-1- 1 TITLE OF THE | NVENTI ON Li qui d. Jet Recordi ng Head BACKGROUND OF THE
| NVENTION 5 Field of the Invention This_igvgntion relates to a liquid jet
recordi ng head which ejects liquid to produce flying liquid droplets to
record. Description of the Prior Art 10 I nk jet recordi hod
(I'isguid jet recordi.ng methods) have recently attracted attentioﬁﬁbggié{}a
noiéﬁ*upon recodtdi, fgoFsoMmer ynbelttkengnd a hi gh speed recording is
possi ble, a Urinér, the recordi can be made on plai-n paper w thout any
speci al treatnment suchLagull@ bexakeedraAmgn@iclaem for exanple, a liquid
jet recording nethod disclosed in Japanese Patent Laid-open No. 51837/ 1979
and Gernman Patent Lai d-open (DOLS)No. 2843064 is different from ot her
liquid jet recording nethod in 20 point that heat energy is applied to
liquid to prodBaekeROUNDI 0B TRECENi/BNTEp&Cting liquid droplets. That is,
t he above-nentioned recordi ng nethod conpri ses applying heat energy to a
liquid to cdﬁsﬂiamdabfuﬁheimnveaSEOhn the volune of the liquid, ejecting 25
the liquid fromthe orifice at the front of the recording head to form
flying liquid dropl et sThad aonvevhing rkdatespitet & dquidedetdreeoeidingg .
menber to effect recording. : :

head which ejects liquid to produce flying liquid

droplets to record.

Description of the Prior Art

Ink jet recording methods (liquid jet fecording
methods) have recently attracted attentiqn since noise
upon recording is very little and a high speed récording
is possible, and further, the recording can be made on
plain paper without any speqial treatment such as

15 fixation. |

Among them, for example, a liquid jet recording
method disclosed in Japanese Patent Laid-open No. 51837/
1979 and German Patent Laid-open (DOLS)No. 2843064 is
Yy different from other liquid jet_repording method in
20 point that heat energy is applied to ligquid to produce
a driving force for ejecting liquid droplets.

That.is, the above-mentioned recording method
comprises applying heat energy to a liguid to cause an
abrupt increase in the volume of the_liquid, ejecting
the liguid from the orifice at the froqt of the recording
head to form flyihg liquid droplets and_attaching the

droplets to a record receiving member to effect recording.

-



-2- In particular, the liquid jet recordihg nethod disclosed in DOLS
2843064 can be not only effectively suitable for so-called "drop-on-denmand”
recordi ng met hods, but also enablex +0 realize easily a high 5 density
multi-orifice recording head of a full-line type, and therefore, images of .
hi gh resol ution and high quality can be produced at a high speed. The .

recordi ng head portion of an apparatus used for the above-nenti oned %gf

recordi g met hod donpradmseiscwlao, |thridiepsttjey pacordingonsthodt ed of an
orifice for ejecting liquid and a liquid flow path containing, as a part - of
t he const rdid@qlnfedh HedOT 144 I porn i rotmeml aebfeqrivelvie orifice

and applying heat energy for ejecting liquid droplets to the Iiquid, and an
15 el ect r GtHdraRbe thom Rl It (SRR TRETR2E " eheF95dine el ectr ot her mal

t ransducer

| ayer confcttfso THe

enbodi nent

i ovided w.th a ir of electrodes and a resjstive heater
%i%%t‘? Sl ﬁ&@iﬁ?& ae?%b£¥5nagléh%’|‘ati ng heat (heat

i Iy he el des. 20 I cal
generat5n%egfsr’:%nsqlrbféﬁ%gf%‘fgsﬁ%ﬁg‘%é%b‘f’eghféé) '?%c%rﬁﬁ“?ﬁbf}‘lté’g | fg shown in

FIGS. 1A
recordi ng
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partial crqss Septdanabe \hLYGudak et a4 ondgh hepdeg . and dash line Xy of FIG

1A
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The recording head portion of an apparatus
used for the above-mentioned recoraing method comprises a
liquid ejecting'portion constituted of an orifice for
ejecting liquid and a liduid-flow path containing, as
a part of the ¢6nstruction,_a heat actuating portion
communicated with the orifice and applyiné heat energy
for ejectiné liquid droplets to the liquid, and an
electrothermal transducer.for generatiﬁg heat energy.

The electrothermal transducer is provided with

a pair of electrodes and a resistive heater layer

connected to the electrodes and haviﬂg a region generating

heat (heat generating portion) between the electrodes. L)
A'typiéal embodiment of the structure of such

ligquid jet recéfding head is shown in FIGS. 1A, 1B, 1C

and 1D. |
FIG. 1A is a partiai front view of the liquid

jet recording head viewed from the orifice side, and

FIGS. 1B, 1C and 1D are partiél cross sectional views

taken'élong the dot and dash line XY of FIG. 1A.

Recording head 100 is constituted of orifice 104

4



F . .
Recordi ng head 100 is constituted of orifice 104 -3- 1 and liquid
ej ecting portion 105 forned by bonding the surface of substrate 102
provided with el ectrothermal transdueed 301 to a grooved plate 103 having a
predeter- mned nunber of grooves having a predetermined width and 5 depth
at sa"predetermned |ine density such that the grooved plate covers the
substrate. In'FIG _1, the recording head has a plurality of orifices 104,
but the presénta?hvehErdd Fiefbingi RPFEdonollachoamednbydbrBAingnghe
recordi ng head hav%ng a gin | e orifigg is alsQ 10 within the scope of the
present inventi Nt FEFGuPt BFREEFARSpoPRi BROYASeAa¥iERi FlES IO PEFBGE ng
liquid at the e at tyatin orti.on.106 re_thermal ener
gener at ed by e|g%??%?%@?ﬁa%&?rgﬁsaug55°169 P%agﬁpﬁggdgf3lpﬁqﬁiBrﬁgegéfﬁla
bubbl e 5 and aps 205 UlmBd £t 67 C0PDYEE! Rk 2nG¥RADSLA BUG: HAH DiAGR hdl Ne
1 I'S ed above

208¢
vol ume occurs. Heaf actuafTlng p@r??on | oC gat “generating

portion 107 gf. r ot her ry11Q04, ;@8N a t surface
108 where heat g%ﬁgé-ggoga ingéEg???gﬁalé%géoﬁgggggytﬁgkpig&% Fggthe

bottom surface gfoétedhgahtaceyattsgtRer 5LBBtrA0E. Heat Faenenatikmg portion
107 is constituted of |ower |ayer 109 provided on support 115, resistive-

heater |ayer 1lPepoodidgdhesad| nueral pyaral@fy afdozZ3fitiesstopr,obedt ke
| ayer 111 provided on resistive heater
present invention is not limited to such an embodiment
and a recording head having a single orifice is also
N~ 10 within the scope of the present invention.
Liquid ejecting portion 105 has orifice 104
ejecting liquid at the end and heat actuating portion
106 where thermal energy generated by electrothermal
transducer 101 is applied to liquid to form a bubble
12 apd an abrupt state change due to expansion and
shrinkage of the volume occurs.
Heat actuating portion 106 is_loc;ted above
heat generating portion 107 &£ electfqthermql transducer
W 101, and a heat actuating surface 108 where heat gener-
20 ating portion 107 contacts the liguid is. .the bottom
. surface of the heat actuating portion 106.

‘Heat generating portion 107 is constituted of
lower layer 109 provided on suppoft 115, resistive
heater -layer 110 provided on lower iayer 109, and

25 first protective layer 111 provided on resistive heater

layer 110. Resistive heater layer 110 is provided with

electrodes 113 and 114 for flowing electric current



| ayer 110. Resistive heater fayef 110 is provided with el ectrodes 113 and ¢

114 for flow ng electric current -4- 1 to the layer 110 to generate
heat. El ectrodes 113 is an el ectrode common to heat generating portions of
liquid ejecting portions, and electrode 114 is a selection el ectrode for
sel ecting the heat generating 5 portion of each liquid ejecting portion tio
generate heat and is provided along the liquid flow path of each liquid &
ej ectiny portilm. lavestlplotecpenerbhgehedtl s&leesrpdepr dfldctischemically
and physically resistive heater |layer 110 10 fromthe liquid at the heat
gener at i n@@hotiedrrady e9mmen| bei hgakegeseratingapertigpsr o£10 fromthe
liquid in the liquid flow path at liquid ejecting portion 105, and al so
prevents sht#tidi¢ieftingthRehiersct #B8eC1eE8r9A8 114 dFrdugh the |i quid.

Thus, first ot ect i | ayer 111 t tect i stive_ heat |

110, Fi r st HHOTERT VELTSEErae 1405 S5 1ERFBY FBepheptnEeBrEEHIPE | cakage
bet dj t el trqdes. | ti | Lt.1 ' tant t t o
ol eotri ¢ FORED B AT SHHURAT (M RFEART RRRTINM EPCIEPETote CPERF Y osi on 20
f el ect . . | ectri . 1 ol ' d I ti

O o ST 6P PR G PEL G LR | PULPSG P el oge Tesul g

whi ch hapqgaﬁﬂa/é%gg{fﬁanﬁ%réqEprore, such a first protective |ayer

First protective layer 111 serves to protect

chemically and physically resistive heater layer 110
10 from the liquid at the heat generating portion 107 by
isolating resistive heater layer 110 from the liquid
in the liquid flow path at liquid ejecting portion 105,
and also prevents short-circuit between electrodes 113
and 114 through the liquid. Thus, first protective
15 layer 111 serves to protect resistive heater layer 110.
First protecéive layer lil also serves to prevent .
electric 1eakage-b§tween adjacent eleCtrodes. In
particular, it is important tfo prevent electric leakage
between selection electrodes and electrolytic corrosion ;)
20 of electrodes caused by electric current flowing in an
‘electrode resdlting from contact of an electrode under
the liquid'flbw path with the liquid which happens by
some cause. Therefore, such a first protective layer
lll'having a protective fﬁnctioa is' provided on at
25

least an electrode which is disposed under a ligquid

flow path.
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111 having a protective function is provided on at 25 | east an el ectrode
whi ch is disposed under a liquid flow path. -5- 1 The upper

| ayer including the first protective Isayer is required to have various
properties depending on the position to be disposed. That is, for exanpl e
the\f,ol | owm ng characteristics are required at heat 5 generating portion
107:7.1) heat resistance, 2) liquid resistance, 3) liquid penetration
preventing ptoperty, 4Thehapper dayeduct iinicllpdib® the Hrsuxipdaitiemtive
preventing property, 6) insulating property, and 7) breakage preventing
property. At pée¥ednssot FeQuirgd w@athag'@nerraactqug mma;rtlmﬂ dep¢fridigient | y

high liquid penetration preventing 15 property, uid resistance and

br eakage preveRf ﬁ&eppﬁﬁéfttl;‘?"arté’ %@q@llrsé’(?steﬁr ou&Wat ésredioRt igFESherty to
thermal conditions ot ired to be so good. However, at resent there
is not any maté& aIf % ﬁ%rﬂﬁélﬁﬁp%‘r FPEITEsh At

suff|C|entIy 20 sati n aII haracteristics 1) - 7) as nentioned
above. Fﬁ@eﬁPgé%ﬁﬁ t g sonme of the conditions 1) -.7) are

not severely requesﬁgdhé§¥’re51stance,

2) liquid resistance,
3) liquidﬁpeneﬁration preventing_property,
~4) thermal conductivity,
10 5) oxidation preventing property,
.6) insulating property, and
7) breakage preventing'éroperty.
- At portions other than heat generating pértion
107, sufficientiy high liquid penetration preventing
property{_liquid resistance and breakage preventing
property are required through the resisting-prope;ty
‘to thermal conditions is not required to be so good.
However, at present there is not any materigl .
) fof constiunﬁng the upper layer'capable of sufficiently
20 satisfying_all the cha:acteristics 1) ~.7) as mentioned
above. It is the present status that somé of the
conditions 1) - 7) are not severely requested. ' For
example, at heat generating portion 107, materials
are sé;ected by giving priority to_conditions 1), 4)
and 5) while, at portions other than heat genergting
portion 107, for example, at e;ggtrodé portiohs,

materials are selected by giving priority to conditions



exanpl e, at heat generating portion 107, materials are sel ected by giving

priority to conditions 1), 4) and 5) while, at portions other than heat

generating portion 107, for exanple, at el ectrode portions,

sel ected by giving priority to cordi®ions -6- 12), 3) and 7),
materials thus selected are di sposed on the correspondi ng region surfaces
to formthe upper layer. Apart fromthe above, in the case of a'liquid 5.

materials are

' ' head af I ti-orifi ' f fi
Liect ob Rorndl EPAnddaceP 3P TBORANT (LS St SEes SR t ancous! y.

f ' . 1ch f - : : J | f f th
il & g R A RN T .

formed | ayer are repeat as ar ace on

| ayer inthgeuggggrl% ywer is to be formed becomes a fine uneven surface
ge porfions, and therefore, the step coverage property of the

having step e he st
layers in the uppgarta¥eomitHeNQrwap, sdfeROrddadsopes

opEguidportant.

2

w

In

and the

‘other wores, when the step coverage 15 property at thg'step edge portions
IS poord jpengkkakidangOhelalde dfi GuUinth1aGCISi Picd heypo) td Dice agd causes '

el ectro- lytic corrosion or dielectric breakdown. Further,

when t he

formed uppebelrapér finkf enecthe themmdl araisdisfers sarwofofmdd i cation with a
consi derabl e probability, penetration of |iquid.through the defect portion
resul ti ngni thehsubstiraget Isdmulit@ngousiey el Eatmat hen nef eacinstayer

of the substrate and removal of a paff'of'the formed

layer are repeated, and as a result;:the'surface'on

10

which each 1ayer in the upper 1ayér'is-to be formed

becomes a fine uneven surface having step edge portions,

and therefore, the S£ep coverage pfbperéy of the layers in

the upper layer at the step edge portions becomes

important. In other wores, when the'step coveragé
15

property at the step”edge portions is poor) penetration

of the liquid occurs at the portions dnd causes electro-

lytid corrosion . or dielectric .breakdown. Further, when

the formed upper laver suffers the formation of defects

upoh fabrication with a considerable probability;
20 '

penetration of ligquid thrbugh the defect portion resulting

in shortening the life of the electrothermal transducer

to a great extent.

In view of the foregoing, it is required that

the uppér layer'hés é good Step coverage property'at

25

the step edge, defects such és'pinﬁbles and the like

occur in the formed layer with only a low probability _

and even if the detects are formed, the number of

t
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to a great extent. In view of the foregoing, it is required that the upper
| ayer has a good step coverage property at 25 the step edge, defects such
as®pi nhol es and the |ike occur in the foryred layer with only a | ow
probability and even if the detects are forned, the nunber of - 7- 1
defgcts is negligibly small or less. In order to satisfy those requisites,
heret of ore the upper |ayer has been produced by |am nating the first
protective | ayerefeatyzosied refglaigiioy gama Xl Sox nsedst i ng material and the
third protective |ayer conposed of an organic material, or the first
protective layer is constiquéesd tf satwidfyecrose hegquss ites underetafere
conposed of an inorganic insulting material and an above | ayer conposed of
an inorgani c méthe (VRPSH Mayew des RRFThaasodweeditby elgminzein@ntherchani cal
strength and havi ng adhesi on. and cohesion to the first protective |ayer and
the third prot dctisFe RERIGC KR N ake et AMROSER Phert i kROTRPEFe second
protective | ayer c osed of, an, inorganjc terjal such as tals and 15
the 11 ke overl QS UM 1 MRSSIHAL (1AL 158 ot Dm0 RERE S HEL Yhi FW TR ot ect i ve
| ayer conposed of an o ic material is excellent in cpatin ropert t he
heat resistance 1¢ oﬁc?o({_r %sag; Fh FHE T HIEIH ecTT VRS ayJerrStc%P%%‘%)c%Jeyé .
provided on th%éygyfﬁg\g%nstituted of two layers, that is, an under

layer composed of an inorganiclinsulting material and

.an above layer éomposed of an inorganic material of
10 high toughness, relatively excellent mechanical
strength and having adhesion and cohesion to the first
protective layer and the third protective layer, such
“as metals aﬁa the like, or the second prbtective layer
composed of an inorganic material such as metéls_and
the like overlies the third protective léyer.

Though the third protective layer composed of

an organic material is excellent in coating property,
the heat resistance is poor so that the third

protecitve layer can not be provided on the resistive
20 heater layer at the heat generating pottion. On the
contrary, the second pfdteCtivé'layer composed of an
inorganic material such as metals is prdvided over
the whole surface as an Outefmost'surfate layer of
the substrate, or onlylén the resistive heater layer
25 of the heat generating portioh. When the second

protective layer is provided in such a manner as

the latter, bﬁt the third protective layer 112 does



20 heater layer at the heat generating portion. On the contrary, the second
protective | ayer conposed of an inorganic material such as netals is

provi ded over the whole surface asgan outernost surface |ayer of the s
substrate, or only on the resistive heater |ayer of the heat generating
portion. Wien the second protective layer is provided in such a manner as,
the latter, but the third protective layer 112 does_ . -8-_1 not overlap-ﬁg
the secdndnpkodeerlar FageFeaandaBrekeaihive tryeriBlét BSr §hic%¥Monly t he

first protective layer at portion b and therefore, a sufficient protection

can not belRiF&gtetBr FHRERRr1S pBRLNKL AP FITFSCRIPFESHaYRcd¥ Lt ed to t hat
ti dat last, th | ect | beaqi. to di | .that is, th
orrosi on TEaret ERen Bofhd, EekPasra’ B Rt aIRhY ReRE s Sent T ve Tayer
| t | | : . | - ' idth i
over | 02 beySesendhergciide | ittt Lokt Lhe ratiapang o
potenti sl isyconcenteal e Wigh bBSthbAULAAsaRKIAGH | Mhe S1lettGodd

therefore, dissolution of the electrode portion occurs. On the contrary,

when the oygyeappeadny €bhaissb29el akBaL LRI @hQCeWr riddg onol | owi ng
probl enms. 15 As shown in 'Fig. 1E, when, in the vicinity of the heat .

gener ati ngresistamcesesoddtprpbeatede | gyen 1i6 themmbded of an i norganic
material such as netals and the like is provided below third protective
layer 112 protective layer overlaps the second protective layer,
as far as the overlapping width is small as illustrated
10 in Figs. 1C and 1D, the liquid penetrates and potential.
is concentrated when the liquid soaking time is long,
and_therefore,_digsolution of the é;ectrode portion
occurs. On the contrary; when the oveflapping width
is too large, there occur the following problems.
15 As shown in Fig. 1lE, when, in the vicinity of the
heat generating portion, second protective layer 116
composed of an. inorganic material sﬁéh as metals and
the like is provided below third protecﬁive iayer 112
composed of an.organic material andlon the first _ \;)
20 protective layer 111, the probability of occurrence
of short between second proteqtive_layer_lls and
electrode 113 or ll4.disadvantagéou$ly increéses and
the yield of the products is extremely decreased.
As shown in Fig. 1F, when opposite to Fig. 1lE, thé
25 upper'layer'in the vicinity of”the_heat generating'
'portion are laminated such that third protective

layer 112 overlies first protective layer



¥ . .
conposed of an organic material and on the first 20 protective |ayer 111,
the probability of occurrence of short between second protective |ayer 116
add el ectrode 113 or 114 di sadvantageously increases and the yield of the
products is extrenely decreased. As shown in Fig.. |F, when opposite to
Fig." 1E, the 25 wupper layer in the vicinity of the heat generating portion
are™ am nated such that third protective |layer 112 overlies first
‘protective |ayer -9- 111 and second gy ective layer 116 overlies the
third protective layer, the liquid penetrates fromthe liquid flow path and

exfoliation of the1angaNC gE¥cNd Protdetivd NAYITONIAE ot 13 JtHY A9esds
due to 5 the stress of the inorganic material |ayer (the second

protective |ayer). pootieetitiehendyaid, tUhe | lqwulid S penetidatsgls byrdvmat it at
heat actuating portion 106, but the vapor is inmmediately cooled to condense
since it i's a subcadigaddlO flow bgiathng amdl tedwfdldzmtiicgn tdfe thes yariic
Therefore, bubble formation and condensation are repeated at a high
frequency of sever miateird@dand avered ther potedtd viehd ayiesi ninsoasfedshalum dto
actuating surface, and the pressure change caused here breaks often the
substrate 18 (Ehe skmess & the dmerganiq detiexiadr laveyn drikhefsenqnd

i mage qual ity and high densit% have been recently denmanded, and therte are
protective layer). :

On the other hand, the liquid is vaporized by heating
Y at heat actuating portion 106, but the vapor is
| immediately cooled to condense since it.is a subcooled
10 boiling and the heating time is short. Therefore,
bubble formation and condensation are repeated at a
high frequency of several thousand times per sec. in
the wvicinity of the heat actuating surface, and the
pressure change caused here breaks often tbe substrate
15  (cavitation corrosion).
Printed letter or signs of high image quality and high
density have been regently demanded, and there are
required more precise processing of minute portions
such’ as electrodes, resistive heatef layers,
20 accompanying protective layers and the like.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is
- provided a 1iquid.jet recording head having: |
a subsfrate comprising:
25 : a support,

‘a resistive heater layer,



required nore precise processfng of minufte portions such

portion of the resistive heater laye -l ocated between the

material, a second protective |ayer conprising an inorganic 10

as

-]

el ect r odes,
resistive heat er | ayers, 20 acconpanyi ng protective |layers and the
| i ke. SUMVARY OF THE | NVENTI ON According to one aspect of the invention,

there is provided a liquid jet recording head having:. a substrate
conprising: 25 a support, a resistive heater |ayer
el ectrodes electrically connect ed wth the resistive heater

-10-

| ayer ,= a

el ectrodes
providing an electrothermal 5 = transducer; and an upper
conprising: a firseslpetredesye dl@strically Si krpmyedted gamicth nsuthed i ng

| ayer

materi al, and zmeshstdver beatervdayaper conprising an organic material; a

liquid f1 ow path being provided on the substrate

and

corresponding to @&heposttdon ofeithg resistive heatierelaver kggated ayer

havi ng: a reglon where the first protective |ayer

etween the electrodes providing an ‘electrothermal

5 o transducer; and

an upper layer comprising:

a first protective layer comprising an inorganic

insulating materiail,

a second protective layer comprising an inorganic

10 . material, and

a third protective layer comprising an organic

material;

a liquid flow path being provided

on

the

substrate and corresponding to the electrothermal

15 transducer;

the upper layer having:

a region where the first protective layer

overlies the electrothermal transducer and the

second

protective layer overlies said first protective layer,

20 and.

other regions, adjacent the electrothermal

transducer, - where the first protective layer overlies

. the electrodes under the liquid flow path,
the third protective = layer overlies the

25 protective layer, wherein the second protective

and where

first

layer

extends from the  first region overlying the

»

i



* . .

overlies the el ectrothermal transducer and the second protective |ayer
overlies said first protective |ayer, 20 and ot her regions, adj acent
t e el ectrothermal transducer, where the first protective |layer overlies
the el ectrodes under the liquid flow path, and where the third

prql§ctive | ayer, overlies the first 25 protective |ayer, wherein
the™second protective |ayer extends from the first regi on
overlying the el ectrothermal transdqycer portion in t he ot her

regi ons, and the second and third protective layers overlap each other in

each of the other ea@ictdticrhaan AtRNsHUdLT t e M 1GHed SQUther
m cronmetres. 5 According to another aspect of the invention, there is

provided a |iquid preigicesgr diangl hamd i isadumh drdjuiirll gRictec e ajRasesd
froman outlet orifice by the application of heat pulses to liquid in a
heati ng chanber defovesdapn esoh lodher dmd eéachwof theeathdmr regions apglth ng
sai d heat pul ses conprises an electrothermal transducer carried on a -
substrate and el ecarmodwerflap dondingt inapgee|fram ildhito HAG avicnametngss
transducer, protective neans being provided, said protective neans

including & firsAcqarsing itpe anodhar agpech of ddin drpention.nghere g
e ot oo pan oS SR e S A L
region of the trangfucle @nd B¢ e dd &4dif "' Ritiet orifice by the
\/ application of heat pulses to 1liquid in a heating
chamber defined in the head, and in which means.for
10 applying'said heat pulses comprises an electrothermal
transducer carried on a substrate and electrodes for
conducting electrical pulses to  the transducer,
protective means being provided, said prptegtive means
including a first protective layer of inorganic
15 insulating material overlying the transducer and the
'electrodes, a.second protective 1layer of inorganic
material overlying the first protective layer in the
region of the transducer and extending into the region
of the electrodes, and a third protective layer of
20 organic material overlying the first protective 1ayér
in' the regions of the electrodes,'wherein one of said
second and third layers overlaps the other  in the
regions of the electrodes, the width of each overlap

lying in the range of 10 to 500 micrometres.



-of the electrodes, and a third protectivé |ayer of 20 organi c materi al
overlying the first protective |layer in the regions of the el ectrodes,

wherein one of said second and third |ayers overlaps the other in the t
regions of the electrodes, the width of each overlap lying in the range of
10 to 500 micronetres. -12- 1 BRIEF DESCRI PTION OF THE DRAWNGS Fig. 14y
B, C D E and F refer to the constitution of a conventional liquid jet

recor di 0g BREEF DEBCRIPTION ORI THE HRAWINGS he constitution of a liquid jet
recording head 5 according to the present i1nvention. Fig. 1A shows
schematically a p&igallXs @d G dwv dhchrehch Ffefer 18 thelrolstitutiand His
a partial cross-sectional. view taken along a dot and dash line XY in Fig.
1A. Fig. Bf showenventigedentiswitriet seeording dreadi sed| Bigr HGeandot
overlap 10 a third protective |layer. Fig. 1C, E and G show arrangenents
where a t# repfpntEtthe qq}%wamqraﬁg @ slemzadpleteﬁ@médmgegea#i g. 1D,
F and H.show arrangenents where a second protective |ayer overlaps a third

prot ect PveqeRkAing sto the pregent jinwentipninn Ehwi My $R&Y¥Fel ati onshi p

bet ween the overlapping width b of_a second protective_layer_an third
ot ect | veIERAT ALY iR T SARRE T O 5 oSagh TL8% TR Ankl wPheh

shows the eII_atié)nas#éBab}ege}[/gr gth%]g\égééggpﬁgt%gg{;hp% de LPELT 21 En8f

short, in t'he” |1 qui cor ead ere a rd protectrve Fayer
a dot and dash line XY in Fig. 1lA. Fig. 1B shows

arrangements where a second protective layer does not overlap W
10 a third protective layer. Fig. 1C, E .and G show
--ar*aﬁgementswhere a third_protgctive layer overlaps a
second protective léyer. Fig. 1D, F and H show arrangements
where a second protective layer overlaps a third'protective
~layer.
15 : Fig. 2 is a graph showing the relationship between
the overlapping width b of a second protective layer and
~a third protective layer and a rate of disconnection.
Fig. 3A is a graph wihch shows the relationship
between the overlapping width b and the rate of short, in S
20 -the liquid'jgt recording head where a third protective layer
overlaps a second. Fig. 3B dis a graph which shows the
relationship between the: overlapping width b and the rate
‘of film exfoliation, in the liquid jet recording head
where a second protective 1éyer overlaps a third protective
layer.
Fig. 4A, B and C refer to the constitution of a

conventional liguid jet recording head. Fig. 4A shows



overl aps a second. Fig. 3B is a graph which shows the relationship between
the overlapping wdth b and the rate of filmexfoliation, in the liquid jet
reécordi ng head where a second profective |ayer overlaps a third protective
25 layer. Fig. 4A, B and C refer to The3constitution of a conventional
ligquid jet recording head. Fig. 4A shows -13- 1 schematically the
partial front view Fig. 4B is the partial cross-sectional view taken al ong
‘a dot and dash doMmema®icdal ¥y thelpaft Pal 4ErshowsiewhennigcalByia phan vi ew
of the substrate. Fig. 5 refers to the constitution 5 of an enbodi nent of
the liquid jet pacoral ngrdestsarttionihgviewt bek en eskobgi avéoti andadaskhows
schematically the plan view of the substrate equivalent to Fig. 4C

DESCRI PTI ON OF I PREFERAERY EMBCDI NENTS 40 shows sciRefetitably cappyaniG
and H a first protective layer 111 is conposed of the inorganic insulating
material, for NABHHIE FHRrFHR Y %@ desF5Tichd asef @FF | tantheheons kityRgon

i not ' igrid .l er the, |ike..Th d tecgti I

116 has {oughnéte AP oEitgn of the ciian € chorRtnraar SR raf gricora1Rs
Further, th , I ' f bl d ' hayi
dneston and cofpor Rirerte e frey SRRURRGds choRplRtibhTyy 8L Bhen,

mat eri al such ; ' wher LLSt . Rr cthye layer is
conposed of [e?‘?ljt%l;gt @f]itsﬁ%gss%ﬁrl ed ab%%%?sa%éé\ﬁeﬁat ﬁ%ssecgnd protective
| ayer is conposed of an inorganic :

DESCRIPTION OF. THE PREFERRED EMBODIMENTS

U

10 Referring to Fig. 1G and H, a first protective
layer 111 is composed of the inorganic insulating material,
for example, inorganic oxides such as Sio2 and the like
and inorganic nitrides such as Si3N4 and the like. . The
second protective layer 116 has toughness and a relatively

15 .excellent mechanical strength. Further, the second layér
is preferably composed of a material having adhesion and
'cohesion to. the first protective layer, for example, a
metal material such as Ta and the like where the first

Y p protective layer is composed of-SiOz. As described above,
20 yhen the second protective layer is composed of an inorganic
material such as metals and the like which is relatively
- tbugh-and has a mechanical strength,.the shock due to
cavitation caused upon jetting liquid can be sufficiently
absorbed especially at the heat actuating surface 108, ‘and
25 the life of the electrothermal transducer 101 can be

extended to a great extent.

As materials constituting the first protective



materi al such as netals and the like which is relatively tough and has a
nmechani cal strength, the shock due to cavitation caused upon jetting liquid
can be sufficiently absorbed espegiglly at the heat actuating surface 108,
and 25 the life of the electrothermal transducer 101 can be extended to a
great extent. As materials constituting the.first protectiyve -14- 1 R
| ayer 111, there are preferably used inorganic insulating materials =
rel ati vel Y agreeelllldnt threrdehermalproeofekaiiywidgednindegsniesissahaeingor
exanpl e, inorganic oxides such as [err] and the like, transition netal

oxi des sumhtggI@dﬁamahﬂﬂiWE&xﬁﬁxqﬁﬁkﬂntunnn@hﬁﬁmQJ0@¢uﬁv©k#metYnEn9bdenum
oxi de, tantal um oxide, tungsten oxide, chrom um oxi de, zirconium oxide,

haf ni um ofiedé, ﬂ%ﬁﬂﬁﬁ%ﬂﬂﬂ«»ﬁQﬁae%ﬁ%ﬁ%ﬁnn%ﬁﬁ%ﬁ?nhﬁnﬁﬁhégé surfeagndifpe

i ke, nmetal oxides such as aIun1nun1OX|de | ci um oxi de strontlun1OX|de

bari um oxP8& e ditkeroFr@nsded it Betdl |?¥} %%ﬁ%o%?t@% EREFBof , high

reS|stqpce nitrides s ch as sillcon nitride nitri boron

nitride, CXES LKA G & FRE ‘%n%xjc%%bg’???ggnh%?u?hgg%d&l des .and
aror phous 8 %@%8%41 R oo, el ad LSRR ARR CheRaohemm,, '
rest stance,auduacdiun B &, WA RS NEN ¢ yeEEshANGRiRY, a sputtering
net hod, a CVvD method,” a vapor ‘deposition met a gas phase reaction
net hod, adddy&déééﬂﬁxﬂakfHHd“%hé”liﬁE3|m¥@al oxides such as aluminum
| oxide, calcium oxide, strontium oxide, barium oxide;"
10 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 example, semiconductors comprising amorphous .
15 silicon, amorphous selenium and the like which have low
resistance as bulk, but may be made to have high resistance
by a sputfering method, a-CVD method, a vapor deposition
method, a gas phase reaction fethod, a liquid coating method
or the like. _ ' _ S _ \)
20 As materials used for forming the second protective
layer 116, in addition to Ta as mentioned above, there may
be menﬁioned the elements of Group IIIa of the Periodic
Table such as Sc, Y and the like, the elements of Group IVa
such as Ti, 2r, Hf and the like; the elements of Group Va
25 guch as V, Nb and the like; the elements of the Group VIa
such as Cr, Mo, W and the like, the elements of Group VIII'

such as Fe, Co, Ni and the like, alloys of the above-



20 As materials used for formng the second protective |ayer 116,
in addition to Ta as nentioned above, there nay be nentioned the el enents
off Goup Illa of the Periodic Table suchgas Sc, Y and the |like, the

el ements of Group IVa such as Ti, Zr, H and the like, the elenents of

G eup Va 25 such as V, No and the like, the elements of the Goup Vla such
as ©, My, Wand the like, the elenents of Goup VIII such as Fe, Co, N
‘and the |ikel admhieonefd metadlmwaich as IBi~Ni neTd+W0NeTawwd-al s, SIChCas Fe-
Ti-N, Ta-W Ta-Mo-N, Ni-C, Fe- Co, Ti-W Fe-Ti, Fe-Ni, Fe-C, Fe-N-Cr
and the like, Sori GEsvbf RerdliabRee-NientFeres, ngedis-Sucandstite - Bikqa- B,

Hf -B, WB and the |ike, carbides of the above-nentjoned 5 netals such as
Ti-G 2Zr-C, V- &origes ofp-the ghavewpentigred Heeta ke, sush | 2% dB5~B TaeB,

above- nentioned metal s such, a -Si, WSi,.TJTa-Si_and the like, nitrides of
Che above.  mon o Yl A0 dth HiRen GerRidee 95 TherAp o TeRELoREf ng
these materigls, the second protective lLayer b forned hy the
procedure su%h mae_st'-’l s \falbcg‘r ?Zgocfsf(tp'i o0 -rfj_.ét h‘g-dc,’n?(%pﬁt @?i‘gg%ﬁ%tﬁbfpaccﬁ}bd
method and the didq.4idne SOGURY QLG Yl QYELmERYL B & RO SichNés
above materials, alone or 1 n conbination. e third protective layer is -
conposed of an yy-gaNi G- , IMSIEAtd 0 W eriied, Wl €hi ds CSE Ok €Nibbve-

prevention of quuid penetration and |iquid resistance, and further has
preferably the dealdiondd) mdlactAidistassri4N) @ood, f Tad-An shepethe | Liye.

| Using these materials, the second protective layer may be
~ 10 formed by the procedure such as a vapor déposition method,
a sputtering method, a CVD method and the like. The-
second protective layer may be composed of the above
materials, alone or in combination.
The_third protective layer is composed of an organic
15 insulating material which is excellent in prevention of
liquid penetration and liquid resistance, and further has
preferably the following characteristics: -
(1) Good film shapeability,
\/ (2) Dense structure and free from pinholes,
20 (3) Not swelled with and not dissolved in the ink,
(4) High insulating property when film-shaped,
(5) High heat resistance,
and the like.
As the organic materials, there may alsc be used,
25 for example, silicone resin, fluorine resin, aromatic
polyamide, addition polymerization type polyimide, poly-

benzimidazole, metal chelate polymer, titanic acid ester,



(2) Dense structure and free from pi nholes, 20 (3) Not swelled mnth
and not dissolved in the ink, (4) H gh insulating property when
filmshaped, (5) High heat resistance, and the like. As the organic s
materials, there may al so be used, 25 for exanple, silicone resin, fluorine
resin, aromatic pol yam de, addltlon pol yneri zation type polyimde, poly-ix
benzi m dazol e, netal chelate polyner, titanic acid ester, -16- 1 epoxy
resin, phtéwbke resim, pherapset tésgnphenakiieseesting Bhehoyliphereling resin,
Zirox resin, triazine resin, BT resin (addition polynerized resin of
triazine resyinBHRheRQhiE crasiR) BErPKereFkE: AF#éFhB?lV@F}n'lpTls also 5
possible to f rotective |ayer vapor .deposi tion

d
ponxnyIeﬁ%sﬁégiﬂggh%PéérP LYPGELS2BfeF 8BFD PérFﬁéFleﬁerﬁﬁFPdaﬁﬁotect|ve
| | | db h di t |
ol yirer 1ot ne PErnEREE o eh, TR BRsRERE Lk Bvas i B BsIA TR0 i 0. 10
aceta”‘ge é3¥ﬂ1£e£50§8 tﬂe t§h%ﬁ g?&ege%gogeggxggﬂ§grgﬁ§e§nzene

- styrene? rrocene, pyro ene, penta b

“'trOtO'Uﬂ@@po@f£¥&&”é£rb&fyxﬁi?béﬂ¥'régkﬁnhﬂa erEQEQ&deetharéﬁke“e
N, N- di met hyl™- p-tol ui dine, toluene, aniline, diphenyl nercury,

hexanet hyl benzene, pdpth@l pnenét thied pebtacyanectbykentayt Bilephsee,

benzene- sel enol, tetrafluoroethyl ene, ethylene, N nitrosodi phenyl- am ne,

acetyl ene, fdrﬁed-bylﬁhlmrghepiﬂgeacpbﬁaang godat peasma polymerization
~using various organic monomers such as thiourea, thio-

10 acetamide, vinyl ferrocene, l,3,5—trichlorobenzene,-chlord— \‘J_
benzene, styrene, ferrocene, pyroline, naphthalene, penta-
methylbenzene, nitrotoluene, acrylonitrile, diphenyl:
selenide, p-toluidine, p-xylene, N,N-dimethyl-p-toluidine,
toluene; aniline, diphenyl mercury, hexawethylbenzene,

15_.malononitriie, tetracyanoethylene, thiophene, benzene-
| selenol, tetrafluoroethylene, ethylene, N-nitrosodiphenyl-
amine, acetylene, 1,2,4-trichlorobenzene, propane and the
like.
waever, when a recording head of a high density </
20 multi-orifice type is manufactured,.apart from the above-
mentioned organic materials, it is desirable to use
oréanic materials capable of being very easily processed
by a fine photolithography as materials for forming the
third protective layer.
25 . As exampleé of thé;organic materials, there may be
preferably used, for example, polyimidoisqindoloquinazo—
- linedione (trade name; PIQ, produced by Hitachi Kasei Co.,



| i ke. However, when a recording head of a high density 20 nulti-orifice
type i s manufactured, apart fromthe above- nentioned organic materials,

i s*desirable to use organic materials rapable of being very easily
processed by a fine photolithography as materials for formng the third
prokective |layer. 25 As exanples of the organic materials, there
may be preferably used, for exanple, polyim doisoindol oqui nazo- |inedione
(trade nanel PeEanpro@®@dedmideHinesdm (Kaseie @rme: PYRALIN, kurdpced by
pol yi m de resin %trade name: PYRALIN, produced by Du Pont, U S. A),

cyclized pol yB#

Rubber Co., J

ot her phot ose

silicon,
control

gl as
mai nl

107 to suppgr
t hi ckness is
generating portion 10%nd QU aie 118 e Dbaloacd Upd 19 R | o A6, side
than to other portions mheﬁﬁheat enerdy I's applied to Lhe quﬁ?ﬁ 15 at heat
actuating poridediami@e WH lt&d hgegat remai ni ng at heat generating portion
107 flows rapidly to the support ' ' '

'\/.

10

@néne Y-t5-Ade nayvslipsd reBybuiprlivovel (tRisteh AR hel$R

apan), Photaonith (trade nanme:, produced by Tora ., Japan),
S SERoRIoH I dabang SRENG IS FHRP S SRt SRR Compoaer

It

5

s’ conposed of

' he |ike. L 109 i id
PR eR s RS BERAAS T TR Jaher A1 por i on

pebel phet SRR NG BTl 4l SR AL T heat

Lower layer 109 is provided so as to control
mainly the transfer of heat generated at heat generating
portion 107 to support 115. The construction material is

selected and the layer thickness is designed in such a

- way that the heat generated at heat generating portion

15

107 flows more to the heat actuating portion 106 side than

to other portions when heat energy is applied Lo the liguid

at heat actuating portion 106 while the heat remaining at

" heat generating portion 107 flows rapidly to the support

115 side when the electric current to electrothermal trans-

ducer 101 is switched off.

20

- As the material for constituting lower_layef 109,
there may be used inorganic materials represented by metal
oxides such as Sioz, zirconium oxide, tantalum oxide,
magnesium oxide and the like.

As the material constituting resistive heater
layer 110, there may be used most materials capable of
generating hea£ as desired by flowing electric current.

As examples of the materials, there may be

preferably used, for example, tantalum nitride, nichrome,



115 side when the electric current to'el ectrothermal trans- ducer 101 is
swtched off. As the material for constituting |ower |ayer 109, 20 there
may be used inorganic materials reptresented by netal oxides such as [err],

zi rconi um oxi de, tantal um oxi de, ﬁnesiun1oxide and the like. As the

materi.al constituting resistive heater |ayer. 110, there may be used nost \;
mat eri al s capabl e of 25 generating heat as desired by flow ng electric
currentl Asilmampaksladidimealbdefi alFicdhesemiagnbacpoef evabbky used, for
exanpl e, tantalumnitride, nichrone, 1 silver-palladiumalloy, silicon
seni conductetal wuch rees dia Sutlm aslamtné vom, | anrhandom, zikdcenium, titani um
tantal um tungsten, nolybdenum niobium chrom um vanadium and the |ike,

al | oys t herandialwor | g stenr eono tiyb@epun; kpiogium, chromipumagvenadaiileri al s
constituting the resistive heater |ayer 110, netal borides are esﬁecially
excel | ent 2% #heseikeaidt 100 Hotherers . t herbdss, thryenexprt §hentdk€onpound
there age zirconi bori de Ianthangn1bori tanta%gn1borid vanadi um

bori de ggd ni obi u 9d %MT?F?EF?)ft%?nﬁggrﬁﬁfﬁgi FprﬁﬁifﬁéVSrderlas
o el D e, L g o) B SEELY i R

110 may be he pfocedure su eam e

L oA ANp A e LBEGOB BB Sl nERLLL o
convent i onmph@sd rasker &Bd L8 | A ScoREnt BSE €aal e1aRehhAGRIboLeBegXaNDI €,
tantalum boride, vanadium boride and niobium boride with
10 better characteristic in the order as mentioned.

Using the above-mentioned material, the resistive
heater layer 110 may be formed by the procedure such as an
electron beam method, a sputtering method and the like.

As the materials for constituting electrodes 113

15 and 114, 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
formed at a predetermined position with a predetermined size,
shape and thickness by means of vapor deposition or the like. \J

20 - The electrodes may be provided on or under the
resistive heater layer though the electrodes are formed on

the resistive heater layer in the Figures.

25




s

A, Ag, Au, Pt, Cu and the like. The el ect rodes fray be forned at a
predetern1ned p05|t|on wWth a predeterm ned size, shape and thickness by

neans of vapor deposition or the likeT 28 - The el ectrodes may be
provided on or under the resistive heater |ayer though the electrodes are
forr:@d on the resistive heater layer in the Figures. 25 -19- As the

materials foy constitubisngnkh&a 338G FAt &cHLR it e GRIMPRHdJa
chanber provided at the upstream portion of heat actuating portion 106

there may be upadte03D30fandhen@icRnindIrs 1Sahi id WHghbdre Fraviddad the
conditions: i) the shape is hardly or not thermally affected during:
fabricating theps¢read pgritdat of leder adtaxaﬂirrngjrmxmm df0usitigp tene
recording head; 'ii) a fine precise processing can be plied thereto and
t he surface acmwabﬁ ssedbmosds iofy thist aiatet sl sl by Ylfmﬂ thig )fqlhowing
resulting liquid paths can be processed to pernit the liquid to fl ow
smoothly in& héoﬂétlﬁéonﬁeprléséﬁ@aﬁhﬁé’mserhaeﬁ@ﬁ ST et et | oned

urpose are preferably ceramcs,  gl.ass, | astics, si)Jicon fer and
Phe VT ke. and i st GRamndg Eabd SeRE RS S8 AP aics Hes Jm% Y abl e
since they are _ easil, essed, .and .ha n_a I e reg a

resi st encg, coé"ﬁfe IEI éﬁfum%%af‘ﬁgr esiﬁlz?nveﬁh %&ﬁ%&%e‘%@g Uct i w‘ét]:Slé

is desired to | :cérs{eo PR eRWLey %‘érnf X Pl UHHUTSL TR &erfd éliffé&@

104 a water repe
~accuracy can be easily obtained as desired; and iii) the

— | 10 resulting liquid paths can.be processed to permit the
liquid to flow smoothly 1n the paths. " |
Representatlve materlals for the above-mentloned
purpose are preferably ceramlcs, glass, metals, plastics,
silicon waler and the like, and in particular, ~lass and
15 silicon wafer are more preferahle since they are easily
precessed, and have an apprepriate.degree of heat
re51stance, coeff1c1ent of thermal expans;on and thermal
conduct1v1ty. It is de51red to apply to the outer surface
of the c1rcumference of orlflce 104 a water repellent
20. treatment where the llquld is aqueous and an oil repellent
treatment where the llquld is non-aqueous, so as to
prevent the llquld from leaking and flow1ng to the out51de
portlon of orifice 104 o
The order oF overlapping of a third protectlve layer
25 and a second protective layer is not critical, and any one
of the layers may overlap the other as far as the over-

lapping width is within the above-mentioned range. It is



20 treatnent where the liquid is aqueous and an oil repellent treatnent
where the liquid is non-aqueous, so as to prevent the liquid from| eaking
and flowing to the outside poritigp of orifice 104. The order of overlapplngt
of athird protective layer 25 and a second protective |layer is not
critical, and any one of the layers may overlap the other as far as the '
over - Iapplng wdth is within the above-nentioned range. It is -20- |-
not necersameddmtanyhechmie ritog o ver Vapkh indg swidih sboretioé same pottadbns in the
vicinity of the electrothermal transducers, but the overlapping w dth may
be di ffe:na:rtiidnsorﬁnrpdme onidin poy todHnths ébectothermaly thamsdheers,

above-nentioned range. Fig. 5 corresponds to Firg. 4c but shows a liquid jet
recor di iypthddee gt mgmsb wigdth ﬁmtbQ)ndx:fﬁﬁlf@'dt fyomi poxtboml to
application no. 2188004A. In Fig. 5, the second protective |layer is not

provi dedanfdion @mIfar BF okt eb v HEuin JeheraRVRy PR t1ned pERDERnt | nuous| y
covers adj acent heat generating portions, that is, the second protective

layer®is in a fragm 6f c@rlr@rspdiiﬁ(st gt IRig .| dyebarti & hic @diquidy glethave

mainly a f un t|on |s n resi stive h rodr ﬁ]|IQUId in 15 a
liquid Flacc)w %Tcur?%td?‘g St E:tél\ﬁ tla %%%lroé‘m saﬁgg *Pas menti oned

above. ﬂnVEsgonal Bb@lﬂwﬁ¢ucpr@mecﬂﬂﬁéomdfer has mainly the former function
while the second protective layer has mainly the latter function. Were the
second protective layer is forned in the shape

In Fig. 5, the stumilmxnxmtive yxﬁurisxxﬁ:pmovi&aiihdivﬁhnﬂly \‘)
10 on aﬂilhmﬂ:gemmxmiﬁg;kmtnxn but<xmthmxxél§<iwersédjaaxm
heat generating portiéns} that is, the second pFrotective
layer is in a form of a bér. | ”
Protectivé layers in the uppér.layer have mainly a
function isolating.a'fesistive heater layer from liquid in
15 a liquid flow.patﬁ-and a functiop of cavitation resistance, -
as mentioned above; In Eig; 5, the first
protective layer haé mainly the férmef function while the
second protective iayer has mainly the iatter function.
Where the secbnd prgtective layer is formed in the shapg
20 las shown in Fig. 5, the patterning is easy. Therefore,
nozzles arranged at a high density can be.fabricated
without any complicated and highly precise processing.
When this shape is employed, the.probability of short at
electrodes, resistive.heatefs and the first pr§tective
25 layers becomes abouﬁ twice that in the case of the prior
art as shown in Fig. 1, but since the densitﬁ of pinhole

-3

which caused short is about 1 - 5 x 10 pinholes per cmz,



20 as shown in Fig. 5, the patterning i's easy. Therefore, nozzles
arranged at a high density can be fabricated w thout any conplicated and
hisghl y preci se processing. Wen this shape is enployed, the probability of
short at el ectrodes, resistive heateTs?hnd the first protective 25 |ayers
bquﬁes about twice that in the case of the prior art as shown in Fig. 1,
but™since the density of pinhole which caused short is about 1 - 5 x [err]

pi nhol es pen [@d lprobabXllity dhesispbabs!loiyz of ehpgteden 062 a Viddegven
for aliquid jet recording head with a density as high as 1000 nozzles, and

thereby a suffjet erdddrdimh Headf@TENTa NGerys Bty £ igh NS WEID no2iEedg
collectively this.type of arrangenent 5 of the second protective | ayer
taki ng i nt o consd dgrertelmn 4 heu Bbisyi émbly dat glo marhu fhc yueiny andeIdiecdn Keg
the above- nentioned liquid jet recording head is finally better in points
of density ancensuxgd qualwdgindaeollectbvely i thisrtypd o fFiarrangetact r odes
113 10 and 114 below the liquid flow path are covered al nost only by a
first protelti®e thgefeaomd pretreiye olaver viak e rintransidrrafian gani c
mat eri al having an excellent coating propert is_ .formed ahove the first
l?e‘éb%ﬂx%i

protective | ayet® S&sphtf TNl GREIIDHN R A ¢ Helfratthe 13RSy 15

surface. In the follow ng. exanpl es, Exanpl e il1lustrates th resent

ivent  on, whRE e AT ST A ESTRST st 15 Sinha hEEGRE

di vi si onal E““Bdfﬁ%écgk density and image gnality than that of prior art.
9 n .In Fig. 5, electrodes 113

10 and 114 beléw the liquia flow path are covered almost only

| by a first protéétive lafer lil. A thifd protéctive 1éyer
composed of an organic material having an exééllent
coatiné'property is  formed above the first.protective
layer except the portion corresponding to the heat actuating

15 surface.
In the following examples, Example 1 illustrates
the present invention, while Example 2 illustrates thée

invention claimed in the divisional application.
Example 1

N A liqﬁid jet.recording;head according to the present
20

invention was manufactured as shown below. .

An SiO2 film of 5um thick was formed by thermally

: ]
oxidizing an Si wafer, and on the Sio, film, a 3,000-A

2
thick resistive heater layer composed of HfB2 was formed by
a séu;tering. Then, by an eiectron beam deposition, a Ti

25 layer of Sbi thick and an Al layer of l0,000i thick were

continudusly.deposited. | |

The pattern of electrodes 113 and 114 was formed by



Exanple 1 Aliquid jet recording head according to the present 20

I nventi on was manufactured as shown below. An [err] filmof 5[err] thick
was formed by thermally oxidizing ap Si wafer, and on the [err] film a v
3,000-[err] thick resistive heater |ayer corrposed of .[err] was forned by a
sputtering. Then, by an el ectron beam deposition, a Ti 25 |[|ayer of

deposi t B %E@%iﬁ%ﬁeﬁr Prre it Btes 2F5 S0 4 PF AR ST by L rad
phot ol |th 0? Yrjikegudtﬁ' %e)dzflzs%gptg%g} ng surface was 50[err] |n

w dth and In I'ength ITst protective layer 111

conposed of [err] awas gdeRPShliee tb&:‘%ﬂ“'ﬂbt{éﬁ'ﬁ@t&téﬁf N9 1 Tomposed Next,
a second protective layer 116 was formed as fol A 0. 5- [err] t hi ck

pol yi ni de ofe i awas ERposli ted by B HiidH fde v%ﬁ;éﬁzr&&ib except for a
circunference of a cut part (400 x 300[err]) and then, a Ta fil m of

0.5[err§ thick waslexir,mad secomdrpgretgoti wplidyes riglé wid eformednag t he Ta
10 film a lift-off patterning was performed so as to | eave the Ta filmon
the cut pdioldloysr.emdviong ol yhdicke podlyiimids neesaid iapiial red s ef agent .
Photonith (prodeced by Toray Co., Japan) was applied by a spinner coating
and a pat {Tér Allrfg-@éxﬁeweﬁrrémrw \RECORY fintmal GiFaanierente 9hed Mt part

(300 x ZOOLerr] in the C|rcunfeqspce of the_ heat actuatln %<face
Ther eby (400 b4 300um) and en, a Ta film of 0.5um t ick was

formed by a magnetron sputterlng After formlng the Ta
10 film, a lift-off patternlng was performed so as to leave the o/
Ta fllm on the cut part by removing polylmlde resin using a
liguid release agent. o _
Photonith (prodeced.by Toray Co.,-Japan) was
ap?lied by a spinner:coating and a patterning development
15 was performed.so as to make the cut part (300 x 200um) in
the circumference of the heat actuating surface. Thereby,
a third protective.layer 112 was produced. The overlapping
width of the third"protective layer and the second
| protective layer was 50um. Further, a substrate for the - ;)
20 1iquid jet recordlng head was produced by baking.
A pulse-shaped 51gnal hav1ng 23V, 10us in pulse
.width and 800Hz in repetltlon rrequency wes applied to the
resulting electrothermel transducer'ef the recoraing head.
According to the applied signal, a liquid was jetted as
25 droplets, and.flying droplets were fermed stably.
| To clarify the.relation between the percent

defective of the recording head and the overlapping width,
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athird protective layer 112 was produced. The overl apping wi dth of the
third protective |layer and the second protective |ayer was 50[err].
Further, a substrate for the 20 |iquid 2®t-recordi ng head was produced by
baking. A pul se-shaped signal having_ 23V, 10[err] in pulse width and 800Hz
inrepetition frequency .was applied to the resulting el ectrothernal

transducer of the recordi,ng head. According to the appl.ied sjgnal, fi ui d
vas jettod ab B8 CUPGHFERE VARALPEFPAGCE opets Abridik driet & ity st
clarify the relatiop between_th erce defective, of the recordi ng.head
Shd the overl sBBi AERWPRERR E2aL"BoBERES Bvel el el Gias' el &6 S g,
ink liquid suc! . | ot i al +4QV . | to
t he regordi ng" Eggg?hlgﬂehgéfigenﬁﬂge gé{%%&gcn@aegg?rﬁrel& iw;g%t elg att egaa ow ng

to stand for 209Be,WaihewFRENEAI BieAda 0,5 dgtih bk LEMBATALIE and err] .

Fig. 2 shows the result of éxam ningthe rate of disconnection du€ to

di ssol uti on ®f jgke¢tigada eemperhRareh@re goke overlapping width b was from
m nus to about zero as shown in Fig. 1B. Wen the overlapping b was m nus
(no 10 overl apping), tEégel 2cshode whe diesulltved fex@minidef adie wa Eardf of a
I norgani c insulating |ayer (defective step coverage, a pinhole part) and as
a result, the disconnection dweutepedisdldmttion @i rdlagurade wagrtigegs t han

about 10[err], 15 the disconnection occurred as the result of infiltration
where the overlapping width b was from minus to about zero

- as shown in Fig. 1B.  When the overlapping b was minus (no
— 10 overlapping), the electrode was dissolved from a defective
part'of a inorganic insulating layer (defective step
. coverage, a pinhole part) and as a-resﬁlt,.the disconnection
occurred.
When the overlapping b was less than about 1llum,
15 the disconnection occurred as the result of infiltration
of the liquid into a boundary part 6verlapped.
When the overlapping width was plus (overlapping)
as shown in Fig. 1c, D} E, F G and H and when the second
Y ' protective layer composed of aqinorg;nic material was
20 underlaid the third protective layer. as shown in Fig. 1C,
E and G, especially having the large overlapping region as
shown in Fig. lE, there was caused a problem of a short
circuit between the second protective layer and the elec-
trode (the defective part of the inorganic insulating layer).
25 Especially, when b was 500um or more, a yield decreased

extremely, and further, when a heat potential infiltration

test was carried out in the above-mentioned ink, a stable

-



of the liquid into a boundary part overl apped. When the overl apping wi dth

(overlapping) as shown in Fig. 1C, D, E, F, G and H and when the

otective |l ayer conposed-o24an inorganic material was 20 underlaid
protective |ayer as shown in Fig. 1C, E.and G especially haV|ng

was pl us
second pr
the third
the | arge
pr obl em_ o
el ec- tro
Especi al
further,
above- nmen
the surfa
overlaid
shown in
caused by
i norganic

over |l apping region as shown in Fig. 1E, there was caused a

f.a short_circuit between the second ﬁrotec ive | y and the
& g Fer). 25

d%EQtWﬁﬁcﬁﬁQ%i?%Ee%aPY BrieRELPROPHaRRE FHEGRSEI R

Yy, when b VBS 500[err] or nore, a yield decreased extrenely,

and

V&QQF%F?%%. Potential infiltration test was carried out in the
tioned in, .2 éﬁ@bégfond Bﬁeﬁéckfﬁemﬁﬁ E?bikcébgglgidoﬁhd@hbon of

ce of the |norgan|c € se ond rotective [ayer

Ofh {0 [Ssﬁaééicewéeﬂya@ éamsas&aﬁsegsﬁ e&fqaﬂlerﬂa%ha&t gki al

Fig. H, as shown in Fig I mexfoliation is

$h&in 58 Pigl hepsepoadaprot 86t sMewhayar Fiy.e3s,t Resupper
| ayer), a swelling of the third protective Iayer (i.e., the

as b5

| ower

organi c | agrefgliatbbnebs byusedi bycaecseeess aft hkRenakcexpapsoteceaekf i ci ent
n the both layers and the like. The filmexfoliation is caused by

10 bet wee
a step of
Ther ef or e,
occurs to

10

15

20

ldgeenr Ghne ¢, | tyeruppert heodganici dayek)the Fweldangcolfaybe

in case of the small overlapping width, the filmexfoliation

thind xrerectivie tayesi 4k+9; - i BhEhdO¥aSeOBHaNAE SRELFAppPANg

stress by a difference in a thermal expansion coefficient
between the both layers and the like. The film exfoliation
is caused by a step of the organic layer and the defection
of the inorganic layer. Therefore, in case of the small
overlapping width, the film exfoliation occurs to some
é*tent, and especially, in the case of the overlapping
width of 500uym or more, a whole exfoliation occurs from a
tip portion of the inorganic layer. .These problems are
serious. |

Therefore, where an awverlapping width of 10 - 500 um
is used, a liquid jet recording head excellent in reliabil-
ity and ink-resistance and capable of being produced in
good yield can be obtained..
Example 2

A liquid jet.recording head as shown in Fig. 5 was
manufactured as shown below. |

An §i0, film of S5Sum thick was formed by thermally

. -]
oxidizing an Si wafer, and on the SiO., film, a 1500-A thick

2
resistive heater layer composed of HfB2 was formed by

€



. o _
15 width of 500[err] or nore, a whole exfoliation occurs froma tip portion
of the inorganic |ayer. These problens are serious. Therefore, where an
over| apping width of 10 - 500pmis used,; a liquid jet recording head

excellent in reliabil- 20 ity and ink-resistance and capabl e of being
prggpced in good yield can be obtained. Exanple 2 Aliquid jet recording
he as shown in Fig. 5 was nmanufactured as shown bel ow. 25 An

[err] film of Spputbéecikngas Themedopyan hetewtiynokedinzdapoaht Spnwaseli and
on the SiIQ2 film a 1500-Athick resistive heater |ayer cosposed of [err]
was formed by layepsof 303pthiekiapd Fnehl byvan efeerPBPAbE&RFdeposition
a Ti layer of 50[err] thick and an Al layer of 5 OO0 err] were successively
deposited. The PAEEeFHIBELY| €ePPBHERA113 and 114 as shown in 5 Fig. 5 was

30[err] nw dih and 1600 PRCFERYRE THE-FECREPahte HAG T2hohR ShEMfuaPng
115 composed® 1069 [ BrYFEuEeHlied ok BROBDI L hPLReph e Lol T R ¥ o
A opm {hick polore: Seprt YT a6e8 RE s PRt i BAAR RE; PORR BROCTS
Co., Japan) length. The resistance was 150chm, including the
resistance of Al electrode.
A 2.5-uym thick first profective layer 111 composed

10 of SiO, was deposited by a high rate sputtering.

2
_Next, a second protective layer 116 was formed
according to the following process. A 3-um thick polyimide
film (trade name: PIQ, produced by Hitachi Kasei Co., Japan)
as a resist for a Ta lift-off was formed by patternihg and
15 thereafter, a Ta film of.loum'thiCk was formed by DC
sputtering. The PIQ film was exfoliated after fprming the
Ta £film to obtain a desired pattern of Ta filna. Thus, a
substrate was fabricated.
- Degfee of the short between the resistive heater
20 member and the electrode and a second protective layer Ta
in the resulting substrate was inyésﬁigated for 123
substrates, each.substrate-haviﬁg 100 segments, and none
of them éhowed the resisiance.of 10M§ or less.
Finally, a grooved glass plate fo# constituting
25 liquia flbw paths, heat actuating portions and orifices was
adhered to a pfeaetermiﬁéd place such*that the groove

portions were disposed fitly on heat generatihg portions



as a resist for a Ta Iift-off'mas fornmed 'by patterning and 15 thereafter,
a Ta filmof 10[err] thick was fornmed by DC sputtering. The PIQ fil mwas

exfoliated after formng the Ta fil
s, a substrate was fabric

film

Thu

to obtain .a desired pattern of Ta
ed. ,Degree of the short between the

resistive heater 20 nenber and the el ectrode and a second protective Iayé{}
Ta in the resulting substrate was investigated for 123 substrates, each
substrat & haoosmed 90 Seyrmadistrare. none of them showed the resi stance of
less. Finally, a grooved glass plate for constituting 25 liquid
fl ow pat hs, heat adk Ugtdwifl bt i HReBimERt | Yag ctaypbed ot doly t aPRlying
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filmpatterdyqgiap conpared with the pri‘or art as shown in Table 1.
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10

15

20

95 .

Recording heads having 8 nozzles/mm, 12 nozzles/mm

and 16 nozzles/mm in nozzle density were similarly

manufactured. 1In this case, the yield by the Ta film

patterning was compared with the prior art as shown in

Table 1.

Table 1

nozzle density

Prior art

Present invention

8 nozzles/mm
12 ndzzles/mm

16 nozzles/mnm

90%
. 68%
45%

98%
97.5%

96.0%

According to the present invention as described

above, there'cén'bé'prévided a liquid 5et reéording'head

having high quaiity’ahd'high density which can be

manufactured in a high yield.

- Reference is directed to UK application No.

2188004 which is divided from this application.



table 1 15 nozzle density Prior art Present invention 8

nozzl es/ mm 90% 98% 12 nozzl es/ mMm 68% 97.5% 16
nozzl es/ mm 45% 96. 0% 20 According to the present invention as
descri bed above, there can be provided a liquid jet recording head having
hi.gh quality and high density which can be manufactured in a high yield.
Référence is directed to UK application No. 25 2188004 which is divided
fromthis application. -27- CLAIMS1.27 A liquid jet recording head

havi ng: a substrate cogﬁr|31ng 5 a support, a resistive heater
| ayer, el ectrodes ically connected wth the resistive heater
| ayer, a portion of the resistive heater |ayer |ocated 10 bet ween the
electrodes providing an electrothermal transducer; and an upper |ayer

conprising: a fi rst1 pr Otﬁcﬂch?léa;Y& fgé@fdﬂ&%@gdlﬂé)&ﬂagl c insulating

materi al ,
a substrate comprising:

5 a éupport,
' a resistive heater layer,
electrodes electrically connected with the
resistive heatef layer, |
N a bortion of the resistive heater layer located
10 betweén the electrodes providing an electrothermal
transducer; and
an upper layer comprising:
a first protective layer comprising an inorganic
insulating material,
15 ' .a second protective 1éyer comprising an inorganic
material, and - |

a third protective 1layer comprising an organic

material;
W, a ligquid flow path being provided on the
20 substrate and corresponding to the electrothermal
. transducer;

the upper layer having:
a region where the first protective layer

overlies the eledtrothermal transducer and the second

R O DA
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15 a second protective layer conprising an inorganic material, and
a third protective layer conprising an organic material; a liquid flow
path being provided on t he 20 substrate and corresponding to ¢
the electrothermal transducer; the upper |ayer having: a region where
the first protective layer overlies the e|ectrothermal transducer andiy

the second - 28 - protective Igyfé overlies said first protective |ayer, .
and ot her regions, adj acent t he el ectrothermal 5 t ransducer,
where the fir ?r&%é&@ﬁ}é VEay ey Sbve¥ELbse8atBe£eL8E! pPELECHINE 1aper| i qui d
fl.ow path, and where the hird protective | ayer overlies the first
protective | aymd wherein the second protective | ayer extends from the
first regi on overlying the 10 el ectrothermal transducer portion

into the ot her regions, and the second and third protective |ayers

overl ap each other in each of the othe regions,_with _an overlap jn the
range from10 to SGIFq?ﬁ’Ero?ﬁqu%%s.' 15 a&ja'ﬁ?gt AthﬁeadelﬁﬁEﬁ?E’??‘@‘Q?Jo claim

Lin whch theddsdu il CGlndife | EHE! £ Po€ OpPOREL L Rbo A1 BPLE SRlr PRLEC! o
fronllporganlc oxl des, ‘transition netal oxides, nmetal oxides, an
conposi tes thafiedfelectrodes under the l1liquid flow path, and where
the third pfotective layer overlies the first
protective layer, wherein the seCond protective layer
extends from the first region overlying the W/
10 electrothermal transducer portion into the  other
regiéns; and the second énd third protective layers.

overlap each other in each of the other regions with an

overlap in the range from 10 to 500 micrometres.

15 2. A head according to claim 1 in which the first
protective layer is composed of a material selected
from inorganic oxides, transition-ﬁetal oxides, metal

oxides, and composites thereof.

20 ~ 3. A head according to claim 1 in which the first
protective 1layer is composed of a high resistance

nitride.

I
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20 3. A head according to claim1'in which the first protective

| ayer is conposed of a high resistance nitride. - 29 - 4. A head
according to claiml in which the first protective |ayer is conposed of
a conposite of two or nore of inorganic oxides, transition netal oxides,

meral oxi des and hi gh resistance nitrides. 5 5. A head according to any
préﬁedlng claim in which the first protective |layer is conposed of a thin
filmmterial. 10 6. A head accor Bhg-to any preceding claim in
which the second rotectlve contains . an el enent selecteg from
G oups Il1a, IVa VA, viA hepp ")flmiﬁirf%et?’eﬁ’]r%mclﬁa’bl ew%‘ahal'F% g first

thereof. 15 dﬁ-lébe@ﬂreac‘ioa{ Pglé ccﬁﬂ%oé’é? 8%%@0@0&? e cf vaG‘oV@:.LCh

t he second protect|v ayer 1s ¢

carbides,  siliciGgsre @@dnmxtgardm Qixi’@é@' S BfakEDE6n | ||hé¥taivaoxi@esV| a
and VIIl of the Periodic Table. 20 8. A head according to any precedlng
claim in which thendta) dxpiddseEdnd chiglyaresisstanposetitoidess esin.

5.
5. A head agcording to any preceding claim, in which
the first prdtective layer is composed of a thin film
material.
— o |
0 6. A head according to any preceding claim, in which
the second protective 1layer contains an. element
selected from Groﬁps IIIa, IVa, Va, VIa and VIII of
the Periodic Table and alloys thereof.'
15 7. A head according to any of claims 1 to 5, in
which the second protective 1layer is composed of a
material selected from. carbides; silicides and
nitrides of metals of Groups IIia, IVa, Va, V1a and
AN .  VIII of the Periodic Table.
20

8. - A head according to any preceding claim, in which

the third protective layer is composed of a resin.

) T
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- 30 - 9. A head according to'any preceding claim in which the third

protective | ayer S fabri cated by m cro-photolithography. 5

10. A head according to any preceding claim in which the third
protective layer is fabricated by using a photosensitive polyimde resin._
11. A head according to any preceding,claim in 10 which a 'L;
plurality of said liquid flow paths are provided. 12. A head
according to any preceding claim 30n-which a plurality of such

el ectrothermal transducers 15 are provided, the second protective

| ayer - bei ng foPred éomeatueesording, Yoomnywiprecading chaim nglmdjhcnt
transducers. 13. A liquid jet  recording head in which |iquid 20
dropl ets are .eftB@t edPiTEm aPToF@qtVe or iHAYEF bh\ES t hfaFtGatdd on bbf

heat pul ses tg |iquid i,n.a heating chanber defined in the head, and in
whi ch rmeans fol® gﬁﬁ%aﬁﬁ}qgiﬁiqﬂﬁﬁP Ul ses conprises an el ectrot her nal
transducer carried on a substrate and electrodes for 25 ~  conducting

el ectrical pul ses to the transducer, -31 - protective nmeans being

provi deg, said gy ot ecly vaJIRANSdIHHdidigI to @ ardy L&Eecé&ﬂ’i Giddm, layer of
inorganic insulating material overlying the transducer and the el ectrodes,
a second prot egihiieh heerthifrd n@rgfidctive layer is <fabricated by

using a photosensitive polyimidé resin.

11. A head according to any preceding claim, in
10 which a plurality of Séid liquid flow paths are
provided. | | '

12. A  head according to any precediﬁg claim, in
which a plurality of such electrothermal transducers
15 are provided, the second protective layer being
formed continuously in a form of- a strip covering

adjacent transducers.

13. A liquid jet recording head in which liquid
20 droplets are ejected from an outlet orifice by the
application of heat pulses to 1liquid in a heating
chamber defined in the head, and in which means for
applying said heat pulses comprises an electrothermal
transducer carried on a substrate and electrodes for

25 conducting electrical pulses to the transducer,

LT —



5. material overlying the first protective layer in the region of the
t;ansducer and extending into the region of the electrodes, and a third
pfotective |l ayer of organic material overlying the first protective |ayer
in the regions of the el ectrodes, wherein one of said 10 second and
thifd | ayers overlaps the other in the regions of the electrodes, the

wi 8#h of each overlap lying in the range 10 to 500 nicronetres. 14. A
liquid jet recording head as clained im¥darm 15 1 or 13 and

substanti al | as described in t.he, descri pf| W ref nce.
dr awi ngs. y protective means being pro&&éé@, séyd ngigcgfvéQméggs

including a first protective 1layer of inorganic

insulating material overlying the transducer and the

electrodes, a second protective layer of inorganic

5 material overlying the first protective layer in the

region of the transducer and extending into the region

of the electrodes, and a third protective layer of

organic material overlying the first protective layer

L’, in the regions of the electrodes, wherein one of said
10 second and third layers overlaps the other in the

regions of the electrodes, the width of each overlap

lying in the range 10 to 500 micrometres.

14. A liquid jet recording head as claimed in claim
15 1 or 13 and substantially as described in the

description with reference to the drawings..
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