-1 - 1 TITLE OF THE I NVENTI ON Li quid Jet Recordi hg Head and/%t!llﬁt Mat@d S O
therefor. BACKGROUND OF THE INVENTION 5 Field of- the Invention This
invention relates to a liquid jet recording head which ejects liquid to
produce flying liquid droplets to recordland to a substrate therefor.
Description of the Prior Art 10 = llhkjet recording nethods (liquidT
jet recording nethods) have recently attracted attenti on since noi se upon
recording is very little and a high speed recording is possible, and

further, the r%gg 5Eng CEE bg pl ai n paper w thout any speci al
treatment subh # HOR- UEE$18% Anong them for exanple, a liquid
jet recording nethod disgc d.i i s th33Forl 979
and Cernman Pat ent Laid-%ﬁ%§f§ﬁgkg)ﬁ%&ﬁ%ﬁ%ﬁéﬁﬁ?@éab?f%P@%%Q rom ot her
liquid jet recording nmethods in point that heat energy is applied to

liquid to produce a driving 20 force for ejecting liquid droplets. That is,

t he above- ment igreEGREHPD DBROTHE! RRTEd@TYN ses appl yi ng heat energy to a
liquid to cause—am aprupt TTncrease rn the volune of the liquid, ejecting

the liquid fsomidid Gfftke BhveAeibnont of the recording head 25 to form
flying liquid dropTets and attaching the droplets to a record receiving

menber to effect recordihijs invention relates to a liquid jet recording

head which ejécts liquid to produce flying liquid droplets

to record, and to a substrate therefor. ' %@

Description of the Prior Art

10 Ink jet recording methods (liquid jet recording
methods) have recently attracted attention since noise
upon recording is very littlé and alhigh speed recording
is possible, and further, the recording can be made on
plain paper without any special treatment such as fixation.

15 Among them, fof example, a liquid jet recording
method disclosed in Japanese Patent Laid~open No. 51837/
1979 and German Patent Laid-open (DOLS)No. 2843064 is

1;} different from other liquid jet recording methods in point Q‘
that heat energy is applied- to liquid to produce a driving

20 force for éjecting liquid droplets.

That is, the abo&e-mentioned recording method
comprises applying heat energy to a liquid to cause an
abrupt increase in the volume of the liquid, ejecting the
liquid from the orifice at the front of the recording head

25 to form flying liquid droplets and attaching the droplets

to a record receiving member to effect recording.



] “ v ’
-2- In particular, the liquid jet recording nethod disclosed in DOLS
2843064 cannot be only effectively suitable for so-called "drop-on-demand”
récor.di-ng methods, but also enables to realize easily a high density multi-
5 orifkge recording head of a full-line type, and therefore, images of high
resol utTon and high quality can be predaced at a high speed. The recording
head portion of an apparatus used for the above-nentioned recordi ng nethod
conprises a liquid 10 ej €cting portion constituted of an orifice for
ej ecting Iiﬂuid and a liquid flow path containing, as a part of the
construction, a heat at®uBRFR4CBbRE ofhBokMERLEaDBE WRERFERABIOFRENEE and

| yi h for.ej ' | Lquid d I he _Li qui.d, d
of bct 1 ot her mal ST TeFRetcHs 180k By 28AdF At £ ABPREaP SchBily S FRESE8EL ot hor ma
t d ' I, ded with | fnelectrodes fqgnmed . d
eaistive hearbit1SEF E8E a8 BRL bef 1drGRcobnadinhendlanfoohRERPR""
' h ' | 20 . 3 : A
Dypical onbodhEneato (Lcefet b 2e) 228 RERITEa RbHTaBREE HRT A", |

shown in FI& dAfi@00c&d&raily FéSa b4 a L‘ﬁl?i-i’i‘ﬁ&! gﬂépétoghg‘éhg%ﬁfﬁéﬁ?

liquid jet recording head viewed fromthe orifice side, an
is a }oirtial c:_rwegz&sfim@k yé@emﬁgk@ﬂ ahangigheqdal idpdcdasbel proas¥eaf
e - at a high speed.
- The recording head portion of an apparatus used for
the above-mentioned recording method comprises a liquid
10 ejecting portion constituted of an.orifice_fo; ejecting
liguid and a liquid flow path containing, as a part of the
construction, a heat actuating portion communicated with
- the orifice and applying heat energy for ejecting liquid
droplets to the liquid, and an electrotheémal transducer
15 for generating heat energy.
The electrothermal tranéducer is provided with a
pair of electrodes formed on a support and a.resistive
— - heater layer connected to the electrodes and having a
region geng:ating.heat (heat_generatinq portion) between
20 the electrodes. |
A typical embodiment of the structure of such
liquid jet recording head is shown in FIG. 1la and FIG. 1B .
FIG. 1A  is a partial front view of the liquid’
jet recording head viewed from the orifice side, and
2 F16. 1B is a partial cross-sectional view taken along

‘the dot and dash line XY of FIG. 1A.

Recording head 100 is constituted of orifice 104



Recordi ng head 100 is constituted of orifice 104 "4 -3- 1 and liquid
ej ecting portion 105 formed by bonding the surface of substrate 102
-provided with el ectrothernmal transducer to.a grooved plate 103 havi ng a4
*predeter- mned nunber of grooves having a predeterm ned*wi dth and 5 d"pth
at a predetermned line density such that the grooved plate-covers tht
substrate. In FIG 1, the recording head has a plurality of orifices 104,
but the present invention is not linmted to such an enbodi nent and a
recordi ng head having a single orifice is also 10 within the scope of the
present id@ritigiidLeéfietdivgepbrgoRoLbbofotedhpg bonliiag tAé €] ecting
liquid at the end and heat acturating portion 106 where heat energy
- gener at ecsunyf ateocd £ osties tehtér h02- pdocided with eﬂ)pbtedtherhuatlm dto forma
bubbl e and an 15 abrupt  state change due to expansion and shrinkage of the
- vol ume octrAnsdyeexr act ue®iaggpoevednplade 183| bauind abprede&er-generating
portion 107 of electrothermal transducer and a heat actuating. surface 108
wher e hedtinpdharumber of n@r%ﬁ’??oha’IBTFQcénPﬁEti§t?HEJ~PP§uWédtg #R& bottom

surfac t he heat actuatin ort n 1Q6. at eratin ortion 107 is
COﬂStlguf%§> a pre eterﬂlg gne gensggy s cg ‘that %h% : .

grooved plate covers the substrate. In FIG. 1, the
recording head has a plurality of orifices 104, but the
present invention is not limited to such an embodiment \U
and a recording head having a single orifice is also
10 within the scope of the present invention.

Liquid ejecting portion 105 has orifice 104
ejecting liquid at the end and heat acturating portion
106 where heat energy generated by electrothermal trans-
ducer ~ is applied to liquid to form a bhbble and ‘an

15 abrupt state change due to expansion and shrinkage of’
the volume occurs.
Heat actuating portion 106 is located above
heat generating'pqrtioﬁ 107 of electrothermal transducer
and a heat actuating surface 108 where heat gener-
20 ating portion 107 contacts the liquid is the bottom
surface of the heat actuating portion 106. |

Heat generating portion 107 is constituted of
resistive heater layer 110 provided on lower layer 109
formed in substrate and upper layer 111 provided on

25 resistive heater layer 110. Electrodes 112 and 113 are
provided on the sdrface of resistive heater layer 110 for

flowing electric current to the layer 110 to generate heat.
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resistive heater layer 110 provided on | ower |layer 109 fornmed in substrate
and upper layer 111 provided on 25 resistive heater layer 110. El ectrodes
1¥2 and 113 are provided on the surface of resistive heater |ayer 110 for
flow ng electric current to the layer 110 to generate heat. -4- 1
Electrode 113 is a selection electrode for selecting the heat generating
portion of each liquid ejecting portion to generate heat, and el ectrode 112
is an el ectrode comon to heat generating portions of liquid ejecting
portions and is 5 provided along the liquid fl ow path of each |iquid

ej ecting pontiglectipds 1pyeis ld lsépeyesohOeDsOtL6dechen saléyting the
physically resistive heater layer 110 fromthe |iquid at the heat .
generating port§n SRR ?Fﬁb°?eefs??9% ﬁbQHé%t%Pe?ﬁﬁ%? B3E5tPBnFPhe
liquidinthe liquid fl.owpath at Jiguid.ej in ortion, 105 and further
upper | ayer 11%"%%3\%%%‘3% 'ec??%d%ige%g © ?\df‘{%B"gr%ﬁn %L%?FE??‘EU???“H%" s
through the ligyyd. ..~ . 1 [VeS e | St .
heater | ayer f%)aéj q%‘per %%Pﬁéﬁﬁ%ﬁ%so&%&gcg‘rl\yfgseigcgjr"rg%eéér%ﬁgégr‘llﬁég 8
| eakage bet yeqlk A AEL U1 FCend [ DHESial PO BALHI G  edlni £14UPATLR0L 1A
prevent el eltric |eakage between selection electrodes and e% ctrolytic
corrosion of glaatidides caused by electric current flowing in an el ectrode

resulting fromcontact of an el ectrode
Upper layer 111 serves to protect chemically and

physically resistive heater layer 110 from the'liquid at
the heat generating portion 107 by isolating resistive

10 heater layer 110 from the liquid in the liquid flow path at
liquid ejecting portion 105 and further upper layer.lll
preventé electrodes 112 and 113 from shortcircuiting
through the liquid. Thus, uéper layer 111 serves to
protect resistive heater layer 110. _Uppef layer 111 also

15 serves to prevent eiectric leakage between adjacent elec-
trodesf in particular, it is.important_to prevent electric
leakage between selection electrodes and elect:olytic

— corrosion of electrodés_caused by electric current flowing
in an eiectrode resulting from contact of an electrode

20 under the liquid flow péth_with the liquid which happens by
some cause. Therefore, such an uppef_layer_lll having a
protective function is provided on at least an electrode
whigh.is disposed under a liquid_f;ow path.

The ﬁpper layer is required ﬁo have various propex-

95 ties dgpending on the position to be disposed. That is,

for example, the following characteristics are required at

heat generating portion 107:



i
20 under the liquid flow path with the Iiquid which happens by sone cause.
Therefore, such an upper layer 111 having a protective function is provided
on at |east an electrode which is disposed under a liquid flow path. The ¢
.upper layer is required to have various proper- 25 ties dependi ng on the
position to be disposed. That is,-for-exanple, the foll ow ng

characteristics are required at heat generating portion 107: -5- 1) heat
resistance, 2) liquid resistance, 3) liquid penetration preventing
property, 4) thermal conductivity, 5 5) oxidation preventing

property, 6) insuhgtinRQPnRREddandd 7) breakage preventing property. At
portions other than heat generating ‘portion 107, sufficiently high Iiquid

penetration preveQQ|nggh@p@@g@sgghdéqU|d resi stance and breakage
preventing property are required though the resisting property to therna

conditions is not3nequqm&@IpbdyxﬁaxxuﬁxbrétHWh&ﬁg Efogsent there is not
any material for constituting the upper |ayer capable of sufficiently 15
satisfying all tha)clhexoadr istridcti)vity’) as nentioned above. It is the
present status that sone of the conditions _
5 '5) oxidation preventlng property,
6) insulating property, and
7) breakage preventing propertﬁ.
At portione other than heat'generéting'portion'107, W/
sufficiently high liquid penetration preventing property,
10 liquid resistance and breakage preventlng property are
required though the re51st1ng property to thermal conditions
is not required to be so good. |
However, at present theré is not any material for
constituting the upper layer capable of sofficiehtly
15 satisfying all the characteristics 1) - 7) as mentioned
above. It is the present status.that eome of the oonditiops
1) - 7) are not severely requeéted. | ‘;)
Apart from the above, in the case of a liquid jet
recording head-of a multi-orifice type, since a number of
20 fine electrothermal transducers are formed .on the substrate
simultaneously, formation'of each layer of the substrate and
removal of a pért of the formed layer are repeated, and as
a result, the surface on which each layer in the upper layer
is to be formed becomes a fine uneven sﬁrface'having step
25 edge portions,  and therefore, the step coverage property of
the layers in the upper 1ayér'at the step edge portioﬁe

becomes important. In other words, when the step coverage
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1) -7) are not severely requested. Apart fromthe ‘above, in the case of a
liquid jet recording head of a nulti-orifice type, since a nunber of 20
fiine el.ectrothermal transducers are formed on the substrate sinultaneously,
formation of each | ayer of the substrate and renoval of a part of the
forned\Hayer are repeated, and as a resyt. the surface on which each |ayer
in the upper layer is to be forned beconmes a fine uneven surface having
step 25 edge portions, and therefore, the step coverage property of the
| ayers in the upper layer at the step edge portions becones inportant. In

ot her words,; WaeR Hlh? SRP tHQV &GP edge G0t 5OPELd Ypd¥ r | Narid o 4L of

portions is poor, penétration of the I quid occurs at the portions and

causes el ectrokylel  ieRiODRMY al HURCIFd £ D maksaeaudal (ddo LB e

formed upper |ayer suffers the formation of defects upon 5 fabrication
with a consi deiceire sjo @Y |dileledaial ttdaiddinl | (R kOcUrdhdmrgngh t he
defect portion resulting in shortening the |ife of the el ectrothernal
transducer to fogmesd uppleantlayer \sufifexfs t thd afaagmatnipn idf idefexps ngebrt hat
the 10 upper l.ayer has a good step coverage property at the step edge,

def ect s suchd afaprikeltdonamd thha |doltes istanab len pivbIlpr vty | @enetutatiamiof a

Iom/probabilit¥‘anq even if the defects are forned, the nunber of defects
i s negligibly +~iguid occurs through the defect portion resulting in

shortening the life of the electrothermal transducer to a
1\ great extent.
In view of the foregoing, it is required that the
10 upper layer has a good step coverage property at the step
edge, defects such as pinholes and thé like occur in the
formed layer'with only a low probability and ewven if the
. defects are formed, the number of defects.is negligibly
small or less.
15 In order to sétisfy those requisites, heretofore
the upper layer has been produced by laminating the first
protective ‘layer composed of an inorganic insulating material
and the second protective layer composed of an organic
material, or the first protective layer is constituted of
20 two layérs, that is, an under layer compdsed of an inorganic
insulating material and an above layer composed of an in-
organic material of high toughness, relaﬁively excellent
mechanical strength and héving adhesion and cohesién_to
the first protective layer and the second protective layer,
25 such as metals and the like, or the third protectivé layer
composed of an inorganic material such as metals and the

like overlies the second protective layer.



small or less. 15 In order to satisfy those requisites, heretofore
the upper |ayer has been produced by lamnating the first protective |ayer
conposed of an inorganic insulating material and the second protective +
| ayer conposed of an organic material, or the first protective |layer |8
constituted of 20 two |ayers, that is, an under |ayer conposed of an ™
inorganic insulating material and_aR above |ayer ‘conposed of an in- organic
mat eri al of high toughness, relatively excellent nmechanical strength and

havi ng adhesi alowede£phesi 28 Yarthaifieiai 1R O i v ayer and the second
protective | ayer, 25 such as rrefgl s and t.F]{E:rI ftE’e%te oft- e RS Mee‘%ti ve

| ayer conposechaving imor gdefectst eisal f&!‘ﬁbdabm gm%éf%eﬁq
overlies the second protective layer. . .-7- However, it is very ditficult

that the upperP¥eGR$ShavThe liguidejett secordihgr medd saltie AN 41/Nt | oned
process. The ljquid | ecordi ng head satisfying all the.  requirenments

j et
and  havi ng é’f t al TSAULXRBENERt (8PdDhi | hayingr  utotaddynoexpe lerdn

providgl.  -dlirdiha11 8§ CPEANIEE nad bt yOlhednPethvidag. tNC PrESeN




invention, there is provided a substrate for a liquid jet recordi ng

head, the substrate carrying an electrode arrangenent in the formof a
u«shape with a break being fornmed ingthe u-shape to provide a pair of

el ectriodes, and a resistive heater |ayer coating and covering at |east part
of each’electrode;and bridging the break between the el ectrodes - to
form an electrothermal transducer. In accordance w th another aspect of

t he present inverfin on,acsprdance pr withd coheéquaspeet refor theg presentvi ng
a substrate accordlng to the é;rr aspect of the invention. -9- 1 BRIEF
DESCRI PTI.ON OF TH® © aﬂﬂ°\9‘¢%¢eﬁ‘ sebgteatecforonal lFlmeféidd

' di h Fl h f
HG 18is QQpa??‘f’éff AR HOREE, (el SBPbran (BRZENANGACAN | ne
XYin FIG |A Fidedtraidl frtehdin feoshis £hi6 Uebh 628" 4LBRaPBAHRRCORTI NY

to the present |nvent|on OWS SC enatl- ly a partra

view, FIG 2B lsﬁa.—émttwingrﬂsﬁmeaerﬁlmaluvssabéa{senpﬂbemaeaad%ﬂnéfdash
line AA in FIG 2A; 10 FIGS. 3A, B and C are parti al

cross-sectional \elactrades, aland a resistivediéatenclégeri sodtEng?Aand
show enbodi nents of the present invention;

covering at least part of each electrode and bridging
the break between the electrodes to form an

electrothermal transducer.

In accordance with another aspect of the present

invention, +there is provided a liquid jet recording
1vst mandioned

head having a substrate according to the Bihd.—té) A aspect

of the invention.




FIGS. 4A, B and C are front views of enbodi nents of the present invention.
15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A liquid jet recordi ng head of
the present invention will be described in detail referring to the . 4
drawings. FIG 2Ais a partial front viewof a liquid jet.20 recordi ng head
of the present invention viewed fr@nthe orifice side for explaining tie
.main part of the structure of a preferable enbodi hrent of the present

i nvention and FIG 2B shows a partial cross-sectional-viewtaken along a
dot and dash line in FIG 2A. FIG 2A and FIG 2B 25 correspond to FIG 1A
and FI G BRIEF ¢BESCRIFELON DFqTHE DRAWINGS di ng head 200 is mainly
constituted of a substrate 202 provided with a predeterm ned nunber of

-10- 1 el ectrot heFhEr tPandduBerefer |Hog@ ¢oratentdanadi dgamist geateat i s
‘used for liquid, ejectiqn and a'%{ooved pl ate 203 havi ng a predeterm ned

number ofrﬁ?%5@f§9CBFF§spgﬁ&Pn& Showe Sebhematdaaldyed daedkiradt Haant
transducers 204 - 5 4.- 2 and . 204 - 3 are liquid. flqw paths. Substrate
202 and of b5Yeand) BTG~ 208 4Fe 3 BATeI Ak BPERCEAIAE AR D RRER b
adhesi vgs h L ke i QUL l.ow h,215 defined by the portion
of sub;fr%?%néog é%grggglég%ggbﬁg%wayffgans dcé%"is provi ded and the

FIG. 2A and B refer to a liquid jet recording head

according to the present invéﬁtion, FIG. 2A shows schemati-
-ally a partial front view, FIG. 2B is'a'partial.cross- W,
sectional view taken along a dot and dash line AA' in FIG. 2A;
10 FIGS. 3A, B and C are_partiai crosé-sectional views
taken albng a dot and dash line AA' in fIG. 2A to ﬁhow
embodiments of.the”present inVention;. |
| FIGS. 4A, B and C are front views.of embodiments of
the present invention. .

15

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A liquid jet recording head of the present invention .
will be described in detail referring to the drawings. -/
FIG. 2A is a partial front view of a liquid jet
20 recording head of the present invention viewed from the
orifice side for explaining ﬁhe-main part of the structure
of a preferable embodiment of the present invention and
FIG. 2B shows a partial cross-sectidnal view taken along a
dot and dash line ih FIG. 2A. FIG. 2A and FIG. 2B
25 correspbnd tolFIG. 1A and FIG. 1B, respectively.
Liquid jet recording head 200 is maihly constituted

of a substrate 202 provided with a predetermined number of



10 groove of grooved plate 203, and the liquid flow path 215 has heat
actuating portion 206. Substrate 202 is constituted of support 214 conposed
oft sili-con, glass, ceramics or the like, |ower tayer 209 overlying support
206 anqﬂconposed of SF2 or the like, 15 common el ectrode 212, selection
el ectrode 213, resistive heater |ayes P40-overlying each electrodes and
upper layer 211 overlying resi stive heater |ayer 210. The electrothernal
transducer conprises heat’ generating portion 207 as the nmain portion. The
‘heat 20 generating portion 207 is constituted of support 214, |ower |ayer
209, resistilvelesttmytHexyrerl Xhthresthaegpefor aybgqud ljeticcessrdichy Whogmed.
The surface of upper |layer 211 (heat actuating surface 208) directly
contacts the Iheqh dsf iudest fiar |l fe e piom 216, a 2grooved plappet03 ayer
211 is constituted of inorganic naterlals relatively excellent in electric
i nsul ating pr H3HNG & R rﬁﬂgﬂ mkgﬁram%l FERRVeRFRFERERONG g to

exanpl e, inorgani 1 OXIdeS such as [err] and the |ike and_inorganic
nitrides such%§§ S qvgmﬂquﬁ9qqq«?l%FQF9EP i AR SERRF S 14 up | ayer
nmay be forng t|o of tgt flr rotective | ayer, the 5
second prot ec %y ’e%“f’r °a‘§/e‘?a “materials

Constltutlng the flrS%d%(géggl\gbjza/é grooved plate 203 are bonded at

predetermined portions with adhesives or the like to form
] liquid flow path 215 defined by the portion of substrate
202 where electrothermal transducer is provided and the

10 groove of g?ooved plate 203, and the liguid flow path 215
has heat actuating portion 206.

. Substrate 202 is constituted of sppport_214 composed
rof silicon, glass, ceramics or the like, lpwer_layer 209
_overlying support 206 and composed of Sio2 or the like,

15 common electrode 212, selection electrode 213, resistive
Heater layer 210 overlying each electrodes, and upper layer
211 ovérlying-resistive heater layer 210.

. The electrothermal transducer comprises heat
generating portion 207 as the main portion. The heat

20 generating portion 207 is constituted of éuppqrt 214, lower
layer 209, resistive heater layer 210 and upper layer 211
successively formed. The surface of upper layer 211 (heat
actuating surface 208) directly contacts the Liquid filled
in liquid flow path 215.

25 Upper layer 211 is constituted of inorganic materials
relatively excellent in electric insulating property, thermal

conductivity, and heat resistance, for example, inorganic



there are preferably used inorganic insulating materials relatively
excellent in thermal conductivity and heat resistance, for exanple,
i norgani ¢ oxi des such as [err]Jand 10 the like, transition netal oxides suchi
as titani um oxi de; vanadi um oxi de, ni obi um oxi de, nol ybdenum oxi de, =

tant al um oxi de, tungsten oxide, chrom um oxide, zirconium oxi de, haf n™m

oxi de, | anthanum oxi de, yttriunfo%ﬂdé, manganese oxi de and the like, netal
oxi des such as al um num oxi de, 15 cal ci um oxi de, strontium oxide, barium

oxi de, silicon oxide and the |like and conposites thereof, high resistance

NILrides sededscabhi £0NsHOLTLAR (REUTERUMAN il Ao Rstliede sdgnt al um.

nitride e and coAposites of these oxi and nitrides, and thin

filmmategdags. nf 0knd0cgEapke., sem conductors conprising anorphous
silicon, annrp%oﬁs sel enium and the |ike which have | ow resistance as bul k,

but may be made tgshagechiBbar abboeanenebyipdpeiP UlayRr R@yTdleh &d. maaCVvD
nmet hod, a vapor deposition nethod, a gas phase reaction nethod, a liquid
coat i ng nei ttoda otombinabidbhkef Ahenfiesitapsxoteedifver lager,nghiehe third
protective layer, in addition to Ta as.nentioned above, there may be -
12 - 1Smesecomddprobectiveniayef,Gtbepthird protiestiave ddyertabl e such as
Sc, Y and the like, the elenments of Goup IVa such as Ti, Zr, Hf ard the
li ke, the el enent®sopratepiplyacenefituting the first protective layer,

there are preferably used indrganic‘insulatihg materials

relatively excellent in thermal conductivity and heat W

resistance, for example, inorganic oxides such as Siozxand

10 the like, transition metal oxides such as titanium oxide,

vanadium oxide, niobium oxide, molybdenum oxide, tantalum

oxide, tungsten oxide, chromium oxide, zirconium oxide,

hafnium oxide, lanthanum oxide, yttrium oxide, manganese

oxide and the like, metal oxides such as aluminum oxide,

15 calcium oxide, strontium oxide, barium oxide, silicon oxide

and the like and composites thereof, high resistance - '

nitrides such as silicon nitride, aluminum nitride, boron

nitride, tantalum nitride and the like and composites of

these oxides and nitrides, and thin film materials, for

20 example, semiconductors comprising amorphous silicon,

amorphous selenium and the like which have low resistance

as bulk, but may be made to have high resistance by a

sputtering method, a CVD method, a vapor deposition method,

a gas phase reaction method, a liquid coating method or the

25 1ike.
As materials used for forming the third protective

layer, in addition to Ta as mentioned above,- there may be



as-V, Nb and the like, the elenents of the G oup Vla such 5 as C, M, W
and the like, the elenents of Goup VIII such as Fe, Co, N and the |ike,
atl oys of the above-nentioned netals such as Ti-N, Ta-W Ta-M-N, N-Cr,
Fe-Co,~ Ti-W Fe-Ti, Fe-Ni, Fe-C, Fe-Ni-Cr and the like, -bodi des of the
above-Wéntioned netal s such as T|-B Ta B, H-B, WB and 10 the |ike,
car bi des of the above-nenti ohed netaTs %uth as Ti-C, Zr-C, V-C, Ta-C, M-C,
Cr-C and the like, silictdes of the above-nentioned netals such as M-Si,
WSi, Ta-Si and the like, nitrides of the above-nentioned netals such as
T|-N No-N, Ta-N and the like. Using these materials, 15 the third =
protective aﬁ@PFﬁQPQQa#Qﬁrﬁ*?@ﬁnﬁﬁeobr@ﬁ@aﬁrélﬁmdhfash% pepbrdiepBable on

_net hod, a sputterln% neth a C/D nethod and the like. The third
protective | aydfF dﬁ*rp’d%‘% g e apthe ehemen bs sof SFEMEP 0FVa nsuch

naul ati ng et 1 A clly S e dee n e VEHET Ot Drof | G pehet TR i on
char acter st 5 Y1y iy “hapeZ%‘*P kY SR e e e ee
H\Em ?Iél)nha: grslalsﬁs%url'atMlor{gwprag‘p@ert%f/g s:'en i ms% {5‘%“'%?%% ?Iins&&?
resi st ance, as- F&3 Co, Ni and the 1like, alloys of the above-mentioned
| metals such as Ti-Ni, Ta-W, Ta-Mo-Ni, Ni—Cr,'Fe-Co; Ti-w,
— Fe-Ti, Fe-Ni, Fe-Cr, Fe-Ni-Cr and the like, bodides of the
above-mentioned.metals such as Ti-B, Ta-B, Hf-B, W-B and
10 the like, carbides of the éboﬁe-mentioned ﬁetéls such as
Ti-C, 2r-C, V-C, Ta-C, Mo-C, Cr-C and the like, silicides
of the above-mentioned metals such as'MOQSi; W-Si, Ta-Si
‘and the like, nitrides of the above-mentioned metals Such
as Ti-N, Nb=N, Ta-N and the like. Using these matéfials,
15 the third p:otecﬁive layer may be formed by the procedure.
- such as a vapor depositioﬁ'méghod, a sputteringlmethoa, a
CVD method and the like. The third'protective layer ﬁay
be composed of the above materials, alone or in combination.
‘The second protéctive lajer ié cbmposed of an ofganic
20 insulating material which is excellent in prevention of
liquid penetration and liquid'resistance,'énd'further has
preferably fhe following éhafaéteristics;
(1) Good film shapeability,
(2) Dense structure and free from pinholes,
25 ' (3) Not swelled with and’not.dissolved in the'ink,
(4) High'insulating pfopertyIWhen film?éhaped,

(5) High heat resistance,



1 and the like. As the organic materials, there may al so be used, for

" exanple, silicone resin, fluorine resin, aronatic polyam de, addition

pol ymeri zation type polyimde, poly- 5 benzim dazole, netal chelate
-polymer, titanic acid ester, epoxy resin, phthalic resin,- thernosettin
phenolic resin, p-vinylphenolic rgéig,_Zirox resin, triazine resin, BT
resin (addition polymerized resin~6f "triazine resin and bi smal ei ni de) or
the like. Alternatively, it is also 10 possible to formthe second
protective |ayer by vapor deposition of polyxylylene resin and derivatives

thereoﬁ. S theL 1ipe. second protective |ayer may al so be formed by film
shapi ng according to a plasna pol ynerization using various organi c nononers

such as thiourea,ashiwe dpganttanhderiniky! thereoGRYealso be used,
1,3,5-trichl orobenzene, chloro- benzene, styrene, ferrocene, pyroline,

napht hal efsr @edmple reshyibonecpasini, t FaLBkiaRe reddny! atomaitie, di phenyl
sel eni de, p-tol-uidine, p-xylene, N, N-dinethyl-p-toluidine, toluene,
ani |l i ne, pblemide peaddiyiohepalpimbylibatione type pelgieideri pely-

t et racyanoet hyl ene, 't hi ophene, benzene- sel'enol, tetrafl uoroethylene,

et hyl efe bevzinidazel phangtalanhada tecerylymes, Itizanicr achldoeskerzene,

propane and the |ike. However, when a recording head of a_high density 25
nul ti - or YR tXpeins H%h%#hé?uF@B}nap&PFrﬂpéﬁaﬂ%§gaBB@§91ﬁ§hFP§ﬁ§d organi c
materials, it is deséiable to USe_or%anic,naterLals capabl.e o%Tpeing very

easi |y prSCENEEPISNALEE gesin, Zirox resin, triazine resin,

resin (addition polymerized resin of triazine resin and A\
bismaleimide) or the like. Alternatively, it is also

10 possible to form_the_secoﬁd protective layer by vapor .
&eposition.of polyxylylene resin and derivatives thereof.

Further, the seqénd protectivé layer may'also be
formed by film shaping according to a plasma polymerization
u#ing various organic monomers such as thi;urea, thio-

15 acetamide, vinyl ferrocene, 1,3,5-trichlorobenzene, chloro-
benzene, styrene, ferrocene, pyroline, naphthalene, penta-
methylbenzene, nitrotoluene, ;Efylonitrile, diphenyl J
selenide, p-toluidiﬁe, p—xylené, N,N-dimethyl-p-toluidine, '
toluene, aﬁiline, éiphenyl mercury, hexamethylbenzene,

20 malononitrile, tetracyanoethylene, thiophene, benzene-
selenol, tetrafluoroethylene, ethylene, N-nitrosodiphenyl-
amine, acetylene, 1,2,4-trichl§rqbgnzene, propane and the
like. )

lﬁowever, when a recording head of a high density

25 multi-orifice type is manufadtu:éd,-apart from- the above-

mehtioned érganic haterials, it is desirable to use organic

materials capable of being very easily processed by a fine



- 14 - "1 photolithography as materials for forming the second protective

| ayer. As exanples of the organic materials, there nay be preferably used,
f or exanpl e, polyi m doi soi ndol oqui nazo- 5 |inedione (trade nane; PIQ

pr oduc ”'by H tachi Kasei Co., Japan), polyimde resin (trade nane:

PYRALI produced .by Du Pont, U.S.A ), cyclized pol ybutadiene (trade nane:
JSR- CBR CBR- MB01, Japan Synthetlc Fmbﬁer Co., Japan), Phtotonith (trade
nane: produced by Toray Co., Japan),; other photo- 10 sensitive polyimde
and the like. As the naterial constituting resistive heater |ayer 210,

there nay be wiedtomithogiaphalss aapedl taDé flenefatmingg helaé sscoedi red by
flowing electric current. However, it is desirable that the materials are
15 neit her chenatadbivehaegesk by nor ‘di ssolved in the ink used and have

hi gh heat resistance. As exanples of the materials, there may be preferably
used, for exanple, tafislesanplies def memwmmﬁermwadtmral ray, be
S|I|con sen1conductor or a metal 20 such as hafnium | anthanum , zi rconi'um
titani um tantP&l Wg&%eﬁi nﬁﬂﬁlmem@%%hﬁ‘léﬂ%%ﬁml%ﬁhﬂ?ﬁ% and

(e 11ke: ol Qe Llereol . bold desLhet e8! Slodbeedlie n Erenl ek Bey LK "
Formed in uppef, an) A1yitirad NESSi B ELAEL SnhE - PERRAY PhEdpAb abBEaPRE! ' ON
Du Pont, U.S.A.), cyclized polybutadiene (trade name: JSR-
W, CBR, CBR-M90l, Japan Synthetic Rubber Co., Japan), Phtotonith
(trade name: produced by Toray Co., Japan), other photo-
10 sensitive polyimide and the like.
As the material constituting resistive heater
layer 210, there may be used most materials capable of
. generating heat as desired by flowing electric current.
However, it is desirable that the.materials are
15 neither chemically changed by nor dissolved in .the ink used
and have high heat resistance.
As examples of the materials, there may be
- preferably used, for example, tantalum nitride, nichrome,
silver-palladium alloy, silicon semiconductor, or a metal
20 such as hafnium, lanthanum, zirconium, titanium, tantalum,
tungsten, molybdenum, niobium, chromium, vanadium and the
like, alloys ﬁhereof, borides thereof or the like. -
Even if the ink in the liguid flow path contacts
the substrate through cracks and pinholes formed in upper
25 layer 211, these materials afe passivated at the portion -
contacting the ink and a passive layer is formed. There-

fore, the ink does nét_reach . the electrode layer



: . i
contacting the ink and a passive layer is formed. There- fore, the ink does
not reach the el ectrode | ayer -15- 1 and electrolytic corrosion does
not occur. Thereby durability for the liquid jet recording head is +
i nproved. Using the above-nentioned material, the resisti.ve heater |ayar
210 may be formed by the procedurgssuch as an 5 el ectron beam net hod, "a
sputtering nethod and the like. As the materials 'for constituting
el ectrodes 212 and 213, there may be effectively used nost of conventi onal
el ectrode materials, and there are nentioned, for exanmple, A, Ag. Au, Pt,

Cu and 1t hend i ékectheletbct codeosmap Beoes0nbdr weduat. a Threawdbiyer m ned :
position with a predeterm ned size, shape and thickness by neans of vapor i
deposi ti ocmeabihbtyi ker theelipuyér jed9 resogddncddgash igs improcedrol nainly |
the transfer of heat generated at heat generating portion 15 207 to support

214. The construcYPdRInkher pRPVEsMEBLioned BAFerHe I afde mesdistdy® is |

desi d.i h t the heat ted at heat generatin ortion
207 11 ondTREeE (LAYFE Akl hay  Ber ERGmED: B oS08 ToraR AT Y Gonan

i h ' | ied he Liqui h i 20
Dort oF° MUEHTER oRUE, B phSanH B BehlG, utieh. B Bl 2ELTA, PO,
rapidly to the SQ&QOE%e2&§té£ﬁslﬁh?BrPESnEkﬁEhE&ﬁgC%&%%Q&oh%sebﬁ%trOthefWﬁ

transducer is switche
and 213, there may be effectively used most of conventional

electrode materials, and there are mentioned, for example, </
Al, Ag. Au, Pt, Cu and the like. The electrodes may be
10 fofmed at a predetermined position with a. predetermined
size, shape and thickness by means of vapor deposition or
the like. |
Lower layer 209 is provided so as to control mainly
the transfer of heat generated at heat geﬂerating portion
15 207 to support 214. The construction material is selected
and the layer thickness is designed in such a way that the
heat generated at heat generating portion 207 flows more to
the heat actuating portion 206 side than to other portions
when heat energy is applied to the liquid at heat actuating
20 portion 206 while the heat.remaining.at heat generating
portion 207 flows rapidly to the support 214 side when the
electric current-tO'electrothermal transducer is switched
off.
As the material for constituting lower layer 209,
25 there may.be used inorganic materials represented by metal
oxides such as Sioz, 2irconium oxide, tantalum oxide,

magnesium oxide and the like.



o%f. As the material for constituting |ower |ayer-209, 25 there may be used
i norganic materials represented by netal oxides such as [err], zirconium
oxi de, _tant al um oxi de, nagnesi um oxi de and the |ike. - 16 - Support 214
i s copposed of silicon, glass, ceramics or the like. As the materials for
consti¥tting the grooved plate 203 and the comon |iquid chanber provided
at the upstream5 portion of  heat actubdi-ng portion 206, there may be used
nost of the materials satisfying the follow ng conditions: i) the shape is
hardly or not thermally affected during fabricating the recording head or

nder the cjrcunstance of using the recording head;.ii) a fine precise
l;rocessi ng fcanulo be . 3°3:c1:|t 4 et %W?s:?e‘pﬁ#f?g]el%%%w%%/s%agc%’éé%ﬁI y

obt ai ned as d%? Qﬁ@ 131 iii) the resulting liquid paths can be processed
to permt the Tiquidto flow snmothly in-.the paths. Representative

materials for the aboyg: rgp !nwedrilaw%psc%ﬂﬁtﬁ{e@{ﬁ]gé{lan aam;&splate

-glass, netals, plastics, silicon wafer and the rticul-ar
gl ass and si|'i20@n atdl @&hedlcOmNMONE 1R HNAbd N G dvitied! £ 6@ lipstream

“processed, and have an appropriate degree of heat resistance, coefficient
of thernmal Sexparxtion afdhidadr Mtuating portion 206, there may be used
most of the materials satisfying the following conditions:
li) the shape is hardly or nct thermally affected dufing'“
/ fabricating thelrecbrding head or under the circumstance of
using the recording:head; ii) a fine precise processing can
10 be applied thereto and the surface accuracy can be easily
obtained as desired; and iii) the reéulting liquid paths can
be processed to permit the liquid to flow smoothly in the
" paths. -
Representative materials for the above-mentioned
15 purpose are preferably ceramics, glass, metals, plastics,
silicon wafer and the like, and in'particular;'glass'and
silicon wafer are more preferable since they are easily
processed, and have an appropriate degree of heat -
resistance, coefficient of thermal expansion ahd thermal
20 condﬁctivity. It is deSired:to-apcly to the outer surface
of the circumference of orifice 204 a water repellent
treatment where the liquid is aqerue'énd an oil repellent
treatment where the liquid is non-aqueous, so as to prevent
the liquid from leaking and flowing to the outside portion
25 of orifice 204. |
The said orifice may be formed by adhering a photo-

sensitive resin plate such as a dry film and the like to



20 conductivity. It is desired to apply to the outer surface of the
circunference of orifice 204 a water repellént treatnment where the liquid

i s aqueous and an oil repellent treatnment where the liquid is non-aqueous,
'so as to prevent the liquid fromleaking and flowing to the outside por{ion
125 of orifice 204. The said orifice may be forned by adhering a phot o-™
sensitive resin plate such as a dry¥7f+rImand the tike to - 17 - |
substrate, formng a pattern by photolithography and then adhering the
ceiling plate. As described above, resistive heater |ayer 210 may be forned

on the whalsur{ese fkﬁrrﬁiﬁ?téoﬂﬁtgig spd RdBod tﬁo?EQWﬁPI' Bngl ﬁ, erf Of

only on the surface of el rodes 212 and 13 un qui om/path

215 as shahdrind GhSke#iimgnplavely, in case that dissolution of
el ectrodes can be al nost prevented by selecting appropriately the material

of the upper |ayerA2idesrriredpgisope) atesSsEiobUnRatbrt NEydD umoeﬂ‘a}{ayer
211 conposed of first protective layer 211-1 and second protective layer or
third protecfoxeed orertipd Wiylassshbacei of FelGec8fodesspipi ahanpief hect can
be obtained by providing resistive heater layer 210 only on a limted
portion® Fhown in FIGyri%heror tdmly) emhthe susfacevefhehectrbdgsr 2220 is

nost prefer%P5%-mAd%{ than. wi dths_of el ectrodes 212 and 213
an 3 under the liquid flow path 215 as shown in FIG. 3B.

Alternatively, in case that dissolution of electrodes can be
almost prevented by selecting appropriétely.the material of </
the upper layer 21l or an appropriate structure of the

10 upper layer 211 composed of first protective layer 211-1
and secohd protective layer or third protective layer 211-2,
as shown in FIG. 3C, a sufficient effect can be obtéined by
providing resistive heater layer 210 only on a limited
portion. ‘

15_ ' Further, the width of resistive heater layer 210 is
.most preferably wider than widths of elect:odeé 212 and 215
as shown in FIG. 4A. However, as shown in FIG. 4B, it is
necessary only thatlthe surface.of the electrodes is almost coated
with resistive heater layer 210. Alternatively, the width

20 of resistive heater layer 210 at the heat actuaﬁing-portion
may be narrower than that_of:the_resistive heater layer
coating the electrode as shown in FIG. 4C.

The liquid jet recording head of the pfesént
invention is illustrated by referring to the following

25 Example.

Example .

Liquid jet recording heads of the present invention



as shown in FIG 4A However, as shown in FIG  4B; it is necessary only
that the surface of the electrodes i$ al nost coated with resistive heater
l|ayer 210. Alternatively, the width 20 of resistive heater layer 210 at the
heat” actuating portion may be narrower than that of the resistive heater

| ayer &oating the. el ectrode as showm-iX8H G 4C. The liquid jet recording

head of the present invention is illustrated by referring to the follow ng
25 Exanple. Exanple Liquid jet recordi ng heads of the present invention
-1 - 1as shown in FIG 2, FIG 3A and FIG 4A were manufactured as shown

bel ow. An SitOas ishewsf B FEGhizk FEG. Dk nand bEIE het haveye 2maniflagtngednasi
wafer. On the [err] film Ti layer of 50 A5 thick and Al |ayer of 5,000 A
thick were de “de“@ﬁ&bessively by an el ectron beam deposition. By

phot o- |ithographic steps the terned to formel ectr
212 and 213. As the néft é%%tsf ﬂ?-zg‘f W?%yg?r’efaﬂp%‘éeﬁh&ﬁmﬁ HBZ

o158 Fo ) g atbf’eaﬁgtérié'f@%’% LEEDy. Py gL BRos R
with a res'§tth i QR a1 layer of 5,000 A thick were deposited
successively by an electron beam deposition. By photo-
~lithographic éteps, the electrode was patterned to form
U electrodes 212 and 213.
As the next step, a resistive heater layer composed
10 of Hf82 of 1500 R thick was formed by sputtering and then,
by photolithographic steps, a portion corresponding to the
resistive'heater layer was patterned with a resist, followed
by etching a pdrtion corresponding to heat actuating pbrtion
207 to form resistive ﬁeater layer 210. Size of the héat
15 actuating surface was 30 pm in width and 150 um in length.
Then, upper layer 1lll composed of $i0, of 2.8 um
thick was debosited by a high rate sputtering. o
Grooved plate 203 composed'of_glass’was adhered on
the predétermined place of the substrate fabricated as
20 described above. Size of liquid flow path 215 was 50 um in
width and 50 um in height;_ Thé.resulting liquid jet
recordihg-head (Bl, apd a cqnventional liguid jet recording
head (A) Qeie investigated for the ratelof a breakdown (the
number 6f open wire/all seéments) by applying a pulse-shaped
25 signal héving 40 V, 10 us in pulse width and 5.kHz in
repetition_freqhency to an ink (pH4-9) maint;ined at 60°C.

The results are as shown in Table 1. The liquid jet



]

by etching a portion corresponding to heat actuating portion 207 to form

resistive heater |layer 210. Size of the heat 15 actuating surface was 30 pm

in width and 150 [err] in length. Then, upper |ayer 111 conposed of [err] *:

-of 2.8 [err] thick was deposited by a high rate sputteri'ng. G ooved pL}ﬂe
203 .conposed of gl ass was adheredon the predeterm ned place of the -

" substrate fabricated as 20 described above. Size of liquid flow path 215

was 50 [err] in width and 50 [err] in height. The resulting liquid jet

recordi ng head (Bl) and-a conventional liquid jet-recording head (A) were

i nvest i gatechd08; ddiend M S ©f tie DpAKEARAYN 1 hL/BS NUHD Ba sOlexRRAN ! €/ al |

segnents) by applying a pul se-shaped 25 signal having 40 V, 10 ps in pul se

wi dt h and dukadzility epsd i ¢amnkéepgueney aolangi thimepHihe) goedntiaiitddlat

[err]. The results are as shown in Table 1. The liquid jet -19-

recordi ng preepexty tfer pfexring i dveplebs.has excellent durability and can

keep, over a long tinme, the good initial property for formng droplets. The

heads [err] and [€Phq heads sByiandl Byfwbrecaibdlesiyg £8brdsasedy ustiagt er

| ayer 210 conprising [err] or Ta and were investigated for the rate of _

br eakddwn. P&t St hep b kavier t Ak0, eqmprising faNe oXalar pedhwede B2 and -

Lo art Sted T e V200 SFMKEERabNS. 9°%E LhoisPRBTE Y, "

the results indicate that the heads Bz'and B3 have excellent

durability and can keep the good initial property for forming\~)

1
[

droplets over a long time.

10 Table 1
Constructive material Rate of breakdown
Type of head Resistive 5 6 2 8
Electrode | heating 10 107 110" | 10
' element
A Al EfB, 5% | 128 | 32¢ | 89%
15 . — '
1 | A HEB, 0% | 1% | 5% 21%
B 2 . Al TaN, 0% 0% | 2% | 17% | _
: <
3 Al Ta 0% 0% 1% | 17%
20 : S L . ' o ' '
The said resistive heater layer may be coated on the whole
surface of the electrode, 6nly on a portion corresponding to
the liquid flow path or only on the heat actuating portion
and its vicinity. The coating pdrtion may be determined in
accordance with a combination with the upper 1ayer.
- _ _

Width of the resistive heater layer overlying the
electrode is not critical as far as it can almost cover the

electrode. The width on the heat actuatihg surface where



10 ' Tabl e 1 Constructi ve materi al Rat e of

br eakdown Type of head Resi stive 7 El ectrode
heat i ng, 10 10 10 [err] elenent A Al [err]

5% 12% 32% 89% 15 1 Al J err] 0% 1% 5% 21%B

2 1 XA . Jerr] 0% 0% 02% 17%3 A Ta

0% 0% 1% 17% 20 The said resistive heater |ayer may be coated on the
whol e surface of the eleectrode, only on a portion corresponding to the
liquid flow path or only on the heat actuating portion and its vicinity.
The coati ng lpo@ni ¢decrode det evoh mpebvidet owayldre enaw réwer cidrn nthabmatiah
t he upper layer. 25 Wdth of the resistive heater |ayer overlying
the el ectrode POr¥éONcOvVErdNings the edeqtrada al%ﬁore:%%\rctsm ed®ctrode.
The width on the heat actuating surface where - - 1 an electrode is

not provi ded n‘&fsﬁé'll’?%dr dheverhan Lisg °aft tf'?ﬂﬁ‘f‘?‘b‘h‘%\/%’fl%‘ﬁgb?wary

el ectrode. §onst ructing a rise if'at ure at t he

boundary betwe T HREN BAG teg'cfgq"d"ﬁ?et q'g'\oe\s/%‘?/se"%%’a‘fee

suppr essed 34 ApEseUala e YA R AP n@ba'alahec@“rebﬁabimy

can be provided.
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21 CLAI Ms: 1. ‘A substrate for a liquid jet recording head,

the substrate carrying an electrode arrangenent in the 5 formof a:

utshape with a break being formed in the u-shape to provide a pair
g

'of el ectrodes, and a resistive heater |ayer coating dnd covering

| east part of each el ectrode and bridging the break between..

~3

t he el ectrodes

to forman el ectrothermal transducer. 10 2. A ‘liquid jet recording

head havi ng

el ectrodes,
| east part

recordi ng

a manber  whi &n, mf&
ext endi ng pasgub electrotheqpa ;rans

5

10

15

20

a substrate carrying 21lel ectrode arrangenent in the formof a
u-shape with a break being fornmed in the u-shape to provide a pair of

aghaaMmsesi stive heater 15 - |layer coating and covering at
of each el ectrode and bridgi ng t he break between
the el ectrodes to fornTan electrothernal transducer. 3. A liquid

beira

rate carryin eiro&é arrangement in the
form of a u-shape with a break being formed in the
u~-shape to provide a pair of electrodes, and a

resistive heater layer coating and covering at least

part of each electrode and bridging the break between

the electrodes to form an electrothermal transducer.

2. A 1liquid Jjet recording head having a substrate
carrying an electrode arrangement in the form of a
u-shape with a break being formed in the u-shape to
proﬁide a pair of electrodes, and a resistive heater
layer coating and covering at 1least part of each
electrode and bridging the break between the

electrodes to form an electrothermal transducer.

3. A 1liquid jet recording head comprising a
substrate #s claimed in claim 1 and a membex which,
with the substrate, defines a 1liquid 'flow "path
extending past the electrothermal transducer to a

discharge orifice.

. T

0

j et

head n%.|3|nq: substrate as clained in claim1 and

%Lﬁﬁ‘f raat]etq“’cﬂefjﬁ‘i%sre@r‘ﬁ@ﬁu kead, ontheat h

..



&ischarge orifice. 22 4. A head according to claim 3, wherein
ghe resistive heater layer is provided under the liquid flow path. 5

. substrate or head according to any preceding claim wherein the
wi dt h-of the resistive heater layer is narrowed between the el ectrodes. 6.

A sub&ttate or head according to any preceding 10 claim wherein
the substrate has further an upper |ayer. 7. A substrate or head
according to claim®6, wherein the upp2e layer is conposed of inorganic
i.nsul ating 15 material . 8. A substrate or head according to
claim 6, whereid. tha Uessl dogording cbmposEaRmOijnowgamétninsﬁhating
material, organic material and inorganic 20 - material. 9.

substrate or hé&@iﬂiivﬁﬂzBQﬂ§F#r1¥§¥§#h s DFQN%#¢ﬂt¢nd%§p§helh&@uid
conpri ses |norga | lating material inorganic material or organic
mat eri al &hﬂﬂ ‘'on at least a part of the upper portlon of the

electrodes and inorganic insulating mat eri al -

5 - . 5. A substrate or head according to any preceding
claim, wherein the width of the resistive heater layer

is narrowed between the electrodes.

\/ _ .
6. A substrate or head according to any preceding
10 claim, wherein the substrate has further an upper
layer.
7. A substrate or head according to claim 6, wherein
the upper 1layer is composed of inorganic insulating
15 material.
8. ‘A substrate or head according to claim 6,
W, wherein the upper 1layer is composed of inorganic
insulating material, organic material and inorganic
20 material. ' s
9. A substrate or head as claimed in claim 6,

wherein the upper layer comprises inorganic insulating
material inorganic material or organic material
25 provided on at 1least a part of the upper portion of

the electrodes and inorganic insulating material

* [~ L M s *



23 provided on at |least-a parf of the resistive heater | ayer between theﬂl

el,ectrodes. 10. A substrate or head as ‘claimed in any preceding 5 !
cﬂainl wherein the electrodes and the resistive heater |ayer are forned
successively on the substrate. 11. A substrate or head as clainmed in-any

preceding claim wherein the electrode arrangenent is shaped 10
substantially as shown in any of Figures 4A to 4C of the acconpanying
drawi ngs. 12. A liqu id recordi23g head or substrate therefor
substantially as described in the description with 15 reference to
Figures 2 to provided diomnwi afs. LAt 1d jpaxil dfi 4Hd 1dd4idtidd IHedter C L
M S *

layer between the electrodes.

10. A substrate or.head as claimed in any preceding
5 claim, where;n_the electrodes and the resistive heater

layer are formed successively on the substrate.

11. A substrate or head as claimed in any preceding
_ ~claim, wherein the electrode arrangement is shaped
10 subsﬁantially as shown in any of Figures 4A to 4C of

the accompanying drawings.

~12. A 1liquid recording ' head or substrate therefor
substantially-és described in the description with

15 reference to Figures 2 to 4 of the drawings.

* C L | S *



