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" AND METHOD FOR MANUFACTURI NG LI QU D JET HEAD 5 Background of the Invénﬂlo
Technical Field The present invention relates to liquid jet heads, liquid

“jet apparatuses, and nethods for manufacturing the 10 liquid jet head The

present invention is particularly applied to a liquid jet atus using a
thermal head to ensure satisfactory reliability even if amﬁm Il/ﬂm rnis
formed of a wiring nmaterial having an enhanced el ectrom gra wmance.
15 Background Art Needs for color hard copies have recently bé&ensegrow ng in
the field of image processing and the like. According to the needs, nethods

for making col or hard copies are proposed 20 which |nclude m H
dye transfer nmethod, a thernofusibhle transfer nethod, I|un W mmmmmmwmm
such as ink jetting, electrophot RSEHHFTIAN a silver salt *G00002*

phot ot her nographic nmethod. In the liquid jet nmethods from anong those
nmet hods, 25 droplets of, for exanple, a recording liquid (ink) are
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MANUFACTURING LIQUID JET HEAD

Background of the Invention
Technical Field
The present invention relates to liquid jet heads,
liquid jet apparatuses, and methods for manufacturing the
10 ligquid jet head. The present invention is particularly
applied to a liquid jet apparatus using a thermal head to
ensure satisfactory reliability even if a wiring pattern is
formed of a wiring material having an enhanced
electromigration resistance.
15
Background Art
Needs for color hard copies have recently been growing
in the field of image processing and the like. According to
the needs, methods for making color hard copies are proposed
20 which include a sublimation dye transfer method, a
thermofusible transfer method, liquid jet methods such as
ink jetting, electrophotography, and a silver salt
photothermographic method.
In the liquid jet methods from among those methods,

25 droplets of, for example, a recording liquid (ink) are



Y

-2 di scharged to formdots fromnozzles provided to a recording head onto

“a recording object. Thus, high-quality inages can be output froma sinple

structure. The liquid jet nmethods are classified into, for exanple, the

“electrostatic 5 attraction system the continuous vibration generating

system (pi ezo system), and the thermal system by how to discharge liquid
such as ink. In the thermal system liquid, such as ink, is locally heated
to generate bubbles that push the liquid to discharge 10 onto a printing
object. Thus, high quality color inages_can be printed out froma sinple
structure. A printer using the thermal systemincludes a so-called printer
head. The printer head includes a sem conductor substrate provided thereon
w th heating el ements for heating 25 a liquid such as ink, a driving
circuitda§ngraeﬂo§pcfpﬁﬂegpéﬁeér@mr@eﬁﬁlﬁérpaPV@ﬁﬁé tRe2h&9fPRgiBPenent s,
and the |ike by sem conductor technol ogy. Specificall t he thermal head
has a | B§RE Pﬁ%@g?af@&ofﬁﬂéﬁiPbé8ﬁ§tit%%86'oPlﬁﬁSqP?éﬁéVsﬂﬂﬁgeﬁrC%Ppolar 20

Ci roui t PRoRUSPRF) FEQR SUBATPAReS SAPCAC-Fa. PAINL FAM JBF PROTPRRG i s
puttor PG, CYRBRL A PG maPs: AP D3Gen e ALRRCACART CTE dapos)ted and

D S hoat Ry ERahenyE SRl ey RO LRoBPor b EDa oTagEr o e Rbae 6 sl |1 con
her mal *RESA Al 04 PRcr A0S S Falr e ChSmRare o TROTa e a PP aiid such as ik

and chaprgksafge 9:dl:aW RGhhgsl iigyid to the respective liquid chanbers.
Thus, the logiC driving circuit controls the driving transistors to excite

the heating ehepratenedndl theteRy, 11§eidhesash Aeagni] schar@esipk
droplets fromthe nozzles. In order to produce a printed output wwth a high
10 resohudbited, tbt gehedatier @dbvbhak thathgakhnghel eagnia aveddesretyearranged
in the thermal head. For exanple, in a printer head having a resol ution
corr@®spondbng poi6@AnBPbbjkeati nghuesi atighs qareialki goeédratmhgterwahs of
42.333 Vim Wen the driving transistors are connected to the 15 respective
heat i ngbel préntsdwoult fuoe al simpilemsseneitngeas a wiring material, wet
etching with a chem cal solution nmainly containing phosphoric acid or the
like facilitatesineérabbenpather bhaynal shetenubiel udes wh t houtahlegrht i vel y
affecting the heating elenments. 20 However, if current is applied to the
al umi ni BRLPEREChEBAS cARE PHEBTES| PRSFoAPELLACE] BnPATMUAPREBAECTt her eby
novi ng the al um ni um at ons e a deficien%é§gaggoccur in part of
r

t ..As a result
t he aIuﬁPHFEﬁ?ﬁFrPﬁ@vﬁgﬁgeﬁﬁ?rﬁP§oWlFHehﬁéFFBPeﬁéﬁm Gl PeRR1B9br eak in

the 2 119 BR6HCL0:69:22:82 Leg.glealr eaiarati gn,dsfLeiggey) . 10 the

integrated circuit for driving the heating elements, and the
like by semiconductor technology.
Specifically, the thermal head has a logic integrated

circuit constituted of MOS transistors or bipolar

20 transistors; and driving transistors driven by the logic
integrated circuit, on a silicon substrate. Also, Ta, TazN,
TaAl, or the like is deposited to form a thin film serving
as the heating elements, by sputtering. Then, a wiring
material, such as aluminium, is deposited and patterned by

25 wet etching to connect the transistors with the respective
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- .4 ‘preparing sem conductors, accordingly, silicon, copper, or the like is

"added'to alum nium instead of using pure alum nium so that al um nium

grain boundaries are reinforced with such an additive, thereby enhancing

“the 5 electromigration resistance. It is, therefore, considered that the

reliability of the thermal head can further be increased by use of a wring
mat eri al havi ng an enhanced el ectrom gration resistance. In this instance,
therefore, it is considered that 10 el ectrom gration resistance can be
enhanced by, for exanple, form ng heatyng elenments 2 and a wiring |ayer 3
of a wring material, such as A1-Si or Al-Cu, in that order on a

sem conduct or substrate 1 including driving transistors, after form ng an
insulating |ayer on the sem conductor 15 substrate 1, and by patterning the
wiring INSAFINY Sktmetehi ng UHENSHERWE i P MYPLECt T drtviftat SUFEL &ife
additive in the wiring material, such as Si or Cu, does not dissolve in an
et chi ng THEM 20T Bt 4t i br 204 & sl Ao RYSE §517%6u2 or the

the chertLars UF Ao RHEE of 145 THET. (AR Toad e RS Ao where
Ser 1 ously =T BT RTCRN Semborhulior B i i e 25 as one
ot ching e Sin iRl e P AR AR niquin S (Bl Y
i er Pal O LI RS Ll Chent e, G O AR S R 1

undesi r ] yo &L cheds n dntka SOHELA¥s , LR 1 eéﬂeéif&ﬂa{ I dheqdigating

elenents is seriously degraded. Thus, it has been difficult to ensure the
reliabi lHdan odiddyeatdhes Mk headh e diserel shavddZ dmt erial having an

In order to produce a printed output with a high

10 resolution, it is desired that the heating elements are
densely arranged in the thermal head. For example, in a
printer head having a resolution corresponding to 600 DPI,
heating resistors are aligned at intervals of 42.333 pm.

When the driving transistors are connected to the

15 respective heating elements with pure aluminium serving as a
wiring material, wet etching with a chemical soclution mainly
containing phosphoric acid or the like facilitates reliable
patterning of the aluminium, without negatively affecting
the heating elements.

20 However, if current is applied to the aluminium,
electrons come into collision with aluminium atoms, thereby
moving the aluminium atoms. As a result, a deficiency may
occur in part of the aluminium wiring pattern. Also, the
deficiency may result in a break in the wiring pattern (so-

25 called electromigration deficiency). 1In the process of




enhanced el ectrom gration resistance. 10 Di sclosure of Invention The
“present invention has been acconplished in view above, and is intended to
propose a liquid jet head and a liquid jet apparatus having a satisfactory
“reliability 15 ensured even if a wiring pattern is formed of a wiring

mat eri al having an enhanced el ectromi gration resistance, and a nmethod for
manufacturing the liquid jet head. In order to solve the problem the
present invention is applied to a liquid jet head, and a protective |ayer
for 20 protecting heating elenents frgmdry etching for formng a wiring
pattern is provided on a |liquid chanber side of each heating el enent.
Hence, the present invention is applied to the liquid jet head and vari ous
types of apparatus discharging droplets 25 froma desired nozzle, such as a
print er MeRRTUSIHG §PkCONAUGLORF ot @3 Ld4RF 1 ousS IdyiEC Ay ofIRE T -alfd dr opl et s
for formng a protective |layer_as, the dropl et a mcrodi spenser, a

s
measur i ng vt iamraded okQ | At U Rigary of eyt PR he dropl et s:
and a pattern drawi n aratus, using a 5 chem cal, for protecting nenbers
From el chi BT hes Gir Ot bt SLUBA B ATy RIPFHGI R (e ToadThee
protecting.the eatngﬁilaﬁmtsfro dry .etching for formng the wiring

[

pat t er n,"or* tHET i hanber Side® HEHeHT i %I ement's, the protective

| ayeg prevent he dry etchin om negatively 10 affecting the heating
el erint seiel%urzc,’rﬁjt rea‘?d%?%ruf%ér%?q?%%c%f the reliability of the heating

ot A MR St e o (B gl e S
and, acodi g ma SALSh 3G YuFEAd AR T {0 LAL kP e RS WL wiring
material having an enhanced electromigration resistance. 1In
this instance, therefore, it is considered that
10 electromigration resistance can be enhanced by, for example,
forming heating elements 2 and a wiring layer 3 of a wiring
material, such as Al-Si or Al-Cu, in that order on a
semiconductor substrate 1 including driving transistors,
after forming an insulating layer on the semiconductor
15 substrate 1, and by patterning the wiring layer by wet
etching, as shown in Fig. 1.

Unfortunately, the additive in the wiring material,
such as 8i or Cu, does not dissolve in an etching chemical,
and, therefore, residues 4 constituted of Si, Cu, or the

20 like remain in the region where the wiring material has been
removed by the chemical. 1In the case of use in the thermal
head, this region, where the wiring material has been
removed, acts as a source of dust that seriously, adversely
affects semiconductor preparing processes.

25 As one of the solution of this problem, halogen gas



Al so, the present invention is applied to a liquid jet apparatus. In the
"liiquid jet head of the liquid jet apparatus, a protective |ayer for
protecting heating elenents fromdry etching for formng a wiring pattern
“is 20 provided on a liquid chanber side of each heating el enent. According
to this structure, a liquid jet apparatus can be achieved whose reliability
is satisfactorily ensured even though the wiring pattern is fornmed of a
wiring material having an enhanced el ectrom gration resistance. 25 In

addi tion, the present invention is apglied to a met hod for manufacturing
aliquid jet head. The nethod includes the step of formng a protective

| ayer for protecting heating elenents fromdry etching for formng a wiring
pattern on a Ilqa:d chanber side of each heating 5 el enent. According to

this stPdéside aﬁéﬂﬁbddmﬁfQﬁﬁh&ﬁ§8tHpﬁh&eaSPP&GP&Utéﬁ he&AJYEENn be
i ded by which I d d fact d wh liabilit
o1 S aGIGHIS drfs haa GTeR CHouG CHe O Pirig DPaPeSiR he. fSAmEASSI o v ring
10 nater, al B¥¥Pﬂ§’an enhanﬁfﬂ_electronl raglon resi stance. E %
Descrlpglgh BDadi%h g?fl%fs SUEVSHal WeeliPi§ddFoP Tdescri bi ng
resi dueschr e%uelattl ng_ f1Q erHe\Q{ect Ets%*b viaarhngopaﬁﬁn ;45 Figs. 2(A) and
|n

(B) are seéctiona |ems Used for descrl process f of manuf acturing a

L B SR B B Sty Bong e ol
are sectt(%;qllea\@lql Msefd fr sthe dasy or thgrgglsldow ng Figs. 3. Figs . 5

(G and are sectional views use cription following Figs. 4.
Thus, it has been difficult to ensure the reliability

of the thermal head by use of a wiring material having an
enhanced electromigration resistance.
10
Disclosure of Invention
The present invention has been accomplished in view
above, and is intended to propose a liquid jet head and a
liqguid jet apparatus having a satisfactory reliability
15 ensured even if a wiring pattern is formed of a wiring
material having an enhanced electromigration resistance, and
a method for manufacturing the liquid jet head.
In order to solve the problem, the present invention is
applied to a liguid jet head, and a protective layer for
20 protecting heating elements from dry etching for forming a
wiring pattern is provided on a liguid chamber side of each
heating element.
Hence, the present invention is applied to the liquid
jet head and various types of apparatus discharging droplets

25 from a desired nozzle, such as a printer head using ink



Fig. 6 is a characteristic representation of changes in 25 resistance of a
“heating el enent. g _Fig. 7is acharacteristic representation of
changes in resistance of a heating el enent under conditions different from
“those in Fig. 6. 5 Best Mdde for Carrying Qut the Invention An enbodi nent
of the present invention will now be described wth reference to the

drawi ngs. The present invention is applied to a liquid jet apparatus, a
liquid jet head used in the liquid jet apparatus, and a nmethod for 10
manuf acturing the liquid jet head. I.nthe follow ng description, ink is
used as an exanple of the liquid discharged fromthe liquid jet apparatus.
The liquid discharged fromthe liquid jet apparatus is, therefore, not
limted to ink, and it may be droplets or the |ike of a 15 fixer or a

di | uent dfopkets nkvawfoulyedye otrdmwlefor rnd drqmlsttectiiore floayemg Al so, it,
of course, may be a reagent, as in cases of use in a mcrodi spenser,

vari ous REPEecivephrirer s Ve i diePlgifes amiiasdispenssdr.atus, or a
chemical for protecting nmenbers frometching, as in cases of use in 20

pat t er n TR N AR Us e dre RS 1N aRPRr s csuing Gf raYeSthédi nent

Fi gs. 2(@% to 5(12 are sectional views used for describing a process for
manuf actth§ fF P Yt A" hAP AT HF P DR RRAGHYTe S 1% & he process,

afteg bel g 2% £ f8NCr o e Rt YRS SO SURSLE S £ Tal SeREPHESL LS

By providing the protective layer for protecting the heating
elements from dry etching for forming the wiring pattern, on
the liquid chamber side of the heating elements, the
protective layer prevents the dry etching from negatively

10 affecting the heating elements. Thus, the deterioration of
the reliability of the heating elements can be prevented
effectively even though the wiring pattern is formed of a
wiring material having an enhanced electromigration
resistance, and, accordingly, satisfactory reliability can

15 Dbe ensured.

Also, the present invention is applied to a liquid jet
apparatus. In the liquid jet head of the liquid jet
apparatus, a protective layer for protecting heating
elements from dry etching for forming a wiring pattern is

20 provided on a liquid chamber side of each heating element.

According to this structure, a liquid jet apparatus can
be achieved whose reliability is satisfactorily ensured even
though the wiring pattern is formed of a wiring material
having an enhanced electromigration resistance.

25 In addition, the present invention is applied to a



-.9 'deposition of a silicon nitride |ayer, as shown in Fig. 2(A) In the
"process, the silicon substrate 11 is subsequently subjected to |ithography
and reactive ion etching to renove the silicon nitride |layer fromthe
“regions other than 5 predeterm ned regi ons where transistors are forned.
Thus, in the process, the silicon nitride layer is provided in the regions
on the silicon substrate 11 where the transistors are fornmed. Then, in the
process, a thermally oxidized-silicon 10 layer is forned in the regions
fromwhich the silicon nitride |ayer Ras been renpved to form el ement
separation regions (LOCOS: |ocal oxidation of silicon) 12 for separating
transistors. After the silicon substrate 11 is cleaned, a gate having a
tungsten 15 silicide/polysilicon/thermally oxidized |layer structure in each
transi sterthent nf oy Rag et uha%ig i ldem isubst deadi1 iT8her metthef subj ected to
ion inplantation and heat treatnment to form source/drain regions, thereby
f or mi ng WS wdf T cHhi Pt stominm amyorsctaye thypyeroff i t chi ng
transistors 14 20 is used for exciting respective heating el enents and has
a Wit hstRiERF SRt idb R IENES GFhélret r?éﬁhﬁélﬁd,fotrhgoéfnﬁé‘ﬂ f'ype of
transistors, 15 constitutes an integrated circuit r controlling the
f or egoi M- AR YT ENS Bttt i FRSFef ¢ 25 &R EEE1E9. Then, in
t he grog%ﬁg 25 BPSG (Bor oPhosepho Silicate 3 ass) |ayer 16 is deposited
by -1 I%V%:“(Cherrical Vapor Deposition) to forman insulating
interl ayer. t . hol.es _ar. tl v N
seniconductog% P?%&gﬁbﬁ%lgéé% %%%ﬁ%%gﬁgfa¥n&g%§8g gﬁgtﬁ %Pﬁ%g#g%%§8and
reactive, ion,,etehi ' ; therpore, At is 4 trate 11
o vasher MO RSN De ARG R T AR T A e 28
titani umnidLlde barrderyimial rareepas) tied 41 itk tordar, ahsheenective
t hi cknesses of 20 and 50 nm by sputtering. 10 Moreover, alum nium
cont ai Nidigenl HRSERNtLHE i Hi P pd s AePas tedrled 3t Bi gkrasg of 600 nm
Then, photolithography and dry etching are performed to forma first wiring
pat i er n ke diuis, hdhengMdn nghipaidery relk: fromird aafion Wekiidgafekeri al havi ng
an enhanced el ectrom gration resistance connects the 15 MOS transistors 15
constituting a driving circuit to froma logic integrated circuit. Then, in
the process, a silicon oxide |layer (so-called TECS) 19 serving as an
i nsul ating interl ayer BrsiedepesiarégthynCed, taredDirewsdolysequent|y planari zed
by CwP (Chem cal 20 Mechanical Polishing) or a resist etch back technique.
Turning to FFGgS.2(B)s a&f sectilvaadeydsit u6adoforhdepasibanongeshdeesayer, a
heating resistor material, such as Ta, Ta2N, or TaAl, is deposited at a
pr edet erifiFieldt ¥ GRS Yy SR iHg,2 aHd e P&EEELS -heat i ng resi st or

matggial s 39 emyyed by phghoLLhograpy and,diy glehi gg, Thus. heating

describing a process for manufacturing a printer head
according to an embodiment.

Figs. 3 (C) and (D) are sectional views used for the
description following Figs. 2.

20 Figs. 4 (E) and (F) are sectional views used for the

description following Figs. 3.

Figs. 5 (G) and (H) are sectional views used for the
description following Figs. 4.

Fig. 6 is a characteristic representation of changes in

25 resistance of a heating element.



-.11 elements 20 are forned. Then, as shown in Fig. 3(C), SiNor SiCis
"deposited at a predeterm ned thickness by C/D to forma protective | ayer 22
for protecting the heating elenents 20 fromdry etching 5 of a wiring
"material. The protective |layer 22 has a sufficient thickness (100 nm or
nore). Turning to Fig. 3(D), after lithography, the protective layer 22 is
subjected to dry etching using plasma of mainly a CFx gas to renove the
regions to be connected with a 10 wiring pattern so that the protective
| ayer 22 is provided only on the heatigng el enents 20. Then, as shown in
Fig. 4(E), contact holes are formed by photolithography and reactive ion
etching using a CFx gas. Furthernore, the silicon substrate 11 is washed

with diluted_15 dr.of luoric acid, and a tltanlun1la a titani um
nitride barrléﬁ'nét&F & ENRSFETESS i FﬁEFeSFBEPtéP 8§p8g?P9%sth?cknesses

of 20 and 50 by putterl reqver | um n cont n per cent of
silicon ?%SJO%E)%LW g }éeap?f&t % L{nr‘fcrkr?é) l%tlglrfl %& YThus, 20 a
W ring y 4 i s, formed mhlch is connected to the first wiring
patterﬁ?ﬁéﬁlgﬂlég- ac%ghé?es and to the heating elenents 20 at the

regi ons where the heatlng el ements 20 are exposed. Turning to Fig. 4(F),
after a photoresist step, the 25 resulting wiring material |layer 24 is

subj ected to Best Mode for Carrying Out the Invention
An embodiment of the present invention will now be

described with reference to the drawings. The present
invention is applied to a liquid jet apparatus, a liquid jet
head used in the liquid jet apparatus, and a method for

10 manufacturing the liquid jet head. In the following
description, ink is used as an example of the liquid
discharged from the liquid jet apparatus. The ligquid
discharged from the liquid jet apparatus is, therefore, not
limited to ink, and it may be droplets or the like of a

15 fixer or a diluent of the ink, of dyes, or for forming a
protective layer. Also, it, of course, may be a reagent, as
in cases of use in a microdispenser, various types of
apparatus, various types of testing apparatus, or a chemical
for protecting members from etching, as in cases of use in

20 pattern drawing apparatuses or the like.
(1) Structure of an embodiment

Figs. 2(A) to 5(H) are sectional views used for

describing a process for manufacturing a printer head
according to an embodiment. In the process, after being

25 cleaned, a p-type silicon substrate 11 is subjected to



- 12 anisotropic dry etching using chlorine gas plasma to forma second
‘wWiring pattern 25. The second wiring pattern 25 serves as a power source
wire and a grounding wire and al so serves to connect the driving
"transistors 14 to the heating 5 elenents 20. In this instance, etching tine
is set so long as to sufficiently over-etching the wiring material |ayer
24, thereby conpletely renoving the wiring material without remaining in
st epped regions. Thus, a short circuit in the 10 wiring pattern resulting
fromthe remaining wiring material cag sufficiently be prevented. Then, in
the process, a silicon nitride layer 27 serving as an ink protection |ayer
is deposited at a thickness of 300 nm as shown in Fig. 5(G. A tantalum 15
| ayer is_subsequently deposited at a thickness of 200 nm by sputtering, as
shown | HERPLIEAH o & FrihI&Pamtlitrd4 L&3¥E8n P&y ERCYB. 1%h ﬁ?-azé%§ film?29
and a nozzle sheet 30 ar d%P sited in that order. Thg dr fiHn129 s
const i t Ufed Tt PHUTEEarfpl%e, o id IChSHPseTate and 15s SPOPREGEPRLYE 20
predet er mi.ned shape at, redet erm ned thi.ckness s s to,define ink
Shanber & SHE G &b i TIeFHRRIe R0 oha A 4 “pr.ele EEFIREG SR BREY by

curing. t he .ot her .hand, t.he nozzle sheet 30 is formed, in_a predeterm ned
shape 5352% %é?%ﬁﬁQrﬂg Higﬁ &?yfgl o %ﬁﬁcﬁe%ﬁﬁnfsogégghgbagd, above the 25
heat er qgﬁg% Q. . T I e I parte he -.13 dry
filn$29%ty a %;ﬁ%%%d[ﬁ%s, t g”%%% gﬁé%ﬁé%g%%%,gf%quggﬁﬁélSTPB?’dramjng
the ink ip the dilchaniels 3h.i 2pd ntil%e:i'a%z?Lla%rS%saEﬁofv@Elgﬁd_iW thethe dry
film29 and thé nozzle sheet 30. 5 (2) Operation of the enbodi nent In order

to manufagiiyfs &PHHYE 1118, subs® RARCAIS wheh «MRRWS 2¢LHEL BEoaspPri nter
head according to the enbodi nent, the sem conductor substrate 11 incl uding

the transistymet and 15, which are fornmed by treating the sem conductor
10 substrate 11, is prepared (Fig. 2(A)), and the insulating interlayer 19,
the wiring patearninl@han@rdbestheadtietinkll 2% x18ez8022]1 Bisheet 30, and
ot her layers are deposited one by one on the sem conductor substrate 11
(Fips. 2(B)ert d 5 fddfimed .inlFHen richji®nwafuioac tviiichg theosedsconhen the | ayers
are deposited one by one, the first wiring pattern 18 is fornmed of Al-S
havi ng avi teriltencded el duty dreegr atenomy ede gios tfaroe elgngnitherparhéipeat i ng
elements 20 are forned with the insulating interlayer 19 between the first
wi ri ng gasians 1§-000P t Hec2d Inedidand o8l feRtid 1200) TRé &PFicon nitride | ayer
22 serving as a protective |layer against dry_etching is further fornmed on

t he heatSRF T tefht'F I 455-°F Ssuf fAit%ieéntthlehiS&llﬁé@?. sEPeératRelhi +¥ng
material |ayer 24 is forngg of Al-Si having an enhanced el ectrom gration

resi st afd€aNSe i (931§ M&Yen%P 38 O8FEP 24 is renoved by dry etching to

forf%th%f?%%¥]e)%JfJEilicon/thermally oxidized layer structure in

each transistor~forming region. The silicon substrate 11 is
further subjected to ion implantation and heat treatment to
form source/drain regions, thereby forming MOS switching
transistors 14 and 15. One type of switching transistors 14
20 is used for exciting respective heating elements and has a

withstand voltage of about 30 V. On the other hand, the
other type of transistors 15 constitutes an integrated
circuit for controlling the foregoing driving transistor,
and is driven by a voltage of 5 V. Then, in the process, a

25 BPSG (BoroPhosepho Silicate Glass) layer 16 is deposited by



- 14 pattern 25. As aresult, in the printer head manufactured in this
process, the regions corresponding to the heating elenents 20 are exposed
to chlorine plasma for dry etching when the 5 second wiring pattern is
“forned by the dry etching. However, in the enbodinent, since the regions to
be exposed is covered wth the protective |ayer 22 against dry etching
formed of silicon nitride (or silicon carbide) to a sufficient thickness,
the chlorine plasma is prevented from 10 directly affecting the heating
el ements 20. Therefore, the deteriorajhon of the reliability of the heating
el ements can be prevented effectively even though the wiring pattern is
formed of the wiring material having an enhanced el ectrom gration
resi stance. Thus, satisfactory reliability 15 of the heating elenent is
ensur ed. CXBr £60EPLCRh YRROTrVERATHEIRN Y of© it P e WEddAP wiring pattern
in the epbodi pent, over etching is perfornmed so sufficiently that the
wiring nbtEFFafY8bes not remain in stepped regions. As a result, in the
resulting printer head,, 20 a short circyit in th iring pattern resulting
from the romdidll iy witd ¥ feicor NS ST e Yo r QT EitEed 0o Follvary L CaRd,
consequent | reliability.can be increased., By.pr.oviding the protective
| ayer Zzée?%goﬂglé??%ﬁ % %%‘Tﬁjt%n (;Oa%?lé E%%‘f]ﬁe%de% a?iy fromthe respective
i nk C e [ f. the tect |\ - 15
oveder DEPRE bt e e A TSRS e R it P a2 R B ey
conduct yiLynbLabes 10R0 thalcal apsilison oxide Jaysls (SG2kulhedeating
el ements can, therefore, heat the ink in the ink chanbers so sufficiently

as to di§§a§59§uwkc5a@lf@ﬁl@ﬁé,aeﬁf%ﬂmglwae dHPteativg shayer 22 is
provided.  Figs. 6 and 7 show the results of tests for checking the

reliabilhiyrofetberpiot 6rétyE 48y epds {ddreth asmd Ae.atThe tests were
performed on square heating elenents of 18 ~min side length by repeatedly

appl yi ngrpsheetild ehecknieesPovesf .20 midesd esi s, biheadtahiyisigver e prepared
by depositing a SiN layer serving as an ink barrier layer to a thickness of
300 I'tm aMdréavéeher a tepirsivm nepat 4 antrad uin antdeavidfatsidn doayeédrs to a

t hi ckness of 200 nm Fig. 6 shows the case where the protective |ayer 22
was for ngepssthedhbt & hehiiGknds s kaess0 dfnm he Poatt i grhadfo ltidquretrdat | ve

| ayer 22 whose thickness was reduced to the snallest value by dry etching
was 30 n#RdVREN pLFkErg oir®. Bevfowted riepeaedlldy Bt ed niaa Pettedn pi eces,
the resistance of the heating elenment jincreased seriously, and a break in
wiring otBurrBausn bhe 2orHrgtPrttest If ddneg ehe coritDfmadsdidelio .

Fig. 7 shows the case whe e%{he frolectiye | ayer 22 was forned such that
the thi cRABSRI 0Pt AREPOTET oft OF FT HRL Prat e | V8 1 AAIC L £AMGEE S Aifékness was

(oosed s e RITLLSRL Yelusy b flvi ot o v, M0, ey ses of 0.8
were logic integrated circuit.
Then, in the process, a silicon oxide layer (so-called
TEOS) 19 serving as an insulating interlayer 1is deposited by
CVD, and is subsequently planarized by CMP (Chemical
20 Mechanical Polishing) or a resist etch back technique.
Turning to Fig. 2(B), after the deposition of the
insulating interlayer, a heating resistor material, such as
Ta, TayN, or TaAl, is deposited at a predetermined thickness

by sputtering, and the excess heating resistor material is

25 removed by photolithography and dry etching. Thus, heating



. 16 repeatedly applied, changes in the resistivity were reduced to about
"5a with respect to the initial value. (3) Effects of the enbodi nent

According to the above-described structure, by 5 providing t

he protective

"layer for protecting the heating elements fromdry etching for formng the

wiring pattern, on the ink chanber side of the heating el ene
satisfactory reliability can be ensured even though the wri
formed of a wiring material having an enhanced 10 el ectrom g
resistance. By formng the protective;{ayer of silicon nitri
carbide, the ink in the ink chanbers can efficiently be heat
the protective layer is provided between the ink chanbers an
el enents. 15 (4) Another enbodi ment Although the enbodi ment

case wheekeme¢rtprof exxre veosmgdr is fornmed of silicon nitride
carbide, it is not limted to the use of these materials. Th

nts,

ng pattern is
ration

de or silicon
ed even though
d the heating
illustrates the
or silicon

e protective

| ayer may be FhafhvedSofsheiwn dén Fdwi-dé (O .t BaN29ri AECi ASt ABPPRkteRadbers is

efficiently heated. Although the enbodiment illustrates the

case where the

Wi ring patPEPFeTRIRReRdtRCkRSHT ity TR €9 dioWaA mF o4 ErivEndéyer
electrongration resi stance, the present inventjon is not limted to this,
and may OFOEPY BEOTEBTIM e CRA RS HEI the WETORY Tt CEERPE for med of

vari%us g%réngiring material. The protective layer 22 has a
sufficient thickness (100 nm or more).

Turning to Fig. 3(D), after lithography, the pro

layer 22 is subjected to dry etching using plasma of

a CFx gas to remove the regions to be connected with

tective
mainly

a

10 wiring pattern so that the protective layer 22 is provided

only on the heating elements 20.
Then, as shown in Fig. 4(E), contact holes are f
by photolithography and reactive ion etching using a

Furthermore, the silicon substrate 11 is washed with

ormed
CFx gas.

diluted

15 hydrofluoric acid, and a titanium layer and a titanium

nitride barrier metal are deposited in that order at

respective thicknesses of 20 and 50 nm, by sputtering.

Moreover, aluminium containing 1 percent of silicon is

deposited at a predetermined thickness by sputtering.

Thus,

20 a wiring material layer 24 is formed which is connected to

the first wiring pattern with the contact holes and to the

heating elements 20 at the regions where the heating
elements 20 are exposed.
Turning to Fig. 4(F), after a photoresist step,

25 resulting wiring material layer 24 is subjected to

the



- 17 materials by dry etching. Al though the enbodiment illustrates the
"case where the present invention is applied to a printer head and a printer
di scharging ink droplets, the present invention is not 5 1limted to these,
“and may widely be applied to various apparatuses, such as a printer head

di scharging droplets of various types of dyes or droplets for formng a
protective layer; a mcrodi spenser, a neasuring device, and a testing
apparatus di scharging droplets of a reagent; and a pattern 10 draw ng
apparatus di scharging droplets of a mcal for protecting nenbers from
etching. According to the above-described structure, by providing the
protective |layer for protecting the heating 15 elenents fromdry etching
for formng the wiring pattern, on the ink chanber side or other |iquid
chanber agiidgwtgfonite datated idice meing, chavirdéhgcoepyPrarinabtPi £9r8ad be
ensured even though the wiring pattern is formed of a wring materi al

havi ng éﬁ“éﬁﬁhﬁ@é@JéIé@ﬁﬂ@#ﬁg%&tioﬁhﬁe§ﬁ§9§ﬁc§}r2eglH6E§?Fpa?5ApplicabiIity
The present invention relates to liquid jet heads, liquid jet apparatus,
and net RSFYOT Grarfu Rt iSYY &9 Wgdisd ahgZQurahadi ¥ipsr eReufafPy applied
to a qug%d jet 25 apparatus using a thermal head, - 18 CLAIMS 1. A
liquid j¥RTHad i i ATV HEmSE SE8sFr ¢4 h821PE B§aEXBFting a
corrgspoq?in heq#}ng el enent di sposed 5 above a sem conductor substrate
with2a Wi ?Wék attern therebetween to generate heat so as to heat a |iquid

in a correspgndifg !E%%%gnSEa”B§Ehiﬁge£$%§ gsp£8#e§éi¥§n OO
protecting the heating element Tromdry etching for forning the wring
pattern é&%é%ki!ﬁ%ﬂﬁ“%%éyléégﬁﬂdgq%%% %q§qgﬁrmﬁkg§i9& &Q?e?egﬁing el ement.
thereby completely removing the wiring material without
remaining in stepped regions. Thus, a short circuit in the
10 wiring pattern resulting from the remaining wiring material
can sufficiently be prevented,
Then, in the process, a silicon nitride layer 27
serving as an ink protection layer is deposited at a
thickness of 300 nm, as shown in Fig. 5(G). A tantalum
15 layer is subsequently deposited at a thickness of 200 nm by
sputtering, as shown in Fig. 5(H) to form an anti-cavitation
layer 28. Then, a dry film 29 and a nozzle sheet 30 are
deposited in that order. The dry film 29 is constituted of,
for example, a carbon resin, and is formed in a
20 predetermined shape at a predetermined thickness so as to
define ink chambers and walls of ink channels having a
predetermined height, by curing. ©On the other hand, the
nozzle sheet 30 is formed in a predetermined shape so as to

define nozzles 33 from which ink is discharged, above the

25 heater elements 20. The nozzle sheet 30 is supported on the



2. Aliquid jet head according to Claim1, wherein the protective |ayer

- conprises silicon nitride or silicon carbide. 3. Aliquid jet head
according to Claim1l, 15 wherein the protective layer is locally formed on
the liquid chanber side of the heating el enment other than the region
connected to the wiring pattern. 4. Aliquid jet apparatus for preparing a
printed material by discharging droplets froma liquid jet head onto 20 a
printing object, wherein, the liquid jet head discharges droplets froma
desired nozzle by exciting a correspop?igg heati ng el enent di sposed above a
sem conductor substrate with a wiring pattern therebetween to generate heat
so as to heat a liquid 25 in a corresponding liquid chanber, and - 19
wherein a protective layer for protecting the heating el enent fromdry

et chi ng dxy fiokmi 3Ry headhied imp patihars idiepiek ¢gdgmbershélli §bed chanber
side of the heating elenent. 5. A nethod for nanufacturin? aliquid jet
head 5 doflsaeeXf npdrd&pieing fivminklds d¢ Aekz Icaappessctti-ngnd the
correspondi ng heating el enent di sposed above a sem conduct or sgbstrate W th
a Wiring'peEtes i merepetiikesh it ydier & Héd™ <8 48% §PReBPZ231Fiquid in a
correspondi ng liquid chanber, the nethod conprising the steps of: 10

form ng $heehed ing el enent above the sem conductor

5 (2) Operation of the embodiment
In order to manufacture a printer head, in a process
for manufacturing a printer head according to the embodiment,
the semiconductor substrate 11 including the transistors 14
and 15, which are formed by treating the semiconductor

10 substrate 11, is prepared (Fig. 2(A)), and the insulating
interlayer 19, the wiring patterns 18 and 25, the dry film
29, the nozzle sheet 30, and other layers are deposited one
by one on the semiconductor substrate 11 (Figs. 2(B) to
5(H}) .

15 In this manufacturing process, when the layers are
deposited one by one, the first wiring pattern 18 is formed
of Al-Si having an enhanced electromigration resistance, and
then, the heating elements 20 are formed with the insulating
interlayer 19 between the first wiring pattern 18 and the

20 heating elements 20. The silicon nitride layer 22 serving
as a protective layer against dry etching is further formed
on the heating elements 20 to a sufficient thickness. After
the wiring material layer 24 is formed of Al-Si having an
enhanced electromigration resistance, the wiring material

25 layer 24 is removed by dry etching to form the second wiring



substrate; formng a protective |layer for protecting the heating el enent
“fromdry etching for formng the wiring pattern, on the |iquid chanber side
of the heating elenent; 15 formng a wiring material layer of a wiring
material for the wiring pattern, on the |liquid chanber side of the
protective layer; and dry-etching the wiring material |layer to formthe
wiring pattern. .A ALy.Af. A3. AsS. A(. Ay. AsS. A I f. Ay. A, . Aly. AN A
f.Af.AL!f.A.Asy.As!SZthHldOZ‘zupkfa\cha]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
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formed of the wiring material having an enhanced
electromigration resistance. Thus, satisfactory reliability
15 of the heating element is ensured.
Moreover, in the dry etching for forming the second
wiring pattern in the embodiment, over etching is performed
so sufficiently that the wiring material does not remain in
stepped regions. As a result, in the resulting printer head,
20 a short circuit in the wiring pattern resulting from the
remaining wiring material can be prevented effectively, and,
consequently, reliability can be increased.
By providing the protective layer 22, the heating

elements 20 are positioned apart from the respective ink

25 chambers 31 by the thickness of the protective layer 22.
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5 droplets, even though the protective layer 22 is provided.
Figs. 6 and 7 show the results of tests for checking
the reliability of the protective layer 22 formed as in
above. The tests were performed on square heating elements
of 18 Um in side length by repeatedly applying pulsed
10 electric power. In the tests, head chips were prepared by
depositing a SiN layer serving as an ink barrier layer to a
thickness of 300 nm and further depositing a tantalum anti-
cavitation layer to a thickness of 200 nm. Fig. 6 shows the
case where the protective layer 22 was formed such that the
15 thickness of the portion of the protective layer 22 whose
thickness was reduced to the smallest value by dry etching
was 30 nm. When pulses of 0.8 W were repeatedly applied to
the test pleces, the resistance of the heating element
increased seriously, and a break in wiring occurred in one
20 of the test pieces at the count of about 10’. Fig. 7 shows
the case where the protective layer 22 was formed such that
the thickness of the portion of the protective layer 22
whose thickness was reduced to the smallest value by dry

etching was 100 nm. When pulses of 0.8 W were repeatedly

25 applied to the test pieces and when pulses of 0.9 W were
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According to the above-described structure, by
5 providing the protective layer for protecting the heating
elements from dry etching for forming the wiring pattern, on
the ink chamber side of the heating elements, satisfactory
reliability can be ensured even though the wiring pattern is
formed of a wiring material having an enhanced
10 electromigration resistance.

By forming the protective layer of silicon nitride or
silicon carbide, the ink in the ink chambers can efficiently
be heated even though the protective layer is provided
between the ink chambers and the heating elements.

15 (4) Another embodiment

Although the embodiment illustrates the case where the
protective layer is formed of silicon nitride or silicon
carbide, it is not limited to the use of these materials.
The protective layer may be formed of silicon oxide if the

20 ink in the ink chambers is efficiently heated.

Although the embodiment illustrates the case where the
wiring pattern is formed of a wiring material having an
enhanced electromigration resistance, the present invention
is not limited to this, and may widely be applied to cases

25 where the wiring pattern is formed of various wiring
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i Although the embodiment illustrates the case where the
present invention is applied to a printer head and a printer
discharging ink droplets, the present invention is not
5 limited to these, and may widely be applied to various
apparatuses, such as a printer head discharging droplets of
various types of dyes or droplets for forming a protective
layer; a microdispenser, a measuring device, and a testing
apparatus discharging droplets of a reagent; and a pattern

10 drawing apparatus discharging droplets of a chemical for

protecting members from etching.

According to the above-described structure, by
providing the protective layer for protecting the heating
15 elements from dry etching for forming the wiring pattern, on
the ink chamber side or other liquid chamber side of the
heating elements, satisfactory reliability can be ensured
even though the wiring pattern is formed of a wiring
material having an enhanced electromigration resistance.
20
Industrial Applicability
The present invention relates to liquid jet heads,
liquid jet apparatus, and method for manufacturing a liquid
jet head, and is particularly applied to a liquid jet

25 apparatus using a thermal head.
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1. A liquid jet head discharging droplets from a desired
nozzle by exciting a corresponding heating element disposed
5 above a semiconductor substrate with a wiring pattern
therebetween to generate heat so as to heat a liquid in a
corresponding liquid chamber,
wherein a protective layer for protecting the heating
element from dry etching for forming the wiring pattern is
10 provided on the liquid chamber side of the heating element.
2. A liguid jet head according to Claim 1,
wherein the protective layer comprises silicon nitride
or silicon carbide,
3. A liquid jet head according to Claim 1,

15 wherein the protective layer is locally formed on the
liquid chamber side of the heating element other than the
region connected to the wiring pattern.

4. A liquid jet apparatus for preparing a printed
material by discharging droplets from a liguid jet head onto

20 a printing object,

wherein, the liquid jet head discharges droplets from a
desired nozzle by exciting a corresponding heating element
disposed above a semiconductor substrate with a wiring
pattern therebetween to generate heat so as to heat a liquid

25 in a corresponding ligquid chamber, and
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A method for manufacturing a liquid jet head
5 discharging droplets from a desired nozzle by exciting a
corresponding heating element disposed above a semiconductor
substrate with a wiring pattern therebetween to generate
heat so as to heat a liquid in a corresponding liquid
chamber, the method comprising the steps of:

10 forming the heating element above the semiconductor

substrate;
forming a protective layer for protecting the heating
element from dry etching for forming the wiring pattern, on
the liquid chamber side of the heating element;

15 forming a wiring material layer of a wiring material
for the wiring pattern, on the liquid chamber side of the
protective layer; and

dry-etching the wiring material layer to form the

wiring pattern.



