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-1- DESCRI PTI ON | MAGE FORM NG METHOD AND | NK- JET

" PRINTI NG DEVICE 5 TECHNI CAL FI ELD The present
invention relates to an imge fornmng nethod and an
ink-jet printing device for carrying out a printing

-~ of an image in which a ground tint is enbedded which
i ndi cates that copying of afl-original inmage is
i nhibited. 10 BACKGRQU entionally, there are
various printed natterggﬁéagifgﬁgﬁ an original inmge
copying of which is inhibited, which include
certificates, inportant docunents, etc., such as 15 a
resident card or a copy of a famly register, and
negot i ablBAGH FORMINGSMEBHRM A8 dNEadRTnBRENT BNt IFekICE
certificate, a debenture, etc. In order to prevent
unaut hori zed copying of the original inmages of such
printed matters which is not permtted, there are

TEENPROSEd-Se\eral nmethods and devices for 20 enabling
—recogmition and distinction that the reproduced i mage

is a copy.of .t i gi ' he tige: .
repr oductjfhoen pc]):?" %e?‘ %eg%l{r?r%%i.%%reelg‘;tae%pﬁg : Eggﬁlg%%% eformlng
Lai d- Open Patent, Application, No. 2004-260341

neBhed| BEbSTh TKTHGE. BFOTOLM HEHER CETWRRERY 283 | T fies
an i mage conbi ning unit which superinposes and - 2-

Prévbbifieat t3ie imaogetni waleh shawed wige paterpecded crich

indicates that copying of an original image is inhibited.

‘BACKGROUND ART

Conventionally, there are various printed matters
that has an original image copying of which is inhibited,
which include certificates, important documents, etc., such as
a resident card or a copy of a family register, and negotiable
securities, such as a bank note, a stock certificate, a

debenture, etc. In order to prevent unauthorized copying of

the original images of such printed matters which is not

permitted, there are proposed several methods and devices for
enabling recognition and distinction that the reproduced image
is a copy of the original image at the time of reproduction of
the image.

For example, Japanese Laid-Open Patent Applicatiocn
No. 2004-260341 discioses an image processing device which

includes an image combining unit which superimposes and
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i ndicates that copying of the target image is
inhibited, and a data output unit which outputs the

i mmge data obtained after the conbination of the
target image and the inmage pattern, to 5 a
predet erm ned out put device. Al so, Japanese Lai d- Open
patent Application No. 2004260341 discloses an inmage
processi ng nethod for distinguishing a background

copatrearidia Yaggeht inaag A rthofingge PAEGRID I WiHE s

i mage processing nmethod, a ground tint inmage 10
indkoztad i tigtumiopygegerht ele dametofirdges isornhheited emnd a
image part which is expressed with a first nunber of

daPh Xehpudnthid whethobutiplss fiote tikmgeadkgrodntapeed after
which is expressed with a second nunber of pixels

tnWNLGR WS, 0% dhif eLede fH0Md Reg Ehésimﬂggbﬁétﬂgrgﬁ1to

pi xel's. A newinmage is generated in this 15 nanner.

addi.tional infor iQn. unit in the inmage processing
& ﬁﬁ??ﬁ%ﬁ%ﬁﬁﬁ%d;qgtggéhgﬁgg? ion of the dot group

contained in the |latent_i e part of the inage.

accor di ng*3Pr 9ﬁ@aﬁﬁﬁevﬁ?g§gQﬁéﬁlﬁ?qﬁqF g@?h%F%ﬁlom No.

corresponding to the additional information. 20 In
2084d260dh! dimrlomest agalnege thOgwssdeg peehed: fon

sheet with which a special printing is perforned
dibeingehsinchd & basédro@ndtpast shebta leienmaikagé gpart of an

exanpl e, characters, such as "copy inhibition") which

imbﬁ@i. cat@scHiatinle prBoesOing hetiwlBetla goandopinofimage
the original inmage 1s printed with an 25 optica

geﬁ?ﬁé#l%%h%’?ittt %%gh}stéspgogé@e&f 63 GeRi ehe DRribe imige

ackground part of the imge Is

pag£lgﬁfc V&é‘%xpressed with a first number of pixels, and a

set of dots for the background part which is expressed with a
second number of pixels which number is different from the
first number of pixels. A new image is generated in this
manner. An additional information unit in the image
processing method controls each position of the dot group
contained in the latent image part of the image according to
the bit value of the bit position corresponding to the
additional information.

In addition, the sheet called the foxged prevention
sheet with which a special printing is performed beforehand is
used. On this sheet, the mark (for example, characters, such
as "copy inhibition") which indicates that the image of the
sheet is a copy of the original image is printed with an

optical density that can be reproduced by a copier. On the
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an optical density that is difficult to be reproduced
by the copier. The optical densities of the mark part
and the background part are provided such that it is
difficult for the 5 human eyes to distinguish the mark
part and the background part. The mark part and the
background part formed in tige areas other than the
docunent part of the image are called a !ground .
oth¢mthand,t the garkavednd ALt Y &ifd LPRAES 1< SRRk gith
in a 10 docunment image w thout spoiling the
ani optorowlt idemsonyt hbat doe Wiehii@as tmiehbasrepseiyted hdhe
that a ground tint pattern is a pattern which can be
cogisti nareshediatit bensl teofot apy mgrkt harti4dnd sthe
copy of the original imge. And printing of a
é?%ﬁk i ehRod ready dedl Kzedsbyifhecdb: for the
bag% ctré%ﬁ%%gggg%thog$?ﬁ§ing nmet hod, such as that is
used_in | aser._pripte I r
hafRE TYRe T Rt ke yihif Rt ¥AA EneMBloRfidna
el ect rophot Qgraphi c prjnting net hod, bu | so the
oaF hmg e oG FAGH GBE( EHE ARGt PREFng BeRh o) the
‘using the 20 ink jet printing nethod in which the
arphgubthey ddidrofhredaciBentyseartaela thei APREE RERCHHITH 2
‘carries out ejection of the recording liquid (ink)
"ghasndeeintspread. It is known that the ink-jet printing
device uses as the printing head the liquid ejection

head. Ther{ i (idma2Beq €abt 08 deachdanpiti $8sembedded in a
pressure generating unit which { -4-

document image without spoiling the information on the
document as much as possible, and that a ground tint pattern
is a pattern which can be distinguished at the time of copying
that it is a copy of the original image. And printing of a
ground-tint pattern is already realized by the
electrophotographic ?rinting method, such as that is used in a

laser printer.

In recent years, not only the image forming device

using the electrophotographic printing method, but alsoc the

image forming device (the ink-jet printing device) using the
ink jet printing method in which the liguid ejection head is
used as a printing-head which carries out ejection of the
recording liguid (ink) has been spread.

It is known that the ink-jet printing device uses
as the printing head the liquid ejection head. The ligquid

ejection head comprises a pressure generating unit which




10

15

20

25

generates the pressure which pressurizes the ink of
the liquid chanber which communicates with the nozzle
which ejects the drop of the ink. The pressure is
applied to the ink of the |iquid chanber by driving
the pressure generating unit of the 5 liquid. ejection
head in accordance wth thed4-mge information. A
droplet of the ink is ejected fromthe nozzl e,

| and it
- genaratpgddheo PABRERES (W ECH SURSERS ZREdF IR TR P ddigy iauid

sheet or a film so that an inmage is forned on the
chamsnr ditighmedinnmi¢pténtviiyg) theontheldovhbdsieientafae
the dot size that which can be forned, and the dot
drSPrERAHRg 19k .t heheespsshung: nediapplaee tdi therdmit of the
between the printing of the ink jet printing nethod
; t%ﬁgdﬂ' LN ' t @ghapAt CoPriditd R the
llﬁ%ﬁ%o ; fﬁgtyig?Qg%%%fﬁﬁﬁgﬁ%%ﬁfﬁg glectropﬁ%tographic
. printing method, .15 the an . - :
15 B TR BErl TP s PR TRt Hiermedt niyrparion
to the ink jet printin net%g?,'th%_dot ﬁositi n, .t hat
A ¢EPPIRE 0t B@ BUKt b8 B PRtT G B GDRSPPEEET cd Ty S
the nozzle pitch and the drive frequency of the
mage it | adherredd. a20erbrdbvernedidihr gupl 88 heheet or a
el ectrophot ographic printing nethod, the toner
Filmanss eftiad dro ithger bsofdimed neditlve récesdhng pedibmt e
the recordi ng nmedi um However, according to the ink

.(pkgﬁtfﬁépjing met hod, the printing Iiquid does perneate

the recording nediumafter the ink is ejected to the

recor dingn2s MRALWL;+38d LhE €l SR @3dkNdnati §BSch-&n be
formed, and the dot spreading on the recording medium are
different between the printing of the ink jet printing method
and the printing of the electrophotographic printing method.

That is, according to the electrophotographic printing method,

the dots can be formed at substantially arbitrary positions.

However, according to the ink jet printing method, the dot
position that can be formed by the printing head is restricted
by the nozzle pitch and the drive frequency cf the printing
head. |
Moreover, according to the electrophotographic
printing method, the toner transferred to the recording medium
does not permeate the recording medium. However, according to
the ink Jjet printing metho&, the printing liguid does permeate
the recording medium after the ink is ejected to the recording

medium, and the dot spreading arises.
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Therefore, when performng the printing using the

ink-jet printing device which ejects a droplet of the

recording liquid and forns an inage (printing), there

is a problemas to howto performthe printing of an

i mage pattern 5 which indicates that copying of a

docunent image is inhibiteds- DI SCLOSURE OF THE

I NVENTI ON An obj ect of the present invention is to

provi de é@eﬁeﬁﬁﬁéveﬂh??mﬁﬁ¥§aﬁmﬁQSgtﬁ@tHBHnFﬁnQWﬁ?ﬁPqtﬁ?e

above-nentioned 10 problens are elimnated. Another
inlbbjectpmntting peeseatwhinterttientsi ¢ Hoorpeovedethm

i mge form ng nmethod which perforns the printing of
re@drdimge iiguivhiael sogi®und inanfe i(prémbédged vhéoh is a

indicates that copying of the original image is
prglﬂférﬁ'ése o %W%Fn?ﬁﬁﬁonﬂiscﬂé”ﬁﬂi%ttiﬁﬁ Pt 89 ORYdESattern

other o

ject o e present ‘invention is to provide

an ink:jet, printin vice ' rfor €: printi
un g Y e EROTT e ERSRRLT TRalCHS e e
~indicates copying of the original inmage is inhibited.
20 In order to achieve the above-nentioned objects,
the present invention provides an inmage form ng nethod
DIBGROTISRE Qff (THEaANVENTI@N printing device which forns a
dot on a recording nediumby ejecting a drop of
recor di ngan idhjiett tliethée npoesdor Mimgniébhodscbappisride an
the steps of: formng an imge 25 in which a ground
m%i:@%-e&t Si ddachihg ABEhed Bn hariegr etadaparé-mént Bored
ackground part of an original inmage, the ground tint

problems are eliminated.

Another cbiect of the present invention is to
provide an image forming method which perforﬁs the printing of
an image in which a ground tint is embedded which indicates
that copying of the original image is inhibited, by using an
ink-jet printing device.

Bnother object of the present invention is to
provide an ink-jet printing device which performs the printing
of an image in which a ground tint is embedded which indicates
copying of the original image is inhibited.

In order to achieve the above-menticned objects,
the present invention provides an image forming method for use
with an ink-jet printing device which forms a dot on a
recording medium by ejecting a drop of recording liquid, the
image forming method comprising the steps of: forming an image

in which a ground tint is embedded in one of a foreground part
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i ndi cating that copying of the original inmage is
i nhibited; and making a recording |iquid adhesion
area of the dot per wunit area in the foreground part
different froma recording 5 Iiquid adhesi on area of
the dot per unit area in the background part. The
above- nenti oned i nage form+6 net hod may be
configured so that a pluraljty of,adjoiniﬂ dot s .
ang oI THRRICh B3GF OBR (PR | FHLT IS ITAEHB ey EDRERTT B 0t
i mage form ng method may be configured so that a .
ingicataing ytheft adpyingngf dois aiicimalcdnsept UF elnpbited;
ground tint are formed by ejecting a plurality of
andrepeinf 4 hedeeandi biqhiduidhddcm same bbcehe oforper
the recording nmedium 15 The above-nenti oned i nmage
unfm?rﬁé(? frethed FaRY PEuNng A HOW et eS@nth@tokhhg recording
recording |liquid aghe5|on area of the dot per unit
.area is varie pendi [ S akac istics
e A o S
above-nentioned i mage form ng nethod may be 20
bagkaFPeRt &Pdo that the recording |iquid adhesion area
of the dot per unit in the background part is |arger
t han t he Thechadiengerkganad abmss diPEied BETPRE BeY Pe
per unit area in the foreground part. The

coalityereadnto drredt iamederédiny ngf retiwidimgy dpes genstitute

configured so that the recording |liquid adhesion area
thef gkbend Acigot per unit area in the foreground part is

| arger than the

The above-mentioned image forming method may be
configured so that a plurality of adjoining dots which
constitute the ground tint are formed by ejecting a plurality
of drops of the recording liguid to a same location on the
recording medium. |

The above-mentioned image forming method may be
configured so that the recording liquid adhesion area of the
dot per unit area is varied depending on lightness
characteristics of a color of the recording liquid being used.

The above-mentioned image forming method may be
configured so that the recording liquid adhesion area of the
dot per unit in the background part is larger than the
recording ligquid adhesion area of the dot per unit area in the
foreground part.

The above-mentioned image forming method may be

configured so that the recording liquid adhesion area of the
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recording |liquid adhesion area of the dot per unit
area in the background part. The above-nenti oned
i mge form ng nethod may be 5 configured so that the
ink-jet printing device is provided to forma dot of
a variable size on the recording nmedium and a
plurality of adjoining dots-Teonstitute the ground
tint. The above-nentioned i mage formng nmethod may b
dot apf ¥ gutidd adwat Rat thAefPRRITRINDHEAT rf 48TFRE F%gn the
provided to 10 forma dot of a fixed size on the
recerdint ngiquedi atheahdnaapearef ithe glotadpsi withy akra in the
constitute the ground tint. The above-nentioned i mage

batREPONG Rihad may be configured so that the ink-jet

printing device is provided to forma dot of a fixed

size on the reeRidiag+MBALYM nad Brkingl HEahbEYm&) be
adj oining dots which constitute the ground tint are

formed by ej.ecting a.plukalifty. qf. : e ‘
COP%&%?{ﬁékfo|ﬁ% &i&%Folgks%%% é%&éﬁ%n nggﬁlgéeige%€ﬁv|$§f ko
medi um | n_order tg achieve th above-gpntionﬁd 4
AE PRTBNET o Hraicdes "an Pk fet®ne 2
- printing device 20 which fornms a dot on a recording
pluedl uby byf gdsistindggadat 8pcers tiatier ditgg IFPHaHdt1he
ink-jet printing device conprising: a ground-tint
pattern crieatdlmvatmentadaptetnage flormiag metbedi may be
which a ground tint is enbedded in one of a foreground

coB@ifurddtsd hagkgheundkpaet ofidiimy idghiak isageovided to
ground tint 25 indicating that copying of the origina

forfBgeqhs LAMN bitedi 3B 8AdLRe CAMIQ: ddnhbaddRpt 864t
make a recording Iqu|8 adhesi on
plurality of adjoining dots constitute the ground tint.

The above-mentiocned image forming method may be
configured so that the ink-jet printing device is provided to
form a dot of a fixed size on the recording medium, and a
plurality of adjoining dots which constitute the ground tint
are formed by ejecting a plurality of drops of the recording
liguid to a same location on the recording medium.

In order to achieve the above-mentioned objects,
the present invention provides an ink-jet printing device
which forms a dot on a recording medium by ejecting a drop of
recording ligquid, the ink-jet printing device comprising: a
ground-tint pattern creation unit adapted to form an image in
which a ground tint is embedded in one of a foreground part

and a background part of an original image, the ground tint

indicating that copying of the original image is inhibited;
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area of the dot per unit area in the foreground part
different froma recording |iquid adhesi on area of
the dot per unit area in the background part. 5
According to the imge form ng nethod and the ink- jet
printing device of the present invention, when the
ink-jet printing device isgprovided to forma dot of
a variable size on the recording nedium an image in

‘ang ctontrgroundtt aderted Ented@ed FRCBRETF wiquid adhesion

foreground part and a background part of 10 an

aredigf nale idvegpersuhbt nexka amd thige fgreandund meart different
i ndicates that copying of the original image is

frémha bidethdiand 1aqui € cagith igr iateiado8dbesi dot apen wfit area
the dot per unit area in the foreground part is nmade

o F cording liquid adhesion area of
.J_n?‘ﬂféé Cef%a?ﬂctglforuﬂﬁ! akEcor

er unit area in the background part. 15 O

tne" orC AP ELIEAROLIRH SR oY SUEASY L0a 1" k-

dot f i Xed SiZe Onh I'hg nmedi um ‘a

~plurality of ,adjoining dots constitute th round ., .
3T BEA P aRET CReOF kDS RIS PGP HEOT co r e priti gl I et
to forma dot of a single fixed size on the recording
privedingndestieepligr arpvyded tweljfsimm @gded @6td VwTiaple size
constitute the ground tint are forned by ejecting a
onpthé atddordingdmedsunf dheimaporidi mpikchqai drownd e is
| ocation on the recording nmedium Accordingly, the

emBEHREH NTh PneARf bMEgCefRowid Ghre @ghauadbbEtRgrosnd part of
enbedded which indicates that copying of the origina

i mRge. i s, Lohjhi ted e pesf 25, |
b N e e T R e

thggdcggyﬂﬂ}%%sih%fo&gginal image is inhibited, and a

recording liguid adhesion area of the dot per unit area in the
foreground part is made different from a recording liguid
adhesion area of the dot per unit afea in the background part.
Or when the ink—jet printing device is provided to form a dot
of a single fixed size on the recording medium, a plurality of
adjoining dots constitute the ground tint. Or when the ink-
jet printing device is provided to form a dot of a single
fixed size on the recording medium, the plurality of adjoining
dots which constitute the ground tint are formed by ejecting a
plurality of drops of the recording liquid to a same location
on the recording medium. Accordingly, the printing of an
image in which a ground tint is embedded which indicates that
copying of the original image is inhibited can be performed by

using the ink-jet printing device.
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present invention will be apparent fromthe foll ow ng
detail ed description when reading in conjunction with
t he acconpanying drawi ngs. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a side diagram show ng the
conposition of a nechanism part of an ink-jet
printing device which is cdpable of formng a
mul ti-value dot image. 10 FIG 2 is | ane di agram
showi ng t%%ﬁﬁé@f:g?onfe%?uqer% %ﬁgﬁggﬁ?g'ﬁ?togft %e
ink-jet printing device. FIG 3 is a cross-sectional
presemt amwngviongwithé be orgosianofrem shei §olHoeingdefmiled
head taken along the |ongitudinal direction of a
ekt glbith hameer redBifg Gn dcdrsj matrions wikht toaakccireparanng
show ng the conposition of the liquid ejection head
dri@kehs along the transverse direction of the liquid
chanber. FIG 5 is a bl ock diagram show ng the
conposition of a control unit of the ink-jet printing
device. 20 FIG 6 is a block diagramshow ng the
.conposi tion d unit and a head driver
BRIRE %f i EE s a diagram for
expl ai ning operation of the head control unit and, the
head dri vigkG- i @S 8 Féda Bt &% AGiamds hBRi AgmPRRitLon of
conposition 25 of a printing systemincl uding an
a meegenjpsogesd g devitk-dét -pointting devénei shiahdian
ink-jet printing device.
capable of forming a multi-value dot image.

FIG. 2 is a plane diagram showing the composition
of the mechanism part of the ink-jet printing device.

FIG. 3 is a cross-sectional diagram showing the
composition of a liquid ejection head taken along the
longitudinal direction of a ligquid chamber.

FIG. 4 is a cross-secticnal diagram showing the
cbmposition of the liquid ejection head taken along the
transverse direction of the liquid chamber.

FIG. 5 is a block diagram showing the composition
of a control unit of the ink-jet printing device.

FIG. 6 is a block diagram showing the composition
of a head control unit and a head driver in the control unit.

FIG. 7 is a diagram for explaining operation of the
head control unit and the head driver.

FIG. 8 is a block diagram showing the composition

of a printing system including an image processing device of




FIG 9 is a block diagram showi ng the conposition of
the i mage processing device. FIG 10 is a bl ock
di agram for explaining the 5 functional conposition of
an i mage processing programin the printing system
FIG 11 is a block diagramfor explaining the
functional conposition of ahdther i nage processing
programin the printipg system 10 FLG 12 is a
th%i%&ﬂ%ﬂﬁ#ﬁﬂ'a@?pﬁﬁih?%@ﬂ%%1 BTN §e8ECa ground tint
pattern. FIG 13 is a diagramfor explaining the |
printi ng BfG- &nécharbgpekndiadmam phoveps. tif ompprsistipn
di agram for explaining the effect of 15 the
of gemeriat=Hqen pabcasgingndetict. in a foreground part of an
image. FIG 15 is a diagramfor explaining the effect
of the gemerabi 68 af bBogk CihyramtfdirN edphaCk Oi@ Uttte
part of an inmage. 20 FIG 16 1s a diagramfor
| . enrodu c YN ;
5 el SpliRs ciGRT0F ) diddef ForgeBi A St i ehe
explaining the reproducibility of a ground tint
préﬁgﬁﬁﬁi Gthe drop size. FIG 18 is a diagram for
explaining a ground tint t 25 generation_nethod usin
the dots é%Gwﬁiiuﬂé doblefrhediagram for explaining the ;

functional composition of another image processing program in
the printing system.
10 FIG. 12 is a diagram for explaining the printing of
a ground tint pattern.
| FIG. 13 is a diagram for explaining the printing of
another ground tint pattern.
FIG. 14 is a diagram for explaining the effect of
15 the generation of a ground tint in a foreground part of an
“image.
FIG. 15 is a diagram for explaining the effect of
the generation of a ground tint in a background part of an
image.

20 FIG. 16 is a diagram for explaining the

reproducibility of a ground tint according to the drop size.
FIG. 17 is a diagram for explaining the

reproducibility of a ground tint according to the drop size.
FIG. 18 is a diagram for explaining a ground tint

25 generation method using the dots of minute dot size.
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FIG 19A and FIG 19B are diagrans for explaining an
exanpl e of a minute dot set. BEST MODE FOR CARRYI NG
OUT THE I NVENTION 5 A description will now be given of
an enbodi nent of the invention with reference to the
acconpanyi ng drawi ngs. An exanpl e of a nechani sm part
of an ink-jet printing devite which can forma
mul ti-value dot will be described with reference to .
FIG 1 arfdG &o9R2ang BIGy 138 Are Hifgeé2BF afPans v g9
the conposition of the mechanismpart. of the ink-jet
anpexanp i odew oenuEkGloR $&ta pl ane di agram show ng
the conposition of the mechanismpart of the ink-jet
printing device. As shown in FIG 1 and FIG 2, in the
i nk-jet 15 printing device, the carriage 4 is held by

pEbh M@t dRH %&@ Re obferst apnvmitiogh are gui de

rsefy 10 e side plates 1A
and 1B whjch consti.tute.the_ fr ; 0.t hat :
carri age |esscr%\?té:§%’ﬁe‘%%%fan%r%iasr:ee cgr??ﬁ 85 gﬁr%{%}??%lnment ot
(the carriage novin directiorl#. The carriage 4 is
ChAVREETH 00 Wit dFFEEERGR (i SEATRPABY P Gt PBHS-

i ndicated by the arrow in FIG 2 by the main scan
notor 5 tAn cugPRliee ofi A mgchanisy Pagh OF BB wBkndet
between the driving pulley 6A and the follower belt
pripftisy &BricEhehdchntengfbeade Multictvades, dbbr wibkanpt e,
four 25 liquid ejection heads Ily, Ilc, IImand Ilk
de8asivad whirherfbZenekeebsribe 1 adrue.ob.eaghceol ofs a

of yellow (Y), cyan (O,
side diagram showing the composition of the mechanism part of
the ink-jet printing device. FIG. 2 is a plane diagram
showing the composition of the mechanism part of the ink-jet
printing device.

As shown in FIG. 1 and FIG. 2, in the ink-jet
printing device, the carriage 4 is held by the guide rod 2 and
the stay 3 which are guide members provided transversely to
the side plates 1A and 1B which constitute the frame 1, so
that the carriage 4 is moveable in a main scanning direction
(ﬁhe carriage moving direction). The carriage 4 is moved in
the direction (main scanning direction) indicated by the arrow
in FIG. 2 by the main scan motor 5 through the timing belf 7
which is wound between the driving pulley 6A and the follower
belt pulley €B.

The printing head 11 includes, for example, four

liguid ejection heads 1lly, ilc, 1llm and 11k each of which
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magenta (M and bl ack (Bk) respectively, and this
printing head 11 is provided on the carriage 4. The
nozzl e sequence of the nozzle surface Ila where the
plurality of ink ejection 5 openings (nozzles) are
formed for the printing head 11 is arranged in the
sub-scanning direction (thelbelt transport direction)
whi ch i s perpendicular to the in annin

IRt ot ARKTREOPRE P e (GHLAR PactPoRoTs (Fhe TS d

direction of the printing head 11 in FIG 1. 10
mag¢nimudh weind bﬂ-QGEd(ﬁkbcxeaﬁ@qﬁé{@lﬁavﬁné tybs printing
i ndependent conposition is used in this enbodinment, it
headyl bei s ganfigedednt the heamonryesidt.i offhennehz kd sampisgrce of
nore printing heads having the plurality of nozzle
thS SRENGESuMFaeB CAETYhord 1R eatiraniel, bheimdk opjaitidie
recording liquid of each color is 15 used. Mbreover,
I t a rder..of s for;
P R R S L R S LS S
The inting head 11 in this enhodi t 1S
2r£gadd tt Chog PRECFBIIS dhin e eaqisl PELE | Franengrt
cand |k 20 which carry out_ejection of the ink
digeepiat) othichchScBrEPSNGHI G Ot NEnBaRBAASEMI Y | | c,
[lmand Ily is provided with two rows of nozzle
disequanctes The vihkchjebeliph udtiatdatyicsf igozheedowneard
provi ded side by side. The head which has one or the
31 peat Bdn tof athen@ziheindSheed|uginces Fafsi.ch. have arranged
the nozzl e sequence of two rows -13- of each which

carries quit1gheet kR 0fqhie dytctforedehdCcBhOing the
independent composition is used in this embodiment, it may be
configured to the composition in which one or more printing
heads having the plurality of nozzle sequences which carry out
ejection of the drop of the recording liquid of each color is
used. Morsover, the number and the arrangement order of
colors for the printing head are not limited to this
embodiment.

The printing head 11 in this embodiment is

constituted by the four separate heads llc, 1llm, lly and 1lk

which carry out ejection of the ink droplet of each color, and
each of the heads 11k, 1llc¢, 1lm and 1lly is provided with two
rows of nozzle sequences in which the plurality of nozzles are
provided side by side.

The head which has one or the plurality of nozzle

sequences which have arranged the nozzle sequence of two rows
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not only to this but to one printing head 11, and
which can also constitute and carry out ejection of
the black ink, it can also constitute froma head
whi ch has one or the plurality 5 of nozzle sequences -
in each color which carries out ejection of the color
ink. In the ink jet head whiléh constitutes the
printing .head 11, an_energy. gen in nit for
OELRARR At THI (I afEr Gyt Corel it The e Reobr o Bed1om
The energy generating unit pay 10 be a _piezoelectric
nojcPRBY oFC Wiich by 5oppes orT Bt 1% heaghndre , angr which can
t hermal actuator using the phase change by a
alsenpensitinge aragngarby ohe ¢bddiimp off ghei lrdkfihk it
using an electric thermal conversion elenment, such as
cafNaByot deidhiGutesifsbar a Hos@waiich thass cpeeber thd phatality
the energy generating 15 unit of this enbodi nent uses

oft HE8zP1 €208 RGIISC 1ACEHBH Oko 1P wHiG ¢R%ei8E bAE ejection
thermal type using the exotherm c resistor for

g rat | al,y bubbl es the pressure generating unit,
Ofiﬁﬂgsgé%ggfﬁgﬁlt to control the dot size with good

accuracy,_and the radatiqn | evel s must be expressed .,
M h the Harer ok d6EsReo8 Wit B ERd i LRt 100
case of the piezoelectric actuator being used, the
heafobht ¥t NFPIvacdenenttong i welpiiogeerpténdelbaerRergy
is controllable with good accuracy, the size of the
todetfiebki tige fiotkreéd papvhdedhanfes areeayl geardathegdabtit may
Size can express many. gradation levels. In this case,
pet 8 phangs) ddre-i2b adicanebel Shch hes dotpicebelect@f M @lement,

mul ti-value dot), the size -14- of the voltage of a
ordbi VhoghPUl 88 dche puiss wWhethhafe @hange by a temperature
change by the boiling of a liquid film using an electric
thermal conversion element, such as an exothermic resistor.

However, it is preferred that the energy generating

unit of this embodiment uses the piezoelectric actuator.. In
the case of the thermal type using the exothermic resistor for
generating air bubbles the pressure generating unit, it is
difficult to control the dot size with good accuracy, and the
gradation levels must be expressed with the number of dots.

On the other hand, in the case of the piezoelectric actuator

being used, the amount of displacement of the piezoelectric

“element is contreollable with good accuracy, the size of the

dot being formed can be changed greatly and the dot size can
express many gradation levels. In this case, to change the

diameter of the dot (or to form a muiti-value dot), the size
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driving pul se, or the pulse nunber, etc., is changed.
However, the present invention can be applied to a
case in which only the dot of a single size can be
formed, which will be 5 described later. The driver IC
(integrated circuit) is provided in the printing head
11, and the driver ICis cobhAected with the contro

1
unj t ich is not, illustrated) .through a harnes
of (Ph ot bh e o8 AaCEhBHeS rilee ) SFLds igthreE @
- sub-tanks 15 of the respective colors for supplyiqg
driweng iksL S e thespatss RIS or $tCo 1t hE FRAAYEHy However,
head 11 are provided in the carriage 4. Suppl enent
thgupptserdf inviestiinkscah bdeapmisisstttiove cobersntwhidie only
sub-tanks 15 fromthe ink cartridges 10 of the
théespecdf e BRlgleS sWhe Chamrise afidaeitgd whichowi he be
cartridge loading part 9, is carried out through the

debBKisapPl M dubes 16 of the respective colors. In this
cartridge |loading part 9, the supply punp unit 17 for

ool v e N DgEe U AR U GREID L3 [gbESk 50
endPEEERLy 8,105 PR 6. 1C,20 L Consty s e o

as a sheet feeding unit for feeding the sheets 22

- conbrebdiwit t (Whisheds nebdi hparated)pitbssugl plkawyessl

of the sheet feed tray 20, the sem - circular feed
{flekiete AP iartedt kebdepar abfPhig-giad:)24 2ar e provi ded. 25
The feed roller 23 and the separating pad 24 confront

each 15 midejuranrdngariy efttid e ssprataveonofeed fér
every one sheet of
supplying the inks of the respective cclors to the printing
head 11 are provided in the carriage 4. Supplement supply of
the inks of the respective colors to the sub-tanks 15 from the

ink cartridges 10 of the respective colors which are attached

to the cartridge loading part 9, is carried out through the

ink supply ftubes 16 of the respective colors. In this

cartridge loading part 9, the supply pump unit 17 for feeding
the ink in each ink cartridge 10 is formed. The ink supply
tubes 16 are held in the middie thereof to the backboard 1C
(which constitutes the frame 1) by the locking member 18.

On the other hand, as a sheet feeding unit for

feeding the sheets 22 loaded on the sheet loading part

{pressure plate) 21 of the sheet feed tray 20, the semi-

circular feed roller 23 and the separating pad 24 are provided.

The feed roller 23 and the separating pad 24 confront each
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the sheets 22 fromthe sheet |oading part 21. The
separating pad 24 is nmade of the material having a

| arge coefficient of friction, and this separating
pad 24 is elastically drawn to 5 the side of the feed
roller 23. In order to feed the sheet 22 fromthe
feeding unit to the | ower-part side of the printing

ead 1 t he quid menber 25, t ounter _roller
ol i ST RERBERCLSY TR SEnEREY PR SHet of
- menber 28 havrng the front_edge pressure 10 roller 29
ther eheplevideEromdheneherhnkrAing dRrtazli s Fhe separating
transport unit for transporting the sheet 22 in the
pa@o34 t immadehicch tbeunetesizhehasring indahgadceaffbdient of
the electrostatic suction of the sheet 22 is
frpetion pethd e st sapapetindepdd JU iis anaendbeddybdtivn to
and it is 15 wound between the conveyance roller 32

th@nglégeofaﬁﬁéQ@eﬁokbﬁier3§3so that the transport belt
31 1 s noved crrcunferentlally around themin the belt

transport directiqn %EE? g%g éﬁéHH“%ylfr%hF%ﬁ&'gQédl%P unit

Wi | e the ransport i'S nove

_ with the char roller. 34 such, that
toebht IR ALErORE EhE e LHOAS oo Lhe, Fap ndgide

The transport belt 31 may be nmde of a belt of single

melbger 2384 rited Wwaangerarpeler o6 mihs gloavespEFe sTRLEE yriber
In the case of the transport belt 31 of single |ayer

27st andt tiie, holtdimowhehbel agérhafinddheelftro8t edgéopresbure
froman insulating 25 material since the belt 31

rot08t agy Syt riaeted?? and the rddrsphvar geng BOl Lera 34.

In the case of the transport belt 31 of
transport unit for transporting the sheet 22 in the position
which countere the printing head 11 while fhe electrostatic
suction of the sheet 22 is performed.

The transport belt 31 is an endless belt, and it is
wound between the conveyance roller 32 and the tension roller
33 so that the transport belt 31 is moved circumferentially
around them in the belt transport direction (the sub-scanning
direction). While the transport belt 31 is moved, it is
charged with the charging roller 34 such that the.
eiectrostatic suction of the sheet 22 is performed.

The transport belt 31 may be made of a belt of
single layer structure or a belt of multiple layer structure.
Iin the case of the transport belt 31 of single layer structure,

the whole layer of the belt 31 is formed f£rom an insulating

material since the belt 31 contacts the sheet 22 and the
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-mul tiple layer structure, it is preferred that the
side of the belt 31 which is in contact with the
sheet 22 and the charging roller 34 is forned from an
insulating material and the side 5 of the belt 31
which is not in contact with the sheet 22 or the
char gi ng roIIer 34 is formedefroma conductive
mat eri al . s preferred that_ the insul ati

e ST FOMRC R or 1B THe GH3 el oGP e 390k belt 31 of
one-layer structure, or the insulating naterial

muBpES tRYShSGEREEREE T alerl DPreferEsd: glaﬁ*ép%w W% Oafl the
of nmultiple |ayer structure does not contain an

bekt e3l el dorddudni opantawt rolthhdther isheetERanphéstld elierging
insulating material may include a resin or an

rotl@st®ners Butkd gsoffEn RBEuld\Pg mBCer HFEn®PTHE side
The volune resistivity is nore than 1012 ohmcm and

f' tnd sodasizabhy ch01s Qb Mok ddt W3tRr eher £8set @2 or

formthe conductive layer of the transport belt 31 of

thé %1#1 V&]ﬁé}%ﬁ&t éﬁcié‘rf?x%{eod“ ot 37 %ﬁ&héﬁ&b{lé‘tﬁé{&{lal

€ reSin or e elas

contai n carbon e vol t n
of 105- 10% &rﬁnpéﬁ:tleﬁ\éeeffﬁ 2 égﬁs ! s.ugt\éﬁ:éfig'g&apgngfgwehlch

provided to contact the insulating layer (in the case
fophs t Hee daransperiubelpl 21 | of nesEygst & é?cﬁﬁ¥%h ?Brivhe

the surface of the transport belt 31, and it is
inaviaingey medetriatl Whéchhﬁmgmsmﬁhaﬂﬂnsmlatingylépéromi the

and be rotated in accordance with the rotation of the
traBspéansRort el 3dltHPTe PIBssUE rugtappl d6dstiot htontain

charging -17- roller 34 at the both ends of the shaft
antgféé%glc conduction control materizal. Examples of the
insulating material may include a resin or an elastomer, such
as PET, PEI, PVDF, PC, ETFE, PTFE. The volume resistivity is
more than 1012 ohmrcm,‘and it is desirably 1015 chm-cm
It is preferred to form the conductive layer of the
transport belt 31 of multiple layer structure from a

conductive material with which the resin or the elastomer may

be made to contain carbon. The volume resistivity is in a

-range of 105-107 ohm~cm.

The charging roller 34 is provided to contact the
insulating layer (in the case of the belt of multiple layer
structure) which forms the surface of the transport belt 31,
and it is arranged so that the charging roller 34 may follow
and be rotated in accordance with the rotation of the

transport belt 31. And pressure is applied to the charging
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The charging roller 34 is fornmed froma conductive

menber the volune resistivity of which is in a range

of 106- 109 ohns/ 0. The AC bias voltage (high

vol tage) of 2kV 5 positive/negative polarities is

applied to the charging roller 34 fromthe AC bias

supply unit (the high voltadd-power supply) which

Ll described.later. Although i, ne vef orm and

IOEHFFig‘Eg%‘f a&%&?&ﬁ’or@ﬁgﬁﬁfb e TPl THRCOTAC  bi s

voltage, it is preferred_to use a square waveform for

the 10 AD®id@rGcagellen shelpakdmgydrsm gheonductive

transport belt 31, the guide nenber 35 is arranged at
metrher ptisé t veohreomesd poadiiny ¢d witieh grs ini agreaggeoHyl06-

the printing head 11. The guide nenber 35 is arranged

1000cRREJELt trowand bhespréniddiy (aadt d1tage) tbe Lby
tangent |ine between the two rollers (conveyance

po\%ﬁhh@é/ﬁ@gme te139R 1 6Q! !-Lgra%%ﬁlié&w&%r chdrbass Abiler

I ch supports the transport t 31, in order"to

Lntain. t i ghl u t,ness _of
3¢ FhRpble e A RIS AL DS Rt 5BEapouRT e
transport belt = 20 31 is perfornmed in._the belt |
SUPPLHA PR R Ik B SBRCFIBS 215 Coren AYTECEGRY By SEE
roller 32 is rotated through the drive belt 37 and

. wayRéornnimg a difianagdapy varelfeub-Brakameed fer this AC

Al t hough not illustrated, the encoder wheel in which
bikkevsltage) sitf drampdeifsrattiatbhedsd @ tdmmeagieaivbveforihefor the
conveyance roller 32, 25 the transm ssion type
achbBengsesseigahi ch detects the slit of -18- the encoder
wheel is provided. The encoder wheel and the

On the back side of the transport belt 31, the
guide member 35 is arranged at the position corresponding to

the printing range by the printing head 11. The guide member

35 is arranged to project toward the printing head 11 from the

tangent line between the two rollers (conveyance roller 32 and
tension roller 33) the upper surface of which supports the
transport belt 31, in order to maintain the highly accurate
flatness of the transport belt 31.

The circumferential movement of the transport belt
31 is performed in the belt transport direction of FIG. 2,
when the conveyance roller 32 is rotated through the drive
belt 37 and the timing roller 38 by the sub-scan motor 36.
Although not illustrated, the encoder wheel in which the slit
is formed is attached to the shaft of the conveyance roller 32,

the transmission type photosensor which detects the slit of
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phot osensor constitute the wheel encoder. Moreover,
the separation pawl 41 for separating the sheet 22
fromthe transport belt 31, the delivery roller 42 5
and the delivery roller 43 are provided as a sheet
ejection wunit for delivering the sheet 22 in which an
image is recorded by the pﬂgnting head 11, to the
sheet ejection tray 4 t i.de h r
R R L T S T
attached. The doubl e-sided 10 copyjng unit 51 captures
Phhesepey %8?§H+F8ﬁei§§?eY?ﬁéﬁuF 4ﬁﬁé rever sal
rotation of the transport belt 31 in the opposite
di r ect i orMoneaMerzeSheheeBRERE 1D PayHd dleé@S BBRRKAEHRY the
sheet 22 to the position between the counter roller
sh2ét aizl fihen theanspoespobel beBd.3TMhehmadedlivbypassiiamyd?
52 is provided on 15 the upper surface of the
andOotkd edsi Hedcopyineg UBi 4rdlproviltRdisNkEBRBEE ejection
recovery nmechanism 61 for rmaintaining and recovering
unkPerSt &4 I%?eﬁ?ﬁ%htﬂgzgh@ePfZirEh dﬂfcﬂtbﬂgiﬁgeghéé #&corded

arrange the non-printing area In one o0

oy CBHRCE'S Besto) nEEnaNT NG SRGHECRr BEBY o ted

the cap nenhers (or caps) 62a-62d (which_ are .

col | ecti V& yhealiasd sédp OB28haneimiotl -di*8Ei AgUPLET Ffed

for capping each of the nozzle surfaces |la of the
copying i wif thedd ikl dethehabperatfiaaheds3 WhiecHoubseasiedie

menber for carrying out w ping of the nozzle 25
coputhqcoesit |5, capdutrbe thanyheite@d enichcept aeterfdd by the

which -19- receives the ink which does not contribute
relr@rPi1 Nttt 3 of the transport belt 31 in the opposite
direction, reverses the sheet 22, and feeds again the sheet 22
to the position between the counter roller 26 and the
transport belt 31. The manual bypass tray 52 is provided on
the upper surface of the double-sided copying unit 51.

The maintenance recovery mechanism 61 for
maintaining and recovering the state of each nozzle of the
printing head 11 is arranged in the non-printing area in one
of the scanning directions of the carrisge 4. In the
maintenance recovery mechanism 61, there are provided the cap
members (or caps) 62a—62d (which are collectively called "cap
62" when not distinguishing) for capping each of the nozzle
surfaces 1la of the printing head 11, the wiper blade 63 which

is a blade member for carrying out wiping of the nozzle

surfaces 1la, and the dummy ejection receptacle 64 which




10

15

20

25

ej ects such ink when perform ng the dummy ejection, in
order to eject the thickened recording |iquid drop.
The cap 62a is provided for suction the ink and
nmoi sturizing the nozzle 5 surface, and the other caps -
62b-62d are provided for noisturizing the nozzle
surface. The dummy ej ecti onlBeceptacle 68 is provided
in,the _non-printing.area on the ather side _of.the
regRi¥rage ' Bipetrre BeS el i rin B3 Hrfustig e
. The dunmy ejection receptacle 10 68 receives the, ink
eJBRBS | FRCRHETTh Wi68s PREECEBHRY | Tt BVt ReSCFE gl gin order
ej ection when performng the dummy ejection to eject
tot agethi theeridd akeseddragordipug dlignichdroppe Bhe cap 62a is
printing. And the dumry ejection receptacle 68 is
prptrodédetbm dutttioe epeningsand Snairstayddiabonbet hezzle
nozzl e colum direction of the printing 15 head 11.

suPBa880Whd N He Grhir EBEsOpEhLRYg daRSiHibvEBB80F0F 1
(which i's a recording medi um detection unit for

| mog%ﬁﬁ%gr?% Jggégé%togggg( %Jé&g:cae_sheet 22) which is made of

nd of sensor is not limted

to this ipnfrared sensor) is 20 provid i,n the_ . .
carri age ﬂbe'éﬁgmgbﬁﬂ@5F£8§n§?? AHE P87 15 BTOLP gAY the
at an upstream position of the printing head 11 in .
NOpHBL §ReERT 30T 56 £hai PERET otldthith the recatedei 4 epresite
imge formng range (or the transport belt 31 side)
towhka mhin seanniage ddrestiona Home qyowivt edrct26nTheceptacle
encoder scale 72 in which the slit is forned is -20-
68Pravk deds ofhd helf roet iakdehofh tdiwecaot agat4ibhbagts hehe
mai n
liquid ejection when performing the dummy ejection to eject

nsor

the thickened recording liquid at the time of printing. And
the dummy ejection receptacle 68 is provided with the openings
69 arrayed along the nozzle coliumn direction of the printing
head 113.

As shown in FIG. 1, the optical density sensor 71
(which is a recording medium detection unit for detecting
existence of the sheet 22) which is made of an infrared sensor
(the kind of sensor is not limited to this infrared sensor) is
provided in the carriage 4. The optical density sensor 71 is
arranged at an upstream position of.thé printing.head 11 in
the sheet transport direction which is leocated in the image
forming range {or the transport belt 31 side} when the
carriage 4 is in a.home position.

The encoder scale 72 in which the slit is formed is
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scanni ng direction. The encoder sensor 73 which is
formed froma transm ssion type photosensor which

- detects the slit of the encoder scale 72 is provided
on the front side of the 5 carriage 4. And the encoder
scale 72 and the encoder sensor 73 constitute the
linear encoder 74 which det@@ts the position of t he

carr. ge 4 he .mai.n _scanpi ng_dir.ectiagn,

iR oD it PSS, et Fon- h it & al88%th?u’%‘%m
the printing head in the i nk-je rlntln% devi ce

scapnihBedtRachiFod \%Pfahe%%‘?’én%%‘st‘?ﬂf FIPGH 36§naSFiE@rm%d
FIG 3 is. a cross-sectional diagramof the |iquid

frejmeat f van$reiss icak &iyrel phgtosensongitied ggtegisethonlit of
of the Iliquid chanber of this head. FIG 4 is a

ther efsodectsculad 72diiagpasyofied hen [tguifdtcejteatidenohetlde
taken along the transverse 15 direction of the liquid

ca‘iQ’Q er4of AdH srReadcobbe 8OZTL €1 ATdRY thHdl LBebHAR) sensor
i qui d ‘ej ection head conprises a channel plate

731fQ,%H¥‘E£EH1fé Stﬁeorﬂ%%aﬁ%y {QSFEQJE”H‘%h %‘t%%‘tfthE pos:Ltlon
noNo- C Srl1con substrate,
hra m 102 whi ch |s 20 for he ni,ckel
oot BB FOLERRTS (fh orEameon RE b ErRGE ot ¢ he
channel plate 101, and_a nozz|e !ate 103 which is ]
bonded t oNe¥e [WhExaaWieapé bhet heaehimi@ctjra: 8eagiwhich
These el enents are joi ned together and | am nat ed.
cofiseli ebyes atimo zztientdognbeiedain ngheattk-163, paihtdonoddebee
chanber 106, a common |iquid chanber 108, and an ink
wigupBkyd8gcrHed RAh 18%caefcé ot orexhc.The amer ziie. 104
whi ch ejects the ink (ink

FIG. 3 is a cross-sectional diagram cf the liquid

ejection head taken along the longitudinal direction of the

- liquid chamber of this head. FIG. 4 is a cross—-sectional

diagram of the liquid ejection head taken alcong the transverse
direction of the liguid chamber of this head (the nozzle array
direction).

The liquid ejection head comprises a channel plate
101 which is formed by performing the aniscotropic etching of a
mono-crystal silicon substrate, a diaphragm 102 which is
formed by the nickel electro-casting bonded to the
undersurface of the channel plate 101, and a nozzie plate 103
which is bonded to the upper surface of the channel plate 101.
These elements are joined together and laminated.

Thereby; a nozzle communicating path 105, a liquid

chamber 106, a common liquid chamber 108, and an ink supplying
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drop) communi cates with the liquid chanber 106 and the
comon |iquid chanber 108. The common |iquid chanber
108 is provided for supplying the ink to the nozzle
comuni cating path 105 and 5 the liquid chanber 106,
and the ink supplying port 109 comrunicates with the
comon |iquid chanber 108. -Zhe | am nated type

pi ezoelectrjic elements 121 of _ two.ro are_pravide .

0ol “ERS e (BT haRIE O EF o S P aRCF S he itk (ink
pressure generating unit (actuator unit& for 10

drelef | eeriug Qare sdivaphr Blgen 1o ithFherbesud P éi agdt Hee j gaemon

in the |liquid chanber 106. And the base substrate 122

ligsigravinted t168.f i Xheheophez oelwdt ichambemehés 12 prevrided
the base substrate 122 by bondi ng. The support units

for23upp By f:af e batkweenthdenopiey eehenhtcat ehgnpatis 105 and
121. The support units 123 are formed 15

the! i f@%@&é&d@érwlbg, t BRaPike oﬁ{]@g@p‘iy@hﬁnﬁﬂit 1249 by

carrying out the division processing of "the
iezpelectri.c.element material p t units 123

co ulﬁjocfaﬁ’eescé'fj&@ ttﬁs 8??“\1}??@& 514 fglg,%b %%dgﬁ &y serve as
t he supporting nenbers., The FPC cable 12 &n mhich%éﬂe
drive ci ref tLqdreied SePe LIPS T ifoEIPMFREE r A Pt
is installed is connected to the piezoelectric

twel epentard 2rovAgect he fnapkenireechenigad thensducer
peri pheral part of the diaphragm 102 are joi ned

whiopgeided .phlesdire Hraspatmbndeunitl 3@ ctihéoconnave for
portion is fornmed such that the concave 25 portion is

deE§§gt£@? _f@{é_ndﬂé%hirﬁéﬁr 1DoNap@rgibukdtiagdthbBeinR2n the
- comon Tiquid chanmbér 108. The actuator unit which
1i&8§8r&ﬁ§ﬁber 106. And the base substrate 122 is provided to
fix the piezoelectric elements 121 to the base substrate 122
by bonding. The support units 123 are formed between the
piezoelectric elements 121. The support units 123 are formed
simultanecusly with the piezoelectric element 121 by carrying

out the division processing of the piezoelectric element

material. The support units 123 do not receive the driving

- voltage, and they serve as the supporting members.

The FPC cable 12 in which the drive circuit (drive
IC) which is not illustrated is installed is connected to the
piezoelectric elements 121.

Angd the frame member 130 and the peripheral part of
the diaphragm 102 are joihed together. In the frame member
130, the concave portion is formed such that the concave

portion is used to form the insertion portion 131 and the
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-the piezoelectric element 121 and the base substrate
122 is inserted in the insertion portion 131. Al so,
in the frame nenber 130, the ink supply hole 132 is
formed, and the ink 5 supply hole 132 is used for
externally supplying the ink to the common liquid
chanber 108. For exanple tBe-frame nenber 130 is

oIR8 B8 LTS 0B B

-~ _present exanp the channel plate 101 is_ 10 forned

th@ypaﬁz%%%%tpm& GlERER ofla2Rdridie MpsecasubsErabs 122 is
substrate with the crystalline orientation (110),

ingsirhgdain ikadlnssetévohpogtsoh ut3bn, 2ok ap ahe frame
pot assi um hydroxi de solution (KOH). Thereby, the

mefDAEAYB0 porid dminainghliyshosed13s id formedzl and the ink
communi cating path 105 and the liquid chanber 106, 15

suppilyt Re1d0] & pQy tds%a ape égfgseialwvss\psrlylhaetﬁéesﬁmtto

rnvention is not limted to the nono-Crystal [icon

thiﬂ%i{m%g]{x cgﬂc%e h%%a' Yeh¥g 4 ﬁéfléﬂaﬁr@ﬁes,t %ﬁg fralae member

osensifrvée resin
inst ead the present ex hra m,102 is
1S Rl (IS BreRens, Sxaple. 4 dLopiiagnioz Lo,
by the electroformng nethod. Alternatively, another
sugbt af gpase WHsim esnbrAgehaeyrie gulfidetal plate and
aresin plate may be wused instead. The piezoelectric

el emrent 121 e presesgpparinpiie) tth SHE2Bedr plbord@dlt bs
t he di aphragm 102 by the adhesive agent, and -23- the

fo%gﬁgbﬁeéﬁbﬁiot]r%ﬂos cheht Agr o bondashd-@riyae adi apht agm
substraze with the crystalline orientation (110), using an
alkaline etching scolution, such as a potassium hydroxide
solution (XKOH). Thereby, the concave portion which is used as
the nozzle communicating path 105 and the liguid chamber 106,
and the hole portion are formed. However, the present
invention is not limited to the mono-crystal silicon substrate.
Alternatively, a stainless steel substrate; a photosensitive
resin, etc. may used instead.

In the present example, the diaphragm 102 is formed
from the metzl plate of nickel and prepared by the
electroforming method. Alternatively, another metal plate or
a combined member of a metal plate and a resin plate may be
used instead.

The piezoelectric element 121 and the support unit

123 are bonded to the diaphragm 102 by the adhesive agent, and
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t he adhesive agent. In the nozzle plate 103, the
nozzl es 104 each having the dianeter in a range of

- 10-30 mcronmeters and 5 corresponding to each of the
liquid chanbers 106, are forned. The nozzle plate 103
I's bonded to the channel plate 101 by the adhesive
agent. The nozzle plate 1032Bs provided SO that a

en Ia er roed.on. .t he su {

thf F T SIFTEREDED Ohi ERTACh it osr Sonbbal Charbadn 407 by

a mater-repellent 10 layer on the top of the surface
thetadhesifis, @9SRayer. The surface of the nozzle plate

103 forns the above-nentioned nozzle surface 34a. The

pi ezoel ecly itheenomanesplaie av@& t Héd avizadesdl0¢ ygrch

pi ezoel ectric elements (PZT) in which piezoelectric 15
hatbh@riled siibmbtandihnkeraaye el dir-Gdemitbdmatrers and

|am nated alternately. The individual electrode 153

co BRI NI GRRN catheskr oge lbdiaf eHeRRRest eds} OafacibBied.

the internal electrodes 152 which are puIIed out to

Theh§o££?@%%ff\ée g@dlfs %Sﬁd@cﬁ EJ‘echeD'c%éﬁﬁlafcgiéEe 101 by the

el ene € present exanpl e

IR AR IS SOOPRRL 9 e <

pressurlzed usi ng the displacenent in_the

givereka¥oh I8 formed pacthe s wiigsice £deltbet PPE?%? Fpriafelon

pi ezoel ectric elements 121. Alternatively, the
mepbapoghidlons mags whi ghmebel imgokiar,t hedl equatechasbellent

106 is pressurized using -24- the displacenent in the
lagidd &hrged iton aF the guregdé &Y afhe given layer. The
surface of the nozzle plate 103 forms the above—mentioned
nozzle surface 34a.

The piezoelectric elements 121 are the laminated
type piezoelectric elements (PZT) in which piezoelectric
materials 151 and internal electrodes 152 are laminated
alternately. The individual electrode 153 and the common
electrode 154 are connected to each of the internal electrodes
152 which are pulled out to the respective end faces of the
plezoelectric elements 121.

In the present example, the piezoelectric elements
121 have the compesition in which the ink in the liguid

chamber 106 is pressurized using the displacement in the d33

direction as the direction of piezoelectricity of the

piezoelectric elements 121. Alternatively, the compositicn in

which the ink in the liquid chamber 106 is pressurized using
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pi ezoel ectricity of the piezoelectric elenents 121 may

be used. Mreover, the structure in which the

pi ezoel ectric elenents 121 of one row are provi ded on

a single substrate 122 5 may be used. In the

above-described liquid ejection head, the voltage

applied to the piezoel ectri-é4el ement 121 is dropped to

be .l ower than t.he_ref nge_electric tential,.the
th8 S TRIETITE dfiehbit 01510 LorT Tat & 5ah ot RETAPEBRY

102 10 descends so_.that the_volupe of the |liquid
Pieraghett ol ek phdde RA@ZPRESFRKIF I BYRNGHID ]?’:He N3y ey vsed-

chanber 106. And the voltage applied to piezoelectric

el enent Irqayemcitbasetiruarigre tfre hﬁii@boégecpriiéeoelectric

element 121 is elongated in the |amnation direction.
eldhentls ajtr aginot@? rbe deél pedeitdd drhe sarngle i0dstbate 122

direction, and the volune of the liquid chanber 106 is
ma§hbdnkseq SO that the ink in the liquid chanber 106 is

pressurized and the drop of the ink (recording

[iquid) i j,ect fr ; e i

T S a%g)get g%%g%%@%dznpl 2 ﬁo ed[l(%ﬁecﬂoh LUL B! NGe

t he vol tage applie tric el enent
1 to the reference electric potential e.

Vol AR A 165 et lPnBAC o HEE I (LeneBbseiohs GFgpped to

the 1liquid chanber 106 expands so that a_negative
bepl ¥’y rignaie dlyss refRrenee| R chaimsentied, g@ethis

time, the liquid chanber 106 is filled up with the
pieeceladingid isjuimégntr 321t benttomyton 28! thguddaphaatmer102

108. -25- Then, the vibration of the neniscus surface
dedtehdl® so that the volume of the liquid chamber 106 expands

and the ink flows into the ligquid chamber 106. And the

voltage applied to piezoelectric element 121 1s increased, and
the piezocelectric element 121 is elongated in the lamination
direction. The diaphragm 102 is defiected in the nozzle 104
direction, and the volume of the liquid chamber 106 is shrunk,
se that the ink in the liquid chamber 106 is pressurized and

the drep of the ink (recording liquid) is ejected from the

- nozzle 104.

By returning the voltage applied to the
piezoelectric element 123 fo the reference electric potential,

the diaphragm 102 returned to the initial position, and the

liguid chamber 106 expands so that a negative pressure occurs

in the ligquid chamber 106. At this time, the liquid chamber
106 is filled up with the recording liquid from the common

liquid chamber 108.
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nozzle 104 is declined and stabilized, the operation
of the 1liquid ejection head is shifted to the
operation for ejection of the following drop. 5 The
drive nmethod of the liquid ejection head is not
limted to the above-nenti oned exanpl e. Another drive
nmet hod- (pushing and stri ki8> may be used instead. In

the ink-jet printing device ti oned .above, the

Separ at | Dby 9P G REOE HEb st T SeRBesutB50T g the

the 10 sheet feeding unit is carried out, and the
nogphr 04 Iedesidaed 2pdj staRi Heddy theeCgarabion. ofHde

sheet 22 is inserted between the transport belt 31

- 1ignild t drpeaiint éeadoliibesh2btedint the iopecehveyelor TRiection

front edge of the sheet 22 is guided by the
of CERY eFAINCAHyiGiY deold(, and the sheet 22 is pushed
agai nst 15 the transport belt 31 by the edge pressure

roller 2950 4hak nkRRoahEet e iiﬁ{di%%%é@%‘&&@ﬁ hoadhes not

sheet transport direction by abou egrees. At
thps.tine, the voltage.of the itiv rsG.
LSOE SR Tl e VB GRS SR s gat POG o caF g method
potential 20 are alternatel %‘?i;ie}%l&:ele fromthe AC
34. Nanely,

the alternately changing voltage 1is supplied to the
t ranspor t Ibeihe 3nkvilgtt peiehbrgidry i mentigredTgove, the
belt-like alternate regi ons which are charged

sepasatioel fecatihonedavheekheén ¢thetlchathgieng ¢8| fage the
pattern of a 25 predetermned width are present in the

shbEANsROdindaldi t31s ci6ri¥hesut harihaele 22wksdlar fé@heet
on the transport belt _

22 is guided by the guide 25. The sheet 22 is inserted

between the transport belt 31 and the counter roller 26, and

it is conveyed. The front edge of the sheet 22 is guided by

the convevance guide 27, and the sheet 22 is pushed against

the transport belt 31 by the edge pressure roller 29 so that

the sheet 22 is transported in the sheet transport direction

by about 90 degrees.

At this time, the voltage of the positive electric

potential and the voltage of the negative electric potential

are alternately supplied from the AC bias supply unit to the

charging roller 34. Namely, the alternately changing voltage

is supplied to the transport belt 31 via the charging roller

.34. The belt-like alternate regions which are charged

positively and negatively in the charging voltage pattern of a

predetermined width are present in the transport belt 31.
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31 which is charged alternately with the positive and
negative polarities, the sheet 22 is sucked up by the
transport belt 31 by the electrostatic force, and the
sheet 22 is conveyed in 5 the sub-scanning direction

by the circunferential novenent of the transport belt
31. Then, the printing headZ2%t is driven according to

[ t 4 d t
"k oot g B’ 5 FRLCARIS ronlRy Eoan S et
one line of 10 an imge is forned on the sheet 22.
31 avheph the céweraedzzltern@%%éw@atfwh& §P¥&hIEBNTRY MRIATIVE

anmount, the following line of the inage is forned on
pOihEiBiEﬁH 2 shWeett EReipriuckehdisiynahei srasspdvedopt 31

when a detection signal indicating that the rear end
byOfhé hel sdesistaticlToreashesd tite: isrge bor iat tonverngein

is received, the printing operation is term nated. The

théheeis gcétﬁafﬂbe'al%lc'tYsﬁegyt&lé he rsheetefl €811 ABvik@Y: of
. I'n the case of double-sided printing, the

thtr@@gﬁééﬁr%q%%&_§% is reversely rotated when the

ront 20 surface of the sheet 22 is
eis for

conpl eted, the eet ,22.in whi , med

on The fr BT SUTFaBEi e BEEoTS the' GBRE. SPEREELRS to

printing unit 51. The sheet 22 is reversed (in the
ansimage whikgrea t b iBackhsufFraEdass LHangeuetdo anprihei bk

surface), and the sheet 22 is fed to the position
drbpsween 4¢tert2sl coutther stopped Steednd@t be thahspoetline of

belt 31 again. -27- After conveying of the sheet 22 is
anPehb§s nesl Ml on the sheet 22. After the sheet 22 is
conveyed by a given conveyance amount, the following line of
the image is formed on the sheet 22.

When the print end signal is received or when a
detection signal indicating that the rear end of the sheet 22
reaches the image formation range is received, the printing
operation is terminated. The sheet 2 is then delivered to the
sheet ejection tray 40.

In the case of double-sided printing, the transport
belt 31 is reversely rotated when the printing of the front
surface of the sheet 22 is completed, the sheet 22 in which
the image is formed on the front surface is sent to the
double~sided printing unit 51. The sheet 22 is reversed (in
the state where the back surface is changed to a printing

surface), and the sheet 22 is fed to the position between the

counter roller 26 and the transport belt 31 again.
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transport belt 31 through the timng control, the
image is forned on the back surface of the sheet 22.
Then, the sheet = 22 is delivered to the sheet ejection
tray 40. 5 Wien an image in which a ground tint is
enbedded which indicates that copying of the docunent
is inhibited is printed onZ2d-sheet by using t he
above- de i bed |nk r|nt| ILC t here
Probl em tHAh ST ARG B et 1 HI<% 62 fe bREEpmhed by the
perneates algqng with the fibers of the sheet, 10 which
tr?’éslé%"cul?“%lct t3& theohaR- Foe Hining ﬁ@ntmlor*ala? tgage is
realize the ground tint printing, it is preferred to
fogsedtdre thienlbaghi chrfessens thre d2ng Fh@n, the sheet
feathering of the ink dot as nuch as possible. The
221 bk adil Clerexl tsedhby shet abpuerides eriapedOi nk- 15 j et
printing device is prepared to contain the follow ng

conmponentydrl)art AmbdQ) inAmek &6 RjBWREL thistUS$8de@Bedded
colorant for printing, and the solvent for

whi&60 %a&%sa%% di EBE&P%'@@ tﬂé“ %E'Et %ESiHﬁﬁS‘i d is

eSsential ingre di-ent reover, I ng agen
urface acti ent t he enuIS|on 20

oriEed b S Hoa FEh B e am%s%bé%ve-fﬂ&sfcse—%ﬁgr Thksiets
addi tives. The_purposes of m xi the wetting agent 1

prapfiegdsiag nghegigeht 2 Bﬁ%b#ﬁ@lﬁ%@§ the WP§C%§Ft@dherlng
control easily and to harness the features of the

towkehe | shpaiggerneasepeslonglwith (the figeent of the sheet,
(self-dispersibility pignent) 6wt % or nore 25 (2)

whi\eh t 1 1 gsmgeiticl to28he ( Bpkwhdt iplgragenst. 2In order to

realize the ground tint printing, it is preferred to use the

ink which lessens the spreading and feathering of the ink dot

as much as possible.

The ink which is used by the above-described ink-
jet printing device is prepared to contain the following
components (1) to (10). And the pigment is used as a colorant
for printing, and the solvent for decomposing and distributing
the pigment is used as essential ingredients. Moreover, the
wetting agent, the surface active agent, the emulsion, the
antiseptics, and the pH adjuster are further used as additives.
The purposes of mixing the wetting agent 1 and the wetting
agent 2 are to make the viscosity contrel easily and to
harness the features of the wetting agents respectively.
{l) pigment (self-dispersibility pigment) 6wt% or more

(2) wetting agent 1




(4) water solubl.e organic solvent (5) anionic or
noni oni ¢ surface active agent (6) polyol or glyco
ether with the carbon nunber of eight or 5 nore (7)
emul sion (B) antiseptics (9) pH adjuster (10) pure
water 10 The ink used by the above ink-jet printing
device contains the above=&Bnti oned conponents (1) to
Wien an mage is printed on a plain sheet with
f g“Iafb‘zﬂfé’e BFEAE gned ink, a high inmage density, a
clear quall I mage whj ch does not cause a
(4 U5ﬁ§n8ﬁ§ﬁ6h00§°%YﬁP§:haracters and t he i mage,
15 and a good col or tone (sufficient coloring
(5t hemiawtiar icst nesiandc sotHrce aurtddgcaioent
characteristics) can be obtained. Thus, when the
(6Priditydlg cf gaycobgehén witicithe @aeiBd hivibet Sof eight or
enbedded is perforned, the dots of the ground tint
5 mofkdhe Dbackground part and the mark part which
indicates that it is a 20 copy) can be clearly
egl. ced. It is possible to prevent the mark part
(7¥ :
rombecom ng blurred or prevent occurrence of a
atural conpl exi on soil in the background part due to
B} haRt RS Ence in reproducibility according to dot
size. Next, the conposition of the control unit of
(9} Pl adBISteR-j et printing device will be described
with reference to -29- FIG S.
{10) pure water

10 The ink used by the above ink-jet printing device
contains the above-mentioned components (1) te (10). When an
image is printed on a plain sheet with the asbove-mentioned ink,
a2 high image density, a clear quality of image which does not
cause a feathering phenomenon of the characters and the image,

15 and a good color tone (sufficient coloring characteristics and
color reproduction characteristics) can be obtained. Thus,
when the printing of an image in which a ground tint is
embedded is performed, the dots of thelground tint (the
background part and the mark part which indicates that it is a

20 copy) can be clearly reproduced. It is possible to prévent
the mark part from becoming blurred or prevent occurrence of a
natural complexion soil in the background part due to the
difference in reproducibility according to dot size;

Next, the composition_of the control unit of this’

25 ink-jet printing device will be described with reference to
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As shown in FIG 5, the control unit 200 conprises a
CPU 211 whi ch manages control of the whole ink-jet
printing -device, a ROM 202 which store the program
executed by the CPU 5 211 and other fixed data, a RAM
203 which tenporarily stores 1image data or the |ike,

a rewitable nonvolatile ne@géry 204 which holds data

Fléo e witten even when the power supply of the

evite is turned off, and an ASIC 205 which perforns
various signal processing of inage data, rearrangenent

10 procesds iPUR the flfage det%, CAHE Pr HReEsPRY oprprises

i nput/output signals for controlling the whole

‘a dBvi2El wWiidowanagesecenhrebl ofitie lgoipkises printing

host interface (I1/F) 206, a head drive control unit
de?0de, aa head 20dr Wheeh( 8tbyver th€)p 2R ama eraat sdany N rCPU
drive unit 210, a 15 sub-scan notor drive unit 211, an

21PCG Rh 3SR e dNidh £212a AR 2@ WJHiCH RLARbAEL: 2 3stores
The host I/F 206 is provided to transmt or receive

. the.signal s_to. f nQSt

inhd€ G ANEIsReToR Tarfiod Minyiles1R8 nEHRLF 200
transfer upnit which is,provided tq car out drive 20

Whight horB{0Re ot PRt FRGCREACE IR "ARS (rFnPPHGE hedP Ry of
and the head driver 208 are provided on the side of

thehdevhre | bydwrnedTréfheaBd e VAT OGP S ¥hacheBETEPTHF ng
device which is provided to drive the printing head

vatiouFheigresnscaessongr ofir inegaimidtal1Geasrpngendgetd to
25 drive the main scan notor S. The sub-scan notor

preEb¥Eindi 6f -3 idblel Saphpvatiepicradsiing bieifpht seatput
not or 36. The AC bi as

signals for controlling the whole device.

Morecver, the control unit 200 comprises a host
intarface (I/F) 206, & head drive control unit 207, a head
driver (driver IC) 208, a main-scan motor drive unit 210, a

sub~scan motor drive unit 211, an AC bias supply unit 212, and

an I/0 interface 213. The host I/F 206 is provided to

transmit or receive the data and the signals to or from the

host system. The head drive control unit 207 includes the

data transfer unit which is provided to carry out drive

control of the printing head 1l. The printing head 11 and the

head driver 208 are provided on the side of the carriage 4.
The head driver 208 is a head driving device which is provided
to drive the printing head 11.

The main-scan motor drive unit 210 is provided to

drive the main scan motor 5.. The sub-scan motcr drive unit
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supply unit 212 is provided to supply the AC bias to
the charging roller 34. The I/Ointerface 213 is
provided for inputting the detection pulses fromthe
| i near encoder 74 and 5 the wheel encoder 236, the
detection signal fromthe tenperature sensor 215

whi ch det ects environnent at3Penperature, and the

nal .from ot her various sens

PSRRI gH T O o S ReRERS6 Y e ac pias

unit 200, and this operation panel 214 is Erovided for
sSuRRLY Btk iZdg ABdPEPERREYi Ty BIPRIYe R BhaPl#fifb? netS on
needed for the ink-jet printing device. The contro
changin@0®Ilegeiddes The prOninteyidaeazlbnépudreoygider for
I mage data fromthe host systemincluding an inmaging
ingevt ey tHCeecaidhophhées aftona than linage epaddsy 7146 and
such as an i nage sensor, and a data processing device,

theUgedS et RRISORal CREPMLELCtldh sMRatihers@btgeor the
network by using the host I/F 206. And the CPU 201 of

the contro it S n it
cehlfefd ol 200 o BRcco BV EROHOR S| v,
I/ F qu% causes the fStC 205 to performthe required
r

and pgie PSS nGIgRaT 1 EEPT angeife R T PPYGeSETAGE B t he
printing data, and transnmits the imge data fromthe
head drife arswetéPnuRppe20714 6 Iid SKe&@nBPFYER DOgthe
Creation of the dot pattern data for carrying out the

contege wuttp 0 0rapnbe tB5s pepé¢vaimen [pansflo2ilAgishprévmed for

data in the ROM 202. O it may -31- be perforned by
ingevel opi &1 tdiepl aRgagdat aop@ritiedilt Mfodak8ion needed for
the ink-jet printing device.

The control unit 200 receives the printing data
including the image data from the host system including an
imaging device, such as a digital camera, an image reader,
such as an image sensor, and a data processing device, such as
a personal computer etc. via the cable or the network by using
the host I/F 206.

.And the CPU 201 of the control unit 200 reads and
analyzes the printing data in the receiving buffer contained
in the host I/E 206, causes the ASIC 205 to perform the
required image processing and rearrangement processing of the
printing data, and transmits the image data from the head

drive control unit 207 to the head driver 208. Creation of

the dot pattern data for carrying cut the image output may be

| performed by storing the font data in the ROM 202. Or it may
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using the printer driver on the host system side and
transmtting the bitnmap data to the control unit 200.
The head drive control unit 207 transmts the 5
above-nentioned i mage data as the serial data, and
outputs the transm ssion clock and |atch signa
needed for transni ssion of -3ihe i nage data and for

determ nati.on of the.transm ssion,,and,  t contro
be PLEETHRAL I f et BB bt SEPE BB M sig e MhRcBikhgy data

drive control unit 207 includes the drive wavefaorm 10
USLRE b RS P LATHETWATERCE o r PR NS DSK SESAY XL E8r 2BAd an

anplifier etc. which performD/ A conversion of the
trpasnetpinmitheobithar drivity Pif swniriodhunsts26Ped in

the ROM 202 and read out by the CPU 201. The drive

wav ef or m Tiie dtdaoh dedive obntihel heaick 27 veaaentitel thait

207 creates the drive waveformwhich is 15 constituted
abB¥e Ofién ol iRladeabhty #& €Hd Wig Nulises, (LA8 outputs the

driving signal), "and outputs the drive waveformto the
trgﬁgﬂisﬂtﬁﬁ/ &1 Sanghfapﬁdiﬁﬂe?ﬁerq(e%%dl %Fkuggg?%mfgéién of

e C an e

regirster whic receives t ock 'si'gna
serial data i¢ch are the 20 im ata_fromthe

EPR LSRR | Vi GHET PR URFECDO i Atoliof FEANERhRF £ and
| atches the registration value of the shift register

theyComer¢atciinsilgnkP Fheredt Hea®riOfe cYareevennithe
107, a level conversion circuit (level shifter) which

hegdrdiee @uttzrodvehitodler shodss tihe dutipet weublerof
the latch circuit, 25 and an anal og switch array

créawd € hirig: wihiitch tbRpON&¥ R TB-at &on¥2riek whidchnisSmplifier
controlled by the I evel shifter. The head driver

etc. which perform D/A conversion of the pattern data of the
driving pulse which is stored in the ROM 202 and read out by

the CPU 201. The drive waveform creation unit of the head

drive control unit 207 creates the drive waveform which is

_constituted by cone or the plurality of driving pulses (the

driving signal}, and outputs the drive waveform to the head
driver 208.

The head driver 208 includes a shift register which
receives the clock signal and the serial data (which are the
image data from the head drive control unit 207), a latch
circuit which latches the registrafion value of the shift

register by the latch signal from the head drive control unit

107, a level conversion circuit (level shifter) which carries

cut level conversion of the output value of the latch circuit,

and an analog switch array (switching unit) the ON/OFF state
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108 controls the OV OFF state of the analog switch
array, and selectively applies the driving pul ses
contained in the drive waveformfromthe head drive
control unit 207, to the actuator 5 unit (the
pi ezoel ectric el ement 121) of the printing head 11 so
that the printing head 11 +S2driven. The nmmi n-scan
- motor drive unit 210 conputes a control val ue based .
ofonhige Shexntdeddet B vhf uke Tt ahitderacqlipelieny driver
sanpling of the detection pulse fromthe |inear 10
108nconferols thed MMOFFasfate vaf uthd romlchge sebtchodrsiyie,and
and drives the nmain scan notor 5 through the interna
seffotbivelly \eaiplieS mhkadlkyvitdepsides cantamhed dnives drive
control unit 211 conputes a control val ue based on the

 wa§BEEH dEIGC HHAN hetal e WOI EbniSoGikr 47Dy 53R | & uator

of the detection pulse 15 fromthe wheel encoder 136
d t J U i de. '

unfRo (I REAREER S I RRAER ATl o8 e, REin ffg i o

driver. Next, .an exanple,of the conposition of the
SORERTT T WF T o enﬁiflzb% FtHe head driver 28

w Il be 20 described with reference to FIG 6. The

head dri VB¢ @tifoiscaRi 1oy d6ive oviided 1R EAMPERRS 2

follow ng units 301 and 302. The driving waveform

 cogenel atahge Urised30h ghaecspeed dettaiitpuvslthewdicviig

waveform (common driving waveform which includes the
acBhufr&d iy 0impdSndr b¥i Bge pidisest (ol ipvilee Srognatse linear
one ejection period. The -33- data transfer unit 302
enfULPHT B LR itTROCa98ER (RTHOF NG APy 201 side, and
drives the main scan motor 5 through the internal motor driver.
Similarly, the sub-scan motor drive control unit
211 computes a control value based on the speed detecticn

value which is acquired by sampling of the detection pulse

from the wheel encoder 136 and the target value from the CPU

101 side, and drives the sub-scan motor 36 through the

internal motor driver.

Next, an example of the.composition of the head
drive control unit 207 and the head driver 28 will be
described with reference to FIG. 6.

The head drive control unit 207 is brovided with
the following units 301 and 302. The driving waveform
generating unit 301 generates and outputs the driving waveform
(common driving waveform) which includes the plurality of

driving pulses (driving signals) in one ejection period. The
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the transm ssion clock, the latch signal, and the drop
control signals. The drop control signals MO M3 are
to instruct, for every drop, the opening/closing
state of the analog switch 315 5 of the head driver
208. In accordance with the ejection period of the
comon driving mavefornt t R@3state of each drop

control naI han ed to H | evel t he wavef or
defg HEn TR T HBCEYSE 07 Dk ARG SBREFOINS Sata),
signal is changed to L Ievel_at,the tlne of
thaorrae$ectsiom clockhetheatp®eh veiorzds padpElhei deep WEerrol
the following wunits 311 through 315. The shift
sigeglst erTi3 Hrioppubstirhe sigramsniMBiMInackotk {sdifuct, for
clock) and the serial inmage data fromthe data

evbEaNgESs, WHd cpAingherbatsd cddtids 3h8 ahatefesweaah 315
regi stration value of the shift register 311 with 15

oft PfeBLLD C&lhgﬂ%r g08he gfe é’éérc?a]r?ted‘%ﬁ%ﬂeﬁhéhéjéé‘@ﬂ?n

data and op contro S|gna s M)-MB and out puts
the.r tin S|g al.s._The_.an

P I et Ao R, Eo bR of = Teanbay o SHaLsr dargach drop
with the output of the decoder 313 recei ved through

COpREC] efINah i §ha898C ¥R R Sy Fher vayatopn to be

converts the level of the logic |evel voltage signa

- cheser heandiddud et a3 e30f neach Mrdm\asinteat st geaind$ oghanged

switch 315 can operate. The analog switch 315 is
tochnhecdéechtt acHeheisel eft non-seledticode (i ndi vi dual
el ectrode) 154 of each piezoelectric 25 elenent 121,

and the coEead idHikervayef of pisridapuitied £heMntoBhowing

the driving waveform generating unit 301 to the anal og
un§¥%t§fi through 315. The shift register 311 inputs the
transmission clock (shift clock) and the serial image data
from the data transfer unit 302. The latch circuit 312
latches each registration value of the shift register 311 with
the latch signal. The deccder 313 decodes the image data and

the drop control signals M0O-M3 and outputs the resulting

sigrals. The analog switch 315 is turned ON or OFF (closed or

cpened) in accordance with the output of the deccder 313

received through the level shifter 314. The level shifter 314
converts the level of the logic level voltage signal of the
decoder 313 into the level that the analog switch 315 can
operate.

The analog switch 315 is ccnnected to the selection
electrode (individual electrode) 154 of each piezoelectric

element 121, and the common driving waveform is inputted from




10

15

20

25

315. Therefore, the analog switch 316 is turned ON in

accordance with the output data of the decoder 313

whi ch decodes the imge data transferred serially and

the control 5 signal, and the necessary driving signa

whi ch constitutes the comon driving waveformis

passed (selected) so that +B4rs applied to the

iezpoel ectric elenent 121, Next, the operation of the

thR oAU HHTY, VRSO PPOBESE RS AT Hed O 88 WREhSReled efgkEch

to FIG 7. 10 As shown in FIG 7 (a), the driving
31oavetrrriqgeneitdel agakagt sBacih Afutis thenedn@Bnin

driving waveform containing the plurality of pul ses
actdrdanaog wsitgnahe) ctpuP2daieancbPIhel nethdepeBiddwinfclone

I nk-drop ejection, this waveform falls fromthe

det6lies eflee ﬁda@@t da€apotentfatrdd herTizddheadd ehectdh€rol
potential) VI (in the direction to expand the |iquid

f r i
> P R GRTED T S C R TP, Bt 4 e ene
LC ot e t r.ec ontr ct.
cofys| et RRvEP Vot bty | GFgECtraD 1S FEPha by
ecting the two drops by 20 the pulse S|gnal P1 and
aPP#ée%utF%éj‘;ﬁ @%sﬁopéeaﬁal%o%ﬁ&mﬁ% l¢#em into one drop
during the flight. Amddle drop is fornmed only by
t he pul séissttgnahepepbeetige eheHealbisedgdeliverr208 will be
potential of the wave el enment of the pulse signal P2

| degsrimste dlowewithaneféhahcd hso RIIGe 7si gnal Pl1. The

falling electric potential of 25 the wave el enent of

the pul seyxsigpRah 23 Fschade(d owaihd R@Avids- whhatosh

t he pul se signal P2 and the waveformis nmade to rise
generating unit 301 outputs the common driving waveform

containing the.plurality of pulses (driving signals) P1l, P2

and P3. 1In the periocd of one ink-drop ejection, this waveform
falls from the reference electric potential (the middle
electric potential) V1 (in the direction to expand the liquid
chamber volume), and after a predetermined hold time is passed,
the waveform rises t§ the reference electric pbtential V1l (in
the direction to contract the liquid chamber volume).

A large drop is formed by ejecting the two drops by
the pulse signal Pl and the pulse signal P2 and combining them
into one drop during the flight. A middle drop is formed only
by the pulse signal P2 because the falling electric potentizl
of the wave element of the pulse signal P2 is made lower than
that the pulse signal P1. The falling electric potential of

the wave element of the pulse signal P3 is made lower than
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gradually, and a small drop is forned only by the

pul se signal P3. Wien a large drop is selected, the

driving waveform 5 generating unit 301 outputs the

| arge drop control signal MO in which the portions T

and T2 corresponding to the pulses P1 and P2 are set

to Hlevel as shown in FIG-38-(b) and (c). Wen a

m ddl e drop is selected, the driving waveform _
thgénef abipgriia s3gnagufgueBdt the miathiierdr o5 BeAerbp rise

signal M 10 in which the portion T2 corresponding to
grebeaply seai?? 4 smedfl toopl fevebrresd shdwn biyn tEeGouYsédjignal

and (e). Wien a small drop is selected, the driving
p3wavef orm generating unit 301 outputs the small drop

control signal M2 in which the portion T3 is set to H

level as @ 112 ileGarbp( £ ) é%?ﬁéﬂgdq WeN a8 vlRg waveform

ej ection of dots 1S selected, voltage VI 1Is
i.ntai ned as howa in FILG 7 (h)..Therefor .

selfRe8 Bhah " PilakPant B Tl S BuRn, iowat 40
Ctransfer. unit 302, a_larqge drop, a mddle dro a
lnsWEFthFQﬁLPQﬁﬁ}Q%En?%j@Egi%ﬂ é%F%ﬁPQHﬂi§€nFOHEhEeEu%$ﬁF Pl

four 20 gradation levels of the inmage can be forned
andcEdrdragseto tchd lgitbli presheWrielrddtiS-hdvilRy ehe $Fles

including the large dot, the mddle dot, the snal
Wheot aamidd e dwp djseckilentedn tire dmkrijnet wpvelbiing

device, the programof the invention which perforns
gehBeapingeghiie Xf1 petpatnl fhe LiRdd ARG op2eoh@iBl Ngignal M1

met hod of the invention for outputting a printing -36-
inggggﬁ%bﬁﬁéLﬁBf%ldhh%zgEBHPQsﬁéﬂBiﬂH“ﬂH’ﬂh%dbEQEESPEhfé set

to H level as shown in FIG. 7 (d} and (e}. When a small drop

is selected, the driving waveform generating unit 301 outputs

the small drop control signal M2 in which the portion T3 is
set to H level as shown in FIG. 7 (f) and (g). When no
ejection of dots is selected, the voltage V1 is maintained as
shown in FIG. 7 (h).

Therefore, according to the image data transmitted
from the data transfer unit 302, a large drop, a middle drop,
a small drop, and non—ejectibn can be chosen. Hence, the four
gradation levels of the image can be formed according to the
multiple-value dots having the sizes including the large dot,
the middle dot, the small doi and the non-ejection.

In the ink-jet printing device, the program of the
invention which performs the procedure of performing fhe image

forming method of the invention for outputting a printing
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of a docunent is inhibited is stored. FIG 8 is a

bl ock di agram showi ng the conposition of a printing
system i ncl uding an i nage processing device and 5 the
ink-jet printer which is the above-described ink-j et
printing device of the invention. One or the plurality
of i1 mage processing devices36400 which are personal
corrputers (PO, and the ink-jet, printer 500 are

- impgankRe BHIRg Aher gHeVRT Nt HRE WHiEY flacddcates Yhat copying

predeterm ned network, so that the printing system

of (& ndgreumdroy fisngngybieadl is somwsad.tuted. As the inmge
processi ng device 400 is showmn in FIG 9, the CPU
401, and mEg. GudskienB3ook &heyROMsHIRiandthEecBRAddsdibn
whi ch are nenory unit are connected by the bus |ine.

of 18 epﬂﬁfdﬁ'&) 18R YAEDGAIBYNS! | 1GagfeO BB EYAE e§ew§y§ ind

as a hard disk, via the interfacé predeterm hed

g5, P SRR B giithas gnie

and, CRT, ugh not | I I ust rated, predeterm ned

pri”ﬁPeW af?:eew(‘:@xtoér FEF HPESRHE  whi ch the storage 20
medi um reader which reads storage nedia, such as_an
optical MisEr ithecphneel bhy ol d it pAPEas8sngi devices
external instrunments, such as networks, such as the

400 nwletoletareamperigBEali sompuinecs elPC)Thendnblhe- pnbepssimginter
program whi ch includes the programof the invention

500 NzrenheA}@obyi ABgee @i OEASSIdt) in2brdevecer490 is

menori zed. This 1 mage-processing programis -37- read
pr%ge@eﬁﬁﬁ{e@ SRS ¥bt 2 Sty 398 redbULYE eadel ine
forming system) is constituted.

As the image processing device 400 is shown in FIG.

9, the CPU 401, and varicus kinds of the ROM 402 and the RAM
403 which are memory unit are connected by the bus line. The
memory 406 using magnetic storage devices, such as a hard disk,
via the interface predetermined to this bus line. The input
device 404, such as a mouse or a keyboard, and the display
device 405, such as LCD and CRT, although not illustrated,

predetermined interface (external I/F) 407 which the storage-

medium reader which reads storage media, such as an optical

disc, is connected, and communicates with external instruments,

such as networks, such as the Internet, and USB, is connected.

The image-processing program which includes the
program of the invention in memory 406 of-image processing

device 400 is memorized. This image-processing program is
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downl oaded from networks, such as the Internet, and is
installed in nmenory 406. It will be in the state where
it can operate in 5 order that inmge processing
device 400 may performthe follow ng i mage processing
by this installation. This i mage- processi ng program
may operate on predeterm ngd-GOS. A part of specific
the application program may be nmade. 10 The program

redy ihe sitgragh padyempy bidessisieraepreedivporesdri mr 1s
t he exanpl e which perforns the inmage processing

dowmel dutkdff dne neiwenks pnswei hes éfher @nternett hend is
functional block diagramof FIG 10. This is a case

in¥her Bl D sdemalrly BOBYE processing is 15 performed
with a host conputer like PC as an inage processing

devi ce, %ﬂ 19 1t he Sﬁﬂﬁﬂé@% Qe i Eéhtéﬁéi‘ai&@eﬂ]

with the -jet printing ce of the conparatively
l, ow cost .dev ce. The er. driyver 411 which i
o gPdii OF e PEPRO RISy The ) HeTopiThes' Ehé
rocessi ng device 400 (PC), .and, 20 the inage data 410
fogl%wq HRIEh BTREEEFERY i B oy riaRtaL L3t ERM ( Col or
Managenent Modul e) processing unit 412 which perforns
conver si dhisREBage-process thh ARNYIay CRY epedeteyat en)
to the color space for recording equi pnents fromthe
pré@dosrmsipase dsar At perdi spl speaiiict ahe BEHUCRawhdhprogram
performnms black generation / 25 |ower col or renoval
mal 9 fes val ue of CWY (bl ack). -38- According to the
resol ution of the BG UCR/ ganma )

The program by the side of image processing device
400 explains the example which performs the image processing
method of the invention with reference to the functional block
diagram of FIG. 10.

This is a case where almost all image processing is
performed with a host computer like PC as an image processing

device, and is the composition of being suitably used with the

'ink-iet printing device of the comparatively low-cost device.

The printer driver 411 which is a program of the
invention by the side of image processing device 400 (PC), and
the image data 410 given from the application program etc. CMM

(Color Management Module) processing unit 412 which performs

_conversion (RGB color coordinates —-> CMY color system} to the

color space for recording equipments from the coler space for
the display moﬁitor, BG/UCR which performs black generation /

lower color removal from the wvalue of CMY (black).
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correction 413 to perform and recordi ng equi pnment, the
gamma correction which perforns the input/output
conpensation reflecting the characteristics of black
gener ati on/under color 5 renoval processing and
recordi ng equi pnent, or the user's selected expansion
processing, a zoom ng unit-3%4 and image data to
‘performthe dot pattern data which is the print _inmag
dat a obt ARFFHOGMEEhERA T E59 BHe Py &ée@feng%ﬁi??/ gartima
(multiple value and few value matrix) 415 contai ni ng
cothectit i 4% bralpeeftémannd f eararding sguiprentpl tkedyamma
with pattern arrangenent of the dot injected from
cobre66t thMove paefbrmanthé henslacirmpik cgmpendatioh
pattern conposition unit 418, it is divided into the

re mg%gﬁ&g BYEH3eR e r 2BE1 LHEF ISLRIN GeRBrdpibnfdfder color

carries out data devel opnent according to each

e logation e c dy
s PR bt P e eor e P SRt Eflf6th§ aHef
out to the Eﬂéﬁtet printer 500. I.n the, E%er
sedpried  SXBRD RERESP bge o%t%P%PﬁuPPé nfEfelmage
- half tone processing unit 415 which perforned i nage
dappotesgeRpumh thhe opFgPabFermedply cdiiichdis2bhgopprehtimage
i mage") indicated by the image data 410 nenti oned

'daabouhtafmmﬂiﬁromom%erhaﬂfihometpnpahasingcuoidimgulbiph@

dot of the nmultiple values in which an output is

valQEShih ef i tvn K majr @t x pr 4 0% | dshidevdiieg $686, multhpsethgiue
docunent and ground-tint pattern conposition unit 418

anﬂsféwu@éiué(ﬁéﬂﬂ%Qw gg9§@e§n@1@%3ﬁéﬁﬂ@%%ngrEQﬁggﬁéﬂtoéf the
he 1 mage pattern nceforth a ground 39-
doeagkﬁéEQQdI%}g%HEQEOE&th 3&81 égg“ d Eie dQSSMQEPP
ground-tint pattern composition unit 418, it is ‘divided into
the data for every scan, and the rasterizing unit 416 which
carries out data development according to each nozzle locétion
which records further is included, the cutput 417 of the
rasterizing unit 416 is sent out to the ink-jet printer 500.
In the printer driver, the document image data
outputted from the half tone processing unit 415 which
performed image processing in fhe original image (calléd "
document image") indicated by the.image data 410 mentioned
above, énd is converted into the data according to the dot of
the multiple values in which an output is possible with ink-
jet printing device 500, it has the document and ground-tint

pattern composition unit 418 as a unit to superimpose and

compound the data of the image pattern (henceforth a "ground-
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copying-of which is inhibited is generated by the

ground-tint pattern creation unit 419. By conbini ng
t he docunent image data and the data 5 of a
ground-tint pattern according to the dots of the
multiple values in which the output is possible with
the ink-jet printer 500 bysthis docunent and
ground-tint pattern conposition unit 418, the ink-jet

tipt ipdterer300 denshatkesit his giawnt thedigétdas aa adeouninig
to the dots of the nultiple values 10 in which an

coﬁgizﬁytoﬂ' shaessibl enhNexted tie demrehitedaby compogtduratr-tint
0

anot her inmage processing programwhich is

paPELLOTIRE 10 B Brinbing system including the

rnk-jet printer 500 and the i mage processing device
400 wi |l I he expl.ained_ wth refere 0 .
Since t hil CRBET hidc bhg; detnet rel‘f“%g%f s b %@%hdata
speed, the conposition of FIG 11 S suj

of ik t FEQURE G- P@B*é@and%f%?%@mﬁwé?%#lﬁt é
receives fromthe image processing device 400 (PC)

valhes | imgdigdt #ha1ougbvenipypasidblzovwaphl Feat fokJet
program The CWMM (col or managenent nodul e) processing

primiér 00 per fubdss dbbement cand gmeemsi-onn{ RGBE tetor
system -> CW col or system) to the col or space for

cohSES1 i i uraquispae Nt e f 1,910 {de an@erspacegénsrabas tiole

i spl ays, BG UCR which perfornms bl ack

L R

inpsﬂiéﬁrgiggﬁpput is possible.

Next, the functional composition of another image

processing program which is performed in the printing system

including the ink-jet printer 500 and the image processing
device 400 will be explained with reference to FIG. 11.
Since this image processing can bé performed at high speed,
the composition of FIG. 11 is suitably used with the high-
speed device.

The printer driver 421 receives from the image

processing device 400 (PC) the image data 410 given by the

.application program. The CMM (color management module)
processing unit 422 performs the color conversion (RGB color
system -> CMY color system) to the color space for recording
equipments from the color space for monitor dispiays, BG/UCR

which performs black generation/lower color removal from the

value of CMY (black}.

T -
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correction which perforns the input/output
conpensation reflecting the characteristics of’
generation/ Under Color Renobval processing and
recordi ng equi pnment, or the user's 5 desired. The
i mage data used as the docunent generated in this
BG UCR/ gamma correction 423;ace sent out to the
ink-jet printer 500. On the other hand, the printer
cont rol | th&S BG/UCBdpEnnd omfrtedin &3t herfakmf egamma
printer 500 according to the 10 resolution of

cof eSO MaviEqH peetibyms hehexpansi /e@utpuacesspagsat in
zooming unit 514 and inmage data to perform the dot

reﬁgn%c%@{rfb data Bhrhhecpl ihlcd PO HRALeBLAI DEdef ramdihe

tone processing unit (rmultiple value and few

Rergcg\'wv aﬁ”@égeis ingléndcgg%gfﬂlgg Vﬁtcgﬁp@gge pPLe VAL L@s@pﬁi

ue matri°x rep érn- arfrangere
of the dot injected fromrecordin equi prent nd, t he
e Gktfont Niend NGEBURGEE | AESbeAT drte CB6HUBEE FOHETATES S
which are nentioned later is divided into the data |
thisrBeAGR/ wwaaRr. coREcebiputidt aufe seast ePF ZFagtimi inisTet
is given to 20 the head control wunit 207 including

prihneer 85iCrizing unit 516 which carries out data
devel opnent according to each nozzle |ocation which

records. dm tHe gphert Ban€pnth®ldeintzkl cohbeoldes neit
i mge data outputted fromthe half tone processing

4o £2 P6yfAEcset pasaRcens o e o e
regéfg%iggaéfn¥¥%o@&98832&8§mﬂ§%Lc%iép%ngHgion processing, |
the zooming unit 514 aﬁd image data to perform,-the dot
pattern data of the print image data obtained from the half
tone processing unit (multiple value and few value matrix) 515
containing the multiple value and few value matrix replaced
with pattern arrangement of the dot injected from recording
eguipment, and the document and ground-tint pattern
composition unit 518 which are menticned later.is divided into
the data for evéry scan.

The output of the rasterizing unit 516 is given to
the head control unit 207 including the rasterizing unit 516
which carries out data development according to each nozzle
location which records.

In the printer centroller 511, the document image

data outputted from the half tone processing unit 515 which

performed image processing in the document image shown by the




10

15

20

25.

I's changed into the data according to the nulti-val ue

dot in which an output is possible, it has the

docunment and ground- tint pattern conposition unit 518

as a unit to superinpose and 5 conpound the data of

the i mage pattern in which it is shown that it is a

docunment which inhibits the,gopy generated by

ground-tint pattern generation unit 519. The print
imkgageaidat nattedd frgmt thé hbnatpe profceshéngndetripeé e400, and

values in which the output is possible is generated
1s1OnHYgEOMTY AUt RRLHOsUBBAdindTage ttat Audtd-thRudagst in

of a ground tint pattern according to the dots of the

whﬂﬁﬁt£§|5h e gessfﬁi@p 0 1ot e WS cRRSAEDLEY BYround-
- "“thi s docu

nt and ground-ti nt pattern conposition

.upnit 518. The inage _process met_hod .of . the invention
tipE BETRTAT ATPORABl PEabTEe eVl 11 3 LIS i SRPSY HBosE and
conmposition of FIG 10, and FIG 11. An exanpl e,
COTPORRIL LRSI OFi BRSL S8R dRaE ha ™ HBLCBaLTeif Shown

actually recorded in response to drawi ng of an i nage
thet ihelprd ocvoemandhbeh alehdr et dhej gopyubphenated by

explains |ike conposition of being showmn in FIG 10 at
groied 20intn kodtaterpr gehepgt deviweitsifd®. Nanely, the print

command fromthe application programperfornmed wth

i mge progessinetdenhse 480z WkEdkdisef tesths aohesbf the
the i mage processing is carried out by printer driver

e A DSPLARUE0 S S UBLE 10HBe b a08e unoratcs
byggé%gim%éégﬂ%% %H%%hgé%ﬁggéh aégnaﬂ%a%hgraagg ggea ground-
tint pattern according to the dots of the multiple values in
which an output is possible by this document and ground-tint
pattern compositien unit 518.

The image processing method of the invention is
suitably applicable even if it is which composition of FIG. 10
and FIG; 11. Ah example without the function to generate the
dot pattern actually recorded in response to drawiné of an
image or the print command of a character in equipment
explains like composition of being shown in FIG. 10 at the
ink-jet printing device side.

Namely, the print command from the application
program performed with image processing device 400 which
serves as é host, the image processing is carried out by

printer driver 411 incorporated as the software in the image

processing device 400 (host computer), ahd the data (print
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the output of the ink-jet printer 500 is possible is
‘generated. The data is rasterized and transmtted to
the ink-jet printer 500. The exanple of the ink-jet
printer 500 which perfornms 5 the printing will be
descri bed. Specifically, the docunent data, such as
l'ists and docunents, are dgawn up in the inmge
processi ng device 400 (host conputer) using the
imagpl ezt orf pihegcam phbteoxambl e mudipler ysbhes\bn dvhich
or Excel (the registered trademarks)). 10 Wth the
ther btphg epmmndidlo-idt Hrdeceres00i moposilohe is generated.
application or an operating system the printer driver
Théldatd £s hosdtLATREL 8hd @faﬂ@:miﬂ@teetoa%\éeihﬁ-%ae%rh@ter
carry out the printing wwth the ink-jet printer 500,
he | C i.ngd, s SuUc : Z00
S0 ammb S avaRE BT EBE AT e S0 a1 G B Bl ome
val ue nptrix _processing,. i performed, and the
thﬁrﬁﬁi%@ﬁﬂ%ﬂﬂjgf%Fhéeﬁsgaﬁ%%t i mage which includes the
dot size information regroducible with the ink- |et
printer 5¥eGifigsddtedtthendemanntheiatigangrch as lists and
ground-tint pattern is created 20 by the ground-tint
dopathéet s, casatdrawnunpt 1410he | imdde mrooesdingi devpaet €06
creation unit 419, the ground-tint pattern (inmage
(hBatt esmpu i )Cugdingl yHesagplicdZeod Hhreorah Qfor example,
reproduci ble with the ink-jet printer 500 is
th@CNSEALEGrt ThAl % EkBE1 VRt MeS & stiieddfba8bASrks) ) .
information of the ink-jet printer 500 for the 25 data
of the ground-tin r&%&%grnc aﬁ&"ttl%if%r%gbﬂ%egetfmage
the “docufien 1 he'sare.

-43- derived fron are
from application or an operating system, the printer driver
411 in a host computer, as mentioned above in order to carry
out the printing with the ink~-jet printer 500, the image
processing, such as CMM, BG/UCR, zooming, gamma conversion,
and the multiple value and few value matrix processing, is
performed, and the drawing data of the document image which
inciudes the dot size information reproducibkble with the ink-
jet printer 500 is created.

On the other hand,.a éround—tint pattern is created

by the ground-tint pattern creation unit 419. In the ground-

tint pattern creation unit 412, the ground-tint pattern (image

pattern) which includes dot size information reproducible with
the ink-jet printer 500 is generated. That is, the wvalues of
the dot size information of the ink-jet printer 500 for the

data of the ground-tint pattern and for the drawing data
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For exanpl e, suppose that the dots of four values are
expressed by the data of 2 bits (bitl, bit0). If the
data of (bitl, bitO is (00), it indicates the
non-printing. If 5 the data of (bitl, bitO is (01),
it indicates a small dot. |If the data of (bitl, bitO
is (10), it indicates a mddlze drop. If the data of
(bitl, bitO is (11), it indicates a |arge drop.
demgxed fhem prlve glosiungnaf age eblte nggfthe ground-tint 10
pattern data by the ground-tint pattern creation unit
419 w | | Fdre eesgrlihedupbnséhehaages goace s Migudevatees
400, the data of the ground-tint pattern is held at
arBEERpESs4D Gy THeh dasadorpregeter (Binad meroyy. TheckPlbata
401 reads the data of this 15 ground-tint pattern from ‘

oft rfﬁlgfn%i/tdl)ogs S' 1€ QBdicE@téj%ttg‘xe sz n] IpQELﬂlﬂﬂxqgt' ¢

attern I's adjuste éo that 1t nma raw a over -t he
and,.th |nk

en ARE RSSO Gt BTG ot O b HatTOHTAoPS! ReRfbF €30t

docunment surface size generates the data accordlng to
Ift heegdrta oif t (Rdt3e RilP) ple e st b ADRRCERSENE BLEBLR

is possible. And the data of a ground-tint pattern is
dreprpolihdeze dnta led dbdbdenbit®d by oUdd~t iift ipdicetes a

conposition unit 418 of printer driver 411 with
ladgeutiemd. | mage data (docunent). The docunent inage

data are the data of multiple 25 values (for exanple,

2 bits), @kt oL PRICBLBENET O SN e tiddyrblifadet gt

of the nultlple val'ues sane”as the data of a ground-
pattern data by the ground-tint pattern creation unit 419 will
be described.

In the image processing device 400, the data of the
ground-tint pattern is held at memories 406, such as a
predetermined memory. The CPU 401 reads the data of this
ground-tint pattern from the memory 406. The size of the data
of a ground-tint pattern is adjusted so that it may draw zll
over the document size of printed matter, and the ink-jet
printer 500 of the ground-tint pattern of the whole document
surface size generates the data according tc the dots of the
multiple values in which the output is possible.

And the data of a ground-tint pattefn is compounded
by the document and ground-tint pattern composition unit 418
of printer driver 411 with deocument image data (document).

The document image data are the data of muitiple

values (for example, 2 bits), and the combining processing is
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tint pattern, for exanple. As for the data in which
the non- printing is indicated in the docunent inmage
‘data, the data of (bitl, bitO is (00). 5 Therefore,
the OR processing (after conbining is set to "1" if
one of bit(s) is "1") is performed wth ground- tint
pattern data only when docuggnt inage data are the
(00). Wen the ground-tint pattern data is data of

thé hiatdotes ehe nulltiple waluees samet he hbha gatatémg pardund-
of a docunment image, 10 a non printing part changes to

: tlﬂ@epalﬂ’@% daba ERampPid N Matryyr 6k AHELLI Dh evvAdiH@the non-

Then, the rasterizing of print inmage data is carried

0
Pl rf"@é‘i%;?l.nn LehRelot Bl A g A 1 aBpe of
f he t 15 i e data with the delay given according
(b ?ﬂ@ Psitdn ¢ gﬁ? data in every direction or
- arrangenent of the nozzles, it is transmtted to, the
I nk-j et ;ﬂhQQﬁﬁprSGOtb?aQﬁfR¥QQﬁ%§%PSCéaf¢ﬁ€ ??WP%Q&HQ is
printer 500 stores the transmtted print inmge data
sef ntq HEL'Y dst enedatabiebtmr yis Aflt"er ishperfkrped with ground-
printer 500 receives the predeterm ned data, it prints

- tinhedtRge: WhitahosDptwhels ddwndocudratei dage s dHee (00) .

grpund tint. pattern, on the sheet 22 by driving the
Wh%rg't %:d?ﬁﬁdtlgit' Pat@CEOTHANCE Wabbat B Phd Mot Rge

the ground tint printing (unauthorized

mafORe S g RS o ST FREACOE LT paoe,

reference to FIG 12 thro , .
2 non prln ing part c&anges téﬂkhe image data (printing data)

of multiple values.

Then, the rasterizing of print image data is
carried out according to the composition of the head of the
ink-jet printer 500 by the rasterizing unit 216, and the print
image data with the delay given according to conversion of
data in every direction or arrangement of the nozzles, it is
transmitted to the ink-jet printer 500 via the interface.

The.inkéjet printer 500 stcres the transmitted
print image data in the raster-data memory. After the ink-jet
printer 500 receives the predetermined data, it prints the
image which contains the document image and the ground-tint
pattern, on the sheet 22 by driving the printing head 11 in
accordance with the print image data.

Next, the ground tint printing (unauthorized copy

deterrence/information leakage deterrence system) of the
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FIG 1B. FIG 12 and FIG 13 are diagrans for
explaining the printing of a ground tint pattern.
FIG 14 and FIG 15 are 5 diagrans for explaining the
effects of the generation of the ground tint in the
foreground part and the background part. FIG 16 and
FIG 17 are diagrams for expgkaining the
reproduci bility of the ground according to the ink

indeopich zelll Ard dEEGrilh8diwith disgramckoioekpGai b2 mghrough
the ground tint 10 generation nmethod using the dots of

F1e.mpute dot set. The flow of the ground tint
pri-nti ng has been expl ai ned above. As shown in FIG

12 (a), tfftj:%%@dﬁﬁ REENt €8 2 p0QyRcauizesokhexpi bt 84y the

matter (origi I mage) in which the characters or

t he. patterns are .enbedded. as_a gr dt,i 15-1
pr?ﬂglﬁ?i féﬁgﬂﬁ%?%kggggc%%Fékf%S §ﬁ%§n1%ngéFG?E€2 f%)%re
the ground tint wll be gr sent. In_this exanEIe, Eh%]
diggarBet s UG PiegpiRs areeEb&ddddsi AepReation of the
foreground part of the printed matter (origina
grppnedelimf iF GhelZogaproThdredst and &g background part.
di stingui shed whether it is the 20 copy which is
FIGeplt 6dad d1@.om7t heepdiayeansrefiderexpdadeingdthe Thi s
hel ps the deterrence of an illegal copy by using the

reBEOUREi i Nttt Rt teangheusecaem Zathy Tl sher oHRddtbptsize .
printing uses the background renoval function of the

AnGORLE! . 1 dARLY o1l bC 62580 adi iy ZRDBEEARAURENT
renoval unction, "a mnute dot does not appear -46-
geﬁ%%éé}ggﬁéﬁﬂgkiQghngnkﬁetggtékgf;SM%f%&tgaégtasgkge
The flow of the ground tint printing has been
explained above. As shown in FIG. 12 (a), the ink-jet printer
500 acquires the printed matter (original image) in which the
characters or the patterns are embedded as a ground tint, and

if the printed matter is copied as shown in FIG. 12 (b), the

ground tint will be present. In this example, the characters

600 ("copy") are embedded in the foreground part of the

printed matter (original image) of FIG. 12 (a).
Thereby, it can be distinguished whether it is the
copy which is reproduced from the printed matter concerned.

This helps the deterrence of an illegal copy by using the

. ground tint that can be recognized.

This ground tiant printing uses the background

removal function of the copier. Namely, in the case of the

background removal function, a minute dot does not appear
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a certain threshold appear after copying. As shown in
FIG 13 (a), when the printed matter is fornmed with
the large dots 601 and the small dots 602, the |arge
dots 601 are reproduced 5 after copying, but the smal
dots 602 are not reproduced as shown in FIG 13 (b).
In the image form ng nethodget the invention, as
shown in FIG 14 (a), the dots 601 (the black

afthar aopeimd,Abut wtmlyhthe edegprddinte ekt er stepylaygier echan
included in the 10 foreground part of the origina

a c8BgLin alkddiplsimabbedot £ 662 codiiicly.ar asnehown in FIG. 13
reproduced after copying are included in the

(apacﬁﬂéﬂ“%ﬁéfﬁyint%ﬁ hﬁ%t@f'£%r¥%rﬂﬁEﬁ%@thN%H§|Xar&@edots 601 .
charact er 'A" (ground tint) 1s enbedded in the

ando£§gr5m§ﬁi gb%4 P ? PL #g #ﬁ#gnéﬂﬁrarg E?ﬁkggucgg

Shown

f or egr ound t Wi | | 0 be eprodu ed and  the
2£ERGT SERBS AP [Hheh 8Bl LeRRts | 494 36y, TPREPHPSSd as

exanple, the character "A" (ground tlnt) enbedded in
shpha i@r%@?odﬁﬁ {par-t of the original image can be

present in the copy. In other words, the recording

i qui d 20Iaditesiiozgar €arningacvdtind qifertheniihvaneaonpn as

the foreground part 1is made |arger than the recording

shbivAuid rrhesionzar,eanef deasheodofteblarkt cRaeact &r tire”)
background part, so that the character "A" in the

wh‘é.gﬁte?gc?%Mﬁceﬂagfgérp!&%ﬁﬂ%'a{}é NBc1geRY. 185RY the
y, ‘as shown 1n the dots -47-
fo\rl_lggroun par %dl{ eedo%ﬂg_w‘?rﬂafoﬁ%(é&é‘% e Itﬂ%' ggggll 801551%02
which are not reproduced after copying are included in the
background part of the original image. Namely, the character
"A" (ground tint) is embedded in the foreground part.

If this printed matter is copied, as shown in FIG.
14 (b), only the image of the foreground part will come to be
reproduced and the character "A" will be present in the copy.

In this example, the character “A” (ground tint)
embedded in the foreground part of the original image can be
present in the copy. In other words, the recording liquid
adhesion area of each dot per unit area in the foreground part
is made larger than the recording liquid adhesion area of each
dot per unit area in the background part, so that the
character “A” in the foreground part can be present in the
copy.

Cn the contrary, as shown in FIG. 15 (a), the dots
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background part of the original inmge, and the snal
dots 602 which are not reproduced after copying are
included in the foreground part of the origina
i mage. Nanely, the white 5 character "A" (ground tint)
i s enbedded in the background part. If this printed
matter is copied, as shown-ign-FIG 15 (b), only the
i mge of the background part will cone to be

601 eplr belucetk arrProdecelli abtehaftiay Bxe (nRéudgeduie the
tint) wwll be present in the copy. In other words,

- batherowodrghrg dfii ¢ghiedotDgackde sinaygesar eadotheasma]jbtdqmes 602

unit area in the background part is made |arger than

whibBg £€6€aist nedricaucddadhest ofofiery @frecaghiuped iMithe
area in the foreground part, so that the white

£of0SEAGE part ol chileoPAGIL PUNG AT T ikl DO RE EREN e

opy I'n the groun t|nt prlnt ng nmentioned

above ound t|n IS cgn t|tu by, t he
cofPerer eﬁﬁou B e BRI Tt S g part.
original ima and the image of the foreground part
i s made nbt @réBBBQ mak %ﬁe%%xﬁﬂﬂ%%&r a5 shown in FIG.
Alternatively, it may be configured so that the ground
15t imi, i en0 tdensmieget ed biye thrckaraapdopadipaiil opdme i be
the case in which the ink-jet printing device is
reproshced 4ol ahdotwwhateacharaatde "wi"zgthehgromgetime) will
whi ch the ground tint indicating that copying of the
peOptOsaH idBAR iSp g‘ nhirRi $ ekt Sycreddad k@c@ﬁﬁlﬁ’% thdiid

foreground part and the 25 background part and t

adhé‘é?&é g;g&%h%ﬁ ol HQESpéP ﬁﬁet %f et e, ¢ FI Egot gﬂ%ﬁk@' part

par groun part, € s

" is made larger than the recording liquid adhesion area of each

per unit area in the foreground part, so that the white
aharacter "A" in the background part will be present in the
copy .

In the ground tint printing mentioned above, the
ground tint is constituted by the set of the foreground part
and the background part of the original image, and the image
of the foreground part is made not conspicuous. before copying.
Alternatively, it may be configured so that the ground tint is
Constituted by the foregroundApart only.

In the case in which the ink-jet printing device is
provided to a dot of a.variable size, the image in which the
ground tint indicating that éopying of the original image is
inhibited is embedded in one of the foreground part and the

background parit, and the large dots are included in one of the
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are included in the other of the foreground part and
the background part. The difference in the recording
liquid adhesion area of each dot per unit area
between the foreground 5 part and the background part
enabl es the ground tint to be forned in a copy of the
printed matter after copyi ngB-Next, the image form ng

net hod of the invention jn the case in jch th
FoF SRt oaRS T TG, G861 PRCKEr gy At 60 Tl SBFCY dots
fixed size will be described. 10 The reproducibility
argf IppEIgR UAY thienetheEoPEi Hep tioragreurAkParbpasy Zehe
will be described with reference to FIG 16 and FIG
batRgr&@l pgrtshoWbet BéfFfependricirbidhie yeobrdheg gl bgndd
tint in the case where the ink drop which can be

adBetéeth s oib i@ Bok-pet phimntdreg deviveenhale afbBe@und
size. FIG 17 shows the reproducibility of the ground

pakﬁnénérhﬂé“%éﬁ%&%dﬂhﬁr?ai@?enéﬁ&%éhfﬂé ﬁQbﬁﬂdcﬁﬂn@eFo be

ejected by the ink-jet printing devicé has a small

size..\Wen the i rop.size | d gi. tis
fOEIBe alr?;ea,1 THe (%f? %ggnggégtéecgr%a l#c%{j.%%z%gsﬁé lllq(g FI G

16, the round _ tint may_be jncluded jn _the foreground .

part, buteHe GFoaMadE] AETTHAS MRC58. PicFhReanFRntHen in

background part. On the other hand, there is no
theepreriut billdiahy the inkel gk aeminting deiiier i§ provided to a

constituted by the small dots. The 25 inmmge of the
dofov£gr affivkdaritzel gihdt be epenchuideai. AS shown in -49-

FIG 17, the ground tint may be included in the

backgrounthe reproducibility of the ground tint according to
the ink drop size will be described with reference to FIG. 16
and FIG. 17.

FIG. 16 shows the reproducibility of the ground
tint in the case where the ink drop which can be ejected by
the ink-jet printing device has a large size. FIG. 17 shows
the reproducibility of the ground tint in the case where the
ink drop which can be ejected by the ink-jet printing device
has a small size.

When the ink drop size is large and the dot is
large, the dot can be reproduced. As shown in FIG. 16, the
ground tint may be included in the foreground part, but the
ground tint may not be included in the background part.

On the other hand, there is no reproducibility of

the ground tint which is constituted by the small dots. The

image of the foreground part is not reproduced. As shown in
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part, but the ground tint may not be included in the
foreground part. Next, the ground tint generation

nmet hod using the 5 dots of mnute dot size will be
described with reference to FIG 18. The mnute dots
are not reproduced after copying, and the ground tint
using the mnute dots may nRé®-be included in the

_ f Ho I I f _adj oi
Bt SR I R

used to 10 obtain the ink adhe3|on area as |large as
parhe Pk geadGreunA tEabdm eddRE Brclugest l@h‘éh@r ound

tint can be obtained by wusing the plurality of
foadgooumagasrial | drops. Even if the original inmage is

copied in this state, it is possible to reproduce the

dots af t ele:gQP¥thed grEohd 161 e aygeratidenmebBodl fgigg the
dots 611 are separately arranged at intervals of a

doPEegeteididedidi 8438CK; 6 ShaMLd N HELGi 48 £@%eraeﬁ£'§yto

are not” reproduced after copying as shown in

t he ,at her nd mhe t.he S8 f Qi Ni_ng.
%% Cﬁ%is“%fftare coI?%%t?%ely arran&édaggé¥hco%éhng’
sets 612 20 in rows and colums at intervals of
anfr BiRt BIMb HAsbante TS Bt i99tR BRY 180 af° Ih%];Pded
are reproduced after copying as shown in FIG 18 (b).
inSpeei forsgnopndapashowntitve B IG, a PAUERdLFY L 188) oining
sets of 2x2 adjoining dots which are separated by a
smgh Vedot 25rmutbernstidots ahie drwinddednicnmbhebe used to
background part of the -50- original imge, and the

ob8%8n g Oi HIN GRS Wb €82 35S BERA Als€Bhe large dots. A

‘good reproducibility of the ground tint can be obtained by

using the plurality of adjoining small drops.

Even if the original iﬁage is copied in this state,
it is possible to reproduce the dots after copying. For
e#ample, when the minute dots 611 are separately arranged at
intervals of a predetermined distance as shown in FIG. 18 (a),
they are not reproduced after copying as shown in FIG. 18 (b).

On the other hand, when the sets of adjcining
ﬁinute dofs 611 are collectively arranged as the dot sets 612
in rows and ceolumns at intervals of a predetermined distance
as shown in FIG. 18 (a), they are reproduced after copying as
shown in FIG. 18 (b).

Specifically, as shown in FIG. 19A and FIG. 18B,

the sets of 2x2 adjoining deots which are separated by a given

number of dots are included in the background part of the
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by a given nunber of dots are included in the
foreground part. Alternatively, the dot arrangenent
at this tinme may be nmade such that the dots are
separately included in the background 5 part and the
sets of adjoining dots are included in the foreground
part only. Therefore, the gbbund tint printing can be
erforned such that the_foreground part |s constituted
OIEW%L TGSy GR% b6 E?‘ﬁga‘iiﬁ DYGES HRGChhare separated
background part is 10 constituted by the m nute dots.
by Theg Ve ryede ofndeRpcAre hinglamsd tinofhps psagrewed part.
pitch between the adjoining dots is large even if the
Albdimi gl dottheadetarraageehermnad it hdiisndinedmaly detsade
are separate fromeach other. In such a case, a
suh Ut tdhedfddtrk ate deppsatdry esRAMdicdd ihothBebackground
plurality of adjoining dots are ejected to a sane
patPCatd O dihe Jreqandi A8, Jesl aAEhangbde8|9ﬁtf to
~the recording nmediuntis caused and an adequate in
fo%ghQ§59 a&_ao%& each dot needed for the foreground
pag¥ 'S Btathed: o the arrangenent of the plurality
of adjoining 20 dots_is achieved by eleqtricallg
control | iFH4HE ot TBFeBEPSH Ty dmtdnIt Fan be
recording nedium In this case, the ejection of the

- pepformad t3n@ thaitopbet éorewramee dagdatisononatiheted by the

recordi ng medi um cannot be perforned by performning
sebpecTrad) csicamgi mgnoper dbton, ;and thee ba2&gpbundl payt ofs
drops are ejected to the sane | ocation by -51

cobS hiU YW thepgahing dotwimber of main scanning
oper ati ons. _

There is a case in which the resolution is low, the

- pitch between the adjoining dots is large even if the

adjoining dots are arranged, and the individual dots are
separate from each other. In such z case, a plurality of ink
drops corresponding to the plurality of adjoining dots are
éjected to a same locétion on the recording medium. The ink
blotting to the recording medium is caused and an adequate ink
adhesion area of each dot needed for the foreground parﬁ is
obtained. Or the arrangement of the plurality of adjoining
dots is achieved by electrically controlling the dot ejection
position on the recording medium.

'In this case, the ejection of the plurality of
drops to the same location on the recording medium cannot be
performed by performing one main scanning operation, and the

plurality of drops are ejected to the same location by
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Thus, a plurality of adjoining dots are forned to
constitute a ground tint enbedded in one of the
foreground par and the background part. O the
plurality of adjoining dots 5 which constitute the
ground tint are fornmed by ejecting a plurality of
drops to a same |ocation orsthe recordi ng nedi um
Even when the ink-jet printing device is provided to
coppipes HotrdTead 180n gl BURPRBESiBRLD #CP8plaguepprations.
recording liquid adhesion area of each dot can be
obt ai ned Emes 4 lte rdrgandtyi of a9 @lringe detisnesd. £Fhmwed to
‘ground tint printing can be perforned also in the
cofigset@fe | DWrase whinenembislidde® irheriaragether fbhgground par
devi ce of the electrophotographic printing nethod,

athghénﬁaé%?¥5ddH3 a©£5€h@2?fﬂréﬂﬂ%y Bl égﬁglﬁﬁnécﬁots
the recordi ng ne |un1|n the 15 case of the ink-jet

nt.in Cc c of .t e n
e A R ?ﬁ%@ﬂ%@u% EiBELDRS ™S
can ot be stln U|shed by. t he nunber |er as in
PLERELEEY Gtind s LB ARG, HGHE T (he tHRag8e PERM BgredLum.
devi ce of the el ectrophotographic printing method,
Evendwiere Evhsitderati enioting devd af diF @@Fﬁ@ég@ﬁ Be eBOTTB 2
important. The diameter of a dot that can be
dot epf cgluseth ey filked snkej eéd pepruduigbdevireectddpy el Jquisd
varied depending on the |Ilightness characteristics of

- adhB8iph i dteN I aeh. dbbecgh ar@t@staieledaadat tneegeshh@reint

the reproduction after copying in the case 25 of high

cah'EQt§§%§ﬁé&”w qgk)gkéuhérgfﬂttﬁﬁﬂhﬂﬂﬁg caﬁ Egepgﬁégrﬁgd

|ghtness (dark). For exanpl’e
essggg sén%%elow resolution.

Unlike the image forming device of the
electrophotographic printing method, the ink blotting may

arise after the ink adheres to the recording medium in the

‘case of the ink-jet printing device. In the case of the ink-

jet printing device, a background part and é foreground part
cannot be distinguished by the number of pixels as in the
ground tint printing used in the image forming device of the
electrophotographic printing method, and the consideration of
ink drop adhesion area is impertant.

The diameter of a dot that can be reproduced by the
inkhjet printing device (copier) is wvaried depending on the
lightness characteristics of the printing color. The diaﬁeter
of a dot needed for the reprodﬁction after copying in the case

of high lightness (bright) is larger than that in the case of
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the dianeter of a dot of the foreground part in the

case where ‘the printing color is cyan larger than

that in the case where the printing color is black.

Changi ng the ink adhesion area 5 according to the

| evel of the lightness characteristics enables the

ground tint printing to be-pe~fornmed in various

printing colors. As shown in FIG 17, when the ground
Loy hioRERE3F nidfF ' he APRUBREERIC 60 i€ PEFREGAFH FRemake

foreground part, 10 the ink adhesion area of the

thgr duametentcemediedli Rhehoregiginthiparfage kFbenades where

smal ler than the threshold of the copier at the tine
thef pedpyimy ddierodisgcgah Larger Hom tihas ineakencagdewhere
ground tint included in the original inage can be
thBBge] stithy tdatort Ra gnedRd tEmdndaRp the RAk ARRE3RYohMarea
the 15 reproduced i mage after copying it. By using the
acEBRUHLE £d tend 3RATSLE! nL oy AMGHMBLDEELE; LpsLhe
ep Vv rmted to

Copl ed I mage. resent 1 nvention I's not

t above- described enbodi nents .and vari ati.ons and
enfihed T %

(i Grid ey BE PRaDE I tHo RS &EFAPETRY 1 oRet Has
- scope of the invention. 20 Further, the present
PréEE¥@%a@?%ﬁFﬁs based on and clains the benefit of
priority of Japanese patent application No.
2005- 078349, sHfawnednoAIFar th, MHer200B, candndapanese
patent application No. 2005-210724, filed on July 21,
coRf8bnindethemimaecaidtce e ok ¥birebdai® ties ebyreground part,

i ncorporated by reference. 53 CLAIMS 1. An inmge
thE 0¥ Ak NS JBBtdH0G rbar cdSend §fay ikl ehbedded in the
original image is made smaller than the threshold of the
copier at the time of copying fhe criginal image. For this
reason, the ground tint included in the original image can be
made such that the ground tint does is not appear in the
reproduced image after copying it. By using the feature, it
is possible to detect whether it is the copied image.

The present invention is not limited to the above-

described embodiments and variations and modifications may be

' made without departing from the scope of the invention.

Further, the present application is based on and
claims the benefit of priority of Japanese patent application
No. 2005—078349, filed on March 18, 2005, and Japanese patent
application No. 2005-210724, filed on July 21, 2005, the

entire contents of which are hereby incorporated by reference.
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printing device which forns a dot on a recording
medi um by 5 ejecting a drop of recording liquid, the
i mge form ng nethod conprising the steps of: formng
an_ image in which a ground tint is enbedded in one of
a foreground part and a background part of an
original inmage, the ground-6Bnt indicating that
copying of the 10 original_innge is inhibited; and
maki ng a recordi ng quuidcéaﬂg ion area of the dot
per unit area in the foreground part different froma
recording liquid adhesion area of the dot per unit
area in the background part. 15 2. The imge form ng
met hod ack.orfdi dgage cbamimd madterdeifivrauvgkuwaktht yn ofk-jet
adj oining dots constitute the ground tint. 20 3. The
pri ARy whB ER0 8o 866 08 Y drD aC lrdicBrdinyhesel fin by
lurality of adjoining dots which constitute the

P . . . .
ejQ&f&Hﬁk#'%%? be LQEBRGi N i%ﬁﬁﬁ?&,”@h@ 9&95?Lf5¥mfﬁg method

dr ops recordi ng to a sane cation” on
CoﬁhgiéfCOQQ%ﬁ%tnegig¥1 25 4. The imge form ng nethod
a%cordﬁ%g 0 °CFEPNYL" - 54- wherein the recording liquid

adhesi on areg of the dot per unit area is varied
dependi ngF BARHPGg RPN &BRIE halk At it & igxeupfl Bingolsrempedded
the recording liquid being used. 5 5. The i mage
inf omrer oy ardioredratedr gang and ol dankgrouwhdrpenttdd an
recording |liquid adhesion area of the dot per unit
original image, the ground tint indicating that copying of the

original image is inhibited; and
making a recording liquid adhesion area of the dot

per unit area in the foreground part different from a

.recording liquid acdhesion area of the dot per unit area in the

background part.

2. The image forming method according to claim 1
wherein a plurality of adjoining dots constitute the ground

tint.

3. The image forming method according to claim 1
wherein a plurality of adjoining dots which constitute the
ground tint are formed by ejecting a plurality of drops of the

recording liquid to a same location on the recording medium.

4. The image forming method according to claim 1
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~in the background part is |larger than the recording
liquid adhesion area of the dot per unit area in the
foreground part. 10 6. The inage form ng nethod
according to claim1l wherein the recording liquid
adhesi on area of the dot per unit area in the
foreground part is larger thédn the recording liquid
adhesign area aof the.dot per. unit area i e .
whEEERY i S b Ly RSy GreengEnbhR oot per unit
according to claim1l wherein the ink-jet printing
argR\iT dasias Gereeding Porkighidwiss ghagacheraprecsiok a
on the recording medium and a plurality of adjoining
coliot soft drist intewoerdtihg Yiguid keimg uB@d8. The i nage
form ng nethod according to claim7 wherein the
plurality of adjoining dots which constitute the
ground tint are fornmed by ejecting a plurality of
drops of 4 Namd aeabdi Bgrhl Ayl 22824k AGALL 00 Ok 1

the recordi ng nedi im The i mage™f or m ng

wh?féﬂggjgg%%%ghggn%gggéﬁi?h%ﬂ%%%&%%%IEQEPEGEQEd&@@ per unit

gui d adhesion a uni aréa’is
. varied depending on |ightness characteristics of_a
lncB‘P%?bfi‘ﬁk?ﬁ?émrdeg’éFEi hg H3ERRT t&@”n@j séat?osémg Feeid

i mage form ng device according to claim1l wherein the
adheglgretangsd mh rgeddot ceet suprtodndad inother Apaegoeund part.

6. The image. forming method according to claim 1
wherein the recording liquid adhesion area of the dot per unit
area in the foreground part is larger than the recording
liquid adhesion aresa of the dot per unit area in the

background part.

7. The image forming method according to claim 1
wherein the ink-jet printing device 1s provided to form a dot
of a variable size on the recording medium, and a plurality of

adjoining dots constitute the ground tint.

8. The image forming method according to claim 7
wherein the plurality of adjoining dots which constitute the
ground tint are formed by ejecting a plurality of drops of the

recording liguid to a same location on the recording medium.
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- of a fixed size on the recording medium and a

plurality of adjoining dots constitute the ground

tint. 10 11. The image form ng nethod according to

claim10 wherein the plurality of adjoining dots

whi ch constitute the ground tint are forned by

ejecting a plurality of drops-of the recording liquid

to a sanme,l qgati.on on_the.recordi ng nedi_ um 5 12.

The i agelT ol oRe: BT AEE SR I, FOCraihe160 Claim 7

wherein the recording |iquid adhesi on area of the dot ,
whagpipnfhe LHGOFAingy 4t Tedd RYERINY 673 Pdhthasdet per unit

characteristics of a color of the recording liquid
argei hy wridkd 2@pre3diTgecn nhightingsd wharechediatios dbhe

to claim10 wherein the recording |iquid adhesion
codveaoDftideraotrdpery Ubghidieide dsaekground part is

| arger than the recording Iiquid adhesion area of the

dot per unit area in the foreground part. 25 -56- 14.

The i'mage form ng nmethod according to claim10 wherein

the recorgin I qui.d .a i of. r '

area in the %3%%3#%%ﬁdg§§@%g§éﬂ%§?§%Fckﬁgﬁgﬁhegs ctllid 1

recordi.ng . liquid adhesion,area of the dqt .per unit
WhSFELR | 1% HeLS IicRALBARS FAFYLCO 85 PREVEARGOLP of ARG SOt

met hod according to claim1l wherein the ink-jet
ofpni it HaaA €8 tHepFavPEetnd i aaagt a plurality of

adjoining dots constitute the ground tint.

11. The image forming method according to claim 10
wherein the plurality of adjoining dots whiéh constitute the

ground tint are formed by ejecting a plurality of drops of the

‘recording liquid to a same location on the recording medium.

12. The image forming method according to claim 10

wherein the recording ligquid adhesion area of the dot per unit

area 1s varied depending on lightness characteristics of a

color of the recording liquid being used.

13. The image forming method according to claim 10
wherein the recordihg liquid adhesion arsa of the dot per unit
in the background part is largér than the recording liquid

adhesion area of the dot per unit area in the foreground part.
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of a fixed size on the recording nedium and a
plurality of 10 adjoining dots which constitute the
ground tint are forned by ejecting a plurality of
drops of the recording liquid to a sane |ocation on
the recording nedium 16. The imge forning nethod
~according to claim15 15 wérein the recording liquid

adhesi on ea..of .the dat _per unit rea is,.varied .
dependi ng-bn THyHTHESs tERAF A8 BT TATY CEsr S niCsPorlain 10
the recording |jquid being used, 17. The inmage form ng
WhEERhB dt e o5 "o Ld AR th adhesrivisies 9Tt RBSr 8e6r BpRgUnit
i quid adhesion area of the dot per unit in the
arpackyroumdiqregraduwnd aeger 1§ hbargdie Yhegotiiengetpgdidy
adhesi on area of the dot per unit area in the
litjot dgadivenst pardrezl 8f the domgeef ammithgreat hadthe
according to claim15 25 wherein the recording liquid
badfheshed p3/a of the dot per unit -57- area in the
foreground part is larger than the recording liquid
adhesion area of the dot per unit area in the
background part. 5 19. A conputer-readabl e recording

medi um st ori a ., progr.am whi ch causes a cqonputer to,
execute the | Thed PO RGP RE RO S cor g Eo ol GLim 1
1. 20. An ink-jet printing device which forns a dot on
whegein rghridig afe SrdREbYJ efeeith g S RO der Eecbpnng dot
liquid, the ink-jet printing device conprising: a
ofgeofihged i sitzepaint eéhe ceeatdbmg umediwgaphnedat plhvahitanot
image in which a ground tint is enbedded in one of a
adjoining dots which constitute the ground tint are formed by
ejecting a plurality of drops of the recording liquid to a

same location on the recording medium.

16. The image forming method according to claim 15
wherein the recording liquid adhesion area of the dot per unit
area is varied depending on lightness characteristics of a

color of the recording liquid being used.

17. The image forming method according to claim 15
wherein the recording liquid adhesion area of the dot per unit
in the background part is larger than the reccording liquid

adhesion area of the dot per unit area in the foreground part.

18. The image forming method according to claim 15

wherein the recording liquid adhesion area of the dot per unit
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foreground part and a background part of an origina

i mge, 15 the ground tint indicating that copying of
the original inmage is inhibited; and a control unit
adapted to make a recording liquid adhesion area of
the dot per unit area in the foreground part

different froma recordi ng-S7gui d adhesi on area of the

dot ,per. 20 unit area in the backgrqund part.
aresa in the ééreground part Es largeézt an the recording

‘liquid adhesion area of the dot per unit area in the

background part.

19. A computer-readable recording medium storing a

- program which causes a computer to execute the image forming

method according te claim 1.

20. An ink-jet printing device which forms a dot on
a recording medium by ejecting a drop of recording liquid, the
ink-jet printing device comprising:

a ground-tint pattern creation unit adapted to form
an image in which a ground tint is embedded in one-of a

foreground part and a background part of an original image,

.the ground tint indicating that copying of the original image

_ is inhibited; and

a control unit adapted to make a recording ligquid
adhesion area of the dot per unit area in the foregroﬁnd part
different from a recording ligquid adhesion area of the dot per

unit area in the background part.




