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Printing Apparatus and Print Mask Generation

BACKGROUND

{001] An ket prmting apparatus performs printing by ejechmg a print agent, eg. m the
form of an mk droplet, onto a printing mednun from nozzles of a pruit head. A print head may
bave a plurality of mk gjection nozzles and corresponding wik chammels arranged n an array
on the nozzie plate. The mkjet printmig apparatus prmfs images sequentally on a prat
mednun by scanning the prini head across a prnt zone and transporting the print mediun
through the print zone, below the print head, wm a duection perpendicular to the scamming

direction. Printing can be perfornied in both scanning directions.

SHORT DESCRIPTION OF DRAWINGS

{002] Dufferent examples are described with reference fo the drawings.

Fig. lashows a schematic view of part of an inkjet pninting apparafus, according fo an
example;

Fig. thshows a schematic view of part of an wkget printing apparatus, accordmg to another
example;

Fip. 2 shows a schematic view of a nozzle plate of a prunt head, according to an example;
Fig. 3 shows a schematic view of a norzle plate of a print head, accordmg io another
exanple;

Fig. dashows a schematic sechional view through ink ejection ports of the print head for
illustrating mnk droplet generation, according to an example;

Fig. 4bshows a schematic sechional view through mnk ejection ports of the print head for
ilustrating ik droplet generation, according o apother exaniple;

Fig. 5ashows a schematic representation of mk droplets deposited by even-munbered nozrles
and odd-munbered nozzles, accordmyg fo an example;

Fig. Sbshows a schematic representation of ink droplets depostted by even-punibered nozzles

and odd-numbered nozzles, accordmg to another exanple;
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Fig. 6 shows a diagrarn of color gavwt for 3 padang strategy according to an example;
Fig. 7 shows a flow diagrain of a method of comvolling a printer according to an sxample;
and

Fig. 8 shows a flow dingram of a method of generating a prnt mask according io an

exanple.

DETAILED DESCRIPTION

[003] Fig. la shows g schematic overview of part of & printing apparatus 100 according o an
example. The printing apparatus comprises at least one print head 10 which is supporied for
searpung acrosy a prmt zone, m the first scanning direction and w the second scanming
divection, oppostte 1o the first scannmg direction. The printing apparatus Buther comprises a
controdler 12 vontrolling the print bead to eject a print agent. The printer may be a 2-I jnkjet

prinfer of a 3-D prnter thaf prints on a bed of build matenal.

[004] Fig. 1b shows a schenatic view of part of an mkjet printing apparatus 100 according
o a more detatled example. The printer comymises a print media transport portion 110 and a
prmt head scamung portion 120. The print media fransport portion 11 comprises a platen 112
for supporting a print mednnn 130, the platen 112 schematically represented by a pumber of
rolers, a platen motor 114, a position controller 116, and a memory 118 The posttion
confroller 116 18 coupled to the platen motor 114 for dnving the motor and hence the platen
112 to moerementally transport the print mednun 130 throngh a print zone. The prmt head
scaruyng portion 120 comprises a pruwt bead carrtage 122 which 15 nwovable to slide along a
carriage support rod 124 and which s driven by a camriage motor 126, The carnage 122 i

coupled 1o a drop firing controller 128

{(05] The camiage 122 mayv carry a number of carfridges 132, 134 having print heads for
scannmg the proyt heads across the print medmim 130 when # 1 transported through the prnt
zone. The print heads may be mmiti-color mk fo print heads, such as print heads having a
puniber of reservomrs or being connected to a nuntber of reservonrs for feeding and gjecting
black ik, magenta vk, cyan sk and vellow mk. During scapning, the drop fiving controller
128 drives the print heads to eject mk droplets or droplets of another prinfing agent to form a

desived pattern or nnage on the meduun 130, The drop firing controller 128 may apply a prmt
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masking schewmse © enable vertam selected nozzles during each scan across the print medium

130, and disable non-selected nozzles.

{005] Pont beads melude nozzle plates wherein examples of different nozele plates are
shown 1 Fig, 2 and 3. A pozzle plate includes a plurality of rifices or nozzles each of which
is coupled o a drop gensrator via an associated channel, Tn the exawuple of Fig. 2, 3 nozzle
plate 20 15 shown having an array of pozzles N1, N2, N3, N4 N5, Nb, ... which are arranged
m two parallel columns 22, 24 along the lengih of the nozzle plate 20. Column 22 can be
considered to be a lefi-hand colunm (as seen mn the bottom view of the nozzle plate of Fig. 2)
and mmcludes odd-numbered nozzles N1, N3, NS, .., and cobunn 24 can be considered o be
right-hand colnom {as seen m the bottom view of the nozzle plate of Fig. 2) and meludes
even-numbered nozzlex W2, N4, N6, ... Further, in this example, columm 22 can be
considered to form a first group of nozzles and colunm 24 can be considered to form a second

group of norzies.

{007] Fig. 3 shows apother example of a nozzle plate 30 from the bottom view thereof In
the example of Fig. 3, the nozzle plate 30 comprises a phuality of nozzles, numbered from 1
fo 32, which are arranged m two symmeiric arrays 32, 34 along the length of the nozzle plate
2{:. Array 32 can be considered to be a left-hand arrav (as seen i the bottom view of the
nozzie plate of Fig. 3) and includes odd-aumbered nozzles N1, N3, N3, .., N51, and amay 34
can be considered fo be a nght-hand amray (as seen i the bottom view of the nozzle plate of
Fig. 3) and mcludes even-mumbered nozzles N2, N4, N6, ..., N32. Further, n this example,
array 32 can be considered to fornt a first group of nozzles and array 34 can be considered to

form a second group of nozzles.

{008] In another example, not shown in the drawings, even-numbered nozzles and odd-
munbered pozzles may be amanged m an userleaving mwopper within the same colunun
Further, nozzle groups can be defined based on other criferia than odd and even-numbers or

their location, such as right and left.

{009] In the examples described, the nozzie plafe comprises even-muunbered nozzlex and
add-munbered nozzles. More generally speaking, the nozzle plate may comprise different
groups of nozzies. A prnt head manufactuning process may cause different gronps of nozzles

to have different peometries. For example, even-munbered nozzles and odd-numbered nozzles
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andd thelr associated channgly mav have opposite melinations relative to the nozzle plate. In
anther exemple, right-hend sozzles and lefi-hand pozzles & nozzle aray miey have
opposite mohnations, too. This may cause a vanation m artifscts when prinbing with nozzles

of the first group and the nozzles of the second group m the forward and backward diections.

[0010] An ok droplet ejected fron the pringt head nwy include a mam droplet and a sioall
droplet separated out of the mam droplet which form a large dot and a small dot, respectively,
when landing on the prmt medimm. This phenomenon can be described as “spray” and the
sipall dot can be referred to as “satellite™ Satellifes may degrade prnint quality. More
specifically, durmg mk ejection, the main droplet imay be generated to have a tail portion af its
rear end {in the scannmg direchion} caused by a tension between the main droplet and an mk
meniscus it the nozzle. The tail portion ix separated from the mamn droplet and forms the
satellite {e.g., smwll droplet). In other words, the surface tension pulls the sowll droplet
baclovard m1 an ejection direction. Accordingly, the ejection speed of the small droplet 18
slower than that of the mam droplet. If the openmg surface of the nozzle 1s parallel o the prnt
medmm, the relationship between the landing posttions of the main droplet and the sowll
droplet will be different but the distance between the two droplets will be constant or
approximately constant al a consiant scanning speed, m both print head scanning directions.
If, however, the nozzles are designed to be inclined relative to the opening surface, the
ejection divection of the small droplet would be changed and the distance between the two
droplets will vary depending on the scanning direction. This 15 explamned with reference o

Fig. 4a and 4b.

{0011} Figures 4a and 4b schemwstically show sectional views through a print head 40,
ithustrating two nozzle openings and associated channels, referred to herem as nozzles 42 and
44, Nozzle 42 can be considered to belong to a fust group of odd-nunbered nozzles, and
nozzie 44 can be considered fo belong to a second group of even-munbered nozzles, As
shown m the drawings, nozzles 42 and 44 have oppostfe melmations relative to the plane of a
nozzle plate 45 and relative to a prit mednun 48, Figures 4a and 4b also illusirate ink drops
52, 34 which are just about to leave the nozzles 42, 44 at thew openings at the pozzle plate 46,
and additionally illusirate the flight paths and ejection speeds VD and VS of a nwein droplet
{arrow VD)) and its salellite {arvow VS) for the theorefical case of a sfatic print head 40.
Ejection speed of the pisin droplet is higher than of the satellte, as iHustrated by the length of

the arrows. Because the print head 40 13 scanming across the print mediom 48, m the case of
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Fig. 4a fom left to riglt, and in the case of Fig. 4b froum right to left, depending on the
scarpung spead of the print head and the ejection divections and ejection speeds of the mamn
droplet 56 and tis satellste 58, different patents may be generated on the prnt medinm 4. In
one scenario, the mam droplet 56 and ity satellite 38 ejected from the first nozzle 47 will be
deposited on the print medium 48 at the same or at almost the same position, whersas the
main droplet 36 and its satellite 538 ejected from the second vozzle 44 will be deposited spaced
from each other, when scammng in a first dwection, e.g. from left o right. as shown m Fig. 4a;
m another scenario, the mam droplet 36 and s satellite 3R ejected from the second nozzle 44
will be depostted on the print mediam 48 at the same or at almost the same postiion, whereas
the mam droplet 56 and ifs satellite 58 ejected from the fust nozzle 42 will be deposiied
spaced from each other, when scannmyg i a second direction, e.g. from night to left, as shown

m Fig. 4b.

{0012] Other print heads may have other types of nozzle geometry vanations, such as nozzles
mchned mn the opposite directions to those shown i figures 4a and 4b, or nozzle size andfor

shape variations.

{0013} In some printer configurations, redundancy is provided by allowing two nozzles to
print the smue pixel This can be achieved by enabling all nozzles wihile scanning in both

directions, te. from left to right and from right to left. This explamed with reference to Fig

LA

a.

{0014} In Fig. 3a, black dots represent a main droplet 150, 151 and sts satellite 152, 153
generated by an odd-munbered nozzle, and white diots represent a main droplet 154, 155 and
its satellite 1565, 157 generated by an even-numbered nozzle, wherem the scannmyg direction 18
represented by arrows 160, 162, The left-hand cohumn illustrates the droplet/satellite paurs
generated when scammung i the fust divection 160, e.g. from left to right, and the nght-hand
cohunn iHustrates the droplet/satelliie pairs generated when scammung i the second
directionl62, e.g. from night fo left. If all nozzles are enabled m either scamung direction,
50%s of the nozzles will eject ink droplets including sprav where a satellite of a mam droplet is
depostted on the pruyt mediunt at a substantial offset from the position of the mam droplet.
Satelliies degrade prmting quality. If satelbifes should be avoided alfogether, it could be
considered to apply a masking scheme where only odd-nunibered nozzles are enabled in the

first scanming direction 160, eg. from left to right, and only even-numbered nozzles are
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enabled when scanmng i the second direction 162, e.p. fronn right to left, as illustrated by the
arrows in Fig. 5a. As a conseguence, m 3 striet odd/even masking steategy, enly 38 of all
norzies would be used for printing in one direction. Whereas this would reduce wndeswed
atifacts generated by spiay, it would reduce the total amount of nk ejected to 5% and also

may reduce the prugting speed and color gaomt,

{0015} In an example, the prigting appamatus and method apply a maskimg scheme which
allows ejecting a print agent from the first number of the first group of nozrles when scanning
the print bead in the first dwection and front the first number of the second group of nozzles
when scannmg the print head in the second direction, and which additionally allows ejecting
the print agent from a second nnmber of the fust group of nozzles when scammng the print
head m the second duection andfor from a second muunber of the second group of nozzies
when scanninig the print head in the first divection. The first pumber may mnclude all of the
nozzles of the first gronp and the second group of nozzles, respectively. The second munber
may melude at least one nozzle and less than the first number of nozzles of the respective
group of nozzles. For ease of reference, m the following description, the second mumber of

nozzles also s referred to as a “subset™.

[0016] In an sxanylde, whereas the fust group of norzley may produce satellites, these
satellites will be deposited on the pring mmedium at the same o almost the same position as
their nyam droplets when scarmung w the first direchion. Samilarly, whereas the second group
of nozzles also nwy produce satellttes, these satellites will be deposited on the pont medium
at the same or ahwost the same position ax their roain droplet when scamning i the second
direction. On the other hand, the satelites produced by the first group of nozzles may he
depossted on the print mediun at a noticeable offset o the mam droplel when scanning m
the sscond direction; and the satelltes produced by the sscond group of nozzles may be
deposited o the print medium at a noticeable offset from their maim droplet when scamning in

the first divection.

{0017} An example of a masking scheme is lustrated with referenice to Fig. 5. Fig. b
illustrates, on the lefi-hand side, an exanmple of printing artifacts generated by a nozzle wray,
mchiding odd-munbered nozzles and even-numbered nozzles, when scannmg m one divechion
{from left to right in this example); and on the right-hand side, an example of printing artifacts

generated by the same nozrle amray when scanning m the opposste direction. A puinting
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“artifact”, 1 this example, comprises a atn droplat 150, 1531, 134, or 155 and is satellite
F32, 153, 156, or 157 ejected from @ nozzle, wheremt the satellite may be deposited at the
same or approxunaiely same position as s mam droplet of i may be deposited offset

therefrom, depending on the orieniation of the novzle and the scanning dwection.

[(301&] In the exarople illusirated i Fig, 5b, edd-numbered nozzles represent nozzles of a fisst
group and even-munbered nozzles represent nozzles of a second growp, the fwo groups having
different nozzle geometries, such as opposite nozzle mchnations, as illustrated m Fig. 4a and
4b. In the exanple of the nwsking scheme illustrated in Fig. 5b, when scennmng m a fust
cirection, e.g. from lefl to night, all nozzles of the fust gronp, e.g. all odd-numbered nozzles,
are enabled; and when scannmg m a second oppostte direction, all nozzles of the second
group, e.g. all even-numbered nozzles, are enabled. This iz dhistrated by the sohid arrows 160,
162, Additionally, a subset of the even-pumbered nozzles 1s enabled when scapning mn the
first direction and a subset of the odd-munbered nozzles 13 enabled when scamung in the
second {opposife} directionn. This 1s ilustrated by the dashed arrows 164, 166. The subset
inchudes at least one nozzle and less than all nozzles of the respective group. In the schematic
example of Fig. 5b, the subset includex 1{% of the nozzles of the respective group; more
specifically, one out of five nozzles, without any lumnitation thereto. In other examples, the
subset may mclude from 3% to 5% of the nozzles of the respective group, e.g. 3%, 1{%%,

2{%, 30%, 40%, or 50%, or any value there between,

{0019] Enabling a snbset of the nozzles of the group of nozzles which, m a particular
scaruyng doection, generate satellites bavinp an offzet from thewr mmn droplet {in the
following, for ease of reference, thexe nozzles sometimes are referred fo as “unfavorable”
nozzles), can provide a8 good compromuse between a reduction of spray and the deposition of
a sufficient amount of ik t: obtain a good image quality. By enabling less than all
“ugnfavorable™ nozzles m a particular scanming direction, the amwount of spray can be
confrolled and i1s reduced when compared to a maskig scheme which enables all nozzles n
both scanning divections. By enabling somie of the “unfavorable™ nozzles in a particular
seamrung direction, the overall amount of ink deposited can be mcreased, resulting i an

mproved codor gamnt.

{0026} In one example, a balance between the reduction of sprav and obtammng bigh color

gannit, i a high-pass quality print miode, such as a 10 pass mode or higher, applying a



WO 2018/080467 PCT/US2016/058779

[ss]

maxipany ik firsng frequency of about 9 kHz, 13 obtained by u masking schepe where 80%
of the nozzles of a particular group are used for printing i only one direction e g, uving odd-
numbered nozeles m the hrst drection and even-nunberad norzles nud the second divection,
and 10% of the nozzles of each group are used for printing m both dwections. In tolal, 2080 of
all nozzles are wsed for printing in the “unfavorable™ direction. In this exarnple, the print
mode is coutrolled so that enabling ouly nozzles of a particulsr group it one scatuung
direction would allow depostiing 3.2 drops per pixel. Accordingly, enabling an exira 20% of
the nozzles for printing mn the “nofavorable™ scanning dwection allows firmg 0.8 additional
drops per pixel so that a total of 4 drops per pixel can be deposited i one scan, without an
merease of finng frequency or the number of passes per pixel Depositing fowr drops per pixel
allows depositing one drop of each color from a four color print head, mchlading a black mk
drop, & magents ink drop, a cvan mk drop and a yellow ink drop. Whereas “unfavorable™
nozzies generate a cerfain amouyt of spray, this can be taken mto accowt i view of the

mproved color gamut,

{0021} One exanple of a pruyt mask for a 12 pass print mode s further illustrated below.
Table T shows each pass and the percentage of odd-pumbered nozzles and even-numbered

nozzles which are fired in the respective pass:

Pass i 2 3 &4 5 & Fi & g 10 ii 12
Odd 100% | 1% 1008 | 0% 100% | 1% 31008 | 1% 100% | 1t 100% | 1%
nozzies

Evern 10% 100% | 10% I00% | 10% 100% | 10% 300% | 0% 100% | 10% 100%
nozzies

Table I

{022} This means that

1009 of the odd-munbered nozzles will fire in forward passes {passes 1,3, 5, 7,9, 11},
considered as Nozzle group A

10 %o of even-munbered nozzles will fire m forward passes (passes 1, 3,5, 7.9, 113},
considered as Nozzle group B;

100%s of the even-munbered nozzles will fire m reverse passes (passes 2, 4, 6, 8, 164, 12),
considered as Nozzle group € and

10% of the odd-numbered nozzles will fire in reverse passes {passes 2, 4, 6, §, 10, 12},

considered as Nozzle group D.
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{00231 Accordingly. in s exapple of 7 12 pass print mode, pozzle groups A and C fire in
their deswred diection and they can five overall of 3.2 drops per pixel (for 8 given camags
speed and mask size, and for a given fining frequency not exceeding a Hinmng frequency himit
of 9KHz). The nozzles gronps B and D (that also fire m their not deswed dwection, or also fire
in the “unfivorable™ duection) will give an exira capacity to fire mwore drops per pixel. For
example, 20% of nozzles of a whole print bead having 5120 nozzles will allow for 1024 exira
nozzles to fwe. In this example, the nozzles are selected for fmng to oblam equal or
approximately equal usage of the nozzles of the first group of nozzles and the second group

of nozzles

{0024] The prmt miask does not have to follow the same patiermn m each pass but patferns can
be varied. For example, nozzle groups B and D can be used according v @ ramp shape fo be
used more 1o the middle passes and less i the first and last passes of a multi-pass print mode,
e.g. a 12 pass prnt mode. This can be considered as progressive masking and helps smooth

{earning mmage quality. An example of a weighted mask 1s shown n1 fable I below:

Pass i 2 3 4 5 6 7 & 9 10 i1 i2
Odd 100% | 10% 1003 | 20%% 1008 | 309 1002 | 309% 1008 | 20% 6 | 109
nozzies
Even 1% 100% | 20% 108020 | 30% 100%: | 30% 1009 | 20% 1600% | 10% 100%
nozrzies

Table NI

{0025] In this example, the number of nozzles which are used in the “unfavorable™ scanning
direction varies between 10% and 30% and 1s hngher m the nuddle passes then mn the first and
last passes mx a 12 pass pruat mode. In average, 2% of the “unfavorable™ nozrles in each

group of ndd-munbered nozzies and even-munbered nozzies ave used.

{(026] In an example, where an mage was printed according to the above masking scheme,
shown in table I, the color gaumst achieved by ap mmk volume of 3.2 drops per pixel was
comipared to the color ganmf achieved by an ik volune of 4.0 drops per pmxel This
comiparison 13 shown m Fig. 6. Fig. 6 illustiates the color gammut difference between sirict
odd/even masking strategy and a masking strategy whuch allows for using a certain percentage
of nozzles m the “unfavorable™ scanning duoection. Fig. 6 shows from top to bottom, and a-b
chiagram, an L-a diagram, and an L-b diagram. In the diagrams of Fig. 6, the color ganmt

achieved by 3.2 drops per pixel (strict odd/even masking ey} 15 shown i gray hnes and the
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color ganwt achigved by 4.0 drops per pixel (modified masking strategy} is shown in black
lines. The comparizon shows that 3.2 drops per pixel aclueve 79%% of the color ganwt of 4.6
drops per pixel. Further, the pantone coverage of 3.2 drops per pixel & 67% whereas the

pantone coverage of 4.0 drops per pixel 1s 73%.

[0027] In examples of this masking schewme, the fust subset may conyrise different ones of
the fust group of nozzies m different scans of the print head in the second direction, and the
second subset may comprise different ones of the second group of nozzles m different scans
of the print head m the first dwection. The nozzles of the first subset and the nozzles of the
second snbset may be selected m respective scans of the print head m the second direction and
m the first direction o obtam equal or approximaiely equal usage of the nozzles of the first
group of nozzles and the second group of nozzles. For example, the nozzies of the first subset
and the nozzles of the second subset can be selected 1 a randomized msnner from the first
group of nozzles and the second group of nozzles mn respective scans of the print head in the

second divection and in the fivst direcfion.

{0028} Fig. 7 shows a flow diagram of a method of controlling a printer according to an
example; and Fig. 8 shows a flow diagram of a method of generating a prot mask according

o an exanple.

{0029] Fig. 7 illustraies an example of a method of controlling a printer, the printer having a
prinf head including an array of nozzles, the array comprising a first group of nozzles and a
second group of nozzles which are arranged along the length of the array of nozzles, wherein
nozzles of the first group and nozzles of the second group geserate mik drop and spray of
chtferent geometries. The method comprises controlling 72 the print head to scan across a
print medium m a first direction and allowing 74 a print agent to be ejected fron any one of
the first group of nozzles and from a subset of the second group of nozzles when seamung the
prinf head m1 the furst direction. The method further comprises controlling 76 the print head fo
scan across the print medium 1 a second direction, the second direction bemng opposite to the
first direction, and allowing 78 the prnt agent to be ejected from any one of the second group
of nozzles and from a subset of the first group of nozzles when scamung the print bead mn the
secord dwection. Each subset may melude at least one nozzle and less than all nozzles of the

respective group of nozzies.
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{0030 Fig. 8 iHlustrates wr exanple of peverating a print roask for mevrementsl printing of an
mage, the printing using mnage-forming elemients in an array, the tmage-forming elements
mchiding odd-munbered elements and even-mumbered elements m the array. The method
comprises generating 82 a first print mask to be nsed for printing w @ first duwection, the it
print mask enabling all odd-ranubered image-fornung elements and a subset of the even-
munbered image-frnung elements, and generating 84 a second print wwask to be used for
prifing 1 a second divection, oppostie to the st direchion, the second print mask enabling
all even-numbered image-formmg elements and a subset of the odd-numbered image-forming
elements. Each subset may mclude at least one unage-forpung element and less thaa all odd-

munbered or everr-numbered image-forming elements.

{331} The masking scheme provides a good conpromise between printing quality, printing
speed and color gamut. In one example, the masking scheme can be based on an even/odd
maskmg strategy, where all odd-mumbered nozzles are enabled in a first direction and all
even-munbered nozzles are enabled m a second direchion. To mmprove color qualty,
addittonally, a subset of the even-nozzles can be enabled in the first direction and a subset of
the odd-numbered nozzles can be enabled in the second duwection. The subset can be selected
m such a way that artifacts caused by spray are still acceptable and color gamwt s mproved
when compared to a strict odd/even masking strategy. For exanple, m each scan, 20% of the
“unfavorable™ nozzles can be enabled. The “unfavorable” nozzles can be selected randomly or

m such a way to oblain equal or almost equal usage of the nozzles across multiple scans.
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Clanns

A prutting apparalus crynpisig:
a priut bead fo print an image by scaruung the print head across a prit medimn
11 a first divection and m a second direchion, the second divection bemg opposite fo the
first direction, the print head including an aivay of nozzles, the array comprising a first
group of nozzles and a second group of nozzles arranged along the length of the amay
of noezles; and
a controller {o:
eject print agerd fromn a first pumber of nozzles of the first group of
nozzles when scaaning the print head m the fust dwection and from a first
number of nozzies of the second group of nozzles when scarming the print head
11 the second direction; and
gject print agent from a secomd munber of nozzles of the Hirst group of
nozzles when scanmng the print bead m the second direction , wherein the
second munber of nozzles is greater than one and less than the Hrst munber of

nozzles of the first group of nozzles.

2. The prtting apparatus of clamn 1, wheremn the controller 18 Ruther fo eject print agent

from a second mumber of nozzles of the second group of nozzles when scannmg the
primt head o the first direction , wheremn the second npunmiber of nozzles is greater than

one and less than the first pumber of nozzles of the second group of nozzies

The prnting apparatus of claim 1, wheremn the nozzles of the fust group and nozzles

of the second group have different geometries,

The primting apparatos of elann 3, wherem

the first group of nozzles is a group of odd-vuntbered vozzles and the second group of
nozzles is a group of even-pumbered nozzles on a print bead to die; or

the first group of nozzles 15 a group of left side nozzies and the second group of

nozzies is & group of right side nozzles on a privt bead to die.
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The prugting apparstus of elamn I, wherein each second number of nozzles inclades
batweant 5% and 4% of the nozzlex of the respective group of nozzles or 10% or

about 10% of the nozzles of the respective group of nozzles,

The printing apparatus of clamm 1, whersin the first group of nozzles 1s a group of odd-
numbered nogzles and the second group of nozzles 18 a group of evern-numbered
nozrzles ona pant head fo die; and

the even-numbered nozzles and the odd-mumbered nozzles are arranged m an
alternating manner i a single nozzle colwnn or in two parallel nozzle columns where
the even-mumbered nozzles and the odd-munbered nozzles are offset in the length

direction of the colunuis.

The printing apparatus of clamm 1, wherein the print bead comprises a nozzle plate and
the first group of nozzles and the second group of nozzles are arranged along the
nozzle plate wherem the nozzles of the first group and the nozzles of the second group

are inclined m oppostte dections relative to the plane of the nozzle plate.

A method of controlling a printer, the printer having a print head inclading an array of
nozzles, the arrav comprising a fust group of nozzles and and a second group of
nozzles arranged along the length of the array of norzies | wherein nozzles of the first
group and nozzles of the second group generate mk droplets of different geometnies,
the method comprismg:

controlling the pruyt bead fo scan across a prugt medium in a fust divecion and 1 a
second divection, the second direction bemg opposite to the fust direction, and
allowing a prt agent o be ejected from a first number of nozzles of the first group of
nozzles when scanmng the pruyt head m the fust direction and from a first pumber of
nozzles of the second group of nozzles when scamung the print bead i the second
direction, aud

addrtionally allowmg the print agent to be ejected from a second nunber of nozzles of
the first group of nozzles when scanning the prinf head wn the second dirsction |
wherein the second muuber of nozzles ix greater than ong and less than the fust

mmunber of nozzles of the first group of novzles.
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The 1osthod of claitp &, conyprining:

allowug the print agent o be ejected froun the second ranvber of nozzles of the first
group of nozzies when scanming the prnt head 1 the second divection and from a
second nummber of nozzles of the second group of nozzles when scannmg the print

head u the fivst divection,

The method of claim 8, wherein each second munber of norzles ineludes between %%

and 40% of the nozzles of the respective group of nozzles.

The method of clann 8, wherein each second munber of nozeles ncludes 1% or about

1095 of the nozzles of the respective group of nozzles.

. The method of claun 8, wheremn the second sumiber of nozzles of the fust group

comprises different ones of the first group of norzles m different scans of the print
head m the second direction. and the sick nmmber of nozzles of the second group
comprises different ones of the second group of nozzles m different scans of the print

head m the first dwrection.

. The method of clatm 12, whersin the nozzles of the second number of nozzles of the

respective groups are selected in respective scans of the print head in the second
direction and m the first divection fo oblain equal or approxunately equal usage of the

norzies of the birst gronp of nozzles and the second group of nozzles,

The method of claira 13, wherein the nozzles of sevond number of nozzles of the
respective groups are selecied m a randonuzed manmer from the fiest group of nozzles
and the second group of pozzles wy respective scans of the print head in the second

dirsction and 1o the first dection:

- A'method of generating a print mask for meremental printing of an image, the prnting

using image-forming sléements 1n au atray, the mage-forming elements including odd-
aumbered clements and even-munbered eleroents in the array; the wmethod contprising:
generating a fist prnt mask to be used for prting m 2 fust dyechion, the first prnt
mask snabling the first sumber of the ovdd-nmuvbered mape-formusg elsvents and a

secoud pumber of the even-muubered image-formung elements, and
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guuerating 8 second print nask to be used for pruvting i 3 second dirgetion, opposite
o the first dirgetion, the second print miask enabling the first puntber of the even-
nmnbered nnage-forming elements and & second mumber of the odd-munbered nmage-
formmg elements,

wherein each second nuntber of tmage-fornng elements 1s greater than ope and less

than the fiest snuber of image-formung elements.
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Controlling print head .
to scan in a first direction e
Enabling first group of nozzles and )
subset of second group of nozzles 4
Controlling print head
to scan in a second direction 76
Enabling second group of nozzles and |
subset of the first group of nozzles 78
FIG.7
Generating first print mask
for printing in a first direction; 82
A Generating a second print mask .
for printing in a second direction ~84

FIG.8
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