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S - 2154512 1 Process for

Manuf act-uring an Electrothermal Transducer for a Liquid Jet Recording Head
5oBACKGROUND OF THE | NVENTION Field of the Invention This invention relates
to a pfocess for manufac- turning an el ectrothernmal transducer for a liquid
jet reeording head capable of ejecting Fiquid and form ng 10 flyi | Lquid
droplets to effect recording. Description of the Prior Art Li qﬁ&r}gﬁaﬁgg
recordi ng methods (ink jet record- ing methods) have recently attracted
attention sipce t he noise during the recording is negligibly small and the
15 recordi ng can be nade on plain paper. Anong such recordi ng nethods, a
met hod di scl osed in JapaReagsPabeNafiRiactdizd iy Ll rnet-dhe 37/ 1979 is

different fromother nethods in a feature that the notive force for

ej ecting |iqui grdheahely iedrPaodigeddbyetPHeddd ddy tieidml energy to
liquid. That is, according to the nethod, a |iquid subjected to thernal _
energy abruptly changes the volune due to the change in state and the force
t hus produced ejects the liquid froman orifice at the tip of the recording
head porti orb t BACEGROUNDI 0 THHUIINVENTION s 25 and attach the droplets to a
recei ving nmenber to effect recording. The recording head portion of a
recordi ng appapégﬂ}é of the Invention

This invention relates to a process for manufac-
turing an electrothermal transducer for a liquid jet
Kg‘ recording head capable of ejecﬁing liquid and forming
10 flying liquid drqplets to effect recording.

Description of the Prior Art

Liquid ejecting recording methods (ink jet record-
ing methods) have recently attracted attention since the
-néise during the recording is negligibly small and the

15 récording can be made on plain paper;

Among such.fecording methods, a method disclosed in
Japanese Patent Application Laid-open No. 51837/1979 is
different from other methods in a feature that the motive
force for ejecting ligquid droplets is produced by applying

20 ' thermal energy to liquid. That is, according to the method,
a liquid subjected_to thermal energy abruptly changes the
Volume aue to the change in state and the force ﬁhus
produced ejects the liquid from an'orifiqe at the tip of
the recording head portion to form flying liquid droplets

25 and attach the droplets to a receiving member to effect
recording. |

The recording head portion of a recording apparatus



o . ]
-2- 1 ..used for the above-nentioned recording nethod is consti- tuted of

an ofifice for ejecting liquid, a liquid ejecting portion having a liquid
flow-path containing, as a part of the constitution, a heat actuating. = ¢
portion which is 5 communicated with the orifice and where 't her nal eng;gy
Is applied to the liquid, and an el ectrothermal transducer as a neans For
generating thernal energy.. The above-nentioned el ectrothermal transducer
is constituted of a resistive heater |ayer formed on a support, 10 and a
pai r of electrodes disposed opposite to each other and connected with the
resi stive heaedr fozy¢he ae veesiesttionedikatesrordipey nesshed hbmtcagesierat i ng
regi on (heat generating portion) between the el ectrodes. The above-
ment i oned shsedr ofhenmelr ifdises deserejectyare rldidyidr ovi beahish aieet sagport
and a single or plural protective |ayers are provided on the surface_ of -at
| east the PBFELBR BBNLAGt Pnd i 9 A RFth et ing hadFre? R3ERsHicer,

O XaTD! Ehes 2R SR RISt Shol SOl Pl CEb s, o ectrother !
170090 ot "Erkbitda B 0K il RLSRI YHAE HOLESS OO gl it o
O o SPRLSE Y el it Pl T LT B A4St OO
protectiveal A¥8h& for generating thermal energy..
The above-mentioned electrothermal transducer is B
constituted of a resistive heater layer fofmed on a support, ~
10 and a pair of electrodes disposed 6pposite to each;other
and connected with the resistive heater layer. The
resistive heater layer has a heat generating region (heat
generating portion) between the electrodes. . The above-
mentioned ;lectrothermal transducer is generally provided on
15 a support and a single or plural protective layers are
provided on the surface of'aﬁ least the portion contacting
" the liquid of the electrothermal transducer, for exémple, o)
as: to protect chemically or physically the electrothermal \;
-trahsduder from the liquigd, preveﬁt short circuit between
20, the electordes through the liquid, and inhibit electrolytic
corrosion caused by current flowing from the electrodes to
the liquid. The protective layers may be generaily
produced by a thin film forming method such as sputtering,
CVD, vapor deposition and the like.
25 However, the above-mentioned protective layers

sometimes suffer from a problem that, upon forming the

- protective layers, a so-called micro-crack is formed at



sbnetineg\suffer froma problemthat, upon formng the protective |ayers, a
so4calleg‘ntcro-crack is fornmed at 3- 1 edge portion of the el ectrode
pgrtion . and a defect such as so-called pinhole and the like is liable to
formdue to an.i nconpl ete washi ng or dusts generated upon form ng the

| ayer-™t is very difficult to formprodtettive |layers conpletely 5 free
fromsuch defects, and when such defects are present in the protective

| ayers, the electrodes are shortcircuited through the liquid to cause
corrosion and dissolution of the el ectordes and resistive heater | ayer

resulting i A ddEOMAREiah of e qkererdRl PeFaIQYURRY Juiehech FEMR 38

ti . The above-menti t echpi d propl in_the_techni

W IT bo descr i SR T FOTRYS A4 cifel fraurhob ahbe, & FFen il ot
| S oescr ed T ) . : _ .
Byt cal. enbodaint dd Jaknthd o Pioff oot Lbeg KpohiNedinng 5L RafeE"

a protecitng lgyerg f%ré;ca{,gﬁf&lt@ecé.tlf%ﬁﬁepfét@auéédlépéﬁiéﬁh{iiéeéiiron

of the explanation. Fl I's a partial cross-sectional” view taken al ong
the dot andsdagheCrddmesuch idefddes fand|kher $Sci d6Petos &x@l prosegtt he

detailed structure of the substrate in FIG 1 and is an enlarged cross
sectional viewmftidpstddtive tayeted the helectrodes are shortcircuited
through the liguid to cause corrosion and dissolution of
the'electordes and resistive heate; layer resulting in
¥J - disconnection of electrothermal transducer during a long
10 time use.

The above-mentioned techniqués and problems in the
techniqués will be described below referring to the
drawings.

FIG. 1A is a partial plan view in the vicinity of a

15 heat generating portion of a substrate in a typical
embédiment of a prior art liquid jet recordihg head. 1In
FIG. 1A, a protecitng layer for covering the surface is

omitted for simplification of the explanation. FIG. 1B is
a pértial cross-sectional view taken élong the dot and dash

20 line XY in FIG. lA. FIG. 2 is given for .explaining the
detailed structure of the substrate in FIG. 1 and is an
enlarged cross sectional view of the portion encircled with
a dotted iine A in FIG. 1B.

In FIG. 1A and FIG. 1B, the electrothermal transducer

25 is constituted of a support 1, a resistive heater.layer 2
formed on support 1, and electrodes 3 and 3' formed on the

‘resistive heater layer, and a protective layer 4 is provided
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a dotted line Ain FIG 1B. In FIG 1A and FIG 1B, the electrotherwm
transducer 25 is constituted of a support 1, a resistive heater |ayer .
formed on support 1, and el ectrodes 3 and 3' forned on the resistive heaterc.
| ayer, and a protective layer 4 is provided -4- 1 on the resultlng
assenbly to protect the el ectrotherdra+ transducer from an ink. Re5|st|Ve
heater |ayer 2, electrodes 3 and 3', and protective |layer 4 are provided on
support 1 in the order as nentioned above. 5 Resi stive heater
| ayer 2 and el ectrodes 3 and 3' constituting the above-nentjoned
el ect r o} h&@nmdih %rﬁﬁﬁ&ﬂk&ﬂge#%ﬁ?ﬁ@%%rﬁ%dPF%t?%FnFBepPéGEPE?HPﬁEEa§hape by
nmeans of etchln or t Ilke tlon of her _than Qheat ener |ng
e%ﬁaﬁ

portion 11%%%? Srer |§Pt éve gatgrlarehefier 8t ﬁ§r8 BEi on

rlém gtni \e/L,‘ . 93': zyglfé 26&{‘:[?%%’?" por %llt;l %g?\g?aﬁg{wkaﬁe ﬁeg?gseneratl ng
portion 1]ln I@'}.@ Qﬁt&éﬁeéﬁawnéld &oggﬁgleon desired portions including the

portions contacting i qui d a ove the 15 support by neans of sputtering,

CVD netgod, vapor mapasiive hedtéhelay&e, 2284t Beet€eblibsNg RAAL 8¢t Ve
| ayer usually has sone defects such as mcro-crack 6, pinhole 7 and the

i ke as SmmusﬂﬂtdﬂiagZlhe\Hﬁﬁ”éﬂménﬂﬁéﬂedSeheetpoEBeﬁhalntﬂanb&ubere I ayer
4, the liquid filling the portions above
are patterned to form a predetermined shape by means of
etching or the liké,.and the portions other than heat o
generaing portion 1l are pattefned in the same shape. At s
10 heat generating portion 1ll, an electrode is_not formed on
resistive heater layer 2 and the resistive heater layer 2
at tﬁat-portion constitutes the heat geherating portion 1ll.
Protective l;yer 4 is formed on desired portions
including the portions contacting the liquid above the
15 support by means of sputtering, CVD method, vapor deposition
or the 1ike, and the resulting protective layer usually has
.some defects such as micro-crack 6, pinhole 7 and the like
as shown in FIG. 2. When such defects are present in \;)
prOEective layer 4, the liquid filling the éortions above
20 the protective layer penetrates the defects to corrode and
dissolve resistive heater layer 2 and electrodes 3 and 3°
finally resulting in disconnection. Therefore, another
protective layer sucli as an organic resin layer and the like
has been heretofore usually provided on the protective layer
25 4. BAn example of a substrate of a liquid jet recording head

provided with such an organic resin layer is shown in FIG. 3.

In FIG. 3, an organic resin layer is provided on the



. .
20 the praqtective |ayer penetrates the defects to corrode and di ssol ve
resistiive heater layer 2 and electrodes 3 and 3" finally resulting in

dj sconnection. Therefore, another protective |ayer such as an organic resin
| ayer .and the li ke has beeniheretofore usually provided on the protective

| ayer™5 4. An exanple of a substrate & -a liquid jet recording head

provi ded with such an organic resin layer is shown in FIG 3. In FIG 3, an
organic resin layer is provided on the 1 substrate having the

constitution of FIG 1, and FIG .3 corresponds to artial.cr ction
ot Rl @ Y pspbatrates WAV iR i Rn Saar ton, S Wi 11 6 TR od ¢ he
whol e surface of protectjve | aver 4 except ort.. S di to
heat actuati ngcﬁggﬁsgr?nﬁisos'one%s poafrecslﬁ‘ﬁ'ﬁ cé:f)o}tesl, %gé,’ct#vla%o?)%ce%%% {Djl%}n, pl asma

pol yneri zati ongqf tRe lg ke al;tg\i&gyﬁr 1S YL iR i1 éaq_rtwl.{.a_%tig Ufd e S W efise

fromthe foll owing probl ens. y, organic resin layer 8 10 contacts the

li quid present hhgeqr aadd R e tivd NGyidie 4 WidpEBhs oBOIEd i es
the resin is swelled or the adhésion is lowered. In addition, 1f the

protective |Ryebréeshonditly Hdadatainsdtiiatiing fodeidn e asyymeren=eraf esb it
. heat generating portion 11 to the liquid in the vicinity of 15 said

portion 11 i s koaddined s@pdmtdegessidiiant, tplacmahqmilymebizaeien oedtle t he
heat generating portion 11 should be increased. As a result, the
deterioration dfikessistive
However, such prior art éonstitutién suffers from-
;¥/ : ' the followiné problems. Firstly, organic resin layer 8
10 contacts the liquid present.thereon and therefore, during
the long time use, sometimes the resin is swelled or the
aahesion is lowered. In addition, if the protective layer
4 is thick, the trénsfer.of the heat energy generated at
.heat generating portibn 11 to the liquid in the.vicinity of
15 said portion 11 is hindered so that the quantity of heat to
be generated at the heat generating portion ll should be
increased. As a result, the deterioration of resistive
heater layer 2 is accelerated. In such d& case as above, the
tiﬁé_required for heating and cooling at the heat generating
20 portion 1l becomes long, and this is against the demaﬁd for
high speed recbrding. Further, the temperature at heat
generating portion 1l usually reaches about 200°C so that
y ' the resin of organic resin layer 8 is sometimes_subjected to
deterioration. Thereforé, heretofore an organic resin layer
25 8 has not been provided at the portion of protecitve layer 4
in the vicinity of heat generating portion 11 and a single

‘layer structure, that is, only the protective layer 4, is
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.~heater layer 2 is accelerated. In such a case as above, the tine required
“.for heating and cooling at the heat generating 20 portion 11 becones l-ong,
and this is against the demand for high speed recording. Further, the s ;
rﬁp-erature at heat generating portion 11 usually reaches about [err]iso

tYeeft the resin of organic resin layer 8 is sonetines subjected’ to -
deterioration. Therefore, heretofore an organic resin |layer 25 8 has not
been provided at the portion of protéecitve layer 4 in the vicinity of heat
generating portion 11 and a sing]e IaXer structure, that is, qnly the
protective Iay@eﬂ‘?n":sthere@spgégﬁﬁt PhELG-3s shéfh i@ FregWt.As & esult,
the organic resin .layer IS not ffective | m ¢ro-.crack 6 as
i | lustrated i OFFRRLC 5resin SLRERRY C]i' HEnPﬁVENﬂt%%inl%%j eég%ol%‘ The
present invent}on,bSctQck §Vhdeid1pkeeated Ah waubact uring an

el ectrothermal transducer for a |liquid jet recording head- free from
the 10 above-nenti oned drawbacks. Another object of the present
invention is to provide a process for manuf act uri ng an

el ect r & her mal SYMMARY QB THEQINVENTEION,i d jet recording head which is 15
excellent in an overall durability upon a frequent repeated use or a
continuous use for a long tinme and can stably maintain the initial good

liquid dropl etan object of the present invention is to provide a

process for manufacturing an electrothermal trahsducer
for a 1liquid jet zrecording head free from the ;_;

10 above-mentioned drawbacks.

Another object of the present invention is to provide

a process for manufacturing an electrothermal
transducer for a liquid@ jet recording head which is

15 - excellent in an overall 'durability upon a frequent
| repeated uée or a continuous.use for a long time and
can stably maintain the initial good 1liquid droplet

forming characteristics for a long time.

20 A further object of the present invention is to
provide a process for manufacturing an‘ electrothermal
transducer for a 1liquid jet récording'head having a

high reliability upon the fabrication érocessing.



fbrnfng characteristics for a long tine. 20 A further object of the
present, invention is to provide a process for manufacturing an
ehectrothermal transducer for a liquid jet recording.head having a high

reliapiily ty upon the fabrication processing. - 6a - According to the-

i nvent™n there is provided an el ectrothernal transducer wunit for a
liquid jet recording head conprising a support, a resi stive heater |ayer
overlying the support, at |east a pair offas - el ectrodes - electrically
connected with th B%&hﬁ?‘v%ohe%kﬂ"fﬂ#@héﬂHﬁfiﬂﬂé¥é“”i§e %H an

I nsul ati ng nateria overlying the heater ayer and adjacent ctrode

portions wherein ableegrbthelrinedns eranzdueral erurityerfand/or rlanid odpst
exposed by -defects in 10 = the protective layer are protected by
anodi ¢ oxi de genergcedding beed cooprisiadchea ersurpaRtandy orregistive
el ectrodes. The '

t | f t he -15
manuf acture of He@%gg:![ Icl)g?ﬁE? Sgrll row g:g’@r m‘{)r]%cj(rasﬁs# cflﬁoagﬁif e?esﬁic%r?ﬁ ng
heads in which the '.‘l'.Qlctl: a%&iwwtc dA P Ll healdr ,.l Al AN
t ayer

an el ectrode |ayer "over ylng e support, a protective
i nsul ating nateri ahe@tek! yiLagethe amat & mt@wﬂxf@dqé&r of |ﬂ¥§1:§aﬁm’g

subject to defects, wherein the wunit 1is
material overlying the heater layer ‘and adjacent
electrode portions wherein at least portions of the
. _ heater 1layer and/or electrodes exposed by defects in
10 the protectiVe_layer are protected by anodic oxide |
generated in situ from the heater layer and/or the

.electrodes.

‘The invention also provides a process for the

15 manufacture of an electrothermal transducer unit for

liquid jet recording heads in which the unit comprises

a support, a resistive heater layer and an electrode

layer overlying the suppo:t, and a protective layer of

\_ _ insﬁlating material overlying the heater and electrode
20 layers and subject to defécts,. wherein the unit is

exposed to anodic oxidatioﬁ utilising the electrodes

as anodes whereby anodid okidation takes place at

portions of the heafer and électrode léfers exposed by

any said defect.



;~ekposed to anodic oxidation utilising the el ectrodes as anodes whereby

‘- anodic oxidation takes place at portions of the heater. and el'ectrode

| ayers exposed by any said defect. -7- 1 5 BRIEF DESCRIPTION OF THE - »
PRAW NGS FIG |Ais a partial plan%iew of a heat generating porti-on apd
vicinity of a substrate in a typical enbodi nent of a conventional ™
liquid jet recording head, and FIG 1B is a partial cross-sectional view
taken along a dot 10 and dash line XY in FIG 1A, FIG 2 is an enlarged
vi ew ofl a portion surrounded with a dotted line A showmn in FIG. 1B; FIG 3
Is a partial cross-sectional view of a portion corresponding FIG 1B in
other conventional liquid.jet recording head; FIG 4Ais a partial plan
view of a heat 15 generating portion and its vicinity of a substrate in an
enbodi ment of a liquid jet recording head fabricated according to the
present invention, and FIG 4B is a partial cross-sectional view taken
along a dot and dash line XY in FIG 4A, - FIG 5 is an enlarged view of a

porti o CRRAESPPRECRIS TN (oF arHIPRAWINGS rounded with a dotted line A
shown i n FFG—B T amnot ner enpodl ment o1t he present invention; FIG 6 is .

an enl arged vi ew gfr@ RO tisdora qairteiiopdiang wiews qibra ilosats urernanaleihgi th a
dotted line A shown in FIG 4B in

portion and its_vicinity of a substrate in a typical
embodiment of a conventional liquid jet recoiding head, and
FIG. 1B is a partial cross-sectional view taken along a dot .

10 and dash line XY in FIG. 1A; FIG; 2 is an énlarged view of
a portion surrounded with a dotted line A shown in FIG. 1B;
FIG. 3 is a partial cross-sectional view of a portion

. corresponding FIG. 1B in other conventional liquid jet

recording head; FIG. 4A is a partial plan view of a heat

15 generating portion and its vicinity of a substrate in an
embodiment of a liquid jet recording head'fabricated
according to the present invention, and FIG. 4B is a partial
cross-sectional view taken along a dot and dash line XY in
FIG. 4A; FIG. 5 is an enlarged view of a portion correspond-

‘20 ing to a portion surrounded with a aotted line A shown in
FIG. 4B in ahother embodiment of the present inveﬁtion;
FIG. 6 is éﬁ enl&tged.view of a portion-correspon&ing to a
"éortién surrounded with.a dotted'liné A shéwp_in.FIG. 4B in
still another embodimemt of the present invention; FIG. 7

25 is a schematically expioded view for explaining an inner

cdnstruction in an embodiment of a liquid jet recording head

fabricated according to the present invention; and FIG. 8 is



still -another enbodi mnem of the present invention, FIG 7 25 is a
schemati.cdl |y expl gded view for explaining an inner construction in an
erbodi nent of a I|qU|d jet recording head fabricated according to the
‘presentinventien; ‘and FIG .:8 is -8- 1 a schematic view for explaining
an |nn§f construction in another enbodigeat of a ltquid jet recording head
fabricated according to the present invention. 5 DESCRI PTION OF THE
PREFERRED EMBODI MENTS The present invention will be described in detai
referring to the drawings. FIG 4Ais a partial plan view of a heat
generating poraisehematicsvieei feryesplainingt pat énparagonsbsursdAn éf 10 a
liquid et recordlng head manufactured by a_process of the present

i nvention. |n ¥ethen embodipentQf Fa&éﬂu+6r3€BVEPFﬁ§diﬁ€ gRfaéabricated
omitted for SI |If%} the Jillustratjon. g is a partial

cross- sect i onaf SR ENFRRKER Eﬁ%n@r%sﬁBF Jhyey %ﬂnllne XY in FIG 4A. In FIG
4, 15 the liquid flow path and the orifice nenber are omtted.in the sane
way as in FIG 1. The substrate in FIG 4 is constructed in the sane

manner as tgf sedsk f5h 0l o §4fhElpgﬁfgﬁkEbhﬁﬁB@ﬂIQEQQSC oxidation nethod is

used. In FI AAanmd PG 4B 1L TS & support, 2 175 a 20 resistive heater

layer, 3 and 3' are e"ﬁ?ér@?@§en14 BnPeRte6hi wellayer dedeibeat iacHudhing
portion, and 11 a heat

referring to the drawings.

FIG. 4A is a partial plan view of a heat generating
portion and its vicinity of a substrate in an embodiment of
.10 a liquid jet recording head manufactured by a process of the
‘present invention. In FIG. 4A, a protective layer for
covering the surface is omitted for simplifying the
illustration. FIG. 4B is a partial'éross-sectional view
taken aloné a dot and dash line XY in FIG. 4A. 1In FIG. 4,
15 the liquid flow path and the orifice member are omitted in
the same way as in FIG. 1. The substrate in FIG. 4 is
~constructed in the same manner as the substrate of FIG. 1
except that an anodic oxidation method is used.
In FIG. 4A and FIG..4B; 1 is a support, 2 is a
20 resistive heatei.layer,-3 and 3' are electrodes, 4 a
protective layer, 5 a heat actuating portion, and 11 a heat
generating portion. As materials constituting the said
" support 1, resistive heater hayer 2, electrodes 3 and 3°',
and protective layer 4, those used and proposed in the art
25 may be used widely. However, as the ﬁaterial constituting
protective layer 4, there may be used materials having

insulating property, preferably, inorganic materials.



dénerating portion. As materials constituting the said support 1, resistive
heat & hayer 2, electrodes 3 and 3', and protective |layer 4, those used and

proposed in the art 25 may be used wi dely. However, as the material - "
-constituting protective layer 4, there may be used materials having WV

I nsul ating property, preferably, ingrganic materials. -9- T ~The
process according to the present invention is illustrated below referring

to the fabrication of the above- nentioned substrate. First, resistive
heater |ayer 2 is forned on support 1 by a vapor deposition nethod, a 5
sputterilng net hod Thetpweotéke amdordinghboupher pyesktate inNenédon dlsect r odes

3 and 3' further_f d by_the, h Next., b > so-cal | ed
phot o- ot cH RGN e TR FRABEELIGaFe BRe, RADFASBELRE B dhe. GPONSS 3

d 3 and t_of the ] tQ. istive.h | 0
femoved s enelined SISV | BiP8nerBpRLoF BB R MRYeT 2T
heater | 3 - ' ion 11 havi
the desi 1 Erafed SECGQEER: LAY £ vadOE BEBhe e e o B Fancaucer
conpri signgsdherad Sn& ORSER Gt 8F. thSCLORE. aRM, t BR LRAROLpPRROSifAkd et hod, 15

the sputtering nethod or the |like as shown above, protective |layer 4 is
provided athdfsst, 08lédersigst 3 oahar pul ateafartiese forived yakine @anke part

of the substrate containing the electrothermal transducer. The substrate-in
this step nsishods. Next, by the so-called photo-etching method or
the like, a part of the layer to be electrodes 3 and 3' and
a part of the layer to be resiétiVe heater layer 2 are ~
10 removed successively from the top. Thereby, there are
formed resistive heater layer 2, electrodes 3 and 3', and
heat generating portion 1l having the desired shape on the
desired position and-an electrothermal transducer comprising
tﬁem is conétructéd. Second, by the vapor deposition method,
15 the sputtering method or the like as shown above, protective
layer 4 is provided at least on the electrothermal trans-
ducer} preferably on a part of the substrate containing the
electrothermal transducér. The substrate in'this step has, g;)
for ‘example, a defect.aé shown in FIG. 2. Finally, elec-
20 trodes 3 and 3° having such a defect as an anode are
subjected to an anodic oxidation treatment. By using the
anodic oxidation method, an anpdic oxidation film is formed
on the said defective portions, that is, the porticas in
which insulating propérty'for a heat generation are not
25_maintained. By-thé above-mentioned f£ilm, these defeétive
. portions.in the électrothermal'transducer may be protected

from liquid. .



for EXaqnle, a defect as shown in FIG 2. Finally, elec- 20 trodes 3 and 3'
havi ng such-a defect as an anode are subjected to an anodi c oxidation
tyeatment. By using the anodic oxidation nethod, an anodic oxidation film
is formed on the said defective portions, that is; the portions in which

i nsul a¥i ng property for a heat gener-ati®n are not 25 maintai ned. By the
above-nentioned film these defective portions in the el ectrothermal
transducer may be protected fromliquid. -10- A detailed construction of
the substrate fabricated by the above-nentjoned nethod accordin

to. the
present invkntion is & [dehiaidiad IRITFIEHET 9y TP (APPSR S at2Pricated

constructed as showmn in FIG 4. However, the follow ng 5 epbod| are
expl ai ned wi t PYa BH&r @RIV HAdSBIRA r{befttlp‘g ?)%‘F?’f‘&f’%u?? ouﬁg%dﬁg\ng%]%é%
dotted line A shown .in FIG, 4B. FlI shown an. ex e, of d |
constructi on IPVENGHAS it iiﬂﬁ%ﬁéiﬁﬁi?ﬁ ?Veﬁﬁ%ﬁ%ggg a5 i%ﬁetgégéégﬂg?
consi sting of two steps Usj |.ffe |l egtr 10k &S bvEhy - IN
R o T L b e i S o A
treatment a tde fdiiein o e AUbIfidsd thELRNObEr exbilakd pPespbiiding Ted by

the anodic oxidation treatnent at the second step. These filnms may be
formed on el eq rRfe iPdn AkAduddsd Shive dHeabeted ayine2nashove tef BTEH vEB.

portions of -
FIG. 5 shown an example of a detailed construction

of a substrate subjected to an anodic oxidation treatment-

consisting of tﬁo steps using different electrolytes,

10 respectively. In FIG. 5, 9 is the anodic oxidation film
formed by the anodic oxidation treatment at the first step,
and 10 is the anodic oxidation f£ilm formed by the anodic
oxidation treatment at the second step.

These films may be formed on elgctrbd; 3' and

15 resistive heater layer 2 at the defective portions of
protective layer 4,'for example, micro-crack 6 and pinhole
7 and if desired, around said portions. Further, its shape

" is formed such that electrode 3' and resistive heater layer
. 2.d5.not directly contact liquid. The shape of the defects

20 in prqtective layer 4 such as micro-grack 6, pinhole 7 and
the like remains as it is, even after having applied the
ﬁnodic oxidation treatment. But, by forming the above-
mentioned film on the electrode or the resistive heater
layer fronting these defective portions, the electrode and

25 the resistive heater layer are protected from electrolytic
corrosion caused by direct contact between the liquid and

these portions. Thereby, there is provided a stable liquid



protective |ayer 4, for exanple, mcro-crack 6 and pinhole 7 and if
desired, around sald portions. Further, its shape is formed such 'that:-

el ectrode 3 and resistive heater Iayer 2 do not dlrectly cont act I|qU|d
The shape of the defects 20 in pro&ictlve | ayer 4 such as nicro-cracky

pi nhole 7 and the |ike remains as even after having applied the
anodi ¢ oxidation treatnment. But, by form ng the above- nmentioned filmon
the el ectrode or the resistive heater |ayer fronting these defective

t thltd 25 th th t ect ed
Prom ef dot19F yFPEOLBE PR BSc LREBATBOT IR B PP BRRESED B f&é%%ﬁfﬁéo|?§u?d and

these portions. Thergbye Ligg Le BLBYbIEdod SfaBbeebhdd Gur

recordi ng head free rom |sconnec on-or oms an exanpl e
of a substoig éﬁbtﬁétEHoQEEYoRQdEQQoﬁ”Qééﬁtﬂéh@ahko%h%r%ﬁkﬂﬁ%& stleg he
second step a own in I's an anodi ¢ oxidation 5
film Propgstyneimt beseréil 55 f gamedci.net hgodekeahi waoddkt ioxidawdiores
dependi ng upon the kind of an electrolyte, electrolytic conditions,

mat eri albs filmhe Prepéregeofindheeei Siilms fozxmed lLiayeheodeiflee tiviee.

However, these conditions are not to be construed-as being particularly 10
Iinitativepentiamsasarhesodﬁpenélog upenptbee kinidnedniano e lactredaydepl i shed.
Further, the anodic oxidation nethod according to the _present invention is
not parti cehe@tyolyhicacondisiansneratarjads afdehe edegtyade and, known

resistive heater layer or the like. However, “these

conditions are not to be constfued as being particularly e
10 limitative so far as the objects of the present invention
are accomplished. Further, the anodic oxidation method
according to the gFesent invention is not particularly
limitative and there may be widely used generally known
.methods for applying theé oxidation treatment to a metal

15 such as al, Mg; Ti, Ta and the like.

The liquid jet recording head fabricated by the
process according to the present invention is accomplished
.by forming a liquid flow path and an orifice corresponding \;J
to the heat generating portion on the substrate formed as

20 above.

FIG. 7 shows schematically an exploded view for
explaining an inner construction of an_embodimeﬁt of the
accomplished liquid jet recording head. In this embodiment,
orifice 205 is provided above a héat generating-portion 203

25 (Only one is shown in the figure.). 1In this figure, 204 is

a'liquid_flpw path, 206 an ink flow path wall, 207 a common

liquid chamber, 208 a second common liquid chamber, 209 a



met hods for applying the oxidation treatment to a netal 15 such as A, My,
Ti, Ta and the like. The liquid jet recording head fabricated by the

p§ ocess .according to the present invention is acconplished by forming a
liquid flow path and an orifice corresgonding to the heat generating
‘portiop-on the substrate forned as 20 &bove. FIG 7 shows schematically an
expl oded view for explaining an inner construction of an enbodi nent of the
acconplished liquid jet recording head. In this.enbodinment, orifice 205 is
provi ded above a heat generating portion 203 25 (CD|%.8HG IS shogn in the
figure.). I tbheoughhplte muzerconnecHing FPERCPathIUsBechA™PRE #PdwAP4t h
wal |, 207 a common |iquid chapber, 208 a se d con | iquid,chanmber,. 209
a -12- 1 th?%ﬂﬁ%ﬁo?%m?ﬂﬁe}h%ﬁh%c??ﬁ@bﬁﬁngﬁﬁ’IFﬁﬁ?ggehgnﬁgﬁliﬁg Bhate-
second common Jiquid chanmbgr 208 n | LI p LI i;ng rtion
of the eIectro%ﬁg+ﬁb?gt?%ﬁ,ﬂ%%e?fiﬁhghéig?gﬁgghggﬂg%i#?ggsd clr’ i tB%IG. 8
shows schenati |y anot odi ment of the acconplished liquid jet
recordi ng head£f+%¥?h?§ %ﬁ % ?ﬁént, orifice 205 is forned at the tip of the
liquid flowspath. 203 pgga f‘e@ﬁoGQn§éﬁéh8€i@911¥°ﬂno%ﬁéraehb@diidlehEOWfpat h,
206 an ink flow path wall, 207 a common liquid 10 chanber, and 210 a
ceiling plate. tBd lastomplashéak1 s40RdY] 88 recording head. 1In this

embodiment, orifice 205 is formed at the tip of the liquid
flow path. 203 is a heat generating portion, 204 a liguid
N flow path, 206 an imk flow path wall, 207 a common liquid
10 chamber, and 210 a ceiling plate. 211 shows an ink-supplying
port. ‘

In the case of a substrate having electrodes and a
resistive heateér layer insﬁlated by the anodic oxidatiqn as
shown above, although defects exidt: in the protective layer,

15 the density of defective portions in the protective layer is
zero in measurement by a copper decoration method usihg a
methanol solution. Therefore, electrolytic corrosion of
the electrodes and the resistive heater layer by the liquid
does not occur, and although the defects still remain in

20 the protective layer, there can be obtained a substrate
having no problem for a practical use by forming the above-
mentioned oxidation films on the electrode and the resistive
heater layer. In case that a protective.layer is formed as
a multiple layer construction by laﬁinating'a-metal layer

25 or the like on an insulating protective layer, its efﬁect is
very great because a short circuit does not occur between |

the electrothermal transducer and the metal protective layer.



port..In the case of a substrate having el ectrodes and a resistive heater
| ayer::i nsul ated by the anodic oxidation as shown above, although defects
exist in the protective layer, 15 the density of defective portions in thes
protective layer is zero in neasurenment by a copper decoration:nmethod ‘using
a nmet hanol solution. Therefore, -ellektrol ytic corrosion of the el ectrodes
and the resistive heater layer by the liquid does not occur, and although
the defects still remain in 20 the protective |ayer, there can be obtai ned
a substrate having no problemfor a practical use by formng the above-
ment i onéd oxidati%WQWQHﬁ¥%ﬁﬁ%¢k§%ﬁ%c?$oﬂ%eaﬂaeﬁﬂﬁtréBVQBF%@nhéét§P | ayer
In case that a protective |ayer is formed as a nmultiple |ayer constryction
by | ani natPRyex theth g %%ﬂﬂﬂdzﬁPQﬁa?F%P$iﬁ%r§ﬁ°§n°ﬁn FaﬁiﬁﬁtﬁPﬁPéﬁpﬁge
| ayer,- i.tg effect is ver s eat, because_a short. cirgcuit. does not.occur
bot veen { BEBFCHAAR A A TTSNAIEART BRECTHALIRY aFRR, BPREE JEREiGEFd
-13 - The r.act es.i st.j.c of re t.pov | L C F e liquid
cont acti .ng?%sgzuar agglo':%% & eTée%}F?a(;t hgelr?@rﬁé?rgﬁg%‘gge?gtéﬁgnggﬁgu%g%ﬁng
mat eri af Ve | i X4 ' o] ad : ki, S t is
t he sane gégkgg t gﬂgﬁﬂﬁﬂ%}e ect?%ﬁgtghgn%g?%EQE}ggggol???ggég%dfﬁ%éﬁg'
change. Using theygibsd e dWseeaes £esreabgd absyeibbhcabbad dthet -
recording head is fabricated and used, and a -

ligquid jet recording head is fabricated and used, and a

stable recording can be performed over a long time without

the breaking or the-like. e
10 The method of the preéent invention is describéd in

more deﬁail referring to the following examples.

Example 1

An Sio2 film of 5 um thick was formed as a substrate

by thermally oxidizing an Si Qafer. On the resulting
15 substrate, a Ta iayer is formed as a resistive heater layer

of 3000A thick by sputtering, and then an Al layer of 5000A

thick is laminated by an electron beam deposition using Al

as an electrode material. - Next, the electrodes and the \;/

resistive heater layer are patterned to have a predetermined
20 shape as shown in FIG. 4A by photolithographic steps and

the electrothermal trénsducers of a predetermined number

-are formed at the predetermined positions (a heat generating

‘portion, 30 um in width, 150 um in length). Then, on the

.substrate provided with the above—meﬁtioned electrothermal
25 transducer, an Si0o, layer of 2.2 um thick is deposited as a
| protective layer by'ﬁ high rate sputtering.

By the same process as described above, one hundred



-

stabl'e recording can be perforned over a long tinme w thout the breaking or
the like. 10 . The nethod of the present invention is described in
npre det.ail referring-to the follow ng exanples. Exanple 1 An SiQ2 fil m of
5 [err™ hick was fornmed as ‘a substrate by thermally oxidizing an Si wafer.
On th&Eresulting 15 substrate, a Ta +akér~is formed as a resistive heater

| ayer of 3000A thick by sputtering, and then an Al |ayer of 5000A thick is
|-am nated by an el ectron beam deposition using Al as+an el ectrode materi al.
Next, the el ectrodes and the resistive heater |ayer are patterned to have a
predet er mi néd Pebstrakessverpwirbnicated4A Bpopaotbeme hd88r apRFETrateps and .
the el ectrothermal transducers of a predeterm ned nunber are forned at the
predet er mi ned PRATRISMA) ( habhtthenaraberg peet FYRIeS6efetP] thE @RAEAS 150

err] in length),_  Then, on the bstrate proyide ith.the aboye-nenti oned
glec%rgtherngﬁ’ %F%ﬂ%dﬁ%%é?mﬁmg3?525?5§E$b8¥'g?ﬁ°%@??? ?ﬁPSE_¥§ depo;ited

: | D% ng.
descr | bed abovib YA ofafnile 8 Ced bads B9 oY RAFRIPRPPLERED” Arong
them 50 substyog&se {G@R fnshal f the nunber, are subjected to the

anodi c oxidation treatnent as descri bed bel ow and ot her 50 substrates
(sanple B) are used asrd hea&frdf eSampléNB, a pinhole density is measured

by a copper decoration method in methanol solution known
generally as method for detecting the pinhole density of a
passivation £film. The average.of the pinhole density was

10 6 defectS/cmz. The defect as shown in FIG. 2 was observed
in all sémple B.

Next, each of the sample A was subjected to the
anodic oxidation treatment of two steps as deécribed below.
first, the substrate of sample A was immersed in a 10%

15 solution of phosphoric.acid and voltage of 100V was applied
' only to electrode 3' as an anode for 20 minutes. Second, as
the treatment at the second step, the substr&te subjected to
the treatment at the first step as described above was
immérsed in a mixture of aqueous 0.5 mol/% boric acid and
20 0.05 mol/% sodium tetraborate and'voltage'of 200V was aﬁplied
to electrodes 3' and 3 as the anode.

By the anodic oxidation treatment, the oxidation
film as shown in FIG. 5 was formed on these defective.
portions in the substrate subjected to the anodic oxidation

25 treatment. - By the oxidation treatment at the first step,
A1203 film was formed on portion 9 of electrode 3' in FIG. S

and thickness of the oxidation film on resistive heater



5 defective portions. In each of sanple B, a pinhole density is measured by :
a copper decoration nethod in methanol solution known generally as nethod
for detecting the pinhole density of--a passivation film The average.of .
the pinhole density was 2 10 6 defects/[err]. The defect as shown in FFG 2
was observed in all sanple B. Nextiseach of the sanple A was subjected™to

t he anodic oxidation treatnent of two steps as described below First, the
substrate of sanple A was inmersed in a 10%.15 sol ution of phosphoric acid

mnut o 1 St £ RotRe SRt nin e eReSEeaBRETE, opy Ml SR 0
mersed i rat et b2t TR Ceetdd SEERY PhEDRIERIS B0 s Tng

sodi um t et£AboL 8 e Y YOhbEER €f aRA0Na Ve R g2RR! Iekteld Mt A st e and 3

as the anode. By the anodic oxidation treatnent, the oxidation film as

shown i n H{redgtRswior fEEmed bheeRedelecuinferRaldd @ the ideidudiid at e
subj ected to the anodic oxidation 25 treatnment. By the oxidation treatnent

at the Gi r8ilmtep, pddLion 9| afnwateterode QN [forriedh 8% cheelfbotstodted. i n

FIG 5 and thickness of the oxidation filmon resistive heater - 15-
In this step, thickness of the qxidation film on resistive
heater layer 2 composed of Ta was about 11003.

For all of the substrates of sample A subjected to
the anodic oxidation treatment'of-the two steps, the pinhole

10 density was meaﬁred by the copper decoration.method and any
pinhole was not detected.

In case that the above-meﬂtioned treatment was not
effected, the pinhole density was 6 defects/cmz. Therefore,
very good effect was obtained by this anodic oxidation

15 treatment.
Example 2

According to the same process as iﬁ Example 1, 50
substrates of sample A were fabricated. Next, each of these
was subjected only to the anodic oxidation treatment at the

Zq second step in Example 1. That is; each of the substrates
was immersed in a mixture of aqueous 0.5 mol/% boric acid
-and 0.05 mol/2 sodium tetraborate and voltage of 200V was
-applied to electrodes 3 and 3' as an anode as shown in
"FIG. 4 for 20 minutes. Thereby, the anodic oxidation

25 treatment was performed. The oxidation f£ilm having the

same shape as in Example 1 was formed at these defective

portions (portion 10 in FIG. 6) in the substrate.



13l ayer 2.conposed of Ta was about 1000 [err]. By the oxidation treatnent
at, the second step, the oxidation filmcontaining Al as a mai n conponent
an havi ng an excellent ‘dielectric strength was forned on the circunference
of the‘bX|dat|on 5'filmon portion 9 oi el ectrode 3' formed at the first
st ep. ™ this step, thickness of the o fdation filmon resistive heater
| ayer 2 conposed of Ta was about [err] For all of the substrates of sanple
A subj ected to t he anodi c oxjdation treatnent of the-two steps t he pi nhol e

10 denS|ty by the copper decoration nethod pi nhol S
not detected PAORELE Fﬁéﬁﬁ% &ﬁom&wﬁ%d?%éfdauc&awn FRiory method
ef fected, the g ﬁhohe &g wasg 6 SF%F%F Therefore, very good
effect was obt af'fed gy &ng nodi-c "6xi FR1on treatnent Exanpl e 2
According to the sane process as in Exanple 1, 50 substrates of sanple A
were fabricated. Next, each of these was subjected only to the anodic

oxi dati on treatnent at the 20 second step in Exanple 1. That is, each of
the substrates was i mersed in a mxture of aqueous 0.5 nol/| boric acid
and 0.05 nold | sodiumtetraborate and voltage of 200V was applied to

el ectrodes 3 and 3' as an anode as shown in FIG 4 for 20 mnutes. Thereby,
the anodi ¢ oxidation 25 treatnent was perfarned. The oxidation film having

the sane shape as in Exanple 1 was fornmed at these defective portions
(portion 10 in FIG 6) in the substrate. :
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.- 16 - 1 Pinhole density was neasured by a copper decoration thod and any#

“pi nhol e was not detected. 5 10 15 20 25 _;ll—«ebmﬂW§‘F-~’ﬂE . 5

el ectrothermal transducer unit for a liquid j ml\\w corrprl .Si ng- aa
port a resistive heater |ayer overlying t“““@ m Ieast ‘a
gl I of el ectrodes electrically connected wt nesisst ifve’ heat er - Iayer

and a protective |ayer of insulating } rial overlying the heater |ayer
and adj acent el ectrode portions wherei™ | east portions of the heater

| ayer and/or el ectrodes 10 exposed by defects in the protective |ayer

are protected by anodi c oxide generatéd in situ fromthe heater |ayer

and/ or the elepiﬂfﬁgs. 2. A transducer unit according to claim1l in
1. An electrothermal transducer unit . for a

liquid jet recording head comprising a support, a
resistive heater layer overlying the support, at
5 least a pair of electrodes eléctrically connected
‘with the _resistive heater layer and a protective
layer of insulating material overlying the heater
layer and adjacent electrode portions wherein at
least portions of the heater la?er and/or electrodes
10 exposed by defects in the protective layer are
protected by anodic oxide generated in situ from the
heater layer and/or-the electrodes.
2. A transducer unit according to claim 1 in
which the protective layer 1is composed of a

plurality of protective layers.

15 3. A transducer unit according to e¢laim 2 in
which at least omne of the protective layer is an

organic resin layer.

y, A tranducer unit according to claim 2 in
which the protective layer is constituted of an

20 insulating protective layer and a metal layer.



ﬁnpch the protective |layer is conposed of a plurality of protectlve | ayers.

3.

A transducer unit according to claim2 in Z27in which at |e
e of the pr ot ecti ve Iayer is an organic resin |ayer. A““‘“L“Ml Hl j!
uni t{:;according..toclaim2 in which the protective |ayer

i~

an 20%* insulating protective layer and a netal layer. * 18-
transducer unit according to clairm1l in whi-qQl§- the protective Iayer S
conposed of an inorganic insulating nmaterial. 6. . A transducer unit
according to claim2 in 5 which at | east one protective layer is an
inorganic insulating material. 7. A transducer wunit for a
liquid jet recordimg head sdbstmmanra@ntI%s%WMthtprfelaeilentesnto
Figures 4 to 6 of the draw ngs. 10 " Aliquid jet recording
head conprising a twhithiucére uri?lto%%'brﬂ? ngla¥eRnyl $r RBPIILE| Lim N
A process for the manufacfure an el ectrothermal transducer unit
for liquid jet retReBaRihebRELIat Wc‘FP’??n’él%rt conprises a 15
support, a resistive heater |layer and an el ectrode Iayer overlying the
support, and a protective |ayer
6. ‘A transducer unit according to claim 2 in
5 which at least one protective layer'is an inorganic
insulating material.
N
7; A transducer unit for a liquid jet
recording head substantially as described with
references to F}gures 4 to 6 of the drawings.
10 8. A liquid jet recording head comprising a
transducer unit according to any preceding claim.
9. A process for the manufacture of an
" electrothermal transducer unit for 1liquid jet
/ .
recording heads in which the wunit comprises a
15 support, a resistive heater layer and an electrode
layer overlying the suppqrt, and a protective layer
of insulating material overlying the eheater and
electrode layers and subject to defects, wherein the
unit is exposed to anodic oxidation utilising the
20 electrodes as anodes whereby anodic oxidation takes

place at portions of the heater and electrqde layers

exposed by any said defect.



of |nsulat|ng material overlying the heater and eFee%%ede—#aye+s—and—

subj ect to defects, wherein the unit is exposed to
utilising the 20 el ectrodes as anodes whereby a Em ﬁaillakes
pl ace at portjions of the heater and el ectrode Iayer sai

def ect. -19- 10. A process according to cIa|n19 mhereln the u’ 't
is subjected to a plurality of anodic oxidation treatnents. .
process according to claim10 wherein at!'% | east two treatnents are
carried out wth different electrolytes. 12. A  process accordi ng

to claim 9 substantially as described herein with reference to Exanple

1 or Exanple 2.
P 10. A process according to claim 9 wherein the

unit is subjected to a plurality of anodic oxidation

treatments.

11. A process according to claim 10 wherein at
5 least two treatments are carried out with different

electrolytes.

12. A process accordiné to eclaim 9
substantially as described herein with feference to

Example 1 or Example 2.

R



