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PRI NTER wbbAds1¢7OD OF PRINTING The present invention rel apes/Gposioaszour
printers conprising a printhead for printing on a substrate and which has
an array of printing elenents arranged for printing a swath of greater
width than that printed by a single pri+it+4ng el enent when the substrate and
printhead are noved relative to one another. A single dot is printed by

each pri%R_IHfIETR%NDMEHPH@ OF PRINARNG nozzle, or any simlar device
as is we nown 1n the art-- with the swath as a whole formng a so-called
“dot matrix" which is used to represent inmages on the substrate. Each dot
may be overprinted by other dots.in different col ours superinpaq | ct
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nost Wi dgleysubstdte’ and primtiisad anermoved relative goroaei another. t Aesipglecdot| is grinted
“serial" printer in \Mlﬁ)i ch a printhead has four blocks of elenents, .each.

bl ock prbyteach printoclemsnt t-havhish anay bst amdrkiok ngz7lgn 0y 40y SIMERILEYICY 8§ 1s
magenta (M, vyellaw (Y) or in black (K). Th rinthead i s nmoynted pn a. .
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repeat the process on a further section of the substrate, the printhead

bei ng nupftti r Aleematinelyt e suefpairding dotse maybsot beesuperimperednbeldmayhee

speed at which such a printer configuration can operate is |imted by.
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much reduced, but it is still necessary to index the printhead many
printer in which a printhead has four blocks of elements, each block printing in one of
the three subtractive primary colours cyan (C), magenta (M), yellow (Y) or in black
(K). The printhead is mounted on a movable carriage and is scanned across a substrate
whilst printing, the substrate being repeatedly indexed between successive print scans
in a direction perpendicular to the scanning direction firstly to allow overprinting of
each colour with the other three as required, and then to repeat the process on a further
section of the substrate, the printhead being m.uch narrower than the surface of the
substrate being printed. The speed at which such a printer configuration can operate
is limited by dynamic factors, for example the maximum acceleration to which a
printhead may be subjected when changing direction at the end of a scan and yet still
print satisfactorily.
In another known "dot matrix" printer configuration, the printhead remains
stationary whilst the substrate — which is attached to a rotating drum - is scanned past.
Since the printhead is only mov;cl once every revolution of the drum, the dynamic load

on the printhead is much reduced, but it is still necessary to index the printhead many



-2- tinmes, and correspondingly to scan or traverse the substrate nmany tines

bef ore pyd pgigage | S conpleted in all fou'r colours. The prﬁ(?,ﬁ%&;?é@gytl on is

directed. in i1ts preferred enbodi nents to providing a €olo and a
colour printing nmethod in which this di sadvantage may be reduced. ’
Accordi ngly, the present invention cong%gts in a nmethod of colour printing
conprising: (a) printing pixels in swaths of different colours side by side
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surface to be printe elng printed by a reSpec

print eisosmpieteddn ] fraurvéaleurst han a swath printed by a single print

el ement; (b) relatively indexing the printhead and the surface in a

di rection ot Ade presant inventiontisalirestted i étst prefered embodipents to previtling her
relative jraverse prjnti further swaths which at |east partially

over prj ﬁPf%Hf@ﬂDé i)PP%@a’f%@etmdrlég}m@}htsm@mmmgeemm be reduced.

overprinting . bel ng of L f.f At colour to the th.which it. .
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of the gypipiathg:and thus can achi eve page-wi de printing during each
traverse. course, the term"surface" does not necessarily mean the full

wi dth of the (supsintiagepixels in Roiatitkesf idifferemrdolodrsi §ide N sidy & aPrdpehtifg | S

required eg. the effective width of a page, net of its nargins. The

i nvent i patteinsin priust mdative tewerssrohea ipnptbeashand assurfacprtosbergrintedyr i nt head;

means for presenting.a.syrf.ace to.the printhead for printing; means faor

effecting a i@ ’?fttl?t\‘/ 1W%€%7f1§5 the P’E‘Hﬂ‘eéarapgége ghdaesin pAirgetiem gtheriban that

print h_eggtﬁé)gam%qﬁav%;%en&ngl enents arranged in blocks to print the surface
s of 'di

wi th pixel's in swat ferent colours side by side in a repeating

pattern durifg) saiifl hefurHtererdlative tEfrerfa ilﬁﬁ%t %RE&{‘QM rwﬁi'&ﬁ”%f hédst
or r e

printed by a'single print el enent; neans atively indexing t

pri nt hepdrtially ovierpsintfpreeiduslyaprintest swathsoinhrygistry therewith, each overprinting
swath being of a different colour to the swath which it overprints.

Preferably the width of the printhead is greater than the width of the surface,
and thus can achieve page—-wide printing during each traverse.

Of course, the term "surface" does not necessarily mean the full width of the
substrate, but includes that part of it upon which printing is required eg. the effective
width of a page, net of its margins. |

The invention also provides colour printing apparatus comprising;

a printhead means for presenting a surface to the printhead for printing;

means for effecting a relative traverse of the surface and the printhead, the
printhead comprising print elements adapted to print the surface with pixels in swaths
of different colours side by side in a repeating pattern during said relative traverse;

means for relatively indexing the printhead and the surface in a direction other
than the direction of relative traverse; and

means for controlling the traversing means, the indexing means and the print
clements whereby to effect at least one further relative traverse and to effect said
relative indexing between traverses so that the or each further traverse at least partially
overprints at least one previously printed swath of pixels with a further swath in a

different colour in registry therewith.
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than the direction of relative traverse; and neans for controlling the
traver siviQ 9886218, t he indexing neans and the print el enentPCT/IBISAINSF29t O
effect at |east one further relative traverse and to effect said relative

i ndexi ng between traverses so that the or each further traverse at |east
partially overprints at |east one previtﬁnsly printed swath of pixels with a
further swal - 3- differeng colour, in registry therewith. In another,
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directigon permis printing %fg further swaths at |east doarti ally |
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the pri ritlowetpri@ts dnteiretagistey tlesheodth. Additionally, "wet on wet" (the
printing of one col our on another duri n%ﬁt he sane traverse) can be avoi ded.
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The bl ocks of The dneentionrperiits printing: to be agcomplishetewithor kedicedemahnber ofip
bei ng adapted for print in different Cﬁ'il ours fromeach other, the array
conpri sifﬁgatﬁ‘[e fraxe Seﬁv&f g‘?‘béb ,tra&esmarf% chi@d mdugepthgcamennt of prinhead
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the bl ocks may forma repeating pattern o st ant
same traverse) can be avoided.

The blocks of elements may be arranged in groups, the blocks in each group
being adapted for printing in different colours from each other, the array comprising
at least two groups, a swath printed by a block of one group being at least partially
overprinted by a swath printed by a block of another group.

The groups may be of equal width in the array direction.

The blocks may form a repeating pattern of constant pitch.

Within each group the blocks may form a repeating pattern of constant pitch.

Preferably printing is complete when thé printhead and the surface have been
relatively indexed through one cycle of the repeating pattern.

The print elements may be adapted to print swaths of equal width, and the
cyclic pitch of the repeating pattern may be an integral multiple of the swath width.

Preferably the swaths are regularly distributed within the cycle of the repeating
pattern.

Thus, in one traverse, each swath may be contiguous with its neighbour or
neighbours or there may be spaces (preferably equal spaces) between the swaths. The

latter arrangement may facilitate manufacture of the printhead, whereas the former
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Preferably printing is conplete when the printhead and the surface have

been rel atively indexed through one cycle of the repeatin The
print eWed¥&%py be adapted to print swaths of equal V\ngFﬂ%thﬁléﬁ?%e

cyclic pitch of the repeating pattern may be an integral nultiple of the
swath width. Preferably the swaths are rggularly distributed within the
cycle of the repeating pattern. Thus, in one traverse, each swath may be

contiguous Wih ids i ' : aces ’
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m ni m ses the nunber of traverses necessary to conplete the printing. The
i ndexi ngrelegwélysaway froem pacnothead Ibisdodncilidatgecontpleteprinting near thag edge (ie.

relatively away fromeach other. It is to facjlitafe cogplete prin{i near
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magent a ?Mtcm).’e' low (Y) and black (K), although the invention of course is
applicabfe to other colour printing schenes, in which nis less than or -
nore than 4. Mozfoenabhtjoradnllreelenn printimginx Agthescalqursteingusynn (it magenta

al t hough ot her indexi ng, sequences. may be eqpl oyed ovi ded all..colours are
used (or (M), yeHew OY) amdhlackt (@aéﬁhﬁpgg the Hbvﬁnl%(?ﬁ gg{?@“ﬁ% FWPEJIF%%]? ﬁ(botl}g

used hereip includes di sposi.ng A pringi ] at psinting | ocation
wi t hout solas P 5§t %{B?S’f’{}g”ﬁﬁ?§$|‘§_eh“1r§g t_§5§" ﬁr}{’?ﬁegﬂgaé‘sjé' the col our white
Is printed on ﬁe%}gﬁg éiéhfreﬁ?iv@xna&iggwe? ione shfaitR Wi, QlMGREh HtiRdr iatiéxing
col ours but not actuating any of the Betause the order (sequence) in

whi ch colseghiénddsaniy beteasploybd pravided atihtalvatsharearsedalon at deast offek¢dr rrreh

i n hue may "be discernible between (say) a pixel printed in_the, order CMYK
and one pixelt fatakiony, TheCkeror "primting” as used herein includes disposing a printing

element at a printing location without actually printing; for example in a limiting case
the colour white is printed on a white surface by so disposing printing elements of all
colours but not actuating any of them.

Because the order (sequence) in which colours are printed will vary from swath
to swath, some differences in hue may be discernible between (say) a pixel printed in
the order CMYK and one printed KCMY, YKCM or MYKC.

Therefore preferably the method comprises adjusting the intensity of printing or
overprinting of a pixel according to the order of colour or colours in which it has been
or will be printed or overprinted whereby the hﬁe of the completed pixel is unaffected
by the order in which its constituent colours were printed.

The apparatus may be configured accordingly.

Interleaving techniques may be employed to increase printing resolution. Thus
the control means may be configured to cause overprinting of at least one swath with
a swath of the same colour, and to have first relatively indexed the printhead and the
surface so that the overprinting prints pixels interpolated between previously—printed
pixels of the same colour.

Alternatively the printhead may comprise at least two parallel rows of print




Ther ef or, ably the method conprises adjusting the intensity of
printi ngﬁglrcysg'\%%ppri nting of a pixel according to the or defP%'f’GE‘(‘ﬁ’/@ﬁ?'s' or
colours in which it has been or will be printed or overprinted whereby the
hue of the conpleted pixel is unaffectedghby the order in which its
constituent colours were printed. The apparatus may be configured
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of at | hitedniey sheothesirolw ar somish of the sane colour, and to have first
relatively indexed the printhead and the surface so that the overprinting
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colour. Alternative h rinthead may ¢onprise at |least two parallel rows
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may-be depl oygHeSfetdd Ma§ e hfedledadtcd hgl}t.o t he i ndexing direction and
reduce the effective spacing of the pixels~i'n the indexing direction. The

met hod may beThtfineemtibmudlinmiv deydesEhibed masly by way bf RRupte $ARCFfERACe
merely by way of exanple with reference to the acconpanyi ng draw ngs,

wher ei n: forthguzecompanying drawingss Wherainsr i nt er according to our earlier
application n .0f which is filed with and as part of
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printer of applicution2703310.6 %rd (Adorp musmetran%g}e@&mevar 'ous printing
sequences i nplenmented by the invention; Figure shows an alternative form
of printhead; Figwarksh®ys)p prunief accsiding tarthe peesanit ihveagiggquences
i npl enent ed blv_:_ the | ) A
igure 3 illustrates printhead configurations for use in the printer of figure 2;
Figures 4(a) through to 4(g) show various printing sequences implemented by
the invention;
Figure 5 shows an alternative form of printhead;
Figures 6(a) to 6(c) show various printing sequences implemented by the
invention; and
Figure 7 shows a copier embodying a printer according to the invention.
Referring to figures 1(a) and 1(b), in a printer according to our earlier
application a substrate — for example a sheet of paper 12 — is carried by a belt 14
supported for oscillatory movement (as indicated by arrows 16) by rollers 18, one at
least of which may be controllably driven eg. by a stepping motor. Located above the
mid-point of the belt length is the printhead 20, suppbrted for movement along a linear
path (indicated by arrow 24) perpendicular to the direction of substrate movement 16,
for example by guide rails 22.
In the example shown, the printhead 20 comprises a linear print element array
arranged paralle] to the direction of movement of the printhead and perpendicular to
the direction of movement of the substrate relative to the printhead. This need not be

the case, however: as long as the formation of a dot matrix is ensured by the printing




i nvention; and Figure 7 shows a copier enbodying a printer according to the
i nventi awo 9Ba6®oring to figures 1(a) and 1(b), in a printBCT&RIBOM2AG t 0
our earlier application a substrate - for exanple a sheet of paper 12 - is
carried by a belt 14 supported for osci Itlrat ory novenent (as indicated by
arrows 16) by rollers 18, one at |east ©of which may be controllably driven
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position A, passing underneath the printhead which prints a second swath in
whi ch t hitke papet lis momed framelesty to prghts backaid position A, passing underneath the

printhead which prints a second swath in which three of the swaths are overprinted and
the fourth is a new swath adjacent swath 21k.

Many further indexings of the printhead 20 and traverses of the paper allow
printing and overprinting across the full width of the surface, at the end of which the
paper is released from the belt and into an output tray 30 and a fresh sheet of paper
is fed onto the belt from an input stack 32. The range of indexing positions is greater
than the printed width so that the swaths at the edges may be addressed by all four
colour blocks of the printhead. -

It will be appreciated that the printing time per page is heavily dependent on the
number of passes or traverses of the paper relative to the printhead, and this in turn is
dependent on the narrowness of the printhead compared to the width of the page.

Referring to figure 2, in a printer according to the invention, the printhead 20
now extends across the full width of the surface to be printed, plus an additional
amount determined by the printing regime as discussed below. The printhead consists
of a repeating pattern of blocks of elements (fig 3a), each block being arranged to print

one of the colours CMYK, and (in this example) each being contiguous with its




t he four, ' new swat h adj acent swath 21k. Mny further_indexings of the
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across the full width of the surface, at the end of which the paper is

rel eased fromthe belt and into an outpug_tray 30 and a fresh sheet of
paper is fed onto the belt froman input stack 32. The range of indexing
posi ti ongejghbipugat er than the printed width so that the swaths at the edges
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Alternatively a single row head may be indexed so that there is an additional
traverse for each swath in which pixels are interleaved between previously printed
pixels of the same colour. The indexing may be such that the second printing is only
displaced p/2 relative to the first, but the mechanical design is easier if it is displaced
half a block width plus or minus half a pitch ie. w/2 = p/2, where w is the width of
the block expressed in element pitches. Other interleaving strategies are possible in
which more than one pixel (eg. two or three) is interleaved between the first—printed
pixels. In each case the number of traverses is increased in correspondence with the
factor by which the element pitch is divided.

In the case of either fig 3(a) or 3(b) the printing elements (eg. nozzles) in each
block C, M, Y or K may be arranged so that they are distributed at an angle to both
the indexing direction and the traverse direction, the effective separation of the
clements thereby being reduced and the resolution of the resulting print being further
improved. Alternatively, each group CMYK of blocks may be similarly angled as a
whole, relative to the indexing and traverse directions. In all cases movement of the

paper and the timing of the operation of each print element must be adjusted to




the resolution of a single-row head. Alternatively a single row head may be
i ndexed vem9s/36910 t here is an additional traverse for each PEEEBIU8SI i ch

pi xel s are interl eaved between previously printed pixels of the sane
colour. The indexing may be such that_ghe second printing is only displaced
p/2 relative to the first, but the mechanical design is easier if it is
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| mprove ernativ group CWY ocks may be simlarly angled
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nust bes=awlj amsd th swoaths ardBcontignoans figretshewsithp G ewathsiofdour gacesssive
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bl ocks of a single row printhead are shown diagrammtically as CWK
They ar figpfe; Whiit &xtre avidtipoodisad—in'y Bpaetdssayypaaasse thé fislaswatthtosbegfudly
pitch s. Inthis case s=w, and the_swaths are contiguo The ﬂl‘?ure shows
the C spedntes arid dvrrpristesciasall faarsalesys inthe fisst=qccusring thleoﬁkap 1s jfithere, pe
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t han thSagsieQ.i shed print surface by the top three blocks CMY in the

In figure 4(b) a two-row p/2 offset printhead as shown in figure 3'(b) is
-employed. Again, a lead—in of n—1 colour blocks is required. This printhead produces
a double-resolution print compared to that of figure 3(a), without extra passes being
necessary, the elements in one row being actuated slightly after those of the other row
so that the interleaved dots lie in a straight line.

In figure 4(c) a single row printhead is indexed w/2 + p/2 between each pass.
Eight (ie. 2n) passes are required for a complete double-resolution print, the lead—in
again being (n—1) blocks.

The colour blocks, and the swaths they produce, need not be contiguous
provided that they still exhibit a repeating pattern of constant block to block (and swath
to swath) width regardiess of colour. This may facilitate manufacture of the printhead
from a series of separate blocks.

Thus by way of illustration, in figure 4(d) the blocks and their resulting swaths
are of width w at a pitch 2w ie. there is a gap of width w between each block. The

number of passes required for complete printing is now 8. In general however, the gap




figure; this extra width or "lead-in" is necessary because the first swath
to be qu‘?ﬁW’fﬂ ed and overprinted in all four col ours i sPEFEB8/00529

first-occurring K block. Thus if there are n colours, a lead-in of n-i
blocks is required and a conplete print_ deqwres n passes. In figure 4(b) a
two-row p/ 2 of fset prlnthead as shown in figure 3(b) is enployed. Again,
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width. Fof tlatamdm the mdemn@o‘ttem@emg/ likewase :meds ang aiot alkeelements of each
f act bl Th head h
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or trave CIUI r et t0 cover one

t he repe@ﬁlgnglcp@rrﬁgﬁaeﬂ ﬁ‘ft&/wmdﬁh I<k|b§~@n |nt egral -nmul tiple of w, or kiw + 1
if it isn In the former case the swat hs will be |aid-down edge to edge

and wi || be ofnfalll tasesdthe sepehting ipattert of cotmseblocky resilts e thd fulk dvidéd of
width so that k is an |nte r al ngglptlple of . that w,dth, the, indexing, step
bei ng | i REAtIBE being cempled ipréntherchhas been dpdexed a distance equal to one

cyclic pitch.

In figure 4(¢) double-resolution printing is achieved using a printhead with
blocks arranged as in figure 3(b) except that there is a gap of w/2 between blocks.
Here k=6, and printing is completed in six passes, the indexing step being w.

In figure 4(f) a double-row printhead has its colour blocks in one row offset by
w/2 + p/2, the gap between blocks being w/2. Again k=6 and six passes are required
for a complete double~resolution print.

In figure 4(g) a single row printhead haé an inter-block gap of w/2, and the
index step is w/2 = p/2 as in figure 4(c). An interleaved double-resolution print is
produced in twelve passes. In general, as with the arrangement of figure 4(c) the
number of passes required for an interleaving strategy is increased in correspondence
with the factor by which the element pitch is divided.

Figure 5 illustrates a variation on the theme of figure 3 and figure 4(a). Instead
of the array having blocks of all four colours arranged side by side there may be two
parallel arrays 20°, 20 each having blocks of two colours, the blocks of one array

being in registry with the other. In the first printing pass, the elements in array 20" are



col our block being utilised. Alternatively the swath width and i ndexing
step may WO M@FMPai ned at w, the final swath being printedPGI/GBRSEH wi dt h
because it need address only the remainder after dividing k by w In all -°
cases, the repeating pattern of colour bjgcks results in the full wdth of
printing being conpleted when the printhead has been indexed a di stance

equal 10 QREENCITH Qh@ki&ﬁd %@§ %ﬁeg?ﬁﬁu&ﬁs)is AR1eREE vhe TG &K 'Bﬂeh F&h%ig;xé Rfray 20"

achi eved using a printhead ocks arranged as in figure 3 excépt
that therjg ictuatedapgaif. Wi thetthivd npassp thes prinéhendk i noariddexédt and) army 20"
conpl eted in six passes, the indexing step being w In figure 4(f) a
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required for ving strategy is increased in correspondeice with

the factor by Ithisahclidrectetistieof tips printers hdfevdebedibedithat theSswhthy frcuiesrsat
variation on_the thene of .figure 3 and figure 4(a). Instead of the array
havi ng bl @sklpcationlan theuprinisd suriace arekajd dosniin pyiffemrntiarder torthe pwathsmt

arallel arrays 20, .20 ch .havi bl oc of t col ours, the bl ogks aof
Pt nyASEAEE PO AR TROm BY, ok thepaRe Bitch PRt epéniing e Batstingne
el enents jn 0: - : .
ol ement  JoP BB I b sopd e inbind BEnBRSPRARIPBETAAE am) the,
the thirdspass. int Bendrl BERREDrik Afhcdddyeshperiliodr ARy 148" dGWhUm! 85 oyderh
an appropriate adjustnent in'timng conpared to the actuation of array 20'.
I n the foKYMQasgkereahén pandZhthedorndsr is TN, kemdksd oni t s ori gi nal position,

and array 20' is actuated again. Thus printjing,is_again achieved in four
passes; the | eBlacing dhecplgurs o1y topof gackh pthert in Hifferept ssauencesneampmduseon

3]; Sg\r’\?bggglfgl&ghéﬁ% E)g ﬁ?h Isﬁx O(}ixagrgﬁog%?régcgtfgf b3k 'thre Q1047 %rgcr:eisrégn(agr $hdlifiSake into
account all the possibilities and apply them to the relevant swaths. The various colour
sequences which may theoretically occur in a CMYK printing process are shown in
figure 6(b). However not all of these combinations appear in the sequence as printed,
so a smaller number of measurements is adequate, as shown in figure 6(c).

It may well be found that the order in which black (K) is printed relative to the
other colours may not affect the hue of the finished print. In that case a sequence
including black can be treated as equivalent to the otherwise—identical sequence in -
which black is omitted. It may further be found that hue variations can be controlled
by considering only two-colour combinations excluding black. Thus, ensuring that
CM=MC, MY=YM and YC=CY could well avoid hue variations in a four~colour
process, and it is a relatively simple matter to calibrate a printhead design and adjust
its print-driving algorithm to achieve these three equalities.

Figure 7 illustrates present invention as embodied in a copier, with those
elements common to earlier figures having the same reference numbers. A belt 14 not
only oscillates the substrate 12 relative to the printhead 20 but also moves the original

document 40 which is to be copied past a scanner head 42. Signals corresponding to



one Iocaﬁj&&gg&the printed surface are laid down in a different order to
the swathS A Canot her point distant fromit by other thanROTBIBOIRE ¢ he
repeating pattern. Referring to figure 6(a) it will be seen that for the--
printhead configuration of figure 4(b) ~iihe swaths in band 1. of the print
adj acent the paper edge are laid down in the order KYMC, whereas in band 2

the ordethé En&gerdh therdocwment 4Ppassing thé ecamlep Y0sre RehoPiagiroeassing tiretitiy
di fferent sequences can produce slight shifts of hue. In order to correct
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to the print h«iad 20 but _al sp noves the orjginal, docunent 40 which is to be
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of belt conveyors, paper attachment can be achieved by simple, conventional

mechanisms such as vacuum or electrostatics. A belt system also has low inertia — an
important consideration in a rapidly oscillating system — and can be easily be provided
with encoding marks (either on the paper supporting surface or the surface opposite
thereto) to ensure registration of belt movement and printhead operation. Apertures
can also be formed in a belt to allow maintenance of the printhead from the underside
of the belt: this may entail the use of multiple apertures and/or multiple stations for the
convention steps of purging, wiping, capping etc. However, this is not to exclude the
use of other substrate conveyor means such as rollers, oscillating rather than a rotating
drum or any other arrangement permitting multiple passes of the substrate part of the
printhead.

It will be evident that the present invention is applicable to any kind of colour
printer in which the printhead has an array of printing elements. Such printheads are
known generally as "dot matrix" printheads and include inkjet printheads, including

thermal and piezoelectric actuation and wire dot matrix printhead.




menory. It will be evident that the use of a continuous belt 14 as per
figure SWRWEHIW particul arly conpact construction: origi rar/gBesoes2ats may
be fed onto the belt 14 froma feeder 44 and renoved fromthe belt after--
copying by a further sheet feed nmechani$m 46 for return to the skip 44.
Simlar efficiency savings may be achi eved by coupling the scanner head and

t he printhead : - Dy j t

exanpl es given gg(t;f\?télm% h&elpésié%egf%?ﬁes S{Eg)\éﬁg{/éeigo?teﬁﬁ‘i?\l}:te. ﬁ%i&%ersl h{éhélggns)

al ong a hhARR'shewhlin tRE EArmeE mdbepaiaded iriepehdenthbf oflek Aidtlosed and/or
conventional |inear paper handling technology - as used in photocopiers for

exanpl e illusirated fegtbegedr imany eppropriatewembinatéiond from the printer
mechani sm Furthernore, in the particular case of belt conveyors, paper
attachnment can be achi eved by sinple, conventional nechani snms such as
vacuum or el ectrostatics. A belt systemalso has lowinertia - an inportant
consideration in a rapidly oscillating system- and can be easily be

provi ded with encoding marks (either on the paper supporting surface or the
surface opposite thereto) to ensure registration of belt novenent and
printhead operation. Apertures can also be forned in a belt to allow

mai nt enance of the printhead fromthe underside of the belt: this may
entail the use of multiple apertures and/or multiple stations for the
convention steps of purging, w ping, capping etc. However, this is not to
excl ude the use of other substrate conveyor neans such as rollers,
oscillating rather than a rotating drumor any other arrangenent permtting
mul ti pl e passes of the substrate part of the printhead. It will be evident
that the present invention is applicable to any kind of colour printer in
whi ch the printhead has an array of printing el enents. Such printheads are
known generally as "dot matrix" printheads and include inkjet printheads,

i ncludi'ng thermal and piezoelectric actuation and wire dot matrix

pri nt head. -12- Each feature disclosed in this specification (which term
i ncludes the clai s) and/or shown in the drawi ngs may be provi ded
i ndependently of other disclosed and/or illustrated features, or in any

appropri ate conbi nation.




-13 - CLAIM 1. A met hod of colour printing which includes the steps of:
(a) printO3389%ls in swaths of different colours side byfCI/GRISOPS2] '
repeating pattern in a first relative traverse of a printhead and a surface
to be printed, each swath being printel :_p_y a respective. block of print

el ements and being wider than a swath inted by a single print elenment;

(b) relatively indexing the printhe he surface iu i ' r
than that of the relative traverse, m ina furt m,meu"ﬂ"mmm"r
traverse printing further swaths which at |least partially oferpritht s *
previously printed swaths in registry therewith, each overprinting swath
bei ng of],a diAfaéthod sfotaluur peinting whizhhinchideb the stepsrefi nts. 2. Col our
printing apparatus conprising: a printhead;, neans for presenting a surface
to the print Hehgprindingppixeds aay:s of idiffergmteealpurs sidechntside in ravepegtingf

the surface and the printhead, the,printhead conprising print, el ements
ar r ange@Patigrpipe fsﬁéelﬂpl"ﬁttrat"ﬁégesﬂfga‘ﬁ@‘taﬁcﬂab‘gﬁé 3% ?%‘n&?‘ﬁdifferent

cacn- swat n bdbhgoafieh ofisk BRI} PRURALSHInE ot 1 ichhlh i b BIAC
for rel Eegfidtll’xglr)é{aitmeﬁ‘ﬁwsé,%do” nthead and the surface in a direction other

than th rection of relative traverse; and neans for controlling the

traversing negps, inha findleer nelativensavaise tgrinting furthee nswniths Wekichbwt tleast
effect at | east one further relative traverse and to effect said relative

i ndexi nepavtiallp @verprimeprsyiously printed iswaths sncegistay itherewitls\eacheoarprinting
partially overprints at.l east ,one, pr.evi ousl rinted swath of pixels with a
Furt her SAthrpeune 9F & SrER: clgPb it therswath YERGh frafesitils: 3. | A method
or apparatus as claimed in claim 1 or 2 wherein the blocks of elenents are
arranged in groups, the blocks in each group being adapted for printing in

differeni col oglourfpraffimaappahiiRcothpsiagl ay conprising at |east two
groups, a swath '
a printhead means for presenting a surface to the printhead for printing;
means for effecting a relative traverse of the surface and the printhead, the
printhead comprising print elements adapted to print the surface with pixels in swaths
of different colours side by side in a repéating pattern during said relative traverse;
means for relatively indexing the printhead and the surface in a direction other
than the direction.of relative traverse; and
means for controlling the traversing means, the indexing means and the print
elements whereby to effect at least one further relative traverse and to effect said
relative indexing between traverses so that the or each further traverse at least partially

overprints at least one previously printed swath of pixels with a further swath in a

different colour in registry therewith.

3. A method or apparatus as claimed in claim 1 or 2 wherein the blocks of
elements are arranged in groups, the blocks in each group being adapted for printing
in different colours from each other, the array comprising at least two groups, a swath
printed by a block of one group being at least partially overprinted by a swath printed
by a block of another group.
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printed by a bl ock of ﬂl IH mﬂ t | east partially overprinted by a
swat h pr?"%%??éﬁw a blo *H " mmﬂlrﬂmup 4. A net hod -®CTAGRY8M0ES20S ™ as
claimed in claim3 wherein‘the dtodps *are of equal width in the array -
direction. 5. A nmet hod or apparatus as clainmed in claim1 or claim?2
wherein the bl ocks forma repeating pat¥4ern of constant pitch. 6. A

met hod or apparatus as clained in claim3 or 4 wherein within each group

t he bl ocks foArmathogpenapparatustaseelaimed inelaiond wherein the groupsnaremfdequal
apparatus, as.claimed in claim5 or 6 wherein printing is conplete when the
pri nt he R0k AN { %Wf&é%ctﬂve been rel atively indexed through one cycle of
the repeating pattern. 8 A nethod or apparatus as clained in claimb5, 6
or 7 wherein the blocks of print elenents are adapted to print swaths of

equal wiglth, AngetHiR] ey %BPﬁral&lst &8 chinfedein’ eRAAT1 B¢ dlaih & Whete@MHe RS
multiple of the swath wdth. 9. A nmethod or apparatus as clained 1 n any
of cl ai fferm 4 cepfcatingr wattern lod comstané patch. regul arly distributed within the
cycle of the repeating pattern. 10. A nethod or apparatus as clainmed in
any preceding claimwherein each swath of a traverse is contiguous wth at

I t i ghboyri swat h, of that traverse. ,11. net hoq .qQr appar at us
v ol a b i rPametiadd APearatRLas CAHBPA N ARG % 4 BhOTEHL AR CABR ErOWD

t A\ t hod t
O ared the Hplrdiit bkehbabdie patden i consbant g™ 108 DL PEPRT LS There are

n said different colours the width of the printhead exceeds that of the
surface by (n-1)/n of a pitch. -15- 13. A nethod or apparatus as
clairled.in aAympthodeal appacitas as whemesidnint dleim 5t@ns mherein printitg igcomplete
overprinting of g Pi xel is adjusted according to the order of colours in
- when the printhead and the surface have been relatively indexed through one cycle of

the repeating pattern.

8. A method or apparatus as claimed in claim 5, 6 or 7 wherein the print elements
are adapted to print swaths of equal width, and the cyclic pitch of the repeating pattern

is an integral multiple of the swath width.

9. A method or apparatus as claimed in any of claims 5 to 8 wherein the swaths

are regularly distributed within the cycle of the repeating pattern.

10. A method or apparatus as claimed in any preceding claim wherein each swath

of a traverse is contiguous with at least one neighbouring swath of that traverse.

11. A method or apparatus as claimed in any preceding claim wherein the width of

the printhead is greater than the width of the surface.

12. A method or apparatus as claimed in claim 11 when dependent from claim 5 or
6 wherein when there are n said different colours the width of the printhead exceeds

that of the surface by (n—~1)/n of a pitch.

This Sheet Has Been Replaced

~ (AT

THIS SHBET HAS BEEN
REPLACED

R L TR I R ST




Sonpl et 0348 ‘3.“S°L HlllllilllﬂlﬂuulllﬂﬂlﬁidZYE.rE”mﬂf h ite cBtTBYIESCol our s
were pri nted. 14. A rtetlfodtor® appartatus as clainmed in any preceding cl aim

wherein the print resolution is increaseg-by overprinting at |east one
swath with a swath of the sanme col our having relatively indexed the surface

and the pyint peattlhed bhappitariscaseclpimed imany prededing shiis whessipoheimensity
bet ween previously-printed pixels of the same colour. 15. A nethod. or

appar at usf psintingi amdverprmtmgmflmmﬂlneuad]m@d pr:¢ondn®do ¢henordercef colouemin

two parallel rovvs of pri nt, errent such t hat pr| ted one r e
i nt er pol whigh Bchasdgen,pswild erFﬂtS %WW‘B‘PF} ﬁ?"&;/y OP compﬁﬁcﬁ

or appara.tu .as_cC a r.e re h bl ock or
group of PH® ?(é‘n?#ac%ﬁq?# ﬂbq Q@gﬂggﬁ?@ﬂg%sp#%&%@ %oég’t"\f,?w @ feéRBm ‘an angl e
to the indexing dlrectlon and reduce the effective spacing of the pixels in
t he i ndexing direction. A colour printhead conprising an elongate

array of 14) ocls ndthpdi dﬁa%baemmtas chiraediingamy pecdeying dtainh veltereinr the print
direction, the printhead being configured for rel atlvel y traversin

surface resolutiqn isinateasedoby@verprintingat deastpnei swathi with a fswash mfktglemmag
arranged to prin{ swaths of |fferent oIours si dg g ide in a repeating
pattern %h“ﬁélagngf ivaly yede Swrfags ARdLhe pRIng ?@sm@r the IQYFIRARNAE h

Phar rel BEPRSE Grfipctief ﬁ%‘%?”é'wk"ﬁa@%@ﬁﬁe CoinBle, b o SREE Foniy"0 ="

direction permts printing of further swaths at |east partially
overprinting previously-printed swaths, each overprinting swath being of a

di ff er ent5col gumdthod e appaitabus/dy chirned d elaim M4 svierein theprithead comﬁnses
therew t h. -16- 18. A printhead as claimed in claim 17 wherein t
bl ocks o#t isastrswosparalehrowin 9& print @pmpss sugie that qikels printedhby) osgproveargy

adapted for printing in different romeach other, the array

conpri si HYe g{jliltggsl{ qW\ﬁBn@”G §§r’§it%‘£% (HBC"W Or ZOXS: nt head as cl ai med in
claim 18 wherein the groups are of equal width in the array direction. 20.
A printhead as clainmed in claim 17 wherein the blocks forma repeating

pattern 16. A method or apparatus as claimed in claim 3 or any claim dependent therefrom
wherein within each block or group of blocks the print elements are deployed so as to
extend at an angle to the indexing direction and reduce the effective spacing of the

pixels in the indexing direction.

17. A colour printhead comprising an elongate array of blocks of print elements
extending side by side in an array direction, the printhead being configured for
relatively traversing a surface to be printed in other than the array direction, the blocks
being arranged to print swaths of different colours side by side in a repeating pattern
during said relative traverse, the arrangement of the blocks being such that relative
indexing of the printhead and the surface in the array direction permits printing of
further swaths at least partially overprinting previously-printed swaths, each
overprinting swath being of a different colour to the swath which it overprints and in

registry therewith.
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of constant pitch. 21. A pr.i claimed in claim18 or 19 wherein
within eM9%39Up the\m tﬂm m nmkeati ng pattern of CarEBGBYSO0RIS Ch.
22. A printhead as cli sOf~claims 17 to 21 wherein the bl ocks- -

are contiguous. 23. A printhead as clai ngl in any of clainms 17 to 21
wherein the bl ocks are evenly spaced. 247" A printhead as clained in any of

| ai 17 23 wherein ther . | | el I id h_ot her.
25 A pr it hoRPHBTER ARSI apsrer e e et R
ffset | atj Ve . t@ab f . | X&)l $iefuint ed

Bl ocks of aetRs: fie 956, B cacrbhg Bl ddprePr: iutBla'l SRR ot AR
the ot hereachbothef) the! a}meadm%iisﬁigahmsﬂ tweé lgpoupslsidebyagidecl ai m dependent
therefrom wherein within each bl ock or group of blocks the print elenents

are deployed so as to extend at an angle to the array direction and reduce

the effective spacing of the elenments in the array direction. . .
19. A printhead as claimed in claim 18 wherein the groups are of equal width in the

array direction.

20. A printhead as claimed in claim 17 wherein the blocks form a repeating pattern

of constant pitch.

21. A printhead as claimed in claim 18 or 19 wherein within each group the blocks

form a repeating pattern of constant pitch.

22. A printhead as claimed in any of claims 17 to 21 wherein the blocks are

contiguous.

23. A printhead as claimed in any of claims 17 to 21 wherein the blocks are evenly

spaced. |

24. A printhead as claimed in any of claims 17 to 23 wherein there are two parallel

arrays alongside each other.

25. A printhead as claimed in claim 24 wherein the blocks of one array are
offset relative to those of the other array so that pixels printed by the blocks of one

array are interleaved with pixels printed by the blocks of the other.

26. A printhead as claimed in claim 17 or any claim dependent therefrom wherein
within each block or group of blocks the print elements are deployed so as to extend
at an angle to the array direction and reduce the effective spacing of the elements in

the array direction.




