includes the step scanning the pen repeatedly along
19 a pen~scanning axis across the medium, to place marks on
20 the medium within a swath of pixel rows that is exposed to
21 the multiple nozzles of the pen; in this system each

22 nozzle corresponds to one pixel row,

23 The method also includes the step of periodically

24 advancing the printing medium relative to the pen, along a
25 printing-medium-advance axis that is substantially orthog-
26 onal to the pen-scanning axis, to bring a fresh portion of
27 the medium within the swath that is exposed to the pen.

28 The method further includes the step of, in each scanning
29 of the head across the medium, firing at most one-third of
30 the nozzles in each pixel-position column and thereby

31 depositing, over the total number of scans at each pixel
32 row, at least two drops of ink in each pixel position that.
33 is inked.

34 This method is thus in effect a double-density or

35 200% form of a six-pass printing mode, which has been

36 found to effectuate a particularly advantageous balance

317 between high quality and throughput. Indeed for optimum
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17  forming step include forming the angled |lines at substan- 18

tially a steepest angle possible that: 19 20 - is within design
architecture of the scanning print 21 head and print-nedi um advance
mechani sm 22 23 - also provides at |east approxi mtely an equal

nb 2 f k h
nomber 24 bonedle TSS fRShoB 1 ThSSL Sean, Lol dRRd ot | IORIL 0137

whi ch al I ocations are

contribue si griithi sdm Iprind ioghaediypeadfarzges per fulgy rpratipchegight. Such
other ermor types include, for exanple, interference 31 wth dithering
patterns; and diagonal lines that are so 32 vertical as to iLntroduce

significdnt print-dgaltior praferred smbodiments rafl & i Lif % Thel i¥i3%~ head

scanni ng 5axi S.pedt s35 the invenki®heriable ol ies MMy ketfn%tfﬂdlﬂ st eﬁk‘iﬁ‘@iﬁ@es
formng the 36 ,angledllnes at aslo%‘%%}) ertha.n lrelative to
1l

37 h& pen- desdimchdmegies. onederd Aoret %I%r*%tlgég MeEH¥M ng
t he angl ad |i rb@s cainst ralcafienoff ram |ieaklv ulal eiaaeks formed in pitele to

t hat axi | | _be seen, the.s CIfIC at t st

hi ghly pr%ef er e "f)nrnow row’ éalrgf)igsp%x[ he nﬁ{a% "%‘10?11;{@ né%ﬂ?%@}?

appr oxi mét el y thag: Pma&es in gonjenctdion wichyhd ;lp@rltlngT@@IuWeado t he
pen- SCany N9 Finde Shechanism.| N THlsS nrece%a@seo&'gmsyu&wfa{é egh &bogli ment

of the 6 i nventi on, e mark-formng step includes formng the 7
angl ed Hilnes iSeanng &%’atﬂe@r Fepsate 9rjs°'tﬁlr%epiﬂx%cf%“%mgvﬁ’6’esand

ei ght pipgel s ta%zloss \Miehlniédtlmﬂnﬁ YU dBN Inarks oROMP RGOS | Wi €lhlihng one

of the ans the cel r.inted
3% sw % of p1 el rows that is exposed to the multiple noz-

14 zles of the pen, each nozzle corresponding to one pixel

15 row; and periodically advancing the printing medium rela-
16 tive to the pen, along a printing-medium-advance axis that
17 is substantially orthogonal to the pen~scanning axis, to
18 bring a fresh portion of the medium within the swath that
19 is exposed to the pen.

20 This method differs from that of the fourth aspect or
21 facet of the invention, however, in that it includes the
22 step of -- in each scanning of the head across the medium
23 -- firing at most one-sixth of the nozzles in each pixel-
24 position column. This method is thus more straightfor-

25 wardly recognized as a six-pass printing mode, and like

26 the fourth is preferably practiced with a one-sixth-swath
27 advance distance.

28

29 A sixth aspect or facet of the invention is, in its
30 preferred embodiments, a method of printing a desired

31 image, which has two ends, on a printing medium by con-

32 struction from individual marks formed in pixel column-

33 and-row arrays by a scanning multiple-nozzle pen that

34 operates in conjunction with a printing-medium advance

35 mechanism. The printing medium is held taut beneath the
36 pen between two sets of rollers except while printing near
37 top and bottom edges of the printing medium, when it is
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,‘10 with: 11 12 - amrk in one columm of the cell for each of three

13 rows in direct succession; 14 15 - a mark in anot her
colum of the cell for each of 16 three other rows in direct
succession; and 17 18 - amrk in still another colum of the cel

for each_19 wo, ot her rows in direct syccession The
same enbddi rreﬁf’n(?éiﬁ'aﬁé‘el Ir&’f‘er?t“é(? iofen SRt Wy Phane 2L Séf% 'sets ot
particul 2rly aduaa&ageous in printing on glossy or 23 transparent nedi a.
Here t he total n scans .2 es C nt of
thelmagels rrult Q’%dslc.sl, d:ft"':'sre |ve ‘ﬁe% nﬁe)rg%htJn any event

greater than zSPeatalddm aflomg:; aamnt-mamirmaf mmgi@t%iﬁ c*dm)rm&.f@sunmuw ng

27 eagh of pasl:%%%%rgalorns t¥le SRl Wi oY & sepmtrprwtﬁmgeﬁ&owst he
cell with: 29°3 - two marks in one colum of thec for each of

three 318 thatr dis eP‘h"’&leldeé‘P dhecaditgplesnoggles of thepemy kHere

Snot her @ol umasobetflwgqelelacf}prno@&qié dordesponds td h:rxﬁe ﬁimh 1F6W\5| i n f
i rect syccessi on, .an o) nar ks jn st.i anot colum o
the cell °for 37 %éé:&t?" fthtev\ﬂ‘e&{hr‘? ﬁ’tﬁi}s‘“ﬁ? ditediter ks ofterg
1 Thi s Smannéheofepr d6t inithGublse aintierltliyom tpreoMitkers entbes f othe des tirgd ng
properthgﬁ; 'fmage,dgnd %%1l%e %r'm”d¥%d“¥“‘£ léstaut between two sets

11 of rollers -- periodically advancing the printing medium
12 relative to the pen, along a printing-medium-advance axis
13 that is substantially orthogonal to the pen-scanning axis.
14 Each such step operates to bring a fresh portion of the

15 medium within the swath that is exposed to the pen, where-
16 by the pen moves stepwise from one end of the image to the
17 other.

18 The method also includes a further step that is

19 performed when the pen is substantially at either end of
20 the desired image, and at least until completion of full
21 inking for the swath of pixel rows that is exposed to the
22 nozzles of the pen. This step is holding the printing

23 medium substantially stationary relative to the pen while
24 rerforming a plurality of said scanning steps.

25 This step is performed at least if the medium is

26 constrained from only one direction by one set of rollers.
27 Preferably this step is performed only while the medium is
28 constrained by one set of rollers, since its performance
29 is less rcbust with respect to tolerance of nozzle fail-
30 ures; however, this step need not be strictly limited to
31 performance under these conditions, as stationary-medium
32 .operation can also be performed in a generally

33 satisfactory fashion at the end of the image even if the
34 paper is still taut.

35 The method of this sixth facet of the invention is

36 particularly beneficial in suppressing print-quality

37 defects that arise from print-medium positioning errors

38 due to mechanical tolerances. The method has this benefi-
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3 advanced relative to the marki ng head between each pair of 4
successi ve scans, of the nultiple scans, then positional 5 error al ong
the direction of the nmedi umadvance direction 6 is relieved nunerous
times per swath, yielding very high 7 i mge quality. 8 At | east
four and preferabl re .scans_are needed to 9 btain the.benefits of
this manhor oreh SHIB 6 FIRRNE S 0E R i fa et o bRtk BF A DR coRRE R o
regar dec® as roigin hisyieingl usest eferiredfast shx. panii3mediun poshthonhngd
basi ¢ aspect OfxdaGfacd NaaddV dﬂf‘.ir%él?%&”‘err@f‘p?ﬁa{:H§i£P&nPﬁg”{:hﬂg
desired Jmages on a printing medium1l y construction from i ndivi dual
mar ks f ot med 95FHi xel 16 arrays. The apparatus includes sone neans for
supportigg 17 Althéudh | tHi ndEbdingvé®raputipes esrohdignesatheéy and 18
br eadt h‘d'n ex%ressi ng the ilrlverLtion t hese neans tWJUl be Ilg chI edtslrrply
the "sughort iR REarfs exXfFllent purpose, NeVelthetreRcPTEhRrReE AtptPnt
head nouht ed gdrfordext witth aretiainm sddii tbonabnfestessst be characteand-sone
22 nmeans f or; scanni,ng: S . ' c 0al for
br eadt haeqand S‘Eelnéef'al %%%%geﬁﬁﬁ%rp%eﬁ%ﬁg fﬂéetigl Ehés%%%%ﬁ%‘g‘grreans".
25 9 Al sttert|RrEte el B oic dmsenpioping i @i sgavenaei 9 peintpption

of lth;a,zmi nt itxi&mdidlf%dﬂéﬂdxﬁsﬂf%m{&ééﬁ%iﬁt%ﬁvi?éeﬁﬂl%thﬁking fotrh t
rel ative-notjon-provi di Jreans al ang, a, irectiopn of nmovenen a
i s substhinti at1§ %ﬁﬂbg‘bﬂ%”ﬁ% 2@2“3 q'h"et pt§ EXPRSYC nbP i g’ﬂ‘? “%%fﬁﬁpafat us
of thisl2hirdcdHagain;3Gand @rdferdblenihol sdgwence! ofiemasbaeiseanshf as
heat i ng, 4 he dium("heati means'); and, sone ns f form ng marks
32 ?lné a p:}h i €U paerns‘paél S ern (a. Tar ke 1 o?’l)”n'% 1%%1%%"3’@%5"‘ a&){’ancﬁ/t')r e
speci fildhl |y that Adsa erth is prefesieh thet the maskrseagedcenemplayingo
the firgg tV\Dstfaél]pe&;@pxqsé rIg'xa';rtging | AW, A %O&riné.{n Sp@%?@*‘ﬁgrﬂef.?één

approxitates at 1east. 36 portions of arge nunber general ly
paral | i€ sepiftbgtantiallyy eYerKk RaER of St nt¢hetye sPeRply angl ed
relativerto 38 the print-head notion and rel atively shallowy angl ed

18

19 All of the foregoing operational principles and e
20 advantages of the present invention will be more fully

21 appreciated upon consideration of the following detailed
22 description, with reference to the appended drawings, of
23 which:

24

25

26 BRIEF DESCRIPTION OF THE DRAWINGS

27

28 Fig. 1 is a block~diagrammatic representation of &

29 hardware system according to the invention; and

30 Figs. 2a through 2d are diagrammatic print-mask

31 representations of inking patterns used in, respectively:
32 (a) special top-of-page sweep mask rotation to enable sup-.
33 pression of printing-medium advance in that region, (b}

34 midpage space rotation with one-third advance, (c) bottom-
35 of-page handoff space rotation with one-sixth advance, and
36 (d) special bottom-of-page sweep rotation to enable sup-
37 pression of advance in that region.

38
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1 relative to the direction of relative novenent of the 2 printing
"mediumwith respect to the print head. 3 As to the apparatus of the
third facet of the inven- 4 tion, the mark-form ng nmeans formthis
pattern while the 5 rel ati ve-notion-providing means are not operating,
In 6 other words, while the pen forns a particular swath of 7 dots or
ink spot’ conEEI&L&EBgQgﬁ%ﬁlgiggﬂy i nked pixel 8 array having the lines
j ust desgri begr timererEBERRED eE@BoSIMENTRE notion -- along the orthogonal
directios -- of the 10 printing nediumw th respect to the pen. 11 12

In prefefred enbodi nents of a fourth of its aspects, 13 the invention is
a net hod4of ptinti SDEERERrRUAGON4BS on a 14 | ow- | i qui d- absorption
printinggmedi um by construction 15 fromindividual marks formed in pixel
col um- and row 16 arrays by a scanning nultiple-nozzle pen that operates
in 17  8onjuncti ofhei phintpraski ag- fbei eresdnindavendtian formsTiid ago-

method incl udgg)thenskepnacanpk ngksbadpﬁar@e%&h@@l X hal Qﬁg.nlﬁng-iﬁledlum
pen-scanni ng axi s acrqQss the nedjum pl ace marks on 20 ng i ym

wi thin a8swat fd 6?“5Fx€Fr?BRé°Ph5PaPst@?ﬁ&s@é Pﬁlff“arﬁh@%ﬁﬁﬁllﬂ HZ2A es
Of the pen; lBeth&cﬁaﬁtB%Qaﬁb 27 thliQZahQ‘eG:@.l’llbexSﬂ.(Wéd% ttmma;etm el row

The_net hod_al 58 Iudes t he step of e s ely Sz;‘rmkadveanm ng
the pri #fi ng MRBFURTFEFafbGe ?op?ﬁgrpgﬁvagfgﬁﬁn LR ge-
printindginedi um ad¥ansé heastthamelsomnbsbamﬂlakmpt@mEhd@e 2bovegmEn-t o t he
pen- scaRgi ng | t rt frn2 W J idhin the
swat h tga |s@é§§8geg P%E?E BeiﬁﬁégéBQ %Qégth J%%QIqﬁgigﬁﬁiéi the step
of, in &8ch sean nhgczgraloﬁonhérhea@ a€r6§§ Pméqﬁaﬂ&uﬂPHﬁﬁﬁQﬂfzﬁ afpdits

one-third of 3f us&heleO%éhea n%maecanlal wr-tawltllyorazq@m and frheyefar 31
deposi ting, over the_total scans at ea% | east

3 o W, &t
two drop® of WAKd Fm é&EﬁeﬁlkéltESS tF65 oG of3t ﬁﬂ&&?g:ﬂf Thi s
met hod 18 t huadivaneéfect Ia dhntbl eagdensipreferaliy thaynﬂagunaﬁsefqnme¢mws

printinQTHDdebmehghigggnQQgH approximate the longest diagonal line
18 possible within that vertically oriented largest permissi-
19 ble pattern.
20 Within the previously mentioned eight-by-four pattern
21 constraint of one Hewlett Packard printer, a particularly
22 desirable print mode creates the following eight-by-three
23 pattern cell or "base pattern”. :
24
25 Xoo0
26 xoo
27 xoo0
28 oxo base pattern
29 oxo or cell -
30 oxo
31 oox
32 00X
33
34 012 <~ column number within the base:pattern
35 . e
36 The resulting pattern still appears as diagbnal'lines
317 when printed on the page, but now they are angled 5£ o

38 roughly seventy degrees from the pen-scan axis -~ or, as
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36 found to effectuate a particul arly advant ageous bal ance 37 bet ween

‘high quality and throughput. Indeed for optinmm 1 benefit this
met hod i's preferably practiced in conjunction 2 Wi th six printing-medium
advances per full swath height. 3 4 As to preferred enbodi nents of a

fifth of its as- 5 pects, the invention is simlarly a method of printing
6 desirked i rdgd®BhriPa $oWed quike arrertebri ntTHg pebterR #lispgent
constructd on fipmdwdioteluadritddds fHanBto # Tz &£l , 8and €191 81Nl Péde £ DR¥E~

arrays by, a scannin | tiple-nozzle pen 9 that operates in conjunction
with a printi ntgl-ereJd‘?dgﬁ‘}{ésd-‘Pﬁto dﬁ'l%écf&ae&r%'bh%‘h"r sk © ‘?’é WP EHET nel udes
the step &f 1lmediwatasintivtkdde queradwepeed edl y al ong a pen-scanning axis 12
across t medi um 4,0 place nmarks on t,he i i §01 3. V of

pi xel romh‘g that is %&%o&sleaoéa’faomt e rreulgf}?%‘fgemﬁ%ézlgn Emgllggéo?l¥%€\/\%é?, each
nozzl e cdirespimidi mr tkrsmergtibextn lithere rane tinteperoweli efil the avepeathnst he

printing yredi Waggletedd "xddVadd dledely BhONGuBpRELOEA NYs 0B ] Ugygdvance
axis that_17 is substantially orthogonal to the pen-scanning axis, to 18

bring a % esh POFX P AL tthe R ERR FUPRPHE IR SVRPR t hal P4 aSyRReERKosed

to the ped. 20is withoutfhduwbdRidih&liddwssqhénde] hot Rdyt bes$ObI§haagpect
or 21 16 acetsﬁ‘ g inr\llen&iorn hio ver. in t{)}ft it.igclg S rtlge 2%

step of ¢ in TaAEPAR PR SR IR AP 4eT DEAP TR RRET LT D5S T RS and; FhRg
at nost Ihe- sikdke ofue heo o sssivel pacdgpl xel ce R strpobiteon col um.

This metfwpd is thu r ' rys ny. I3X5, pass
printin fé)m)de, ands{llg%ze %&éad?hmeg{o%lr%%o?as‘l \pl)\?%f %(% ?gfgrgéggcggf%ngﬁ SE
one- si xth? swatthomnglgdizar any Reintk. ( Dor 2example, thesfiratadebidt or

facet of14he gV i OKe i Sepddtidd unit to the same point on the next

15 diagonally adjacent repeating unit. Using this defini-

16 tion, the slope is the ratio of eight vertical units to

17 three horizontal units, or 8:3, corresponding to an angle
18 of about 69% degrees. Other reasonable candidate methods
19 of defining the slope generally will yield comparable

20 values between roughly 68 and 71% degrees.

21 In any event it will be understood that the apparent
22 slope of the diagonals created by this mask is roughly

23 {within ten percent) 2.67 -- which is much greater than

24 the 1:1 value provided by the checkerboard or three-by-

25 three cells of the prior art. The angle of the diagonals
26 relative to the pen-scan axis or "horizontal” is approxi-
27 mately (within three percent) seventy degrees.

28 While the invention in this preferable form accord-
29 ingly is very beneficial, a great advance over the perfor-
30 mance of the prior art in hiding paper-shrinkage and

31 paper—-advance errors can be enjoyed even with considerably
32 less~emphatic vertical orientation., Any slope over about
33 2:1 {or angle over about sixty degrees), for instance,

34 produces much better error-hiding properties than the 1:1
35 forty-five-degree diagonals of the prior art.

36 If the above-illustrated eight-dot-row pattern is

37 used with a printing-medium advance of thirty-two nozzles,
38 then the determining ratio ﬂ%/hc is 32/8, which is inte-
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30  preferred enbodiments, a nethod of printing a desired 31 i mge,

*whi ch has two ends, on a printing nedium by con- 32 struction from
i ndi vi dual marks forned in pixel colum- 33 and-row arrays by a scanning
mul ti pl e-nozzl e pen that 34 operates in conjunction with a

printing- medi um advance 35 mechanism The printing nmediumis held taut
beneat h ¥t he Fral pen $retthemede tetrobfanberetatiéngept ThRAFEEopR| fheng near

37  top and dridon cdaescipftidec Pl ddiid OrdBee Uphe Wo8Mntkt phiterns mustl
constraiped fromonly one direction by one of said sets ¢ rollers. 3

. { y C . 2
This nmethod iRRITRRS fird st heroxdemmormahby pif Bot crifigeldl yO8Pong a
pen- scami Ng #0d&p e DS Ssddite sl i N sHewd inptReefablsing ekémpidi.um
Wi t hin swat h of pixel rows 6 that is exposed to the nmultiple nozzl es of
the pen:” Here 7 as before, each nozzle corresponds to one pixel row 8
I n addit®on the nepdss] 1nclipaes 2 he saem 3f -- when 9 the pen is not

substantqally at either end of the desired 10 i mge, and while the
mediumis held taut between two sets 11 of rollers -- geriodi(_:ally
advancing the priMi%g nedil®f 12 r&Phtive t &t hdnpernad| spgakion

printingg medi um advance axis 13 that is substantiallygggl;Bggesal to the
pen-scap&i ng axis. 14 Each such step operates to bring a fresh portion of
the 15 *¥Y medi um wi¥® n the ¥Wat h t ha?*?s exposed to the pen, where- 16 by
t he penthoves stemése fromawe end eotothe inmage to the 17 ot her. 18

The rret{@d al so inc(l)gdes a ;urther st ep that is 19 performed when the pen
1s substantially at°®ither TNY of 20 the desired image, and at | east
until cb¥pletion odxdull| 2I1xco inkingekor the swath of pixel rows that is
exposech 4o the 22 . nozzles, of the pggy This step is holding the printing
23 rreijéum substantial ly stg‘t)i onary relative to the pen while

oxo X oox

16 oox oxo X00

17 00X oXx0 x00 <- last row in first cell
18 Xo0 00X oxo <- starting next 8-row cell
19 xoo oox oxo

20 X00 00X oxo

21 oxo X00 0oox

22 v e e

23

24 These patterns correspond to a rotation sequence of
25 "012". The phrase "rotation sequence" actually is used in
286 two different senses, but as will be seen 012 is the

27 rotation sequence for at least part of the above diagrams
28 in both senses. '
29 One definition of "rotation sequence” is entirely

30 internal to the cell -- that is to say, the rotation

31 sequence is the order in which pixel rows are printed

32 within the cell or basic pattern. Thus "sequence 012"

53 means that -- as shown above for the first pass:

34

35 - 0 is the number of the column {(column 0 is the first
36 column) in which the first group of rows (rows 1

37 through 3) within the cell is printed;

38
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24 performng a plurality of said scanning steps. 25 This step is
‘performed at least if the nediumis 26 constrained fromonly one
direction by one set of rollers. 27 Preferably this step is perforned
only while the nediumis 28 constrained by one set of rollers, since its
per formance 29 Is less robust with respect to tol erance of nozzle fail -

30 uresy however,; tid spid 6 NGHH (Gle RS SdAd C&éYuJu')Sn L’?%ﬁpcﬁlthe

per f ormance under these conditions, as statlonaré/ nmedi um 3 operation can
al so be pferforned. |§F%P‘§j%r€e?°dmy(13’3's 4 b hEgugh !/ ¥%sl’ﬁ'b?1t%ﬂl t#Rf end of
the images even if the 34 paper is still taut. The met hod of
this sixth facet of_the jinvention is tlcu r benefi ¢i al
suppressithg primnt - Fuatd tipsnumber of tq?‘ha‘? FTRe ﬁ%n’f}b’rf I }Eﬂﬁnh
positionifhg errors 38 tidiuad tgrome hefhiosdbs t Ot @wanT esnd Eheisrephndté&s this
benefi- ¢ 1 cial effect because -- while the stationary-nmedi um
opera- 2 tionis being used -- in fact no print-nmediumpositioning 3
takes pl ate, s actiorlditryinptre erimrkeepingiwithi sigstemany corputers

Al though g hi s JEtdipth eyall @fed Miise bf&@éﬂavr&msgr@d stSPEYRS @ppgxcel | ent

pur pose, neverthel ess é)referab 7 formed wth certain
additiond fed&FLS) or IffbghB f°rt\"}(’:% semﬁa‘# nBeehe as marked in

hol fj' ng-xg at i Qf}ﬁé’YtaﬁiLEJ]Ehtitd’}ﬁth Ngh& (1n’6§£x§§%wﬁ$t€§.ﬁﬂbd $@@nh¢lxd@le is

enpl oyi as nce rotation to essively

provi denlfglul | i cg f tr}‘ t]ﬁ’el%"\{/v%?ﬁws%ft ?x%?q‘f%%ethgtgﬁgg' exposed to
the nozAlZs of 12 Thé h:ethmn seargk phefv&md:ih ythdaphsegechretatiomsks-i s such

as 13 130 C %{Je) qﬁréﬁéii&%f‘sﬁ% u{ﬁx%dy@g&e?aééern.

Also it Is pre erredt ence-e conpri se
changi ngt$hozz|Hens the rlg’t;ﬁa‘tlt%fr r%eqsamnld_@tlfsmsqamrhw yofévﬁay_lpaw of

scans ofig he RRIkh numbers in which the consecutive columns of the base

16 pattern are used in starting positions, so defining the
17 swath pattern: thus in the tabulated case, swath number:
18

19 - 0 (the first pass) is assigned to begin with the

20 first column of the base pattern;

21

22 - 1 (the second swath) takes the second column of the
23 base pattern for its beginning column; and

24

25 - 2 (the third) uses the third column of the base

26 pattern as the first column of the swath.

27

28 Now if the printer is stopped halfway down a page, a
29 pattern generally like the following abbreviated diagram
30 can be seen (pot starting at the left-hand edge of the
31 image) -- except that the eight-nozzle cell shown above
32 repeats four times within each swath, rather than occur-
33 ring only once as suggested by the diagram. Due to this
34 repetition the height of each band of fill, measured in
35 number of nozzles, is thirty-two dot rows rather than

36 eight as diagrammed.

37
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17 18 19 Al'l of the foregoing operational principles and 20

*advant ages of the present invention will be nore fully 21 appreci at ed
upon consi deration of the follow ng detailed 22 description, with
reference to the appended draw ngs, of 23 whi ch: 24 25 26 BRI EF
DESCRI PTI ON OF THE DRAW NGS 27 28 Fig. 1 is a block-diagrammtic
representation of a 29 har dwar e system according to the invention; and
30 1 Figs. 2a throughxk2ekatexgkaggamatic print-mask 31
representations of inking patterns used in, respectively: 32 (a) special
t op- of - page sweep mask rot AFERFEEERNPFe sup- 33  pression of
printing3nmedi um advance i n tivatxxegronxx(b) 34 m dpage spacé rotation

wi th onezthird advance, (c) of - page handoff space rotation

W th on,e‘-;si xt h advance, andx%gii’gg%ﬁ% ’é’f)eci al bottom of-pa%e sweep rotation
to enabl® sup- 37  pressi oFSEXAENEREEXi n t pamPLegreN. fidled 1
DETAI LEDg DESCRI PTI ON 2 ORI HEPREEERRED EMBODI MENTS 3 4 1. STEEPER

DI AGONAL_5 6 The print nask of the present invention forns diago- 7
nal line§ that are skewed MEFEXFERFEF¥*¥Re printing-nedium 8  advance
directiog than those of priorxaetxfReks8xxxThis is

9 OXXOXXOXXOXXO
10 OXXOXXOXXO0XXO0
11 OXXOXXOXXOXXO
- 12 XOXXOXXOXX0OXX
13 XOXXOXXOXXO0XX two-thirds filled
14 XOXXOXXOXXOXX
15 XXOXXOXX0OXXO0X
16 XXOXXOXXOXXOX
17 0X0O0X00X00X0O0
18 - 0X00X00X00X00
19 0X00X00X00XO00
20 00X00XOO0X00X0
21 O0X00X00X00XO one-third filled
22 OO0XC0X00X00XO0
23 X00X00X00X00X
24 X00X00X00X00X
25
26 Another potentially useful cell might be an eight-by-
27 four pattern -- the maximum permitted within the systeﬁ
28 architecture mentioned earlier. Such a cell contains
29 thirty-two pixels, which cannot be divided up equally
30 among three passes. _
31 Equal division among the number of passes selected is .
32 desirable to avoid other types of artifacts. This princi-
33 ple might suggest that an eight-by-four pattern would work
34 moderately well with four passes; but for best throughput
35 on plain paper four passes is less desirable because it
36  would be slower.
37 Also the slope in that case would be definitely 8:4 =
38 2 (an angle of about sixty degrees). That slope would be
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9 beneficial because in this direction there tends to be 10 nore error
‘due to paper advancenent and paper shrinkage. 11 In at | east sone

comer ci al

Wi thin the basic 13 architectural constraint of the printing apparatus

that is 14

in use, is rectangular and vertically oriented -- in other

words, |gnger 'alggﬁngwmgwoeﬁé ‘is;hng“ (rt}rh %JI%@' %h %@V%Q%enot In

this case,

prefe

ona [ nvent I O

printers the above-nmen- 12 tioned | argest perm ssible pattern,

15

approxunﬁte theehongeseddlagdnabssnhéylsoulpobslmqsumaﬂhlw ﬂh&ﬁ edifeiccal | y
orientedgl ar ggshePehALSE:3 1R hiRiRgPIELRiRa14G orientel MR rishe For

previously nmentioned ei ht-by four pattern 21 constrai_nt of “one Fbmﬁett

Packard firi nt &hesg ﬁ&FﬁPEﬁI gPp§ops anged@hdnby-foust cRdde 18 B FeggEd-
fol | owi ng ei gbl- A%- blir eead8 noPabbker Adeahita@eocudase pPald Qosibd4d Aess

Eggezgatpern ngantage°ug7" than an eigﬁ%gbggthreedr cel . géo
oxo 31 7 oox 32 oox 33 34 012 <-
col um nygnber within the base pattern 35 36 The resulting pattern
still appears as diagonal |ines 37 when printed on the page, but now they
are angl @d at 238 SIKoB4BE}SsEGBNPYAGTICe¥EDTAOM t he pen-scan axis -- or, as
10 _
11 As mentioned earlier, in the prior art three print
12 passes were considered ideal. The present invention,
13 however, recognizes that the number of passes used by a
14 system represents a tradeoff between throughput and quali-
15 ty (particularly distribution of paper-advance error over
16 a large number of passes so as to hide that error).
17 Thus in principle, if only quality were needed, each
18 swath could be printed using a thousand pen passes, with
19 one ink spot deposited in each pass; this print mode might
20 produce virtually flawless images but also might require
21 an hour per page. Typical draft-mode printing does the
22 opposite ~- laying down an entire swath in just one pass.
23 The present invention further recognizes that in
24 balancing throughput and quality, it is desirable to take
25 into account the properties of different media. In other
26 words, the ideal compromise may call for a different
27 number of passes with some media than with other media:
28 In accordance with the present invention, for use on
29 transparent and glossy media, six passes has been found
30 highly preferable to three. A higher number of passes is
31 more optimal for glossies and transparencies than for
32 paper because -- as explained in the "PRIOR ART" section
33 of this document -- in practice the other parameters
34 (quantity of heat, and effectiveness of convection and
35 absorption) used to mitigate bulk-colorant problems cannot
36 be set as high for these media as for paper.
37 To put it another way, the present invention proceeds
38 from the recognition or discovery that the drying charac-

Cleveland / fpril 30, 1993 34 P. Lippasn / PD-109315¢-1 xAPC-19



%

1 it may be called, the "horizontal". The pattern alignnent 2 IS now
*nore vertical than horizontal, and this nore effec- 3 tively maks dot

di sl ocation due to error in printing- 4 medi um shri nkage or advance. 5
The di agram above shows that within the eight-row 6 cell or base pattern
there are three rows of the repeating 7 subpattern "xo00" and three of
the subpattern "oxo", but 8 only two of the bottom subpattern "oQx'".-
This asyhmetriepisti¢s Qﬁthba#esnbéian§h9§tcéh§eaﬁéﬁ889 6Faﬁ§§fgo§§FBFy ai d
10 sl gght | Yol Br8URPEEESLEES HEABSET 8k primitiagpabkeenss and the 11 li ke
due to excessively (egular cel | structur,ek %2 £t Th%agL%B% ogihhg

di agonal 3i s probabP¥fbeEenfiePrRRATSs0T31nk AREPENGife PR, 2T S0P " or
exanpl e, 4t he fiestadet Jed4rablal 08¢ theseepeat did femientt medie sawespoi nt on

t he next .15 di agopal | y _adj acepi .repeat.i.ng it L 1S pdetiRis-3 16
tion, th& sl opeSPES h§e¥§fiO?Bfgé%ahgegéfpiggg Eﬁﬁtgi?gqf%QI%“tﬁgggld

hori zont &l unered dde8l3iscaniéspondphgcasedn-anghneorpassineapsst °do[ err]
degr ees. 4 C¥h?5aégﬁéﬂgﬁbgee9%?g'ggﬁﬁeggtg?d3r3%s ofr dRfrtAIikg o relndRe
gener al I\g/ will yre conRara e val ues bet ween roulﬁxgl y .68 and 71[err]
degrees. 821 These bpgtahpounenrdes @l PrB&tdGGePdt FOF HYEHE ST S ent 22
sl ope of gt he deageBaks ¢heabadiB¥rhbile detlaiils inouwghl Wslkidland witt Rln ten

percent) 2.67 -- which is mugh greater than 24 the 1:1 val ue provi ded by
t he che%Qerbo&P&“BP“@hﬂéépﬁﬂ%I?g ag°¥ﬁree cells of the prior art. The

angl e oftit he di agoaal addGtionr ebausieg &itkheaseess@ad eumlaringhdhieont al "
is apprqyi- 27 ., . tel W thin thre Lcgnt Veidunftaft ees: 48 al

Wi | e tﬁé i nvém(ilB f"'ﬁr%ﬁl%sem[?%' ers‘gtt);I go g’rhmqglc)gglr%%- ed%tQ I ngly ils vaersyo
benefi cil8l, ahdebiy atedecebdeectot iacoapomate3dhe mardawi-difEdor art in

hi di ng gpagper - agpga%g%fa%e%veme% ADRIGH AT Y THAD R AN iy e dven
wi th consi derabl'y

| ess-enphatic vertical orientation. Any sl|lope over
about 335 2tiong, FhE bagisr tRESS PESE f‘&gﬁr'é'é’s“) © a‘lollrs iHT a e"jss‘éJ ce
pr oduceg snuch replteder makifigdithg pasre idert karetthepixel 3pcation
forty-five-deqr di ggonal s of the priqr. art s t4f the
above-i Il?"ust rg.tagg'eé‘i A8 ow B‘é’t é'r‘%li S ffu?bqeusdeecflsv&'%* a
printind8medi um advaneeddft i ritty -itswdk igddst aexefgrred threrhakee déter ni ni rig

ratio n{l%r ri/ %%‘rarn]ce id%s%%/n%’e V‘h"lq'xh'.té %Hd¥ds the three-pass embodiment

20 of the invention is now believed to operate ideally with
21 advance by thirty-two pixel rows (about 32/24 = 1.33 mm)
22 at each step, the six-pass embodiment operates instead
23 with advance by sixteen rows (16/24 = 0.67 mm) per step.
24 The resulting masking patterns may appear as shown.
25

26 pass 1 pass 2 pass 3 pass 4 pass 5 pass 6
27 xoo0 oox oxo xo00 oox oxo
28 xo00 oox oxo X00 oox oxo

29 , X00 coX oxo X00 oox oXxo

30 OXo xoo 00X oxo Xo00 00X

31 oxo X00 oox oxo xo00 oox

32 oxo xoo0 00X ox0 X00 00X

33 ooXx oxo X00 oox oxo X000

34 00X oXxo0 X00 oox oxo Xo00

35

36 012 120 201 012 120 201

37 (rotation sequence)

38
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1 gral -- so the node is not autorotating. Therefore the 2 order in
whi ch the colums create the print patterns nust 3 be specified. The

order normally is not critical. One 4 accept abl e sequence is shown in
the follow ng exanple. 5 6 pass 1 pass 2 pass 3 7 8 012
120 201 <- _internal rotation
sequence% 10 If as bgfgre the printer b&ohﬂﬁted partyay down 3oRage th%xo
12 2 XOOdevelopDig patt®® dan be see®WXProm th&ofollowingoxrepre-
0X0 X00 .. 00x 15 X00 18
. t bl R

0X0 3XOO ientatlve rous Caplgel %etters re%reggé Iag r%m}?n9§§rst
cell 18 4 X00 00X 0X0 <- starting next 8-row cell 19
X00 00 X00 00X oxo 21 0XO0

5 L¥LxRxxx XXX
X00 : oox 22 2§ gg %% ese patterns correspond to a rotation

sequencebof 25 KBABKXXXRRe PRk ase "rotation sequence” actually is used

in 26 t7wo dlffergﬂkxﬁgﬁﬁgﬁxxﬁmx as wll be seen 012 Is the 27 rotation

e dot 1 Bi t1 on of  RRSEAEKORKE 0008 EATIFy 30 | nternal to the
cell -- Bhat is toXXRER¥YXXxhexxxxexion 31 seqaebee pssshe br deroughwhi ch
plxel roys are prlgkegx§§xxxx&££*n the cell or basic pattern. Thus
sequence 012
XXX XXXXXXXXXXXX

12 XXXXXXXXXXXXXXX

13 AXX XXX XXxXXxXX

14 xXXxXXxXXxXXxXX

15 xXXxXXxXXxXXxXX

16 XxXXxXXxXXxXXxX 167% filled,

17 XxXXxXXxXXxXXxX after passes 2 through 6

18 AxXXxXXxXXxXXxX

19 XXxXXxXXxXXxXXx

20 XX XX XXX XXX XX x

21 xXxxXxxXxxXxxXx

22 xXxxXxxXxxXxxXx

23 xXxxXxxXxxXxxXx

24 xxXxxXxxXxxXxxX 133% filled,

25 xxXxxXxxXxxXxxX after passes 3 through 6

26 xxXxxXxxXxxXxxX

27 AxxXxxXxxXxxXxx

28 Xx;XxxXxxXxxXxk

29 XXXXXXXAXXXXXXX

30 XXAXXXXXXKXXXXX

31 XXXXXXXXXXXKXXXX

32 XXXXXXXXXXXXXXX 100% filled,

53 XAXXXAXXXXXXXXXX after passes 4 through 6

34 XXXAXXXAXXXXXXX

35 XXXXXAXXXXXX XXX X

36 AXXXXXXXXXXXKXX

37 OXXOXXOXXOXXOXX

38 OXXOXXOXX0OXX0XX
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33 neans that -- as shown above for the first pass: 34 35 - 0 is the
nunber of the columm (colum O is the first 36 columm) in which the
first group of rows (rows 1 37 through 3) within the cell is
printed; 38 1 - 1 is the colum (the second colum) in

whi ch the 2 second group (rows 4 through 6) is printed; and 3 4

- 2 is the nunber of the colum (the third) in which 5 the third
group of rows (rowexkogxdx¥exixexyinted. 6 7 (As will be noted, in
keepi ng W th cust oM SUBIU S 0x8 §¥¥6¥E¥?ggpctice the rows are
nunbered starting with 9 zero.) Correspondingly for the second pass, as
mar ked i P 10 t h& PHIRXAGGFXFove, the (i ntdhriRl )Paviet idfedlence is

11 120 and for ddxxdxdox&kokad®k t he sequence is 201. 12 The ot her
sense in i ch thegpQ;ase "r%%gt%on se- 13 quence” is used is partly
external to the bad&PIYERX*XFL° Here the rotation sequence identifies a
series of6 swath QL xkpxxoxpatdxoxxmbers | n which the consecutive colums of
Suath pattern: |thiRd R RsERAL, Sa ase. uath number: 18 16 Lo 0
(the firdt pass) | PXePXap¥aPxOONPegin with the 20 first colum of
t he base gattern; Zkorkooxooxooxb (the second swath) takes the second
colum of the 23 base pattern for its begi nning colum; and 24

10 00X0DOX00X00X00X 33% filled,

11 O0X00X00X00X00X after pass 6 only

12 00X00X00X00X00X

13 X00X00X00X00X00

14 XO00X00X00X00X00

15

16 The inking arrangements outlined above provide

17 double~drop-per-pixel coverage of all pixel positions.

i8 For primary colors (in preferred embodiments those are

19 cyan, magenta and yellow), this is a now-preferred treat-

20 ment for images on transparency or glossy stock as well as

21 on paper.

22 In accordance with the aforementioned Askeland docu-

23 ment, however, it may be preferable to ink certain pixel

24 positions more than two times, for example three times, in

25 a single image -~ or through use of spatial averaging ar-

26 rangements to provide a mean deposition of fractional

27 drops. More-than-double fractional inking has been found

28 particularly useful for secondary colors (red, green and

29 blue in preferred embodiments) on transparency and glossy

30 stock -~ and can be achieved by, for instance, "stripping"

31 selected data bits from the pattern.

32 Preferably such data stripping is introduced starting

33 in the fourth pass (pass 4 in the tabulation above). As

34 an example, suppose that a particular pixel is to receive

35 2.5 dots, on the average, of red ink.

36 In other words, in half of the passes that pixel is

317 to receive one yellow and one magenta (symbolized "YM")

38 and in the other half of the passes it is to receive one
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25 - 2 (the third) uses the third colum of the base 26

‘pattern as the first columm of the swath. 27 28 Now i f the printer
i s stopped hal fway down a page, a 29 pattern generally |ike the

foll owi ng abbrevi at ed di agram 30 can be seen (not starting at the

| ef t - hand edge of the 31 | mage) -- except that the ei ght nozzl e cell
shown abdve 3f2ellowepedt swboaf megestai MM )eadmsdmach o fr dtiges impdie Sdecur -

33 rigg OnEXSQnQQUQSdEHQQQ?HQQ)by &Qefmp%@h@mt ﬂ@#%‘#ldhhl&ﬁﬂ% pixel

repetition the height of each of fill, sured nunber of
nozzl es, 3i s t HPRLg- EREedyE rtB\‘R/s frlé.’Fﬁer t“har’r“Bé" e f I'gsl*f‘[ z?e(ﬁ BRSAfEd. 37
1 4 and iRXEREOPEMRARAINEG passes that pixedOwoeddObedgiven a

XXXXXXXXXXXXX XXXXXXXX 5
XXXXXXXX xxxxSlng&&nﬁﬁéféﬁﬁlPPFFeErga ment to add one MAXS A& 7 ,
XXXXXXXXBXXXXmBgenta and so yield YMMxxxxx, R s }%%é

OXXOX%O0X¥Pxx0 10 7
oxxofébx?ox&b 12 Secondaries ordl%ﬁ&%ﬁ 6%§tlon ;:celt;;(two
ca Lo rsdox & &k Xdube 15

OXXO
XXOXXOXX@XXOX t1Q gt ment secondaries PR IR Rtripped would receive

X0XX0XX0Bxoxx dropswd-onlei ofs efich @cf tyo differen

10 four. Colors produced in this way are very rich, but such
11 excess colorant deposition produces blocking etc. as

12 described earlier; an extra alternating firmware switch or
13 so-~ called "filter" can be put 1nto operation to suppress
14 or strlp the alternate drops.

15 - The result can be tailored to produce either two or
16 four drops at selected pixels -- and thus three, or two

17 and a half, etc. per position on the average. Further

18 detail appears in the Askeland document.

19 If in addition to inking each swath in six passes the
20 printing medium is advanced relative to the pen after each
21 pass -—- in other words, if the medium is advanced six

22 times per swath -- then besides improved drying the inven-
23 tion also relieves medium-advance-~direction positioning

24 error each one-sixth swath.

25 That is, advance errors are smallér since the step

26 size is only half as large (0.67 mm rather than 1.33 mm);
27 and the advance errors are averaged over six advances |

28 rather than only three. In addition to these benefits,

29 six-pass modes as outlined above facilitate use of frac-
30 tional-dot techniques to optimize hue and chroma for each
31 color and printing medium.

32 An overall result of a six-pass method is to balance
33 the need for high quality and high throughput. Although
34 taking more passes (eight, twelve, etc.) would accomplish-
35 the same or better quality goals, throughput would be

36 significantly degraded. Conversely, as mentioned earlier
37 four, or preferably more than four, passes will produce

38 some improvement in quality and are considered within the
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.17 ‘ 0OX00X00X00X00 18 0X00X00X00X00 19

0X00X00X00Xx00 20 00X00X00X00X0 21
00X00X00X00XO0 one-third filled 22 00X00X00X00X0 23
X00X00X00X00X 24 X00X00X00X00X 25 26 Anot her

potentially useful cell mght be an eight-by- 27 four pattern -- the
maxi num permtted within the system 28 rehitectur nt4oned earlier.
Such aqLeH ﬁﬁﬂﬁ%ﬂ%ﬁ;%ﬁﬁkaIQFﬁ tﬁhﬁvﬁpﬁﬁ3é%§,ctﬁf%ﬁ’g%%noﬁh%eq%?gf Ed up
equal | 2 30 pramiried lreesipagsesses8lis beliedsdiato dbei sigmifihomgtine nunber
of passgs seﬂ€§¥é¥ii s 32 desirable to avoid other types of_artifacts.
Thi s princi- ‘pl e might suggest that an ei ght-by-four pattern woul d

work 34 noderately well with four passes; but for best throughput 35 on
pl ain paper four passes is |less desirable because it 36 would be slower.

37 Al so the slope in that case would be definitely 8:4 = 38 2 (an
angle df abott HOUBLEFRERENCY BLACK QeRRERAGE be 1 a
distinct inprovenent over the prior art -- but has not 2 been tested, and

ossi bly woul d be_nqti ceabl e effec-.3 ti than,8, 3. ip hidin
55?: cdlly lcJ)ri enﬁetdqﬁlsr g)%%e?'}/ le—‘%)‘fsgql thafhgé’éeﬁa?ﬁl”\égg"?eggo?\gaéég Tnkin

ei ght - by/- f owst deigh i shmoyghmgarchn e prowided Webbtresseprbladeannagzous
o andldmss'mlyodﬁsu@e o?‘@%f&%?y&é@ué@@? égs?{:ggﬁihg' LBv&ford For

11 black -- and actual printing of black -- only during each
12 return sweep of the pen. The return pass of the pen is

13 known as the "retrace”.

14 An additional interpolation stage can be put into

15 operation -- and the resulting signal transmitted on the
16 pen signal bus -- straightforwardly on retrace. As no

17 other precise-pen-position signals are in use then, there
18 is no interference with control signals for other colors.
19 Preferably the position waveform for black on retrace
20 is at twice the frequency used for other colors on the

21 forward sweep. The result is twice as many pixel posi-

22 tions -- with corresponding ability to represent finer

23 detail -- and the pen discharge signals can be correspond-
24 ingly adjusted to make the resulting ink spots smaller.

25 Whereas a pixel spacing of about twelve per millime-
26 ter (three hundred dots per inch) is appropriate for the
217 color-ink spots, the double-frequency black-ink position-
28 ing signal produces a spacing of about twenty-four dots

29 per millimeter (six hundred per inch). 1In printing of

30 text alone, in black and without any color printing, the
31 higher frequency and the finer pixel spacing are pref-

32 erably used in both directions rather than only on re-

33 trace.

34 While this system of printing black on retrace, when
35 it is part of a color image, resolves the difficult prob-
36 lem of multiplexing different pens that are operating at
37 different frequencies, other factors too militate in favor
38 of this method. One such factor is that positional preci-
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9 2. S| X PASSES FOR PLASTIC MEDI A 10 11 As nmentioned earlier, in

the prior art three print 12 passes were considered ideal. The present

i nvention, 13 however, recognizes that the nunber of passes used by a 14
systemrepresents a tradeoff between throughput and quali- 15 ty
(particul arl ys i St {4k bwid LR Of i PRDET 5 BOVADESN €L 50K nOYBEt18deqaltar §6 pnunber

of passes so as to hide that error), 17 . . Thus |g gnlnC|p¥e, if only

qual i ty %were HiRRRPeRAEICNE thiSt i8R oRFRChRipR| hEePlBL ARG P ORBYEENd pen
pas?]es,zow th dﬁe. oPNe t'-élkaltlsw;'T_xdw%ié@ddiﬂcﬁgﬁbdpiaﬁsthéh%\:s'eplibﬂkllsmczie

m ght produce virtua aw, ess | mage t also mght require 21 an
hour per? page".'entl"y?)?%‘élél%‘f'ﬂ%/?q?m%% %‘?’?lﬁ’t‘i’nﬁg—d%gé the 22  opposite --

| ayi ng ddwn an entAnetissmtfiactor uss thet pesss 2Pstem ver¥Vheignéfdetantly

i nventiog fur ognj t 1D lLapcin roug a ality,

it is deés]i rab‘%éﬁ%‘g‘%kgﬂé‘éﬁhé‘sﬁt oé%cggﬁnfg’?ﬁep%?'égéépi gg g?li?]’itf Pgragr%t
media. Tn ot¢erreeracgpoigssonptde bl ycbepsobhan hhy &ape freruaregdf fer ent

27 nunger ¢ rpﬁésv;ﬁa&tbnsgn@eméetP@Pwmahs%@grgrml 2he?8ime In

accordance with the present invention, for use on 2 ransparent and

gl ossy n%dia,r%?%lﬁ%gsﬁ%rhﬁ%°b%%%P¥b%th80r5tHF§hP}eﬁFefe?QBFeaFUaPﬁﬂéé. A

[n gher mnberiﬁf%mﬁﬁwl%izilﬁlnotmlﬁ ORt &8Mbat 0508l leaheahandatjor ol OR
ransp nci es an for aper because ;- as explained In e "

AT ok on SuteiTat £ 2p RBERATnd ETHER, 1. FoaSPREREEndr A darirs 34

(quantily of betdeeancobkdfepsssesmess of convection and 35 absor ption)

used top4rtigate bul k-col orant problens cannot 36 be set as high for

t hese nedia as for paper. 37 To put it another way, the present
i nventibh proceeds 38 fromthe recognition or discovery that the drying
charac-1s 4. SUMMARY OF PRINT MODES
16
17 In its most highly preferred practice, the invention
18 makes use of several different, complicated combinations
18 of operating parameters and characteristics to accommodate
20 various operating requirements. These combinations are
21 summarized below. )
22
23 thru- ~ di- scan re- rax.freq,
,@szl»"/z%: put . rec-  speed trace Y8z split
25 aade passes  pgfwin  RBY  tioms ca/sec  ca/sec CRY L text
26
27 EAST:
X 287, tert ! 6 o bi I N N (7 8§ 7o
29
30 graph-
,&31%,/‘(3 ics 1 1.4 Be w308 88,9 W p 4
32 '
33 NORKAL:
4‘&34‘7/“7@ text 1 § no bi §7.6  67.8 A 8 ho
35
36 graph-
4'c37‘f/%} ics 3 0.56 g0 uai 50.8  88.9 bl e 22
38
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1 “teristics of these media shift the optimum tradeoff point 2 toward

‘a greater nunber of printing passes. 3 D fferent nunbers of ink
drops of the various prim- 4 ries are desirable for these two different
media types 5 respectively. In this regard the ink application consid- 6
ered ideal is quite conplicated -- enconpassing use of 7 fractional
aver age hunbeti®i-QfLIMr ops for certain colorants. 8 These best - known nobdes
of practiyce of, the invention are set forth j,n consjdergble defail in
t he Aske?and e?ﬂél. 0 docunente?deﬁiifie Jabo@@. 11 ! Inq%ddifﬁon
t o using3si x passes and enploying the 12 I nking arrangenents set forth
I n that rounea&w_it Is also 13 hi ghly preferable to incorporate the
maxi mum di agonal 14 aspects of the anentionm?escriQEd in the preceding
sec- 155 tio#s Thd basileht hr eel®pasdiiei ghtl:dr owleclel | s Thre ¥§%n ebsehce 16
repeat edg making two passes over every cploXekvabdpcati on 17 rat her than one
--to prgvide doubl e density. 18 3 IQ %gg&tion it is highly preferred
to halve the 19 advance di st ance. fﬁﬁg WHetBas the t hr ee- pass
enbodi neit 20 of the invention is now believed to operate ideally with
21 adyancep idiyf ty-two pi xel rows (about 32/24 = 1.33 mm) 22 at
each step, the siXx-pass enbodi nent operates instead 23 w t h advance by
si xteenlPows (16/24 % 0.67:Hm pewk stap. 24508 8.3 Thddrednl ti hg hmsking
patterngimay appear as shown. 25 26 pass 1 pass 2 pass 3 pass
4 pass 5 Eass 6 27 X00 00X 0X0 X00 00X
oxo 28 12 03§50 00X 0X0 X00 00X 0xo 29
X00 1300X OX 0.1%00 o QRX 50,8 oxe8.80 21 o OXOQ 2 X00
00X 149%0 X00 oox 31 0X0 X00 00X 0X0
X00 oox 32 0X0 X00 00X 0X0 X00 00X
33 15 oox Inothis tabxdation, dive colummeading XRET3I4 repre-  oox
0X0 X00 06 :0X0 " 0
t lut = L% t%ﬁ:h%@lo -—_Q:]h?e systéna

201 16012 sents 1?850 ued 1e§9an f?btatlon sequence) 38

17 described above in which black is printed at a pixel

18 spacing of twenty-four pixels per millimeter along the

19 pen-scan axis, rather than the standard twelve. In the

20 preferred system described here, the pixel spacing along

21 the printing-medium-advance axis remains twelve whether

22 RET is in use or not.

23 The column heading "densitom." refers to a subsystem

24 by which the firmware preevaluates on a swath-by-swath

25 basis the optical density of image areas not yet reached

26 in actual printing -- but to be printed soon. If the

27 optical density (and therefore quantity of ink) will

28 shortly be high, then the printing is decelerated gradual-

29 ly to accommodate the anticipated higher drying demands

30 while at the same time avoiding abrupt speed-change-gener-

31 ated image discontinuities. In fast and normal modes the

32 turn-on threshold is much higher and the slowdown is much

33 smaller than those used for high-quality mode.

34 The column headings "CMY" and "K" refer to ink color:

35 CMY represents the chromatics cyan, magenta and yellow

36 respectively; and K represents black. The machine prefer-

37 ably switches to three-pass "graphics" printing automati-

38 cally in normal or high-quality mode whenever (a) the
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1 'If as before the printer is halted partway down a page the 2

"devel opi ng pattern can be seen fromthe following repre- 3 sentative

rows. Capital letters represent double inking: 4 5 )9, 0.9.0.9.0.9.9.9.9.0.9.0.9.¢

6 P9 9.9.0.9.0.0.0.0.9.0.9.0. QN 8

XIXKXKXKXKXXXXX  200% filled, 9 after

passes {1 thr@#QBhGCQQtalns col%%xxxxﬁ§§§%¥§§% tdxt or graKKXXgXX¥X§§XXXX 12
XXX XXX XXX XXX XX XXX XX 15

W §¥2th boundarye dRSOGIIRXI1SLERGELPR gatws?n single-

XXXXX XX XXX Xxss "text” printieg pasbetwdehhthugfiabtl8nd normal modes

SooodooodBeesss in the (IERERENS Coltnd? only ip R FTEWRAR 24

XX XXX XXEXxx Xkg Xtex38pd it} | ed, 25 XX XXX XXX XXX XXX X af t er
passes g through Bs28rving of ¥XKLZXILXEXXXXand glossy mEWE EXRALEXXXARXX 28

X

a
XXX XXX XXX XXX XXX 29 xxxxxxxxxxxxxx § XXXXXXXXXXXXXXX 31
XXXXXXX XXX XxK&kY more heavily upon convection, a drying fan is operat-

8 ed in those modes. Transparency stock can accept consid-
9 erable warping; therefore in transparency mode the heater
10 power is almost as high as for the paper modes tabulated

11 above. Glossy stock, however, being hypersensitive to

12 warp, is best heated only slightly as indicated.

13

14

15 5. HARDWARE FOR IMPLEMENTING THE INVENTION

16 ,

17 Fig. 1 illustrates the general preferred layout of a
18 programmed-microprocessor-based printing machine according
19 to the invention. An input stage 41, which may include

20 manual controls, provides information defining the desired
21 image. The output 42 of this stage may proceed to a dis-
22 play 43 if desired to facilitate esthetic or other such

23 choices; and, in the case of color printing systems, to a
24 color-compensation stage 44 to correct for known differ-
25 ences between characteristics of the display 43 and/or in-
26 put 41 system vs. the printing system 47-61-31-32-33.

217 An output 45 from the compensator 44 proceeds next.to
28 a rendition stage 46 that determines how to implement the
29 desired image at the level of individual pixel-position

30 printing decisions -- for each color, if applicable. The
31 resuling output 47 is directed to a circuit 61 that deter-
32 mines when to direct a firing signal 77 to each pen 31.

33 The pens discharge ink 32 to form images on paper or
34 some other printing medium 33. Meanwhile typically a

35 medium-advance module 78 provides relative movement 79 of
36 the medium 33 in relation to the pens 31.

37 In developing its firing-signal determination, the

38 firing circuit 61 must take into account the position of
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32 XXXXXX XXX XXX XXX 100% filled, 33 XXXXXX XXX XXX XXX

after passes 4 through 6 34 XXXXXXXXXXXXXXX 35

XXXXXXXXXXXXXXX 36 XXXXXXXXXXXXXXX 37 OXXOXXOXXOXXO0XX 38
OXXOXXOXXOXXOXX 1 OXXOXXOXXOXXOXX 2

XOXXOXXOXXOXXO0X 67%filled, 3 XOXXOXXOXXOXXO0X after

passes and xoxxo OXXOXX0X 5 JXOXXOXXOXX 06 _

xxoxxoxioxxofg{ﬁa pen carr xRSt 75 and %%Xoo%b%}% 79

0X00Xx00X0oxomemnking is enxhhmkduxaammm¢1on:ﬁﬁ%énIékﬁbtﬁdpoptlcal

OOXOOXO@(OOX%SOI 64 that I%Heesr J}{fj‘stshees @%}?ﬁ#e 62 and OPXOQXLOX 13
X00X00X00X00X00 he

X00X00X00X00X00 I nki ng
arrangeﬁbnts Hwrin ddd above provide 17 doubl e- dr op- per-plxel cover age of

all pixed positions. tﬂn&ng RRyddird W)ﬁ§%&é§tiér§bdﬂﬁi ef i &1 i ol 1Red 13

(hove 218, 1 om0 A SE 0 (ST S apfion pesloraeg fiop. 20

22 7 In ;ﬁ&ﬁﬂfdﬂk’ﬂ"l(ﬁn\/\ll\id’rid’i& af peieENtp el Asked afeheordns, in-
8 cluding encoder-signal inversion or equivalent, during
9 scanning in one of two directions.
10 It also provides for backing off by one pulse and
11 then delay in pen firing, also during scanning in one of
12 two directions. Most particularly for purposes of the
13 present invention the timing module 72 switches into use
14 the interpolated, double-frequency positioning signal
15 mentioned above, for use only in printing black on re-
16 trace, when colors are being printed in the alternating
17 forward sweeps. (As noted earlier, this sighal is also
18 used in printing black bidirectionally, when colors are
19 not being printed; but in this case the use of the inter-
20 polated signal is not switched by the timing module.)
21 Operation of this timing module 72 thus is not de-
22 sired at all times, but rather only synchronously with the
23 directional reversals of the carriage 62. Specifically,
24 the timing module 72 is to be inserted during operation in
25 one direction only, and replaced by a straight-through
286 bypass connection 73 during operation in the other direc-
27 tion -- in other words, operated asymmetrically -- and -
28 this is the reason the timing module 72 is labelled in
29 Fig. 1 "asymmetrical".
30 This synchronous insertion and removal is symbolized
31 in Fig. 1 by a switch 67 which selects between the conven-
32 tional connection 73 and a timing-module connection 71.
33 This switch 67 is shown as controlled by a signal 66 that
34 is in turn derived from backward motion 63B of the pen
35 carriage 62,
36 Thus the switch 67 is operated to select the timing-
37 module connection 71 during such backward motion 638' and
38 to select the bypass or conventional route 73 during
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23 ment, however, it may be preferable to ink certain pixel 24

‘positions nore than two times, for exanple three tines, in 25 a single

i mge ---or through use of spatial averaging ar- 26 rangenments to provide
a nean deposition of fractional 27 drops. More-than-double fractional

I nki ng has been found 28 particularly useful for secondary colors (red,
greeE and 23 forblag'el mrt];ﬁmf gls ed m{ﬂ:mf dﬂ-é‘@f’é&n@ﬂtidiﬁnﬁsﬁ)axheﬁéyyaﬁdmlﬁbmssé 30
stock -+ and.can be . achi ev or .instance, .".stripping’ 31 selecte
data bi fs frd% tRE &é‘%ﬁé”%i gyFposes; PP@P@Faﬁl‘%}ﬁ&@h 4 atg‘e{‘estar’itpﬁ‘i‘n’g‘ i s

i ntroduded suadeirsgad® thaitn theesfabichh6fasey( pads exlist tase & aldidcate ton

above). 4 As .an e I syp t . rtd eul ar. ni.xaly . ecei ve
35°7%h & for BhvaiRRIO A eRe CUBRIBE hdT, 1R BY Uadbrliinde b °CF
hal f of St he phssdormaad piogdbni §3gandfar recetvevbhk Jathomeaadceneonmgent a

(synbol igzed '1yMpl 33e caRd L0 LHE BEhebnl@bh1@l bie sRARSPHdtirdsh L O receive
one 1 el l ow_and f magenta MM, instead of the sinplest-

L. . two 0 (YN
2 cade folimdGEs shEmml) Whieh AASPeRERETOASs 15 S9MMATLths aan-saryoy| d
recei ve gt he friiagle 'méionn 63he 63,.st Fﬁzh*teezpaﬁﬁsessydbhmﬁmaé Nsv 1¥ecH egRi Ni ngd
passes at pixel uld b hven_a .Si_ngle-bit-str.i ppe r.eat t toa
e ror & dot e, n¥t ke 8% TheCinBu? sifie" Getithe, SR GO 1 Hu
recei vd® t wo i&steadr ags theneudbusashdef ~twwheirfef dmeftigoollow sHgmmatn each
pi xel Siti [ hreat gant, s ar | s t.a-stri pped
woul d Ira(caicei vg?.’f%%x@i{’%rs?g%&l cl)rlggprquhlgeg%%%q’t rﬁsgi\ﬁﬁflgge t\c;gr?xe?i ch, but
such 112 exddgdngoicdrand tdéposit PEnmgvodac &S fisicdc beng tetho t s ides.

descrigd earlier ysah oFxfal @yditefl Bal 1N ulsitrabREe IVHiE o, bt leait G | ed
"filter" can be put .int l(;peratlon t o suppress 14 or strip the alternate

drops.14 most natura interpreted, will result in the encoder-
15 signal inversion, the pulse "backing off" step and the
16 firing delay step all being performed during pen motion in
17 the same, common ("backward") direction. This limitation
18 while preferred is not required for successful practice of
19 the invention.
20
21
22 6. TOP/BOTTOM-OF-PAGE MASK ROTATION ONLY
23
24 At the bottom of each sheet of print medium, a rela-
25 tively tall region, that may be called the bottom-of-page
26 "handoff" zone, is defined by the distance between sets of
27 rollers that hold the medium taut. As noted earlier --
28 and as explained in greater detail in the above-mentioned
29 Broder et _al., document ~-- preferably for printing on paper.
30 in this region the printing-medium advance height is low-
31 ered to half (Fig. 2c) its normal midpage value (Fig. 2b}.
32 For example, in a preferred embodiment each pen has
33 ninety-six nozzles and so makes a ninety-six-pixel swath;
34 the normal advance distance (except for plastic media, per
35 this invention) is one third of this height, or thirty-two
36 pixels -- 1.33 mm, for a preferred pixel spacing of 1/24
37 mm (Fig. 2b). When the medium cannot be tensioned, as set
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15 The result can be tailored to produce either two or 16 f our
‘drops at selected pixels -- and thus three, or two 17 and a half, etc.
per position on the average. Further 18 detail appears in the Askel and
docunent. 19 If in addition to inking each swath in six passes the
20 printing nedi um I s advanced relative to the pen after each 21 pass
-- in other r he rredlumls dva £( JBSs td, - -

t hen beé des\%l) qy‘f“ov (fryer "fthe—r'nti%1 aég ncs% )bgﬁzf?%%gire m&%lw f
medi um advancsexmereenmmlpsosm iadoiutg 24 mm efFig. 2xh one-sixth swath. 25
That is,3 advance gif hsaﬁro%e%n@rlaerzc%erg:ec&r@lsseﬁpg%f théi ZEnd Be ORby hal f
as Iarge (0. 67 nmm r at her than ) ; and the advance errors are

aver agedt overlEdige Zdlarfdsh b2’85t°’“ r(é"'tlrﬂe'r %%brﬁ%"r@s R eRBCh | $heRiki 95 T o
t hese bemef | tdum9 howeSier Pascediaiesy & Othé | pieskebovindart 1o atlee usd- of

frac- tlonal dot t.echni qu ti mze hue and clyo each 31
col or ansd pr i ‘it cr‘r’g}}?e’cﬁ 1%f%de“°edotﬁﬁ Rt alT +esutt © “HP'“;%

SI X-pass net hod
is to bal ancent3irelst.he Teied st)rddneghvttgmlthey P mgm¢hr@ﬁgn>ﬁpm) is

Al t hough, 34 8t teaikthegr rf ‘{ahraght tt'vﬂ,g/@ %P%&% Yoyl ghppcpppl i sh 35

t he sane or er qual y goa oug put 5|gn|f|cantly
degraded® Cdrhaty setqursasihiae i tdrrednasdium eis 3¥nten$b®ﬁ‘ed or~pt &t ELEY nore

than f oy, DWS'H&AAOWOCE&%%& an Sﬁﬁléé@uQVgﬂén&tlﬂhélU%pty and are
conS|dered withint scope of ,certajn of th

clai ms,1but the quTJHSE ;PFLera"p‘r’tﬁn'%chb’yss?%rbh%‘é ari§ b'é??’égﬁ'a gﬁ’é
Si gnlflmntlytt?e pereid eictitaBly printing along the top or bottom edge

13 of the sheet. Ordinarily good performance is not obtained
14 with the pen skimming partly on and partly off the edge,

15 but space rotation would demand starting or ending in just
16 that condition, to provide three or six passes in a frac-
17 tional-swath zone along the edge. Under these circum-

18 stances, since space rotation can no longer be made to

19 occur, in effect, as a consequence of print-medium ad-

20 vance, it is provided through sweep rotation -- changing
21 the inking pattern between pen scans.

22 On each page the mask is first sweep-rotated on the
23 pen by firmware, for the first two sweeps, while the pen
24 is stationary (Fig. 2a); then the mask is fixed on the pen
25 and paper advance begins (Fig. 2b), producing space rota-
26 tion ~- that is, the mask does not change relative to the
27 pen -- and most of the page is printed in this normal

28 three-pass mode. In the handoff zone, but not yet at the
29 end of data, the system makes a transition to one-sixth

30 advance, and only half (forty-eight) of the nozzles print,
31 but the mask is still space rotated (Fig. 2c). When final
32 data are reached, advance again halts and the remaining .
33 two passes are flushed out -- with firmware sweep-rotating
34 the mask (Fig. 2d).

35

36 The above disclosure is intended as merely exemplary,-
317 and not to limit the scope of the invention -- which is to
38 be determined by reference to the appended claims.
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6 3. DOUBLE- FREQUENCY BLACK ON RETRACE 7 8 It has been found
‘that finer control of black inking 9 at high throuﬂmm ﬂmmﬂ)mm ﬂlll ded
wi th reasonabl e econony 10 t hrough use of a higher oni ng
waveformfor 11 bl ack -- and actual printing of black ¢- 'onI'S/ dur i*ng each
12 return 5%59 ?fs tcrﬂ% EEE The return pass of the pen is 13 known as
the "retrace". t=t"i onal i nterpol ati on stage can be put into
15 operation -- and the resulting signal transmtted on the 16 pen
signal bus -- straightforwardly on retrace. As no 17 ot her

preci se-pen-position signals are in use then, there 18 IS no '

i nterferedce wittth cénmedhogi gfalps ifndring s icddrisnadds on a pPimfimabl y
the positigon waygh 9%”%@0 o%@%%&c N4, e%&%ﬁf fghlvxaé tmé%ﬁgefépﬁe FEguency
used for ot her coI ors on forvar d sweep resul w Ce as
nmany pi xeP posPixgl anmagss by anisicienagimge ol rkgeacbut—h@*y eperabeesbmt

finer 23 4 det ethunc%a@nt ha theR HrSEhanie o ONadh Sa&@éln@@ ﬁ@éﬁ@ﬁf@tﬁ'd s&fd
|ngly adj usted to e resultlng i nk spots snalle ereas a

pi xel spaCing Of &g’gutc%l\?é’ﬁger hey 19teRs o6 ter (three hundred dots per
inch) is @&ppropriat echwnluge theé hea&:‘r.mr@pdaﬂi(e@l)ﬁtﬁloﬁ@eadﬁé'ﬁﬂ-@ciﬂﬂghl@ncy

bl ack-i nk p05|t|on roduces a_ s i of abouyt .

t wenty- four dofd 59 er’Ls r}%tnatrla{l& %%‘?%grpﬁgn%h??mghnﬁf‘?‘ﬁ??'ﬁg
of 30 té&xt all-l@rr@dwamctel aa:kzs;nd wi thout any color printing, the 31

hi gher fregquency an | in
bot h di rectlons r at %er t aﬁ%g] %‘%ﬁl rozp@gg@q,@gg H&gﬁ cFe pggV\%Lian?ﬁ?
syst em oftOpr i nBXd§ 1bIfenming mankscdn vharrtdoernithat gpprosimates| at i nage,

resol ves 1ihe ditklls@uldo f¥i@rs 3F a l16/pgY rH}HtSéP|8f<'ggnéiféif?eﬂhr%i'élt hat
are operqtzl ng at 37 dj f.ferent frequenmes other Tactors too mlitate in

favor of CRPETREEod ineghd hatc P radtokat Ve bt SERRPLY oRRELpReER I~

13 tive to the pen-scanning axis and relatively shallowly
14 angled relative to the printing-medium-advance axis;
15 during one or more earlier scans with respect to each
16 segment of an image, leaving unprinted regions between
17 said lines; and
18 during one or more later scans with respect to each
19 segment, filling in said unprinted regions.
1 2. The method of claim 1, wherein the mark-forming step
2 comprises forming said angled lines at substantially-a
3 steepest angle possible that is:
4 within design architecture of the scanning print head
5 and print-medium-advance mechanism;
6 also provides at least approximately an equal number
7 of marks per pen scan, for desired images in which all
8 pixel locations are to be marked; and
9 does not contribute significantly to other types of
10 error.
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1" sion in bidirectional operation is in fact adequate-for - such
operation; this high precisionis obtalned t hr ough Iated
i nvention disclosed in the previously ment i oumiﬁﬁum Skl n
et al. 5 Anot her factor is that this sys algmlfrcantly

6 enhances throughput, as the tinme required to print black

retrace is considerably less than the tinme required to 8 prlnt black
in a separate forward sweep plus the tine 9 required for two
nonprinting return slews. This advantage 10 is particularly notable
in conmparison with the major 11 alternative of printing black in a
separate forward sweep, 12 bet ween col or passes. 13 14 15

4. SUMARY OF BRINTT{EORStnoalBe clhim |, wherldidis most highly preferred
practice, the invention 18 makes use of several differ nt,;&O nPgiggted

conbi nat i o8s 19 tBe BPREKAEPRE P& SHEPeCS ™ RTd AT r 812 1B
accommodat g 20 11Mgg|gusaoggb@blag meqUlidadterd:d relhetsieveondi tise | pas-ar e

21 sunnarlzed bel ow. 23 : t hru- di - scan
re- 4den HERPPLEE. axé& put rec- speed

trace heat si- kHz split 25 node passes pg/mn RST tions
cmsec cmsec W com CKY K t ext 26 27 FAST: 28 t ext 1
6 no bi . 67.6 67.6 73 yes 8 0X 29 30 gr aph-
31 ics 1 1.4 no uni 33.8 88.9 75 yes 4 32

33 NORMAL: 34 text 1 6 no bi 67.6 67.6 73 yes
8 no 35 36 graph- 37 iCcs 3 0. 56 no uni

50. 8 88.9 73 yes 2 2 38

1 &, The method of claim 3, wherein:

2 the mark-forming step comprises forming said angled
3 linés at a slope of roughly 3:1 relative to the pen-scan-
4 ning axis.

1 5. The method of claim |, wherein during one of the

2 scans the cell is printed with:

3 a mark in one column of the cell for each of three
4 rows in direct succession;

5 a mark in another column of the cell for each dof

6 three other rows in direct succession; and

7 a mark in still another column of the cell for each
8 of two other rows in direct succession.

1
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1 H G+ QUALITY: 2 t ext 1 4 yes bi 33 8 .33.8. 73 yes_
-8 no 3 4 graph- 5 iCcs 3

0. 45
-2 bl agkeon retrace 8 9 TRANSPARENC;( C(iloor forvvard 7 Iﬂ'ﬂg"""lﬂ""llumil
ni

50.8 88.9 63 no 2 2 11 12 G.OsSsY: 13

50.8 88.9 27 no 2 2 14 15 In this tabulatlon, t he col um
headi ng "RET" repre- 16 sents "resol ution-enhanced technol ogy" -- the
system 17 descri bed above in whi ch black is printed at a pixel 18

spaci ng of twenty- |er S per | 1) meter Ion .Ihe 19 pen-scan axis,
rather thart the'ét g[r of IcnlﬁlH% 30’ aﬁb Pt ed system descri bed
here, the @ xel spacitig eﬁoctnagl Zihzmbéﬂﬂeoprpml slganedwuhhadeanéeta%pseﬂehal ns

twel ve whether RET | n e t adi
"densitom "J]r ef ereé"{eon%a s%béshesfénmégﬁ {‘9 éﬁmbﬁrtﬁge?ggﬁv\g?é&{g&gsa hgtges
on a swat h-by-swat h Zthe msfqmrcg)t%ap denBri§ess PHEGBZaresE RSt yet
reached 26 g 'négﬁéfﬂeénﬂéﬁfémbf -sPid ﬁ@r@etﬂéhn?SGrSQQans,|br&helaé the
opti cal denS|ty (and therefore quantity of ink) will 28 shortly be high,
then the préntimpelk Wedel erated gradual - 29 |y to accomrmpdate the

anti ci pat edg hi gher dryi ng denands 30 whil e at the sane tinme avoiding

abrypt Spqu_Change-gener-two marks in one column of the cell for each of

9 three rows in direct succession,
10
11 two marks in another column of the cell for each
12 of three other rows in direct succession, and
13
14 two marks in still another column of the cell
15 for each of two other rows in direct succession; and
16 further comprising the step of
17 .
18 advancing the printing medium relative to the marking
19 head, between successive scans.
49
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31 ated I mage discontinuities. |In fast and nornmal..nodes.the 32  turn-on
threshold is nmuch higher and the sl owdown is nmuch 33 smal | er than those

used for high-quality node. 34 The col um hea ’m w, mm uK"
refer to ink color: 35 CWY represents the chromatic '
he

yel | ow 36 respectively; and K represents black. The nachl réfer- 37
ably switches to three-pass "graphics" printing autonmati - cally in
normal or high-quality node whenever (a) the 1 svvath cont ai ns
color or (b) black text or graphics cross 2 t he swath boundary. The sole
di stinction between single- 3 pass "text" printing as between the fast
and nornmal nodes 4 appears in the right-hand colum: only in the f ast
node 5 S xt split. of, transparenci es ,and gl ossy
medi a mht 7 Tel@ %%Y%pge%ﬂl?ﬁlﬁbbﬂ°c%ﬁ§gEF?oﬁma§e&rﬁPnG pEAntd erat-
ed in tm)sﬁ mpskbisum Eryammtmmcsxﬁoﬁgoﬁamnaﬁeeahacmwr@ts Qormeraabjlre
war pi ng;, t her n_transparenc i s al nost as
hi gh as or t e’?épgp%rr‘ra %es tab%?%?%hnglprlﬁgoggad é?‘gstsﬁpgtr&g‘l?s HSwever ,
bei ng hybersen@mjmweti@n1@1thmarpr1m31bgsmeaéameddwahpesMI hislnyi sas said

i ndi cat. 1 ﬁﬁgQﬂﬁﬁg E 1;NG, THE _| 16 17
Fig. 11 Ius?nr]%_?%s t e neral prefggré%gygg ?)%Nd th: gh’g\ﬁ\w’gﬂ

pr ogr amm®d- mm@m@kese ro Haregle ppape Fnghmioki def&@@or@lnrﬂg cbopritsgnghe
invention. Apmdnppbpstgge 41, which may include 20 - nanual controls,
provi des |nfornat|on defining the desired 21 i.mage. The output 42 of
this staye may protedaripEat g?s hegd repeafedly pleag fedefy SNt e

estheticdor odbis Sheb is substantially orthogonal to a printing-medi-

10 um—-advance axis;

11 during each scan of the head along the pen-scanning
12 axis, forming marks with liquid-based colorant;

13 substantially concurrently with the mark-forming

14 step, heating the medium to accelerate drying of said

15 ligquid-based colorant;

16 said heating step having a tendency to creéte an end-
17 of-page paper-shrink defect that accentuates positional

18 error components parallel to the printing-medium-advance
19 axis; and |

20 said mark-forming step comprising forming said marks
21 in a pattern that approximates at least portions of a

22 large number of generally parallel, separated lines that
23 are relatively steeply angled relative to the pen-scanning
24 axis and relatively shallowly angled relative to the

25 printing-medium-advance axis;

26 said relatively steeply angled lines having a tenden-
27 cy to minimize said positional error'components parallel
28 to the printing-medium-advance axis.
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23 choices; and, in the case of color printing systens,” to-a 24-

col or-conpensati on stage 44 to correct for known differ- en
“ characteristics of the display 43 and/or in- 26 put 4 mm’ 'g@i@m B

printing system 47-61-31-32-33. 27 An out put 45 fromet

44 proceeds next to 28 a rendition stage 46 that determ nes how to
i npl ement the 29 desired image at the level of individual pixel-position

e !

30 printing decisions -- for each color, if applicable. The 31
resuling output 47 is directed to a circuit 61 that deter- 32 m nes when
to direct a firing signal 77 to each pen 31. 33 The pens di scharge

ink 32 to forminages on paper or 34 sone other printing nedi um 33.
Meanwhi l e typically a 35 medi um advance nodul e 78 provides relative

novenment 79 of 36 the medium33 in relation to the pens 31. 37 In
developing its firing-signal determnation, the 38 firing circuit 61 nust
take into account the position of 1 the pen carriage 62, pen
nount 75 and p Such ac- counting is enabled by operation of an

el ect r ooopti cal 3 T§§n§6ﬂh€$ PﬁaF%ﬁ%ﬂﬁsﬁm1%hﬁ¥%%ﬁr?%@em62 aherrbpgss kep

code- 4 2stri aoa@m%es formAgt isHi0 dMAUE VPndS POSEabODEALIRILPeal i ne
bet ween 6 t he sensor nd firing circuit, 61. The timng nodule 72 7

provi des for V§FF8€§S§p€@ﬁ © FoSsd rﬁf% mctions, in- 8 cludi ng
encoder - si4gnal |nvem&mmmnoﬁesmgmuﬂnuuxtehnufgy6& tbeaﬂﬁhnglhg pnénof hend
direction 10 4ng Frlnt ﬁ@%i QY des, fégcgggfgﬁg 9&3 by one pul se and 11
t hen delay in pen firing, uring scannlng in’ of 12 t wo
direction®$. Mst paﬂﬁpcMQ&ﬂQﬂQﬁnaanqﬁﬁﬁxﬁmﬁrQhemQBelyp#EsEﬂvainvembﬁon

the tim ng nodglre nggk3Wiged @2 YRS or desired images in which all

8 pixel locations are to be marked.

1 9. The method of claim 7, wherein:

2 the mark~forming step comprises forming said angled
3 lines at a slope much greater than 1:1 relative to the

4 pen-scanning axis.

loe'7
I0. The method of claim [, wherein:

the mark-forming step comprises forming said angled

lines in a basic pattern cell that is three pixels wide

oWy -

and eight pixels tall.

So

et Has Been Replacex
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14 the interpol ated, double-frequency positioning sig i d
“above, for use only in printing black on re- 16 tracenwmmﬂmﬂwlgm
being printed in the alternating 17 forward sweeps. c r,
this signal is also 18 used in printing black bidirectionally, when-

colors are 19 not being printed; but in this case the use of the inter-

20  pol at ed siilgnaIApip&ﬁqu:svﬂdrchﬁdmrtéﬁeletsimé’tg ingke €. c)n2a1 printing

Oper ati og tim.n S is, ed at all
tines, but ra Eeriu(')nnlb %on%rré"ncott}solry iY"h ’t%cglvzléfualgl’?aé H%Tm %vé‘r"sal s of
the carridage ®ixelSpagialviscaldaid 2pparaters ianmmr iwthe & 72 is to be inserted
during operation inp.25< Qe A a

st rai ght -t hrough 26 sAbypass sg!on%gizdtll ncg}g% dmEo ée?ﬁ%?o‘%){l n the ot her
direc- 2?2 tion - mmméxeaﬂomnt@@rfamednqatsmeﬂmalaydlrecahdon 28

th| S is fhe rg@%rg,st hed ifddigvodul e 72 is labelled in 29 Fig. 1
“asymetrical". 30 Thi s synchronous insertion and renoval is

synbol i zdd 31 i nmeags £oFy scanfimg e et aeress sthetnediuBhe conven-
32 LI graal coRnecwe@mS7a°oanlq>lxawtlldmw f@m&aj ﬁ%&qmes&ﬁoaﬂ&he%rm{hhg
switc is s ascntro e si gn t isinpturn
derived from 5% q‘e% % ?Qfél %3‘%@ %ﬁ???a@edbﬁecf%é‘m

Thus t héOswi t off &Bweme(m:er‘tataeﬁ itsD sﬁfﬂsamtnﬁiually nrgho@adnal nbdutRecprnaet i on

71 durinRg suc tion 63[err], and 38 to sel ect the bypass or
conventi onal ?’c?%t%glﬁ% g,,{rtll)n 1 forward notion 63[err]. This
represerlrtzatl on i s meagisy fswﬁzﬂat:z:g the negdiumt oandl purposes; people
skilledgjign the art padds 3op, %restﬂ’gj de- £ t t as
a discrete 4 physi ceﬁ eorerrent or}gn%t% nés:t@%\% gg goﬁ?%llpgdmgélgrgn 5
the forddrd ndiSoRog3[CR2 EHE orf QEming \BaTksuth soPetteARpAbat approx-

15 imates at least portions of a large number of generally
16 parallel, separated lines that are relatively steeply

17 angled relative to the print-head motion and relatively
18 shallowly angled relative to the direction of relative

19 movement of the printing medium with respect to the print
20  head. ‘

et Has Been Replacec
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6 |y be the case -- can be controlled by some upstream?7 timng
signal which also controls in conmon the pen-car- 8 riage notion
63[err], 63[err]. Further the synchronous switch 67 9 need not be at
the input side of the timng nodule 72 but 10 i nstead at the output side
-- where in Fig. 1 a common 11 converging signal line 74 is shown as

| eading to the 12 firing circuit 61 -- or may in effect be at both
sides. 13 Use of a systemas illustrated in Fig. 1, at |least as 14
nost naturally interpreted, vwl¢/result in the encoder- 15 si gha

i nversion, the pul se "backing o @" step and the 16 firing delay step al
bei ng performed during pen notion in 17 t he sanme, common ("bac&marg§)
direction. This limtation 18 while preferred i s notwrequired™
successful practiceved 19 the invention. 20 21 22 5.
TOP/ BOTTOM OF- PAGE MASK ROTATI ON ONLY 23 24 At th@
sheet of print nmedium a rela- 25 t™Nvely tall region, t
t he bottom of - page : "handof f" zong, is defined by the
sets of 27 roll e@that hold.the. JLHAt-B b b e e AS ~ RO+ E-EH
and as expl ai ned iqrg*eater'detail in the above-nenti oned
al . docunent -- pre ably for printing on paper. 30 in
printing-nmedi um advance hei ght is |low 31 ered to half

gd 2c)|its
normal m dpage value (Fig. 2b). 32 For exanple, in a‘prefer ed
enbodi mrent each pen has 33 ni nety-si x nozzles and so nakeg a
ni nety-si x-pi xel swath; 34 the normal advance di stance (ejcept for
plastic nedia, per/R{5 thils invention) is one third of thig heiggk, or
1

thirty-two 36 Q@ pjfels -- 1.33 nm for a preferred pixel dci ng
37 mm (Fig. Rb)} { Wien the medi um cannot be tensioned, a§~set \~

/24
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d forth by Broder et al. the advance preferably is halved to 2

Si xt een pi xels or about 0.7 mm (Fig. 2c). 3 In shal |l ower end zones
consisting of the single top 4 (Fig. 2a) and bottom (Fig. 2d) swaths on
each sheet of me- 5 dium however, according to the present invention
the ad- 6 vance height is reduced to zero -- i. e., elimnated 7
entirely. This is done when the pen (or set of pens) is 8 at either end
of the data, but nost preferabl ?/gnly if 9 that occurs while the medium
is untensioned -- either in 10 the "handoff" zone or an anal ogous one at
the top. 11 Thi s operating nDde i S Pajeiieitniideyrbortat when 12
the pen is actually printing along the to \‘&a‘\‘\:‘.\\"}gzm of .t he
sheet. Odinarily good performance is kba\-{\\“' Wiih t emn
skimm ng partly on and partly off the +5 o .

demand starting or ending in just 16 <
six passes in a frac- 17 tionaf swat Eo e

circum 18 stances, since spac&rotation 4:\\ *]
occur,. in effect, as a consequen§ of print- RET ] nge, 'tgs
provi ded t hrough sweep rotation changi ng R at embqt ween
pen scans. 22 On each pagggt-he—rask |8 atgd the 23
pen by firmvare, for the first t sweeps,

s
stationary (Fig. 2a); then the maSk is fixed on the pen 25 and papgy
advance begins (Fig. 2b), produc%ig space, ret a- 26 tion -- that&; t he

mask does not change rel ative tol he 27 -- and nost oyt he p@\ IS
printed in this normal - 28 t hr ee- pas I agsgf i, zo%& t
not yet at the 29 end of data, the systgy G “ThNnpi T 2 -3 xth
30 advance, and only half (forty-eig he nbzbl ri nt'}n&lﬂ@@
the mask is still space rotated (Fig. 2 rtral ¢ N
reached, advage again halts and the re NiMg| 3§ |~ S %%@ed
out -- with fimvare swegp-rotating 34 he sk {(Fyg. pd}* | <<
The above di s&osure is Ftended as neleliiecmomes Y 37 Ed QARG nit
t he scope of @einventig-- Wnichist,g ~ |~ ) LI
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38 be determ ned by reference to the appended cl ai ns. VHAT
IS CLAIMED | S: 1 1. A nethod of printing desired i mages on a
printing 2 medi um by construction fromindividual marks formed in 3

pi xel arrays by a scanning print head that Wﬁ@%ﬁgahgeﬂ 3chgﬁméﬁt1g§6with

a printing-nmedi um advance nmechani sm said conprising the steps
of: 6 scanni ng the head repeat®BBTRAI®Ng a pen-scanning 7 axis
that is substantially orthogonal to a printing-nmedi- 8 —umadvance axis; 9

during each scan of the head gMAGES PRINTINGCERTHOD 10 axis, forming
marks in a pattern that approXtrwares at I east portions of a large

nunber of generally parallel, 12 separated lines that are relatively
steeply angl efetdd- of 3anat aysai».—&mefa@r@ﬁﬁmqui@a&ﬁda&%@%lsafdnved y

shallowy 14 ed relative to rlntln vanc axi s;
during one orP %&%PFP&MS‘E%R?“#FHC %%’bga" ‘gg%{rﬁ‘i%l mag n%?ﬁm?ﬂ‘ an
i mage, | eavi ninunfixent edrragsons Mtavcappidratusaicbupnices amdariﬁ for

o LR nepr) SRS oA AGEGEL 4o R egar ol 7 0

mar k- f or m ng g@@ﬁplng the print head across the med um, means for

10 providing motion to the medium substantially orthogonal to
the scanning direction, means for heating the medium and
means for forming marks in a pattern that approximates at
least portions of a large number of generally parallel lines
steeply angled relative to the print head scanning

15 direction. The method comprises use of the apparatus to
leave unprinted regions between sald lines on an early
scanning pass and to £fill in the unprinted region on one or
more later scans.

20

(Please note that Figure 2 should accompany the abstract when published)
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Y s SO
2 corrprl s'mummllmslﬂﬂuﬂlfmgl ed lines at substantially a 3 st eepest
angl e possi w thin design architecture of the

scanni ng print ‘hedd B *and print - medlbajg} \EL'HBCQ nmechani sm al so
provides at |east approxi mately an equ Fmﬁ&ﬁ&hﬂ&?&can,
for desired images in which all 8 pi xel locations are to be marked; and 9
does not conCrLAlMSe significantly to other types of 10 error.

46 Substitute sheet - 19 March 1999 CLAIMS 1. - A nethod of printing

desired inmages on a printing nedi um by construction from i ndividual
‘marks fornmedlin pAxelethed &f pringing desired lsmemofgamrlmmmwdlumdzv oper at es

t d net hod
conprising " baftyation B HVIEuETRLHE REERATR RSBy X et el
al ong a pen- scanng@ghriiig Sprint head that tdf;eérate% ibsdjaheBon Ywetht lpgonal to a

?

pr.inting- medi um advance axi s; during, each scan of
the head al ong t heriptng-seegiwnnedvance mechanisg jsgid metih gomprisings t hin a
respective print sfeBs of provi de an approxi mation of a |arge
nunber of general l'y paral |l el , substantially continuous

separated |lines that are _ angl ed by nore than about 60[err]
relative to the pen-scanni ng axi s and angled | ess than about 30 -

relative to the priti n@c%un%bw@aﬂdep%@spglv 3lgng & gen-scanning axis nej t her at
0 or 90 to either axi s; r cans with
that is substanya@#’ déﬂ%lg%glgle?ﬁﬁ ﬁf'q;Heﬁf .

respect to each Vi ng “unprin ed regi ons
advance axis;

during each scan of the head along the pen-scanning
axis, forming marks within a respective printmask to
provide an approximation of a large number of generally
parallel, substantially continuous separated lines that are
angled by more than. about 60° relative to the
pen-scanning axis and angled less than about 30°
relative to the priting-medium-advance axis, yet are
neither at 0° or 90° to either axis; |
during one or more earlier scans with respect to each
segrhent | of an image, leaving unprinted regions
between said lines; and

during one or more later scans with respect to each

segment, filling in said unprinted regions.

2. The method of claim 1, wherein the mark-forming step comprises

forming said angled lines at 'substantially a steepest angle possible that is:

within design architecture of the scanning print head,
and print-medium-advance mechanism;
also provides a substantially equal number of marks per

pen scan, for desired images in which all pixel locations

2 0 MAR 1999

are to be marked; and REPLACEMENT SHEET




bet wee ' [ during one or nore |later scans with
respectrnﬂmmuu“mmllmm segnent, filling in said unprinted regions.

2. The mst hed ®f Tla m1l, wherein the rlg-form' ng r§tep zg&ri §e§892
form ng said angled lines at substanti &1 y hat

I'S: Wi thin design architecture of the scanning print head,
and print-nedi umadvance, nechani sm, . . | so provides,k a,,
substantial |y equal n_ur’rt%’ Sof’°ﬂg?‘?r<r'i“'ﬁ8$e significantly 0 SIFUE 4 NPT s r ed
i mages in which all piX¢hterf@féride®NRith dithering pat@émst %nBeeSIBéi‘éWéI}/a_”d
47 Substitute sheet - 19 March 1999 ] does not contribute
significantly to errors Venid¢aladliagonal lines that intredusef significanti ptindi t heri ng

patterns and excessively .. . vertical diagonal Lines. that

i ntroduce significant prAJglity aberrations reFatlv&ng qhﬁfeg‘é%‘ﬁné‘m%ﬁ@sr el ative to

t he pen-scanni ng axis. 3 The nethod of claim1, wherein:

the mark-form ng step conprises formng said angl ed lines at a
sl ope of at | &ast Zhe methad Ofsclaij“t'lhewg@r@ifscan- ni ng axis. 4.

The net hod of claim3, wherein:

the mark-forming step comprises forming said angled
lines at a slope of at least 2:1 relative to the pen-scan-

ning axis.

4, The method of claim 3, wherein:

the mark-forming step comprises forming said angled
lines at a slope of roughly 3:1 relative to the pen-scan-

ning axis.

5. The method of claim 1, wherein the mark-forming step
comprises forming said lines in a basic pattern cell that is three
pixels wide in the pen-scanning direction and eight pixels high
in the printing-medium advance direction, and wherein during

one of the scans the cell is printed with:

a mark in one column of the cell for each of three rows
in direct succession;

a mark in another column of the cell for each of three
other rows in direct succession; and

a mark in still another column of the cell for each of two

other rows in direct succession.

6. The method of claim 1, wherein the mark-forming step

comprises forming said lines in a basic pattern cell that IF three

REPLACEMENT SHEET
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éf‘ﬁpga(lmﬁﬂﬂulﬂﬂﬂmﬂ ﬁ Ui ve to the pen-acan ing mis 5

he met Kod of ¢ cl i wherein the mark-for .step C ri
formng said lines in a basic pattern@'ll t Iyt t- 19°'Map i de
In the pen-scanning direction and ei ght pixels high in the

Ccans the cel 15 BRER wid, i b Bon 388ntG'diteBuf aietoe st Hidtin of 1 ne

cell for each of tiweg®R pravihg-medium advancé @irdtti®s, tarfGBREshON;
‘a mark in another columm of the cell for each of three ot her

rows in direct succession; and a mrk in still another col um

.of the cell for each of%{e\/\??ta\gm%urnép%r Pﬁepeﬁr‘tagég‘?%%h%sﬁég% 8 essi on.

6. The net hod of cl ai ng s conpri ses

forming said lines in aséphent pltther imagd lis ahAlimbehrgteater than four;
48 Substitute sheet - 19 March 1999 pi xel s wide in the
pen-scanni ng direction and thegmarisforanisgnstgn comprises; dwdingEaghi af- nedi um

advance direction, and w%t%'drbairss%fgﬁaajﬁtmg&e m@%&%ﬁh%ﬁ( ﬂ{e pen scans

Wi th respect to each gy BN Er greater
t han four; esltiwithe mar k-form ng step conprises, during each of
sel ect ed pairs of said nore than four scans, printing the

two marks in one column of the cell for each of

three rows in direct succession,

two marks in another column of the cell for each

of three other rows in direct succession, and

two marks in still another column of the cell for

each of two other rows in direct succession; and

further comprising the step of advancing the

printing medium relative to the marking head,

between successive scans.

7. A method of printing desired images on a printing medium by
construction from individual marks formed in pixel arrays by a
scanning print head that operates in conjunction with a
printing-medium advance mechanism; said method being one
that provides rapid throughput with minimal end-of-page

paper-shrink defect, and comprising the steps of:

scanning the head repeatedly along a pen-scanning axis
that is substantially orthogonal to a printing-medium--
advance axis;

during each scan of the head along the pen-scanning
axis, forming marks with liquid-based colorant;

substantially concurrently with the mark—formmg step,

heating the medium to accelerate drying of said lnﬁRﬁ;L ACEMENT SHEET

2 0 MAR 1999




mar ks in one columm of the cell for each

Wit

: nmmwg "!,MUMﬁe rows |n di rect succession, t wo
rrarks in f the cell for _each of, t
other rows in direct succession, and 49 Substitute shegt,s 1 ch | |
anot her columm of the cell for each of two other rows in
di rect succession; and ) further conprising the step of
advancing the based colorgfiti 1t i ng nmedi um rel ative to the marking
head, s&gt %8ﬂn§U§fd§5$1aY/ﬁmgscé‘“&ndeﬁcy th éf&hﬂpdarpf

printing desired images on a printing medi um by construction from
i ndi vi dual marks for rredemdroifnpﬂeﬁ' apapeyshbipka defect stbahnlaﬂgelpwams head t hat

operates in conjunction WI% ?a’ edi um aﬂ ancg meghani sm

sai d nmet hod bei ng one POSItIong 4t ?)rlr%rvi d‘é%mpgﬁ?%l St hr?ﬁf@ ?Jut B th ni mal
end- of - page paper paRiinginddimcddvanté ax@iRhdsi ng the steps of: _
scanni ng the head repeat edly al ong a pen-scanning axis that is

substanti al |y ort hogonasaidomarisferming step dlamprising forming saidamasge axis;

during each scan of the h n en-scannin axi s,
formng marks with i qu\rl ggg%tgﬂﬂcﬂ]agr%mp,d%s aif apprt%umayags'&oaﬁt lla[asﬁ y
concurrently with the nRgbeprdf QQI'\éerZparallel substantiaByt dditinusgsmedi um t o
accelerate drying of said liquid Substitute sheet - 19 March

1999 baseepaiatesk inas, that are angled by Jaerg tham abapts®@p having a
tendency to create an roatve to the peA-sRbnRAYCaRRPERA SNAIBY BiFfis&d that

accent uat es
than about 30° relative to the printing-medium-advance

axis, yet are neither at 0° or 90° to either axis;
said angled lines having a tendency to minimize said
positional error components parallel to the printing--

medium-advance axis.

8. The method of claim 7, wherein the mark-forming step
comprises forming said angled lines at substantially a steepest

angle possible that is:

within design architecture of the scanning print head,
and print-medium-advance mechanism; and

aiso provides a substantially equal number of marks per
pen scan, for desired images in which all pixel locations

are to be marked.
9. The method of claim 7, wherein:
the mark-forming step comprises forming said angled

lines at a slope much greater than 1:1 relative to the

pen-scanning axis.
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posi tion )m 1 onponents parallel to the

printi ngj‘ mﬂﬂgw iEI"ﬁl s; and said mark-form ng step
conprising tor Thar ks in a pattern th roi;l1§§ an
approxi mation to a |argé %Rinbe Wg@ge&ﬁﬂ%'—%—%l,—g

substantial ly conti nuous, separated |lines that are angl ed by
nore than about 60[err] relative to the pen-scanning axis and
angl ed by | ess t han about 30[err] relative to the

printing- mediqgn ady@§Rthod of claim 1 or Xihergidt are neither at 0 or 90[err]
-to either axis; said angled |ines having a tendency to
mnimze said positional error conponents parallel to the

_printing-- medi wanc X] : ) JThe gt f claim
7, wherein the mar k-fortHFn@atk%%('jmﬁa &escé%ppg%sg f%npl ngg@algﬁ&gﬁgl ed |ines
at substantially a steqp@stin a basic patieh® celd thatisethrée pixets wide and

wi't hin design architecture of the scanning print head, and
print - medi um advance neighirpizels talhd al so provides a
substantially equal nunber of marks per pen scan, for desired
I mages in which all pixel |ocations are to be marked. 9.

The nethod of1gl aiNibﬂaraM!sefo@?iinting desired images ohhepiiptitg headiumgbyst ep

conprises formng said angle l'ines at g s OrPe much, gr eat er

than 1:1 rel ative qapstmstion from individuahmarks ferAiashinapixe! arrays; said 50

Substitute sheet 'apjp%r%g%njrgr%ng:

means for supporting such printing medium; a print
head mounted for motion along a direction across the
medium;

means for scanning the head across the medium;

means for providing relative motion of the printing
medium with respect to the print head, along a direction
of movement that is substantially orthogonal to the
print head motion;

means for heating the medium; and

means which, while the relative-motion-providing means
are not operating, form marks within a respective
printmask to provide an approximation to a large
number of generally parallel, substantially continuous,
separated lines that are angled by more than about 60°
relative to the print-head motion and angled by less than
about 30° relative to the direction of relative movement
of the printing medium with respect to the print head,

yet are neither at 0° or 90° to either axis.

T el
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_ This Sheet Has Been Re laced : -
10. The nethod % wher ei n: the mark-f eggmiang
step conprises f gled lines in a basic pattern
cell that is thr and ei ght pixels tall. 11

Appar at us far prlntlng deS|red i mages on a printing medi um by
construct i on MakaiifuMi$ Al PRIKE MASTENS WIDel pASS BRINBEANG MODES

apparat us co means for t prlntlno
nmedi um®a pr ;_HIG _QUALITY A " HROUGHPUT: WITH L1QUID-+B LA
across 3 he medi um means for scannlng t he head
across fhe medium means for providing relative notion of the
printin mediumwi th respect to the print

directi®n ABSTRACT OFiTHE\BESGLOSURE i s substantial Ify r}*@k?ﬁsaﬁ%“{ he
pri nt hgad not i on,; nmeans for heating the rPdIU

means mﬁlch mhlle the rel ative-notion- prOV|d|ng means are not
operatihg, form nbP&&eHi #RPPEIPERPBEY| Parks formed inppixeda&FreFspbdvi de

an appr@xinﬂilﬁﬂaﬁﬁlﬂg|ﬁfﬂﬁt head. Durlﬂgnﬁabhoﬁcﬁﬁnﬁkékhyaﬁ%r%bh@ in
subst a |aII %IHUO ted |ines.that are angl ed by

nore t han ab Tﬁ?ngét appr°X1maF§ E ZeFSttPQr APRS- REaaRSTt iP&T and
angl edl®y | eskl¢hanseparated linedout dAgded] steleailiyvd bleatt e diboartt i on of

el AUy TOVEIENLlope, op pe 3 ELak"yRh BheARETCAHAR Wil RESRER dLhe

print head, are nei 0 eith
axis. 12 ning axis and shallowly to the print-medium advance. Are-
13 as are left unprinted between the angled lines during one
14 or more earlier scans for each image segment, and filled
15 in during one or meore later scans. Preferably the marks
16 are made with liquid ink, and the medium heated to hasten
17 drying. Heating causes an end-of-page paper-shrink defect
18 - that accentuates positional error components parallel to
19 “the print-medium advance; but the lines at a shallow angle
20 to that advance tend to minimize those components -- so
21 the heating and steeply angled lines together promote high
22 throughput while hiding the end-of-page defects. In prac-
23 tice the mark-forming includes placing marks only at pix-
24 els where marks are desired for a given image: the angled
25 lines are incomplete where marks are not desired. The
26 angled lines are at a steepest angle possible within de-
27 sign architecture of the scanning print head and print-
28 medium-advance mechanism -~ or the steepest such angle’
28 consistent with a roughly equal number of marks per pen
30 scan (for desired images in which all pixels are to be
31 marked) and avoidance of other types of defects. The most
32 highly preferred pattern uses corner-to-corner diagonals
33 in a cell three pixels wide and eight tall; this pattern
34 is rotated to obtain two variants, all put down in three
35 passes. For transparent and glossy media, drying is
36 enhanced by a multipass (preferably six-pass) print mode
37 in which the three maximum-diagonal variants are repeated
38 to provide double density, with half the advance distance.

(Rg .1)
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