
-1-
..... • ....... ::"'"" 

IHX Jft HEAD SUBS'fRA.'r&: AllD IR JE'r HEAD USING SAME 

FIELp OP THE INVBNTION AND RELATER ABT 

The pr•aent invention relates to an ink je~ 

5 heed substrate and an ink jet head using the iseme 

wherein ink is ejected throu.gh an orifice in the form· . . 
of a clroplat • .more part1cul.ar1y to an 1nk jet head 

· sUbStrata and an. ink jet head using tha same in Which 

·an ink jet ~ Subatratea !llject1ng tbei ink in a 

10 direction pexpendi~•r to the a.ubstrete heving a 

plurality of heat generating resistors for ejecting 

the ink, are arranged on a flat plate staggeredly, 

and/or, an ink jet unit having nozzles and ejection 

outlets are staggeredly 4isposed on said ink jet head 

15 substrate. 

An ink jet printing methOd aa diacloaed in 

Japanese Laid-Open Patent Application No. 51837/1979, 

tor example, bas peculiar features as compared w1th 

other ink jet printing method in that the power for 

20 eje~in.g the ink is thermal energy applied to 'Che 

liqui4. 

Mora particularlyr the ~eco-rding or printing 

method disc1osed in the Japanese Laid-Open Patent 

Applic11tion, tha liquid is heated by the thermal 

25 energy to create a bubble~ and the expanding force of 

the bubble eject the liquid through an orifice at an 

end of the recording head to the recording materiel so 



-2-

thet a desiracl recon'Jing at lnrormation or pattern ia 

carried. out. Generally. tbe ink jet b.ead therefor, 

comprisee en orifice for ejecting the 1iq1.1i4. end. a 

U.qu:ld passage including heat acting portion where the 

5 tharma~ energy for ejecting the droplet through the 

orifice is applied to the liquid, which constitute a 

1iquS.d ejecting poxtion.. It fu.rtber comprises a beat 

genera.ting resistor layer (electroth.ermal trensduce~) 

for gene~ating tb.eraal anergy. an u,pper protection 

10 layer tor protecting the beat generating ruiatar 

layer from. the ink and a iower layer for accuinnlating 

&b.&et. 

As disclosed 1u Japanese Laid-Open Patent 

Appl1.cat1on. Ro. 95154/1984, the orifice plate is 

15 bonded to the su:batrate. so tbat a tecording head of 

the type 1n which :the liQUid is ejected in a direction 

perpendicu.lor to the heat acting portion. 1a provided. 

Figure 8 abowa a tnical ezemple of such a 

type of recording head. A substrate (heater board) 

20 l~O has ·an elongated ink supply port (not shown) at 

the center tharaof. A p1ural1 ty of heat generating 

resistors are juztapose4 with the 1DJI:: supply port 

therebetween such that the distances between-the heat 

generating resistors and the in~ supply port are 

25 substantially ·the same. 'rba ink :La au~lied from the 

backs14a of the aUbstrate 100. The electric wiring is 

provided to 'supply the electric energy to the heat 
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generating resistors, and is electrically connected 

with electrode pads 103 for axt:arnal connection, whiCh 

are disposed at opposite end surfaces of tbe substrate. 

100 in the BBlll8 direction as the liue iilong which the 

5 heat generating resistors are arranged. To the 

substrate 1001 an orifice plate 107 is bonded, by 

which the head sh0tm in Fi.gore 8 is .manu:ract:ured. · 

As far auch'an ink :let haad.1 a further 

increase of the recording spaac1 is desired. As a 

10 means for meeting the desire, increase of the length 

of the ink: jet head is considered. More particularly, 

by increasing .the recording width, the number of clots 

simultaneously printed can be increased, so that the 

printing &peed 1& increased. As a typical example of 

15 such an ink jet head, a full-line type 1nk jet head 

has bean proposed.. With this, the printable width is 

larger than a width of 'the recording .material., and 

therefore .. the recording head is not moved, and only 

tha recording material i• fed, ao tbat it is excellent 

20 in the inc:reaae of the recording speed. 

Usually, the long type ink jet head is 

const:Lt\lted by a plurality of head unit. This is 

because, if an attempt 1• made to manufacture one long 

ink jet heed using one substrate, there exists the 

25 limitation to the length from the maximum size of the 

sil~cone wafer. Additionally. a greater nlllllber of 

elec:trothaJ:JBal tr~sdocers t~ in the conventional 
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ink jet head, ia lm1Ch larger in tba long type 

recording head with the result of significantly 

increased probability of occ:un:ences of unsatis£actorr 

electrothe:r:mal tranaclucere. So, the rield i:1 very 
.· 

5 low. 

If the above-described head units are 

arranged on one line (non-staggered). non-prlntabla 

part occurs at the connecting portion between adjacent 

heed mkits,. which is not preferable~ In order to 

10 •void the ~-printeble portion,. the ink supply port 

ha.a to uttmd. ta tba"cand. of th• aul:l•trata in the 

direction of the arrangement of the heat generating 

resistors with the result of 4ividing the aUbstrate. 

U.S. Patents Noa. 5016023 and 5160945 and so on 

15 propose staggered arrangement of the head units on a 

flat plate. 

By the s.taggered arrangement, uniform 

pr1nt1ng 1s possible over the racord1ng width withOut 

4i:Viding the substrate. However, the staggered 

20 arrangement gives rise to ad41 tion.al problemA. Si nee 

the head unit haa at least. two recordi.D.SJ lines. the 

amount of lllelDOry for the data to be printed betwecan 

line.a of the nozzles inc:s:aasas with increase of the 

distance Ln between the haad unit lines. This 

25 increases the capacity of image meme>tY of the main 

assembly to increase the cost of tbe apparatus and to 

decrease the processing speed. The drawbacks are 
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particularly •1gn1f1cant 1n tha caaa of color ink jet 

apparatus or high density ink jet apparatus. With the 

increase of the dietanee Ln, the size o'f the recording 

head increeses with the result of increue of the aize 

5 of the recording apparatus. Accordingly, the dis'tence 

Ln is desirably small. 

With ~ structure d1scloaad in u.s .. Patent 

No. 5160945 is preferable in this respect because the 
bead un.1t:s lines are in ccm:taC't. HOveverr the 

10 eleetrie connection with the externel lines are 

carried out only a top aurfac:e of tlwl sul>strate. This 

is not a significant probl&ID when the del'l8ity of the 

electrothermal transducer arrangement is low. 

However. when the electrothermal transducers ere 

15 arranged at a high 4enai tr, the resistance of a colllllOD 

elect:aode increaua, because tha c:ommon electrode for 

supplying the electric power is eztended to the 

apposite side through between the ink supply port and 

the end surface of the substrate, so that the length 

lO of the COllllllOIL electrode is incr:aased. 111 this cue, 

the voltage drops through the couamn al.actrode are 

different when only one heat generating resistor is 

ectuated than when all of tb• beat generating 

reai•tora ere actuated., with the result that the 

25 voltagaa across the beat generating resistors are not 

uniform. If an attempt is made to increase the width 

of the COD"'OD electrode 1n order to reduce the 
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reaiatanc::e of the co-ou elec:trode, the aize of the 

aubatrate hall to be increased. vith tha result of coat 

incruse .. 

The similar problem occurs when the electrode 

5 pads for exteriial c::olJJ18Ction are arranged at an end 

surface perpencUcular to the line of tbe heat 

gene~ating reaistore. The position of connection to 
the electrode pads 1• limited to the opposite ends of 

the haat_genarating resistor lina. For example, it is 

10 not possible to erteiid it from the middle portion of 

the 1:1.:ne of the beat generating resistors, and 

therefore, the width of the COllllllOD electrode 1& 

required to be increased to a"VOid the increase of the 

resistance of the CODlllQD electrode. This laads to the 

15 increase of the size au.d cost of the sUbstrate. 

As another probla.., when e.11 attempt is made 

to reduce the distance Ln between adjacent head unite 

aach having the structure shOWn in Figure a, it :is 

dif'ficul.t, as will be understood from Figure 9. to 

20 elect~~cal1y c:oimect tba alact~ode pads 103 alld the 

eztarnal line• at the portion where the head unite are 

overlapped (a portion 301 in Figure 9). and therefore, 

the d1stance between thG! bead units· is not dec.:reased 

so much. 

25 If 'l'AB technique is used for electric 

connection between the elf!K;tJ:Ode pads and the external 

11•s J.n orde:c to reduce the distance between 
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recording materials, aa d.:lacloeed. iD JapaneM Laicl­

Open Pe.tent Application No. 136616/1984, the positions 

of the external lines and the electrode pads are 

correctly aligned. and therefore, it is difficult to 

5 J:'educe tbe distance between adjacent head uni ts. 

SUMMARY OF TH'S I!VpTIO! 

Accordingly, it ts a principal object of 'the 

present invention to ·p~vi4e an ink jet recording head. 

10 substrate and an ink jet recording head ueing· the e.ame 

in which tbe distance between ejection outlets is 

rec.'llwecl in eech o~ the recording head units to 

decrease the manufacturing c::ost of the apparatus, and 

in which the electric connection to tbe heat 

15 · generating :r:esistors is eas::r. 

Accordinsr to mi aspect of the present 

invention, there 1s provided an ink jet 'head subst'l:'ate 

1nc1wi1ng a base plate: an elongated through opening, 

for S.Dk supply port~ ezten41ng in a longitudinal 

20 4irecticm 0£ the baae plate; a plurality of beat 

generating resisters arranged on the base plate along 

both sides of the opening; a pair of electrodes 

electrically connected to the heat generating 

resisters; electrOde pads ~or external electric 

25 connection, the ~ad being arranged adjacent opposite 

ends of the base plate substantially in per~llel with 

a line along which the heat generating resisters ara 
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arraQge4; wherein a length La of the base plate 

measured in a direction along the line, a lengtb Lh of 

a range in which tbe heat generating reaiatera are 

arranged, and a length Lp of a range in which the pads 

5 are diapoaect, aatla:f~ 

Lp ~ Ls -2 z (LB - Lh) • 

.According 'to 1:h1s aspect. 'the overlapping of 

the electrode paGs· for tbe external connection can be 

avoided, so tbat tJla tai•ctric: c::omaact1cm. With the 

10 eztemal li:oaa are euy. Additionally, the 'l'AB 

technique is u!iiable. · .AB a result., the distance 

between head units can be reduced, end the distance 

between ejection outlets can be reduced. '!'his permits 

reduction of the image memory of the main assembly of 

15 the ink jet re.cording apparatus, and therefore., tbe 

cost of the ink jet recording apparatus can be 

reduced. 

AS regards 'Che wiring, 1t 'Che wiring ts 

eatab1ished between the opposite ends of the line of 

20 the heat generating resistor to the electrode pads for 

tbe external cozmection as tha common electrode, the 

wiring is required to be extended therebetween because 

the electrode pads are arranged within a smaller range 

than that of the heat generating resistors. This 

25 results :1n. increase of the electric reaistance of the 

common electrode. If the width of the wiring is 
·~ .. 

increa:aed iz;t an attempt to .-'avoid the increase of the 
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electX"ic reeistance. the size of tlUl chip tncreaaaa,. 

and tharei:ara, tb.ec:b1p cost increues .. 

According to another aspect of the present 

invention, the comon electrode for supplying the 

5 electric energy to the heat generating resistor is 

ez'teniied in a directiou in which the heat genaT:ating 

resistors are arranged. In addition, the wiring for 

10 

connectlon with tbe pads is shortest so that the · 

above-deseribe4 probl• ceri be avoided. 

The number of layers of the electrodes 

increaaea foi:- the purpose of 'the wiring for thA 

electrodes, but the advantageous effect of the chip . 
size reduction ia more significent with the total 

result of coat Cle.crease. In the casa f>f the substrate 

15 in which the driving elements are built in the 

substrate, tbe number of electrode layers is not less 

lO 

than two for the driving elements. and therefore .. 

there is no need of increasing the nWDber of layers 

only for the electrodes. 

These and other objeQts, features an4 

advantages of the pre&ent invention will becOJDe more 

apparent upon a cons1derat1on of the f ollowinq 

descrip1:ion of the pref erred embodiments of the 

preeent iS\vention taken in conjunction with the 

2S accompanying drawings. 

BRIBr DESCIUPTIOH OF TBB.DRAWIMG$ 
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1"1gure l 1• a top plan vtew of a substrate 

acco:r:d.ing to a ::l:irst em'><x'i•aqt of tba present 

1.nvention. 

Figure 2 is a top plan view of an ink jet 

5 head according to the first embodiment of the pr-ent 

10 

invention. 

Figure 3 is a perspective view of an ink jet 

head according to the f1rat emboclimeut of tbe present 

invention. 
' P1gnre 4 1• a top plan view of a aubatrate 

according to a -aacona eamoa1ment of tne present 

invention. 

~1gura S 1• a tap plan view of a substrata 

according ta a 1:hircl 8111bcxlimnt of tba present 

15 invention. 

Figure 6 1s·a top plan view of a substrate 

according to a fourth embodiment of the present 

invention ... 

Figure 7 is a top plan view of a •ubstrate 

20 according to a fiftb eabodi.ll&Ot of tbe present 

invention. 

Figure 8 illustrates a conventional ejectton 

element. 

l'igure 9 i• a top pl-11 v::l.ew of a conventional 

25 ink jet hA.d. 

Figure 10 is a sche•atic view of an ink jet 

recording apparatus having a full-line type ink jet 
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bead using the aU!>atrata accord.1.ng to the praaant 

invention. 

pESCBIJ!TIOM OF THE PREFERRED EMBODIMEHTI 

The pref erred embodiments of the present 

invention will be described. in conjunction with the 

acC0111Pan:ying drawings. 

1grndiment-1 

P:lgura 1 is a top plan view of an ink jet 

10 head au.btrtrata accordi~g to a first embodiment of the 

present invention. 

1'1gura 2 ta a top plan view qf an ink jet 

head according to this embodiMnt of the present 

invention in which the substrates ara arranged in a 

15 staggered manner. 

Figure 3 is a. perspective view of an ink jet 

head according to this embodiment. 

In Figures 1 - 3, reference numeral 100 

4esignates a sabstrate (heater board) having heat 

20 generating raa1.atora 101; 102, a. enmmou electrode ror 

supplying electric energy to the heat generating 

·resistors 102: 103, electrode pads for electric 

connection with external lines; 104, an ink supply 

port :formed in tha substrate 100; 105, an ezternal 

25 wiring board; 106, ezternal wiring; 107, an orifice 

plate in which ejection outlets 108 are formed: and 

109, a support for supp0rt1ng the substrate 100 and 
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the azternal wiring board 105. 

In those Figures, the diaensional. legends are. 

as fo1lows: 

Ls: Length 0£ tba substrate 100 maasured in a 

5 directicm along which the heat generating rea1atora 
' 101 are arranged. 

Lh; Lengtbof tbe. beat generating resistor range. 

Lp: Length 0£ a range in which the electrode pada 

103 are pr0'9'iclad. 

10 We; Wid.th of the substrate 100 11easured. in a 

15 

direction peQ>enCJ1cular to the 41rect10D along wb1ch 

the beat generating re•iatora 101 are arrangect. 

Ln: A distance between nozzles of two bead 

units. · 

Referring to Pigure 1, an ink S\lpply POrt 10-4. 

f or supplying the ink to the ink passages are f orme<I 

substantially at the center in the longitudinal 

curection of 'the snbatrate 100,, 'through tne sllbatrate 

100. ~o line& of heat generating resistors 101 

20 (ajectioa. energy generating elements) for ejecting the 

ink are formacl with the ink aupply port 104 

therabetween. TO the opposi ta ends of the heat 

generating resistor line,, coanon electrodes 102 are 

connected respect:f.vely. The co11UDOD·e1ectrode 102 is 

25 eztenclad away from the ink supply port 104 toward the 

end of the substrate, an4 is bent before the and of 

the substrate and is connected to the electrode pad. 
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103 for comieetion with the eztemal line. 'l'he 

electrode pads is extended along the longitudinal and 

of the substrate. In addition to the cOllBIOD electrode 

pads, there are provided additional pads connected 

5 with aelect1oD electrodes {not ehown) .electrically 

connected with respective heat generating resistors. 

Here. tha length Lp of the area in which the electrode 

peds 'for e.xterna1 connection are 41sposed. sat1s~y 

LP ' La - l z (La - Lb). By fo:naing such elect~e 

10 pads. the alactroda pada for external comi~ct1on ara 

disposed within an area where the aubatrates are not 

overlapped even •ben tbe substrates are arranged 

staggere4ly. 

By ~sing the substrate 100 shown in Figure 1, 

15 the distance Ln between no•zle lines can be minimized, 

by which the required amount of the· image memory can 

be decreased. and therefore, the cost can be 

decreased. Additionally, the reduction of the amount 

of the llellO'l" reaults in increase of the processing 

20 speed. Since 'the electrode pads for the external 

connection iUld the respective electrodes are formed at 

opposite sides of the substrate. the length of the 

electrode pad arrangement region C8Il be reduced 

•i.thout increaai:ng the -number of electrode pads. In 

25 a4di tion, the nec:essi ty for long C'O'D'cm electrode can 

be aVQ1de4 to such an extant that the voltage drop is 

not a:.·;probl~. ~<:· ·; . 
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Table 1 g1ves ~llBlerical exaap1ea ror a pitch 

of the beat gtmarat1ng resistors 101, the number of 

beat generating resistor• 101, the length L•. tbe 

width Wa, the length Lh, the number of eleatrode. pada 

5 103 for tha external connection, a pitch of the 

el~rode pa.cl 103, . and the length Lp. 

10 

15 

20 

25 



'l'able 1 

Resistor 101 .. Pads 103 substrate ipo 

Pitch No. Width Lb Pitcb No, Width Lp Ls .ws 
(p) (mm) lµt lamt (DIDl) . (mm) 

bib •. , 8,.6 50 4,23 90 54 2.43 s.s 4.0 
II 2 42.3 100 4.23 160 30 2.40 5,5 s.o 
• J 42 .l . 200 8.46 300 28 4.20 ·10.s 6.5 

• 4 84.fi 50 4.23 90 54 2.40 5.5 3.0 

" s 42.3 200 8.46 JOO 28 4.20 10.5 5.0 

-· - . '"•---· -· -UT 
l 



-16-

Tba required memory (bit nUlllber) and the 

distaza.ca Ln .batwe.ma aaz.zl• 11naa wmm thQ 1.Dk jet h4U.d. 

is manufactured using four substrates described abO'le, 

as sho1m in Figure 2. are ae follows: 

5 Ln = Ws + (a width of nozsle lines) 

= 4.0 + 0.4 = 4.4 mm 

Required amount of the memory • Ln/(pitch of the 

hee.t gen.ere.ting resistors) x {the number ot: 

nozzles) • 4.4 x 10-3/84.6 x io-6 x 50 x 4 

10 = 10400 (bi ts) 

The aamA cans1a.era~1on 1a maae to t~ 

conventional ink jet head shown in Figure 9 ua1ng 

conventional substrates shown in Pigu.re 8. It is· 

asswned that the dimansions of the substrate and the 

15 elements in tile substrate are the same as the above 

except for the electrode pa4S. Since the aztarnal 

lines era to be provided between the a\lbatrataa. at 

least 2 mm is required between aubatrates, and . 

therefore, 

20 Lll = Ws + (width of tll.e nozzle lines) + (substrata 

J.aternal) = 4.0 + 0.4 ~ 2.0 = 6.4 11111 

The muount of the required memor_y is as 

follows: 

:Required JD8110ry = Ln/(the pit:ch of the heat 

25 generating resistors) z (the n\'Ullber of nozzles) 

• 6.4 x 10-3/84.6 z io-6 z 50 z 4 • 1513 Cbita) 

It 111'.ill b• tmde~stood that the amount of tbe 
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required 111e110ry in. this embodiment is approx. two 

thirdS that required by the conventional structure. 

Tbe description will be made as to an exa1111le 

of a manufec::turing method for the substrate.of this 

5 embo41ment. On a "silicon wafer1 a heat generating 

resistor layer (Hf8a) or the like and. an. electrode 

layer of Al or the like are formed 1n this ordar 

·thrOUgh thin film formation 'technique SlUCh as 

spattering or the like. '?he layers are pattemec:l to 

10 provide the beat gmu1~at1ng ra•i•ta~• 101 the common 

electrode 102 an4 selection (respective) electrode 

(not shown). '!'hen. the silicon wafer is coated with 

protecti.on J.eyer of 8102 or the like, and thereafter, 

the tbrough hole is formed in the portion where the 

15 elect.rode pada are formed. .Additionally,. gold is 

laminated to fo:ni. the electrode pads at the through 

hole p0rtion. Th1s is then. patterned to provide the 

external electrode pads 103. Thereafter, the s111con 

wafer is cut into a predetermined size. thus.providing 

20 the substrate (heater hoard) 100-

An orifice plate 107 manufacture4 through 

elac:trotorm1ng, is banded on the heater board so that 

the heat ganerating resistors are aligned with tbe 

ejection outlets. Thus, ejection eleineqt i• 

25 manufactured. .l plurality of such ejection elements 

are arranged in the staggered manner as shown in 

P'igure 4 and are bonded on the support 109 by a 
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bonding au.terial. Sub88q1J8Dtly, an eztarnal electrode 

plate 105 comprising palyind.de film having copper 

wiring 106 to which beam leads are connected (TAB) is 

bonded on the substrate. After completing all the 

5 wi~iD9r the driving eleaents are shiel4 by silicone 

resin material or the like to protect th.ea from ink or 

llWDidity. In tbis aanner, a recording head shOwn 1n 

Figure 3 having the staggered ejaction.elemants, a.re 

comple'ted. 

10 Embodiment 2 

In Emb<Jllimeut lr the •lectrod4l 1• eztandad 

aromtd adjacant the end portion. With the increase of 

the number of heat .generating resistors, the increase 

of the voltage drop 1rs not negligible. In &abodilllellt 

15 2, the electrode is improved fro• this standpoint. 

Figure 4 is a top plan •iew of the substrate. 

As shown in this Figure, the pattern of the common 

electrode 102 is different frOll tbat in Embodiment l. 

More particularly~ the common electrode 2 is 

20 in the form of a stripe extending codirectionally wf th 

the. line of the hea~ generating resisto~• 101. Thus, 

the emnmon electrode 102 and the electrode pad 103 for 

the external connection are connected with lllinilllWll 

dlat.anc••· Therefore, the electrode layer hu a two 

25 layer structure through an insnlating layer as ia 

different from Bmbodimen.t 1. However, as will be 

un.derstOOd Wben Figures 4~and 1 are compared,. the 
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eommou electrode 102 ia JlOt extended around, and 

tberef ore., the di.mensi.on of the substrate 100 measured 

in the direction perpendicular to the line of the heat 

generating resistors 101 is mad.a smaller. By the 

5 reduction of tbe size of the substrate, tbe distance 

Ln between noszle liuea can be reduced. and therefore, 

the required amount of the lleUlOry can be :further 

reduced. 

Table l also gives numerical exaaples for a 

10 p:Ltch of the hee.t genere.ting resistors 101. tn. number 

of heat ganarat1ng ruiatars 101, the length Ls, the 

width Ws, the length Lh. tba number of electrode pads 

103 for the external connection. a.pitc:h of the 

electrode pad 103, and the length Lp. 

15 The required memory (bit number) and the 

diatan.ca Ln betwean nozzle are •• :follows: 

Ln = 3.0 + 0.4 = 3.4 mm. 

Requ1red amo'Wl.t of the memory = Ln/(pitch of the 

h.aa.t generating resistors) z (the number of 

20 nozzles) • 3.4 z io-l/84.6 z io-6 x so x 4 

e 9038 (bits) 

It will be understood that the amount of the 

requ1re4 aamory in this embodiment is reduced. 

As will be understood f-rom the above, the 

25 capacity of the aeaory can be reduced as ccapared with 

Embodiment 1. 

Embod1gnt ~ 
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Figure 5 ia a top plan view of a substrate 

(corresponding to Pigure 1) of Bllbod.iment 3. In this 

eiabodiment, the d.eneit7 of the heat genereting 

resistor 101 arrangement 1• so high that the pitch of 

& tbe electrode pads 103 for the erternal conne<:tion of 

the respective electrodes is too small to carry out 

the afterward electric connection. Therefore, the 

number of electroc:le pads 103 is reduced.. To 

accoaplish this, driving a1ements 201 is built in the 

10 substrate 100 through tha aemtconductor Jll8!1Ufacturing 

process. The signal"lines for the driving elements 

201 and the GND lines for the driving elements 201 are 

formed into a matrix. thue reducing the number of 

external connection electrode pads 201. 

15 

20 

Such·dr1v111g alemanta can be manufactured 

through known NMOS process, for example~ Except for 

the built in drivi.ng elements. this embOdimea.t is the 

aaiae as in the first embodiment in the manufacturing 

method. 

Table 1 give& numerical examples for a pitch 

of the heat generating resistors 101, the numbe:r: of 

heat generating resistors 101, the length La. the 

width Wa, the length Lh, the number of electrode pads 

103 for the az~ernal connection, a pitch of the 

25 electrode pad 103, and the length Lp. 

It will be Understood that the amount of the 

re~~~ ~ry .in .tbi.a e.i>oaiment is reduced. 
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The required capacity of the image meJaOry can 

be reduced, mid tbe menufec:turing cost con be reduc:ed. 

Embodiment 4 

Figura 6 is a top plan ~iew of a sUbstrate 

S ac:c:or41ng to Embod1Jaant 4. In Embo41ment 3. Figure 6 

is a top plan view of a substrate (corresponding to 

F:Lgu:r:e .1) of Bmbodiment 4. In th111 embo41ment. tbe 

dcna1ty of tbe II.eat generating resistor 101 

arrangement is ao bigh that the pitch of the electrode 

10 pads 103 for the external. connection of the. respective 

electrodes is too small to carry out the afterward 

electric: c::mmec:tion. Therefore, the number or 

e1ectrode pada 103 is redo.cad. To accomplish this 1n 

Bmbodiment 3, driving elem.en.ts 201 is built in the 

15 substrate 100 through the semiconductor manufacturing 

process. The signal line& for the driving elem.ants 

201 and the GND lines for the clr1v1ng elements 201 are 

formed into a matr1z, tlLu& rad.ucing'the number of 

axtamal connection electrode pads 20L 

20 Howevo:r,·t11e number of electrode pads 103 ia 

still large. In this embodiment, the driving elements 

201 and the logic circuit for d:t"iv:Ln.g them,_ for 

ezample, shift register are built in, thus fu:s:the1· 

reducing the number of elect£ode pads 103. Such shift 

25 registers can be Elllufectgred together witb the 

driving elem.en.ta end latehing c1rcu1t through known 

Bi-CMOS pr~e~s. 
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Kzcept for the built in logic cireuits, the 

manufacturing process is the same as in Elllbcdiment 3. 

Table l gives numerical examples for a-pitch 

of the heat generating resistors 101, the n'Ullltler of 

5 heat generating resistors 101, the length Ls, the 

width ~s, the length Lh, the nUlllberof electrode pads 

103 for tbe
0

erternal connection, a. pitch of the 

electrode pad 103. aDd the length Lp. 

It will be understood that the amount of 'tM 

10 requira4 11e110ry in thie embodiment ie reduced. 

As will be 'understood, the requ1rlld capacity 

ai tha image meaary can be reduced similarly to 

Kmbodi~t 3, and therefore, the cost of the apparatus 

can be red.'tlc:ed.. 

15 Bmhodiment 5 

Figure 7 is a top plan view of the auhstra~e 

according to Embodiment 5 of the present invention. 

The manufacturing method of the sutistrate of this 

embadiaent ia similar to that in Bmbodiment 4. 

20 However, a., shown in Figure 7, the pattern of 'the 

common elactrOda 102 is different. 

More particularly, the common electrode 102 

~s in tbe form ot a stripe eztending in a direction in 

wbic:h tba beat gena:r:ating resistors 101 ere arranged. 

25 By thls, the common electrode 102 and the electrode 

pad 103 are connected through miniinwa distanca. 

Therefore. the nwaber of electrode layers is 
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1ncreaaed... but: b7 tbe cOlllllOn use of the electTOde 

laye.rs for the driving &laments 201 and the logic 

circuit element 202, the number of electrode layer is 

not increased. As will be understood froa compaJ:"ison 

5 between Figures 7 and 5, the electrode 102 is not 

extended arom14. and therefore, the dimension of the 

substrate 100 mea&ured in a direction parpenaicular to 

the 41rect1cm of the 11ne of the heat generating 

resistor 101 line, is aborter than 111 'Bnllvvliment 3. 

10 By avoiding the iacreaaa at' tJJa number or 

electrode layers. the liability of improper 1nsu1ation 

.between electrode layers cmi be avoided, tlm• 

1ncraas1ng the reliability. 

Table 1 gives numerical examples for a pitch 

15 of the heat generating resistors 101, the nUmbcr of 

heat generating resistors 101, the length Ls, the 

width Ws, the length Lh, the number of electrode pads 

103 for the external connection, a. pitch of the 

electrode pad 103. and the length Lp. 

20 It will be 1.i11derstood that the amount of the 

required lllllllDX'J' in this embodiment is reduced. 

:Referring to Figure 10. there 1s shown an 

example of an ink jet apparatus using tile inJt jet head 

o£·f~ll-Line type -o.ing the substrate or the present 

:25 invention. 

All shown in l'igure 10, the ink :let apparatus 

is provided with a line type heads 2201a - 22014. and 
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the line type head 220la - 2201a are securedlJ 

supporta4 bY a holdar 2202 t1ith predetermined 

interval• in tlua direction X with parallelism 

tllerel>etween.. 'l'he bottom surface of eac:h of the head.a 

5 2201a - 22014 is provided with 3456 ajaction outlet 

facing downwardly ~t the intervals of 16 ejection 

outlets per .. in a line along Y direction. By th:l.a, 

218 DllB width can be re~rded. 

· Bach of the'head 220la - 220ld ejects 

10 racord.ing liquid using thermal ene.rgy, and 111 

·controll•d by need driver 2220. A head unit is 

constituted, including heads 220la - 220ld amt tha 

holder 202. 'l'he bead unit is movBl• in tbe vertical 

direction by head moving mearu; 224. 

15 Below the heads 220la - 22014, head caps 

2203a - 2203d are disposed. adjacent to one another 

corresponding to the hea4a 220la - 22014. Bach of the 

head caps 2203a - 2203d co~te.ins ink absorbing 

ma.terial such as sponge therein .. 

20 The caps 2203a - 2203d are supported ~y an 

unshown hOlder. A cap unit 1s constltuted. including 

the holder end caps 2203a - 22034.. 'rhe cap unit is 

movable in X direction by the cap mmring ~ans 2225. 

To the heads 220la - 220ld., cyan. magenta,, 

25 yellow and blaelr. i.:oJc.s ara supplied from ink conta:Lner11 

2204a - 2204d through ink supply tubes 2205a - 22054, 

respectively, to permit color printing. 
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The ink supply ia effacted:by capillary 

action of the ejection outlet. 'l'harafore, the liquid 

levels 111 the ink containers 2204a - 2204<1 are lower 

by a predetermined di•tcmces from the ejection outlet 

5 poa:l. t::lona. 

The apparatus is provided with an. 

aiectrically chargeable seamless belt 2202 for feeding 

the recording shaat ·227 (racord1ng .material). 

Tba belt 2206 1a ertended around a driving 

10 roll•r 2201~ idle~ ro11erA 2209 and 2209a a~d a 

tens1oa. roller 2210 and is driven by a l>elt dr1ving 

motor 2208 operatively connected with the dr1v1ng 

roller 2207 end controlled by a JaOtor driver 2221. 

The belt 2206 travels in X direction light 

15 below tbe ejection outlets of the heads 220la - 22014. 

The 4ownwar4 deflection thereof is confined by a 

secured support 2226. 

A cleaning unit 2217 function& to remove 

paper dust or tbe like deposited on the surface of the 

20 belt 2206. 

A charger 2212 functions to electrically 

charge the belt 2206. The cha'l"ger 2212 is actuated or 

deactuated by a charger driver 2222. Sy the 

eiectroetat~c attrection £o~c• proviaea by the 

lS electric cbarg1ng, the recording material is attracted 

on the belt 2206. 

Before.and after tbe charger 2212, ptnch 



rollers 2211 an4 221la are disposed to cooperate v1tb 

the 14la:r: rollers 2209 and 2209a to urge the recording 

Shaat 2227 to the belt 2206 • 

. The recording matariala 2227 ara cdntained. in 

5 a cassette 2232, and ts fe4 out one-by-one by rotation 

o:t a pick-up roller 2216 driven by the motor driver 

2223 • .-n4 ia feel to an apez guide 2213 in a direc:tion 

lt by tha feed:Lng roller 2214 and the pinch roller 2215 

control.J.ed by the aame driver 2223. The guide 2213 is 

10 provided with an apez apace to permit flezing of the 

record.:ln.g sheet. 

Re!er:en.ce numeral 2218 designates a sheet 

discharge trar ~or receiving tbe discharged sheet. 

The allova-4eacribad head driver 2220. the 
.•. 

15 head llOV1DSl means 2224, the cap moving means 2225, 

the motor drivers 2221 and 2223 and the Cba~r 

driver 2222, are all controllecJ by a control circ=uit 

2219 •. 

In the :foregoing embo41mnts, the ink has 

20 been described as liquid ink. However, a sol14 1.nk 

which ts solid at room·temperature or lower and ia 

requified above tbe room temperature. Generally, in 

the ink jet type, the ink is heated ta a temperature 

30 °c - 70 °c to stabilize the viscasity o~ the ink. 

25 Therefore, the ink :may be the one which is requif ia4 

U.lK>D- the epplica.tion of the record.1ng signal. 

Ad41t1onally. tha·lnk miJ.y be the one which is solid 
. \ .. 
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but 111 reqgifietl by beating. 

The present invention is applicable to a 

textile printing apparatus wn1cn high1y demands a 1ong 

ill& jat baad o:c ta a tcaztila printing ayatam. 

5 comprising pre-procesaing apparatus an4 post­

processing apparatus. By using the present invention. 

the long ink jet haad capable of printing without non­

un.iform1 ty, can be provided.. There.fore., a textile 

printing apparatus·or SFStem"capeb1e of printing very 

10 fine images With high quality, can be provided. 

15 

When tba ink jet head according to the 

present invention is used, distarbanca in the 1.maga 

can be avoided in. a ·faca1m11e machine, copying machine 

or printer or the like. 

The present invantion is partiClllarly 

suitably uaalJl• in am ink jet recording head and 

recording apparatus wherein the:au.l energy by an 

electrothermal transducer, laser beam or the like ia 

used to cause a change of state of the ink: to eject or 

20 discharge the ink. Thi.s is because the high density 

of the pictu~e elements and the high resolut1on of the 

recording are possible-

The typical structure and the operational 

principle are preferably the ones disclosed in U.S. 

25 Patent Hoa. 4. 723, 129 an.a. 4, 7 40, 796. The princ111le 

ana structure are applicable ta a so-called on-deDdlnd 

type recording system and a continuous type recording 
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system. Particularly. b.oWevar, it 1• auitabl• for the 

on-demand type because tha principle is such that at 

.least one driving signal is applied to an 

electrothermal ti:-ensdu.cer disposed on a liquid (ink) 

5 retaining ab.eat or liqu14 passage, the driving signal 

being enough to provide such a qu.ick teJaPerature rise 

beyond a departure frOJa nucleation bo111ng polnt. by 

which the theDIBl energy- is provided by the 

electrotheraa.l transducer to prodUce film boiling on 

10 the beating portion o:t tne recorci:1:ng head, vl'lereby a 

bubble can be forDled i:u the liquid {ink) correspond:l.ug 

to each of the driving sigDal.s. By the production, 

devalopJIMIDt encl contraction of the the bubble, the 

liquid (ink) is ejected through an ejectton outiet ~o 

15 produce at leaet one droplet. The driving signal is 

prefe~abl:r in the form of a pulset because the 

development and contraction of the bubble can be 

effected instantaneously, and therefore, the liquid 

(ink) is ejected with qllick response. · The driving 

20 signal 111 the form of tbe pulse is preferably such as 

disclosed in U.S. Patents Noa. 4,463,359 and 

4,345,262. In addition. the temperatu~e increasing 

rate of the heating &urfece ie prefereJJly such aa 

4lge1osed. in u.s. Patent No. 4.313,124. 

25 In addition. the present invention is 

applicable to the structure disclosed in Japanese 

Laid-Open Patent Applicetion No. 123670/1984 wherein a 
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comacm slit is used as tbe ejection outlet for plural 

elec:trottwrmal. transduc:ers. and to tbe structure -· 

disclosed in Japanese Laid-Qpen Patent Application No. 

138461/1984 wherein an. opening for absorbing pres•u.re 

5 wave of the thenral energy is formed cor:respand.:l.ng to 

the ejecting portion. 

The provision.a of the recovery aeans and/or 

the auxiliary aenDB for the preli.minexy operation are 

preferable. because they can further stabilize the 

10 effects of tbe present :l.n't'ltDtion. A.a for such means, 

there are capping means for tbe. recording h~ad, 

cleaning 118an8 tbeTefor, preaaing Or sucking means. 

pr-eltminary heating llleana which may .be tne 

electrottwrmal transducer, an additional heating 

15 alamant or a combination thereof. Aleo, means for 

effecting preliminary eject~on (not for the recording 

operatiDD) can stal:>ilise the recording operation. 

The ink jet recording apparatus mar be used 

_. an Ou.tput terminal of an information processing 

20 apparatus such as computer or the like. as a copying 

apparatus combined. with an image reader or the like, 

or as a f acsimila 1Uleh1ne having information sending 

ancl receiving functions. 

Wh1.1e the invention hes been described with 

25 rererence to the structures cUscloae4 herein, it is 

not confined to the 4eta1ls set forth and this 

applic:etio~ is intended to caver such modifications or 
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cbaDgaa as may COlll8 within tbe purposes of the 

improvments or the scape of the following claims. 
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WHAT IS c;~·J,M;S .. IS.;. 

1. An ink jet head substrate coiapriaing: 

a base plate: 

an alon;atad 'thra'llgh opmling, far ink aupply 

5 part. axt~d1ng in a longitudinal 41rect1.on of sa.14· 

bas~ plat•: 

10 

a plurality of heat generating resiatera 

arranged. on saicl base plate along both aidea of said 

opening: 

a pair of electrocles electrically connected 

to aaid heat generating reaiatera; 

electrode pads for ezternal electric 

comlection, said pad being ax-ranged adjacent opposite 

ends of said baae plate substantially in parallel with 

15 a line along which said heat generating rasiatara are 

arranged; 

wherein a length Ls of H14 base plate 

:measur~d in • d1rect1on along the l:Lne, a langth Lh of 

a range in which said heat generating resisters are 

20 arranged, and a length LP of a range in which said 

pads are disposed, satisfy 

Lp ~ Ls -2 z (La - Lh). 

2. A substrate according ~o Claim 1, wherein 

25 said ~ir of electrodes COllDPrise& discrete electrodes 

end. a COIN1lOD electrode which is effective to s~pply 

electric energy to said heat generating resisters, and 
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said COJllllDD electrode is eztended toward the opposite 

ends of said base palate and is curved adjacent the 

ends and is connected. to said pads. 

3. A substrate according to Claim 2, further 

CQJDPrising built-in driving elements for driving said 

heclt generating resister. 

'· A sv.bstrate ac:cording to Clai• 3, £u.rt:.ber 

10 com.prising built-in controlling elements for the 

driving elamants. 

5. A llUbstrate according to Claim 1, where.in 

said pair of electrodes comprise.a discrete electrodes 

15 and a common electrode which is effective to supply 

electric anargy to aa1d heat generating resisters. and 

said common electrode is in the form of a st~ipe 

extending along the line, and.said common electrode is 

connected. to the pads with m1n1mua distance. 

20 

25 

6. 'A llUl>atrate accorcling to Claim 5, further 

comprising built-in driving elements for driving said 

heat generating resister. 

7. A substrate according to Claim 6, 

further ~rising built-in controlling elements for 

the driving elements. 



5 

-33-

8. An ink jet head-: 

a plurality of sUbstrataa arranged 

staggeredly, each of said substrate includingr 

a base plate1 

111111111111111111111111111111 
* C l H s * 

an elongated through opening, for ink supply 

port, ezten41ng in a longitudinal direction of aaid. 

base plate; 

a plurality of heat.generating resisters 

arrange4 on said base plate a1ong both sides of said · 

10 opening: 

a pair of electrodes electrically connected 

to sa10 heat gene~ating Tessste~s; 

electrode pads for ezternal electric 

CODDecti.on, &aid pad being arranged'ac!jacen.t opposite 

15 ands of said basa plate suJ:>stantially in parallel with 

a line along which said heat generating resisters are 

ari:anged: 

wherein a length Ls of said base plate 

measured :Ln a direction along the line, a length Lh of 

20 a range in which said heat generating resisters are 

25 

arranged. and a length LP 0£ a ~ange in wh.f.ch said 

pads are dispased# satisfy 

Lp 1 Ls -2 z (La - Lh)~ 

said ink jet head ~urther coaprising: 

ejection outlets faced to said heat 

generating resister, respectively: and 

1n.k passages in fluid COllDllUDication with said 
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ejectian outlets anc.'l with tbe supply port. 

9. AD I.Dk jet head according to Claim. 8, 

wherein said pair of electrodes coinprises discrete 

s electJ:Odes and a common elect~ode which 1s effect1 ve 

to supply electric enerSll" to said heat generating 

res1atera, and aa.14 common electrode is extended 

toward the opposite end8 of said base palate end is 

curved adjacent the ends and is connected to saicl 

10 pada. 

15 

20 

10. All ink l•t head according to Claim 9, 

~urther comprising built-in drivi~g elements for 

driving said heat generating resister. 

11. An ink :tat bead according to Claim 10, 

further comprising built-in controlling elements for 

the driving elements. 

12. AD ink jet head. according to.Claim 8. 

wherein said pa1r ot electrodes comprises discrete 

electrOdes an.d a cummon electrode whicb 1s affective 

to supply electric energy to said heat generating 

resisters, and aaid. common electrode is in the form of 

25 a stripe extending along the line, and said common 

electrode is connected to the pads with JD1n1lllWI 

distmica. 



5 

-35-
' \11\11\ """ Ill\\ \\1\1 \\ \II\ * C L M S * 

13.. AD 1Dk jet: bead according to Claim 12. 

further comprising built-in driving elements for 

driving said heat generating resister. 

14. An ink jet bead according to Claim 13, 

further comprising bU1lt-1n controlling elements for 

the driving elements. 

15. An 1Jlk jet head according to Clai• 8, 

10 wherein said ink jet head has a recotding width largar 

15 

than a width of a recorcling 11S.ter1a1. 

16. An 1.nk jet apparatus c:ompr1•1ng: 

an :l.jh including; 

a plurality of •ubstratas arranged 

st:aggeredly, each of said substrate including; 

a base plate: 

an elongated through opening, for ink supply 

port, axtencllng in a longitudinal direction of said 

20 base plate; 

a plurality of heat generating resisters 

arranged on said base plate along both sides of said 

opening: 

a pair of electrodes electricolly connected 

25 to sai_d heat genera~1ng resisters; 

electrode pads for exte:rnal electric 

connection, said pad being arrange<! adjacent ·Opposite 



I JIJ JUI~ IHJJ UI U If 
s * 

-36-

ends of said base plate substentially in parallel with 

a line along which aaid beat generating reaiaters are 

arranged; 

wharein a length La o~ said b&Se plate 

5 measured 1n a d1ract:ton along the 1:1.De- a length Lb of 

a ~ang• in which said heat generating resisters are 

arranged, and a length LP of a range in which said 

pads are c1iaposedr sat1sty 

10 

15 

20 

25 

Lp ~ Ls -2 z (Ls - Lb}; 

sa14 apparatus farther comprising: 

ejection outlets f acecl to said heat 

generating resister. respectively; and 

1nk passages in flui4 coaaunication with ••id 

ejection.outlets aucl'with the supply port; 

an ink container for containing ink to be 

supplied to said ink jet head. 

.-~.: 


