r - 1« EJECTI ON CONTROL DEVI CE, LI QUI D EJECTING DEVICE, LIQUI D EJECTING
METHOD, AND RECORDI NG MEDI UM AND PROGRAM USED THEREW TH BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present invention relates to a
liquid ejecting device for delivering liquid droplets onto an object by
ejecting the droplets, and an ejection control device for controlling the
ejection. In addition, the present invention relates to a liquid ejecting
met hod and program for realizing the liquid ejecting technology, and to a
recording mediumw th the programreearded thereon. 2. Description of the
Rel ated Art One nethod of representing the grayscale of a printed inmage is
a pul se nunber nDduIation nmethod. In this nethod, the m ninmum
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droplets delivered to a "pixel regp@rzefPfkesponding to one pixel. Fig. 1A

shows an exanple of an ejection pattern corresponding to a pixel
grayscale. The ejection pattern is

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a liquid ejecting
device for delivering liquid droplets onto an object by
ejecting the droplets, and an ejection control device for
controlling the ejection. 1In addition, the present
invention relates to a liquid ejecting method and program
for realizing the ligquid ejecting technology, and to a
recording medium with the program recorded thereon.
2. Description of the Related Art

One methed of representing the grayscale of a printed
image is a pulse number modulation method. In this method,
the minimum image-constitutional unit, "pixel", is drawn as
a set of small-diameter droplets. The number of droplets
determines an apparent pixel diameter forming a pixel. A
difference in pixel diameter is recognized as a difference
in pixel grayséale. The number of droplets is the number of
droplets delivered to a "pixel region" corresponding to one
pixel.

Fig. 1A shows an example of an ejection pattern

corresponding toc a pixel grayscale. The ejection pattern is
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- 2rformed by a string of ejection data itens, each indicating whether
there is ejection of a droplet. The nuneral "1" represents ejection of a
droplet, and the nuneral "0" represents no ejection of a droplet. In this
exanple of the ejection pattern, one pixel is formed by a maxi mum of ei ght
dropl ets. Each nuneral in Fig. | A corresponds to the m ninmum unit
(ejection period) of ejection timng. The ejection pattern is stored in a
buffer nenory so as to be associated with a pixel region in which a pixel
isto be drawn, and is transferred-t@ & correspondi ng nozzle (ejecting
outlet). At this tinme, the ejection data itens are sequentially read from
bit 0 of the buffer nenory. Ejection of droplets is controlled based on

the ej ect] p@% ]J;E]udlp ﬁe = SO el iy gSingB and 1C

Liquid ejec Th ] et prlnter 'head ~ di sclosed 1n

Japanese, Jk@ﬁ@ﬂ@ M@rg dopldieati on aRybldcatinn. Nancl003-226017. In

this hea urality of “nozzles are arranged in a line. The nozzles are

used to , f@% ﬁ@@%&’t%ﬁ%j@l%%&pmwr{wm dneaqualvgo the nunber
of nozzles Is type of head is called a "line head". In this case,

ej ecti onyPatd £LMSs aso desedt hedl @by edr@iest ored ihi duffaiplensd itess whose
nunber is equal to the nunber of pixels to be drawn.
ejection patterxn, one pixel is formed by a maximum of eight
droplets. FEach numeral in Fig. 1A corresponds to the
minimum unit (ejection period) of ejection timing.

The ejection pattern is stored in a buffer memory so as
to be associated with a pixel region in which a pixel is to
be drawn, and is transferred to a corresponding nozzle
(ejecting outlet}. At this time, the ejection data items

" are sequentially read from bit 0 of the buffer memory. |
Ejection of droplets is controlled based on the ejection
pattern. This process of control is shown in Figs. 1B and
1C.

Liquid ejecting heads include the inkjet printer head
disclosed in Japanese Unexamined Patent Application
Publication No. 2003-226017. 1In this head, a plurality of
nozzles are arranged in a line. The nozzles are used to
simultaneously draw pixels, whose number is equal to the
number of nozzles. This type of head is called a "line
head". In this case, ejection patterns as described above

are stored in buffer memories, whose number is egual to the

number cof pixels to be drawn.



T -r3 SUMWARY OF THE I NVENTION In view of the above circunstances, it is an
object of the present invention to solve the above problens. According to
an aspect of the present invention, an ejection control device is provided
whi ch includes an ejection-pattern storage unit, and a read-address
shifting unit in which, in a case where ejection patterns corresponding
to grayscale data itens, each data item representing a grayscale by using
t he nunber of droplets to be delivered to each of pixel regions, are
witten in the ejection-pattern sterage unit so as to be associated with

t he pi xel regions, when deflection of droplets ejected from ejecting
outlets corresponding to the pixel regions is controlled so that different

sets of s..ar i to the pixel regions within a draw ng

per i od f%iﬁ%@m%% @*Edﬁil\*x‘?ﬁ“ﬁ% read-address shifting unit shifts each of
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droplet ejecting period 1n responsé to the ef'l ecting direction of each of
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parallel, en e directions of the droplet EjECFed fromall the
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read- address shifting unit
ejection control device is provided which includes an
ejection-pattern storage unit, and a read-address shifting
unit in which, in a case where ejection patterns
corresponding to grayscale data items, each data item
representing a.grayscale by using the number of droplets to
be delivered to each of pixel regions, are written in the
ejection-pattern storage unit so as to be associated with
the pixel regions, when deflection of droplets ejected from
ejecting outlets corresponding to the pixel regiocns is
controlled so that different sets of droplets are delivered
to the pixel regions within a drawing period for drawing a
pixel, the read-address shifting unit shifts'each of read
addresses to be supplied to the ejection-pattern storage
unit in a droplet ejecting period in response to the
deflecting direction of each of the ejecting ocutlets.
Prefeﬁably, the ejecting ocutlets are arranged in
parallel, and when the directions of the droplets ejected
from all the ejecting outleis are simultaneously switched to
be unidirectional, the read-address shifting unit

simultaneously shifts the read addresses in a single

directiocn.



» sinmul taneously shifts the read addresses in a single direction. - 4 The
ejecting outlets may be arranged in parallel, and when the directions of
the droplets ejected fromthe ejecting outlets are separately sw tched,
the read-address shifting unit nay separately shift the read addresses in
units of the ejecting outlets. Wien the ejection-pattern storage unit is
constituted by a plurality of storage areas, each storage area
corresponding to one set of ejecting outlets, in an abutting portion of
one storage area which abuts on an abutting portion of an adjacent storage
area in the deflecting direction, at |east an ejection pattern may be
expansi vely stored, the ejection pattern being identical to an ejection

pattern stored in the abutti ortion of the adjacent Qr.age _ar ea.
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units of the ejecting outlets.

When the ejection-pattern storage unit is constituted
by a plurality of storage areas, each storage area
corresponding to one set of ejecting outlets, in an abutting
portion of one storage area which abuts on an abutting
portion of an adjacent storage area in the deflecting
direction, at least an ejection pattern may be expansively
stored, the ejection pattern being identical to an ejection
pattern stored in the abutting portion of the adjacent
storage area.

According to another aspect of the present invention, a
droplet ejecting device is provided which includes a head
unit having a plurality of ejecting outlets arranged in
parallel, an ejection deflecting unit for controlling
deflection of droplefs ejected from the ejecting outlets of
the head unit so that different sets of droplets are
delivered to a plurality of pixel regions within a drawing
period for drawing a pixel, an ejecfion—pattern storage unit,
and a read-address shifting unit in which, when ejection

patterns corresponding to grayscale data items, each data

item representing a grayscale by using the number of



» and-a read-address shifting unit in which, when ejection patterns
corresponding to grayscale data itens, each data itemrepresenting a
grayscal e by using the nunber of droplets to be delivered to each of pixel
regions, are witten in the ejection-pattern storage unit so as to be
associated wth the pixel regions, the read-address shifting unit shifts
each of read addresses to be supplied to the ejection-pattern storage unit
in a droplet ejecting period in response to the deflecting direction of
each of the ejecting outlets. Accordisng to anot her aspect of the present
invention, an ejection control nethod is provided which includes the
steps of, in a case where ejection patterns corresponding to grayscale
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the shifted read ‘addresses

in response to the deflecting direction of each of the

ejecting outlets.

According to another aspect of the present invention,
an ejection control method is provided which includes the
steps of, in a case where ejection patterns corresponding to
grayscale data items, each data item representing a
grayscale by using the number of droplets to be delivered to
each of pixel regions, are written in an ejection-pattern
storage unit so as to be associated with the pixel regions,
when deflection of droplets ejected from ejecting outlets
corresponding to the pizel regions is controlled so that
different sets of droplets are delivered to the pixel
regions within a drawing period for drawing a pixel,
shifting each of read addresses to be supplied to the
ejection-pattern storage unit in a droplet ejecting period
in response to the deflecting direction of each of the
ejecting outlets, and supplying the shifted read addresses
to the ejection-pattern storage unit and reading a
corresponding ejection pattern.

According to another aspect of the present invention, a



to the ejection-pattern storage unit and reading a correspondi ng ejection
pattern. According to another aspect of the present invention, a 6
conput er -r eadabl e recordi ng nmedi um having a programrecorded thereon is
provi ded. The program all ows a conputer to execute the steps of, in a case
where ejection patterns corresponding to grayscale data itens, each data
item representing a grayscale by using the nunber of droplets to be
delivered to each of pixel regions, are witten in an ejection-pattern
storage unit so as to be associ ated wigh the pixel regions, when

defl ection of droplets ejected from ejecting outlets corresponding to the
pi xel regions is controlled so that different sets of droplets are
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to grayseghfdat@ihd ey rLasdh datig, ii€Mg the number of droplets to
be delivered tc each of pixel regions, are written in an
ejection-pattern storage unit so as to be associated with
the pixel regions, when deflection of droplets ejected from
ejecting outlets corresponding to the pixel regions is
controlled so tﬁat different sets of droplets are delivered
tc a plurality of pixel regions within a drawing period for
drawing a pixel, shifting each of read addresses to be
supplied to the ejection-pattern storage unit in a droplet
ejecting period in response to the deflecting direction of
each of the ejecting outlets, and supplying the shifted read
addresses to the ejection-pattern storage unit and reading a
corresponding ejection pattern.

According to another aspect of the present invention, a
program is provided which allows a computer to execute the
functions of, in a case where ejection patterns
corresponding to grayscale data items, each data item
representing a grayscale by using the number of droplets to
be delivered to each of pixel regions, are written in an
ejection-pattern storage unit so as to be associated with

the pixel regions, when deflection of droplets ejected from



representing a grayscale by using the nunber of droplets to be delivered
to each of pixel regions, are witten in an ejection-pattern storage unit
so as to be associated with the pixel regions, when deflection of droplets
ejected fromejecting outlets corresponding to the pixel regions is
controlled so that different sets of droplets are delivered to the pixe
regions wwthin a drawi ng period for drawing a pixel, shifting each of read
addresses to be supplied to the ejection-pattern storage unit in a droplet
ejecting period in response to the-déftecting direction of each of the
ejecting outlets, and supplying the shifted read addresses to the
ejection-pattern storage unit and reading a corresponding ejection

pat ter . BRUEE DESCRLBTI O, CE THE JDRAW NG Ei 83, 1A, 4B, and I C are

schemat i u tratlons ionshi'p ween an ejection pattern
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in response to the deflecting direction of each of the

ejecting outlets, and supplying the shifted read addresses

to the ejection-pattern storage unit and reading a

corresponding ejection pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B, and 1C are schematic illustrations of the
relationship between an ejection pattern corresponding to a
pixel grayscale and a pattern drawn by droplets from a
nozzle corresponding to the ejection pattern;

Fig. 2 is a schematic illustration of a positional
relationship between a nozzle and a pixel region in the case
of performing no deflective ejection;

Fig. 3 is a schematic illustration of a positional
relationship between nozzles and & pixel region in the case
of performing deflective ejection {two directions);

Fig. 4 i1s a schematic illustration of loci of droplets
ejected from a nozzle in the case of performing deflective
ejection based on an ejection pattern written without

considering deflective ejection;



+ ejected froma nozzle in the case of perform ng deflective ejection based
on an ejection pattern witten without considering deflective ejection;
Fig. 5is a schematic illustration of rearrangenent of an ejection pattern
considering deflective ejection; Fig. 6 is a block diagram show ng
functional blocks according to the present invention; Fig. 7 is a
schematic illustration of a conceptual configuration according to the
present invention; Fig. 8 is a block diagram showi ng an exanple of a
signal processing unit; Fig. 9 is am i8 l-ustration of a witing state of
ejection patterns; Fig. 10 is a bl ock diagram show ng an exanple of a

read- address shifting unit; Fig. 11 is a schematic illustration of
deflecting gipect qns ;andramoynts 19f defleqliop raseurtd nll he bead-
addr ess shifEFﬁS Enit shown ?% Fig} 18; Eﬁg. 12 is an ilpgs?}atign of a

rel ati onghi g hat Ween, At e 8l 3l Sdatderde Assme to e dafl ective-ej ect ed

as showmn in Fig. 1%? and an ejection pattern for use in witing;, Fig. 13

is a schematigg .| lgusty at i ckhemialg et RébwiexaFRhet iehadebheelkisng
directions and anmounts of deflection; Fig. 14 is an illustration of a

rel ati onsdddrdatyean gasheieatt ompatdenn assumed to be deflective-ejected
= Fig. 7 is a schematic illustration of a conceptual
configuration according to the present invention;

Fig. 8 is a block diagram showing an example of a
signal processing unit;

Fig. 9 is an illustration of a writing state of
ejection patterns;

Fig. 10 is a block diagram showing an example of a
read-address shifting unit; |

Fig. 11 is a schematic illustration of deflecting
directions and amounts of deflection assumed in the read-
address shifting unit shown in Fig. 10;

Fig. 12 is an illustration of a relaticnship between an
ejection pattern assumed to be deflective-ejected as shown
in Fig. 11, and an ejection pattern for use in writing;

Fig. 13 1is a schematic illustration showing other
examples of deflecting directions and amounts of deflection:;

Fig. 14 is an illustration of a reiationship between
each ejection pattern assumed to be deflective-ejected as
shown in Fig. 13, and an ejection pattern for use in
writing;

Fig. 15 is a blcock diagram showing another example of



shown in Fig. 13, and an ejection pattern for use in witing; Fig. 15is a
bl ock di agram showi ng anot her exanple of 9 the read-address shifting unit;
Figs. 16A, 16B, 16C, and 16D are illustrations of read- address shifting
rel ati onship, and dot arrangenents, which are obtained by draw ng, where
Fig. 16A shows a menory configuration, Fig. 16B shows deflecting
directions, Fig. 16C shows read addresses, and Fig. 16D shows print-dot
arrangenents; Fig. 17 is a block diagramshowing a circuit configuration
in the case of using no read-address $hi-fting wunit; Fig. 18 is a block

di agram showing a tiling head; Fig. 19 is an illustration of a possible
problem occurring in atiling head; and Fig. 20 is an illustration of an

exanpl e of a buffer. nemory. use en .a read-address shifting unit is
appl i ed tt(}b? H39189Y Siead 1&%@% \gﬁ %N OF THE PREFERRED EMBODI MENTS The
2003 226017 480 FTSOT RN WACE 30 on of 5] S0t oq F ot e nosel Sors
deli Vereéjdchpeé)g'l%i%n&if@afi%sq{hp,asaﬁ% iy FHrjerdnts, which
are obtained by drawing, where Fig. 16A shows a memory
configuration, Fig. 16B shows deflecting directions, Fig.
16C shows read addresses, and Fig. 16D shows print-dot
arrangements;
Fig. 17 is a block diagram showing a circuit
configuration in the case of using no read-address shifting
unit;
Fig. 18 is a block diagram showing a tiling head;
Fig. 19 is an illustration of a possible problem
occurring in a tiling head; and
Fig. 20 is an illustration of an example of a buffer

memory used when a read-address shifting unit is applied to

a tiling head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The above technique of Japanese Unexamined Patent
Application Publication No. 2003-226017 has no problem when
a droplet ejected from a nozzle is delivered to only one
pixel region, as shown in Fig. 2.

However, the above technique cannot be directly applied
to a lateral direction {(LD) ejection technology proposed by

the present Assignee.



However, the above techni que cannot be directly applied to a |ateral
direction (LD) ejection technol ogy proposed by the present Assignee. - 10
In the LD ejection technol ogy, ejection of an ejected droplet is
electrically controlled to deflect. Fig. 3 shows that, by using a head
controlled to eject droplets in three directions, the droplets are
delivered to a pixel region in an overlapping manner. As shown in Fig. 3,
the grayscale of a pixel is represented by the nunber of droplets which
are separately ejected froma plurali@y of nozzles (two nozzles in this
exanple). In the exanple shown in Fig. 3, there are two horizontal
ejecting directions for droplet ejection. The ejection pattern stored in

the buff - : - e ej ecti '
e buffer g?ﬁo£§8liD %ﬁg8ﬁﬁgﬁege§%b§ésaggcgpéekl §9b@Nan! B58LPER Wor ds,

defl ection ej’ection rS unconsi ingly, by ditectly reading
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del i ver 0 a pi xel region re horizontally delivered as shown in Fig. 4.

Thi s means,. tgl.g}i A0 &f $ale deldianed e widesi edmesid iienshrke avoi d

i mage i rregul ty caused by droplets delivered at undesired positions, as
Fig. 5 shoustidies, &iRCtdrpidata dAenke Iuair&e tear pangad teefieretiand f or

deflection of ejection. For exanple, as shown in Fig. 5, the ejection data
items myst heredfgiangedrsed.hataLjgeded in Fig. 3, the grayscale of
a pixel is represented by the number of droplets which are
separately ejected from a plurality of nozzles (two nozzles
in this example). In the example shown in Fig. 3, there are
two horizoﬁtal ejecting directions for droplet ejection.

The ejection pattern stored in the buffer memory is
associated with each pixel region. In other words,
deflection of ejection is unconsidered. Accordingly, by
directly reading the ejection pattern for one nozzle,
droplets that must be originally delivered to a pixel region
are horizontally delivered as shown in Fig. 4. This means
that droplets are delivered to undesired positions.

To avoid image irregularity caused by droplets
delivered at undesired positions, as Fig. 5 shows, the
ejection data items must be rearranged beforehand for
deflection of ejection. For example, as shown in Fig. 5,
the ejection data items must be rearranged so that ejected
droplets can be delivered to the same pixel region. 1In Fig.
5, in a deflecting period in which ejection is deflected to

the left, the ejection data items are shifted by one column

to the right. The hatched portions in Fig. 5 form an



dropl ets can be delivered to the same pixel region. In Fig. 5, in a
deflecting period in which ejection is deflected to the left, the ejection
data itens are shifted by one colum to the right. The hatched portions in
Fig. 5 forman - 11 ejection pattern in which delivered positions of
ejected droplets correspond to the sane pixel region. Neverthel ess, such
rearrangenent of ejection data itens by considering a deflecting direction
bef orehand i ncreases the nunber of arithnmetic operations of a processor
that converts grayscale data into -anlkjection pattern. Regarding bus

wi dth for connecting the processor and the buffer nmenory, the doubling of
a bus width in a case having no deflection of ejection is required, that

5 o Iy FOR o SIS R L ol L febanel such o

ware and 1tn-arithnmetic operation |oad. The
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supplie an ‘ej ec pattern storage unit (€.9., a buffer nenory) are

shifted in aydoaplebigsect iien PeBLodnareasPorse eectin deitlbedtions
direction of each o e écting outlets.” Specifically, as Fig. 6 shows, read

addr esses, (0, he auppld of dor Aelegtd e qatdien s anagel unidredsare shif t ed
y a read-address shitting unit 2.” By using the read-address shifting unit
2, even 4fe number of arithmetic operations of a processor that
converts grayscale data into an ejection pattern. Regarding
bus width for connecting the processor and the buffer memory,
the doubling of a bus width in a case having no deflection
.of ejection is required, that is, eight bits. The
rearrangement of ejection data items is not such a
preferable solution both in hardware and in arithmetic
operation load.
The present invention employs a technique in which read
addresses to be supplied to an ejection-pattern storage unit
(e.g., a buffer memory) are shifted in a droplet ejecting
period in response to the deflecting direction of each of
ejecting outlets. Specifically, as Fig. 6 shows, read
addresses to be supplied to an ejection-pattern storage unit
1 are shifted by a read-address shifting unit 2.
By using the read-address shifting unit 2, even if
deflection of droplets ejected from ejecting outlets 3
corresponding to pixel regions is controlled so that
different sets of droplets are delivered to a plurality of
pixel regions within a drawing period for drawing a pixel,

an ejection pattern can be written in the ejection-pattern



- deflrection of droplets ejected fromejecting outlets 3 corresponding to
pi xel regions is controlled so that different sets of droplets are
delivered to a plurality of pixel regions within a drawi ng period for

drawing a pixel, an ejection pattern can be witten in the
ejection-pattern - 12 storage unit | identically to the case having no
deflective control. In other words, ejection patterns corresponding to

grayscale data itens, each data itemrepresenting a grayscale by using the
nunber of droplets to be delivered tolzeach of pixel regions, only need to
be witten in the ejection-pattern storage unit 1. The ejection patterns
go not needdto bﬁ wwitten in t he ejection pattern storage unit 1 so as to
e associated with.the I ress
shifti ngStL?r%Et 2 urt sr M neous y tt C%L rea rneofsrs&gesﬂ%q;ala%?ngl e
drrectro Iﬂ?ﬁgkthe di rections of the droplets ejected from all the.

ou

ej ecting s 3 are simultaneously switched to be wunidirectional. In
this case, ong readvaddress shktiiipg p\i"ﬂ*t%r%@aQbQ&eéFlonﬁhﬂgGJtQCt| ng outlets
3 to eject droplets to correct positions is preferable for the

read- addy £8ss Shid tdih Uidm?, ddrrsepalatialsn shigteddit iread addresses in
units of"the ejecting outlets 3 when the directions of the droplets
grayscale by using the number of droplets to be delivered to
each of pixel regions, only need to be written in the
ejection-pattern storage unit 1. The ejection patterns_do
not need to be written in the ejection-pattern storage unit
1 so as to be associated with the nozzles 3.

It is preferable for the read-address shifting unit 2
to simultaneously shift the read addresses in a single
direction when the directions of the droplets ejected from
all the ejecting outlets 3 are simultaneously switched to be
unidirectional. In this case, one read-address shifting
unit enables all the ejecting outlets 3 to eject droplets to
correct positions.

It is preferable for the read-address shifting unit 2
fo separately shift‘the read addresses in units of the
ejecting outlets 3 when the directions of the droplets
ejected from the ejecting outlets 3 are separately switched.
In this case, one read-address shifting unit only needs to
be provided for a set of ejecting outlets, which have the
same deflecting direction.

In addition, it is preferable that, when the ejection-

pattern storage unit 1 is constituted by a plurality of



» ejected fromthe ejecting outlets 3 are separately switched. 1In this case,
one read-address shifting unit only needs to be provided for a set of
ej ecting outlets, which have the sane deflecting direction. In addition,
it is preferable that, when the ejection- pattern storage unit | is
constituted by a plurality of - 13 storage areas, each storage area
corresponding to each set of ejecting outlets, in an abutting portion of
one storage area which abuts on an abutting portion of an adjacent storage
area in the deflecting direction, at l®ast an ejection pattern which is
identical to an ejection pattern stored in the portion of the adjacent
storage area be expansively stored. One exanple is shown in Fig. 7. Fig. 7

shomsmzisgﬁos%lrden afdich g %antsd.[eo%%eaar e Aefdpemhdithatcd Sadho s@ef | ection

(in oplets dre e] ect raight fromthe ejecting outlets 3) and

defl ectign 4@ g g it Hid,eGH Qfh idbuttdng/ porAlidiicE O stagsyd ng t hat
an ejectionpattern to be ‘transferred to n ejecting outlets 3 is witten

in a stohage walea abtd tod SarPrafaaie LorbyMraviadijrgent egi on (the
| eft hatched portion in Fig. 7) in the (n+l)-th colum, an ejection
pattern hedd tared N hed epifinactie ejiecidtdon,patt dreedieiarg i dentical to

that (the right hatched portion in Fig. 7) in the first colum of a right
adj acentesdcariage pattern which is identical .to an ejection pattern

stored in the portion of the adjacent storage area be

expansively stored.

One example is shown in Fig. 7. Fig. 7 shows a case in
which two conditions are defined, that is, no deflection (in
which droplets are ejected straight from the ejecting
outlets 3) and deflection to the right direction in Fig. 7.

At this time, assuming that an ejection pattern to be
transferred to n ejecting outlets 3 is written in a storage
area 1A, it is preferable that, by providing a region (the
left hatched portion in Fig. 7) in the (n+l)-th column, an
ejection pattern be written in the region, the ejection
pattern being identical to that (the right hatched portion
in Fig. 7) in the first column of a right adjacent storage
area 1B.

In the above case, in an ejection period in which the
deflecting direction is to the right, only by reading
ejection data stored in the (n+l)-th column in the storage
area 1A and transferring the read ejection data to the

nozzle in the n-th column, ejection of droplets adapted for

deflection of ejection can be performed.



- area 1B. I'n the above case, in an ejection period in which the deflecting
directionis to the right, only by reading ejection data stored in the
(n+l)-th colum in the storage area 1A and transferring the read ejection
data to the nozzle in the n-th colum, ejection of droplets adapted for
defl ection of ejection can be perforned. - 14 1In the present invention,
even if a technology of using the nunber of droplets to represent a
grayscale is conmbined wth a technol ogy of deflecting ejection, ejection
patterns are witten in the ejectirod4pattern storage unit 1, the ejection
patterns being identical to those in the case of not using the technol ogy
of deflecting ejection This can reduce the processing | oad and can

prevent hardya &ﬁ[che nu :9&?' %el#rh@déjlgé%oﬁy@n of ddigase of

i ncreasi ng or decr asin er of deflections, it iS only necessary

to Sh'fEHE he8 éﬁdaﬁéﬁfétsEEBogbﬁEEBénefatBgapééﬁﬁatlsn&@ﬁbi@@dare
descri be y using an I nk-droplet ejecting printer as an exanple. It

s assuﬁﬁéthaEeéﬁﬁblBegterdeE@héhlhg B9tctRah} i 64katkynspawdeensdescri bed
in this specification, sel ected from anong those known in rel ated

techni cglef jyeh @8enl Ant BRef 8k Lewibg-gaseeirat kebrapeehiaited, enhedi ments of
the present invention are realized by hardware. However,
ejection patterns being identical to those in the case of
not using the technology of deflecting ejection. This can
ieduce the processing load and can prevent hardware from
becoming complex. In addition, even in the case of
increasing or decreasing the number of deflections, it is
only necessary to shift the read addresses.

Embodiments of the present invention are described
below by using an ink-droplet ejecting printer as an example.

Tt is assumed that each feature, which is not
particularly shown or described in this specification, be
selected from among those known in related technical fields.

In the following description, preferred embodiments of
the present invention are realized by hardware. However,
the embodiments are realized by processing in software which
is equivalent to the hardware.

When the present invention is realized in the form of a
computer program, the program is stored in a computer-
readable storage medium.

The types of the storage medium include, for example, a

magnetic storage medium such as a magnetic disk (flexible

disk or hard disk) or a magnetic tape, an optical storage



the-enbodi nents are realized by processing in software which is equivalent
to the hardware. Wien the present invention is realized in the formof a
conput er program the programis stored in a conputer- readable storage
medi um The types of the storage nediuminclude, for exanple, a magnetic
storage nedi um such as a magnetic disk (flexible disk or hard disk) or a
magneti c tape, an optical storage - 15 nedium such as an optical disk, an
optical tape, or a machine-readabl e bar code, a sem conductor storage
device such as a random access nener¥5(RAM or a read-only nenory (ROM,
and anot her physical device or nmediumfor use in storing the conputer
program Wen the present invention is realized by hardware, it my be

ool 2o 30 AIFUZED SISl 25 38, applL ) ap e (1

or~ anot fier ' kno evice 1'n a technical field to

whi ch itrnaﬁ:ﬁj}rfg—rkseadrmé)rk?gxerg?d@v%té&ﬁé dased- o d-dechnalegy that

perforns ect’ive ejection ot droplets. e exanple of” the technology is

fully desﬁgéﬂ hed 1 '}ljﬁ}?cﬁclrﬁ er-apnl i£atd ons ol the Preasentodssigiasy For

exanpl e apanese exam ned Patent “Application Publicati’on Nos.

2002- 32086, 200% 32086%r A0P3 OB MBr1 @ Cox HESLIH Dot Nesd eapnol ogy. | n

the following, a repeated description of the deflective ejection
storing the computer program.

When the present invention is realized by hardware, it
may be realized by an integrated circuit, such as an
application specific integrated circuit (ASIC), or another
known device in a technical field to which it pertains.

The present invention is based on a technology that
performs deflective ejection of droplets. One example of
the technology is fully described in earlier applications of
the present assignee. For example, Japanese Unexamined
Patent Application Publication Nos. 2002-320861, 2002-320862,
2003-037343, etc., describe the technology. In the
following, a repeated description of the deflective ejection
technology is omitted and portions related to the present

invention are only described.

1. First Embodiment
1-1. Circuit Configuraticn and Procéssing Operation

Fig. 8 shows portions related to the present invention
in a signal processing unit. The signal processing unit
shown in Fig. 8 consists of three portions, namely, a

digital signal processor (DSP) 11, a head controller 12, and



+ technology is omtted and portions related to the present invention are
only described. 1. First Embodinent 1-1. CGrcuit Configuration and
Processing Operation Fig. 8 shows portions related to the present invention

in a signal processing unit. The signal processing unit shown in Fig. 8
consists of three portions, nanely, a digital signal processor (DSP) 11, a
head controller 12, and - 16 a head chip 13. The DSP 11 converts eight-bit
image data into four-bit grayscale data by performng nultivalue error
diffusion. In the first embodi ment> i@e-DSP 11 performs conversion so that
a maxi mum of five droplets can represent a grayscale. The grayscale data is
DVA (direct nenory access) transferred to the head controller 12.

Speci fical,l the. grayscale data is sequentially transferred for each
pi xel J‘t%/dq ncq}We%T%rmof four-bit data, which represents O to 7, to a

range fron1aq%%e pl 140 & %%%?%§ %igng%Hthh%%§p@@Q§ tidtoad rh@adpwicdt h. A

pul se nunber “nodul at i on nit "12A transforns the input four-bit

grayscal & AU A 1 Dl an 18 Ples Dl 8] G611 OV PRl QEfeosThe fidss Ganstid ut i ng

the eje N pattern correspond to ejection periods, respectively. In the
first ef@ﬁ@“%&u S MY PEriOthEM WhiEd Bo fthX edorivergir@wsd shat

constituted el ght ejection periods 1 to 8.
a maximum of five droplets can represent a grayscale.

The grayscale data is DMA (direct memory access)
transferred to the head controller 12. Specifically, the
grayscale data is sequentially transferred for each pixel
(dot) in the form of four-bit data, which represents 0 to 7,
to a range from address 1 to address n, which corresponds to
a head width. A pulse number modulation (PNM) unit 12A
transforms the input four-bit grayscale data into an eight-
bit ejection pattern. The bits constituting the ejection
pattern correspond to ejection periods, respectively. In
the first embodiment, a drawing period in which a pixel is
drawn is constituted by eight ejection periods 1 to 8.

The ejection pattern is wfitten into a buffer memory
12B in units of eight bits. The buffer memory 12B has a
double buffer configuration. Specifically, the buffer
memory 12B consists of a RAM 1 and a RAM 2, each having a
storage size for one line. The RAMs 1 and 2 have a
relationship in which, while the ejection pattern is written
into one, ejection data corresponding to each ejection
period is read from the other.

A writing counter 12C generates and supplies write



+ The-ejection pattern is witten into a buffer nmenory 12B in units of eight
bits. The buffer nenory 12B has a double buffer configuration.
Specifically, the buffer nmenory 12B consists of a RAM 1 and a RAM 2, each
having a storage size for one line. The RAMs 1 and 2 have a relationship
in which, while the ejection pattern is witten into one, ejection data
corresponding to each ejection period is read fromthe other. A witing
counter 12C generates and supplies wite - 17 addresses to the buffer
menory 12B. The witing counter 12G ®equentially generates colum
addresses for one line froma start address. Fig. 9 shows a state in which
the ejection pattern for one lineis witten in one RAM As the RAM one

havi ng a , storage . si of. ows and n | u is_used.. Bi | u "0" to
e repﬁgggﬁﬁﬁ? F&Mﬁgﬁﬂ}%gggg-35?F3§b&%%'to teewréﬁégg ?f&8¥%gn%ggriods 1
to 8. The right.-side vertigcal representadi "RINML". _t.o4 st PNWVB _represent
ejectioﬁ%&ﬂ%ﬂ%ﬁ%@%ﬁ1%ﬁ%§%%ﬁ%? 5§$f§%§, ré%%%gtﬁygFQP%F%%nEXE%SFe? t he

represe@&%&io%&a@gggx represents a set of ejection data itens ejected
fromn nozzles Tn ejection period 1 (at bit 0 as a row address). A reading

count er 12D Fegyest Lably genrenakesnandi AURRLI 83eteadnagdteasgscbe the
uffer nmenory 12B
one line is written in one R&M. As the RAM, one having a
storage size of 8 rows and n columns is used. Bit values
"0" to "7" representing row addresses correspond to the
above ejection periods 1 to 8.

The right-side vertical representations "PNML" to
"PNM8" represent ejection patterns in ejection periods,
respectively. For example, the representation "PNML"
represents a set of ejection data items ejected from n
nozzles in ejection period 1 {(at bit 0 as a row address).

A reading counter 12D seguentially generates and
supplies read addresses to the buffer memory 12ZB.

In the first embodiment, each ejecticn period is
divided into 64 divided periods, and droplets are time-
divisionally ejected. At this time, in the ejection period,
ronly five nozzles are driven in the divided period. This
operation is repeatedly performed in the divided period, and
one ejection period ends after 64 divided periods end.

Therefore, for nozzles to be driven in the divided
period, the reading counter 12D generates read addresses so
that ejection data items for use can be read. For example,

in ejection period 1, bit value "0" is generated as a row



In the first embodi ment, each ejection period is divided into 64 divided
periods, and droplets are time- divisionally ejected. At this tinme, in the
ejection period, only five nozzles are driven in the divided period. This
operation is repeatedly performed in the divided period, and one ejection
period ends after 64 divided periods end. Therefore, for nozzles to be
driven in the divided period, the reading counter 12D generates read
addresses so that ejection data itens for use can be read. For exanple,

in ejection period 1, bit value "0"-i%8generated as a row - 18 address,
and in the divided period, 320 values are generated as colum addresses in
units of five values. Simlarly, in ejection period 2, bit value "1" is

gener at ed, 75 &, T AW AYY 85, AV Ak e S deth BTG R0 gealsescar

generated as col umm "ad ses in units five values. Subsequently, this

operati any iéof@%&a%#%sé%fﬂ{ ek 4 30 ©i-REtDMRer i a8 1A Igadraddr ess

shifting unit e read addresses (colum addresses) generated-:

by the |oWdesistMrid@D ] biesponge 1o def |poidatal 2 ectdon. Fig. 10
shows an ~ exanpl e of the read-address shifting unit 12E. The exanple shown

in Fig Jfuissdiracd eth tna gaseidd i ody f MBI® arlmed wrd ypmeofateef | ection
of ejection. Specifically, one type is no deflection. The other type is
defl ectiph &1 @eCdd@Fesses in units of five values. Subsequently,

this operation is repeatedly performed up to ejection period

8.

A read-address shifting unit 12E shifts the read
addresses (column addresses) generated by the low resistor
12D in response to deflection of ejection. Fig. 10 shows an
example of the read—addfess shifting unit 12E. The example
shown in Fig. 10 is directed to a case in which there are
two type of deflection of ejection. Specifically, one type
is no deflection. . The other type is deflection of ejection
to a right adjacent pixel (having one greater address
number). A deflecting direction is common to all the
nozzles per line. It is assumed that the deflecting
direction is switched in each ejection period.

In this case, as shown in Fig. 10, an adder 12El is
provided for column addresses. The adder 12El receives
deflecting direction information (indicated by "DEFLECTION
INFORMATION"} and column addresses. The deflecting
direction information uses "0" to represent no deflection,

and uses "+1" to represent deflection to a right adjacent

pixel. 1In other words, as shown in Fig. 11, (ink) droplets



to a right adjacent pixel (having one greater address nunber). A
deflecting direction is common to all the nozzles per line. It is assuned
that the deflecting direction is switched in each ejection period. In this
case, as shown in Fig. 10, an adder 12El1 is provided for colum addresses.
The adder 12E1 receives deflecting direction information (indicated by
"DEFLECTI ON | NFORVATI ON') and col umm addresses. The deflecting direction
information uses "0" to represent no deflection, and uses "+1" to
represent deflection to a right adjackht- pixel. In other words, as shown
in Fig. 11, (ink) droplets - 19 ejected fromtwo. nozzles forma pixel. The
deflecting direction information is supplied froma storage unit (not

shown) . 1) 4 904e SAISUEL] Qe he igat A0digsgesciing Uit 128

e
generates colum addresses for readin ection ata itens at right

adj acenty;3ddnasses J# L 16358 Ofsupariff Hingh defdiesticenundrd @uppl i es the
col um addresses to the buffer menory 12B. There is no change in row
addr essegoyr)n addition, in the case of no deflection, the read-address

shifting unit 12E directly outputs the read addresses generated by the
readi ng countar thaDapARreeXarmpFliguebtachr, oeass rekathadread- sadresagshi fting

unit 12E is described belowwith reference to Fig. 12.
unit 12E generates column addresses for reading ejection
data items at right adjacent addresses in the case of
performing deflection, and supplies the column addresses to
the buffer memory 12B. There is no change in row addresses.
In addition, in the case of no deflection, the read-address
shifting unit 12E directly outputs the read addresses
generated by the reading counter 12D.

An example of a process of the read-address shifting
unit 12E is described below with reference to Fig. 12.

In Fig. 12, each deflecting direction is indicated by
an arrow. Deflecting direction information to be added to
each column address is represented by "0" or "+1". 1In the
case in Fig. 12, ejection period 1 has no deflection.

In each odd ejection period, that is, in ejection
pattern PNM1, PNM3, PNM5, or PNM7, the read-address shifting
unit 12E directly outputs an input read address.

Conversely, in each even ejection period, that is, in
ejection pattern PNM2, PNM4, PNM6, or PNM8, the read-address
shifting unit 12E adds "1" to a column address and outputs

the address. Then, the row address is output in input form.

This causes the buffer memory 12B to transfer, to a



In Fig. 12, each deflecting direction is indicated by an arrow. Deflecting
direction information to be added to each columm address is represented by
"0" or "+1". Inthe <case in Fig. 12, ejection period 1 has no deflection.
In each odd ejection period, that is, in ejection pattern PNML, PNM3,

PNVb, or PNMZ, the read-address shifting wunit 12E directly outputs an

i nput read address. Conversely, in each even ejection period, that is, in
ej ection pattern PNM2, PNWM4, PNM6, or PNMB, the read-address shifting unit
12E adds "1" to a columm address and @Utputs the address. Then, the row
address is output in input form This causes the buffer menory 12B to
transfer, to a - nozzl e corresponding to colum address 0, an ejection

patternrlcpzm% d,.%%q_} %td&,ﬂ;c]?ascﬂixféﬁdoasabﬁ hed iign Fig. 12. At

this tine ection perio droplets based on the read ejection

data it d{‘}j in Ghidh a ahdihg FHE©i@rted fHiemed ez Hae ki aspondi ng
to colu a ress O to a pixel reglon opposi ng the nozzle. In the even

eject|0@~Q?rypg dropl ets based on the read ejection data itens, "0", "1",
"1", and , are ejected to pixels which are right adjacent to nozzles
COfreSpond'n%ttth%]Qﬁﬂm,ad&rQ$% @dd ejection period, droplets

based on the read ejection data items, "0", "O", "1", and
"1", are ejected from a nozzle corresponding to column
address 0 to a pixel region opposing the nozzle. 1In the
even ejection period, droplets based on the read ejection
data items, "O0", "1", "l1", and "0", are ejected to pixels
which are right adjacent to nozzles corresponding to column
address O.

As a result, actual droplets delivered to the pixel
region are identical to those corresponding to the data
items stored in the buffer memory 12B. In other words, all
the droplets are ejected to exact positions of delivery.

The read-address shifting unit 12E having the above
configuration is applicable to a case in which there are
three types of deflection of ejection, that is, a case in
which droplets ejected from three nozzles are delivered to
one pixel region in an overlapping manner, as shown in Fig.
13.

In this case, regarding deflecting direction
information, no deflection may be represented by "0",
‘gdeflection to a right adjacent pixel may be represented by

"+1", and deflection to a left adjacent pixel may be



As a result, actual droplets delivered to the pixel region are identical
to those corresponding to the data itens stored in the buffer nenory 12B.
In other words, all the droplets are ejected to exact positions of
delivery. The read-address shifting unit 12E having the above
configuration is applicable to a case in which there are three types of
deflection of ejection, that is, a case in which droplets ejected from
three nozzles are delivered to one pixel region in an overlapping manner,
as shown in Fig. 13. In this case,~ 28garding deflecting direction
information, no deflection may be represented by "0", deflection to a right
adj acent pixel may be represented by "+I", and deflection to a left

adj acent ga??en%%& he +_23 ﬁgr%ﬁﬁgt@gmgy %hélé%e@%lgglﬁagtggn t he

ejectloﬁ er read fromthe bu menory IS a pattern conposed of

t he Eggédfﬁ}%t %@%Sbﬁg?_\é@ &aemﬁkg 134. 15N10bhet WAT @smpbBegash oheej ection
peri ods In“each of ejéction patterns PNM2, PNVb, and

PNVB, ggggaggf %&tq%ggrgh§%§ Qut pYLS, 1kn unchanged form ejection data at
the rea resS input to the read-address shifting unit 12E. In each of

ej ection pegthodsnhdrandrBs,t hat dash 0F egehtioh @jeedlddan patderarsd RNMB and
PNM6, the buffer nenory 12B

that is, in each of ejection patterns PNM2, PNM5, and PNMS8,

the buffer memory 12B outputs, in unchanged form, ejection

data at the read address input to the read-address shifting

unit 12ZE.

In each of ejection periods 3 and 6, that is, in each
of ejection patterns PNM3 and PNM6, the buffer memory 12B
outputs ejection data at an address right adjacent to the
read address input to the read-address shifting unit 12E.

In each of ejection periods 1, 4, and 7, that is, in
each of ejection pétterns PNM1, PNM4, and PNM7, the buffer
memory 12B outputs ejection data at an address left adjacent
to the read address input to the read-address shifting unit
12E.

Next, another example of the read-address shifting unit

- 12E 1s described below.

The read-address shifting unit 12E shown in Fig. 10 is
suitable for use in a case in which all ejecting cutlets
arranged in parallel are simultaneously switched in the same
direction. The read-address shifting unit 12E shown in Fig.

15 is suitable for use in a case in which the directions of

ejecting droplets from ejecting outlets arranged in parallel



outputs ejection data at an address right adjacent to the read addre
input to the read-address shifting unit 12E. In each of ejection peri
4, and 7, that is, in each of ejection patterns PNML, PNW4, and PNwW

buf f er

menory 12B out puts ejection data at an address |eft adjacent

the read address input to the read-address shifting unit 12E. Next,
anot her exanple of the read-address shifting unit 12E is described b
The read-address shifting unit 12E shown in Fig. 10 is suitable for
a case in which all ejecting outlets 2arfanged in parallel are

simul taneously switched in the sane direction.

unit 12E shown in Fig. 15 is suitable for use in a case in which the

oot ofsoler LSALI 00 o0l 1 o LranAleetiog gt acranaad pecperal | @

Fig

ched. The ‘read-ad s shifting unit 12E sh

i's ass ere are two types of deflection of

ej ection. Regqr qifag [defd ecid Qs e iageuhwe typesneln daf Fegli op, t
is, no deflection, and deflection to a "right adjacent pixel (having

greater pddfesssuberdhar Mg defdacting Wigartdomd s sawiteehed for each
ejection period. The conditions that have been described are

ejection. Regarding deflection, there are two types of
deflection, that is, no deflection, aﬁd deflection to a
right adjacent pixel (having one greater address number}.
The deflecting direction is switched for each ejection
period. The conditions that have been described are
identical to those for the read-address shifting unit 12E
shown in Fig. 10.

The difference is that odd column addresses and even
column addresses correspond to different deflecting
directions. In other words, there is a difference in that
there are two deflecting directions in one ejection period.
Accordingly, the read-address shifting unit 12E shown in Fig.
15 includes two adders, that is, an adder 12E1 for column
addresses and an adder 12E2 for row addresses. In each
adder, deflecting direction information is added to a
corresponding address.

In this configuration, in the case of deflection, the
read-address shifting unit 12E generates an address for
reading ejection data in an ejection period next to that for
the right ad3jacent address (right adjacent pixel), and

supplies the generated address to the buffer memory 12B.

SS
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The read-address shifting
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identical to those for the read-address shifting unit 12E shown in Fig.

10. The difference is that odd col um addresses and even. colum addresses
correspond to different deflecting directions. In other words, there is a
difference in that there are two deflecting directions in one ejection
period. Accordingly, the read-address shifting unit 12E shown in Fig. 15
i ncludes two adders, that is, an adder 12El1 for colum addresses and an
adder 12E2 for row addresses. In each adder, deflecting direction
information is added to a correspordiBg-address. In this configuration, in
the case of deflection, the read-address shifting unit 12E generates an
address for reading ejection data in an ejection period next to that for

the righiogglacery address (LLONead) aceptc B xsl) o@D deaURRIds.d he

1
gener at ed address" to the nenor versely, i'fthe case

of no deéﬁff%idf?&é%ng@ {5ads r€§,5biy§{\1'k]ﬁéﬂ | o E QiU i n unchanged

form the rea ress generated e readi ng counter 1I2D.” An exanpl e of

a proces t - ad T it 12E is descri bed
beIom1mﬁ%%&%§§§r§%%§¥%%ggi%gégh%6%§%%ﬁE%E?h%ﬁgggdggﬁ16A to 16D, deflecting

directions ang dndeal ek by dheald AecuRld et ithe ddzgchicait<iskf or mati on
shifting unit 12E is described below with reference to Figs.
16A to 16D.

In Figs. 16A to 16D, deflecting directions are
indicated by the arrows. Deflecting direction information
added to each row address and each column address is
represented by "0" and "+1". To clarify an advance in
ejection pericd concerning the row address, the advance is
represented by "PNM+1". 1In the case shown in Figs. 16A to
16D, the odd column addresses in ejection pericd 1
correspond to no deflection of ejection, and the even column
addresses in ejection period 1 correspond to deflection of
ejection.

The process 1is specifically described. It is assumed
that the even column addresses in ejection period 1 are
input to the read-address shifting unit 12E. At this time,
droplets ejected to the pixels at the column addresses are
not deflected. Accordingly, "0" is input to each of the
adders 12E1 and 12E2, and the input addresses are ocutput in
unchanged form to the buffer memory 12B.
| In addition, it is assumed that the even addresses in

ejection period 1 are input to the read-address shifting



added to each row address and each colum address is represented by "0"
and "+1". To clarify an advance in ejection period concerning the row
address, the advance is represented by "PNMH ". In the case shown in Figs.
16A to 16D, the odd colum addresses in ejection period 1 correspond to
no deflection of ejection, and the even colum addresses in ejection
period 1 correspond to deflection of ejection. The process is specifically
described. It is assumed that the even columm addresses in ejection period
1 are input to the read-address shif44 mg unit 12E. At this tine, droplets
ejected to the pixels at the colum addresses are not deflected.
Accordingly, "Q'" is input to each of the adders 12El1 and 12E2, and the

i nput addresses: ar outiut dike  Urchanaedef prmctie, t Bgcbybbietropimty 12B. In
addition, it is assunmed that the even addresses in ejection period 1 are

i nput t @ thed@adraddres sighitl bidRGcen?d pitteills . 12E. At this tinme, for these
pi xel s, ejected droplets are deflected to right adjacent pixels.

Therefore, "%helrerbrBYt "0 eachnphtt be addersflfEd adderd?2E2E1Asnd@ result,
the colum addresses are changed to the right adjacent odd addresses, and
the rowiadgresad & sdfiled the tdod umexiadeirectsiesn aper icbdngedTher Ehere, for

nozzl es corresponding to the even col um
right adjacent odd addresses, and the row address is shifted
to the next ejection period 2.

Therefore, for nozzles corresponding to the even column
addresses, in ejection period 1, ejection data in the next
ejection period 2 is read. Accordingly, as shown Fig. 16D,
in ejection period 1 at column address 2 (odd column
address), two droplets are delivered, one being ejected from
a corresponding nozzle, the other one being ejected from a
left adjacent nozzle. In the next ejection period 2, at the
same column address 2 (odd column address}, no droplets are
delivered.

This is because droplets that must be ejected in the
columns have already been ejected in the previous ejection
period, and because, in ejection period 2, droplets are
delivered to adjacent pixel regions.

Therefore, by using this éjection control method, two
droplets can be delivered to close positions. A difference
in distribution of delivered positions influences image
texture in the case of viewing a formed image. Similarly to

the above-described example, the ejection control method is

also applicable to a case in which there are three types of



addresses, in ejection period 1, ejection data in the next ejection period
2 is read. Accordingly, as showmn Fig. 16D, in ejection period 1 at colum
address 2 (odd colum address), two droplets are delivered, one being
ejected from a corresponding nozzle, the other one being ejected froma

| eft adj acent nozzle. In the next ejection period 2, at the same col umm
address 2 (odd columm address), no droplets are delivered. This is because
droplets that nust be ejected in the colums have already been ejected in
the previous ejection period, and betlause, in ejection period 2, droplets
are delivered to adjacent pixel regions. Therefore, by using this ejection
control nethod, two droplets can be delivered to close positions. A

differe@%%%'ékfgﬁngf tdan Hf delivered positions influences inmage

texture 1n the case of viewng a forned image. Sinmlarly to the
above-described exanple, the ejection control nmethod is = also applicable to
a case in which there are three types of - 25 deflection of ejection. 1-2.

Advant agesy of A Sl Adodimentr HAs Meseined in the first enbodi ment, by
enploying a technique of shifting read addresses in response to
defl ecti on ofyLjRGidrambed 161 ke tficenf cabbatimentsi biyl ampfloyibbat in the
case of using the deflective ejection technol ogy
technique of shifting read addresses in response to
deflection of ejection, a circuit configuration similar to
that in the case of using the deflective ejection technology
in the DSP 11 and circuits in stage prior toc the buffer
memory 12B can be used without being changed. Accordingly,
the need to design a new digital signal processing circuit
is eliminated. In addition, a possibility of complexity and
a possibility of increase in circuit size can be avoided.
Employment of a technique of shifting read addresses
can easily cope with the case of changing a deflecting
direction and the amount of deflection, and with the case of
changing deflecting order. The technique can easily cope
with the case of increasing or decreasing the number of
nozzles for ejecting droplets which are to be delivered in
an overlapping manner. Therefore, the technigue is useiful
for effective utilization of the existing circuit eiements
and increasing resolution.
For reference, a circuit configuration in a case in
which shifting of read addresses as in the first embodiment

is not used is shown in Fig. 17. The circuit configuration

shown in Fig. 17 is used when processing up to ejection



in the DSP 11 and circuits in stage prior to the buffer nenory 12B can be
used wi thout being changed. Accordingly, the need to design a new digital
signal processing circuit is elimnated. In addition, a possibility of
conplexity and a possibility of increase in circuit size can be avoi ded.
Enpl oyment of a techni que of shifting read addresses can easily cope with
the case of changing a deflecting direction and the anount of deflection,
and with the case of changing deflecting order. The technique can easily
cope wth the case of increasing or @ecreasing the nunber of nozzles for
ejecting droplets which are to be delivered in an overl appi ng manner.
Therefore, the technique is useful for effective utilization of the
existing circuit_elenments %p%_increa h%%.gh qutionf.ﬁg&aQﬁIerence, a

circuit ROMFFHuratF ot R tast’ i HEWhAT i1 iMg of read addresses as in
the firsy. i c 0 i q i 17 . circuit
configur%%?%?ggsﬁﬁﬁﬁlgéﬁéﬁ%én%@ﬁﬁéﬁﬁ'eggﬁﬂgﬁﬂﬁgégggéﬁﬁél gito ejection - 26
pattern { £ EXGCUL T f Rﬁﬁﬁ: jar Gt

confi gur%%@%%gﬁ%? on yif%'qw res e(?siéglmflhlér%?jseaap lcf%xgqeecgt e [()es%lllfligx,glbmu% al so

causes a; ) Ofgerpds OLEBSi Nehd i Eati bt Ne B8R WA e AtthOfpgp datm bus
between the DSP 11A and a head controller 12 increases to eight bits. 2.

Second Exedi NBEMd controller 12 increases to eight bits.

2. Second Embodiment
2-1. Circuit Configuration and Processing Operation

Next, a second embodiment of the present invention in
the case of applying the above-described first embodiment to
a tiling head is described below.

The tiling head is such that, as Fig. 18 shows, its
head part is divided into a plurality of head chips. The
RAM 1 and RAM 2 shown in Fig. 18 correspond to the RAM 1 and
REM 2 in the buffer memory 12B (Fig. 8), respectively.

Ejection data items are transferred in paraliel from
memory chips 1 to N corresponding to the head chips to the
head chips. When applying the reading method described in
the first embodiment, as Fig. 19 shows, ejection data
positioned on the head chip boundary is stored in two memory
chips. Accordingly, to realize the above-described reading,
a circuit for switching data buses for the two memory chips
is required.

In the second embodiment, a technigque that does not

requires a data-bus switching circuit is proposed.



2-1: Circuit Configuration and Processing Operation Next, a second

enbodi nent of the present invention in the case of applying the
above-described first enbodinment to a tiling head is described bel ow. The
tiling head is such that, as Fig. 18 shows, its head part is divided into
a plurality of head chips. The RAM1 and RAM 2 shown in Fig. 18 correspond
to the RAM1 and RAM 2 in the buffer nenory 12B (Fig. 8), respectively.
Ejection data itens are transferred in parallel from nmenory chips | to N
corresponding to the head chips to t+h27 head chi ps. When applying the
readi ng nethod described in the first enbodinment, as Fig. 19 shows,

ej ection data positioned on the head chip boundary is stored in two nenory

chi ps. cordingly, t | i th - [ J i ng, ' it f
sui tch AECEEE Bt o P S Ty SRS TS A pa i "Second.
enbodi men - I - : SW t chi

cirou T Thieh oEEaR el B LR donis e A S hent .

ej ection, . which qﬂg§: ; = chi unda; i i
recorded ?ﬁégﬁégd}%‘%ﬁtaﬁ%ﬁ@c ip ilt)ﬁ (gllgﬁgjlq} cqelltciglv%qrrannre% I%%{ol{edce%][]'i ::ZI ly,
as Fig. 20 S*sﬁy@ciﬂéﬁiémd%@ ralea Jcs sV dededindagtbewrdany portion of

chip. Addres

each nmenory s wwdth in.the row direction in the redundant area
I'S provided in the boundary portion of each memory chip. '

Address width in the row direction in the redundant area is

equal to that of the original memory chip. Address width in

the column direction in the redundant area is conéistent

with the amount of deflection.

The amount of deflection is determined by the amount of
adjacently shifting a droplet by deflecting ejection. For
example, the amount of deflection may correspond to a shift
in droplet position by two pixels, or a shift in droplet
position by three pixels.

When the amount of detection corresponds to a shift in
droplet position by one pixel, as shown in Fig. 20, the
address width in the column direction in the redundant area
corresponds to one pixel. As described above, in the case
of unidirectional deflection of ejection, the redundant area
of each memory chip is provided in only one side. As shown
in Fig. 14, when ejection is deflected in two directions,
namely, a positive direction and a negative direction,
redundant areas are provided on opposite sides of each
memory chip.

A writing counter 12C used in the second embodiment



equal to that of the original nenory chip. Address width in the colum
direction in the redundant area is consistent wth the anount  of

defl ection. The amount of deflection is determi ned by the anmount of .

adj acently shifting a droplet by deflecting ejection. For exanple, the
anount of deflection may correspond to a shift in droplet position by two
pi xels, or a shift in droplet position by three pixels. Wen the anount of
detection corresponds to a shift in droplet position by one pixel, as
shown in Fig. 20, the address wdth 2% the colum direction in the
redundant area corresponds to one pixel. As described above, in the case
of unidirectional deflection of ejection, the redundant area of each

rery S PO, W e SIO%SS A 1 H 14, vhen

ejection i Ire name a positive direction and

a negative diTrh%iCtFt):jo octiBAURdANL 290y ahe RLavhAgA 0dBRROBLLCHE! des of

each nenory ¢ writing counter used in the second enbodi nent - 28

requir espépfalﬁﬁéa od), aPnsidering §hee 1 SPuatat e Ar £88. o%@?af}@é restiRge,
consi dering the redundant areas can be perfornmed such that the witing

count er i oparates sdd@nredthe Wit dduhddrdndfeariers ted he boundary
bet ween two adj acent nenory chips, data can be witten at two addresses

adjacent memory chips, data can be written at two addresses
on the boundary.

For example, when the head controller 12 writes an
ejection pattern at a start column address between two
adjacent memory chips, it operates so that also the last
column address of one memory chip in a first stage is
designated as a write area.

For this purpose, for example, a technique in which the
writing counter 12C generates the last column address of one
memory chip in the first stage simultaneously with the start
column address of the next stage is employed. In addition,
for example, another technigue is employed in which, in the
writing counter 12C, the last column address of one memory
chip in the first stage is latched and is supplied to the
buffer memory 12B when the start column address of the

" memory chip in the next stage is generated.

Alternatively, a method of making a change to address
lines of the buffer memory 12B can also be employed. For
example, the addfess lines are wired so that, when a

particular address is generated, also a particular address

in the memory chip in the first stage is designated as a



on the boundary. For exanple, when the head controller 12 wites an
ejection pattern at a start columm address between two adjacent nenory
chips, it operates so that also the |ast colum address of one nmenory chip
inafirst stage is designated as a wite area. For this purpose, for
exanple, a technique in which the witing counter 12C generates the | ast
colum address of one nenory chip in the first stage sinultaneously with
the start colum address of the next stage is enployed. In addition, for
exanpl e, another technique is enployed®in which, in the witing counter
12C, the | ast colum address of one nenory chip in the first stage is

| atched and is supplied to the buffer nenory 12B when the start col umm
address of.the nenory chip in the next stage is generated. Alternatively,
a nethodwf&t?mﬂﬁgﬁfgi change to address |lines of the buffer nmenory 12B cgn

al so be enpl Quad o0l LXRMCE WNGrAd Cosiehl Ree B8 wir gdesecknah, when a
particul ar address 1 ¢ generated, also a particular address in the nmenory

chip in j I.st i . t : ford9 thd idR Jtadro Marreover, a
SHLIF e R aralad pa o) o e bat

met hod in etects an ejection pattern requiring
dupl i cat{ @nyuthier &i8cd i Qb PAtdeIFe nidnriht (ikn idl b Bepldngaldyeri.namer can

al so be enployed. In .
other words, data to be written in a redundant area is
output in a duplicative manner, and is directly written in
the redundant area.
As described above, there are various possible ways to
realize the above-described reading. It is only necessary
for write addresses to be generated so that an ejection

pattern on the boundary can be written in a particular

redundant area.

2-2. Advantages of Second Embodiment

As described in the second embodiment, by providing a
redundant area to each memory chip forming the buffer memory
12B, and repeatedly recording, in thé redundant area, an
ejection pattern belonging to another memory chip, even if
deflection of ejection from a tiling head unit is controlled,
droplets can be ejected to exact positions only by shifting
read addresses.

In addition, reading of the read addresses is realized.
by a simplified circuit configuration without reguiring a
dedicated circuit configuration.

The present invention is applicable to a printer's head



other words, data to be witten in a redundant area is output in a
duplicative manner, and is directly witten in the redundant area. As
descri bed above, there are various possible ways to realize the
above-described reading. It is only necessary for wite addresses to be
generated so that an ejection pattern on the boundary can be witten in a
particul ar redundant area. 2-2. Advantages of Second Enbodi nent As
described in the second enbodi nent, by providing a redundant area to each
menory chip formng the buffer nenory3012B, and repeatedly recording, in
t he redundant area, an ejection pattern belonging to another nmenory chip,
even if deflection of ejection froma tiling head unit is controlled,
droplets_can be. gj e (o} 1 41ans, [ £ td ad
addr essedt n"t‘%%lld%t%)eﬁ&% e%d?ﬁ%é%éjp Li'e readq{e};‘ldayr%%s/s:@% sﬂli%aeﬁtged by a
Sinpl i f'fx?v&ﬁ{fé[’htié:oﬂé&%ﬁéif@alﬂé hQuta remidi N de slediFatiadagiy cui t
configuration. The present invention is applicabl'e to a printer's head - 30
uni t whigh e ectsad Nk, of 0pl 81 Sz ddom fiadsne The ueseMfverdtieantion is al so
applicable to a signal processing circuit in the head unit. In addition,
thg Presgmbl{ AYSNL 1 08 4 Sor APRdE CARtBud h@ fid Medd inclwdmy thethaad unit
and to other

electric apparatuses. An object on which an image is

printed by the printer is not limited to paper, but may be
plastic material, metal material, or another type of object.
Moreover, the present invention is applicable to an
inspection apparatus which ejects a testing sample in the

.form of droplets.



el ectric apparatuses. An object on which an inage is printed by the
printer is not limted to paper, but nay be plastic material, netal
material, or another type of object. WMreover, the present invention is
applicable to an inspection apparatus which ejects a testing sanple in the
formof droplets. - 31 CLAIMS: 1. An ejection control device conprising:
an ejection-pattern storage unit; and read-address shifting unit in which,
in a case where ejection patterns cormresponding to grayscale data itens,
each data itemrepresenting a grayscale by using the nunber of droplets to
be delivered to each of pixel regions, are witten in said
ejection-ﬁﬁ%%ﬁ%n storage unit so as to be associated with the pixel

regi ons, eflection of droplets ejected fromejecting outlets
corresponding to the pixel regions is controlled so that different sets of
droplets are delivered to the pixel regions wwthin a drawing period for

drawi ng a pi xel, I d read-address shifting unit .shifts each of read
He st deje T gy ({ﬁvoln- aqqngjr]?‘}ss]tn(?r'age unit in a

addresses to be suppli-ed to sai ejec _ ( [
O oP o ) 2 10 Ly i A A d I gt 110 Ol oct 1 on o each o
read-address shifting unit in which, in a case where
ejection patterns correéponding to grayscale data items,
each data item representing a grayscale by using the number
of droplets to be delivered to each of pixel regions, are
written in said ejection-pattern storage unit so as to be
associated with the pixel regions, when deflection of
droplets ejected from ejecting outlets corresponding to the
pixel regions is controlled so that different sets of
droplets are delivered to the pixel regions within a drawing
period for drawing a pixel, sald read-address shifting unit
shifts each of read addresses to be supplied to said
ejection-pattern storage unit in a droplet ejecting period

in response to the deflecting direction of each of the

ejecting outlets.

2. The ejection control device according to claim 1,
wherein the ejecting outlets are arranged in parallel, and
when the directions of the droplets ejected from all the
ejecting outlets are simultanecusly switched to be
unidirectional, said read-address shifting unit

simultaneously shifts the read addresses in a single



wherein the ejecting outlets are arranged in parallel, and when the
directions of the droplets ejected fromall the ejecting outlets are

simul taneously switched to be wunidirectional, said read-address shifting
unit sinmultaneously shifts the read addresses in a single - 32 direction.
3. The ejection control device according to claim1l1, wherein the ejecting
outlets are arranged in parallel, and when the directions of the droplets
ejected fromthe ejecting outlets are-s&parately switched, said
read-address shifting unit separately shifts the read addresses in units
of the ejecting outlets. 4. The ejection control device according to any
one of t@ﬂﬂ@é%%%ﬂ ng clainms, wherein, when said ejection-pattern storage
unit conprises a plurality of storage areas, each storage area
corresponding to one set of ejecting outlets, in an abutting portion of
one storage area which abuts on an abutting portion of an adjacent storage

area in the deé[ecﬁhggegéﬁggBhoaont§Ell8@§%Céna8E§EBEHQaP8tE?BEmii

expansively stored, the“ejection pattern being identi to-an ejéction
pattern streedinh thke o Rl RAkLIS0R af a&%na@da%n&oa%%%q]e,_ anga. 5. A
droplet ejecting device conprising: a head unit "having“a plurality of
ej ecting eiiehethe AiNRNRGAGnisN ¥l Glroplets ejected from the

ejecting outlets are separately switched, said read-address

shifting unit separately shifts the read addresses in units

of the ejecting outlets.

4. The ejection control device according to any one of
the preceding claims, wherein, when said ejection-pattern
storage unit comprises a plurality of storage areas, each
storage area corresponding to one set of ejecting outlets, in an
abutting portion of one storage area which abuts on an abutting
portion of an adjacent storage area in the deflecting direction,
at least an ejection pattern is expansively stored, the ejection
pattern being identical to an ejection pattern stored in the

abutting portion of the adjacent storage area.

5. A droplet ejecting device comprising:

a head unit having a plurality of ejecting outlets
arranged in parallel; |

ejection deflecting unit for controlling deflection of
droplets ejected from the ejecting outlets of the head unit

so that different sets of droplets are delivered to a



- ejection deflecting unit for controlling deflection of droplets
ejected.fromthe ejecting outlets of the head unit so that different sets
of droplets are delivered to a - 33 plurality of pixel regions within a
drawi ng period for drawing a pixel; an ejection-pattern storage unit; and
read-address shifting unit in which, when ejection patterns correspondi ng
to grayscale data itens, each data itemrepresenting a grayscale by using
the nunber of droplets to be delivered to each of pixel regions, are
witten in said ejection-pattern stoerage-unit so as to be associated with
t he pi xel regions, said read-address shifting unit shifts each of read
addresses to be supplied to said ejection-pattern storage unit in a

dropl et gl.ecti g, BENladd L LSRRNSE Ha 4 he deflee I did aedd on of each of

the eje Ing ou |on con conprising the steps

in a. ﬁ@ﬁg 6. L) ection patterns corresponding to grayscale data
|tenB eac qwg%%%nlrepresentlng a grayscale by using the nunber of

droplets to hg %%@d%@&%iﬁé%té%%C@t%&a@%x%hlEeg%%ﬂs are witten in an
ej ection-pattern” storage unit so as to be associated with the pixel

regions, when.defleetian ehidnarlets it asl ethibhomwjcackhBgtriout | ets

correspondlng to the pixel regions is controlled so
patterns corresponding to grayscale data items, each data
item representing a grayscale by using the number of
droplets to be delivered to eacﬁ of pixel regions, are
written in said ejection-pattern storage unit so as to be
associated with the pixel regions, said read-address
shifting unit shifts each of read addresses to be supplied
to said ejection-pattern storage unit in a droplet ejecting

period in response to the deflecting direction of each of

the ejecting outlets.

6. An ejection control method comprising the steps of:

in a case where ejection patterns corresponding to
grayscale data items, each data item representing a
grayscale by using the number of droplets to be delivered to
each of pixel regions, are written in an ejection-pattern
storage unit so as to be associated with the pixel regions,

when deflection of droplets ejected from ejecting
outlets corresponding to the pixel regions is controlled so
that different sets of dropiets are delivered to the pixel
regions within a drawing period for drawing a pixel,

shifting each of read addresses to be supplied to the



- that different sets of droplets are delivered to the pixel regions wthin
a drawing period for drawing a pixel, shifting each of read addresses to be
supplied to the'- 34 ejection-pattern storage unit in a droplet ejecting
period in response to the deflecting direction of each of the ejecting
outlets; and supplying the shifted read addresses to the ejection- pattern
storage unit and reading a corresponding ejection pattern. 7. A
conput er -r eadabl e recordi ng medi um having a programrecorded thereon, the
program allowing a conputer to exeeul& the steps of: in a case where

ej ection patterns corresponding to grayscale data itens, each data item
representing a grayscale by using the nunber of droplets to be delivered

Lo o O B El SAL DS, e MLen | 31 el e ciskor age

so as t o1 pl Xel Tedi ons,

el ected {1 QI SCLi NGy W |61 SOrESRANAUAIG P dihe Joirxele fag ons i s

control |'ed 'so a rent sets roplets are delivered to a plurality

of pi xel i s Lidds a dyaw ng period for drawing a pixel, shifting each
A AN L

of read at _ ~be %ypp ied to the ejection-pattern storage unit in a
dLopl et ej ecld PP IRANIPOEhe RHiEIRANTR L0 atibe c@ekkethbi RGedireetion-of each of
t he :

pattern storage unit and reading a corresponding ejection

patitern.

7. A computer-readable recording medium having a
program recorded thereon, the program allowing a computer to
execute the steps of:

in a case where ejection patterns corresponding to
grayscale data items, each data item representing a
grayscale by using the number of droplets to be delivered to
each of pixel regions, are written in an ejection-pattern
storage unit so as to be associated with the pixel regions,

when deflection of droplets ejecfed from ejecting
outlets corresponding to the pixel regions is controlled so
that different sets of droplets are delivered to a plurality
of pixel regions within a drawing period for drawing a pixel,

shifting each of read addresses to be supplied to the
ejection-pattern storage unit in a droplet ejeciing period
in response to the deflecting direction of each of the
ejecting outlets; and

supplying the shifted read addresses to the ejection-

pattern storage unit and reading a corresponding ejection



- ejecting outlets; and supplying the shifted read addresses to the ejection-
pattern storage unit and reading a corresponding ejection - 35 pattern. 8.
A program for allowi ng a conmputer to execute the functions of: in a case
where ejection patterns corresponding to grayscale data itens, each data
itemrepresenting a grayscale by using the nunber of droplets to be
delivered to each of pixel regions, are witten in an ejection-pattern
storage unit so as to be associated with the pixel regions, when deflection
of droplets ejected fromejecting -owd ets corresponding to the pixel
regions is controlled so that different sets of droplets are delivered to
a plurality of pixel regions within a drawi ng period for drawi ng a pixel,
shiftin% %%%h of read addresses to be supplied to the ejection-pattern

st orageP@N€ ™ a droplet ejecting period in response to the deflecting
direction of each of the ejecting outlets; and supplying the shifted read
addresses to the ejection- pattern storage unit and readi ng a correspondi ng

ej ection pagterﬂ'program for allowing a computer to execute the

functions of:

in a case where ejection patterns corresponding to
grayscale data items, each data item representing a
grayscale by using the number of droplets to be delivered to
each of pixel regions, are written in an ejection-pattern
storage unit so as to be associated with the pixel regions,

when deflection of droplets ejected from ejecting
outlets corresponding to the pixel regions is controlled so
that different sets of droplets are delivered to a plurality
of pixel regions within a drawing period for drawing a pixel,

shifting each of read addresses to be supplied to the
ejection-pattern storage unit in a droplet ejecting period
in response to the deflecting direction of each of the
ejecting outlets; and

supplying the shifted read addresses to the ejection-
pattern storage unit and reading a corresponding ejection

pattern.



