;e3e0-\6T,2 J UL 200Z - 1 LIQU D EJECTI NG PRI NTI NG HEAD, PRCDUCTICN
METHOD THEREOF AND PRODUCTI ON METHOD FORYBASE BODY EMPLOYED FOR LhQyy Ug
EJECTI NG PRI NTI NG HEAD BACKGROUND OF THE I NVENTION nethod for a base
for aliquid ejecting printing head (hereinafter sinply referred to as
"printing head"), in which an el ectrothermal transducer and printing

functional elenents are fornmed on a 10 p. i on net hod
for a printingl3&8dDefp thfet té%é;éﬁﬁﬁgg ggggﬂ ﬁﬁgﬁégad and nore

),

particularly to gﬁg?@dﬁ%t ok 54 oyi ng the base
body for a printi qﬂ%ﬁ?tﬂ?ﬁm@%? nk-] e prrntrng appar atus 15

adapted to be used in copy machine, facsimle, wordprocessor, printer as

out put device of host co EPLRE so forth.
Description of the Reratg§g§§?“36h3§§v§§§ﬁ§%ar %?Eefggrntrng head is

constructed by form ng an el ectrot hermal transducer el enent on a

nonocr yst al Irr‘zmm W arrangr ng a functional elenent for driving the
el ectrot her mm “NMF 2002 - 2 elenent, a trmwm”mmﬂm/ @M Y
ro

and so forth, outgjge of the srlrcon substrate, as a driver
electrothernal transducer el enent and connecting between the elg
transducer elenent and the 5 tra Slf éb air@%ngy neans of a flexr%fe cable
or wired bonding and so fcwtﬁ?e h % % P sinplification of
construction, reducing faulty, product to bi caused during production
proces3 and |rrpTB€eri%1n‘FS€61rt urﬁ‘-VSFlr*ﬁJtC&naHG P&@%pF@d@ctﬁWﬂWﬁ?lon
characteri st f respe | e s to .consj dered, i.n head
constructirﬁﬁkf"ﬂ‘;g £ORa& W %Orrnkaj 94 t??t@cgﬂﬁégaPEs-rﬁaWﬂg a
printing whi gh the elect her squcer ehenent and t he
functranﬁgggngheﬁ 5%5 it r@%e%r%%.% printin
head"), in which an electrothermal transducer and
printing functional elements are formed on a
10 substrate, and a production method for a printing head
employing the base body for the printing head, and
more particularly to a production method for a
printing head employving the base body for a printing
head to be employed in an ink-jet printing apparatus
15 adapted to be used in copy machine, facsimile,
wordprocessor, printer as output device of host

computer, video output printer and so forth.

Description of the Related Art

20

Conventionally, the printing head is constructed
by forming an electrothermal transducer element on a
monocrystalline substrate, arranging a functional

element for driving the electrothermal transducer



15 common substrate, have been proposed in Japanese Patent Applicatilh 2002
Lai d-open No. 72867/1982. =~ Fig. 1 is a section showing a part of the base
body for the printing head constructed as set forth above. In Fig. 1, a
reference numeral 1801 denotes a 20 sem conductor substrate of

monocrystal line silicon. 1804 denotes “an N-type seni conductor epitaxial
region, 1811 denotes an ohm c contact region of an N-type sem conduct or
with high inpurity concentration. 1805 denotes a P-type sem conductor base
region, and 1810 25 denotes an emtter region of a high inpurity 2,1 Ul
2002 - 3 5 10 15 20 concentration N-type sem conductor. These region forns
a bi pol arelemesitst 0a. ti@kfsilenekesarsy| aenh oxi dertdyeroassd dwabf

accurrul ation layer and an interlayer insulation |ayer. 1817 denotes a heat
gener ati ngheesiisttohayribsiBa8ederms ea dniivéngcérentitodéoef tdheim num
(A1), 1819 denotes a silicon oxide |layer as a protective |ayer, 1812

denot es @bas¢ratherinar]l cornansdeleet redensntAlandd cikd20ededotes a Ta | ayer
as a protective layer. These formthe base body for the printing head

i ncl udi ngoebhwesirecthet ledramt rotiesduekr triggrsduee?? alenens arathe
generating portion. The printing head is constructed by form ng an upper

pl at & and-BEanisq§ o PadFaFy odYt Reds eCbody thasipda «2prBée 5t twizlesle. On
t he other. hand, while the construction set forth above is superior, there
still exiRPNGINEHREEr Shpk@FERent in satisfying high speed driving, energy
savi ng, high package density, low cost, high reliability strongly demanded
for the recentFori hiengpapparse usf Ainfplsficatienrefuicotstpuptavorde
hirghly reliable printing head at |ow price. For achieving this, it becones
necessar yredupdenucEatueprpnodug thezd be swusédecdurinyghpgioduetdores
Nanmel y, conventional interlayer insulation |layer 2 JUL, 2002 - 4 1816 and
t he prot @roeessyendl drpreovenerttorforapa e thy agedositing BPSG Si O
Si02, SION, SiN and,so forth at 300 to 450 .C enploying | ayer form ng

t ecRfdl o FEPEEENGEL VIO br 65T ERDL SFR.E/DPEnd P SCEBMEN. However, in

such te ature, wWri of Al.ar so.forth or.electrode ot so farth causes
aubuno gp %@%%&?L%ﬁ?ﬂsﬁ'ﬁgﬁeﬂlg@ NP et Ght ©Bnd 'ﬁﬁﬁelrj) of

Al or so.forth called as hilleck | r 4 ted_(ar y.pl.as D
Ao SOHRL! el pAoRs k! Rk AV o HIRRNAG Ia LMY W BY Rl A §
printing head, in which the electrothermal transducer
element and the functional element are formed on a
15 common substrate, have been proposed in Japanese

Patent Application Laid-open No. 72867/1982.

Fig. 1 is a section showing a part of the base
body for the printing head constructed as set forth
above. In Fig. 1, a reference numeral 1801 denotes a

20 semiconduﬁtor substrate of monocrystalline silicon.
1804 denotes an N-type semiconductor epitaxial regioﬁ,
1811 denotes an ohmic contact region of an N-type
semiconductor with high impurity concentration. 1805
denotes a P-type semiconductor base region, and 1810

25 denotes an emitter region of a high impurity




10 nethod, as shown in Fig. 2, for exanple, and grown. Then, by unevenness
of the hillock 1101 and 1102, shorting is caused between w ring el ectrodes
and between wiring and the protective |ayer of Ta (see protective Iay:;srl”.z[m2
1820 shown in Fig. 1, for exanple) to 15 result in operation failure 8
lower yield in production. Therefore, 7if i's a belief of the inventors that
i nprovenent of yield in production of the base body can be achi eved by
restricting growh of hillock in 20 |ayer deposition by plasm CVD net hod
and sputtering nmethod. SUMVARY OF THE | NVENTI ON 25 Therefore, it is an

obj ect of the present 2J UL 2002 - 5 invention to solve the
above-nentioned technical problemand thus to provide a production nethod
of a baseochednipataddr gityvioed isdhecprihichgrheadlhede heegiont i ng head at
| ow cost and high yield. 5 A protection nethod of a base body for a |iquid
ej ect i ngf prin iangbhead,anctmagisgstort.he Jp8 £6edteriment ionsilacdami ng an

el ectrothermal transducer elenent for generating a thernmal energy to be
used in ¢okadial kaveti @g a beiat ngctumtliabhabnellaper aridiiag 10 the

el ectrothermal transducer_ el enent, a pluralit% of wiring el ectrodes for
connect i hgtehsl ayevi dgswhastiloral layerent hBd '/t Kerdbesr & Needdl transducer
elenment, is characterized in that the protective |layer is formed by

depdsi t | 9GNAT S RhBPati®Rl fEeaT ilBYever 15l & hdemadeeF oth &t Bl Ner ansducer

element or the wiring electrode with . elevating a tenperature.of the base
body. | n€468F%Rqs, e‘f‘:’o‘é@é%y(%gﬁpeﬁﬁa@e%ﬁ“cﬁt? wit 5% e in the

f oregoi ng_ st is in a range_of_ 200.20 '.Cto _30Q .., ,and_at, a_hi_gh
tenperat%?‘édieég jr%ygrr%eaoprﬁ(pc%.yg j@ye&, %ﬁﬁeae&%tfgﬁaﬁl y, the base
t enper ature at I e re-| 0 d .t-he S y At ture
at hi gh }Sg ercacﬁgigc?:\g%S@g@%w glé%t%%dg 820 Al aBa Gié?& dHBELS
a Ta laver as a protective layer. These form the base
10 Dbody for the printing head including the
electrothermal transducer. Here, 1822 denotes a heat
generating portion. The printing head is constructed

by forming an upper plate and a liquid passage on the

base body constructed set forth above.

15 On the other hand, while the construction set
forth above is superior, there still exist a room for
improvement in satisfying high speed driving, energy
saving, high package density, low cost, high
reliability strongly demanded for the recent printing

20 apparatus.

At first, it is required to provide highly
reliable printing head at low price. For achieving
this, it becomes necessary to produce the printing

head at satisfactorily high vield.

25 Namely, conventional interlayer insulation lavyer



On the other hand, the protective later is 25 selected anong SiN, Si O

Si 02, SiON, PSG BSG BPSG 2 J UL 2002 - 6 Zr02, A1203, SiC, SiZ?UEZ%
Ta205. It should be noted that the materials of the protective |ayer fo ne&
at low tenperature and the protective |ayer forned at high tenperature are
not necessarily the sane. The 5 protective |ayer forned at |ow tenperature
and the protective layer fornmed at high tenperature are forned as two | ayer
protective |ayer by switching the base body tenperature. The two | ayer
protective |layer may be fornmed with various conbi nations of the insulative
10 material |isted above. A production nethod of a liquid ejecting printing
head having a base body for the liquid ejecting printing head, according to

th [ j [ j l.ectroth d I t d 15
cruing fusetorar SoP BRI Y EPEAR OF hOVRS CTRLb! Brkerval foratecucer
cpi Lot bl 5P oarie oY nOBH e L8 A ot 5 oS Par o S < LAl B

epi taxial growth on”a P-type Se conduct ubstl
[orm 0o | heostryag Suncdngs ool amao il | (hogl e Erupe
e R (B i i i s R e G SR
el ectrot hefoBkIR5 tHewedeasr PheERIVh fefpleWidt%uFdNCij:anahele™e L.
so forth or electrode or so forth causes a buno shaped
\ bulge (often in the extent of 2 fm in height and
diameter) of Al or so forth called as hillock layer
deposited (grown) by plasma CVD method and sputtering
10 method, as shown in Fig. 2, for example, and grown.
Then, by unevenness of the hillock 1101 and 1102,
shorting is caused between wiring electrodes and
between wiring and the protective layer of Ta (see
Protective layer 1820 shown in Fig. 1, for example) to
15 result in operation failure to lower vield in

prroduction.

Therefore, it is a belief of the inventors that
improvement of yield in production of the base body
can be achieved by restricting growth of hillock in

20 layer deposition by plasma CVD method and sputtering
method.

SUMMARY OF THE INVENTION

25 Therefore, it is an object of the present




2 J UL 2002 driving the electrothernlal transducer elenent, a wring

el ectrode connecting the driving functional elenent and the electroégﬁg%ﬁ&
transducer elenment, a protective |layer provided on the wiring el ect e
5 formed on a substrate, and an ink ejecting portion formng step for

form ng ejecting portion having ejecti®n opening for ejecting an ink, is
characterized in that the production nmethod of a base body for the liquid
ejecting printing head includes a deposition 10 step for formng the
protective |ayer by depositing an insulative material on the wring

el ectrode with elevating a base body tenperature in stepw se fashion or
sequentially. WHEN the el ectrothermal transducer el enent has a 15 head

gener atl [Evienl p0A" JBRAS 2T AMhe COBBIYI- IR Ibnlal L ogain 1.9 to

1.0 of Ive to rn molecul ar weight ratio. The heat generating

resi st or, PR 1R e HEhiEBZo RokyvShe E'%éodﬁ%ﬂionp\méﬂhéﬂ Ig¥ phace of
TaN. 20 th the production nethod of the base body according to the

present phaventhedy Her basnikedy feeltkalakpranpihgt huhdeaddvtilgd is
superior in durability, strong against repeatedly applied thermal inpact,

i nk corrpsiertimgchdddtaonlondocat prmalikegRs vighdqual ity printing image
for a long period, can be efficiently produced. Also, with to the

QUL 00 AR RS A RO S rERIsh ok e savent on
ejecting printing head, according to the present
invention, including an electrothermal transducer
element for generating a thermal energy to be used in
liquid ejection, a driving functional element driving

10 the electrothermal transducer element, a plurality of
wiring electrodes for connecting the driving
functional element and the electrothermal transducer
element, is characterized in that the protective layer
is formed by depositing an insulative material over

15 the electrothermal transducer element or the wiring

electrode with elevating a temperature of the base

body.

In such case, the base body temperature at a low
temperature in the foregoing step is in a range of 200
20 *C to 300 °"C and at a high temperature is in a range
of 350 °C to 400 °"C. Further preferably, the base
temperature at the low temperature is 300 °C and the

base body temperature at high temperature is 350 °C.

On the other hand, the protective later is

25 selected among SiN, Si0O, SiOp, SiON, PSG, BSG, BPSG,




5 is inserted, occurrence and grow h of buno-shaped projection called as l
hill ock during deposition (growh) of the |ayer by CVD nethod at high
tenperature, can be successfully prevented. Therefore, shorting betyﬁgn m?e i
wiring electrode or 10 between the wiring and the protective |ayer o H;

due to unevenness due to hillocks 1101® 1102 as shown in Fig. 2, operation '
failure to cause | owering of production yield can be avoided. As a result,

the printing head can be produced at high yield and thus 15 highly reliable
printing head can be provided at | ow price. The above and the ot her

effects, features and advantages of the present invention will becone nore
apparent fromthe foll ow ng descriptions of the 20 enbodi nents thereof

t ak ' | t4 | h ' d ] 2 2 -9

BRI EF DESCRPTI GG THE Loravi KGR Tg T 7 o' Bagrinwhfl S%daPFaR show ng
f g- "agran

“nvent | ont RGP0 e e R R O P o2 "2t v kor on

AL el ectT9gg RIAHYEEH chy SeahENE 1P GRROY {VaN 1 Bl PEQLREA Ve | ayer

Fig. 3 is a diagranmtic section ing a base 107body for an ink-jet
printing peath dddpetaufedndd @{H@tﬁéc%%@d@ﬂl?h%élgsém'e@yer'I‘H@pOS' ting

apparatus for formng respective layers o
5 protective layer formed at low temperature and the
protective layer formed at high temperature are formed
as two layer protective layer by switching the base
body temperature. The two layer protective layer may

be formed with various combinations of the insulative

10 material listed above.

A production method of a liquid ejecting printing
head having a base body for the liquid ejecting
printing head, according to the present invention
including electrothermal transducer element and a

15 driving functional element for driving the
| electrothermal transducer element, is characterized by
forming a P-type semiconductor layer by epitaxial
growth on a P-type semiconductor substrate, and
subsequently forming the driving functional element

20 utilizing the P-type semiconductor.

A production method of. a liquid ejecting printing
head, according to the present invention, including a
base body preparation process preparing a liquid
ejecting printing head, in which an electrothermal

25 transducer element, a driving functional element



a base body used in the ink-jet printing head according to the invention;
15 Fig. 5is a diagrammatic view showi ng a PE-CVD apparatus for fornin? a
protective |ayer on a base body; Fig. 6 is a graph illustrating a £ JUL 200
rel ati onship between a substrate tenperature and a breakdown 20 voltage
ratio; Fig. 7 is a graph illustrating & fel ati onship between an el apsed
period frominitiation of |ayer deposition in tw stage |ayer deposition,

| ayer thickness and a furnace tenperature; 2J UL 200Z - to Fig. 8is a
di agrammati c section show ng a configuration of a wiring electrode; Fig. 9
Is a diagrammatic front elevation showing a configuration of the wiring
electrode; 5 Fig. 10 is a diagrammtic section of the wiring el ectrode and
the heat deiviggpariheor] ddirotheriaal ot aghamteée lahenkevat i on show ng

a configuration of the wiring electrode; Fig. 12 is a diagranmatic
per spect iwer ¥new esheatmgd) ¢coshde tifn@nthek-dretvpnontfumgchéahiaFig. 13 is
a diagrammatic illustration explaining driving nethod of a base body for an
i nk-j et Elenend ad; thieg.elactyofhiimmaamratans gecsgiecel emearitew ahow ng
protective layer provided on the wiring electrode are
5 formed on a substrate, and an ink ejecting portion
forming step for forming ejecting portion having
ejection opening for ejecting an ink, is characterized
in that the production method of a base body for the
ligquid ejecting printing head includes a deposition
10 step for forming the protective laver by depositing an
insulative material on the wiring electrode with

elevating a base body temperature in stepwise fashion

or sequentially.

When the electrothermal transducer element has a
15 head generating resistor made of TaN, composition of
TaN is to contain 1.9 to 1.0 of Ta relative to N in
molecular weight ratio. The heat generating resistor
may be made of HfB3, Poly-Si, Ta-Al, Ta-Ix, Au or Ag in

place of TaN.

20 With the production method of the base body
according to the present invention, the base body for
the ink-jet printing head which is superior in
durability, strong against repeatedly applied thermal
impact, ink corrosion or cavitation, and can provide

25 high quality printing image for a long period, can be



15 the ink-jet printing head; Fig. 15 is a diagrammtic section show ng the
ink jet printing head; Fig. 16 is a diagrammuatic section longitudinally
cutting a major elenent of a base body for an i‘nk-jet 20 printing h?gﬁLZM
according to the invention; Fig. 17 is a diagranmatic perspective v /i
showi ng one exanpl e of an ink-jet primtd ng apparatus enploying a printing
head according to the invention; 2 JU 2002 - 11 Fig. 18 is a graph
illustrating a result of SST test; Fig. 19 is a graph illustrating a result
of CST test; and 5 Fig. 20 is a graph illustrating a result of printing
durability test. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 10 The
follow ngs are experinments perfornmed by the inventors. [Experinent A] Above
a heating eéfisti;enbdyy grodugedl.a heating resistor body shown in Fig. 3
and on an el ectrode 15 provided below a region at least in the printing

head, where inkafilkews withet:d Nele prHY@LEELOYE atiebdl Mmoghal |y provi ded.
The protective |ayer serves for chemcally and physically protecting a

heat i ng resisharihedielel i agotiiEyey et ecttindepradehead ethng &9, porti on
fromthe ink at the upper side for preventing shorting between the
el ect r odessandd dakagpristeeenviehel &y erct fodesedf athd saneekipedsature
particularly between selection el ectrodes and for further preventing
contac? beiseémagietedk accuhresieetapde guuwth2of pungoshapdad
corrosion of the el ectrode which can be caused, by L
projection called as hillock during deposition
: (growth) of the layer by CVD method at high
temperature, can be successfully prevented.
Therefore, shorting between the wiring electrode or
10 Dbetween the wiring and the protective layer of Ta due
to unevenness due to hillocks 1101, 1102 as shown in
Fig. 2, operation failure to cause lowering of
production yvield can be avoided. As a result, the
printing head can be produced at high yield and thus
15 highly reliable printing head can be provided at low

price.

The above and the other effects, features and
advantages of the present invention will become more
apparent from the following descriptions of the

20 embodiments thereof taken in conjunction with the

accompanying drawings.



appl ying power to the el ectrode contacting with the ink. Required property
of the protective layers are 5 difference dependi ng upon the position to be
pl aced. For exanple, on the heat acting portion, for example, the 2 JUL 200
protective layer is required high (1) heat resistance, (I1) ink proofing
property, (I11) ink penetration resist8nce, (1V) heat conductivity, (V) 10
anti-oxidation property, (VI) insulation ability and (VIl) resistance to
damage. In the region other than the heat acting portion, thernmal condition
i s reduced, higher ink penetration resistance, ink proofing property,
insulation ability and fracture resistance 15 are required. However, at the
present, there have n&RBEENDESHRIBTRaNe QBRI THEr BRRIWENGSect i ve | ayer

whi ch can satisfy all of the required properties of (1) to (VIl) at
respective desired | evel and can cover all of the heat 20 acting portion
and the electrode with a single layer. In this circunstance, in the

practical pri ntﬂ.,:i%.dhg?g%ésa\é:%%gg%a%{agigl %gv{gfg My, X |1 ecorrpensat e

properties req g“portion € pPace ,ar elected to

formth j i f al it I . h
273U 1 B B B chase HIB PEEY B P Ppbidld Mol duESzaicl S
reqU|5ed £8 qﬁh@ték%ﬁ$H{ IEh%Q%% t e|;ng strength not only between the

constituent |ayer ~al'so wit adj acent | ayers, and not to cause

the |ayers: dur FA§ produst o praEasssL £s G5 HoRng b n o
" ot pPRd ML RESE pir 81 TorbPor R adRERe b g, MR tRER Y ar e
par U1 al TRV SO T P Ed Ty er e AGBESFed on the substrate (n the
product] on progass: Jhus, 1 naihe,shade [ Lo og W prateg gLaver

10 body for an ink-jet printing head;

Fig. 4 is a diagrammatic section showing a layer
depositing apparatus for forming respective layers of
a base body used in the ink-jet printing head

according to the invention;

15 Fig. 5 is a diagrammatic view showing a PE-CVD
| apparatus for forming a protective layer on a base

body;

Fig. 6 is a graph illustrating a relationship
between a substrate temperature and a breakdown

20 wvoltage ratio;

Fig. 7 is a graph illustrating a relationship
between an elapsed period from initiation of layer
deposition in two stage layer deposition, layer

thickness and a furnace temperature;



15 surface of the portion where the protective layer is forned, fine
unevenness with sl apwedge portion (stepped portion), step coverage ability
of the protective |ayer at the stepped portion becones inportant. Wen
step, coverage is poor, penetration of 20 the ink can be caused at thuBL 2007
portion to be cause of stray current” ddrrosion or electric breakdown. On
t he ot her hand, when possibility of causing defective portion in the forned
protective layer is high in the production nmethod, the ink nmay penetrate
through the 25 defective portion to frequently cause significant 2J UL
2002 - 14 shortening of the life of the electrothermal transducer. In
these reason, the protective layer is further required to have high step
coverage, |ow Bagsi BB |isyas dfagrammediice staddi@@t SPWOWOREi 8n, such as pin
hole, in the formed protective |ayer due to the production nethod thereof.
Even i f tbenddfgerationied, Wifelngf 64€ 6066 /be i gnorabl e or | esser.
Particularly on the heat acting surface, severe 10 tenperature variation
cycl e between high t®nper at dEagremtienpecatr elevatepeat sthdwingewer al
t housands tinmes per one second. Also, the ink on the heat acting surface is
evapor at edoglfriicngratdlort evpethlelnel pngoe tecyenereat e bubble in the ink to
el evate the 15 pressure within an ink passage, and associating with
| owering of tepggr.atféeist he &f&?&%ﬁ%i@ks'e%ﬁaﬂe%%e%ﬁé gkiyuhate the

h eln

bubbl® to | ower e pressure 1n passage. Such pressure vartation is

repeated LoEAINAR LAPPhY PRENANAERL NS 1958 L20:paused by repeated heat

cycle. There on the protective |ayer provided for covering at | east
t he upper surface of, the heat_actin ortio part.icul ar required

it

to have high i ApSct Thoist fhcilagyPHEIE rEhaarlt SLAVACLRR SOIRIHES

t th bet . 25 I | it I st tecti I :

T 0as SR IR o et eB¥ Y EIREERRR I Tospect 1o
Fig. 12 is a diagrammatic perspective view showing

10 inside of an ink-jet printing head;

Fig. 13 is a diagrammatic illustration explaining
driving method of a base body for an ink-jet printing

head;

Fig. 14 is a diagrammatic perspective view showing
15 the ink-jet printing head;
Fig. 15 is a diagrammatic section showing the ink-
jet printing head;
Fig. 16 is a diagrammatic section longitudinally

cutting a major element of a base body for an ink-jet

20 printing head according to the invention;

Fig. 17 is a diagrammatic perspective view showing
one example of an ink-jet printing apparatus employing

a printing head according to the invention;




breakage strength of the heat generating resistor body upon formation of '
the Layer by varying Layer formation tenperature of SiN protective |ayer at

the mid-way of 5 layer formation by plasma CVD nethod. The heat genet abli 22 |
resistor was prepared by formng | ayer of TaNp.8hex in reactive sputtering
met hod according to the present inventlilom. The | ayer fornmng condition is
24%in nitrogen gas pressure, 10 total pressure of argon gas and nitrogen
gas at 7.5 mlorr, sputtering power in 2 kW and the substrate tenperature
of 200 'C. A layer formation apparatus is schematically illustrated in Fig.
4. In Fig. 4, the reference nuneral 301 denotes a 15 tantalumtarget. The
tantalumtarget 301 is provided on a flat plate form nagnet 302. At a

posi tion opposimggt o tdej sant jraphaidat tatargphst raka ol der 303
hol di ng a substrate 304 is arranged. The substrate 304 is constructed to
heat at theeg@;predeterm ned tenperature via the substrate holder 303 by a
heater 305 nounted on the substrate holder 303. The substrate 304 side and

the target 301 side ar nnec Y 3 c ... BY-a i cation
of the power so%igé %fg %reédé;%ﬁml%&@%ptgféﬁéin?%;&% Ei'etr e(ﬁgeegy
establishegeggt t he substrate 304 2 ~a ~ zooz - 16 side and the
target 3017 ST dé. e target 301, the substrate 304 and the power source 306
are housed within a chanper 309 and atranged therein. The .interior space of
the chanber 30F3#€-si4Qiat8dd FEARBCHGHTORERELEY AndesYrtedefer ni ned

m xture gas_iLs, f.ed into the chanber 309 from an introduction-opening 310.
As this m&?b?&%,gﬁrﬁﬁ%ﬁuﬂygg?%- argon (Ar) and nitrogen (N2) can be
consi dered, for exanple. On the other hand, within the chanber 309, a
shutter 311 10 for opening and closing in front of the target 301 is

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The followings are experiments performed by the

inventors.
[Experiment A]

2Above a heating resistor body provided a heating
resistor body shown in Fig. 3 and on an electrode
' 15 provided below a region at least in the printing head,
where ink flows or retained, a protective layer is
normally provided. The protective layer serves for
chemically and physically protecting a heating
resistor body forming these electrode and head acting
20 portion from the ink at the upper side for preventing
shorting between the electrodes and leakage between
the electrodes of the same kinds, particularly between
selection electrodes and for further preventing

contact between the ink and the electrode and



provi ded. The shutter 311 can be used effectively for controlling | ayer

t hi ckness of the |ayer on the substrate 304. Lower heat accunul ation |ayers
102 and 103 are 15 respectively Si02 layers formed by way of thermal jyi 700
oxi dation or layers, in which Ta layers_107 as t cavitation resistant

| ayers are fornmed above upper Si N prote%trve | ayer 106. In formation of the
protective |layer, a plasma CVD apparatus as schematically shown 20 in Fig.
5 was used. In Fig. 5 a wafer 901 was nounted on an el ectrode 902

consi sted of carbon. The entire el ectrode was arranged within a quartz
cylinder. A heater 904 is designed for heating the overaII quartz cyIinder

35: .Tﬂgir GEx “w"’é‘%a?«érln Pgdé:lgg? R SRS U et | 67966 Y quar 2 h
AR = GRER S Ll o e g§%§% e hsing

car bon eleﬁkrode tube to generate plasm between the wafer and the

el ectrode™Tbe to deposit the protective |ayer on the wafer 901 in the
t hi ckness of the range_thicker greater than or equal tQ 0.6 umand | ess
than or equal BQQPN¥QQ1EGOQ€E¢NSO§X&§¢r@ﬁ9§eQﬁh¥?IL%M#rGe@ﬁ#trng
condi tions are set as follo de endrnﬁbupon the.la er fgrnatron

terrpe'?atlﬁ-ié ,&rei%elé)%rl? +REt | & RQFLEL § 3recdsi 2 gas
e N 5 Fal a1 oo
S VR RS E A0 G Prrou e 2 0 T
resistance, (II) ink proofing property, (III) ink
penetration resistance, (IV) heat conductivity, (V)
10 anti-oxidation property, (VI) insulation ability and
(VII) resistance to damage. In the region other than
the heat acting portion, thermal condition is reduced,
higher ink penetration resistance, ink proofing
property, insulation ability and fracture resistance

15 are required.

However, at the present, there have not been found
a material for the protective layer which can satisfy
all of the required properties of (I) to (VII) at
respective desired level and can cover all of the heat
20 acting portion and the electrode with a single layer.
In this circumstance, in the practical printing heads,
various materials which may mutually compensate
properties required at respective portion to be
placed, are selected to form the protective layer

25 consisted of a plurality of layers. For such




V' b/ Vth) of a heat generating body in relation to the 20 |l ayer formation
tenperature of the protective layer SiN as a result of the experinents set
forth above. An actual drive voltage of the printing head is 1.2 Vth2(JUL200
times of a threshold voltage for bubbling). In view of individual
fluctuation, no 25 problemwi || be arilsen if Kb is greater than or equal

2J UL 2002 - 18 to 1.3, and the layer obtained at the | ayer formation
tenperature higher than or equal to 150 C may be used as the printing head.
Also, it was found that the |ayer formation tenperature higher than or

equal to 5 200 Cis preferred in order to enhance reliability. Al so, at the

| ayer fomedtertdierpelatvae SEgher] & hahageredsialrulce w30, Cithiighly reliable
heat generating body having Kb val ue greater than or equal to 1.8, could be
obt ai ned.xrd@ui¥iees et bayerirva imt iserf £ topendt usendépendenegniortonsicder ed
that, in the |ow tenperature range, reaction of the material gas becones

i nsuffi cieniyt batomeen dHargensimuntent dayeracted Silsp MWithntdhso forth
inthe later to make the density of the layer 15 |l ow, and to make coupling
force of adiparepsr }levensy nmehdcmat i heutkiugenfailuxéedingydro f or mation
tenperature higher than or equal to 350 C, TaNp, ghex |ayer was_covered with
dens® and @¥erang NPPRFENG ogoi*-’é@trr i LRy adh aREURL IR peEt Y I of t he

R O T
ayer 108 HAEHEY HerHIR AP ETs bR rRLEa 15y fisf Bef3dHY) [ 2002 1n
t he conventional |ayer structure shown in Fig. 3, after formation of wring
105 of Al or Apartoyrometpis ecinvedsgepflegmalthagoxitficenéypén the 5
N0 O e brinting head,’ a piugaiity oF fine
10 electrothermal transducer are formed simultaneously on
the substrate, formation of respective layer and
partial removal of the formed laver is repeated on the
substrate in the production process. Thus, in the
stage for forming the protective layer, the back
15 surface of the portion where the protective layer is
formed, fine unevenness with slapwedge portion
! (stepped portion), step coverage ability of the
protective layer at the stepped portion becomes
important. When step coverage is poor, penetration of
20 the ink can be caused at this portion to be cause of
stray current corrosion or electric breakdown. On the
other hand, when possibility of causing defective
portion in the formed protective layer is high in the

production method, the ink may penetrate through the

25 defective portion to frequently cause significant




equal to 1.0 um As the protective |ayer and the interlayer insulation

| ayer, PSG BPSG SiO Si02, SiON and SiN |ayers are forned at a
tenperature in a range of higher than or equal to 300 'C and |ower thap o
10 equal to 450 'C, by way of normal pressure CVD, plasna CVD or so forth.
In the conventional technol ogy, a bul £ih the order of greater than or
equal to 1 umand less than or equal to 2 umwhich is called as. hillock
1101 by 15 heating during formati on of the protective layer, as is well
known. Al so, projection reaching several umor nore, called as whisker 1102
is also caused. If hillock 1101 and/or whi sker 1102 are caused, failure of

coverage js caused in th rqot.ectiv er. -2 LRRe, the cavitation
resi st an?hpzﬁ}%?mrﬁgf &%E@jgbgw}?%nﬁgA% r?%ﬁgEg?%lgﬁse &l ectrical shorti ng
toresulf_in o ion failure. Size and density of the hillock 1101 and
the whi sfiEPnﬁ‘g‘g‘Eg?‘Jgnifi cantly affect for reliability and yield in
production of the ink-jet 25 printing apparatus. ZJ U1l 2002 - 20 1In
this experinedts thesp reaRel, t $hen@XPNeFto et LAy aty:f THEHRS or ner

experinments set forth above, study was nade for a relationship. hetween the
| ayer forgsiliohetefserhaViee hdsh AEEP| CRRET AZSuhi ?@rpgﬁﬁiﬁgéﬂ Y quality

f th tecti I . Ih It i h in the foll ow le 1. ' |
Che Babl 621 CGREEEETIGR 9| B 4HCThHSCRY HS87C. IS Th Coltm BEATe | ayer |
f tion t t t. that-th [ ' tant 10
{ampor ot bPc SRR BOTRth BEPCARCATet REVE RACol R nEbR: FP SRR aahd b cker

restr] Ol Loy SarBLk Jat e CPERAGIT prSUlY anbEab A hedluddie, Mook o

whi sker B erved, "a mark represents sli gr owt e hillock

or whi skgr, é‘@ghggiggnggeag_%&ggﬁge" @y lpekeRiresents little growh of

hill ock or 1 Sker

Particularly on the heat acting surface, severe

10 temperature variation cycle between high temperature
and low temperature is repeated for several thousands
times per one second. Also, the ink on the heat
acting surface is evaporated during high temperature
period to generate bubble in the ink to elevate the

15 pressure within an ink passage, and associating with
lowering of temperature, the evaporated ink is
condensed to eliminate the bubble to lower the
pressure in the ink passage. Such pressure variation
is repeated to constantly apply mechanical stress

20 caused by repeated heat cycle. Therefore, on the
protective layer provided for covering at least the'
upper surface of the heat acting portion, it is
particularly required to have high impact resistance
against mechanical stress and bonding strength between

25 a plurality of layers consisting protective layer.




observed. On the other hand, in the colum of the layer quality, X
represents particularly | ow density, O represents slightly | ow density and
O represents high density. 20 2 JUL 2D02 - 21 TABLE 1 SAMPLE NO. LAYER 007
FORMATI ON TEMP. (' C) RESTRI CTI ON OF HI LLOCK OR WWH SKERLAYER
QUALITY11004X2150CBZOOCD4250405300CD63%%EKW4OOXCB450XC)Fron1the f or egoi ng
table 1, it has been found that 5 when | ayer deposition is perforned at

hi gher than or equal to 100 "Cto |lower than or equal to 300 'C, the

hill ock or whisker does not grow significantly. However, the |ayer
deposited and fornmed at |ow tenperature is relative "loose" in the |ayer

qual ity 10 to gausefeweri nexpérihentd val perafskredr adath onespeacti ability
of the base body and the printing head enploying it. On the other hand, at

the tenpepabikage? stte§0R oR2xhéoherntt hpanerashusy resifrer tddycul ty
shoul d be arisen for controlling tenperature in view of the construction of
the CVD apparatfsrmadciosdi ol }whe hbapeef &y edakayjiarg f bayeri drorsapden ur e
to obtain the 5 SiN protective |ayer having relatively high density in the
| ayer quatéempesahurestof cSihg nroweatdfeilayer atd WheskRadiwarhe Al
wiring is found in a range of higher than or equal] to 200 C to | ower than
or edual layer formation by plasma CVD method.

The heat generating resistor was prepared by
forming layer of TaNg.ghex in reactive sputtering
method according to the present invention. The layer
forming condition is 24% in nitrogen gas pressure,

10 total pressure of argon gas and nitrogen gas at 7.5
mTorr, sputtering power in 2 kW, and the substrate
temperature of 200 'C. A layer formation apparatus is

schematically illustrated in Fig. 4.

In Fig. 4, the reference numeral 301 denotes a

15 tantalum target. The tantalum target 301 is provided
on a flat plate form magnet 302. At a position
opposing to the tantalum target 301, a substrate
holder 303 holding a substrate 304 is arranged. The
substrate 304 is constructed to heat at the

20 predetermined temperature via the substrate holder 303
by a heater 305 mounted on the substrate holder 303:
The substrate 304 side and the target 301 side are
connected by a DC power source 306. BY application of
the power source 306, a predetermined potential

25 difference is established between the substrate 304




- |

to 300 'C. 10 [Experinent C] Next, |ayer deposition is perforned by
separating into two stages and varying layer formation tenperature in
deposition of the layer. The first stage of |ayer deposition was per? gt
15 at the layer formation tenperature of 200 C, 250 C and 300 C, at which
effect of restriction of occurrence ofthitlock and whi sker was found from
the result of the table 1. The | ayer formation apparatus and | ayer form ng
condition other than |ayer formation 20 tenperature is the sane as the
experinment B. Evaluation was performed in the simlar manner to the above.
The results of the experiment Cis shown in the followng table 2. In the
foll owi ng kakle Zndt kd neheatdo ®f Lawer. 257har rﬁ%tf§@tt SE! akwee 200 -
350 represents that |ayer 2 J Ul 2002 - 23 deposition in a layer

t hi ckness shlkappraxenditsl yahB0Gre Wwosweer fspwedead @)0arE, tandskher eafter

| ayer deposition in a |ayer thickness greater than or equal to 4500 ~ and

| ess than witdgual at clhilfer 309 mmérbormiyed 3her&inlt stieel d be noted |
that Fig. 7 is a graph illustrating a relationship between an el apsed tine |
frominitianterodr| spaceepdsitheochamber s3@Ppsilsayeittatmatibn, and a

| ayer thickness and a furnace 10 tenperature. In the exanple of Fig. 7, the
initiaP gr¥dCHURNPensilronas agst atpredetepohnied tmixturefghayers
deposition,_ the deposition tenperature was risen gradually, the tenperature

at the | at 68Sst oF%@%@-@W@W F09 afEPM R s RTIPHAS tien a0P8B0 &y and

15 then th eposj ti te rature was nmintai ned at
glg.p As 8%18 fxgure gas, a mixture gas of argon (Ar)

1

and nitrogen (N2) can be considered, for example. On
the other hand, within the chamber 309, a shutter 311

10 for opening and closing in front of the target 301 is
provided. The shutter 311 can be used effectively for
controlling layer thickness of the layer on the
substrate 304.

Lower heat accumulation layers 102 and 103 are
15 respectively SiO; layers formed by way of thermal
oxidation or lavers, in which Ta lavers 107 as
cavitation resistant layers are formed above upper SiN
protective layer 106. In formation of the protective
layer, a plasma CVD apparatus as schematically shown

20 in Fig. 5 was used.

In Fig. 5, a wafer 901 was mounted on an electrdde
902 consisted of carbon. The entire electrode was
arranged within a quartz cylinder. A heater 904 is
designed for heating the overall quartz cylinder.

25 Thus, the wafer and the electrode within the quartz



constant to continue deposition. At this tine, while the |layer thickness is
I ncreased at substantially the constant rate frominitiation of deposition,
the protective layer at the initial stage of deposition 20 has | ower
density in conparison with the protective layer forned at the later $t@ge
of deposition where the |ayer fornaf?dH7r6nperature I's higher than that in
the initial stage. The density is increased according to elevating of the
deposition tenperature. 25 2 J UL 2002 - 24 TABLE 2 SAVPLE NO. LAYER
FORMATI ON TEMP. (C) RESTRI CTI ON OF HI LLOCK OR

VHI SKER12 08y 33020 Owa(E) @288 e45 0xd 280 g3 %Eh 268mpHAT0e 450 X3 0- 35008300-
40009300-450X In the two steps | ayer deposition set forth above, 5

remar kabl einestriiati of dthecquamiz ecyll imddowckaand/art Wwhaskel lopulkd be
achieved in the layer formation tenperature of higher than or equal to 200
'C to | onepumpan dNisfualntsosrimgi a meddrial gesgelmnd ithe hgubaytex
formation tenperature of higher than or equal to 10 350 C to |ower than or
equal to 409landex heaft rBY voltrap|ofod20 ¥z wesyeapphaddyer aqumality
was hh%h density and solid. Thus, hiahlé reliable protective |ayer can be
obt ai fed. JRPSSINGeEAFROR het gyEubaor kot oeReiat8ePd aRTA density

| ayer at higher |layer formation t eratyre at the second stage, the | ayer
Ofythe r]bgtweenytfle watfer ané”%he electrode tube to dé%osit Y

the protective layer on the wafer 901 in the thickness
of the range thicker greater than or equal to 0.6 Hm

and less than or equal to 1.0 um.

10 In this experiments, other layer depositing
conditions are set as follows depending upon the layer
formation temperature. At the layer formation
temperature lower than 300 °C, SiHz gas was 800 SCCM,
NH3 gas was 7200 SCCM and pressure was 1.5 Torr. On

15 the other hand, at the layer formation temperature
higher than or equal to 300 °C, SiH4 gas was 600 SCCM,

NH3 gas was 4800 SCCM and pressure was 2.0 Torr.

Fig. 6 shows a breakdown voltage ratio Kb (Kb =
Vb/Vth) of a heat generating body in relation to the
20 layer formation temperature of the protective layer

SiN as a result of the experiments set forth above.

An actual drive voltage of the printing head is
1.2 Vth (1.2 times of a threshold voltage for
bubbling). In view of individual fluctuation, no

25 problem will be arisen if Kb is greater than or equal




" first stage fornmed at | ower layer formation tenperature than that in the
second stage nay depress the Al wiring against |local stress caused in the
Al 10 wiring. Thus, with the process as set forth above, growh of tT@WLZWZ
hi |l ock and/ or whi sker can be successfyully restricted. In the shown
experinents, a hot wall type plasma ( apparatus in which overall reaction
chanber can be 15 heated, was enployed for multi-nunber batch type and

wher eby superior in applicability for mass-production. However, a batch
process type having parallel flat electrodes or cold wall type individua

pi ece processing type, in which a substrate support 20 (suscepter) nounting

[ m 5233 ESR 32%?3@%%%1%%%% ?éiofé%%%@ﬁgiéfa?%h%%ﬁ%?&% "
i BP. .
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be two stage layer deposition wth the conbi nation of ove. The base

body for ti‘gy%?('fSEmartii'Bﬂ neemg%qfa{@uiaerﬁ%%@fntﬁ&@p%freaada peeferred

to be forme performng process at step of formng the layer at
rel atigel yohow -subssr phe f &Fperatiy opaera t58 ednBhnk@ mavi bike 1 ayer. at

relatively high substrate
Also, at the layer formation temperature higher than
or equal to 300 °C, highly reliable heat generating
body having Kb value greater than or equal to 1.8,

could be obtained.

10, These layer formation temperature dependency is
considered that, in the low temperature range,
reaction of the material gas becomes insufficient to
remain a large amount of non-reacted Si-H, N-H and so
forth in the later to make the density of the laver

15 low, and to make coupling force of the layer forming

molecule insufficient.

At the layer formation temperature higher than or
equal to 350 °C, TaNg.gshex layer was covered with dense
and solid SiN layer for restricting change of property

20 of the TaNg.gshex layer. Thus, the ink-jet printing
head with high reliability could be obtained.

[Experiment B]

Next, study was made for influence for wiring
portion on the base layer during formation of the

25 protective layer 106 in the layer structure shown in




tenperature. 10 At this tinme, it is preferred that the substrate
tenperature in the former step is set in the range of 200 "Cto 300 'C, and
the substrate tenperature in the later step is set in the range of 350 'C
to 400 C. The base body for the ink-jet, printing head thus 15 . obt 2 #éd2002
can restrict hillock phenonenon to be Ttaused in the el ectrode |ayer set
forth above. The ink-jet printing head enpl oying such base body has quite
excellent ink-jet head printing head characteristics. The enbodi nents of

t he base body for the ink-jet 20 printing head according to the present
invention will be discussed hereinafter. The base body 100 for the ink-jet
printing hegddygeBerally has head accumul ating |ayers 102 and 103 on the
substrate 101. These heat accunul ation |ayers are 25 provided for

efficiently trangm i n%é@ﬁeﬁ@ﬁrcﬂ'}’al failtqlfn;sggg%t'uﬁﬁg ﬁﬁ%%?dlﬂyf"lgi on

application of voltage to € heat gener eat accunul

layer is cansty geled %ma%lr&{ ecsfabu&%ggllo@wfamc%&d%i'%tly The heat

accurul ation layéer 103 also 5 serves as an insul ation layer é{the heat

accunul ati @hd ayeb tkBeiver ALl 108y HadDAS & NERYckhe deat ngengs ating
body set forth ‘above, the wiring |ayer 105 formed of a material having high

el ectricc cergigéi gireaterstackedor Thendll pept iors wiar anfdﬂelé\sél HhdRysr 105
is not provided, serves as the heat generating resistor. In the
constructi eansel tarth. @bpwe, Wenthe protective layer and the
interlayer insulation layer, PSG, BPSG, SiO, Sioj, SioN
and SiN layers are formed at a temperature in a range
of higher than or equal to 300 °‘C and lower than or
10 equal to 450 °C, by way of normal pressure CVD, plasma

CVD or so forth.

In the conventional technology, a bulge in the
order of greater than or equal to 1 Um and less than
or equal to 2 pm, which is called as. hillock 1101 by

15 heating during formation of the protective layer, as
is well known. Also, projection reaching several Um
or more, called as whisker 1102 is also caused. If
hillock 1101 and/or whisker 1102 are caused, failure
of coverage is caused in the protective layer.

20 Furthermore, the cavitation resistant layer Ta formed
above and Al wiring may cause electrical shorting td
result in operation failure. Size and density of the
hillock 1101 and the whisker 1102 significantly affect
for reliability and yield in production of the ink-jet

25 printing apparatus.



el ectrical signal is applied to the heat generating resistor via the wiring
105, the heat generating 15 resistor generates a heat. Al so, in the base
body for the ink-jet printing head, the protective |ayer 106 can beZJULZWD
provi ded for the purpose of covering of the wiring 105 and/ or the heat
generating body. This protective IaYe#CHOB contributes for preventing the
20 heat generating resistor or the wiring 105 fromcontacting with the ink
or stray current corrosion or electrical insulation breakdown due to
penetration of the ink. On the protective |ayer, a cavitation resistant

| ayer 107 is typically provided. The 25 cavitation resistant layer is

provi ded for the purpose 2 J UL 2002 - 28 of protection of the

protect | ve | avernlfandihe-hemngeneiainorLegilor o emartivat | on

caused by col |l apsing of bubble after ink e]ecti eating of the heat

gener ati NG FE8ktitiive 18yeiPoinejt@ iPrAbyS dffetMherfNCEER FH LRt
generating resistor and the base body for the i'nk-jet printing head having

| ayer consibooti,ostwdiscues anadiel Ifde gi yel dtolohshint isetwkesy bipal ar
type NPN transistor 1821 as driving 10. function elenent in the base body
on a P-tygeageli dormabivmtteehfetrathierei aatt vl Middusst onAdM Whibekeairven
for the present invention will reference to the drawi ngs. However, the
preseri i ramdt Llayeshoghdlddty befl thie erdéberkithe $hywr enbDhienerdsuand can
be any one which can achieve the task of the present invention. Fig. 1is a
di agrammatie sbowrorinf thee kobbowdng Rbiebdse body for the printing head
to be produced
’ In the table 1, respective value of 100 °C to 450

‘C in the column of the layer formation temperature
represent that the layer is deposited at constant

10 temperature and a given period. In the column of the
hillock and whisker restriction, a mark "X" represents
substantial growth of the hillock or whisker being
observed, a mark "A" represents slight growth of the
hillock or whisker being observed and a mark "O"

15 represents little growth of hillock or whisker being
observed. On the other hand, in the column of the
layer quality, X represents particularly low density,
A represents slightly low density and O represents

high density.

20




according to the present

for the |,
el ectr ot her mal

i nventi on.

2

|~ 2002 - 29

buried region formng a functional
1803 denotes a Ptype isolation buried region for functional

1
substrate, 1802
el ement ,
el enent

20 The base body 1800 as the base body
printing head is fornmed a heat acting portion 1810 as

transducer el enment and bipolar type NPN transistor
driving function element on the Ptype silicon substrate 1801. 25 In
1801 denotes the P-type silicon
denotes an N-type collector

=g

i solation, 1804 denotes an N-type epiph@fimlqregion, 5 1805 denotes a P-type

base regi on
i sol ati on,
functi onal

1806 denotes a P type isSolation buried region for el enent
1807 denotes an N-type coll ector
el ement,

buried region for formng the
1808 denotes a high concentration P-type base region

for formng the 10 elenmgnt,
N regMonE N0 el gAY ERsol at i on,
181 1 dgnotes a high co
18 F @RMATdOMN col

isolatio
form ng ¢l enent,

form ng the el enent,

1809 denot e

5 a high concent
RESTRIBIDIEON arn
hcentration N-ty
@ttt tiTlandCBase

ration P-Type

IMY¥Re emtter
pe collector forf
CUAMDATYS el ect |

for

ode,

1813 denptes an enitter |el ectrode, and [L814 denotes an |i sol ati on el ectfode.
Here, NPN transistor is |fREMBd. (TK& col | @Bt 8L S§EBns 1802, 1804, 1807 |and
1811 conptetetrysurToung enttter regronf 1 Se-Tegronms—18057and
1808. On|the other hand,| as thegg0 eIenEnt i sol@ation rggion, respective
cells ar - i tioh buried rngi on 1806 P type
i sol atiop region, 1807 and hi gh gﬁncentration P type isqlation region 1809
for electrical i%solation. Fbre} PN trapsi stor 71821 hag an NP ransi stor
25 strucfure with two hijgh concentrati oh NFtype coll ectfor 2 J U1l 2002

3 200 o A

4 250 O A

5 300 o A

6 350 A @]

7 400 X @)

8 450 X ®)

From the foregoing table 1,

equal to 100

"C to lower than or egqual to 300

when laver deposition is performed at higher than or

‘C, the

hillock or whisker does not grow significantly.

However,

the layer deposited and formed at low

temperature is relative "loose" in the layer quality

10

to cause lowering of the Kb value and degradation of

reliability of the base body and the printing head

employing it.

On the other hand,

at the

temperature

it has been found that




- 30 region 1811 forned on the P-type silicon substrate 1801 via an N-type
col l ector buried region 1802 and Ntype collector buried region 1802, two

hi gh concentration P-type base region 1808 forned inside of 5 the hibUULZ%Z
concentration N-type collector region 1811 via the N-type collector burie
region 1802 and the P type base regibn2%805, and a high concentration
N-type emtter region 1810 forned between the high concentration P-type
base region 1808 via the N-type 10 coll ector buried region 1802 and the
P-type base region 1805. Then, the NPN transistor 1821 acts as a di ode by
connect i nglLéWe rhighagoneerddaailondNV1ype “eol |@LE s cReat wnshdldl @ndet he hi gh
concentration base region 12801 via the collector and base common 15 !
el ectrode dB8igderAl Sor adiracenl 1ibey NBAnbeart st or ih82Ai ewhe P-tlyge i
i solation buried region 1803, the P type isolation region 1806 and high l
concent r atconskR typelonolct | ther @hrappédatsuel enddcoxsdiatglon, r epieons are
formed in order. On the other hand, the 20 resistor layer 1817 is fornmed on

t he P-typeseficcoredubsiyreat ef 080& biien t hemipangpeurp ttaxi abtesigt ohh&804, t he
heat accumnul ation |ayer 1815 and the jnterlayer insulatjon |ayer 1816 which

al so <erveSils nurt @esi va chavieyt haviagerslntgvalyy ol density tire

head 25 accunul.ati on | ayer, 1815“¢E{ resgectively forniqg t@p ed is 1818' as
connect i ngtRRd 13R% Bfady kY nyL regty1ghingogrowy! 'ihﬁf PE r ode

1818 forned qQn the resistor Jayer 1817, heat actin ortion 1822 i
const r uct GRATHBASKEFe 10briBEead WHotBEs ¢ oty 800 of ERESEI AT ng head

is covered with t heat _accunulatio | ayer, 1815 far wi th ther

oxi dat i onq?%@ ro:}:e@%nf &M h?qﬁé?gmtf%;%(?i)ongf T eir%ﬁ’tegf, %?Beccﬁ ngufgﬁ
electrodest%8%%ﬂ)lq53, 1814 are fornmed with Al so forth. It should be noted
t hat respecti Ve el ectrodes 1812, 1813 and 1814 have side surfaces (end
portions) 10 inclined at .an angle 8 (greater than or equal to 30" and | ess
t han If} eqlB¥PEFImgnEeCdtive to the normal are shown in enlarged manner in
Figs. 8 and 9 (electrode 1814, emitter, collector and base and so forth are
negl ected). 15 Nbemthaskavedy diifsisiconst s upeeddymedy &y ngepberd=1inge
silicon substrate 1801 for the printing head having driving portion

(functi onalnkbers ) stagenrandavary g h lelwehedoraeduhohat i on | ayer 1815
including the collector ,and_base common el ectrode 1812, the 20 emtter

el ect r ode e@APErRteBRaditoierestitodn 1854 the, 1a¥edpper | ayer, the
interlayer insulation |ayer 1816 of silicon conpound, such as SiO Si02,
Si N, SiON and spthéorftirsts Bewnpsl Y denyet depsstirtel &Dwaes hpodr fdased CVD
met hod, sputtering method and so forth. 25 Since Al or so forth form ng
respdd i veatel ttite odeger formation temperature of 200 °C, 250 °C

and 300 °C, at which effect of restriction of
) occurrence of hillock and whisker was found from the
result of the table 1. The layer formation apparatus
and layer forming condition other than layer formation
20 temperature is the same as the experiment B.
Evaluation was performed in the similar manner to the
above. The results of the experiment C is shown in

the following table 2.

In the following table 2, the indication of layer

25 formation temperature 200 - 350 represents that layer



z ~u~ zooz - 32 1812, 1813, 1814 have inclined end surfaces, step coverage
of the interlayer insulation |layer is superior to permt to formthe
interlayer insulation |ayer 1816 thinner in conparison with the 7 JUL 2002
conventional 5 one w thout degradi ng heat accunul ation effect. By partially
opening the interlayer insulation |aye? I816, the collector and base common
el ectrode 1812, ' the emitter electrode 1813 and the isolation el ectrode
1814 are electrically connected, and on the interlayer 10 insulation |ayer
1816, the wiring el ectrode 1818 of Al or so forth for formng the

el ectorial wring is provided. nanely, after partially opening the
interlayer insulation |ayer, the electrothermal transducer el enent

construct I 651 St PEyERY ¥hilkABLE COPShpyeed matlelfy NS00
polycrystg E%§§£E§h§$8ﬁéx by rgactivé'sputtering and the wiring el ectrode

1818 of AL Wasso%éP;'fb'i'ﬁétﬂ ned by denosi aheh tieéhed fmesplisyet ng net hod, is
provided. Fig. 10 is an enlarged section of the 20 el ectrothermal

transducegepyi fion ihis aayed arlgedkneas vireadien hehahe &7 ottiwedal
transducer. The wiring el ectrode 18/ 8 of Al or so forth has edge portion
(and si dersurd5Ee Aomridn)eiBlihas avneentdhgten® SR eli wels ned great er
than or equal to 25 30K relative to the normal. Furthernore, on the heat
- 33 52 Jpddfefifedaetd nySPor €i.on 1822 of the el ectrothexn~l transducer
el ement shown in Fig. 1, the protecti'/~" layer 1820 of SiO Si02, SiN,

SION, SiC Si, {RSGhB:Td%BRRSt edr @2l 203g .TaR0bsand drephr ot ective | ayer

1-816 of Ta and so 5 forth are provided integrally with the interlayer

insul ati on1hayerri8i%g a relationship between an elapsed time
from initiation of layer deposition in two steps layer
formation, and a layer thickness and a furnace

10 temperature. In the example of Fig. 7, the initial
growth temperature was set at 260 *C upon initiation
of layer deposition, the deposition temperature was
risen gradually, the temperature at the later stage of
the growth of layer deposition was set at 350 ‘C and

15 then the deposition temperature was maintained at
constant to continue deposition. At this time, while
the layer thickness is increased at substantially the
constant rate from initiation of deposition, the
protective layer at the initial stage of deposition

20 has lower density in comparison with the protective
layer formed at the later stage of deposition where
the layer formation temperature is higher than that in

the initial stage. The density is increased according

to elevating of the deposition temperature.

25




Furthernore, the base body 1800 z:H formed into a |linear tapered shaped
configuration o' edge portion (or side portion) 1818 (see Fig. 11) of the
wiring 10 electrode 1818. The configurations o : the edge portion a@dpqyl
sides of the collector and base conmon el ectrode 1812 , the emtter

el ectrode 1813 and the isolation el é&cffode 1814 are also in |inear t apered
configuration as shown in Figs 8 and 12, 15 respectively. On the other

hand, since quite high step coverage can be obtained in the first
protective |ayer 1819, the thickness of the first protective Jester 1819

can be made thinner ( a. g . , greater than c~ r~ equal to 0O . 6 dim 20
and less than or equal to 1.0 umthan that in the configuration where the
edge portion |.818 is right angle. TABLE3sult, the thermal energy-lY

generated at the heat acting portion 1822 can be effectively and quickly
transmtted to the ink. In conjunction 25 therew th, throughput of the
appar at ys for form ng- the ] U L. 2002 34 first prot-eet el ayer—can

be |npr$¥ed t b doub L. £ i i tH t
be | BT ved (e g doubl ealiaee et adm | dderBELL g op
protective layer 1819 and 5 0 forth with SIOQO SijON, SIN, Si02, SiC &,
PSG BSG BPSG Zr02, A1203,|TEYP.and Gd forth by HERLGEKIQRm CvD mit hod
and spuﬂtering nmet hod, the dgposition nmethod that|_the | ower |ayer of tihe

| ayer i$ deposited at |ow teprperature in the randéﬁﬁF%ﬁgﬁ-than or equdl 10
to 200 € and rower than or efual to 300 C, and sybsequentTy the upper |l ayer
of the layer is degposited at|a tenuedatBHEe range hi gher thah or equal {to

350 C a’\r‘l | ower—it han FaY =Ya TR E-Y +o—4-00—C Nanal rawutklh ~f thn l’\; | | ool
T un LA U

oo Ol TNCOT T ], ‘ﬁl A"AALTLE NN A ] TN

and/ or "whi sker mhﬁfh can be grown q%ébng §§ | ay dep05|t|q@ at high
tenperaiure, can Be effectively res rlctg by the |ayer formed at | ow
tenperagure. I n conparison w th the case where the layer is deposited fat
one deppsiting opération at fhe cord®@néS0enper atfure wi t hodt varying the
| ayer formmg—20—tenperaturej i m SEVeratr steps aurning tayer formatiom Within
t he tenPerature range high than or egoakspo 250 '{C and | owed than or dqua

| C—shorting-due

to 450 t-o-grow-h—ofhiHock—or—dhi-sker—ecanr—be—+reduced to
signifigantly ianpve yield n proQﬂgb Mo It shquld A
6 250-450 X
7 300-350 O
8 300-400 A
! 9 300-450 X

In the two steps layer deposition set forth above,
5 remarkable restriction of occurrence of hillock and/or
whisker could be achieved in the layer formation
temperature of higher than or equal to 200 °*C to lower
than or equal to 300 °C in the first stage and in the
layer formation temperature of higher than or equal to

10 350 °C to lower than or equal to 400 °C in the first



25 be noted that in the follow ng discussion, for the 2 ~u~ zoo2 - 35
el ectrodes other than wiring el ectrodes, the edge portion (connecting end

surface) will also referred to as side surface. Next, discussion wl Jm?ﬂMZ
given for basic operation 5 of the functional element (drive portion
constructed as set forth above. Fig~ 3 7s a di agrammatic illustration for

expl aining the driving nethod of the base body 1800 shown in Fig. 1. 10
Here, as shown in Figs. 1 and 13, the collector and base conmon el ectrode
1812 correspond to an anode el ectrode of the diode, the emtter el ectrode
1813 corresponds to a cathode el ectrode of the di ode. Nanely, by applying
the positive potential bias (VHL) 15 on the coll ector and base conmobn

el ectrodec a1 (henbPN JrapSkebr 4 dagehls (S BerSRly sridirsier; @ so

t hat the %la urrent he emtter electrode 1813 as the
col | ect orpRur e §Adyt hee PREB IS Lot ecOL el ai/ker d@ndbeas a result of

20 construction shorting the base and collector, rising and falling
charact ergptizGsrefi. t he el ectrot hermal transducer el enent (RHL, RH2) becones
better to inprove controllability of causing of filmboiling and growth and

shrinking of bypblee aesocl.ated, tPRLEWILAC1 35 T Fhimsiatl Lk igetion
5 high density layer at higher layer formation
temperature at the second stage, the layer of the
’ first stage formed at lower layer formation
temperature than that in the second stage may depress
the Al wiring against local stress caused in the Al
10 wiring. Thus, with the process as set forth above,

growth of the hillock and/or whisker can be

successfully restricted.

In the shown experiments, a hot wall type plasma
CVD apparatus in which overall reaction chamber can be
15 heated, was employed for multi-number batch type and
\ whereby superior in applicability for mass-production.
However, a batch process type having parallel flat
electrodes or cold wall type individual piece
processing type, in which a substrate support
20 (suscepter) mounting the substrate is heated, may also

be employed.

The protective layer is not limited to SiN layer
but can be Si0O; layer, SiON layer, SiO layer, SiC
layer, Si layer, PSG layer, PSG layer, BPSG layer, Zr0O3

25 layer, Al;03 layer, Ta20s5 layer or layer formed by way




2J Ul 2002 - 36 that, in the ink-jet printing head utilizing the thernmal
energy, the transistor characteristics and the filmboiling characteristics
are closely associated, and small anmount of accurul ati on of rrinoriZleJ
carrier 5 in the transistor contribute for quick sw tching character éﬂﬂBs
for inproving rising characteristics povi des unexpectedly significant
effect. On the other hand, parasitic effect is relatively small to
elimnate fluctuation between the el ements so that 10 stable drive current
can be obtained. Here, by grounding the isolation electrode 1814, flow ng
of the chaﬁge into the cell can_be prevented to avoid a probl em of

mal f unct i®h BPXSIHbr PEiSSRRESs. VP diehhochicorenutseingc@iethods desired
that 15 t oncentration of the N-t) collector buried region is set to
be great ejglf?ﬁanlo %ﬁudﬁoulf@lﬁrxpﬂﬁ%yﬁﬁ%%qﬁéGCBW@erﬁtr%gﬁo Bfe¥he P-type
base regi 1.S.:5et _fo reater_ than or .equal _.to,5 x.,1014 cm 3 and snal | er
t han or e%%lbgtl}e]soé X}é‘%}gntf- < tc}%rﬁ%sr%a{:&oq{ Hef 2BBRURRP YR ‘bet ween t he hi gh
concentration base_regi on 1808 and the electrode is set to be as small as

possi bl e. ThusThg kagke chpdantfer othiey iflond ebe ovPnt Lagsilsead vira the

P-type sil.icon s%ﬁgtrate 1801 and the isqlatiagn region can be prevented.
25' " Fur t RROWE: &Meaddmenissisnprhaiersedi Lén beor fommedoby U L 2002 - 37

driving nethad of. the base body set fort ove, while only two
senico%ﬂRﬁB Oﬁﬂﬁﬂ?oﬁQOQﬁ%ﬁeéﬁs%Rﬁ?l@% gﬁ?@%%ﬁnqhﬁFiéyeﬁiaEUCh

fumﬂ'on@efg%Tﬁgfy low substrate temperature and a step of
forming the layer at relatively high substrate

temperature.

10 At this time, it is preferred that the substrate
temperature in the former step is set in the range of
200 °C to 300 °"C, and the substrate temperature in the
later step is set in the range of 350 °C to 400 °C.
The base body for the ink-jet printing head thus

15 . obtained can restrict hillock phenomenon to be caused
in the electrode layer set forth above. The ink-jet

J printing head employing such base body has quite

excellent ink-jet head printing head characteristics.

The embodiments of the base body for the ink-jet
20 printing head according to the present invention will

be discussed hereinafter.

The base body 100 for the ink-jet printing head
generally has head accumulating layers 102 and 103 on
the substrate 101. These heat accumulation layers are

25 ~provided for efficiently transmitting the energy




are arranged corresponding to 128 in nunber of 5 electrothermal transducer
el enments, for exanple, in a given interval, in practical construction and
el ectrical matrix connection is established for permtting bl ock dgi -YljlnﬂUZ
Here, for sinplification of disclosure, discussion will be given for
driving the 10 el ectrot hernal transduéér el ements R HL and RH2 as two
segnents in the sanme group. In order to drive the electrothermal transducer
el enent RH1, the group is selected by a switching signal GL. In conjunction
therewith, the 15 el ectrothermal transducer element RHL is selected by the
swi tching signal S1. Then, the diode cell SH1 in the transistor

di ode cel r
construCt AL SRR L8 AL LLVELY Jhaeader iy sohe 6 oy Causes 20"
t h upb] g f Kk
! ough ot T R Caneh  RoeYsi mi THr1 PR er Che B et Tt REPha T Pansducer

el ement Ril tkactteecgrw% é'lﬁa%'e%‘itéptﬂé{r“?f tyopsHeer element RH2 is

sel ected by t e swtching signal GL and the smntchlng signal S2 to drive

the - 3 %HnddcdiVilteg002q0{odgeae! lacFmhaTURR Y1 8 ?5@1” remt badde

el ectrothermal transducer elenent. At this tinme, the P-type silicon

subst mat e gk86ie kS a@ AdesiBat hen 9@ywétron regi ons 1803 and 1809. 5 Thus,
by arranging the isolation regions 1803, 1806 and 1809 in each

sem conduct or ghereat (egeld ), Ml fuackiar e §9yekeatdd caly inter ey

bet ween
layer 104 forming the heat generating body set forth

above, the wiring layer 105 formed of a material
having high electric conductivity is stacked. The
10 portion where the wiring layer 105 is not provided,

serves as the heat generating resistor.

In the construction set forth above, when an
electrical signal is applied to the heat generating
resistor via the wiring 105, the heat generating

15 resistor generates a heat. Also, in the base body for
the ink-jet printing head, the protective layer 106
can be provided for the purpose of covering of the
wiring 105 and/or the heat generating body. This
protective layer 106 contributes for preventing the

20 heat generating resistor or the wiring 105 from
contacting with the ink or stray current corrosion or
electrical insulation breakdown due to penetration of
the ink. On the protective layer, a cavitation
resistant layer 107 is typically provided. The

25 cavitation resistant layer is provided for the purpose




respective sem conductor el enments can be successfully elimnated. 10 The
base body 1800 thus constructed is assenbled with an ink passage wal |

menber of photosensitive resin for form ng the ink passage 206 comupijgptygpd
with a plurality of ejection openings 207, an upper plate 205 having the
ink supply opening 211 to form 15 the 4%k-jet printing type printing head
208, as shown in Figs. 14 and 15. In this case, the ink supplied fromthe

i nk supply opening 211 is accurulated in a common |iquid chanber 210
therein and supplied to respective ink passages 20. 206. At this condition,
by driving the heat acting portion of the base_body 1888, the ink is

ej ect ed t hPEUGK @ RECILHOR| @Et itHF JEAFRGT D0T. LRyEE hHCe |'ehej heakch a

drive elenent of a,logic circuit or so forth, for exang§87 in place of 25
J

the di ode SEREEAFING FAILTTOF tHeORoFROH S8HPFateY BY'1 2002 - 39
toth i nti head, will, be_di d. .For hi.gher. d it hi gh i nted
| mage qual PO SPHELEE HH REGHGS i hErng UpeBd ot 198 BV ST Bipdat us.
it is inh tl ired to.i . th ' N [ . A
exanpl ¢ oF P (P PG AT TR Heaf SEAE i +1 By ARTBCErSn BRORelT he. |
printigg hg the printing apparatus and elimnating electrical energy

|l oss t0 permt éfficient driving will be discussed hereinafter. On the

substrate which _is the sane substrate on which the heat generating resistor
is formed, a shFPDGRERING: dreRbvOERMEL LRI K LT HF L3 ARBcERGh Rage

adapted to formdrive signal processi.n nd ower_transistor of high
Vol tage bi BHCH T0EnETE ot oD SfodeT MCHRE MRS ydiny SEPnd B Shent ar e
i ricl uded. z@ﬁ§%£ﬁ&¥§éﬂfmggg%d§§358rWTif”bEth%en for formation
of a bipolar type NPN transistor 1821 as driving
10 function element in the base body on a P-type silicon

substrate 1801.

Hereinafter, discussion will be given for the
present invention will reference to the drawings.
However, the present invention should not be limited

15 to the shown embodiments and can be any one which can

achieve the task of the present invention.

Fig. 1 is a diagrammatic section of one embodiment
of a base body for the printing head to be produced

according to the present invention.

20 The base body 1800 as the base body for the
printing head is formed a heat acting portion 1810 as
electrothermal transducer element and bipolar type NPN
transistor 1821 as driving function element on the P-

type silicon substrate 1801.

25 In Fig. 1, 1801 denotes the P-type silicon




20 substrate in sem conductor technol ogy generally called as Bi - CMOS
technol ogy. On the sane substrate to the Si substrate, the heat acting
portion is forned. Fig. 16 is a diagranmatic section as cut to

| ongitudinally cut the major elenents. To Si substrate 240 as P-tygejUL 200
conductor, dopant, such as As or soférth is i mpl anted by ion inplantation
and diffusion neans to form N-type buried 25 | ayer 2402. Then, an N-type
epitaxial |ayer 2403 is 2 J U1 2002 - 40 formed in a thickness greater
than or equal to 5 '..Imand less than or equal to 10 el mthereover. On the
ot her hand, by introducing inpurity, such as B or so forth in the epitaxial
| ayer 2403, P-type 5 well region 2404 is fornmed. Subsequent]y, . |

ot Chasehy ik ke it emomant Bt ap i ke o,
regi o% and i\J@B %4351’]?“}@ f & ‘&Inf:ﬁwg-g?gé‘%qi iébgeﬁ%ﬁggﬁﬁap@
;iiicgrﬂdgg@f'\g t i%%i&rf?ﬁ??&”fﬁﬁsé“dé??e%ai?en?ﬁé'ﬁnﬁ?@riéﬁéﬁaﬁf '?%g fetfi‘:alj' ess
hundredsf¥§§%§8%%$%kﬁggéé §%ﬂ%§égfs%§§d$6F9§f%§%§%ﬁgéﬁﬁﬁi¥§ ﬁgﬁ?2406

formed by 1d0ps ngeNdods 9r F2dyBe WK 1t¥gion, 1806 denotes a P-

type isolation buried region for element isolation,

1807 denotes an N-type collector buried region for
forming the functional element, 1808 denotes a high
concentration P-type base region for forming the

10 element, 1809 denotes a high concentration P-type
isolation region for element isolation, 1810 denotes
an N-type emitter for forming element, 1811 denotes a
high concentration N-type collector for forming the
element, 1812 denotes a collector and base common

15 electrode, 1813 denotes an emitter electrode, and 1814
denotes an isolation electrode. Here, NPN transistoxr
is formed. The collector regions 1802, 1804, 1807 and
1811 completely surround emitter region 1810 and the
base regions 1805 and 1808. On the other hand, as the

20 element isolation region, respective cells are
surrounded by P-type isolation buried region 1806, P-
type isolation region 1807 and high concentration P-

type isolation region 1809 for electrical isolation.

Here, NPN transistor 1821 has an NPN transistor

25 structure with two high concentration N-type collector



On the other hand, the NPN type transistor 2453 to be the power transistor
Is formed by formng a collector region 2411; a base region 2412 and an 20

emtter region 2413 within the N-type epitaxial |ayer through inpur%yg 9
dopi ng, diffusion process and so forth. Al so, between respective el hg@,
i sol ative oxide | ayer 2453 formed by fi%ld oxidation in the thickness 25
greater than or equal to 5000 ~ and | ess than or equal 2 J UL 2002 - 41
to 10000 ~ are fornmed. The field oxide |ayer serves as a first heat

securl 2| PR BHEL AT kgL B gk BECLRM, poL s a0 R4S, Lo Lo Lo
by hoat 1 oD e e B B o R ARe e, Bt S ERR AR M 6 e e
Cnter] ayer T e, PER PO bl s BU0 R PO AT 1 8102 B0yt IR Ca L o i the

t hi ckness @sfakefttdanoer Op;-f&%et %a%fworéﬁa%lféést filthRégF:%&‘?éih&Q $3000 ~

by way of plasma CVD neth en, through contact hol es, p. 8hex [ayer

accor i ng tiRet kg gH es6AkcHL +ANVEBH QAN tvpeeResl 1 8dtit thegt Bihckness of
about 1000 as the resistor later 2419 by way of sputtering nethod. Next, as

set out withar edeedi-topexpsslbents:B lndied aregdbectlise? | aney 24a81paf SiN
| ayer is formed by 20 two stage | ayer deposition into about 10000 ~ of

type base region 1805, and a high concentration N-type
emitter region 1810 formed between the high
concentration P-type base region 1808 via the N-type

10 collector buried region 1802 and the P-type base
region 1805. Then, the NPN transistor 1821 acts as a
diode by connecting the high concentration N-type
collector region 1811l and the high concentration base
region 12801 via the collector and base common

15 electrode 1812. Also, adjacent the NPN transistor
1821, the P-type isolation buried region 1803, the P-
type isolation region 1806 and high concentration P-
type isolation region 1804 as element isolation
regions are formed in order. On the other hand, the

20 resistor layer 1817 ié formed on the P-type silicon
substrate 1801 via the N-type epitaxial region 1804,
the heat accumulation layer 1815 and the interlayer
insulation layer 1816 which also serves as the heat
accumulation layer integrally provided with the head

25 accumulation layer 1815. By respectively forming two

edges 1818' as connecting end faces by cutting the




thickness by initially deposing at a tenperature higher than or equal to
200 'C and |l ower than or equal to 300 'C, and subsequently at a tenperature
hi gher than or equal to 350 'C and | ower than or equal to 400 25 C. EZQRU
L 2002 - 42 In the upper nost |ayer, a cavitation resistant |ayer %JE

Ta or so forth is deposited in the thifdkness about 2000 ~ with opening a
pad portion 2454. 5 Finally, annealing process is perfornmed under H2

at nosphere at about 400 C to conplete the base body of the printing head.
In the final annealing process, inprovenent of contacting ability between
Al and Si substrate and |10 recovery of danmage caused in the elenents by

vari ous heat ,treatpgent_ and pl roces forth, After | eti on of
the base Wody-1 ?ﬂgcﬁﬁ?\ ?n&aarﬁdgofw@ rﬂnefglet lb?lsbﬁgl‘ﬁrng]s YS ej ection
i nk an rth,are fornmed i nanner tQ 15 former

erbodt mentBadd (HREST GRHetREn 0 eOTR a4 BT FAEE RRET Sder e, whi e the
power transistor is constructed with the bi polar transistor, it can be
forned with MBhe ®#rtire swofases af quhe Elaﬁ@ b@ﬁYprl&@Onécabptheabl e
for the ink-jet, printing head according to the present invention, various
i qui d orprhmtcﬂarhgbb etEeOVRRRGsW therehal Fseattap@am@ta-@mto have

an ink co 03|t|o a|n| g 0.5 w~to 20 wt~ of dye, 10 25 wt~ to 90 wt~
of(rﬁﬂyhggyﬁﬁ ormﬁ W Jbherma ox;datlon layer or so

forth. From functional elements, respective
electrodes 1812, 1813, 1814 are formed with Al so
forth. It should be noted that respective electrodes
1812, 1813 and 1814 have side surfaces (end portions)
10 inclined at an angle O (greater than or equal to 30°
and less than or equal to 75°) relative to the normal
are shown in enlarged manner in Figs. 8 and 9
(electrode 1814, emitter, collector and base and so

forth are neglected).

15 The base body 1800 is constructed by covering the
P-type silicon substrate 1801 for the printing head
having driving portion (functional element) set forth
above with the heat accumulation layer 1815 including
the collector and base common electrode 1812, the

20 emitter electrode and the isolation electrode 1814.

In the upper layer, the interlayer insulation layer'
1816 of silicon compound, such as SiO, SiOz, SiN, SiON
and so forth is formed by normal pressure CVD method,
plasma CVD method, sputtering method and so forth.

25 Since Al or so forth forming respective electrodes




2 J UL 2002 - 43 organic solvent, such as polyal kyl glycol and so forth.
As one exanple, the preferred ink conposition contains 3 ww~ of C.|I. food
black 2, 25 wt~ of dinmethyl glycol, 20 w~ of N—nethyI-Z-pyrroIidoqq“ﬁqmms
52 wt~ of water. Next, one exanple of _an ink-jet printing apparatus

enpl oying the printing head accordiﬁg3@o'the present invention wll be

di scussed with reference to Fig. 17. Fig. 17 is a schematic perspective

vi ew showi ng one 10 exanple of the ink-jet printing apparatus, to which the
present invention is applied. The printing head 2200 is nmounted on a
carriage 2120 engaging with engaging with spiral groove 2121 of a | ead
screw 210481RI,ven81d,r dt&t 4 kamedring hinedr endsSsurdimmessi stgears 2102
and 2103 according to forward and reverse revolution of a driving notor
2101. Thecovpmage ngfhddie 2200erd avhers dniswdrat bonedigy@tatd in the
directions of arrows a and b along a guide 2/19 together with the carriage
2120 by t$lereri@ngtpPomaxrmbtotot KO vhey it erlamer Anpadathendi ng
plate 2105 for a printing paper P transgorted over a.platen 2106, by not
shown prih@¥YEF medit AmtAEaUify appSULRR ﬁ%&%'W%E%pﬁﬂ%iﬁ@nﬁﬁﬁﬁle&4the
pl aten 2106 over_.the cayriage.shifting directipon, .25 The.reference nunerals
5107 2nd D166 A IBRE SEIBEGID0 SR . ShF URLREON & bFRE tas 2 Koo

7 and 2456 e ! . _ _ .
For sui { GHERGo T EE1 PBIFIY YBFUCtHEbE R o RorNG by LO30EE 9110 19 a
support NEghRT URROELIN A 62PRAY 5aSB MR mAdAl 1Y CABAENG 418, entire

surface o
) the emitter electrode 1813 and the isolation electrode

1814 are electrically connected, and on the interlayer

10 insulation layer 1816, the wiring electrode 1818 of Al
or so forth for forming the electorial wiring is
provided. namely, after partially opening the
interlayer insulation layer, the electrothermal
transducer element constructed with the resistor layer

15 1817 constructed with fine polycrystal of TaNg.g8hex by
reactive sputtering and the wiring electrode 1818 of
Al or so forth formed by deposition method or

sputtering method, is provided.

Fig. 10 is an enlarged section of the
20 electrothermal transducer, and Fig. 1l is an enlarged

plan view of the electrothermal transducer.

The wiring electrode 1818 of Al or so forth has
- edge portion (and side surface portion) 1818' as
connecting end face inclined greater than or equal to

25 30K relative to the normal. Furthermore, on the heat




printing head 2110 set forth above, 2112 is a suction nmeans for sucking the
interior space of the capping nmenber 2111 for perform ng suction recovery
of the printing head 2200 via an opening 2113 in the cap, 10 2114 denotes a
cl eaning bl ade, 2125 is a shifting nember for shifting the bl ade iZnJUn02
back and forth direction. These conporRénts are supported on a nain body
support plate 2116. The cleaning blade 2114 is not necessarily the shown
configuration but can be of 1S any known configuration. On the other hand,
the reference nunmeral 2117 is a lever for initiating sucking for suction

recover DL gl 13, ELpEd 8550L hd SoTRRIESE ok B LaKETISSAgaT ng

with the e driving force 20 of the driving notor 2101 is
control | egh by 3 knouR. 4] aNSN38i.0N TBERE, préteasivw thAYRF of820uteh or so

forth. APprinting control portion for providing a signal _for the heating
portion 2448 provhsedgiing t hes o niging, head 2209, apg’ forBEBS/r of¥Piag dri ving
of 25 respective chanismis provided on the main body sige 2 J_UIl 2002
- 45 of Afﬁo?ti Atd 10 2BRAr NG HReteshawd . 1Eher nk2& OFi FG RPEpF4&r at us
2100 constrtucied as set forth above is adapted to perf0£nh$£inting W th
reci ps ocat by thid +&ngridiel pedntintedieat1 2200, Uvet hithe* B-Eft-13¥8%Hi dt h of the
printing paper P with respect to the printing paper P transported across

t he pl at eiln2hd&G tbiyohhd gyent iLdd Snedi um f eedi ng apparatus. Since the
printing head produced in the nmethod set forth above is enployed, high
precision and pi,ghispere H) Prhat bagebaseaps 1paxsi bhe fABED iR d nk-j et
printing apparatus, an electrical signal providing neans for ﬁkoviding

el ectrical ; siegnal t hper@ki SBatesl promE i pyreationo odj eBHIEL PRk AT

provi ded. Also, as the ink-jet 15 printing apparatusb ong¥ iniggglforn1for
perform ngokygiicdé portiog)madisy ésele &igri dliing Saﬁ © ¥ g

10 electrode 1818. The configurations of the edge

portion and both sides of the collectw/* and base

common electrode 1812, the emitter elantrode 1813 and

in linear

8 and 12,

the isolation electrode 1814 are also
tapered configuration as shown in Figs -

15 respectively.

On the other hand, since quite hjyh step coverage

! can be obtained in the first protecti”/*© layer 1813,

the thickness of the first protective Llater 1813 can

be made thinner (e.g., greater than o/ equal to 0.6 Um

20 and less than or equal to 1.0 um) tho// that in the

configuration where the edge portion )818' is right

angle. As a result, the thermal enex4VY generated at

the heat acting portion 1822 can be o ffectively and

quickly transmitted to the ink. In ¢onjunction

25 therewith, throughput of the apparati#® for forming the




textile printing apparatus for performng printing of pattern on a cloth or
so forth can be included. In the textile printing apparatus, in order to
perform 20 conti nuous printing for elongated yard good, the ink . jet
printing head enpl oying the heat generating resistor of the presen%JULZWZ
invention which is difficult to cause3degradation of printing quality due
to significant fluctuation due to breakage of wring or 25 variation of
resi stance during printing, is 2 JUL 2002 - 4G particularly preferred.
The present invention achieves distinct effect when applied to a recording
head or a recordi ng apparatus which has neans for generating thernal 5

ener 9y sugh o: eLeaty o1 heyil) LrapsMueense O siAsshell ¢ pEndri e causes

changes In I er mal SO as O ej ect ecause

such a syab%fgulﬁcm%%%a%l@&@ ‘g R$ t@hé”g cﬁ}; gesol ution recording. 10

A typical structure an peratlona principle reof is disclosed in U S
patent Nos. 4,723,129 and 4,740,796, and it | preferagle to use this basic
et sy

principle to i ApFeHRRETQRS: aUBPd e#ﬁ’nﬂlllni% t B Y LE¥FTan be applied

ey her Losom SPIBIL{ e 2 16 N RO BURS i) St g0t g s o

becauge the ofl JefRNk {XPE PP LLKS '?ﬁve' 8QldLt hefprl 4 angducer ggeeach
BPSG, Zr0O2, Alp03, TaOs and so forth by way of plasma
CVD method and sputtering method, the deposition
method that the lower layer of the layer is deposited
at low temperature in the range higher than or equal

10 to 200 °C and lower than or egual to 300 °C, and
subsequently the upper layer of the layer is deposited
at a temperature range higher than or equal to 350 °C
and lower than or equal to 400 °C. Namely, growth of
the hillock and/or whisker which can be grown during

15 laver deposition at high temperature, can be
effectively restricted by the layer formed at low
temperature. In comparison with the case where the
layer is deposited at one depositing operation at the
constant temperature without varying the layer forming

20 temperature in several steps during layer formation
within the temperature range high than or egqual to 250
*C and lower than or equal to 450 °*C, shorting due to
growth of hillock or whisker can be reduced to
significantly improve yield in production. It should

25 be noted that in the following discussion, for the




di sposed on a sheet or |iquid passage that retains 20 liquid (ink), and :
operates as follows: first, one or nore drive signals are applied to the ‘
el ectrothermal transducers to cause thernmal energy correspondi ng tOZJW.NU
recording information; second, the thermal energy induces sudden 2
tenperature rise that exceeds the 25 Rdcleate boiling so as to cause the
filmboiling on 2 J UL 2002 - 47 heating portions of the recording
head; and third, bubbles are grown in the liquid (ink) corresponding to the
drive signals. By using the growh and col |l apse of the bubbles, the ink is
expelled fromat |east one 5 ~of the ink ejection orifices of the head to
formone or nore ink drops. The drive signal in the formof a pulse is

pr ef er able&l begausde & he treat thand wdatdegs e lefc thedbuhbltise caddae achi eved

i nstantaneously and suitably by this formof drive signal. As a drive 10

si gnal i mpoheibor Mobnagutveg thdsesuwefarie)edvi hl UaSspatetfieNosd to
4,463, 359 and 4, 345,262 are preferable. In addition, it is preferable that
the rate a8 sedsersiufead se of the heating portions described in U S.
patent No. 4,313,124 be adopted to achieve better 15 recording. U S. patent
Nos. 4,558, 333vand 4.d50c098idechose e d Dbbawim: shadeldidpakation

recordi ng head, which is incorporated to the present invention:

strug ur e f nehedefuheations Poel eprhtdi Ros e qmlbcmbnporécbﬁ@udbeed
addition to a conbination of the ejection orifices, liquid passages and the
el ectr ot leeg naktt risstdhc@aksodé scl osed in the above patents. Mreover, the
present invention can be applied to structures disclosed in Japanese Patent

Application Layj gg q_ger&éloaedﬁ %&gég/t]ﬁ%ﬁgﬂgs% 104984, n order to

achieve simlar effécts. T Iscloses a structure’in 2 J Ul 2002
- 48 whighy EaiHﬂn?OE’E@" dﬂ@ih?;] ?r%tﬁh@&t b hﬂﬁémbafsre?‘%@&?erl%d)é used as

ejection orifices the el ectrofhermal transducers, and the latter
di scl osesowhr 4ei uregi.n (whi ch openi ngs for absorblng pressure

10 Here, as shown in Figs. 1 and 13, the collector
and base common electrode 1812 correspond to an anode
electrode of the diode, the emitter electrode 1813
corresponds to a cathode electrode of the diode.
Namely, by applying the positive potential bias (VH1)

15 on the collector and base common electrode 1812, the

! NPN transistor in a cell (SH1l, SH2) is turned ON so
that the bias current flows through the emitter
electrode 1813 as the collector current and the base
current. On the other hand, as a result of

20 construction shorting the base and collector, rising
and falling characteristics of the electrothermal
transducer element (RH1l, RH2) becomes better to
improve controllability of causing of film boiling and
growth and shrinking of bubble associated therewith to

25 permit stable ink ejection. The reason is considered



5 waves caused by thermal energy are formed corresponding to the ejection
orifices. Thus, irrespective of the type of the recording head, the present
i nvention can achi eve recording positively and . effectively. 10 The
present invention can be also applied to a so called full-line tygdeul 200
recordi ng head whose | ength equals rh@ehﬁxinun1length across a recording
medi um Such a recordi ng head may consists of a plurality of recording
heads comnbi ned together, or one integrally 15 arranged recordi ng head. In
addition, the present invention can be applied to various serial type

recordi ng heads: a recordi head fixed.to the pmip.assenbly, of a recording
appar at us;t anmﬂéﬁiEﬁﬁ VIHED? Sgeé)ﬁlemé?ﬂlg &X&?eé%égf"g&@rld?%gt d whi ch,

comect od TSP REn-Rsdaror o a3t G A ARER i PP B LA o
o fur t hort bPy ST 8B i PRl ybe, Bk ¢ P ATy, MR EFRIR i 11 ary
system fory aqr eeprl ngpead: o2 Al 200 1% ¢ 38 ACANAY | Lugy of the

recordi ng apparatus” bécause ey serve make resent
i nventd on yorepreliablhes £Xappl 'mtéh?dxecﬁﬂfﬁk gﬁ!%iﬁb‘a a cappi ng
means and a cl eaning neans for the recordi ng head, and a presSsure or

suction mMeaRgrbeitéPestac Uf8g Ragi-oP$ne*X ¥ B3gObhEha P eLiBTIAEY
auxiliary system are a prelimnary heating neans utilizing el ectrotherm

t r ansducersr et id & nbheatd - 8819t herghedt eared egffestand dhethe
el ectrothermal 10 transducers, and a neans for carrying out prelimnary

ej'ecti on aithek iaEledendentdyiofict kef Bgett ien felateverldr ngmalfiesso syst ens
are effective for reliable recording. The nunmber and type of recording
heads to belisimate efiloctuationdbecwepar &the ehameats spochddded. For
exampl e, only one recording head corresponding to_a single color ink, or a
plurdt@ty stabdeordt hyehsutsr estr &yoaengbtd@iadng@fural ity of inks different
in color or concentration can be used. In other words, 20 the present
invention can heeetf,edyverpuanpingdthe ansehpaianiseheetrodd 1eawt, one of
t he nonochromatic, nulti-color and full-color nodes. Here, the
nmonochr onef Lowdwae @Er tdhrerschargediingtbythel noe bhl gaondaempoevesitoedsuch as
bl ack. The multi-col or node

to avoid a problem of malfunction of other elements.

In such semiconductor device, it is desired that
15 the concentration of the N-type collector buried
region is set to be greater than or equal to 1 X 1018
! cm~3, the concentration of the P-type base region is
set to be greater than or equal to 5 X 1014 cm-3 and
smaller than or equal to 5 X 1017 cm3, the area of the
20 Jjunction between the high concentration base region
1808 and the electrode is set to be as small as
possible. Thus, a leak current flowing from the NPN
transistor via the P-type silicon substrate 1801 and

the isolation region can be prevented.

25- Further detailed discussion will be given for the




25 carries out recording by using different color inks, and the full-color
node perforns recordi ng by col or pagzzosap se S.zaonpsue.z~
Teuzzau~oz~oaZa auk saoe~ xuTauk ~eu~ 0s saoue~sqns pzTos zo pznbzZ B9Uram)
~S snozoda u-r pauzzo~ saZou ubno.zu~_zo sassaoaz ut pauTe~azaq ~Ceu~ xut
auk. 'saseo eons ul ' Zeubzs .6u-rpio§gzéuk ~0 ~zaua Tenzau~. auk o~
asuodsaz uz paT~anbTZsz 'zTe uz ~~aZ uaunn, ~zp sZ tjozuan 'xu-r auk zo
:as-rzazn~e. zadma~ auk asneo asz~n.zau~. 0 pZnona ttozuna ~zauaQZZeuuau~ auk
buzzzzZz~nCzanz~zsod ~Cq a~~~s pznbTZo~ p-rZos no.z~ panzo~suez~. Sz Xu-r
auk : uoz-~e. xode.cLaxu~ auk buT~uanazd ~gazar~~ 'umlpaui 5uzpzooaz

aukbuT~~ el | ~ Su q ~ ' a-esS TZayk. uT saoz~-r. zo
auk nD.ziﬁ%§§2Q§&§B§%8§S€IE€kgR%e5%§ﬁ%s§§§%t§§%E ggéﬁ@kdﬁgﬁgeTeuuar~~ auk
Aq uoT~oa Ca auk, a, zo~ag~snC paz~anbzT ST xuz at~~ a,zaur~ sn~ezedd2 t.-~ons
o~paTzdde aq U¥lde- onlgntvo-wafakgoagictosz fppet ipnadgeel gmenizs-. oaCa
ag ueo Xxu-r k. ~. eu~apnZe.n a eons ~e pauTe~yzeuz sT xuT ag~ _~o

-~ Tsooszrqeiiféé)zﬂpﬁ?- sheym. rp Fig.o 13, asksh afuncfaenepe elements

azn~ezadur a~. ~ZZe. zaugh ST xuz au .'ura€g~32§§ C xuz auk uz _asneoaq sTsTus
z-7.

' azn~e. AHduzETRTICE &K LRSBIRC e~ p8é a.zn~e. zadura~
x5 Camhp e S S toabent ety S5aRBIRomnan- 2
ok, ubnGr e iRedel iy BESSNAT, BRBHRERRRIT BT 00 10T,
Japanese L gpt-1 AP 'Iﬁ‘%rgﬁre# #g%%ﬂ%-%l\?% @@é%%é_%}??%r Eg&ZSOI 1985. The

present invention Is 1've uses oiling

phenomenee A3 XAy LBE ok -dpi Fihidher meee ,t hf?claf nkiingi1{ 8¢ @R NGnapgar at us

of the present invention can be enpl oyed not only as an I nmage out put

term nal i e6lbeirapt d08UHSESsI A IdeVbee ghiiedn agor CFPUiely tle al so as
an output 2 JUL 2002 device of a copying machine including a reader, and as
10 am outgliectrotieexhad tamsisdhieeappal amenttmvRAY arid aREAI &8 otwand
receiving function. Hereinafter, concrete enbodi nents of the present

i nvent i oS egments dirctbseddmef growar. detail . [First Enbodinent] 15 In the
substrate for the ink-jet printing head of Fig. 3, the surface of the

substrate was 1 egpe@dt @l AEIR £| €RAI BY & £ AbB Hd¥mSRMR raRPeRakes

i mredi ately before |ayer deposition. The heat accunul ating |ayer was forned

by form rgd.&n@Ati REL} htblenepsoap 1?2 gdhebred by a switching '
signal Gl. 1In conjunction therewith, the

15 electrothermal transducer element RH1 is selected by

the switching signal S1. Then, the diode cell SH1l in
the transistor construction is supplied a positively
biased current to cause heating in tﬁe electrothermal
transducer element RH1l. The thermal energy causes

20 wvariation of the state in the ink to generate bubble
for ejecting ink through ejection opening. ‘
Similarly, when the electrothermal transducer
element RH2 is to be driven, the electrothermal

transducer element RH2 is selected by the switching

25 signal Gl and the switching signal S2 to drive the




20 thermal oxidation nmethod. Al so, the heat accunul ation |ayer 104 which

al so serves as the interlayer insulation |ayer was fornmed by depositing
SSION in a thickness of 1.2 Nxn by the plasma CVD nethod. Here, as the

resi stor Layer 104, polycrystalline 25 TaNp.ghex having fine X-ray
deraction pattern (I1) was 2 J UL 2602 - 52 deposited in a thigkk%émmof
1000 ~ by way of reactive sputtering nethod. In the shown enbodi nent, the
T~0. 8hex | ayer was deposited as the resistor |ayer under the follow ng
condition by the reactive 5 sputtering nmethod. Nanely, the reactive
sputtering was performed under the condition of 24~ of nitrogen gas parti al

pressure abig@ ded1MENT ©6 L1 Praseureroitacd xnee gas of argon gas
and nitrogen gas, 2.0 kWof spuftering DC power, 200 'C of 10 ,

envi r onmegl ak tirespReaidle, t 2AA UL Er ok 1ewhatit ate tenperature. Since
orientation of (100) plane of T~0.8hex is strong for the peak of X-ray

defraction, theg, _plane. distance was d,= 5R: 5. o] t - _a 31,
weak defracti oﬁtpgi}&%f{:;l’gﬁp, 13?(gﬁﬁyﬁ%sg}%l&?lsrgr%gg?%a'fﬁem]e 1S

pol ycryst i .gh ayer., . t @iy Af-0r pRIgA dg t her ma
energy fo éjhglg%%gp%%keev%l/aés %g’p&s! le(gﬁi %e‘t%e%?%i gl?rcl)gs)sa%#i g_%%g~ by
Smﬂtﬁr'”ﬁhugheE¥=é%%%héfné?%ﬁ%tf@oi&@ﬂdﬂﬁ%&b&dﬁ%ﬁﬂS%@ﬂt gbB9 W thin
t he sane apparatus before taking out . to expose to the atnosphere. By this

conti nuougnden®09 i 9A, afiet EakiiAbAuEIRY idYeRBe tO{S&UNY ,into the
resistor layer and AL wiring can be successfully prevented. Furthernore,

tight comatfursttvbon litd 26 kedysrrtsrienlbe reneyfed drcanketwepnssible to
form - 53 highly reliable base body for the printing head. 2 JUL 2002
Subsequernt égpadiei e samercandutddy getementes aam [z t sucekssfully

predeternin@d.configurations. The heat
eliminated.

10 The base body 1800 thus constructed is assembled
with an ink passage wall member of photosensitive
resin for forming the ink passage 206 communicated
with a plurality of ejection openings 207, an upper
plate 205 having the ink supply opening 211 to form

15 the ink-jet printing type printing head 208, as shown
in Figs. 14 and 15.

In this case, the ink supplied from the ink supply
opening 211 is accumulated in a common liquid chamber
210 therein and supplied to respective ink passages
20 . 206. At this condition, by driving the heat acting ‘
portion of the base body 1800, the ink is ejected
through the ink ejecting openings 207.

Next, an example, in which a drive element of a
logic circuit or so forth, for example, in place of

25 the diode array, is provided on the common substrate




acting portion 108 is the region where the Al |ayer 5 above the TaNp. ghex

| ayer was renpved. As the protective |layer 106, the first |ayer rotective
la er SiN was de osited b py py plasma CVD nethod in the thicknes§45ﬁ 00
about 1500 ~ at 300 C, and subsequentl% second | ayer protective |aye Wag
10 deposited by the plasma CVD met h6d 3Pn the thi ckness of about 8500 ~ at
350 C. Thus, approximately 1 ~Lmof SiN was deposited as the protective

| ayer 106. Thereafter, by way of DC sputtering, Ta | ayer was deposited in

t he thickness of 2000 ~ to formthe 15 cavitation resistant |ayer 107.

Thus, the base body is conpleted. Here, the layer 103 and the |ayer 106 are
formed by the sane plasna CVD apparatus and the | ayer deposing conditions

are cont rt%l Sglteﬁtep#fﬁeg_glt' \;l'?egé, ZQViQ[]fedBEe%{/@?ﬁgg@j tions. Also, the

| ayer 104 an ayer are also forne e sanme reactive sputtering

| ayer deposing_appar.atus wiith the sa a target with,controlling the |ayer
form ng condit Bgs?‘tlcgl?%%pé@ﬂsxﬂetléf g&@&é‘f”ér et @OndMEhsIHE 1idivn t wo 25

ki nd f ol . t hi , i he_| 2 UL 2002 - 54
i s Of ARCES D ML v slnce ne o 20 U 2002 st
tus, b [ 1 . Furth i bat ch i b d d
appralus beggresy sUpLl g, FULLUGUIN & o SLice DaLeh SheaLn0 can e v educe
i L.Gi tahl i i 8 [t of STT
oper & on SLLLS B EAT b, €5t 8 Lain B eolocstios feregyl . of ST
havi gt e, &£8ksliolg | BECTHOMM PIr1e HEAL 4SSH A%l eRiest or o

neasure the breakdown voltage I n e manner set for ove, by providing 7

sec. of neeiARGWAThYAL! 9RY tEhEhealrpei het ReSR)atiansgdyger element as 1 X
105 pul ses of 2 kHz to neasure resSistance value with el evating the charged
vol t age Xl jref neieiryg OeQidi ol exrRstiyNd oS | bl Pefit efficient

driving will be discussed hereinafter.

10 On the substrate which is the same substrate on
which the heat generating resistor is formed, a shift
transistor having MOS transistor construction and
adapted to perform drive signal processing and a power
transistor of high voltage bipolar transistor for

15 heating the heat generating element are included.

These drive elements are formed on the Si
substrate in semiconductor technology generally called
as Bi-CMOS technology. On the same substrate to the

Si substrate, the heat acting portion is formed.

20 Fig. 16 is a diagrammatic section as cut to

longitudinally cut the major elements.

To Si substrate 240 as P-type conductor, dopant,
such as As or so forth is implanted by ion
implantation and diffusion means to form N-type buried

25 layer 2402. Then, an N-type epitaxial layer 2403 is




resi stance until breakage is caused in the el ectrothermal transducer
elenment. It should be noted that the SST test was perforned by applying
pul se to the heat generating resistor without performng ink 20 ejecfijyn.200?
The step coverage of the Al electrode by the two | ayer protective layer in
the enmbodinent 1 is quite good. Wherd fi%he pol ycrystal line TaNp, ghex is

enpl oyed as the heat generating resistor, variation of 25 resistance val ue
the el ectrothermal transducer el enent - 55 2 J UL 2002 becones quite
small. Also, it is appreciated that the breakdown voltage ratio Kb (Kb =
charged vol t age/ bubbling voltage) is a value of about 1.6 Vth. Charging of
drive voltage to the heat generating 5 resistor at the tinme where Hf B2

becomes tof bemenpl Ducd ivh ERnzase oLk Wahnloy YoBRINNG: hegd as the

heat generating body is mainly a single pulse drive on i pul se
for ejectiamdi dlessouhenr ot Netlie I 866NL 0Y ¢k SthBWeR,&Five systemis
changing to 10 so-call ed double pulse driving by controlling ink ejection

i ust ment of b8 L YRS HnE RS iRt QR R S r ot ok £ S0t the
POl 15 2 che 88l gty hotbpl pol B bl stod! rabLlty o
hor chet weer Far oxannle unis Tha D0t el eorin aisitiye BYiuced under 1ow
t enper at uhotbé igjlesyiremappuskidat 1eh easFEd$1 ont ale L/Rge quality
implantation and so forth, doping of impurity is
repeated to form P-MOS 2450 in the N-type epitaxial
region and N-MOS 2451 is formed in the P-type well
10 region. The P-MOS 2450 and N-MOS 2451 are formed with
gate wiring 2415 if polycrystalline silicon deposited
in a thickness greater than or equal to 4000 A and
less than or equal to 5000 A via a gate insulation
layer 2415 of several hundreds A of thickness, source

15 region 2405 and drain region 2406 formed by doping N-
type or P-type impurity.
On the other hand, the NPN type transistor 2453 to
be the power transistor is formed by forming a
collector region 2411, a base region 2412 and an
20 emitter region 2413 within the N-type epitaxial layer

through impurity doping, diffusion process and so

forth.

Also, between respective elements, isolative oxide
layer 2453 formed by field oxidation in the thickness

25 greater than or equal to 5000 A and less than or equal




by perform ng adjustnment for setting the subsidiary pul se width | onger or
so forth. As a result, converting charge energy into the charge voltage
upon 25 single pulse, the drive voltage of 1.3 Vth at the - 56 iﬂu
is present. Nanely, by establishing double pulse, the charge energggzé kﬂ@z
heat generating resistor is getting hfgher. Thus, result of heat pul se
endurance test (CST 2 J UL 2002 5 test) at 1.3 Vth as the maxi numdrive
voltage is shown in Fig. 19. The CST test is performed only by charging
pul se to the heat generating resistor and ink ' is not contained in the
printing head. Fromthe result of experinment, the electrothermal 10
transducer el enent enploying the protective layer in tw layers in the

present {gvemig®d. Al dOUpdrhedaveraebiadt dabky d pé%/&si%gﬂ@%
variation. A head having the heat generating resistor of the first

enbodi mens kS A LHar eda BNdcriiniil £gi endWrapee 23 likshellowerher ek by
installing the head to an apparatus which is constructed by nodifying BJ10V

' (Canorng Kehushikorkdiczhaz 465adenane) as the ink-jet printing apparatus.
The result of printing endurance test is shown in Fig.~20. The test is

perfornmed by r1ngj fest printd er bhii-d n e BJ10V on a
paper of A4. égt%hxle%%gga}nlﬁko?n%éﬁﬁgﬁyaer t%%%uee%trrép‘l or‘f/t{e{d in the BJ10OV

I's uged fﬁtieﬁs%éagewii%&i‘fﬁti thiixe wliggsswasd, 3iblsg The bead
enplOyi ng WO er protective layer in
forth is deposited by CVD method in a thickness about
‘ 7000 A. Then, by heat treatment of flattening
process, wiring with a first layer Al electrode 2417

is performed through contact holes.

10 Thereafter, the interlayer insulation layer 2418
of Si0O or so forth is deposited in the thickness
greater than or equal to 5000 A and less than or equal
to 10000 A by way of plasma CVD method. Then, through
contact holes, TaNg.ghex layver according to the present

15 invention is deposited in the thickness of ébout 1000

| A as the resistor later 2419 by way of sputtering

method.

Next, as set out with respect to experiments B and

C, a protective layer 2421 of SiN layer is formed by
20 two stage layer deposition into about 10000 A of

thickness by initially deposing at a temperature

higher than or equal to 200 °C and lower than or equal

to 300 °C, and subsequently at a temperature higher

than or equal to 350 °‘C and lower than or equal to 400
25 "C.




25 the first enbodi nent has 0~ of resistance variation _ ~ ~~t z~0~ -
57 simlar to the CST test and shows good durability. [Second Enbodi nent]
As the protective layer 106 of the ink-jet printing head, the firstzJU 2002
protective layer SiN was 5 deposited in the thickness of about 1500~ 5t
300 C, and then second protective Iéyé@ Si N was deposited in the thickness
of about 8500 ~ at 350 Cto formthe base body having the protective |ayer
in the thickness of 1 [.Imin total. Wth enploying this base body, the 10
i nk-jet printing head was prepared. O her |ayer construction and |ayer
deposition methgd @& ghpd@mbatt hatyst, t he ddvstaedioodi mestistan€ig. 18,
the result of SST test perforned with enploying the second enbodi nent of
the ink-jehyta PLRDIGE headr B tondht iim dbpolse S8 tiestthe simlar to
that in the first enbodinent. It is found that the second enbodi nent shows
good val ughéic kresbr edicionn 2040 ayewkbhoforde8ingh.a hadr pantien CST test
Is shown in Fig. 19. The 20 condition of the CST test is also simlar to
that of tpPasidrst enbodinent. Simlarly to the first enbodi nent, the result
shows that variation of the resistance value is little in the second

enbodiment. 23 $4,20Q%1e£8inG HrSfeskovss apeeFdrmed REidE ng2
endurance test
atmosphere at about 400 °C to complete the base body

of the printing head.

In the final annealing process, improvement of
contacting ability between Al and Si substrate and
10 recovery of damage caused in the elements by various

heat treatment and plasma process or so forth.

After completion of the base body of the printing
head, the ink ejection openings for ejection of ink
and so forth are formed in the similar manner to the

15 former embodiment and thus formed into the ink-jet

printing head.

Here, while the power transistor is constructed
with the bipolar transistor, it can be formed with MOS

transistor.

20 As a liquid (ink) for printing applicable for the
ink-jet printing head according to the present
invention, various liquid or ink can be selected.
Amongst, generally, it is preferred to have an ink
composition containing 0.5 wt% to 20 wt% of dye, 10

25 wt$% to 90 wt% of (polyhydric) alcohol, water soluble




enploying nodified BJ1I0OV simlarly to the first enbodi nent, but enpl oying
the second enbodi nent of the ink-jet printing head. 5 The second enbodi nent
denonstrates good result having substantially O~ variation of the 2 JUL 200
resistance ' value of the resistor later, simlarly to the first

enbodi nent. [ Conparative Exanple] 10 ﬁﬁe'ink-jet printing head prepared (1)
by form ng the base body with depositing the protective |layer SiN of the
second enbodi nent in the thickness about 1 ~tmat 200 'C by way of plasna
CVvD nmet hod, as a conparative exanple 1-1, and (2) by form ng the base 15
body with depositing the protective |layer SiN of the second enbodi nent in

t he thi cloressn aboulo Thvéntm atu@h0a'sCrnyl phakyd @Lyaetthahdasca conparative
exanple 1-2. Results of the SST test was perforned by using the

el ect r ot ferrtdh . t r Azsdomer exdeemehe, efgiloypngfierred Las sTONPPSYidE SOBf
respective of the conparative exanples 1-1 and 1-2. The test was perforned
in the saomtmbner X ovthaof & - ThefaadtbhagksecondSeMidti ®Ents. In the
conparative exanple 1-1, the protective_ 25 I%éﬁﬂﬁgiN.is | ppse to cause

corrosi ofigrethElIADI¥EPhg 2@ WEH ohJhomet ~“BYRHATneCPRE tRPGugh pin
hol e _t o cause increasing of the resistance value and | ower the breakdown
vol t &ge P& WBSVPE YWHCERe conparative exanple 1-2, since hillock is
Next, one example of an ink-jet printing apparatus
employing the printing head according to the present
invention will be discussed with reference to Fig. 17.
Fig. 17 is a schematic perspective view showing one

10 example of the ink-jet printing apparatus, to which

the present invention is applied.

The printing head 2200 is mounted on a carriage

2120 engaging with engaging with spiral groove 2121 of
a lead screw 2104 driven to rotate via driving force

15 transmission gears 2102 and 2103 according to forwaxd
and reverse revolution of a driving motor 2101. The
printing head 2200 is thus driven to reciprocate in
the directions of arrows a and b along a guide 2119
together with the carriage 2120 by the driving force

20 of the driving motorx 2101. A paper holding plate 2105
for a printing paper P transported over a platen 2106
by not shown printing medium feeding apparatus fixes
the printing paper P on the platen 2106 over the

carriage shifting direction.

25 The reference numerals 2107 and 2108 are photo-




5 grown on the Al during layer formation of the protective |layer SiN at
hi gh tenperature, shorting is caused with the cavitation resistant |ayer. Ta
to reduce resistance value, and | ower the breakdown voltage to 1.3 Wt L 260
Fig. 19 shows the results of CST test. The test . was perforned in the sane
manner to the foregoing first and sécéifid "embodi ments. In the conparative
exanple 1-1, the,resistance value is increased and in the conparative
exanpl e, the 15 resistance value is decreased. In both case, breakage was
caused at the pulse in the order of 1 X 106. Fig. 20 shows the results of
printing endurance test by enploying the ink-jet printing heads of the
conparative exanples 1-1 in the nodified BJ10V as used 20 for the first and
second epbaghhent sexrhing emnd thome HAS1heOBaReHBCERSEE N8Rl OLT st
and . second enbodi nents. The conparative exanple 1-1 uses ejection
failure deteotbnepkagbevien el A3 @Ifeé'{h%d%aSF-?Q%oﬂé d§05y t he ink
during the printing endurance 2 J UL 2002 - 6 test. .The conparative
exanpl e Wi tabsng albrersd dmi P br & eyl 1ol BRe S e Bf q’??evﬁligelr;@&??%e by
shorting between the hillock in the Al el ectrode agd 5 the Ta L%yer during
the prinRildyl endddghckst @sgsupport member supporting a cappiig

5 member 2111 for capping the entire surface of the
printing head 2110 set forth above, 2112 is a suction
; means for sucking the interior space of the capping
member 2111 for performing suction recovery of the
printing head 2200 via an opening 2113 in the cap,

10 2114 denotes a cleaning blade, 2115 is a shifting
member for shifting the blade in the back and forth
direction. These components are supported on a main
body support plate 2116. The cleaning blade 2114 is

not necessarily the shown configuration but can be of

15 any known configuration.

Oon the other hand, the reference numeral 2117 is a
lever for initiating sucking for suction recovery,
which is shifted according to movement of a cam 2118
engaging with the carriage so that the driving force

20 of the driving motor 2101 is controlled by a known
transmission means, such as switching of clutch or so
forth. A printing control portion for providing a
signal for the heating portion 2110 provided in the
printing head 2200 and for controlling driving of

25 respective mechanism is provided on the main body side




Fromthe results set forth above, the first and second enbodi nents of the l
ink-jet printing heads are found to be suitable for expansion of Iifj aﬁd

for higher inmage quality for superior printing imge 10 quality and JUL 2002
durability. On the other hand, the ink-jet printing heads of the
conpar ati ve exanpl es causes variati 6n“gf the resistance value to cause
clear lowing of the printing . image quality. Also, in the light of the
durability 15 of the printing head, the first and second enbodi nents are
found superior. As set forth above, the present invention achieves the
effects summari zed as follows. In the ink-jet printing head according to
the 20 prederthe nperititingt kedwpatgeneimdt nghoesi)stor has little
fluctuation of the resistance even after use for a |l ong period and thus
achi eved | ong ki _hi ahid 4t i,nk- rd Ot i

enpl oyi ng the Eg{sé; %ggygf% éﬁ%hﬁzﬁlﬁ? e%{p rgiri%tji@n% Eggéphgéﬁlﬁg&sdﬁﬁg% Heat
generati ngetesisih Gobe BY f018pRkah @&gbé&xon@ 9 nd002g- Wik Printing
with stable ink ejection even when repeated printing in the printing system
where a prejdist 0ty 1AW Se€hi F taphy | elebefoier i hg MEAdPERYD f6ee aghéng
ink, as the drive signal for the head, is performed 5 for a | ong peri od.
The i Bk-j entprdet wid Hieadfa¢ter dbpintd ridiepppese® whvBntigwpbas tthe
stacked structure of the base body for the ink-jet printing head to

cert ai nl ytheopdentiigly papeimd abtbnisp det edendrdwes § aybies phdtleas 10
sufficient durability against repeatedly acting thermal pul se and inpact
force and2d&® dawistivet [yr pnovide nedivad fekdénectdmparadusn r Sieated use
for a long_period. The base body for the ink-jet printing head in the 15

i nk-j et pgh@t Dl REdRBcReRd REQAGUERE piesehe metivedt s@t i Eosshst ant |y
supplied tEF conponent terjal stably. Alsp, in %guc ion of the heat
gener at i n§°PY¥S stor & e HIIRNPEC SR HORs tBHERaSRACHy i npurity

\#a!sl% gxeﬁrg%tcfﬁée%'ec%még %%esso{gire.hand, t he heat generating resistor

Also, in the ink-jet printing apparatus, an
electrical signal providing means for providing
electrical signal for making the printing head to
eject the ink, is provided. Also, as the ink-jet

15 printing apparatus, only in the form for performing
typical printing medium, such as printing paper, a
textile printing apparatus for performing printing of
pattern on a cloth or so forth can be included. In
the textile printing apparatus, in order to perform

20 continuous printing for elongated yard good, the ink-
jet printing head employing the heat generating |
resistor of the present invention which is difficult
to cause degradation of printing quality due to
significant fluctuation due to breakage of wiring or

25 wvariation of resistance during printing, is



reliability, and even in the driving nethod controlling ink ejecting
condition by the double pulse including the main pulse and the subsidiary
pul se, which will beconme major, sufficient durability can be 25 ach?QMRQMm
2 J UL 2002 - 62 The heat generating resistor of the base body for the
ink-jet printing head in the ink-jet gﬁiﬁting head according to the present
i nvention can provide high quality printed imge for a |long period for 5
mai nt ai ni ng desired durability even driven at high frequency. i The heat
generating resistor according to the present invention can certainly

mai ntain sufficient durability and high quality image even in the driving
10 ~ method controlling the ejecting condition with a plurality of pul ses

in high spaededeiMidie] vOptdeepiBer. hand, corresponding to speeding of the
printing sSpeed, increasiing of nunber of nozzles to be enployed in the head

be ‘easi | hi d S, I | d.desjred ink
Gy oction 10 Lot enbrr <AL LB bom RO GHSE B S FaBEt I FRET |
duct i h f. f Lnk- ] et inting. d di
Po the. pr &HR BRI 90 4 e DACETEARE (BPoRh T R FEL S it Eng noad 20—

havi ng hi Gl tukaRiad tiiBHOM 2L ' RRALY 265} Nefedehgated) %10phad t her ml

i npact, s uctuation of resistance val and resirstive agai nst ink

COrrogj ON e @Y RIdWNasaRA SEEFBLAARIPY IR AL Gy idy phidd.ed i mage
for a long period. 25 Although the invention has been illustrated and -

63 2 J Ulige? destrwhedhnddusespetiaigeexanpl sh) ebodhaerherhier eof,
it should be understood by those skilled 1n the art that the foregoing and

vari ous oessrghasges s otiosHjwstanakaddiThass imybbeatmste sheteign and 5
thereto, wi thout departing fromthe spirit and scope of the present

i nvent i onsyRieenf aegy abbipveseat higheriensaithowmdnhtidie nadelsitobdnas
limted to the specific enbodi ment set out above but to include all
possi bl e @A ERMIS whi ch can be embodies within a 10 scope enconpassed
and ui valents thereof with respect to_the featuyre set out in the appended
clai 8. The pr &sdnfPiRddnts BRURAINR ANde SR HRE LR/t BYEinciple

thereof is disclosed in U.S. patent Nos. 4,723,129 and
4,740,796, and it is preferable to use this basic
principle to implement such a system. Although this
system can be applied either to on-demand type or

15 continuous type ink jet recording systems, it is
particularly suitable for the on-demand type
apparatus. This is because the on-demand type
apparatus has electrothermal transducers, each
disposed on a sheet or liquid passage that retains

20 liquid (ink), and operates as follows: first, one or
more drive signals are applied to the electrothermal
transducers to cause thermal energy corresponding to
recording information; second, the thermal energy
induces sudden temperature rise that exceeds the

25 nucleate boiling so as to cause the film boiling on




with respect to various enbodinents, and it wll now be apparent fromthe
foregoing to those skilled in the 15 art that changes and nodifications may
be made without departing fromthe invention in its broader aspects, and it
is the intention, therefore, in the apgended clains to cover all guih 2002
changes and nodifications as fall withi’n"the true spirit of the invention.
20 2J UL 2002 - 4 WHAT IS CLAIMED IS: 1. Aliquid ejecting printing
head i ncl udi ng a base body, in which an el ectrothermal transducer elenment 5
generating a thermal energy to be used for ejection of a liquid, a driving
functional element for driving said electrothermal transducer elenent, a
wiring el ectrode connecting said driving functional elenent and said

el ectr otheryml o (ANl Slenerl Atdbainsulmeade prud ethiwell ayer

provi ded on-sa wring electrode are formed on a substrate, wherein said
protecti ‘{Poﬂ;i‘f\é%f a%esgir%w%i echr erkeridu t dansthicpr celmneapomdisagd b ri ng
eIectroé% I's formed of an insulative conpound deposited to gradually 15
i ncr easg. gengirliy;d rgmr:;ﬁaS.Lis:l.e chBgsagingatties hrsowsibe aeredachiideap%ﬁme from
said substrate. 2. Aliquid ejecting printing head as clainmed in claiml,
wher ei n yhepngainhisbeelrottiee mink riamseyped e efa@ahtaF ndPdds afead
generating resistor nmade of TaN, conposition of TaNis to _contain 1.9 to
1.0 »f - Tef rehat iekt ejNdtionl ecul B¥ceei gt ¥hei pead to iorm one
or more ink drops. The drive signal in the form of a
' pulse is preferable because the growth and collapse of
the bubbles can be achieved instantaneously and
suitably by this form of drive signal. As a drive
10 signal in the form of a pulse, those described in U.S.
patent Nos. 4,463,359 and 4,345,262 are preferable.
Tn addition, it is preferable that the rate of
temperature rise of the heating portions described in
U.S. patent No. 4,313,124 be adopted to achieve better
15 recording.
U.S. patent Nos. 4,558,333 and 4,459,600 disclose
the following structure of a recording head, which is
incoxrporated to the presént invention: this structure
includes heating portions disposed on bent portions in
20 addition to a combination of the ejection orifices,
liquid passages and the electrothermal transducers
disclosed in the above patents. Moreover, the present
invention can be applied to structures disclosed in
Japanese Patent Application Laying-open Nos.

25 123670/1984 and 138461/1984 in order to achieve

similar effects. The former discloses a structure in




3. Aliquid ejecting printing head as clainmed in 2J Ul 2002 - 65 claim
1, wherein said electrothernmal transducer el enent includes a heat
generating resistor made of Hf B2, Poly-Si, Ta-Al, Ta-Ir Au or Ag. 2 JUL 2002
.AFS. Ay. A9sY. A . A (E A & . A(. A(& Ah. A

. AY. A9?. Ah% ALR. A{9. A. A{3_. Al L. A A(Ze. /§y A. AU. A9&?. ARE. AsR. Aay. A& Au. A(s9.
Ase. AU’ AV Ay ACA ALLAA AE. Af . AAAeAA& AyY. Aas. A(r. A A3. AN. AuY. A. A AN
| A .A L AUY. A As. A(s. A An. Ay
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of other heater elements an e electrothermal

10 transducers, and a means for carrying out preliminary
ejection of ink independently of the ejection for
recording. These systems are effective for reliable
recording.

The number and type of recording heads to be

15 mounted on a recording apparatus can be also changed.
For example, only one recording head corresponding to
a single color ink, or a plurality of recording heads
corresponding to a plurality of inks different in
color or concentration can be used. In other words,

20 the present invention can be effectively applied to an
apparatus having at least one of the monochromatic,
multi-color and full-color modes. Here, the
monochromatic mode performs recording by using only
one major color such as black. The multi-color mode

25 carries out recording by using different color inks,

and the full-color mode performs recording by color
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mixing.

Furthe-more, although the above-described
embodimentz use liquid ink; inks that are liguid when
the recording signal is applied can be used: for

5 example, i-ks can be employed that solidify at a
temperatursz lower than the room temperature and are
softened cr liquefied in the room temperature. This
is because in the ink jet system, the ink is generally
temperature adjusted in a range of 30°C - 70°C so that

10 the viscosity of the ink is maintained at such a value
that the ink can be ejected reliably.

Tn addition, the present invention can be applied
to such apparatus where the ink is liquefied just
before the ejection by the thermal energy as follows

15 so that the ink is expelled from the orifices in the
liquid state, and then begins to solidify on hitting
the recording medium, thereby preventing the ink
evaporation: the ink is transformed from solid to
liquid state by positively utilizing the thermal

20 energy which would otﬁerwise cause the temperature
rise:; or the ink, which is dry when left in air, is
liquefied in response to the thermal energy of the
recording signal. In such cases, the ink may be
retained in recesses OX through holes formed in a

25 porous shzet as liquid or solid substances so that the

ink faces the electrothermal transducers as described
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most effective when it uses the film boiling
phenomenon to expel the ink.

5 Furthermore, the ink jet recording apparatus of
the present invention can be employed not only as an
image output terminal of an information processing

' device such as a computer, but also as an output
device of a copying machine including a reader, and as
10 an output device of a facsimile apparatus having a

transmission and receiving function.

Hereinafter, concrete embodiments of the present

invention will be discussed in further detail.

[First Embodiment]

15 In the substrate for the ink-jet printing head of
Fig. 3, the surface of the substrate was cleaned by
plasma cleaning within the same apparatus immediately
before layer deposition. The heat accumulating layer
was formed by forming Si02 in a thickness of 1.2 Um by

20 thermal oxidation method. Also, the heat accumulation
layer 104 which also serves as the interlayer '
insulation layer was formed by depositing SiON in a

thickness of 1.2 Um by the plasma CVD method.

Here, as the resistor layer 104, polycrystalline

25 TaNg.ghex having fine X-ray defraction pattern (II) was
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sputtering method. In the shown embodiment, the
TaNQ.ghex layer was deposited as the resistor layer
under the following condition by the reactive

5 sputtering method. Namely, the reactive sputtering
was performed under the condition of 24% of nitrogen
gas partial pressure ratio, 7.5 mTorr of total
pressure of a mixture gas of argon gas and nitrogen
gas, 2.0 kW of sputtering DC power, 200 'C of

10 . environmental temperature, and 200 °C of substrate
temperature. Since orientation of (100) plane of
TaNg.ghex iS strong for the peak of X-ray defraction,
the plane distance was d = 2.55 A. Also, at 20 = about
31°, weak defraction peak of TaNp,ghex(00l) was

15 observed.

1 On the fine polycrystalline TaNg. ghex layer, Al as
a conductor for supplying thermal energy for ejecting
ink was deposited in the thickness of 5500 A by
sputtering. The Al layer is deposited continuously by

20 sputtering within the same apparatus before taking out
to expose to the atmosphere. By this continuous
deposition, penetration of impurity and moisture into
the resistor layer and Al wiring can be successfully
prevented. Furthermore, tight contact between both

25 layers can be ensured to make it possible to form
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#10% & (
actlng portion 108 is the region where the Al layer

5 above the TaNg, ghex layer was removed.

As the protective layer 106, the first layer
protective layer SiN was deposited by plasma CVD
method in the thickness of about 1500 A at 300 °C, and
subsequently second layer protective layer was

10 deposited by the plasma CVD method in the thickness of
about 8500 A at 350 °C. Thus, approximately 1 Um of
SiN was deposited as the protective layer 106.
Thereafter, by way of DC sputtering, Ta layer was
deposited in the thickness of 2000 A to form the

15 cavitation resistant layer 107. Thus, the base body

, is completed.

Here, the layer 103 and the layer 106 are formed
by the same plasma CVD apparatus and the layer
deposing conditions are controlled at respective of

20 predetermined conditions. Also, the layer 104 and the
layer 107 are also formed by the same reactive
sputtering layer deposing apparatus with the same Ta
target with controlling the layer forming conditions
to respective of predetermined conditions to form two

25 kinds of layers. In this way, since the laver
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established.

! Fig. 18 shows a result of STT test. This SST test
was performed by preparing the ink-jet printing head
having the resistor layer forming the heat generating

10 resistor to measure the breakdown wvoltage in the
manner set forth above, by providing 7 sec. of
rectangular voltage to the electrothermal transducer
element as 1 X 10° pulses of 2 kHz to measure
resistance value with elevating the charged voltage

15 per every 0.05 Vth for measuring variation of
resistance until breakage is caused in the
electrothermal transducer element. It should be noted
that the SST test was performed by applying pulse to
the heat generating resistor without performing ink

20 ejection.

The step coverage of the Al electrode by the twé
layer protective layer in the embodiment 1 is guite
good. When fine polycrystalline TaNg.ghex is employed
as the heat generating resistor, variation of

25 resistance value the electrothermal transducer element
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the recent vyears, pulse drive system is changing to

10 so-called double pulse driving by controlling ink
ejection amount and applying a subsidiary pulse for

the purpose of heating for adjustment of the head

temperature.

Conventionally, driving voltage of the single
15 pulse is set between 1.1 Vth to 1.2 Vth in view of

' durability of the heat generating resistor.

On the other hand, the double pulse driving
consisted of the main pulse, subsidiary pulse and
resting period therebetween. For example, when the

20 ' ejection amount is reduced under low temperature, the
ejection amount is increased for stable image quality
by performing adjustment for setting the subsidiary
pulse width longer or so forth. As a result,
converting charge energy into the charge voltage upon

25 single pulse, the drive voltage of 1.3 Vth at the
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cartridge employed in the BJ10V is used as is. In

this case, the drive voltage was 1.3Vth.

The head employing two layer protective layer in

25 the first embodiment has 0% of resistance variation




10(10(20( 9 ,8%0% & ()-"/c/d|[:vU410 9 9 $!10% & ()-9 9F'"10% & ()-9 9

s 10% & ()-s9 9FM 10% & ()- &10% & ()- 9

F'10% & () j |[NA41010|(|10|(|10|(|9 /L*$10% (| & ()- @ /L*$10% " | & $){@pp
OL*$10% & () - (3" 10% & ()- 9 & 10%{&5% |[ NA41010 9$10% &f & ()-9
/$10% e' \ & () 9 $10%e' 1& ()-9 9 10% & ( 9910% e' f& ()-

9's10% e' f & () kr}|[hw41010f$f10f$f10f$f9 90Y@&0@6$f&f()-9

*OYod 0o W&' ()-9 9% %40% % & () - /% %0% e \& () -

9! 109% e’ f& ()-0][:NA41010 9L 10@&r(s& ()-9 91 10%sr(s& ()-9 9y"10%r (s& () -
9 94"10%, 's& ()- 9910%r(s& ()- 99" 10%sr(s& ()-0ii]|[:NA41010

oY" Z" 10%;r S& ()-9 910%'s& ()-9 9 10%sr(s& ()-9 9 %0%r(s& () -

8%%832%% (35870 L 0oRF (SBY £°) ROE it BedH (3R b
&L$$10%/r§ () 0.9:10% & () - 105r(lesr(lesr(59 97$10%r (s& ()-9
95! 10%;Ir( Iﬂdgiﬁfﬁ%mwt@ 9210%r (S& ()-|[:bU410 9 VI &10% & ()- @
q&10% & () - @ 9 10% & ()-9 9%$10%& ()- t$10% & ()- 9' 10% & ()- ||[:-410(9
9) %0% & ()-S ANl RrOt&dtiy 0% & (1089 3 B10bes 1Nk 378X 10% & () -
O#10% & ()--VbA410(9 9 910% & ()- 9LZ10% & ()- 9Y 10% & ()- 9:10% & ()
9' 10% & (Pprirogiogvimdd A4t maowp&qgecpweo%w e¥- Sidamesa@ @& () -
9S! 10% & é& 9 $10% & ()-. 9M 10% & () - 6l lé A410(9 9* "10% & ()- .

y(39%4.6% ( Hqsgtgg!rmmfwb@) tlg oknesesqy -abougold 09 - 9la1too @0(yQwuwa10
9910%1& () 9" 10% & () - 10( 10(10( 97#10% & ()- 9L0"10% & (

9, YO & é ibl]anv@aﬁLQP@ oPaRtEL Y 1y eg | haey &SAN wWas 1@%@%}1269110%& ()-

i S S S0
Lo 4 e Y o
10w () 52 8% &) B Lol D) SO SHe (ot ﬁ%“ﬁhe%

0Yp& & 0 ' L) -
9le00/d{ &( %:)n@i_l?f? %Aﬁ;llﬁ%&lo 1'%&%8 pgge/%égégo%( ;t?%aﬁ%% %aé‘{ Z9%40% & () -

9FL*z 10%&r(étrub€:1i%1r9%ﬁd&l(a)yeﬁl SEPXMIERon) mltvdi 18 rR0 1D &1 Gh-
9(L10% & ()-10(10(10( 9Y7$10% & ()- 9F510% & ()- 9F3 10% & ()--d|[:vU410 9
of 109 & (ko9 tHha#t & the FIGMR yboBHLIOM®R. ()- 95 10% & ()- 9

"109% & ()-) _|[:vU410 9 9s 109 & ()-9 910% & ()- 9t$10% & ()- 9! 10% & ()-

" 1094 & . 9 o
067 10002 (1 FEAYL 107 L g0 BIO8Ch IILE leaeARIRINE-

98" 10% & &L 1(3;%& § e ¥t &b 8dlmerdt 38€%dnd ) in¥%-HLO (r& () -
9- 109% & () - BtbA410?9 9 tY'1098& ()-s 9y10% e f& ()- 99&10% e f& ()- OF

15 . printing head. The condition of the SST test is

] similar to that in the first embodiment.

It is found that the second embodiment shows good
value of the breakdown voltage Kb of 1.8 vth.

The result of CST test is shown in Fig. 19. The
20 condition of the CST test is also similar to that of

the first embodiment.

Similarly to the first embodiment, the result
shows that variation of the resistance value is little

in the second embodiment.
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10 The ink-jet printing head prepared (1) by forming
the base body with depositing the protective layer SiN
of the second embodiment in the thickness about 1 um
at 200 °C by way of plasma CVD method, as a
comparative example 1-1, and (2) by forming the base

15 Dbody with depositing the protective layer SiN of the
second embodiment in the thickness about 1 Um at 350

‘C by plasma CVD method, as a comparative example 1-2.

Results of the SST test was performed by using the
electrothermal transduéer element employing the
20 resistor layers of respective of the comparative
examples 1-1 and 1-2. The test was performed in the
same manner to that for the first and second

embodiments.

In the comparative example 1-1, the protective

25 layer SiN is loose to cause corrosion of the Al wiring
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comparative examples 1-1 in the modified BJ10V as used

20 for the first and second embodiments. Other
conditions are the same as those for the first and

second embodiments.

The comparative example 1-1 causes ejection
failure due to breakage of the Al electrode by

25 corrosion by the ink during the printing endurance
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test.

The comparative example 1-2 causes ejection

failure due to breakage of the Al electrode by

shorting between the hillock in the Al electrode and

5 the Ta layer during the printing endurance test.

From the results set forth above, the first and
second embodiments of the ink-jet printing heads are
found to be suitable for expansion of lift and for
higher image quality for superior printing image

10 quality and durability.

On the other hand, the ink-jet printing heads of
the comparative examples causes variation of the
resistance value to cause clear lowing of the printing
image quality. Also, in the light of the durability

15 of the printing head, the first and second embodiments

. are found superior.

As set forth above, the present invention achieves

the effects summarized as follows.

In the ink-jet printing head according to the
20 present invention, the heat generating resistor has
little fluctuation of the resistance even after use
for a long period and thus achieved long life and high
reliability. The ink-jet printing head employing the
base body for the ink-jet printing head having such

25 heat generating resistor can be perform high quality
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The ink-jet printing head according to the present

invention has the stacked structure of the base body
for the ink-jet printing head to certainly provide
tight fitting ability between the layers and has

10 sufficient durability against repeatedly acting
thermal pulse and impact force and can constantly
provide desired ink ejection even in repeated use for

a long period.

The base body for the ink-jet printing head in the
15 ink-jet printing head according to the present
) invention is constantly supplied the component
material stably. Also, in production of the heat
generating resistor, harmful influence, such as
contamination by impurity will never be caused. On
20 the other hand, the heat generating resistor has high
reliability, and even in the driving method |
controlling ink ejecting condition by the double pulse
including the main pulse and the subsidiary pulse,
which will become major, sufficient durability can be

25 achieved.
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) The heat generating resistor according to the
present invention can certainly maintain sufficient
durability and high quality image even in the driving

10 .- method controlling the ejecting condition with a
plurality of pulses in high speed driving. On the
other hand, corresponding to speeding of the printing
speed, increasing of number of nozzles to be employed
in the head can be easily achieved to ensure

15 constantly stable and desired ink ejection to

constantly and stable form high quality image.

In the production method of the base body for the
ink~-jet printing head according to the present
invention, the base body for the ink-jet printing head

20 having high durability, high strength against
repeatedly applied thermal impact, small fluctuation
of resistance value and resistive against ink
corrosion or cavitation, and certainly provide high

quality printed image for a long period.

25 Although the invention has been illustrated and
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The present invention has been described in detail

. with respect to various embodiments, and it will now
be apparent from the foregoing to those skilled in the
15 art that changes and modifications may be made without
departing from the invention in its broader aspects,
and it is the intention, therefore, in the appended
claims to cover all such changes and modifications as

fall within the true spirit of the invention.

20
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WHAT IS CLAIMED IS:

1. A liquid ejecting printing head including a base
body, in which an electrothermal transducer element
5 generating a thermal energy to be used for ejection of

a ligquid, a driving functional element for driving
said electrothermal transducer element, a wiring
electrode connecting said driving functional element
and said electrothermal transducer element, an

10 insulative protective layer provided on said wiring

electrode are formed on a substrate,

wherein said protective layer on said electrothermal
transducer element or said wiring electrode is formed
of an insulative compound deposited to gradually

15 increase density from a side close to said substrate

to a side remote from said substrate.

2. A liquid ejecting'printing head as claimed in

claim 1, wherein when said electrothermal transducer
20 element includes a head generating resistor made of

TaN, composition of TaN is to contain 1.9 to 1.0 of Ta

relative to N in molecular weight ratio.

3. A liquid ejecting printing head as claimed in




2 JUL 2002
- 65 -

claim 1, wherein said electrothermal transducer
element includes a heat generating resistor made of

HfBy, Poly-Si, Ta-Al, Ta-Ir Au or Ag.




