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,of the Invention This invention relates to an ink j et printer fol Zediult 200

ink droplets to record letters and i mages. Description of the Related Art
The ink jet printer is a type of printer for recording letters and i nmages
formed fromink dots arriving on a recording medi um such as paper after
being emtted as droplets of ink fromfine nozzles arrayed in the printer
head. The ink-jet printer is characterized in having a high recording

speed, a |ow recording cost andriwr tfer C@fweagi |y performcolor printing:
Printer heads in the ink-jet printer of the related art conme in two types:

a so-called serial head shorter than the page width of printing paper, and
a so-called |line head having al nost the same | ength dinensions as the page

wi dth of printing paper. As nethods for enlttlﬁg the ink droplets there are
the piezo method utilizi AGKEREPIE QF (THE f BKENTIOMhd a thermal met hod

utilizing a thermal (or heat-emtting) element. The line head nethod
ment i oned abov&ieds ikl the Ievealtisdad, is characterized in not requiring
a drive neans such as a notor) to nove in the direction of the page width
when - 1 2 Zhiid 1 av2004 orecelaittas tooath ekl enter i nbasst sr carl thei ngde
conpact and costs can be reduced. Conpared to the piezo nethod, the thernal

met hod i SpharasdpétEedol Rdddta I NEE easknNandha iyder of drive el ements and
pl acenent density in order to emt the ink droplets is relatively easy, so

the thermal nephed,is,ideal Eo%h%s%éﬁéﬁhéhﬁrk'”e head nethod. This

i nvention therefore proposes an ink-jet printer conpr|5|ng a thermal type

| head. Co d to.t thod, th | d. has_t
i Sacvant ages G ONSAR G T TF chiy® ARPF of b BORSP Lc CREUAGIH HoF i ng

recordinq To ellnlnate t hese
etters and images formed from ink dots arriving on a recording

medium such as paper after being emitted as droplets of ink
from fine nozzles arraved in the printer head. The ink-jet
printer is characterized in having a high recording speed,
a low recording cost and further can easily perform color

printing.

Printer heads in the ink-jet printer of the related art
come in two types: a so-célled serial head shorter than the
page width of printing paper, and a so-called line head having
almost the same length dimensions as the page width of printing
paper. As méthods for emitting the ink droplets there are the
piezo method utilizing a piezoelectric element, and a thermal
method utilizing a thermal (or heat-emitting) element.

The line head method mentioned above, unlike the serial
head, is characterized in not requiring a drive means such

as a motor, to move in the direction of the page width when



,. di sadvantages, the plurality of thermal elenents such as enployed in
thermal type serial heads nust be apportioned into a certain nunber of
bl ocks, and a tine-division drive nethod for sequentially driving ?_eaclil}N 2004
thermal elenment in a block on shared tine nust al so be applied to each
bl ock. The ink-jet printer of the related art also generally utilized
digital imge processing such as the so-called dither nmethod and 'error
di ffusion nethod to express print tones. However, these nethods essentially
utilize ar¢gtaraihy ©f e SriatePeRas stifec RRINY Mb@RES 0 aldtah nEhes f€t ual
resolution of the print is low, and the dots have a grainy, rough
appear ancg 4 0 d heoBypaa eye that reduces the imge quality. The dot size
nmust therefore be nmade snaller and the dot placenent density - 2 2 Z
aura Zoo4 incr L h.order . to i.nprov e.printi reso] uti nd i mage
quality. Of th@?%%%‘?e%, tPfe B or%)z%irg%éﬁﬂdbottﬁlet %%?Wé? ﬁ“eggﬁg ®ne head
and the serial head can.be nmade snuall er by reducing the size of the thermal
el ement s,© HAGTSHEEER BF THRCHGOTRESARE FRE HOTRRE OF GHeY @ IeHARAD £
reduce the volunme of the ink particles being emtted. However, conpared to
serial hedgus Plaecpess danstidotipl asdeanttadeamsit ythe dpkf dowinlats is
elimnate in thermal type line heads. This problemis due to the fact that
whil e thesklthrehgadasivl,| sbaveeseéeherala hurdrtesd niog zl dsa 1 ther | une wead wi l |
requi re several thousand nozzles in the case for instance of an A4 sheet of

paper. Théhé ar g€e Nbabar meft I Z| B81i BOL nQRhkt iB el h¥r & EBYeE D Hdpp JH Huet i On
pace of nozzle manufacture, but also creates problens because of the |arge

scal e | narAaspel | B BRRd:II oM e LGU1 LS cUdAe Aba! dnlli gherg costs and

reliability. Therefore a nethod using the so-called tiling nethod is

UL el of BP0 BT e A RUEREY, oo TERL. BT RAIEL S,

ConpriSe%ﬁé”diQéé@Q%%J?éfﬁ? léQ gggfgﬁgéfficiency and large power
consumption during recording. To eliminate these
disadvantages, the plurality of thermal elements such as
employed in thermal type serial heads must be apportioned into
a certain number of blocks, and a time-division drive method
for seqguentially driving each thermal element in a block on
shared time must also be applied to each block.

The ink-jet printer of the related art also generally
utilized digital image processing such as the so-calleddither
method and error diffusion method to express print tones.
Howevgr,thesemethodsessentiallyutilizea;ﬂuralityofdots
to express the print tones so that the actual resoclution of
the print is low, and the dots have a grainy, rough appearance

to the human eye that reduces the image quality. The dot size

must therefore be made smaller and the dot placement density



In Fig. 19, aline head 1 is conprised of a plurality of head chips 2 (Five
head, chips 2 are shown in the figure.) - 3 2 2 Jil~~ 2004 each |nstalle%
with a specified nunber of nozzles (not shown in drawi ng) are conreg tﬁﬂﬁs k
as to be arrayed in a straight line. As also shown in Fig. 19, the nozzles

arrayed in a straight line and the head chips 2 conprising the nozzle 1 are
subdi vided into blocks 3 and the nozzle of each block is driven in sequence
by tinme-division. Each head chip 2 is therefore also conprised of a drive

circuit 4Arondasedng drive ©b erticr Seak #6ihBenal P& LRRALIIYILn Hal4®e

el ements. These drive circuits 4 respectively correspond to a time-division
driven blfgdq 3y Here, each drive circuit 4 is conprised of a thermal

el enent 4a and a switching elenent 4b as shown in Fig. 21. \Wen the

switching ele deive, si dri.ve cu rent flows
in the ther malmag gﬂrr%r?te H%gégeetq%a't gL eedtc’%e?male é?ekg%ﬁllf‘ %115 etrﬁet’ém?\ atYRRd
emts |n§ﬁfro the co spondl nozzle. The plurality of nozzle units of
each bl o ‘jr 3y §€’glu@rﬁaidalcla;fl Pienﬁ‘a@ievlsg‘ia&rieﬁ? iREe i s ¢ Fed
correspondi ng drive CIFCUIt 4 so that ink is emtted. However, in a line
head 1 cdii¥e §drzed offythel thr@ﬁlt Rilementds . tthee diane tdescr f Hete merrsk e of
ti me-division drive phases or in other words) the nunber of nozzles for
each bl odnd shsetvoleger d fe$$h ot hichwe ewtinterreafu ozt € svd iimeash tieadiwhi p 2.
4 ~ 0 ~~~. lu~~ The wiring of the drive circuit 4 corresponding to

the dr|V@aﬁgﬁﬁﬁﬁsfpélﬁglbmﬂuiéam fromeach nozzle is therefore different
and the wiring for each head chip 2 in the entire line head 1 becones

conplicated, amdudifeL£ontdgHE2LOROd N1 heads, the problem of dot
placement density is difficult to eliminate in thermal type
line heads. This problem is due to the fact that while the
serial head will have several hundred nozzles, the line head
will require several thousand nozzles in the case for instance
of an A4 sheet of paper. The large number of nozzles not only
greatly reduces the production pace of nozzle manufacture,
but also creates problems because of the large scale increased
in head driver circuits and the related higher costs and
reliability.

Therefore a method using the so-called tiling method
isutilized'which employs an array of a plurality of head chips
containing a specified number of nozzles.

Line heads utilizing this tiling method are comprised
for instance as shown in Fig. 19.

In Fig. 19, a line head 1 is comprised of a plurality

of head chips 2 (Five head chips 2 are shown in the figure.)



. drive circuits 4 for each head chip 2 is therefore different. One block is
conprised:of 16 nozzles as shown in Fig. 20, and each head chip 2 has 15
nozzles. Wien the nunber of tine-division drive phases is 8, the §i7sijthe§4
chip 2A is conprised of a drive circuit 4 for driving nozzles from phase
No. 1 through 15 as shown in Fig. 21A. A second head chip 2B contains a
drive circuit 4 for driving the nozzle for phase No. 16 of the first bl ock)
and nozzl es for phase No. 2 through 14 of the second bl ock, as shown in
Fig. 21B.ediiveuestalbedabovh aospéglfatedonuibt (S rfatyieat {nge nahéipl e
types of head chips 2A, 2B containing different types of circuits, and
creates tiie q¥OPlgF) t Bat ebhind A a "BisSa PT UGk Qgr'aﬁ(,e@ fify Ca“'s,ttﬁé)i%ﬁ' t the
manuf acturi ng cost of the head chip 2 and the Iine chip 1 1s high. SUMWARY

OF THE INENTION In view of the above problens with the related art, this

i nvention has the object of providing a |line head ink-jet printer having

| ower manufactyrin CO%ES because of nDLe efficient nmass _production due to

a sinpl e head prsoghown in Fign Ly kheqief glrsidorey afd ¥ atter 1 ®avi ng

hi gh resaolution and i mage quality along with reduced power consunption. To

attai n t He2HovE bhf Laddedirsce GIalmgi s bnendaspeal ot ahe spiakientded
invention, there is provided an ink-jet printer emtting droplets of ink
arrivi ng iastq bR ogdtss 3famdrithe npegds afidced e bdrack dcod dédeani n seaqeeme di ng
mediumfroma |ine head having a plurality of nozzles arrayed in the width

di recti omyotimke diecos thng meesh traadiceli g 3 8¢ nstr Es pendi £ollmp ©1 &g feed

direction of the recording nmedi um conprising head chips having a specified

nunber ofofqzzd and; a el i Lt nt R l.e, rel

SRR v ek e i e o A Lt Ll s S

FAMEE Tt i St L R R et
the recog%gg%gg?bgg& correspond to a time-division driven block 3.

Here, each drive circuit 4 is comprised of a thermal
element 4a and a switching element 4b as shown in Fig. 21.
When the switching element 4b is turned on by the drive signal,
drive current flows in the thermal element 4a so that the thermal
element 4a emits heat and emits ink from the corresponding
nozzle.

The plurality of nozzle units of each block 3 are in
this way sequentially time-division driven by the
corresponding drive circuit 4 so that ink is emitted.

However, in a line head 1 configured by tiling of this
kind, the above described number of time-division drive phases
or in other words, the number of nozzles for each block is
set regardless of the number of nozzles for each head chip

2.



». To also attain the above objectives, according to another aspect of the
present invention, there is provided an ink-jet printer, wherein the .
nozzles each head chip has are sequentially tine-series driven byké&d@ﬁhd@dﬁ
driving, and the nunber of the nozzles each head chip has is an integer
mul ti ple of the nunber of phases for the separate driving of the nozzles.
To al so attain the above objectives, according to still another aspect of
the present invention, there is provided an ink-jet printer emtting
dropl ets of inkhar wivdiingy asf itte -dfive FPiZcBidUl 2004 dgichd Di i g tH@ges
and letters recorded onto a recording nediumfroma |ine head having a
pl ural I t y,0fy 1Q2%d16n 81 f S 6l PriHG WL BBl 8GLHOR 0z 1118 I @5 g JBdI UM
which is al nost perpendicular to the feed direction of the recordi ng nmedi um
conpri si i haying.a . ifie r ,of.nozzl es and a drive
circuit ?%Jgfnggga% dn%ﬁ%l%}%ﬁ?ﬁﬂ%%ﬁlé%p E?g?ﬁtﬁhép ?hénhgg (:%F%F%re
arrayed i.n thﬁ mﬁdin?direction t her eof %o formthe |line head so that the
nozzl es ¢ P RCRBS Safi@mBartC Bt et hA MDA R S e FeryhbsRi A Head
chips have are arrayed in the feed direction of the recording nedium To
al so att &5 vehe igsidet o dan esh hedst ¢ Roisttherafomteedidffisaantdf t he
present invention, there is provided an ink-jet printer, wherein said
nozzl es each héag Hlig-khabs arempedeet icll |36 tnoeztesi as dhiowen ihy Kiepar at e
driving, and the nunber of the nozzles each head chip has is the nunber of
the part 2af, tahel nozah esetbecheipghbonkisng heask £heps have amd Hhenguwher of
nozzles arrayed in the feed direction of the recordi ng nmedium added to the
i nteger mulitd of £, 0F i bhe spurer,0f s phases of oredier PEpar ﬁ%@gdrc'h‘ﬁ'ﬂ'gzzpfié he
nozzles. In the above structure, the nozzles for eac ead chip are set as
an inte i1pke of u of . phases .far .separate driyvin f_ the

IWorifidfanl e BT CE! A ol M St A S s s,

t
nozzl es or as 't igure a Wth the nu

so t hat en_a plurality of head chips_are arrayed by tiling to conprise a
line head®:- 1 §%§Qqﬁh_%%das shown ig F?g. 21A.yA sééond hé%d chiéWEB

contains a drive circuit 4 for driving the nozzle for phase
No. 16 of the first block, and nozzles for phase No. 2 through
14 of the second block, as shown in Fig. 21B.

However, the above configuration requires fabricating
multiple types of head chips 2A, 2B containing different types
of circuits, and creates the problem that efficient mass
production is difficult so that the manufacturing cost of the

head chip 2 and the line chip 1 is high.

SUMMARY OF THE INVENTION
In view of the above problems with the related art, this
invention has the object of providing a line head ink-jet
printer having lower manufacturing costs because of more

efficient mass production due to a simple head chip



,. the,block of tinme-shared driven nozzles are matched in a coordi nated manner
W th the head chips. Therefore) by arraying a plurality of head chi ps each
having a smal | nunber of nozzles, a line head can be confi gured b{ U“'ﬂmk
so-called tiling, so that along w th obtaining high i mage resolutio% ¥nd
hi gh i mage quality by a higher dot placenent density, the power consunption
can be reduced by tine-division driving of the nozzles. Further, the
structure of the drive circuit containing the drive elenments for driving
each nozz¢enfsgtbetsane faerd dactthenth£hi pgspihat ed olliutel e ath € atmbge
conprised by arraying a plurality of head chi ps each containing an
i denti cal gg4j ¥€vCh ot i ' n JHHRE; d chip is being
produced,qeffi§¥e%%Sﬁgéguﬁ?gdﬁ%?fﬁﬁgcgﬁwggeach|eJ@%FDE%FEF DESCRI PTI ON OF
THE DRAW NGS Fi s a.fra ntary .per.spective view.of showi ng a cropss
section of the ngvgﬂ:a lrgttrhuecgt%?’é'teoP%tJ%é:tel od r?e%‘foﬁﬁllflﬁegf’n%fgis%‘?? ter
of this iqge tion. Fig..2 is g cross sectional view of the ink-jet printer
of Fig. 1 ﬁ?‘@.Pé“EF'& PPRYER tdicdyr EMedfohs Ry ThddpacdR ditHy bRl RiGH FoF
system of the electrical circuit section in the ink-j et printer of Fig. 1.
8 _ 2 emiLNipgOArepdets pd Ankl ackigilag &a dndwidess famrimgcirddeshe
line head and the head drive circuit of Fig. 3. Fig. 5is a first draw ng
showi ng tdred RNM tprosesseagdby ¢heoheratcadstdbngimediumof rbimga Yinkilgea8 is a
second drawi ng showi ng the PNM processing by the head drive circuit of Fig.
4. Fig. Tewily 7B pnerd BSPOCbEVebYzaekl at ruived and ta DQbilayn W8V SHO¥HNY
the structure of a one color portion line head for the ink-jet printer of

Fig. 1. Fg. i i i ks c ect.i n o] i npes A
PR TP nde el fe HeRANIHARG 3508908 sRORkL YR ALEh 8L0R0 LA S

section t | l Lne - Bin the |line.head of Fig.,7B.. Fig. 9.is a
perspecti@éég@iaéwxo% tthe ?Fr%éh%era%c% : rg meddaa,c F"S’rﬁltgsh]en%otﬁ%%\%l?h%.s Fig.
10 is a flat, view show, 9 the detailed structure of the head chips of the
line headitfitf 2 SPSERGYLef NURRE AL T bESVABR ShORAIE (GHer Get & Fed
structure_o~f the nozzles in groxinity on the head chip of Fig. 7 as seen
fromthe Bottomathaiozzle, wherein a plurality of the head chips are

arrayed in the width direction thereof to form the line head
so that the nbzzles each head chip has and the nozzles the
neighboring head chips have are not arrayed in the feed
direction of the recording medium.

Toalsoattain the above objectives, according toanother
aspect of the present invention, there is provided an ink-jet
printer, wherein the nozzles each head chip has are
sequentially time-series driven by separate driving, and the
number of the nozzles each head chip has is an integer multiple
of the number of phases for the separatedriving of thenozzles.

To also attain the above objectives, according to still
another aspect of the present invention, there is provided

an ink-jet printer emitting droplets of ink arriving as ink



». Figs. 12A to 12C are schematic diagrans showing the relation of the drive
.circuits and the structure of each head chip in the Iine head of Fig. 7.
Fig. 13 is a schematic diagram showi ng the nozzle g 2 2 JUN 20P4UN 200%
arrangenment in the line head of Fig. 12B. Fig. 14 is a timng chart show ng
the drive signals for one block of nozzles in the |ine head of Fig. 13.

Fig. 15 is a circuit diagramshow ng the drive circuits for one bl ock of
nozzles in the line head of Fig. 12B. Figs. 16A and 16B are schenatic

drawi ngs &bewi figrifiagstimgieseanti ke ddne headratat be s esbgdhgent of
the ink-jet printer of this invention. Fig. 17 is a schematic di agram

showi ng tREaNQZZESoRI &aYihB ﬂ@@dlﬂé@iﬂsaﬂlﬁg%kﬂ(.) it}Go]fFﬂcgzzi'gﬁi §1~:?ﬁgie@ ng

chart showi ng the drive signals for one nozzlies 1 n e head

of Fig. 1 i . | S .a. schenmat | raw n owi ng f.he interrelation of the
drive ci r%ﬁi Asngnlt]qgidi ﬁé%lﬁc?\%l%éa it%eaﬁe§g§%%g B%dtlil}%yg’i’\ﬁ}éilﬁna PPFE of
the line head structured by tiling in an ink-jet printer of the rel ated
art. Fig.P98PPEIF UMl e AR RY LhoGEhg rhe fndrAa eenorging nadinme
head of Fig. 19. Figs.21A and 21B are circuit diagranms showi ng the drive

circuits feRPEAE MDA pbzRFebaviincte |$pechéaddonhuRier 19f DESECRERTI ON
OF THE PREFERRED EMBODI MENTS Hereafter, the preferred enbodi nents of the
i nventi onardi) drive 2 iz it 2004 rdivee éesdr hbed lie det ekl cwhil g1 Ee8BERYNg tO
Fig. 1 through Fig. 18. The follow ng described enbodi nents are preferred
of the head chips are arrayed in the width direction thereof
to form the line head so that the nozzles each head chip has
and part of the nozzles the neighboring head chips have are
arrayed in the feed direction of the recording medium.
To also attain the above objectives, according to still
another aspect of the present invention, there is provided
an ink-jet printer, wherein said nozzles each head chip has
are sequentially time-series driven by separate driving, and
the number of the nozzles each head chip has is the number
of the part of the nozzles the neighboring head chips have
and the number of nozzleé arrayed in the feed direction of
therecording mediumadded to the integermultiple of the number
of phases for the separate driving of the nozzles.
In the above structure, the nozzles for each head chip
are set as an integer multiple of the number of phases for
separate driving of the nozzles or set as this figure added

with the number of overlappingnozzles, sothatwhenaplurality

of head chips are arrayed by tiling to comprise a line head,



. Working exanples of the invention and so are preferably Iimted in regards
.to their technical aspects ) however unless otherw se stated, the scope of
the invention is not limted by the follow ng description and not liUthﬁﬁ

by these aspects of the invention. (Printer overall structure) Th&.d r

structure of the ink-jet printer of the enbodinment of this invention is

showmn in Fig. 1 and Fig. 2. In Fig. 1 and Fig. 2, an ink-jet printer 100 is
conprised of a line head 120 having thermal el enents not shown in the

drawi ng, t@se drioek ebEnedine fattawed t 8D edr ol e ©f at8KkpadrthdiBvimga a PNM

(pul se nunber nodul ation) function for nodul ati ng the nunber of dots form

the ink dypheisat8damkee@rdivid s apde Rawiang ¥ dth largely equal to a
paper P. The ink-jet printer 100 is conprised of a |ine head 120, a paper

Leed ety on [3haanlie, sqdssestiaty i acamit LAY G i 1y

el ectrical circuit section I'n"a cab bi he

is formed in the sha of rigpt-ang| ed parall e] epi_ped. A paper, ejection
S ot (111 bfiahe SAREE BpBer Thiod A ohe o5 PERA CaBIRE SRS Whada
tray inlet/outlet - 11" =~ 2 Z ~~N n004 112 for the paper tray 150 is forned
in the ottHeroef®ofed Hel tABPnefo15ba tTR opign¥ iffda@bt20 rcorg & heh figvegeol or
CWMYK (cyan, magenta, yellow, black) and nozzles not shown in the draw ng
are inst dd=dlabber &hd badhofimalye papetityebyi enhibberl bt @ fanenent
downward. The paper feed section 130 is conprised of a paper feed guide

131, papeterdsiety | alHepoddd cdB3umd tapekancpd e W ed Iy R -QYsiSy 1835dn 136,
and belts 137, 138, and is installed below the edge of the paper ejection

slot 111.9/FReimapss tRedn@yided31 is forned a | evel plate shape and
installed with specified open gaps below the |line head 120. The paper feed

rollers 132 an &%% r i | lL.ers..i.n al..cont.act, _and. are
installed on bg?h S|%€ém% t ef%g%gﬁgfégdﬁgﬁi%gy%%lfl%gﬁﬁﬁyq&¥ Fe' st e of

the trayéﬂﬁ‘%éf&%'&ie%%%é¥1 éi“h%igin%féggﬁ nozzle is the same for

each head chip so that a 1ine head can be comprised by arraying
a plurality of head chips each containing an identical drive
circuit, and since only one type of head chip is being produced,

efficient mass production can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a fragmentary perspective view of showing a
cross section of the overall structure of the embodiment of
the ink-jet printer of this invention.

Fig. 2 is a cross sectional view of the ink-jet printer
of Fig. 1.

Fig.3isablockdiagramshowing therecordingandcontrol
systemof theelectrical circuit sectioninthe ink-jetprinter

of Fig. 1.
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paper ejection slot 111. The paper feed notor 134 as shown in Fig. 2 is

.installed bel ow the paper feed guide 131, and is linked to the paper feed

rol 'ers-132, 133 by way of the pulleys 135, 136 and the belts 137) 137 éﬁ@f
line feed section 140 is conprised of the line feed roller 141, ?

notor 142 and gear 143) and is installed on the tray inlet/outle 12
opposite the paper feed section 130. The line feed roller 141 is forned in
a roughly sem circular tubular shape and installed in proximty to the

paper feed rol IBtg132 aB theridsely dbkethautdidwildd shdaortheidtsnelfead 12
b 2 2 JUN 2004 notor 142 is installed above the line feed roller 141, and

is linkediiget Heaki r&%&e&ﬂer@éé&rd%éllaebx{:ltf@uﬂ@%fl?% The paper tray 150

is formed in a box shape capabl e of storlng a pluralify of sheets of paper

P for instance e, S r 15 dwth a,s r|ng
151. The paper f%%y i56é|§ ?ﬁ§%£€lgg b%F%HP %Plne%&géﬁF%%%?Fbﬁ 140

to the trﬁ hgleé tlet, 112., The electrlcal circuit section 160 controls

the drivi é éjcrtjl\()?‘l ShHCEE E Rt &ii%d 4bove the paper tray 150.

Ther ef ore, when u3|ng this type of ink-jet printer 100, the user, after
turning on the Hbder tbstﬁesPﬁ@%@ﬂﬁﬁﬁW#ﬂ@rSHGElnSUWhﬁ(ﬂRMtan@apenngray
150 fromthe tray inlet/outlet 112 and presses a specified nunber of sheets
of paper Pvi hbedeeklde duaipes ¢iayuilB0ofWrap t hie. sheets of paper P are
pressed in, the paper clanp 152 raises up the end portion of the paper P by

means of the acti@n ™ dre 7$0BRIrd2he AN PI LS NG iRAPEM Paagdt BSk t he
line feed roller 141. The line feed notor 142 then drives and rotates the

line feedy{ell Shok Shegt < 0f £pap LS of r
roller 132 fron1?hg%gégg§§%§§'150£eNé§tQ Sﬁe 8?38?8% %}fgflg?§81§%38133

are rotat b h ri.v he paper feed notor 134, and the
paper P fggrf¥%%1$ g é%gr ?f 58 ogFe%lf%ZQ%s fed to the paper feed guide

131. The line qgad 1%0 then ope atlng speci fied
ig. A is e view show1ng & cross section taken

along lines A - A in the line head of Fig. 7A.

Fig. 8B is a side view showing a cross section taken
along lines B - B in the line head of Fig. 7B.

Fig. 9 is a perspective view of the line head of Fig.
7 seen from the bottom side.

Fig. 10 is a flat view showing the detailed structure
of the head chips of the line head of Fig. 7.

Fig. 11 is a perspective view showing the detailed
structure of the nozzles in proximity on the head chip of Fig.
7 as seen from the bottom side.

Figs. 12A to 12C are schematic diagrams showing the
relation of the drive circuits and the structure of each head
c¢hip in the line head of Fig. 7.

Fig. 13 is a schematic diagram showing the nozzle



&

- 13 12 2 !UN 2004 timng, emts droplets of ink froma nozzle to

j npact on:the paper P and record characters and i mages fornmed of dots fr
the ink droplets. Then, the paper P fed out fromthe paper feed rQI?eﬂﬁiggmk
is ejected fromthe paper ejection slot 111. This process is repeated until
the recording is conplete. A block diagram showi ng the electrical circuit
section 160 for recording and control in the ink-jet printer 100 of Fig. 1
of this invention is shown in Fig. 3. Acorrection circuit 162 stored with
pr e- est akldshefemen t e€hi @hedatimd meafOVEMBR gNetd, a head drive circuit
163 for driving a line head 120, a control circuit 164 for controlling
notor drive angjQthen E%nErQim§ﬁgW8hBr%$sﬂo%ﬁﬂﬂf%h%@ﬁf%ﬁEﬂéf&ﬁ@Pqu3ﬁ l'ine
buf fer menory and a one screen ménory are connected in a signal processing
control ¢j | 1 ¢to f.twar.e pr.ocessing of a U and DSP

confi gur ;t{r{eghgl%‘fl]gn%%sﬁgégﬁe\g lﬁlec%I?% %gflg) hla%%ﬁoﬁ%il?rohgt?he si gnal i nput
section 166 to_t.he signal processor-control circuit 161 arranged in, a
record sequencg,lgangsséﬁt DLECROFr ALRFEATC PROWILN A 6D & G 13t CdatG ot s
processi&% such as_ correcting irregularities in each nozzle, color

correcti Gi®T &Rk Yteekeefi a9z zieh b1 ghhbsldmeh hend ovfrBéord 1@d&t-a after
correction are extracted fromthe signal processor-control circuit 161
accordi ng to eftigmall&dnantli 088, anchsa@sembe inodrder Nogs bampdrmai Wiee and
i nput signal, and sent as drive 14 2 2 JUN 2004 signals to the head

drive ci rstithic théBe apd eaeh 1661 Ndagi sEUthel@dcohe dwpdadhictd G Ciid 163
controls driving of the line heads 120 based on the drive signal. The

control qgifcuids &@fnggptgqlQﬁyg\4£@e?gigge paper feed notor 134, the line
feed motor 142, and the line head 120 for cleaning etc., based on

Fig. 17 is a schematic diagram showing the nozzle array

in the line head of Fig. 16.

Fig. 18 is a timing chart showing the drive signals for
one block of nozzles in the line head of Fig. 17.

Fig. 19 is a schematic drawing showing the interrelation
of the drive circuits with the line head in an example of
time-division drive of the line head structured by tiling in
an ink-jet printer of the related art.

Fig. 20 is a schematic drawing showing the nozzle array
in the line head of Fig. 19.

Figs.'21A and 21B are circuit diagrams showing the drive
circuits for one block of nozzles in the line head of Fig.

18.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereafter, the preferred embodiments of the invention



.. the drive signal. Signals such as for record data are tenporarily recorded

in the nmenory 165 and extracted as needed. A bl ock diagram show ng_a
detailed view of the line head 120 and the head drive circuit of 'ZFEgJU&,m%
shown in Fig. 4. The head drive circuit 163 is configured to perform

ti me-shared driving and PNM nodul ati on. The head drive circuit 163 is
conprised of a tone counter 163a, a converter 163b, a serial-parallel
converter 163c and a data | oader 163d. As shown in Fig. 5, the tone counter
163a, is ercdenicribed iepdettiaid whitlleerBEM(pHiH $e neaher 1 gbaghaM g .

pul ses. The converter 163b conpares the count value wth the record data
fromthe gata | oader 163d, and outputs an "H' when the record data is

hi gher than the count value. The serial-parallel converter 163c, as shown
in Fig. 6, aft r ' [ .8l da thermal_ el enent data to

si mul t aneousl y%ré}elov%&ﬁ%;!'z]Fgg gtE%?ljc%r cgi %\rﬁgéﬁggfenofs tairrree-%l??gsrﬁfa\c}i si ons
during one tone, converts the serial data into parallel_ data. - 15 2 2
JUN 2004 "R HHHEXRIRE 126 §i 5P EIMPrEReUOBR 1S PRy 9P X2 IR IARI ¥V ihiv¥ t hdad
chips 121 each having one tine-division driven block. A tine-division
driven pHdsEcgaiérdidfheilincupehr2ral a8pastshehovepar Ynkes e thrnwinanber
of phases, and forns one sub-unit with the thermal el enent 121b, the

swi t chi ng e terdent ti2lecoprd dfhetlyat eneienddion 2l doTheigatedcibycuiie 121d
forms a logic "AND gate” input with the signal fromthe tinme-division
driven phaselgeirgadOscetibtlicn d2kanamdl i e tda Byf fREsEhgspekLital bpagrk! el
converter 163c, and when the phase and data input to the AND gate are both
"H', the ;siwdchisg el ement 121c is turned on to drive the therno el enent
121b and emt the ink. (Head structure) A flat view and a bottom view
showi ng the str : o] LLnpe d 12 or one color portion in the
ink-jet print er('ﬁ?dg{tg éFgﬂé.ngllgr esmrarguscp%%??zlel y shown in Fig. 7A and Fig.

7B. Fig. BAis % Cross Sffti onal view t?keﬁl al.ong the lipes A
The overa structure of the ink-jet printer ocf the

embodiment of this invention is shown in Fig. 1 and Fig. 2.

In Fig. 1 and Fig. 2, an ink-jet printer 100 is comprised
of a 1line head 120 having thermal elements not shown in the
drawing, as drive elements for emitting droplets of ink, and
havingaiPNM(pulsenumbermodulatidn)functionfornmdulating
the number of dots form the ink droplets in a recording range
having a width largely egual to a paper P.

The ink-jet printer 100 is comprised of a 1ine head 120,
a paper feed section 130, a line feed section 140, a paper
tray 150, and an electrical circuit section 160 installed in
a cabinet 110.

The cabinet 110 is formed in the shape of a right-angled
parallelepiped. A paper ejection slot 111 for the paper P is

formed in one end of the cabinet 150, and a tray inlet/outlet



. 3

A, and Fig. 8B is a cross sectional view taken along the lines B - B of
Fig: 7B. A fragnentary, perspective view as seen fromthe bottomside is

"shown in Fig. 9. As these figures show, an ink supply hole 122a 99 ijNr’raﬂnl*

in aslit shape in the center of the |ine-shaped head franme 122 of the line
head 120. A plurality of head chips 121 formed of silicon plate are
attached on the other side of the head 16 2 2 JUN 200# franme 122 . The
head chips 121 are forned in a staggered formation on both sides of the ink

supply halie ¥22a tﬂ?ﬁp@?a@ré%aﬂ?o 123. rAsmeliown @m0 dihdd Bnd b f &he
plurality of thermal elenents 121a are arrayed in a row on the ink supply

hol o122, . o1 e head ol pe 1151, 0, e Roposl L. s1clevea dy o

connecti ng el'enent’s 1 are arrayed In a row paired w

el enments 12la. In this ex | e) .the thermal elenments 121a are arrayed at
S000pT . - RCGRT G A Lot DLASKY FOA PORRIIR A 1t PRI s 1P AALRE 1 he
head chip 121 (thermal el enment 121a) and (logic) gate circuits 121d are
respect i P88 ing tRr bhedbab@@en the evfAneft thg dahntel 22EBCcand e ther nal
el ements 121a. The tenperature of the head chip 121 rises due to the (ink)
em ssi on tapeisate obobovatrkde top surface and side surface of the head chip
121 are inmmersed in ink so that the head chip 121 is directly cool ed by the

ink. A nozzle phat pabdd FaEdG e tpionial3 6 Vi Ofcorzl e6a12daa ayep é Hrinesld on
the head chip 121 by way of a nenber 123 formng the flow path 123b and the

plural ity ofqd huid coIRA ERRIH $03335 3525heWR 1 B FiferliecdMd £6 TRIDET

123, each fluid conpartnent 123a houses thermal elenents 121a arrayed in

t he head ip..121 : h b . f fluid
e head iRl £ 167 hgk BRE Lug Bah B3I uBuds framaleol ! v
| i ght -ser%i[éi ve !ol astic such as .so-called dry - J

%_ 17 2 2 U;% %804,

phot or esi RzEPE BRREE EI£GE M 0t Bramdte BRAP R i 0t g and

receives anti-corrosive plating such as of gold or palladiumto prevent

corrosi o Xadsetioppedhe 1 gke il & of rdtR R © Firbd&ftt &l brgivHg b nafel § hrd

supply hol es 122a and al so so the nozzles 124 formone-to-one pairs with

the t her ralerlgamenttsslow the line head 120. The paper feed rollers 132
and 133 form a pair of rollers in mutual contact, and are
installed on both sides of the paper feed guide 131, namely
on the side of the tray inlet/cutlet 112 and the side of the
paper ejection slot 111. The paper feed motor 134 as shown
in Fig. 2 is installed below the paper feed guide 131, and
is linked to the paper feed rollers 132, 133 by way of the
pulleys 135, 136 and the belts 137, 137.

The line feed section 140 is comprised of the line feed
roller 141, line feed motor 142 and gear 143, and is installed
on the tray inlet/outlet 112 opposite the paper feed section
130. Theline feedroller 14l is formedinaroughly semicircular

tubular shape and installed in proximity to the paper feed

roller 132 on the tray inlet/outlet 112 side. The line feed

- 12 -
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121pb. In other words, the fluid conpartnments 123a are connected by the flow
paths 123b fornmed in the nenber 123 and to the nozzles 124a formed in th

"nozzle plate 124. An ink tank 126 is attached to the other surfacq ON Nt B

head frame 122 by way of the filter 125. The filter 125 is fornmed to cover
the ink supply holes 122a and fulfills the job of preventing debris and
clusters of ink material fromthe ink tank 126 from penetrating into the
nozzl e side 124. The ink tank 126 is forned in a double |layer by the bag

126a and rdwopui £z €abinelah26s fbsPei RGMANM A266 ts1blacad betygen the
bag 126a and the outer cabinet 126b to nake the bag 126a wi den to the outer

side. Thed nf<1f15]§eantBh't%eW@iJ.lééjbfgé:&egotl? ro%%ﬁtﬂyetﬂ%eﬁ%% %nd the ink

is prevented fromnaturally |eaking awa e nozz |s negat|ve
pressure is fuqhher set_to redtgg t he caﬁlllar action.of the n %24a
so that the inK tar T briet@ht t+Enf BEMEE B Pe Ofcnslhgqehecaﬁ?o

An electrical , wring 127 nmade of so-called FPC (flexible - 18 2 2 JtJt~
2004 pHlﬂQRF%?$C%|?1BBQF&FY'§§n%%&%%ﬂ ?foRPBBEVE £RE HESdHFD AB124al ong
the outer side of the head frame 122 to the outer circunferential surface
of the irmdiankandehashe elagmrichinpi LPRgerBRdesd foitbupplspimigellTiri cal
power and electrical signals to the head chip 121, and is connected to the
connect i arh¢ eapierat ra21 ©f itshtnhead lefii pradlbel dwidhee ahaeef stducial £ont he
ink is supplied fromthe ink tank 126 to the ink supply holes 122a, and

suppl i ed 1o Wy ehet Reakd QW IRAE fod@BBtt @1l2he 1fdli &h £QRPRELABRY d3e: Here,

the nozzles 124a are fornmed in a circul ar shape and the center of the ink

surface 15 SONSAYEs HUB A AdIG OGALEYE RLESUY & Lln 1 DEctBEAlad S 4 TP Of

t he nozzl e, creatlng t he so-cal nenlsc fect rive voltage is
applied to r nts 121b, _and en air bubbles occur on the
t her mal %%%i glgggﬁ’ref gtg'g RHEhaFFie] &\gbare enitted fromthe nozzle
124a. In the | i ne head 120, each head chip 121 has a specified nunber of
first phase ti melekeI@Reno¥BPBSIPRY BRigHEASiQE ink-Jet printer 100,

the user, after turning on the power to the ink-jet printer
100, pulls out the paper tray 150 from the tray inlet/outlet
112 and presses a specified number of sheets of paper P inside
the paper tray 150. When the sheets of paper P are pressed
in, the paper clamp 152 raises up the end portion of the paper
P by means of the action of the spring 151, and presses the
paper P against the line feed roller 141. The line feed motor
142 then drives and rotates the line feed roller 141, and one
sheet of paper P is fed to the paper feed roller 132 from the
paper tray 150.

Next, the paper feed rollers 132, 133 are rotated by
the driving action of the paper feed motor 134, and the paper
P fed from the paper feed roller 132 is fed to the paper feed

guide 131. The line head 120 then operating at a specified

« 13 -
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Fig. 12A, and contains a drive circuit 128 (switching circuit 121c and
logic circuit 121d explained in Fig. 4) for driving these first pha
nozzles. The first phase nozzles 124a contained in each head chi£21iﬁN 2004
conprise one tinme-division driven block 129. The head chip 121 of Fig. 13
may al so be conprised of a specified nunber of second phase or third phase
nozzl es 124a - 19 2 2 J~i~ 200 shown as shown in Fig. 12B or Fig. 12C
and a drive circuit 128 for driving these nozzles. Mre specifically,

besi des eahibyockmiP8, dreipng woryl iisad fafor he mecond phasep&ti Another
words 16 nozzl es on one head chip 121 as shown for exanple in Fig. 13, each

head chi ppdpdr CONMPA NS Fo i ¥Bathbtlirts 1R fiGla gl NOZZheg §BraHPEZE LS rom
phase No. 1 through 16 or in other words for two blocks 129. In the drive

circuit S arfd O hr h LOn i.n._sequence_in_the
drive ci rl%ﬁ?t 8,8rt zefﬁgr'stre‘%%%’seeﬁg c]‘? erailr ?e?%? %ﬁgsgr@ q;h? hYough 8,
and a second.phase is Q?npfisad of phase .9 through 16, As shown in Fig.
15, the s'%?l%lrcﬁs]n%’é 3 t DSt Hee ArF PRSP RARTY ThHinEtPBaSt8tehth - phase
of the drive circuit 128, and each phase is connected to the control signal
li nes Bl ThiBPrIRESHoLAH eneHeedoknéadh thimsee@erdingudnt icHnBlelt¢ven as
showmn in Fig. 14. In this way, the nozzle 124a for each phase is

sequenti al |y dri vérrcand itdmer poweroebnguhpei ehecam ke Ir eduseadi t lset¢bisncase,
each head chip 121 can be provided with the sane) double or three tines the

number ofléwzezdesreesriiagnumEc it pbases ehedesgrijkad phoveerandot be
nozzl es for each bl ock for one tine-division driven phase, are driven by

drive cirgidts; 138 whth 11384 €8bn St EUGHYWES QD #dentkcal head chips 121 so
t hat each head chip 121 including the drive circuit - 20 2 2 ~t~r~ 2004
A correction circuilt 162 stored with pre-established
correction data in a ROM map method, a head drive circuit 163
for driving a line head 120, a control circuit 164 for
controlling motor drive and other control as well as a memory
165 constituted by a 1line buffer memory and a one screen memory
are connected in a signal processing control circuit 161 for
software processing by means of a CPU and DSP configuratioﬁ.
Signals such as record data, are input from the signal
input section 166 to the signal processor-control circuit 161
arranged in a record sequence, and sent toa correctioncircuit
162 for correction processing such as correcting
irregularities in each nozzle, color correction, and 7
correction. Then signals such as for record data after
correction are extracted from the signal processor-control

circuit 161 according to external conditions, such asgs the

nozzle No., temperature, and input signal, and sent as drive



has. an identical structure. A line head 120 can therefore be tiling
structured, by arraying a plurality of head chips 121 of a single type,
conpri sed of drive circuits 12S having identical circuit structuqeg,ﬁﬂ@ 2004
that the head chips 121 can be manufactured at | ow cost by bei ng nass
produced in | arge nunbers, and the cost of the |line head 120 and the ink-j
et printer 10 is therefore reduced. A drawing show ng the overall structure
of the line head in the second enbodi ment of the ink-jet printer of this

i nventi osiignshown ktheFhgad dbfivandi 1684 tThesldme aad cb2: £ORTil sadi of
head chi ps 121 shown in Figs. 16A and 16B has nozzle regions that nutually
overlap arggoth sides of each head chip 121. This design is intended to
prevent problens that typically occur in structures having no nozzle
overlap as sho i n_Ei . 2B, ere jrregularities i.n_Jink enission
amount s bet veer Mgk Rr A AL ET 1 T HR 1A RO STk BCAEr a0 S
about by _characteristics of the_nqg overlap nozzle structure and, positioning
errors, &f ézcoab§‘égs‘°f P k8819 &4 IREdi AGnGeaEreh Cdt%‘ilaérjd%’% each
head chip 121 in Fig., 16A, has_a nunber of nozzles 124a consisting of a
nunber edPAt XDl and BYERREp ofothico® afriedt e@dtheteirnd3di-vitdieod idré vieeddr st
phase portion 21 2 2 JUf~ 2004 of nozzles, and contains drive circuits
128 for darxdtamd4hessndoZdzé esindhizeadziPe fafacdbantiemdeat: chipe 484 Aoand
the nozzl e 124a of the head chip 121B on the other side are thus

al t er nat eJlje uReilvé NsSbdaway S ignaestscah dis Fdd ScbPat Raravardap region.
In this way, the bandi ng noise prone to occur between the two adjacent head

chips 123A g0k 121 B) ﬂéc&fdagqq} and r@éxhsa.t&as;seéﬂang]h@xbsgét%m Rstead§. shown

in Fig. 16B, may be conprised of a nunber of nozzles 124a consisting of a

e o ' & BIoYYCHL A0 B0 LR Bl81ak e 43 1500 0L P E PR 118 fd8a

. L £
ti me-division Ive secon ase por on an ve ClI PCUI

120 and the head drive circuit of Fig. 3, is shown in Fig.
4,

The head drive circuit 163 is configured to perform
time-shared driving and PNM modulation. The head drive circuit
163 is comprised of a tone counter 163a, a converter 163b,
a serial-parallel converter 163c and a data loader 1634d.

As shown in FPig. 5, the tone counter 163a, is a counter
for counting up the PNM (pulse number modulation) pulses. The
converter 163b compares the count value with the record data
from the data loader 163d, and cutputs an “H” when the record
data is higher”£han the count value. The serial-parallel
converter 163c¢, as shown in Fig. 6, after processing in serial
data the thermal element data to simultaneously drive nozzles
at a certain number of time-drive divisions during one tone,

converts the serial data into parallel data.



128 to drive these nozzles. Mre specifically, besides each block 129 as
shown for exanple in Fig. 17, being conprised of a nunber of nozzlse

- consi'sting of an overlap portion (3 pieces) of nozzles added to azfirgéN 2004
phase portion (6 pieces) of nozzles contained on one head chip 121 or in

ot her words being conprised of nine nozzles, each head chip 121 is further
conprised of nine drive circuits (not shown in the draw ng) for driving the
ni ne nozzl es. Phase No. 1 through 6 are attached in sequence to each nozzle
124a as shown 'T‘EeF'lgnelﬂeaQi“?lz'd‘itshébrr&ﬁ%%é@%ﬁ‘tﬁrﬂﬁpi'd@ 19421:83 A $
assigned with phase No. from 1l through 3 the sane as the overl apped

nozzl es. i_des _phase Lt through -. Z 2 ~U~~ 2004

consti tuﬁ%ﬁgletgﬁaec N %tlgﬁagéfﬂﬁévrlggégﬁ t\_'/1e1%§i'Sr:lL(}{Ilsllionnesd]':5111"9'?[%rbgluogchkA6 are
connected to the porres%pnqug drive circuits 128 for each_phase, so_that
the nozzlfe W $bY18AER SHASER PRRGGACRSTAF WU i TRhCBASed 2df t P X¢Ynal s
shown in Fig. 18 fromthe drive signal lines Al through A6. Therefore, the
nozzl es 1EROuRAL tnfeke tile tabhlphaskened pia§eR . iand Equavcen e vd tufel hower
consunption can be reduced In this way, by each head chip 121 has a nunber
of nozzl esl onshst thgrmila alemeer t of 2 dber ltaye rozizi @elsiadded etrn@onel V¥ c f wo
times the phase nunber as descri bed above, and each bl ock nozzl e conprising
a tine-diad$itdr gaeepBageulal 1ham). Thedgh¥encbycaidriyedcibemista hddyic
contai ned on the sanme head chip 121) so that each head chip 121 is

conpr i sed fafp et eabud by enCLALWiend P r IR Pl fie i 11: b 120, can
therefore be tiling structured, by arraying a plurality of head chips 121
of a singl.e type. conprised of dri circuits 128 having identical circuit
structur srfass% q%ré?rgﬁgrhecé’cfcc%%si/%ﬁ &a B:Z"enacﬁ%?aaclt:ﬁg@d% 1 ow cost by
bei ng nmass Prodz;ed in l.arge nunbers, and the cost of the |line head 120 and
the ink- |- {1 AParatd s GHFer bfE 1EdGecednd ¥ o PSR RS AT het t2

enbodi ment, the head chips 121
input to the AND gate are both "H”, the switching element 121c

is turned on to drive the thermo element 121b and emit the
ink.

(Head structure)

A flat view and a bottom view showing the structure for
a line head 120 for one coleor portion in the ink-jet printer
100 of Fig. 1 are respectively shown in Fig. 7A and Fig. 7B.
Fig. 8A is a cross sectional view taken along the lines A -
A, and Fig. 8B is a cross sectional view taken along the lines
B - Bof Fig:. 7B. A fragmentary, perspective view as seen from
the bottom side is shown in Fig. 9.

As these figures show, an ink supply hole 122a is formed
in a s8lit shape in the center of the line-shaped head frame
122 of the 1ine head 120. A plurality of head chips 121 formed

of silicon plate are attached on the other side of the head



. are.conprjsed of a specified nunber of nozzles for a tinme-division driven
.one phase, two-phase or three phase - 23 2 2 ~~I ~~ 2004 portian,

as 16 nozzles for exanple for a two-phase portion, or may be con%ﬁ?égﬁugmm
speci fi ed nunber of nozzles of a time-division drive first phase portion or
second phase portion, for exanple nine nozzle consisting of three overlap
portion nozzles added to six nozzles of a first phase portion. However,
this invention is not limted to the above exanples, and each head chip may
conpri se &ramelier? ofhadezd @shdonsi 31 ang Dbraed i egala qgb Bl foHha t hen
time-division driven nunber of phases or an integer nultiple of the
time-diviehopo€hi yeaebuser hef iphasappodedote 188 0v8f R Qpééélof]rg%e
nozzles, and a line head may be configured by arraying a plurality of head
chi ps of i (V]IS 2 1.S of, hd i driye circuits. Further,
in the ab%%/%' 2%)%(% nenta?l%trgr)l%hdfggé %:??%hlq%f%ﬁ?eoa%ﬁ eergm gheilperfl‘:z'ﬂgﬁlas
conprisede{ thrnaE el enents as _drive elenents however this inventign is
not |imted by*thi 8T&RATT el FRY PBr HfstidHt S CBRLY Rodi%e ot 2ctt e
elenents as drive elenents. - 24  REPLACEMENT SHEET 2 3 REF ,:~,2 WHAT IS
CLAI MED 192 Bho BeRrdo@R4AP 124y i #%<) en phienteRpesitei Agdenof ataw obfink 5
arriving as ink dots formng imges and letters recorded onto a recording
medi um f rePRBefEhsgheddmieating 24 bphueakirrpyefd nozal eswapa Ayed whthhehwi dt h
direction of the recordi ng nedium which is al nost perpendicular to the feed
directi ontloérhae etemeditizg 1Bk um conpri sing: 10 head chips having a
speci fi ed nunber of nozzles and a drive circuit to separately drive each
nozzle in a sequyerdHiad ds 5611 €8 NER L&l I | iLd head
chips are arrayed in sai dans\np dth di rectiggﬁatlwg?gg{fe&t% P’O%Err?saaflé(d cﬁtxﬁée?hgad SO
that 15 t s gach;ihead £hi p; .and t 0zzl es -t he .nei ghbouri ng
head chiﬁ%ghgegaggé %o%qgfrayég iﬁlgg?é%fgéﬁnﬁiﬁ%%t?gﬁfgfmﬁﬁg'recording
medium 2,. An Lhksj.et _printer itting.droplets of ink 20 arriving as ink
dots 1or M My aE eRe T By B S TPEchrBF IR 023 | BRBFHRdg® hEBFHR 1707 a
line head having a plurality of nozzles arrayed in the width direction of
the recordt g(%%%Fﬁﬁ1®H§ﬂ1q¥¥%ﬂh%§tlﬁéﬂpémﬂ(ﬁﬁ%ﬁeﬁblvﬁéYTé@dQﬂQQ%tion of
t he recordi ng medi um conpri sing: 25 head chips having a specified nunber of
nozzl es dIRiE¥edRtie damgetingdrl emensehl bkzArd tihetdiarea plalrahén ysof
said head chips are arrayed in said width direction thereof to formsaid
line head.3at et hempezzltes each teachehiipchap and the swzahestdhenad0

nei ghbouring head chi ps have are not arrayed in said feed direction of the

recor di ng( 1ej Lam§@1@Inrw§a£gsieacbulae@ﬂecm§ dasrare seaueidéaldYrace
timeseries driven by separate driving, and the nunber of said nozzles each

head chi 3% d 5eaR tREGIER 1MYLL PhRePse in ink so that the head chip
121 is directly cooled by the ink.

A nozzle plate 124 having a plurality of nozzles 124a
are formed on the head chip 121 by way of a member 123 forming
the flow path 123b and the plurality of fluid compartments
123a as shown in Fig. 11. In the member 123, each fluid
compartment 123a houses thermal elements 121a arrayed'in the
head chip 121, and further, each flow path 123b extends from

the fluid compartments 123a to the edge of the head chip 121

by means of light-sensitive plastic such as so-called dry

- 17 -



35 nunber of phases for said separate driving of the nozzles. 3. An ink-jet

" printer emitting droplets of ink arriving as ink dots forming i mages and

"lettérs recorded onto a recording nmediumfroma line head having & 2 JUN 2004
plurality 25 REPLACEMENT SHEET ~ 3 SEP 2D02 2 2 JUN 2004 of nozzles
arrayed in the width direction of the recordi ng nmedi um which is al nost
perpendi cular to the feed direction of the recordi ng nmedi um conpri sing:
head chi ps having a specified nunber of nozzles and a 5 drive circuit to
separ at elpp, dedvesea8¢h nozzle in a sequential tine-series manner, wherein a
plurality of said head chips are arrayed in said width direction thereof to
formsaid |ine head sq.that the zz|l es .each_head chip has and part.of the
nozzl es the 10 rllr.lhe‘zf 8ﬁgozulre|' RE;LaFt{‘eea%nghJiSpIsmﬁiélav]goz]flree"”’élnr1 g?/fgy Fﬁie§%rooo?5é%ﬂng
direction of the recording nedium ,4. An ink-jet printer emtting droplets
of ink m@q@iﬁﬁcﬁévFﬁk%ﬂﬁ%rQQﬁﬁ?ﬁbVFnﬁéé§%ﬂﬂi?%ﬁ?e?§ PécEidel 45 onto a
recording nediumfroma line head having a plurality of nozzles arrayed in
t he wi dt tpafl kaéinmntef pries arde grak nys kedi amusieicc vy $heel vt gred peeihed! ar
to the feed direction of the recordi ng medi um conprising: head chi ps having
a speci fites pumben t of 1 0ggdnes odndha AGkdsiuee Iof Noal és tO2 2lai ¥rdeathonszzl e,
wherein a plurality of said head chips are arrayed in said width direction

t hereof tind abMzsaidl1bisnes PRaM SO0cd hah ettt PO%AI@5 LBaCHH bead 11 dnbassand
t he nozzl es the nei ghbouring head chips have are arrayed in said feed 25

directio t | i i I d i
sequenti arhlﬁ/bf ?ﬁleégﬁfgg?%’??%?W%gggggggééf?\%eﬁg%gEg%%ggnél}) ercgéasai d
nozzl es each_head. chi S i he_nunber .of said part of .the npzzles. the
nei ghbour ot a0 BR The ot aRR PR Adtweie qrERBEs! a2 hath ko | hene
feed direction of the recording nmedium added to the integer nmultiple of a
nunber of"phates féfasdiarmepatat BhEr PPiETd OfPtHeendZ4es. 35 5. An ink-jet
printer as claimed in claiml, wherein the head chips are arranged in a
staged manner. 281 imk itdak 62 primtadrtachefat oelth¢ o thek ns 8r faker eifnthke
head chips are arranged in a staged manner. 26 2 Z ~ue~ zooa | NK-JET

PRI NTER ABSH®RACFamkee 1presentwanveft the Fridwvi«besian.i mke) fetl gperni2f havi ng
hi gh resolution and i mage quality, |ow power consunption, |ow cost and

cont ai ni ng+hae BeadsvehecnakinhRt spbiplhyemernd £ s1dpapkealss faf1 § k1 8r ehei ng
as ink dots formng inmages and letters recorded onto a recordi ng nedi um

f i d ' 3, Pl [ f in.t i €t
roma ';ﬂg?hct?ﬁ b PRYIAG i P &é%i%ﬁ?&%ﬂ@f@ré%@%ﬁk‘ g}acr.{}fri"éﬂ Pro

. . m
di rection e recordi ng nedi um I's al nost perpen ar to the feed

direction,of L{Pﬁ‘ Egﬁﬂgg'bfégfg%% “’Iallnea{‘]?’a begPELRLer cotprl seg head ¢hips
havi ng a SpeciTied nunbér of Nozzl'es and a“diive ciTedit*to°dit Ve s4ch
nozzle, in whjch a plurality of the head chips are arrayed in the width

directi olnT Rt RO ERBKs bEf LRefPEAE hedd Bsd MRt e thfeY Ab2Y ekl 8akAThLA82chi p

has and part of
and the outer cabinet 126Db.

A spring member 126c is placed between the bag 126a and
the outer cabinet 126b to make the bag 125a widen to the outer
side. The ink is in this way subjected to a negative pressure,
and the in].c is‘prevented from naturally leaking away from the
nozzle 124. This negative pressure 1s further set to reduce
the capillary action of the nozzle 124a so that the ink can
be prevented from being pulled in to the nozzle 124a.

An electrical wiring 127 made of so-called FPC (flexible
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.. the nozzl es the nei ghboring head chips have are arrayed in the feed

.direction of the recording nedium the nozzles each head chip has are

sequentially time-series driven by separate driving, and the nunbgr? dUhk 12884
nozzl es each head chip has is the nunber of part of the nozzles the

nei ghbori ng head chi ps have and the nunber of nozzles arrayed in the feed
direction of the recording nediumadded to the integer nultiple of the
nunber of phases for the separate driving of the nozzles. FIGURE 1 a 27
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(J(((dEnt{-ﬁ;é-%{Jg]M &iﬂeﬁ}q—p%ﬁ&ﬁ hlg%ﬁé)fegég%t‘%v@ connected to
109 & ()-L1 109 % ()-())0O))*dENDC 10% 1094 & ()-T10% & ()-s" 1094 & () -
PF109 &

Losg o () “ATIFEY 540 AEGARBECH, 188y £19 SRR H AR F10
(:?0]& (12)%%05(%; %r%?l_%l%r-p&%%@ %@gg—g:?;;?ﬂél or B21 ]The nozzles 124a for
each phase are sequentially driven as shown in Fig. 14.
Inthisway,thenozzle124aforeachphaseissequentially
driven and the power consumption can be reduced.
In this case, each head chip 121 can be provided with
the same, double or three times the number of nozzles per the
number of phases as described above, and the nozzles for each
block for one time-division driven phase, are driven by drive
circuits 128 with identical structures on identical head chips

121 so that each head chip 121 including the drive circuit

- 20 -



. 5F10% & ()-210% & ()- OF10% & ()-,,,,u,,*-c-rP. /!X

109 () -~ 17109 ()--1"| 109 ()- 1O 10%& ()-' &10%: ()-S10% ()a\) M 2004
10] c- - & .. A1 ZX6. /1 X1 Q F(* 10%a& ()-m QF(" 10%& ()-m X , " 10%& ()- 1k

,"109%& () -1 X, "10% ()-,"10% ()-//F0g000000aVK@ X! Q 10 10 10) =10% () -

| 9#10%& () - Y710%& ()-!X2"10% ()- 0: 10% ()- 00001B1lz1dEVK@ X! Q

10F1090x& () -| 109%0x& ()-Y

F1090x& () - 01090x& () - &L0%OX& () - VPLOYOX& () -sz111! 2D2| 22dEVK@ X! Q
10sMLOYDXEA € ) a PF1 880X & c@)l- , 0P £- " 10%OX& () - FLOYOX& () - 109%0X& () - 223<3v
333dEVK@ X! Q

10F(c109%0x& () -2 &" 1 hefa d )1 b 1090XEh €1 o EBIQVBRE L ()11 HYAXS (3 e FLAAOX () - 34
| 4h4444dEVK@ X! Q

L0r 0D HPREA A G OIS Q- PR SO O

4555 5555] 5pCl X! PZ A -=s5"10

100x=#10%x&' () - IE10%x& () - | 5a556M66dEQCL X! . _ o
1, 1)(3%&' ()g“)‘(%’g/ésf?-8!‘{%*?&“(‘%3!‘“%‘6/&&?)9- q? 16@&’(3(‘}9\/1‘36“‘”—“&1 circuit
v109%& ()- 666" 7\ 777dEbC! X! %Bm" 109 ()-!" 10%& (/%cl ( F109%& () - P" 109& () -

s’ 109& ()SErPabyYRefy- PORAEER. YaepkerdQehigrs gbgl (Fan" bgoRamufactured

109 () -1 *109%& ()-F("10%& ()-#&" 10%& ()-.9=9v9999999dYNCI XIQ 1 10 10

10=#10%&' &Y - x0%&t Dy We109Rnéss BEFE0OURA N 16%R € M Oth &rs; : dBINChX Q 1
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VB 5 ><dENCoX! fhelline head 120 and the ink-jet printer 10 is therefore
reduced. ‘

A drawing showing the overall structure of the line head
in the second embodiment of the ink-jet printer of this
invention is shown in Figs. 16A and 16B.

The line head 120 comprised of head chips 121 shown in
Figs. 16A and 16B has nozzle regions that mutually overlap
on both sides of each head chip 121. This design is intended
to prevent problems that typically occur in structures having
no nozzle overlap as shown in Figs. 12A and 12B, where
irregularities in ink emission amounts between head chips and
errors in the impact position are brought about by
characteristics of the no overlap nozzle structure and
positioning errors, and are causes of the so-called banding
noise.

In other words, each head chip 121 in Fig. 16A, has a

number of nozzlesl1l24aconsistingof anumber equal toanoverlap

portion added to the time-division drive first phase portion
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1832 : 8 Asrﬂ]acl)c(f%/f‘@'(l%?g%loo g%)ﬁ%%@é}é ? E}Qg{%e?j% %10% 'O inEN
axQ The head chip 121, as shown in Fig. 16B, may be comprised
of a number of nozzles 124a consisting of a number egqual to
an overlap portion added to a specified number in the
time-division drive second phase portion and, drive circuits
128 to drive these nozzles.

More specifically, besides each block 129 as shown for
example in Fig. 17, being comprised of a number of nozzles
consisting of an overlap portion (3 pieces) of nozzles added
to a first phase portion (6 pieces) of nozzles contained on
one head chip 121 or in other words being comprised of nine
nozzles, each head chip 121 is further comprised of nine drive
circuits (not shown in the drawing) for driving the nine
nozzles.

Phase No. 1 through 6 are attached in seguence to each
nozzle l24aas shown inFig. 17, and in that case the overlapping

nozzles are assigned with phase No. from 1 through 3 the same

as the overlapped nozzles. Besides phase No. from 1 through
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In this way, by each head chip 121 has a number of nozzles
consisting of a number of overlap nozzles added to one or two
times the phase number as described above, and eachblocknozzle
comprising a time-division one phase portion, is driven by
a drive circuit 128 contained on the same head chip 121, so
that eachhead chip 121 is comprisedof identical drivecircuits
128.

Therefore, a line head 120 can therefore be tiling
structured, by arraying a plurality of head chips 121 of a
single type, comprised of drive circuits 128 having identical
¢ircuit structures, so that the head chips 121 can be
manufactured at lowcost by beingmass producedinlarge numbers,
and the cost of the line head 120 and the ink-jet printer 10
is therefore reduced.

In the above described embodiment, the head chips 121
are comprised of a specified number of nozzles for a

time-division driven one phase, two-phase or three phase
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this invention is not limited to the above examples, and each
head chip may comprise a number of nozzles consisting of an
integer multiple of the time-division driven number of phases
or an integer multiple of the time-division driven number of
phases added to the overlap portion of nozzles, and a line
head may be configured by arraying a plurality of head chips
of a single type comprised of identical tyvpe drive circuite.
Further, in the above embodiment, the drive circuit 128
on each head chip 121 was comprised of thermal elements as
drive elements however this invention is not limited by this

example and may for instance contain piezoelectric elements

as drive elements.
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15 the nozzles each head chip has and the nozzles the
neighbouring head chips have are not arrayed in said feed

direction of the recording medium.

2. An ink-jet printer emitting droplets of ink
20 arriving as ink dots forming images and letters recorded
onto a recording medium from a line head having a plurality
of nozzles arrayed in the width direction of the recording
medium which is almost perpendicular to the feed direction
of the recording medium comprising:
25 head chips having a specified number of nozzles and a
drive circuit to drive each nozzle,
wherein a plurality of said head chips are arrayed in
gaid width direction thereof to form said line head so that
the nozzles each head <chip has and the nozzles the
30 neighbouring head chips have are not arrayed in said feed
direction of the recording medium,
said nozzles each head chip has are sequentially time-
series driven by separate driving, and the number of said
nozzles each head chip has is an integer multiple of a

35 number of phases for said separate driving of the nozzles.

3. An ink-jet printer emitting droplets of ink
arriving as ink dots forming images and letters recorded

onto a recording medium from a line head having a plurality
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15 onto a recording medium from a line head having a plurality
of nozzles arrayed in the width direction of the recording
medium which is almost perpendicular to the feed direction

of the recording medium comprising:
head chips having a specified number of nozzles and a

20 drive circult to drive each nozzle,
wherein a plurality of said head chips arxe arrayed in
said width direction thereof to form said line head so that
the nozzles each head chip has and the nozzles the
neighbouring head c¢hips have are arrayed in said feed

25 direction of the recording medium,
said nozzles each head chip has are sequentially time-

series driven by separate driving, and

the number of said nozzles each head chip has is the
number of said part of the nozzles the neighbouring head
30 chips have and the number of nozzles arrayed in the feed
direction of the recording medium added to the integer

miltiple of a number of phases for said separate driving of
the nozzles.

35 5. An ink-jet printer as claimed in claim 1, wherein

the head chips are arranged in a staged manner.

6. An ink-jet printer as claimed in claim 3, wherein

the head <chips are arranged in a staged manner.
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