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- 1 S05P0665 DESCRIPTION LI QUI D DI SCHARGE DEVI CE
AND PROCESS FOR PRODUCI NG THE SAME Technical Field 5
The present invention relates to a liquid discharge
head used as a print head or the Iike for an inkjet
printer and relates to a process for producing the
liquid discharge head. Specifically, the present
invention relates to an inexpensive |liquid discharge
head havi ng satisfactory yield 10 produced w t hout
form ng a through hole in_a,sem conductor substrate
and relates to a process fof produci ng the liquid
di scharge head. Background Art Fig. 10 is a S05P0665
cross-sectional view of a thermal print 15 head as an
exanpl e of a known |iq@Fd“BI8EH& ge head. In Fig.

ot PR ' HAPS, 2R DKL UL RS £

i ncludes heater elenents 3 di sposed on a

sem conductor substrate la; and a coating |ayer 4
Tektapesad Fse1as to position nozzles 4a 20 above the

respective heater elenments 3. An individual channe

4b @keendssértomovegitdns abbyvect He heatigniel énsri=s @

to a periphery region communi cating with the regions
hebreed RE Aecltf kit diitemirs tBe Fhke Hermore inkpiet printer

RSN ) SHRSIIAR! BLOSLHPE 160YEN LS o
head. Specifically, the present invention relates to an
inexpensive liquid discharge head having satisfactory yield
produced without forming a through hole in a semiconductor
substrate and relates to a process for producing the liquid
discharge head. |
Background Art

Fig. 10 is a cross-sectional view of a thermal print
head as an example of a known liquid discharge head. 1In Fig.
10, the print head includes an ink feed member 2 and a chip
1 bonded on the ink feed member 2. The chip 1 includes
heater elements 3 disposed on a semiconductor substrate la;
and a coating layer 4 disposed so as to position nozzles 4a
above the respective heater elements 3. An individual
channel 4b extends from regions above the heater elements 3
to a periphery region communicating with the regions above
the heater elements 3. Furthermore, the semiconductor
substrate la includes a through hole 1b.

On the cther hand, the ink feed member 2 includes an
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25 On the other hand, the ink feed nmenber 2 includes

an 2 SO5P0C665 ink feed opening 2a and a conmon

channel 2b through the base of the ink feed nenber

2, the common channel 2b communicating with the ink

feed opening 2a. In the print heat, ink is fed from

an external ink tank 5 (not shown) or the like into

the conmon channel 2b through the ink feed opening

2a. The ink enters the individual channel 4b through

the through hole Ib. As a result, the regions above

the heater elenents 3 arefil1ed with the ink. Rapid

heating of the heater elements 3 in this state $B5P0665

generates bubbles on the heater elenments 3. A change
inkn feprespamindgla rgudt hecgener attizomedf 2bhehbolodil ede base

di scharges the droplet of ink above the heater
ofeltérents Beehrsiiiert Re thezerwwmghanreldikchar ged

I nk reaches a rec rdLng gediunw or the like to forma

d

Cﬂﬂ“%@ﬁ?aié?%ﬁﬁuﬁ}i © RBAJTF FHSUICEd “8s descri bed
bel py. t}af'cﬂﬁ%t HR tbeﬂlgrisel%ﬁe%g:%mBaﬁr&ﬁfeq{n d;B¥ tank
uct or e I'i'ke on a

Sem con producti on techni ques or t

(rbshbRh e SN LONGUCE Ak o SHRStdAh®nl @hafREPOSLA Hough
for exanple, silicon. A pattern conposed of a

tisolinkl €cedseprni2y €ag. aAhphotlosensirtsi vRer esdivislici as

a photoresist is formed by photolithographic
chegekni dheshorathd hvedhapuegh diehft 13 t s foreswlt, the

r-e%%%gsf iakc):iog\le éﬁg%{ea ré%t e Qrg\el\r@gs 3T|Le1:ecofaiailgg i!v:?%/herthe ink.

Rapid heating of the heater elements 3 in this state
generates bubbles on the heater elements 3. A change in
pressure during the generation of the bubbles discharges the
droplet of ink above the heater elements 3 through the
nozzles 4a. The discharged ink reaches a recording medium
or the like to form a pixel.

The print head is produced as described below.

First, the heater elements 3 are formed by
semiconductor production technigues or the like on a
substrate (semiconductor substrate la) composed of, for
example, silicon. A pattern composed of a soluble resin,
@.g. a photosensitive resin such as a photoresist is formed
by photolithographic techniques on the heater elements 3 to
form a sacrificial layer (not shown). The coating layer
(resin liayer) 4 to be a structure is formed on the
sacrificial layer by application such as spin coating.

The nozzles 4a are formed by dry etching in the coating
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(resin layer) 4 to be a structure is forned on the
sacrificial layer by application such as spin
coating. 25 The nozzles 4a are forned by dry etching
in the coating 3 SO05P0665 |ayer 4. Wen the coating
| ayer 4 is conposed of a photosensitive resin, the
nozzl es 4a are fornmed by a photolithographic
techni que. The through hole I b serving as the ink
feed opening 2a is fornmed by wet etching fromthe 5
back side of the sem conductor substrate la as
described in, for exanpl®e,3 Japanese Patent No.
3343875. A dissolving liquid for the sacrificiaF?2P0665
| ayer is poured through the - through hole Ib. Wen
laviee dacr Whei @le |@pdringslepaposes gfompased of a
photosensitive resin, a developer or the like is
Phstpeed s101 Y airerigt it RPEAYRAS h? 1% foTRefehY,2 t he
sacrificial |layer .is dissolved (eluted) to.formthe
PR Thophaet . st Aimer THE | WO SR oD SO as
n ; e r s
e YENYEL égaaTmegeSzghig @brm&g By r@m@ﬁgnsg fﬁ%@ ;Eg]%

y machi ni ng. ip 1lis bonded to the I'n

bdPTReH20f THeE eihni RrPkebr d8pdeat d 3acaRphei@dibdd in,
t he known techni que, the through hole Ib is forned
fdm etepdem CapahucicoPagebst Rat e33 &35 1om Bhéibackviside
of the sem conductor substrate |a. The dissolving
Liquggi dorofhe heacsiddiaipiclayer ayerrdusrosobreaughridigh
tt}t%%é; h gﬁghggge@% %?xﬁ]?%ag%:%g?éivael thesactiligi ey of

a photosensitive resin, a developer or the like is poured
through.the through hole 1lb. Thereby, the sacrificial layer
is dissolved (eluted) to form the chip 1.

The ink feed member 2 is composed of aluminum,
stainless steel, or a resin and is formed by machining. The
chip 1 is bonded to the ink feed member 2. Thereby, a print
head is completed.

In the known technigue, the through hole 1b is formed
in the semiconductor substrate la from the back side of the
semiconductor substrate la. The dissolving liquid for the
sacrificial layer is poured through the through hole 1b to
dissolve the sacrificial layer. The step of forming the
through hole 1b in the semiconductor substrate la is usually
performed by either aniséotropic wet etching or dry etching,
or a combination of both.

However, anisotropy etching has disadvantages as

described belbw.
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t hrough hole I'b in the sem conductor substrate Is is

usually perforned by either anisotropic wet etching

or dry etching, or a conbination of both. However,

ani sotropy etching has di sadvantages as 25 descri bed

bel ow. 4 SO5P0665 First, the etch rate is very |ow

(about 0.5 to about 1.0 mimn). For exanple, the tine

required for formng the through hole Ib in the

sem conductor substrate la having a thickness of

about 600 mis at |east about 10 hours. Thus, 5 it

di sadvant ageously takes a~“véry |ong production tine.

Secondly, a nmenber functioning as an etchi ng nask05P0665

needs to be fornmed in a region other than the

t hr ddghthotles | 4t cthefagee 16 over ngl avhel ablengu§hS hod eabidut

t hus di sadvant ageously conplicating the process. 10
Lyhimminti-n FRe eaE@heltéeahiBe ursfilimgsadosr fpFpaing the

like. is.disposed .on a surface of the sem conductor
st 4Pa% IBOGRR a R en e Sb Tt A SadReb Y s 2

suface Jrhepal Ungddmy Q%daizslgé§@dé@fﬂtag%oﬁgh¥s. Thus,

etched. Thus, It 1Is necessary to prevent the etching
isaliddenntegabnebg hifig st heveulf asey dbbddernativel v,

it is necessary to forma protective filmso as not

t o Sagsedayproblermegyvénnuhiernime t cin pgcbbhatnayk needs

reaches the surface. On the other hand, dry etching
tqlke p58ed; éadqaﬁ@% other than the through hole 1b

before forming the through hole 1b, thus disadvantageously
complicating the process. |

Thirdly, in the case where an aluminum pad or the like
is disposed on a surface of the semiconductor substrate la,
when an etching solution reaches the surface, the aluminum
pad is disadvantageously etched. Thus, it is necessary to
prevent the etching solution from reaching the surface.
Alternatively, it is necessary to form a protective film so
as not to cause a problem even when the etching solution
reaches the surface.

On the other hand, dry etching also has disadvantages
as described below.

First, the etch rate is disadvantagecusly lower than
that in anisotropic etching.

Secondly, an etching mask is disadvantageously required
in the same way as the second problem in anisotropic etching.

As described above, the use of etching techniques

complicates the production process and prolongs the
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as described below. 20 First, the etch rate is

di sadvant ageously lower than that in anisotropic
etching. Secondly, an etching mask is

di sadvant ageously required in the same way as the
second problemin anisotropic etching. As described
above, the use of etching thechni ques 25 conplicates
t he production process and prolongs the - 5
production tinme. Thus, the print head has poor vyield,

ul ti |n h h costs. Discl asur | nvention
pm%éﬂ%a Ss' 31 f§ W EHocd<s Fror

roduC| liquid dlscharge head in satisfactory
res£i%%%? %1cog#: the process not including a

Di cﬁ t g) forn1ng a through hole in a
e %ﬁggén uctor nqhstrate According to a first aspect

OF 5 B S3E OB D, A0 oL gDl o

procdtliibd NCIUNG & S8 .CRNAUGLOr: SUbsty s%a%tdgt[l}/ctl}l%%% at

one heating el enent di sposed on the sem con

low SURatd ate e the@l=d east one heatd ng of

arranged in a direction; a coatlng ayer sposed on

forntifhey aemw@pwlelarsmabsgdn@l@ndd&&oaumﬂa@@r
havi ng at | east one nozzle, each nozzle being

arranged above a correspondi ng one of the at | east

one heating elenent; and at |east one individua

channedidigsposed fhetweenpehe sdnttenguetentsubsthaten,

and the
there is provided a Iiquid discharge head comprising: a
semiconductor chip including: a semiconductor substrate; at
least one heating element disposed on the semicenductor
substrate, the at least one heating element being arranged in
a direction; a ccating layer disposed on the semiconductor
substrate, the coating layer having at least one nozzle, each
nozzle being arranged above-a corresponding one of the at
least one heating element; and at least one individual
channel disposed between the semiconductor substrate and the
coating layer, ecach individual channel communicating with the
outside and a region above the corresponding one of the at
least one heating element, wherein the semiconductor
substrate is formed having no through hole within the

semiconductor substrate; a liquid feed member having a common

channel through a base, the liguid feed member being bonded



coating layer, each individual channel comrunicating
with the 20 outside and a regi on above the
correspondi ng one of the at |east one heating

el ement, wherein the sem conductor substrate is
formed having no through hole within the

sem conduct or substrate; —aSgiquid feed nenber having
a common channel through a base, the liquid feed
menber being bonded - 5a to the sem conductor chip
i.n such a nner t the co n channe

to téjéemﬁﬁﬂjcca‘% P95 h ‘%t}?ﬂteo at™ | DR ViRl the common
| of th t d
charf 2122050@&%&%% es’si%‘}ﬁ e B SR

chan%zelp.o%dc &wcéoe dch"f”Peafn 0,as 1o segl the
c nmon~ C éf In exa

dis Fﬁ%%%ga throudﬁnﬁﬁﬁﬁyrﬁﬁﬂggea rﬁéﬁﬁﬁ%ﬂéﬁéﬁéﬁ’ orréﬁlp and
the tﬁdﬁﬁ% tdiey lhgui d- feed manber ﬁ'%ﬁ@b o&%{ﬂd&f'wf@@é

chip when the sem conduct or |p IS oth
comildrilWrth-Red 5 nenber, i.e., the seal nenber seals the

openi ng of the common channel. Thereby, the conmmon

channel defined by the liquid feed nenber, the

sem conduct or chip, and the seal nenber is forned.

According to a second aspect of the present

invention, 10 there is provided a |iquid discharge

head conprising: a pair of sem conductor chips, each

sem conduct or chip including: a



10

15

20

25

sem conductor substrate; at |east one heating el ement
di sposed on the sem conductor substrate, the at |east
one heating elenent being arranged in a direction; a
coating 15 | ayer disposed on the seniconductor
substrate, the coating |ayer having at |east one
nozzl e, each nozzle being & ranged above a
correspondi ng one of the at |east one heating

el enent; and at | east one individual channel disposed

bet ween the sepn conduct or bstrate and the coatin

| Ber 2 Ea RoP AT Al “BRasFE COBaMGhPEaE ARG HiPLR Coes
ot SSed U B SO0, ShO e Sormspondlng, one
betwse%riq Cc%%d Li%_tq%{ i B lfbeseté %e‘?ﬂé}le arnoc[ de hsaeVIiQ,_%nQ? ctthc{rpu I}Lp

ho in uct or ~ su strg%e, a

e Wwth e 'sem con i qui
f Vi QNTE I t.hr
wner] 35 TRAHEL DANLNG QMU HAEI, ZLUNIUAN A oo
memde@, " 10fe Semreonduct ofe gl pss d:Acl ng Lagh QtRer, 4 n1suehon
a - 6a nmanner that the comon channel” co ni cat es

chanMdih t heerddtdi vitdualcehannelrsifc 1t ke [SeELonduaorn 1 quid

chi ps; and a seal nenber disposed on the coating

feed ayelne0f dhke RalilcAfduse cOnNdYCtord GHPSS0 dertRr is
seal the opening of the common 5 channel. 7

formdeicording to a third aspect of the present invention,
there is provided a process for producing a liquid
discharigeg head, seanpdi sispgctacfi tht stepeat favgnngon,
a plurality of
there is provided a liquid discharge head comprising: a pair
of semiconductor chips, each semiconductor chip including: a
semiconductor substrate; at least one heating element
dispcosed on the semiconductor substrate, the at least one
heating element being arranged in a direction; a coating
layer disposed on the semiconductor substrate, the coating
layer having at least one nozzle, each nozzle being arranged
above a corresponding one of the at least one heating
element; and at least one individual channel disposed
between the semiconductor substrate and the coating layer,
each individual channel communicating with the outside and a
region abcve the corresponding one of the at least one
heating elements, wherein the semiccnductor substrate is
formed having ne through hcle within the semiconductor
substrate; a liquid feed member having a common channel

through a base, the liquid feed member being bonded to the

pair of semiconductor chips facing each other in such a



heating el enents on a sem conductor substrate, the
heating 5 elenents being arranged in a direction; a
second step of formng a sacrificial layer on a
region including areas on the heating elenents, the
sacrificial |ayer being soluble in a dissolving
liquid; a third step of fof&ing a coating | ayer on
the sacrificial layer; a fourth step of form ng
nozzles 10 in regions of the coating |ayer after or
si mul tanequsly with the third step, each of t he

MANNEL SRE bl B d'HBtve ‘%%‘E“upcld"far‘&sp dihe

. heat i | ene each of th ozzl ass

mdw%w&% e i e Ao R gl oy seal
en conduct Qr, subst.r.ate an t acki

membc? i'r éct Slpc?nseé:? k Qct eeucsoa‘\actrll a&f erlgs'ay‘:!(;%re }nd Qﬁf@gc&%t i ng

semi AR %?{Pt%ss%% ‘%‘%Ctso 1Chdrfe3 g;aegﬁ i’%'tsr{é‘gco%mon

east one o i ng e enen h™ exposi ng
Chagﬂg?_sacr|f|0|al | ayer at the corresponding cut end;

and a sixth step of imersing the sem conductor
chips fornmed in the fifth step in the 20 dissol ving
liquid to dissolve the sacrificial |ayer, wherein
the process further conprises: a bonding step of
bondi ng each sem conductor chip at |east after the
fifth step to a liquid feed nmenber including a
common channel passing through a base in such a
manner that each cut end of the 25 corresponding
sem conduct or chip faces the common channel; - 7a
and a sealing step of sealing an opening of the
common channel with a seal nenber in such a manner
that the sea
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menber is disposed on the liquid feed nenber and the
coating |ayer of each sem conductor chip bonded in
the bonding step. 5 According to a fourth aspect of
the present invention, there is provided a process
for producing a liquid discharge head, conprising: a
first step of forning a plurality of heating

el enents on a seni conductor substrate, the heating

el enments being arranged in a direction; a second step

CheAGalauIg 2 UL LOLa 21Er O 8L e son,
theﬁse?ailrjs; f I;rcolgrajltqqe! £ Béaeg};%rgogclen > oI & b}% Sodik iozgg{ idaln 3&"’%@’;@ %J’O%charge

r of” formng a ¢

head hec z iiélz:ﬂ;qn%'ala lﬁyregt% ﬁe&)ol'gf hfc%n%ﬁqaigar fng,F rgeaﬁgiotry of

Hozz ‘egi ons o coat’i ng

heaéﬂﬂ&“éfﬁ%ﬁﬁgg39ﬁM§|EéHa%§HHJ%FJQ Sh&P - r‘fﬁet ting

regi ons being | ocated above correspondi’ng one 0

elertdif heating ol $ i erct-ofot he Mc?ssteg_% of

passi ng through the coating layer; a fifth step

fornGitd it 46 seniLondueOrors Ubstd tdh al g, diey areas on
stacking direction of the sacrificial layer and the

the Cratting l@yeterttas 20 HOrdnsen conductpfe € hdsfaEdiuble in
conprising at |east one of the heating elenents and

a dieagit webdeppsiing: itdye ssadrifd citadp |@f efodiing e coating layer
correspondi ng cut end; and a sixth step of inmersing

on ithee sasmmiftigniductlaryatyi ps farmed stred hef fidinhirsf epddiles
the dissolving liquid to dissolve the sacrificial

in regyiems wiertdien c@g ire Jprooesst feur tders ‘conjprarsesisiay with
bondi ng step of bonding a pair of the sem conductor

the dﬁ‘pp:gj Atdmastadf 1 e fedidngyeing located above the

corresponding heating element, and each of the nozzles
passing through the coating layer; a fifth step of cutting
the semiconductor substrate along the stacking direction of
the sacrificial layer and the coating layer to form
semiconductor chips each comprising at least one of the
heating elements and each exposing the sacrificial layer at
the corresponding cut end; and a sixth step of immersing the
semiconductor chips formed in the fifth step in the
dissclving liquid to dissolve the sacrificial layer, wherein
the process further comprises: a bonding step of bonding
each semicenductor chip at leaét after the fifth step to a
liguid feed member including a common channel passing
through a base in such a manner that each cut end of the

correspending semiconductor chip faces the common channel;
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step to a liquid feed nenber including a conmon
channel passing through a base in such a manner that
the cut ends of the sem conductor chips are di sposed
across the comon channel from each other so as to
face each other; and a 5 sealing step of sealing an
openi ng of the common chanhel -~ with a seal nenber in
such a manner that the seal nenber is disposed on
the coating | ayers of the sem conductor chips bonded

in the bonding step. In exanple enbodi nents, the
279 G ACORI TR p 5% 0 DrodUeRT L7 GUgH The THIt
t o -sixt st eps In the proces for_prod t.he

. i .
chanpeld” Wit reac]hime,mbaelétlenp Solfcsrf of My Llct(iharntgdahe HoT

semni con UCat o

memﬂé}ngiﬁﬁggéﬁégﬁéﬁ:ﬁh%ﬁ#%ﬁ#fﬁE%%éﬁ;§%965¥féﬁdnﬁhﬁﬂéggﬁing

I ndi vi ch inc e areas (

layd:0rfo @ éa{&y's@mlcglbsﬂ%g@ﬁtdﬁf% %&{@%ﬁ Sy | {hd I}%nding step.

sem conduct or p are forned between the

sam-eerduet @ subsihate ;apd 4-he £ coat ingdayes B¥ntion,
dissolution 8 - of the sacrificial |layer. The gap

theRetiegirdhieidd qighdead nembesrane:the 2 semcenducd Harge

chip, i.e., the opening of the common channel, is
headeal®@iisithe seaing dwep & Thereomen shannelt angs

t he i ndividual channels can be fornmed w thout the
heatfiorgredlicorerofs art hr cughi dwol@idtot hesbserdeondies teating

substrate. The liquid di scharge head including the
elemﬂnnnnbaﬂngnaﬂranged in a direction; a second step of
forming a sacrificial layer on a region including areas on
the heating elements, the sacrificial layer being soluble in
a dissolving liquid; a third step of forming a coating layer
on the sacrificial layer; a fourth step of forming nozzles
in regions of the coating laver after or simultaneously with
the third step, each of the regions being located above a
corresponding one of the heating elements, and each of the
nczzles passing through the coating layer; a fifth step of
cutting the semiconductor substrate along the stacking
direction of the sacrificial layer and the coating layer to
form semiconductor chips each comprising at least one of the
heating elements and each exposing the sacrificial layer at
the corresponding cut end; and a sixth step of immersing the
semicenductor chips formed in the fifth step in the
dissclving liguid to dissolve the sacrificial layer, wherein

the process further comprises: a bonding step of bonding a

pair of the semiconductor chips at least after the fifth
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and the individual channels can be produced w thout a
step 10 of formng a through hole in the

sem conduct or substrate. Thereby, the liquid

di scharge head having satisfactory yield can be
produced at |ow costs. Brief Description of the
Drawings Fig. 1 is a sectidphat side view sequentially
15 illustrating a process for producing a head
according to a first enbodinent. Fig. 2 is an

steP’s B D e it ot L DR dher Y

passg @dutq} ste%su JEnou ”tgrr?%%n”%r' iRk 1O & ”L%fp ends of
The St% d:ﬂ& céh fgo%ﬁc?é g?cpse plcﬁe‘nags %drc%vz\{lmp

USt alnga pro 1 on ste

charﬁ‘fétls eatcglt &r%'jcé %M] efl gind?’ a

Fig. 5 I's an explanation dramnng iITustrating a

seamrr%dtgctté};prbﬁtse@alsl%%qwgeﬁl% her RRAUCHIRN, $iehnel

shown in 5 Fig. 4." Fig. 6 is a sectional side view
witFAGC el NGndrber Sﬁpmh HeM (BNt e nd @al member is

corresponding to Fig. 4 showing the first
ispetigfethe coating layers of the semiconductor chips
bonded in the bonding step.

In example embodiments, the semiconductor chip is
produced through the first to sixth steps. In the process
for producing the semiconductor chip, a step of forming a
through hole in the semiconductor substrate is not performed.
The individual channels, which include the areas {(chamber
for a ligquid) on the heating elements, in the semiconductor

chip are formed between the semiconductor substrate and the

coating layer by dissolution
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Fig. 7 is a sectional side view according to a second
10 enbodi nent, the view corresponding to Fig. 5
showing the first enbodinent. Fig. 8 is a sectional
side view of a head according to EXAMPLE 1. Fig. 9
Is a sectional side view of a head according to 15
EXAMPLE 2. Fig. 10 is a cré&ss=sectional view of a
thermal print head as an exanple of a known liquid
di scharge head. Best Mdde for Carrying Qut the
I.nvent i on_. An. azld odi nent of the present invention wll

of tt;]ee Cdrejsfcjﬁlb B{TwW wi th reference to the draw ngs.
q,hgh% f%lelto@feter%nb%ﬂﬁrﬁ%t% & ther rral | "tﬁl@ap” nt

ereina &rr &F d" )
f t t
oA eSS 1 7O i el gt

is &pracess fHoo ggé)pl% n&éﬂ‘e 25 liquid discharge head
according to the present I nvention. - 10 S05P0665

(Eh%shoﬁﬂg%dk%%%hleb%%.t%etgn@;%ﬁ%u%ﬂp%ﬁ%ﬁﬁgﬂ"Bﬁﬁ be
side view sequentially illustrating a process fo

formducimgita head oaecordi ngr to @ fdupt k%li@dunefme 5

In Fig. 1, heating elements 12 is forned on a
semiseidonductarnb subsidate 11 conposed of silicon,

ggizsiiquid discharge head including the common channel
and the individual channels can be produced without a step
of forming a through hole in the semiconductor substrate.
Thereby, the liguid discharge head having satisfactory yield
can be produced at low costs.
Brief Description of the Drawings

Fig. 1 is a sectional side view sequentially
fllustrating a process for producing a head according to a
first embodiment.

Fig. 2 is an explanation drawing illustrating a
production step subsequent to the production step shown in
Fig. 1.

Fig. 3 1s an explanation drawing illustrating a
production step subsequent to the production step shown in
Fig. 2.

Fig. 4 is an explanation drawing illustrating a
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ceramc material, or the |ike by fine processing
technol ogy for production of sem conductors and
el ectronic devices (first step). In Fig. 1, the
heating el enents 12 are 10 arranged at predeterm ned
spacing in the longitudinal direction of the
sem conductor substrate 11. Furthernore, wth
respect to the direction perpendicular to the paper
plane in Fig. 1, the heating elenents 12 are
continuously arranged with a predetermned pitch in
a direction. For 15 exanple? to make a head having a
resol ution of 600 dpi, the heating elenents 12 HalaF0665
a pitch of 42.3 (m in the direction perpendicul ar
proditdiel papéeppbabpecq8acy itfa ¢cheal pragersicil sare Bbeowedin
in regions to be individual channels in a
Fi@nmitonductor chip, each of the 20 regions including

areﬁé_(tg bg a QQ? E;gtﬁog ? I&qiid)lgntthgiheating
el emeift's °12° (FbCOH TSP The" ¥Rt rifivErartifayers 13
o208, 30 LRLERAuOL AudifSi) [RXCE - GRIOSEL Akpashoun 1
photoresist or the Il ke. Coating [ayers 1 afe forme
FOf. ranges including the 25 regions having the
sacrificial layers 13 (third step). The - 11
SO5P0@656 toat | yrgrtliayers sldef uiet iagwccasiikpown mozzdand
sheets and barrier layers and are fornmed by
eI R, 0l S UERSASC R AFPRAPENEC Nezzleshoningethe
figg{mgkﬂgai%ggtgoatlng | ayers 14 in such
Fig. 7 is a sectional side view according to a second
embodiment, the view corresponding to Fig. 5 showing the
first embodiment.
Fig. 8 is a sectional side view of a head according to
EXAMPLE 1.
Fig. 9 is a sectional side view of a head according to
EXAMPLE 2.
Fig. 10 is a cross-sectional view of a thermal print
head as an example of a known liquid discharge head.
Best Mode for Carrying Out the Invention
An embodiment of the present invention will be
described below with reference to the drawings. In the
following embodiments, a thermal inkjet print head
(hereinafter, simply referred to as a "head") and a process
for producing the thermal inkjet print head are exemplified

as a liguid discharge head and a process for producing the

liquid discharge head according to the present invention.
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5 a manner that each of the nozzles is |ocated
directly above the corresponding heating el enment 12
(fourth step). The nozzles 14 are forned of a
photoresist or the like so as to reach the
sacrificial layers 13, i.e., so as to pass through
the coating layers 14. 10 As shown in Fig. 2, the

sem conduct or substrate 11 is cut with a dicing
machine or the like along cut lines LI and cut lines
L2 (fifth step). Fig. 2 shows cut lines LI and cut
lines L2. Cut lines LI arel®ut lines lying in
portions not including the sacrificial |ayer 13.505¥0665
this enbodiment, 15 cut lines L1 lie in the portions
(hotst folbwdimgnbbt h of the sacrificial |layer 13 and
the coating layer 14. Cut lines L2 are cut |ines each
| yi A§9Pn & tubstiteieahl § s et @ gortdenvdevt he
correspgndi n continuous) sacrificial |ayer 13.

S g oo GBS TRPDG BFORGS BT e T Psd Pead n

gﬁg I ¢al jsencondigs ubstrates 11 at both

aé? esggé%gu? F?%%QLZ, t gﬁpzéulting symetrica
senirgoRdyct oy sdiisitiatesnbavi N tihe rsaABASHAPS  When
one of the symretrical sem conductor substrates is

serevarrsiedtby 480st 25t Siliceocontskdnes 4i2 iawe, cylabsnes
lying on the - 12 S05P0665 respective sacrificial

CeEAECs MRS eri e, sAEriHY dildle bayé&ise Irowmseiagpbsenatogy
end f ces_therﬁof after cuttin

for production of semiconductors ghd electronic devices
(first step). In Fig. 1, the heating elements 12 are
arranged at predetermined spacing in the longitudinal
direction of the semiconductor substrate 11. Furthermore,
with respect tc the direction perpendicular to the paper
plane in Fig. 1, the heating elements 12 are continucusly
arranged with a predetermined pitch in a direction. For
example, to make a head having a resolution of 600 dpi, the
heating elements 12 have a pitch of 42.3 (um) in the
direction perpendicular to the paper plane.

Sacrificial layers 13 are formed in regions to be
individual channels in a semiconductor chip, each of the
regions including areas (to be a chamber for a liquid) on
the heating elements 12 (second step). The sacrifiéial
layers 13 are each formed of a resin layer composed of a
photoresist or the like.

Coating layers 14 are formed on ranges including the

regions having the sacrificial layers 13 (third step). The
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Herei nafter, one of the resulting cut pieces shown in

Fig. 2 is referred to as a "chip (sem conduct or

chip)". 5 CQutting as shown in Fig. 2 is difficult to

be perforned in the absence of the sacrificial

| ayers 13. The absence of the sacrificial layers 13

causes cavities corresponding to the sacrificial

| ayers 13 to function as clearances during cutting,

thus affecting 10 processing accuracy and the |ike.

As shown in Fig. 3, each chip 10 is imersed in a

tank 51 containing a dissdlving liquid 52 (sixth

step). Wen the sacrificial layers 13 is each S0520665

conposed of a photoresist, the dissolving liquid 52
coatimefleyabbyl4 Uevdliopersf bnowhendsr iphehertsi std

Alternatively, for exanple, the cut ends may be
bagrigfed awFrh e A TATEAGPY | R B vt RBGR as spin

i rsion in the dissolving liquid 52. Wen each
“Thi'p'910 is imersed in the dissolving liquid 52, the

sackifbi¢Lal KN 12 a ] v.ed

20 TRt he dh Sanrursg T i d ko 15 FormalfIu . Fhg"eh
a fldtindr shdtabaed deluieedbzb0et hes o SIda dOfthey above

ot her hand, the coating |ayers 14 are not changed in
tishape rasdohend i kezt ibef elemand Bf t Erountiesseph. | Mide

dissolving liquid 52. As shown in the right side in
nggzges3 ldcavet g‘é@’ﬂ%ﬁf €Tt gr REELPAE25 oot ithAs Likatshaxp to

réggggﬁgégg ngfy%igitfgaeigcﬁgfifiéﬂ,lg%y%%8t6 %gss through
the cecating layers 14.

As shown in Fig. 2, the semiconductor substrate 11 is
cut with a dicing machine or the like along cut lines L1 and
cut lines L2 (fifth step). Fig. 2 shows cut lines L1 and
cut lines L2. Cut lines Ll are cut lines lying in portions
not including the sacrificial layer 13. In this embodiment,
cut lines T1 lie in the portions not including both of the
sacrificial layer 13 and the coating layer 14.

Cut iines LZ are cut lines each lying in a
substantially middle portion of the corresponding
{(continuous) sacrificial layer 13. Cutting the substrate
along cut line L2 results in symmetrical semiconductor
substrates 11 at both sides of cut line L2, the resulting
symmetrical semiconductor substrates having the same shape
when one of the symmetrical semiconductor substrates is

reversed by 180°.

Since cut lines L2 are cut lines lying on the
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13. The cavities constitute individual channels 14b
each including the chanber for a |liquid. The nozzles
l4a conmunicate with the respective individua
channel s 14b after the dissolution of the
sacrificial layers 13. The 5 heating elenents 12 are
di sposed in the respective individual channels 14b.
Thereby, the chips 10 each include the seni conduct or
substrate 11, the heating elenments 12, and the
coating layer 14 having the nozzles 14a and the
i ndi vi dual channel s 14b. “182A5 shown in Fig. 4, each
chip 10 is bonded to an ink (liquid) feed menbef0280665
(bonding step). The ink feed nenber 21 is conposed
regipegicanensasr stiaiilledsysteel 3, atlcersamrg timhb erialersal3
resin, or the |like and has a hole vertically passing
agncFagRca dasthd fatsé fhgorel aken GRetcisPde of the

15 through hol e functions as ink (liquid) feed .

ope ?ﬁ%léaﬁﬁer’Tﬁgeiﬂ e??%rr?)éﬂ%ﬁggtﬁ§5u5+ﬁ?§ﬁegiown in

TGl baNse S, A LABTRA_ 2CRAANS! (ZdRc ol | ok fheed
E%%nbe% Zleac%ording to an eggo(lneﬁP ﬁgkgﬁﬁ ?ﬁ' ig

4, aufecey t Whiceh eachighip k0 digrhendedcdas pd@formed

| ower in height than the other face. As shown in Fig.
i thehehsthee chfi pHED siasrbonded] kayanspeéB.face of the

coating layer 14 of the chip 10 has substantially

t heTBaneoHEighofaghet srcothigii Fladeyonhi th 1596t

banded to the chjp 10, the jink feed nenber 21. 25
A o B O TS LR he SRR oLaPREY bbari nge

function as clearances during cutting, thus affecting
processing accuracy and the like.

As shown in Fig. 3, each chip 10 is immersed in a tank
51 containing a dissoclving ligquid 52 (sixth stepf. When the
sacrificial layers 13 is each composed of a photoresist, the
dissolving liquid 52 is preferably a developer for the
photeoresist. Alternatively, for example, the cut ends may
be sprayed with the dissolving liquid 52 without immersion
in the dissolving liquid 52.

When each chip 10 is immersed in the dissolving liquid
52, the sacrificial layers 13 in the chip 10 are dissolved
in the dissolving liquid 52 to form a fluid. The fluid is
drained (eluted) to the outside. ©On the other hand, the
coating layers 14 are not changed in shape and the like
before and after immersion in the dissolving liquid 52. As
shown in the right side in Fig. 3, cavities are formed in

portions that had been coccupied with the sacrificial layers



10

15

20

25

- 14 S05P0665 of the individual channels 14b face
the common channel 21b. Subsequently, as shown in
Fig. 5, atop 22 (corresponding to a seal nenber of
the present invention) is bonded with an adhesive 23
so as to be disposed on the upper 5 face of the
coating layer 14 of the chip 10 and the upper face of
the ink feed nenber 21 (sealing step). The top 22 is
a sheet nenber formed of a resin film conposed of a
pol yi m de, a PET, or the I|ke or fornmed of a netal
foil composed of nickel, alldminum stainless stee
or 10 the like. The adhesive 23 is di sposed at t FQ5P0665
| oner face of the top 22 in advance or is disposed
lon the ceaifhygs | ayertilateanddihedupperhahaeésol 4l hench
ink feed nenber 21. The adhesive 23 is bonded by
l%Qﬂﬁdﬁ@@oﬁb?egg?%ﬁﬁ%wﬂ¥hé-ﬂFRéldAstﬁﬁ?@§@Fﬂesth%a

TR RRher o8 11 SEarea AV n SR (55 28R PR nfe
f/\%xd%het tagsger;ﬂg}g%q;f ttﬁ@ URPe{ rplde iy %]ygégpw Wi ),

e top 22 conmon channe

halefinied1Bpehbe wkaref eedpBesbein 2dne thepebipyd0, and
the top 22. The step of dissolving the sacrificial
indiyerdsal3chiéngels 203) may be perfornmed after the
ste of bonding the chip 10 to the ink feed nenber
Eh?gebu) B aftier {Aecatep il wondhAgserirondstez

SLH;gslrF%é’ilj:ez tlrsl’elgo}\ll\gaglng egemehté; ni(Z ent %r %h%hgoégl(ng eleadyer
14 having the nozzles 1l4a and the individual channels 14b.

LAs shown in Fig. 4, each chip 10 is bonded to an ink
{liquid} feed member 21 (bonding step). The ink feed member
21 is composed of aluminum, stainless steel, a ceramic
material, a resin, or the like and has a hole vertically
passing through a base in the figure. The lower side of the
through hole functions as an ink (liquid) feed opening 2la.
The interior of the through hole functions as a common
channel 21b.

In the ink feed member 21 according to an embodiment
shown in Fig. 4, a face to which each chip 10 is bonded has
lower in height than the other face. As shown in Fig. 4,
when the chip 10 is bonded, an upper face of the coating
layer 14 of the chip 10 has substantially the same height as
the other face, which i1s neot bonded to the chip 10, of the
ink feed member 21.

FEach chip 10 i1s bonded in such a manner that openings
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through the ink feed opening 2la, passes through the
common 25 channel 21b, and enters the individua
channel s 14b of the - 15 S05P0665 chip 10. Heating
the heating elenents 12 in this state generates
bubbles in ink on the heating elements 12. A change
in pressure during the generation of the bubbles,
i.e., expansion and shrinkage of the bubbles,
di scharges 5 part of ink as droplets to the outside
t hrough the nozzles 14a. In Fig. 5 the flow of ink
is indicated by arrows. TSécond Enbodi ment) Figs. 6
and 7 are each a sectional side view according t3¥°80665
second enbodi nent of the present invention. Figs. 6
ofiCtend ndigodnes pomhiad sFilgy. f4canths, camespechevetly.21b.
The chips 10 used in the second enbodi nent are
i defEPEaAueR- oS SROVEhEN fT¥%t “enfodPReAt. The ink
feed nenmber 2 diffeﬁs in shagetfron1thaE Ln the, .
ST RONBSEI nERL S i AERBEF Of SehipSStotaifrepsion) is
' i ISt odi t i als
PO T eld Tonber 21 and (he tay 23 Arect dentreaPer
fd&e 1JT0%Bel Bohbend i ISferenodiemend . cilip tihe shiar She upper

enbodi nent (Fig. 4), the chip 10 is bonded to one
fatde fofthehénknked¢@eckbmierbéil 23catimssstepe .t hr ough

hol e (common channel 21b) fromthe other side. 20 In

confhastori ¥ the SEb6RE BADRRN ferned RE appedid ddes
cégﬁéégaIo%kafgggyﬂﬁﬂggra2£E@?Vgrtt%a%%e %%I%gimeng% a
metal foil composed of nickel, aluminum, stainless steel, or
the like. The adhesive 23 is disposed at the lower face of
the top 22 in advance or is disposed on the coating layer 14
and the upper face of the ink feed member 21. The adhesive
23 is bonded by thermocompression or the like.

As a resulif, the opening disposed at the upper side of
the ink feed member 21 is sealed with the top 22. In other
words, the opening of the upper side i1s capped with the top
22. Thereby, the common channel 21b is defined by the ink
feed member 21, the chip 10, and the top 22.

The step of dissclving the sacrificial layers 13 (Fig.
3) may be performed after the step of bonding the chip 10 to
the ink feed member 21 (Fig. 4) or after the step of bonding
the top 22 (Fig. 5).

As shown in Fig. 5, ink enters the ink feed member 21

through the ink feed opening 2la, passes through the common

channel Z21b, and enters the individual channels 14b of the
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10 are bonded to both sides of the ink feed nenber 21
across the through hole (conmon channel 21b) from
each other. As shown in Fig. 6, the chips 10 are
bonded in such a 25 manner that openi ngs of the
i ndi vi dual channels 14b face the 16 S05P0665 conmon
channel 21b and face across the comon channel 21b
fromeach other. The upper faces, which are bonded to
the <chips 10, of the ink feed nenber 21 are equal in
hei ght. Thus, when the chips 10 are bonded, upper
faces of the 5 coating |ayé¥% “14 of the ChIpS 10 are
equal in height. As shown in Fig. 7, the top 2293%F0665
bonded using the adhesive 23 so as-to be di sposed on
chie ldoat HRgtiagetike hpatgng ehemenips! 2100 EAIF| gtaﬂe
t he f|OMIOf ink is indicated by arrows in 10_the
g%%‘?f?t\ﬁ&y byeblGs FJrEE] 10 ORg tgﬁoﬁ%aﬂpq:leglem?nt%&zent%rs

c%%ﬁ?é E?ggs r Ak hro ne%a 15ﬂﬂ(ff%%8 888%1&%{

1
Ses t roug Ig%e co n channe

i et er&pgheloh nghyi dualnahanpel §hé%ume%hedggbﬁ§r?1&
The head shown in Fig. 5 or 7 elimnates a step o

pdix fofr ihkgaa dhslLets hel eher ottheidd kevrotighh@he nozzles
sem conductor substrate 11, the step having been
Leonvenmt Fomal by pee fokavedf iThuss inbideead banabeows.

forned through si nmpl e steps. Exanpl es of the pr esent
(Fer2¥t FEROW T'F bk described bel ow.

Figs. & and 7 are each a sectional side view according
to a second embodiment of the present invention. Figs. 6
and 7 correspond to Figs. 4 and 5, respectively. The chips
10 used in the second embodimen£ are identical to those in
the first embodiment. The ink feed member 21 differs in
shape from that in the first embodiment. The number of
chips 10 differs from that in the first embodiment.
Materials of the ink feed member 21 and the top 22 are
identical to those in the first embodiment.

In the first embodiment (Fig. 4}, the chip 10 is bonded
to one side of the ink feed member 21 across the through
hole (common channel 21b} from the other side.

In contrast, in the second embodiment, the upper faces
of the ink feed member 21 have the same height. The chips
10 are bonded to both sides of the ink feed member 21 across
the through hole (common channel 21b) from each other.

As shown in Fig. 6, the chips 10 are bonded in such a

manner that openings of the individual channels 14b face the
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20 (EXAMPLE 1) Fig. 8 is a sectional side view of a
head according to EXAMPLE 1. A positive photoresist
PMER- LA900 (manufactured by Tokyo Ghka Kogyo Co.,
Ltd.) was applied by spin coating on a 25 silicon
waf er (sem conductor substrate 11) including heating
17 SC6P0665 elenments 12 so as to have a thickness

of 10 m After exposure with a nmask aligner, the
appl i ed photoresist was devel oped with a devel oper
(3% aqueous sol ution of tetranmethyl ammoni um
hydroxi de) and rinsed with &i oni zed 5 water to form
a channel pattern. The entire resist pattern wasS0°P0665
eégpsed with the mask aligner and allowed to stand
FBOn25NABEE S 43P &7 £ PEHeRC BRNDSPItecommAn channel 21b

OO PR oREPhi bin EPRG” patt et meth s AEE honed <0 the

coatl ng on e resu

dpurker gof £ 1 LQn that, th hot or esi.s
hagga t hi %intggiqg% %bgn %%ng%&r% iagiealgqﬁ%;e%%e}i%%g k-
TExBES When Wase PTifper medavk thode B HopRkl 9R8Es of the
Devel opi ng was perfornmed with a devel oper (OK73
coritaner Layerufldctafr ébdebyh Tokyld Ghka eKagyoiftheidittd) .
Rinse was performed with a rinse liquid (IPA).

Fur therthf e, 115Fh8z2l esthagopaeR havherded disdmet ehe of

aﬁﬁFBQ¥$E§§ JOEﬁg% gboge t he eatig% el enents 12. Thg
wal 81 “Was” stibjEct€d "Fo“UrRIHy Wit A& 8PRFHP resifite 14 of
the chips 10.

In Fig. 7, the flow of ink is indicated by arrows in
the same way as in Fig. 5. As shown in Fig. 7, ink enters
the ink feed member 21 through the ink feed opening 21a,
passes through the common channel 21b, and enters the
individual channels 14b in the chips 10.

The head shown in Fig. 5 or 7 eliminates a step of
forming a through hole or the l;ke in the semiconductor
substrate 11, the step having been conventionally performed.,
Thus, the head can be formed through simple steps.

Examples of the present invention will be described
below.

{EXAMPLE 1)

Fig. 8 is a sectional side view of a head according to
EXAMPLE 1.

A positive photoresist PMER-LASG0 (manufactured by
Tokyo Ohka Kogyo Co., Ltd.) was applied by spin coating on a

silicon wafer (semiconductor substrate 11) including heating
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to cut the wafer into pieces each having a desired
chip size, thus formng chips 10. A photomask for
the positive resist 20 was designed in such a manner
that dicing lines lie on the patterned positive
photoresi st. Next, the chips 10 were continued to be
imersed in an organic solvent (PGVEA) capabl e of
di ssol ving the positive photoresist while applying
ultrasonic vibration until the 25 positive
phot or esi st was conpletely di ssol ved and eluted. - 18
SO05P0665 Repl acenent wi fh 1¥pPA and dryi ng were
performed to form the nozzles 14a and i ndi vi duaf®3F06865
channel s° 14b. On the other hand, an ink feed nmenber
eLEmeocﬁpb%edbcﬁ3tst@hnbesst@iqkﬂeamagfféﬂnﬂ@ byafter
machi ni ng. As shown_in Fig. 5 the chip 10 was
eXpoRdER Hsthgt &3Sk |aééﬁéeﬁdhfe§? VPR eduBRo RO FRid T W

tra ces he i yldual chan S 14b of the
devﬁﬂﬁpf Vagé ?té%ﬁé% oh g anhet- 2th > EB% 4Phg’has

el R@Eg?ﬂamﬁ’a/nﬁlnl ‘P&ﬁh@%i@@ CHdp Itlgls%Eamgtﬁt dd i zed

tenperature for elnk nmenber was
wadesi gpedotm Sughnenmpactethat mHe eheluapﬁés{apq)a&ftern
the ink feed nenber 21 had substantially the sane
waseieght sad Wh@1uﬁﬁenmﬁhceltmndﬂuanﬂﬂaplmﬁeﬁnt¢rﬁtand for
state. Then, pol yi m de sheet (top 22) having a
24d@§PFédl§h%1p‘é1Wenhé¢/mﬁ§P%elf% ckness of 25 m was

bon Lo t he faces t me_ hei 15 The,

i 1 e A EG o R BT 6 R RAr G B8° aPradigs P on
coating on the resulting patterned resist at the number of
revolution such that the photoresist has a thickness of 10
pm on sacrificial layers 13. Exposure was performed with a
mask aligner. Developing was performed with a developer
{OK73 thinner, manufactured by Tckyo Chka Kogyo Co., Ltd).
Rinse was performed with a rinse liquid (IPA). Furthermore,
nozzles l4a each having a diameter of 15 pum were formed
above the heating elements 12.

The wafer was subjected to dicing with a dicing machine
to cut the wafer into pieces each having a desired chip size,
thus forming chips 10. A photomask for the positive resist
was designed in such a manner that dicing lines lie on the
patterned positive photoresist.

Next, the chips 10 were continued to be immersed in an
organic solvent (PGMEA) capable of dissolving the positive
photoresist while applying ultrasonic vibration until the

positive photoresist was completely dissolved and eluted.
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(adhesi ve 23) under the same bondi ng conditions.

Furthernore, the silicone adhesive was applied al ong

the periphery of the polyimde sheet to surely sea

the sheet so as to prevent ink fromleaking. In a

series of bonding, the 20 anmount of the adhesive

applied was exactly adjusted so as to prevent

occl usion of the common channel 21b and the nozzl es

14a due to the overflow of the silicone adhesive.

Then, a termnal 24a on a printed-circuit board 24

for driving the chip 10 § Connected to a ternina

10a (pad) on 25 the chip 10 by w re bondi ng. S05P0665

Furthernore, the connection - 19 SO05P0665 portion
wasReBAR@RNGH Y [¥idhs &8P antd (Epoxy MesknpaBfeEiak)tosgorm

t t ot . t f b
S AREte o th 17 g PEedl P Hend “Has. t ost od f or
| nkofi §r‘f£‘ac§t9z{e?[gﬁame aR { %ete%l ﬂ%ﬂBQ%tﬁf‘t@cﬁnpoE%d of

there was no uré suc ective operati

s&li%l%@s' gakage o #dtkne ARG knBKhQ@L&h@ bers sty in Fig. 3,
di scharged. (EXAMPLE 2) Fig. 9 is a sectional side

thed ewipf 18 head@cter disnggt 8 s1Di doXaMVBUEe2i vEhi PSsudh a

i ncluding heating elenents 12, nozzles 14a, and
marﬁmrvitaaal ephemiets m@h%F@de%{@ée@hlaﬁﬂ@hé t4preof the
rocedure as in EXAMPLE 1.

chip 10 face the common channel 21b. Bonding was performed
by allowing the chip to stand at room temperature for 1 hour.
The ink feed member was designed in such a manner that the
upper face of the ink feed member 21 had substantially the
same height as the upper face of the chip 10 in this state.
Then, a polyimide sheet (top 22) having a desired shape and
having a thickness of 25 pum was bonded tc the faces that had
the same height.

The silicone adhesive was also used here as an adhesive
{adhesive 23) under the same bonding conditions.
Furthermore, the silicone adhesive was applied along the
periphery of the polyimide sheet to surely seal the sheet so
as to prevent ink from leaking. In a series of bonding, the
amount of the adhesive applied was exactly adjusted so as to
prevent occlusion of the common channel 21b and the nozzles
14a due to the overflow of the silicone adhesive.

Then, a terminal 24a on a printed-circuit board 24 for
driving the chip 10 was connected te a terminal 10a (pad) on

the chip 10 by wire bonding. Furthermore, the connection
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On the other hand, an ink feed nmenber 21 conposed of

15 stainless steel was fornmed by machi ning. The chips

10 were bonded to the ink feed nenber 21 with a

silicone adhesive. As shown in Fig. 9, the chips 10

wer e di sposed in such a manner that entrances of

i ndi vi dual channel s 14b opposite each other face a

common channel 21b. Bondi ng was perforned 20 by

all owi ng the chips to stand at roomtenperature for 1

hour. The faces of the ink.feed nmenber 21 for bonding

wth the chips 10 were designed so as to have tE% 0665

same height. Thus, upper faces of coating |ayers$ 7

of the chips 10 were 25 equal in height. A polyimde
rafder pFedpse2)ethalithy 2ase262%p5P068Y T8N r edP_haR S©

and having, a .t hi ckness .of 25 gm bonded to th
29 0pe P FAERE, i R Td CBqhar T RECghtoiBP hatThg et
widyers 14 of the chips 10. The silicone adhesive was

al so used here as an adhesive (adhesive 23).

Fur rher peselt itrke h2 a8l Wheohes edhemirvenwasi e igthg. The

al ong the periphery of the polyimde sheet to surely
respHlt st Hemsheetatsal ddatto tprevems naifafilomel eakéngas I n

a series of bonding, the anmount of the adhesive
defiisitiag fasSr xRt 19 eadicudtalagd s ik pradentk could be

occl usi.on, of the common channel 21b and the nozzl es
Sﬁﬁéﬁbgésfﬁaf%ﬁ he overflow of the silicone adhesive.

(éggﬂbLEtggninals 24a on printed-circuit boards 24 for

Fig. 9 is a sectional side view of a head according to
EXAMPLE 2.

Chips 10 including heating elements 12, nozzles l4a,
and individual channels 14b were produced in the same
procedure as in EXAMPLE 1.

On the other hand, an ink feed member 21 composed of
stainless steel was formed by machining. The chips 10 were
bonded to the ink feed member 21 with a silicone adhesive.
As shown in Fig. 9, the chips 10 were disposed in such a
manner that entrances of individual channels 14b opposite
each other face a common channel 21b. Bonding was performed
by allowing the chips to stand at room temperature for 1
hour.

The faces of the ink feed member 21 for bonding with
the chips 10 were designed so as to have the same height.
Thus, upper faces of coating layers 14 of the chips 10 were

egqual in height. A polyimide sheet {(top 22) having a
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driving the chips 10 were connected to term nals 10a
(pads) on the chips 10 by wire bondi ng. Furthernore,
the connection portions were sealed with a seal ant
(epoxy resin 15 adhesive) so as to prevent the
connection portions from being in contact with ink.

The resulting head was tested for ink discharging.

The results denonstrated that there was no fail ure,
such as defective operation due to | eakage of ink,

and ink could be 20 staQJ$0dLscharged. - 21 - CLAIMS

1. Aliquid discharge head conprising: a S05P0665
sem conductor chip including: a sem conductor

substrate; 5 at |east one heating el enent di sposed on
dgHigeds SRPEB N AV 9ot FAEEKNERHE At 4 4Bt vaneonded to

thhee"’}{p'p%% ?ngsef‘t h28! 092 E%‘%}ﬁgfdiﬁ thel Lreskl Qs fig
coatrng | ayer I Sposed on € senm conduct or

1SHhst nat ge the 9dld N9 .| aygE HAVi A Aladh885he AR aiso
nozzl e, 10 each nozzl e being arranged above a

uGRt hespondi Ag afteddfvet Hadhakiteast) oneukeatingre, the
el enent; and at | east one individual channel disposed
siPatameen adhpelivemaordrdtiod subsy ridte randphhey coatting
| ayer, each individual channel comunicating with

quéﬂa&@s PEES BN WS Wegrah BBBVE e SCorP ebp oNER TRILE

iéﬁ“%f%% &nggﬁg!e¥¥¥ ao%%ries of bonding, the amount of the

adhesive applied was exactly adjusted sc as to prevent
occlusion of the common channei 21b and the nozzles 1l4a due
to the overflow of the silicone adhesive.

Then, terminals 24a on printed-circuit boards 24 for
driving the chips 10 were connected to terminals 10a (pads)
on the chips 10 by wire bonding. Furthermore, the
connection portions were sealed with a sealant (epoxy resin
adhesive) so0 as to prevent the connection portions from
being in contact with ink.

The resulting head was tested for ink discharging. The
results demonstrated that there was no failure, such as
defective operation due to lezkage of ink, and ink could be

stably discharged.
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heating el enent, wherein the sem conductor substrate
is formed having no through hole within the
sem conductor substrate; a liquid feed nmenber having
a common channel through a 20 base, the liquid feed
menber being bonded to the sem conductor chip in
such a manner that the comfbn~ channel communi cates
with the at | east one individual channel of the
sem conductor chip; and & sga4 nmenmber disposed on the
coating layer of the 25 sem conductor chip and the
111 quird faed JTRMEPEN 30 raS d G5@Aisitle opening of the
common channel. - 22 2. The l'iquid discharge head
agCokefli Rentiacehai Ahlp iwhkeneingthe 1iquid feed nenber
has a first face for bonding wth the sem conductor
chi p andsansesond-facesfiostbending wth the sea
menber, the first face is lower in height than 5 the
secondzf ateasandnt heesecongdef anent sdi hposadeochetght
as an upper face of the coating | ayer of the
semisemdanductab sthigre, 3.heA di dquiabtdigehdrge ingad: 1 ement
conprising: a pair of sem conductor chips, each
beirsemmendigct dm ¢hid raawcilardi ng: 10 a sem conduct or
substrate; at |east one heating el enent disposed on
the senteohdngtbrystbsiFaPESIt AE abe| 888t coRguctor

heati ng el enent being arranged in a direction;
substrate, the coating layer having at least cne nozzle,

each nozzle being arranged above a corresponding one of the
at least one heating element; and
at least one individual channel dispocsed between
the semiconductor substrate and the coating layer, each
individual channel communicating with the outside and a
region above the corresponding one of the at least one
heating element,
wherein the semiconductor substrate is formed
having no through hole within the semiconductor substrate;
a liquid feed member having a common channel through a
base, the liquid feed member being bonded to the
semiconductor chip in such a manner that the common channel
communicates with the at least one individual channel of the
semiconductor chip; and
a seal membér disposed on the cecating layer of the
semiconductor chip and the liguid feed member so as to seal

the opening of the common channel.
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a coating |layer disposed on the sem conductor 15
substrate, the coating | ayer having at |east one
nozzl e, each nozzle being arranged above a
correspondi ng one of the at |east one heating
el enent; and at | east one individual channel disposed
between the seni conductorZ¥ubstrate and the coating
| ayer, each 20 individual channel comunicating with
the outside and a regi on above the correspondi ng one
2. of Thhe Larul8a st S6HE-I Ive AERAG 261CEFEHTY, tﬁhéﬁ@ﬁﬁ-the

senm conductor substrate is forned haV| no thr%
“nestiche St Hi o e f56t EGnEt o Cendtrate I 2 Pkno
eed nmenh h I
it 159 P g oPase w&@&c%omé%%%b%%%?&dt & at%e'%aﬁ PRfrin

sem conduct or faci each qther uch
Wltk}rgllﬁ‘?els “Criaf"® m?)r% c%rﬂ%%lchgtnn Cecomn(}rﬂw(?é:t ad’ e’(J‘nqht Fhan
|nd|V|d |__channel f cqnd or. i d
che UMM T S el SO O B

L%?DI q;ac%e'gf CLoX ﬁ]?(%pfaS?é)r aéftQhéeéémiggnagggbggchlp

the " comon anne process pro ucing a

3.0 %u'qu%l%@qrs%%ﬁ%%d,hea@wmﬁl&nga first step of
forming a plurality of heating elenments 10 on a

senbeonduet gensubstiater thepheatipg ekeAeBhsubebRYchip
arranged in a direction;
including:

a semiconductor substrate;

at least one heating element disposed on the
semiconductor substrate, the at least one heating element
being arranged in a direction;

a coating laver disposed on the semiconductor
substrate, the coating layer having at least one nozzle,
each nozzle being arranged above a corresponding one of the
at least one heating element; and

at least one individual channel disposed between
the semiconductor substrate and the coating laver, each
individual channel communicating with the outside and a
region above the corresponding one of the at least one
heating elements,

wherein the semiconductor substrate 1s formed
having no through hole within the semiconductor substrate;

2 liquid feed member having a commen channel through a

base, the liquid feed member being bonded to the pair of
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a second step of formng a sacrificial layer on a
region including areas on the heating el enents, the
sacrificial l|ayer being soluble in a dissolving
liquid; 15 a third step of form ng a coating |ayer on
the sacrificial layer; a fourth step of formng
nozzles in regions of the Z2%ocating |ayer after or
simultaneously with the third step, each of the
regions being | ocated above the correspondi ng 20
semigerdifg o8l 6heRe, Tand GacRcdf heIndZz I pasdipnger that
through the coating layer; a fifth step .of cuttin
the CREMGENCEGRAG G EMBSFAEE ditong the SHiddkiy channels
direction of the sacrificial |ayer and the coating
of tp&yéPmﬁgoﬂﬁﬁﬁgﬂﬁﬁéaﬁHEUCﬁ' chi ps each conprising at
25 Iea;t ong of the Qggtiﬂgtggeg%n%s angae%%g of the
eXposFhg RS T saeriPreral ™l ayer “af “the corresponding
. _cut- end;. and. - .24 Si Xt tep of_ i
e R e e S

L SS@lv liquid to dissolve the sacrificial |ayer,
Comn%ﬁergﬁnn%%é process further conprises: 5 a bonding

5 .Step of, honding eachsemLanduchory chiRralrgd easlq,
after the fifth step to a liquid feed nenber
compgrGlivdi:-ng a conmon channel passing through a base in
such a manner that each cut end of the correspondi ng

sanrcepdueter elii Porhiaces at beuveanmwy elanaak;ingnediements
on a semiconductor substrate, the heating elements being
arranged in a direction;

a second step of forming a sacrificial layer on a
region including areas on the heating elements, the
sacrificial layer being scoluble in a dissolving liguid;

a third step of forming a coating layer cn the
sacrificial layer;

a fourth step of ferming nozzles in regions éf the
coating layer after or simultanecusly with the third step,
each of the regions being located above the corresponding
heating element, and each of the nozzles passing through the
coating layer;

a fifth step of cutting the semiconductor substrate
along the stacking direction of the sacrificial layer and the
coating layer to form semiconductor chips each comprising at
least one of the heating elements and each exposing the

sacrificial layer at the corresponding cut end; and
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10 a sealing step of sealing an opening of the common
channel with a seal nmenber in such a manner that the
seal nenber is disposed on the |iquid feed nmenber
and the coating |ayer of each sem conductor chip
bonded in the bonding step. 5. The process for
producing a liquid dischargf head 15 according to
claim4, wherein the bonding step is performed for
each sem conductor chip subjected to the sixth step.
62 ﬁ@ﬁ?bcé§§pf@f PROHGELRE 5hﬁ|a@macapgeﬁ§P§eCHéaa
conpri si ng: irst step of foarmng a pluyrality of

formggatifng hél éﬁ%ﬁ@s stey it alSefiESdUdrer [SEStT dte,

t he heating elenent hei %% arranged in a di recti on
dlssglg@t6ﬁ@ 'sacrificial |ayer on a
heati.ng el enents, the

|on |nchud|ng areaﬁ on, the %
?FEFElE elgg FeBEi nY - SBPaLFE PR 5 8 ssol vi ng
25 t t ff I .
tﬁe ngéng SS%P:rg Bb 5838 egEH‘Egmﬁc%Q%hb@%r %ng qd

|C|a ourt

for zl n of
1ea5t a@rt%%r I’-Egl%“l]flq-?fétrlileogut% llﬁgﬁt Ci‘%t st ep, eacnl']c;ludlng
b at 4,
a Cd%BE¥h%Qh9H§ﬂ'Skile gﬁ Iﬁﬁnﬁﬁp¥§]§é§é) fresRRnding. Qng 15

eatin and each of the nozzl es
thatp%sd%}'pg:utt hieuglr the Wﬂ%c!rﬂyﬁ{g il ddristen ofhip

cutting the seni conductor substrat'e along the
facesd ackl R ndigrectHomaf: they sacrificial layer and

a sealing step of sealing an opening of the common
channel with a seal member in such a manner that the seal
member is disposed on the liguid feed member and the coating
layer of each semiconductor chip bonded in the bonding step.

5. The process for producing a liguid discharge head
according to claim 4, wherein the bonding step is performed
for each semiconductor chip subjectea to the sixth step.

6. A process for producing a liguid discharge head,
comprising:

a first step of forming a plurality of heating elements
on a semiconductor substrate, the heating elements being
arranged in a direction;

a second step of forming a sacrificial layer on a
region including areas on the heating elements, the
sacrificial layer being soluble in a dissolving liguid;

a third step of forming a coating layer on the
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the coating layer to form sem conductor chips each 10
conprising at |east one of the heating el enents and
-each exposing the sacrificial layer at the
correspondi ng out end; and a sixth step of immersing
t he sem conductor chips fornmed in the fifth step in
the dissolving liquid to 25 di ssolve the sacrificial
| ayer, wherein the process further conprises: a
bondi ng step of bonding a pair of the sem conductor
sacrgfiipsaat legast after the fifth step to a liquid feed
menber including a common channel passing through a
basgéonntBughen 98 ABARERIt RAEZEAE Elt TRAYSNBf Ofhehe
sem conductor chips are_ di sposed across._ the conmo

n

coatéRAnAEY SFr GiEAcRToCREMISE RS Yo Y 14k &A6h “otRér SteP:
and a_sealing step.of sealing an opening of the

cachiBRmbhe CRAMAES WELR% LOGAE NeRbSrsi i SUGH SxEmlHae one

hat the seal 25 menber,is dis d aon.the coatin

OF thaybrgtoRt FéeIEM Gondact 6 Ch e THandgd 1re be ook
bondi step...7. -The process for producing a liquid

thro&?@cﬁ%%ggo gégg-lfgergccording to claim6, wherein

the-bopdi DO-StEP La-ReRbOLARAschoEohhRCEEH caRdUCLOL
chi ps subjected to the sixth step

along the stacking direction of the sacrificial layer and
the coating layer to form semiconductor chips each
comprising at least cne of the heating elements and each
exposing the sacrificial layer at the corresponding cut end;
and

a sixth step of immersing the semiconductor chips
formed in the fifth step in the dissolving ligquid to
dissclve the sacrificial layer,

wherein the érocess further comprises:

a bonding step of bonding a pair of the semiconductor
chips at least after the fifth step to a liquid feed member
including a common channel passing through a base in such a
manner that the cut ends of the semiconductor chips are
disposed across the common channel from each other so as to
face each other; and

a sealing step of sealing an opening of the common
channel with a seal member in such a manner that the seal
member is disposed on the coating layers of the

semiconductor chips bonded in the bonding step.

7. The process for producing a liguid discharge head
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according to c¢laim 6, wherein the bonding step is performed

for the semiconductor chips subjected te the sixth step.



