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- 1 - LIQU D JET RECORDI NG HEAD This invention relates to a liquid jet
recordi ng head which ejects liquid to produce flying liquid droplets 5

to record.}YInk jet recording nethods (liquid jet recordi ng met hods)
have recernitly attracted attention since they generate little noise, hi gh
recording speeds are 10 - possible, _and the recordings can be nade
onl ai n paper w thout any special treatnment such as fixation. The liquid
jet Yecording net kAAUADs JETs RECORDINGAHEAD Patent Lai d-open No.

51837/ 1979 and Cerman Patent 15 Lai d-open (DOLS) No. 2843064 is
different from er liquid jet recording t.hods, i n that heat ener S
applied to |iqui d%’gspr%’g%@é:l&’ndﬁ ia%ﬁsf ?c@%‘gjde@ﬁ%grqq‘?ﬂﬁd‘ rglﬁ% s.
That is, heat whdchy ejecdspliicuiido to pradudte lyduege laqulsd roplebsase
inits 20 g vol ggBreflog.ing the liquid fromthe orifice at the front
of the recording heag to formflying liquid droplets. The droplets attach
to a record receiving nenber to effect recording. 25 In particul ar

the liquid jet Inkecged ngecordimgd shethodsed ((11guld 2BiB064recorditig
only be effective_f -cakl Py R '{Ea tPBﬂF

al so enabl es a hi Sﬁ%g%)tyhr?ul irgc?%tﬁ'%e%r eco%&ﬁgr\%%% OJFS u e—liftgéé}
type to be readi| gepesakeeditdi® smoise, hehdigly e reqording ofspaefis are
resol utioniand hi posgidlie,y Camde HheoduRbridingdi Wars 8e dradd o gs1uLh ng
head portion of agaﬁggawwﬂﬁ%dﬁyaif(Ebecial treatment such as fixation.

The liquid jet recording method disclosed in Japanese
Patent Laid-open No. 51837/1979 and German Patent
15 Laid-open (DOLS) No. 2843064 is different from other
ligquid jet recording methods in that heat energy is
applied to liquid to produce a driving force for
ejecting liquid droplets. ' That is, heat energy is
applied to a liquid to cause an abrupt increase in its
20 volume, ejecting the liquid from the orifice at the
. front of the recording head to form flying liquid
droplets. The droplets attach to a record receiving
member to effect recording.

o/

25 In particular, the 1liquid jet recording method
disclosed in DOLS 2843064 can not only be effective
for so-called "drop-on-demand" recording methods, but
also enables a high density multi-orifice recording
head of a full-line type to be readily produced, and

30 therefore, images of high resolution and high quality
can be produced at a high speed.

The recording head portion of an apparatus used for

the above-mentioned 'recording method comprises a

35 1iquid ejecting portion consisting of an orifice for
ejecting 1liquid and a liquid flow path containing, as

a part of the construction, a heat actuating portion

. communicating with the orifice and applying heat



t he above-nentioned recording "met hod conprises a 35 liquid
ej ecti ng portion consisting of ‘an orifice for e ecting liquid-«wand a
quuid\fIOW/path containing, as a part of the construction, a heat

act uati’ng portion comuni cating with the orifice and applying heat - 2-
energy for ejecting liquid droplgta-gp the liquid, and an el ectr ot her mal:
transducer for generating heat énhergy. 5 The el ectrothermal iﬁﬁ

transducer isepesgvdEervedrckipg Aiguis dnoniats el the dedianide anst er

| ayer connect gd t ogliBetebehbrRdas Qﬂ%dﬁiﬂd&afcﬁg' ?bdlﬁ‘@tfﬁ{ g Nthdat (heat
generating portlogg bet ween the el ectrodes. typi cal ‘embodi ment of
the structure®BPTTeh a liquid jet recording head is shown in Figs. 1A

1B, 1C and 1D. Fig. 1A is a partial front viewof the liquid jet 15

recordsng heaghyi Q%QtE‘BQﬁbmﬁlo@zfdrﬁ%tﬂéie ihs?rlﬁ' d‘ﬂfed ]vﬁ.tﬂ-c‘a a%:ﬂp are
partial cross sectlon%F views faken al ong dash Tine XY

of Fig. 1RF RedBrErrges nang a fﬁ? %'é‘i%ter o‘faYe’br‘F‘?’?’E%c ed o4
-3- 1 and | i qtbdtbeeceliecgrpdes andl tavingral taglomdjenprdieing heat
(heat generating portion) between the electrodes.

10 A typicai'embbdimént of the structure of such a liquid

jet recording head is shown in Figs. 1A, 1B, 1C and
1D.

Fig. 1A is a partial front view of the liquid jet
15 recording head viewed from the orifice side,; and Figs.
1B, 1C and 1D are partial cross sectional views taken
along the dot and dash 1line XY of Fig. 1Aa.

Recording head | 100 congists ° of orifice 104



surface of substrate 102 provided with el ectrothermal transducer 101 to a
grooved plate 103 having a predeter- mned nunber of grooves . of
predeternmnegd width and 5 depth at a predetérnmined |ine density such that
‘the grooved”plate covers the substrate. In FIG 1, the recording head has a
plufality of orifices 104, but the present invention is not l[imted to such
an ‘efbodi nent aquﬁ.reggrdjn head having a single orifice is also 10
within the ScdH¥ of P9 frEREMP T RRAE 1. 197 gEPames ey hondrgi B 105 has

i fi 104 ej } . | | ouj h d h t uat | ti 106 wh
? Liarlrrgle enerSbﬁg%éné;%at%%u%‘gbset%%ﬁgofﬂgrﬁfg‘?vf‘?%‘&sgg'é’g?eiggtgé){%‘%)%??]ed to °re
liquidto f 1 { d t ' d
shi nkage of TR DKL U, ARRa keS0T Ba"HEe § S S R above
heat generat i ngi R tdlﬂﬁbé]l.L)?Oﬂfgl%&Fég other mal %@Q&QF&P&:‘.;}%@@% (aﬁrpgat

actuating surface 108 where heat gener- 20 ati portron S the

actuat i _ f : . !
iquid is the hgdwmsy ﬁ‘@déﬁefﬁlﬁ)ﬁ?lﬁs\%@ﬁﬂgﬁ%& 0£‘na§l-95%h€'eat

generating portion 107 is constituted 09 provided on

support 115 , giesividd (Rl dwRatavd @y &ihel ldupsevaeed ofinl BYE! | aygge 109, and
first protective |layer 111 provided on resistive heater |ayer 110. .

Resi stive heatmscdmiiarg Hehd hay ovipaseai ity eb£CoF 0fle6ed 180N ol ke HOT
flowng electric current :
present invention is not limited to such an embodiment
and a recbrding 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 actuating portion
106 where thermal energy generated by electrothermal
transducer 101 is applied to liquid to form a bubble
15 and an abrupt state change due to expansion and
shrinkage of the volume occurs. |
Heat actuating portion 106 is located above
heat generating portion 107 of electrothermal transducer
101, 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.
ggat generating portion 107 is constituted of
lower layer 109 provided on support 115, resistive
heater layer 110 prdvided-on loﬁer layer 109, and
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



-4- 1 to the layer 110 to generate heat. Electrodes 113 is an el ectrode
comon to heat generating portions of liquid ejecting portions, and

el ectrode 114 is a selection electfotle-for selecting t‘he heat generating 5 »
portion of each liquid ejecting portion to generate heat and is prOV|ded )
along the liquid flow path of each liquid ejecting portion. . First
protective |layer 111 serves to protect chem cally and physically reS|st|¢Ef
heater |hyd® ER?:RPX%Rnﬂ%Qm#Q|QﬁnQF%ﬁethﬁﬂheatEééﬁéFaﬁﬁﬁgléérFﬁon 107 by’

i solating resistive heater layer 110 fromthe liquid in the lLiquid flow
path at I|@ﬁ(f%59§ﬁqqﬁ]?RWW?QNF?IHFaEuﬁF%ﬁ%%tb?%v@ﬁfElgﬁﬁrPfC|rCU|t

b I 113 d 114 th h f 5
Cayer 11 SO B peReiers vt e tiode 1I81R e procective
I 111 g t I I b dj nt ‘
el ect r odes ST %EIVGS Ieoc@rrcﬁif e”€°fe %%I%%ﬁfnfﬁgﬁ COERE SFBEFAFETT cakage
bet I e |.ect.r.ol
et ween siebgetign glectiqdes Ay eefgg?tg%% I I 035 e bl gl gchd ggles

caused by 8 r| C CUI’I’G res I'ng Trom cont act

of an el ectpgdeundeat sy L@ ¢ §|Irfs W 4 |ve ggﬂklﬁ ﬁ L &fi ch hapPens by

Sone cause. ghere?ore such pro ec aving a

protectlvelgﬁgghlgaebg g“ﬂd@%idﬂ" at 25 least. an el ectrode which is
di sposed under a liquid flow path

~First protective layer 111 serves to protect

chemically and physically resistive heater layer 110
10 from the liquid at the heat generating portidn 107 by
isolating resistive heater layer 110 from the liquid
in the liquid flow path at liguid 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 protecfive layer 111 also serves to prevent_'
electric leakage bgtweén adjacent electrodes. In
particular, it is important go prevent electric leakage
between -selection elecﬁrodes and electrolytic corrosion </
20 of electrodes caused by'elecfrid'currént flowing in an
‘electrode resulting'froﬁ cohtact'of“an electrode under
the 1iquid-f1ow path with the liquid which happens by
some cause. Therefore, such a first protective layer
111 having a protective*function“is'provided'dn at
25

least an electrode which is disposed under a liquid

flow path.



51 The upper | ayer including t he first protective layer is
required to have various properties depending on the position to be
di sposed. That is, for 'exanple the follsowi ng characteristics are required

at heat 5 generating portion 107: 1) heat resistance, 2)

i quid resistance,

3) .I'iquid penetration preventing property, 4) thermal conductivity, 10

5) exi dation preventing property, 6) insulating property,

and 7) breakage

preventing ptoperty. AfChpomuppemrs layleer timarluddatg gdreerfairisty prortieiadivE)7,
sufficiently high liquid penetration preventing 15 property, liquid

resi stance andlByezkdge peaudseidnd ophane Mardoms epepeat s dependiang
resisting property to thermal conditions is not required to be so good.
However, at pr@&8efihet pesdtiiomdo. hey dimpasest . f Jhatonist tARY rRgamRlaupper

| ayer capable of sufficiently 20 satisfying all the characteristics 1) - 7)

as nentioned abbfefofdowdng, Sharachar igticss agmrephsresd

dhde@hditi ons 1)

- 7) are not.severely requested. Fqr, exanple, at heat generating portion
107, materi al s 9GPETEERBE BT OR V%G priority to conditions 1), 4) 25 and
5) while, at portiogi ?&Egg t han heat generating portion 107, for exanple,

at el ectrode portio resistance

2) liguid resistance,

-3) liquid penetration preventing property,

4) thermal conductivity,
— 10 5) oxidation preventing property,
6) insulating property, and

7) breakage preventing property.

At portions other than heat generating portion

107, sufficiently high liquid penetration preventing

15

property, liquid resistance and breakage preventing

property are required through the resisting property

to thermal conditions is not required to be so good.

e

However, at present there is not any material

\_ for constituting the upper layer capable of sufficiently

20

satisfying all the characteristics 1) - 7) as mentioned

above. It is the present status that some of the

conditions 1) - 7) are not severely requested. For

example, at heat generating portion 107, materials

are selected by giving priority to conditions 1), 4)

25

and 5) while, at portibnS'other than heat generating

portion 107, for example, at electrode portiohs,

materials are selected by giving priority to conditions



materials are selected by giving priority to conditions -6- 1 2), 3) and
.7),--apnd the materials thus sel écted are di sposed on the correspondi ng
reglon surfaces to formthe upper bayer. Apart fromthe above, in the case*®
of a- rqu|d 5 jet recording head of a multi-orifice type,. since a nunber  of
fine electrothermal transducers are formed-on the substrate S|nultaneousl
formation of each | ayer of the substrate and renoval .of a part of the =3
forned 2hyed)agedrépeated, thadmatexivdsuthust selegtedc@ren 10 whi ch each

| ayer in the upper layer is to be fornmed becones a fine uneven surface

havi ng §%§B°%ﬂge°BoFPPoﬁgrrﬁﬁB°PﬁéP6f6?@1°Ph§“§¢@§e§o$9r§Q€mbroperty of the
|l ayers in the u pf | ayer at the step edge portions becones inportant. In
ot her wb?%suPRﬁg #HE€T st ep coverage 15 property at the step edge portions

' f th d h
clootrol [ytic BBFFBSPERR ﬁped%!v'r’as?f?ﬁp%ééme & e ncn the formed
I t f. f th :
cons det bl ESEPERATe) HBpR 08" BB EA T HRRR, %ﬁi L A

portion, {uﬁﬁéq:tEngiﬁeSQQEE%@*}Q?‘h%f 2 nQ utéé‘i-se'a‘?:%t QLR transducer

to a great extent Vi ew o oregoing, It 1s  required that
on the substrate simultaneously, formation of each layer

of the subsﬁrate and removal of a part of the formed
layer are repeated; and as a result, the surface on
10 yhich each layer in the upper layer is to be formed -
becomes a fine uneven surface having step edge.portions,
and therefo;e, the step coverage pfoperty of the layers in
the upper layer at the Step edge porfions_becomes
important. In other words, when the step coverage
15 property at the step edge portions is'poor, penetration
of the liquid occurs ‘at theeportibns and causes electro-
lytic corrosion . or dielectric breakdown: Further, when
the formed upper layer suffers the formation of defects
upon fabrication with a considerable probability, <
20penet_ra.tion of liquid through 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 upper layer has a good step covefage property at
the step edge, defects such as pinholes and the like

occur in the fo:med layer with only a low probability

and even if the detects are.formed, the number of



] ' f

t he upper | ayer has a good step.coverage property.at 25 the step edge,
defects such as pinholes and the like occur in the formed layer with only a
| pw probability and even if the detects-are.-forned, the nunber of -7- 1
defects is negligibly small or less. In order to satisfy those requisites,
her &t of ore the upper |ayer has been produced by |lam nating the first
protective |ayer conposed of an inorganic 5 insulating material and the
third protecli éeflegksr isompedddidflarsmalhnor haserial, or the first
protective layer is constituted of two |ayers, that is, an under |ayer
conposed of an inorganil® PFSE™ ity SAk s ul these aﬁ?\e%‘bbﬁlbt%lye‘?e’&ﬁﬁ%y@ﬁ of
an inorganic material of 10 high tqughness, relatively excell ent nechani cal
strength and h en§pgﬁﬁé§P§ﬁré%@ﬁuﬂﬁ%ﬂ(EF?QP?ﬁ% By L3MIR3tERY i ¥R | ayer and

the third protectiye | ayer, .such as netals and the like, or the second -
protective IaygﬁrfgnBE c&ﬁvﬁh'Q¥ﬁiﬁﬁﬁTP?&ﬁ€r?€Ja%utﬁéﬁgaﬁﬁﬁals and 15

e 11 ke oucs | R A LA IR LAYty OROR AR POt eEt Ve
e e o TES BB GRS Bl d ARl P L Y RO
On the layer is constituted of two layers, that is, an under
layer cqmposed of an inorganic insulting material ‘and
an above layér composed of an inorganic material of
- 10 high toughness, relatively excellent mechanical
strength and having adhesion and cohesion to the'firsf
protective layer and the third protective layer, such
as metals and the like, or the second protective layer
composed of an inorganic material such as metals and
15 the like overlies the third protective layer.

Though the thifd protective layer composed of
an organic material is excellent in coating property,
the heat resistance is poor so that the third
U | protecitve layer can not be provided on the resistivé

20 heater layer at the heat generatiﬁg‘portion. On the
contrary, the second protective layer composed Of.an
inorganic material such as metals is provided over
the whole surface as -an outermost surface iayer of
the substratg, or only on the resistive heater:laYer
2 of.the-heat-generating-portion. When-the second

protective layer is proVided-in“suCh a manner as

the latter, but the third protective layer 112 does



contrary, the second protective |ayer conposed of an inorganic nmateri al

such as netals is provided over the whole surface as an outernost surface

| ayer of the substrate, or only on tghe resistive heater |ayer of the heat *»
generating portion. Wen the second protective layer is provided in such a
manner as the latter, but the third protective |layer 112 does -8- 1 not
overl ap the second protective layer 116 as shown.in Fig. | B, there is onf™
the first pP@Fe@V?VEaPaﬁéﬁ Feopnd iRFP SIS Hed¥d Hr bl 6 25 R P¥¢Rent
protection can_not be effected. Further, potential is |ocal

¢ S .
concent r at ed®t 81i8hatBpoithesi® 4fd oty ddhe ﬁ#@%l%’é‘??%‘é’-ﬁ’%y%gyﬁ’égi ns to
di;solve, thgp ist.thebcorrosionééﬁnstance :é.dete i ora edtiEven if the
third prot eBfi FBTFAPE, BoRa i E%’c&tf‘f# TETTVPTAVEY TR far as the

I ' i.d ' | i || t ' 1 OS. . . the liquid
Donet 1ot eo SAD baEcRer BE fectid o AMZAE, RodhEILP 1an sl D e 1 o0

long, ang t Bhelatea das 3] UHAN BI-E 05 SR LUEa L IR EPEUESae O the

contrary, en the overl appi ng wi is too |arge, there occur t

follow ng pighkeMBegins 4% WxVWLIVE FithatlGs Wee &orkbgidacCinity of the
heat generating porfion, second protective |ayer 116 conposed of an

i nor gani ¢ NMpbelkéhneech AR SHRIrAldy Areh | hepddrkei £ Seps owhded bel ow third
protective |ayer 112 .
protective layer overlaps the second protective layer,
as far as the overlapping width is small as illustrated o
10 in Figs. 1C and lb, the liquid penetrates and potential \/
is concentrated when the liquid soaking time is long,
and therefore, dissqlutibn of the electrode portion
occurs. On the contrary, when the overlépping width
is too larye, there occur the following problems. .
15  as shown in Fig. 1E, when, in the vicinity of the
heat generating portion, second protective layer 116
composed of an inorganic material sﬁch as metals and
the 1ike is provided below third protecfive layer 112
_ compqsed of an organic material and on the first - ) \;j
20 protective layer 111, the probability of occurrence
of short between second protective layer 116 and
elect:ode 113 or 114 diSadvantageously increases and
the yigld.oﬁ_the products is extremely_decreased.
As shown in Fig. 1F, when opposite to Fig. lE, the .
25  yupper layer in the vicinity of the heat generatingr

portion are laminated such that third protective

laygr 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
and el ectryde 113 or 114 di sadvantagously increases and the yield of the
products 5 extrenely decreased. As shown in Fig. |F, when opposite to Fig.
1E> the 25 upper layer in the vicinity of the-heat generating portion are
| aki-nat ed suc? ghat thingﬁgrotective | ayer 112 overlies first protective
| ayer -4 5hh apg) seceopd Brotective layer 116 everiies the third
protective layer,.the Jiguid penetrates fromthe liquid flo ath and

of et £58

exfoliation offtHe REQEGFC Yt tayer | tRerl+antd pPePeEFAYes| 558P) proceeds

d 5to th t [ ' { [al L d tecti

fayer) on'c H chEatla oy (AR Cia "SREOL Far 1 S G, HRE BFRRRLE hear
tuati | : , t ' i ' . t d

Snoe 1t i o REeiat Ay | (bhd AR e LR A foR) pFageREs gugndonse

Theref or e, 5 bulabl g, d Oéxtfﬁééé’rbf‘%é: Qﬁi@%ﬂ&f%gﬂeﬂ?gragt% hi gh

frequency of several ousand t1nmes per sec. In e vichnit t he heat
actuating surd@éénd aprbtdiét AF&SEAF&: phange caused here breaks 15 often the
substrate (cavitation -corrosion).” Printed letter or signs of high inmge

quality ' On the other hand, the liquid is vaporized
by heating at heat actuating portion 106, but the
vapor is immediétely cooled to condense since it is
(N 10 5 subcooled boiling and the heating time is short.

Therefore, bubble formation and condensation are
repeated at a high fréquencY of several thousand
times per sec. in the vicinity of the heat actuating
surface, and the pressure change caused here_breaks

15 often the substrate (cavitatioh'corrosiqn).

Printed letter or éigns of high_image quality
and high density have been recently demanded, and there
'aré requiréd more precise processing of minute portions
U ” $uch as electrqdes, reéistive heater layers, accompany-

20 ing protective layers and the like.

An.object of the present invention is to-
provide a liquid jet recording head free from the

25 above-mentioned drawbacks.:
Another object of the present invention is to.

provide a liquid jet recording head which is



and hi gh density have been recentl’y demanded, and there are required nore
preci se processing of mnute portions such as el ectrodes, resistive heater

| ayer sy, acconpany- ing protective layers and the |ike.- An ohject of the *
prese invention is to provide a liquid jet recording head free fromthe
25 above- nentioned drawbacks.. Anot her obj ect of the present invention is to
provide a liquid jet recording head which is - 10 - durable both in™
frequent repeated use. and Jlldxunlnuous long termuse, and which

can maintain excellent liquid droplet form ng characteristics. 5 A
further objecidureible hdothy €48t £rdgiRitit Orepsatdd pruwe de @ndi quigl | et
recordi ng head which can be fabricated with high reliability. Still another

obj ect of t he conddawiousnydengon texrm o usle, and owhibtcha can quaintain _
recordlng head which can be fabricated in a high yield even when it is of
a multi- orifie¥eaijsnt ddanigd drantehforming (ChaFacteristicesent

I nvention, 15 there is provided a liquid jet recording head having a
substrate and an upper |ayer; the substrate having a support, a resistive

heat er ﬁ | ayer p aﬂ&tﬂzectd% elget ripe! 'Q(r&é’&QEthﬂv%{foﬁheiéeséét ive.

heat er ayer
provide a 1liquid jet recording head which can be

fabricated with high reliability. .

stili_aqother object of the present invention is to v/

10 provide a iiquid jet recording head which can be
fabricated.in e_high vield even when it is of a multi-
orifice type. |

According to one aspect of the present invention,

15 there is provided a liquid jet recording head having a
ubetrate and an upper leyer, the substrate having a
support, a resistive heater layer end electrodes
electrically connected with the resistive heater 1eyer

such that portions of the resistive. heater.leyer

20 located between the electrodes'provide a plurality‘ of
electrothermal transducers for heating recording
liquid; the upper layer comprising a first protective

layer comprising an inorganic insulating material,

and a second protective layer comprising an inorganic

25 material; the first and second protective'layers being

successively formed at least on the electrothermal



such that portions of the resistive heater |ayer 20 | ocat ed

bet ween the el ectrodes provide a plurality of electrothernal transducers
for heati recording liquid; the upper |ayer conprising a first :
protectivgf?ayer conprising an inorganic-insulating material, and a second

protective |ayer conprising an inorganic 25 material; the first and
secand protective |ayers bei'ng successively forned at | east on the
el ectrot her mal - 11 - transducers gnglthe second protective |ayer being

in the formof a continuous strip which™“covers adjacent el ectrotherm

transducers. 5  trAasandeps ! ananOkher sasbaa! p%ttaeﬁéi%eis?br b@iﬁ%ﬁ 5N,
there is provided a.liquid jet recording head having a plurality of Outlet

orifices and a corthepfotimngfphaucahitinueuisheticipowhtehs tokeirke aldglaicenit on
of ‘heat pulses to liquid in respective heating = chambers 10

defined in the atagtrothermadi fyansduceérsgroplets to eject fromsaid
orifices, wherein each of said heating neans conprises an el ectrothernal
transducer and each said transducers is covered by a | am nated protective

ey ™Sy e SRR UiBthes” BebbostH M Brbosn IR
said protective negharbOis! Beovided’2d49%uia jet recording head having a
plurality of outlet orifices and a corresponding

.pluralityiof heating means for the application of heat

\ pulses to 1liquid in respective heating chambers

10 defined in the head for causing liquid droplets to

eject from said orifices, wherein each of said heating

~ means comprises an electrothermal transducer and each

said tranéduéers is covered by a laminated protective

means, and wherein a continuous strip extending

15 across a plurality of adjacent said transducers

. provides one 6f. the layers of said protective means

for those transducers.



- 12 - 1 Reference is made to the drawings, in which: Fig. 1A B, C D E
and F refer to the constitution of a conventional liquid jet recording head
and Fig. 1Gand Hrefer to.the constitution of a liquird jet recording head *
according to the invention 5 clarmtd n parent application no. 2153304A;
Fig. 1A shows schematically a partial front view and each Fig. IB, C D, E
F, Gand His a partial cross-sectional view taken along a dot and dash ™
| i ne XY 1 nRRéfererge ilsimgadé Brshthe anawibibged| ment waiehe a second protective
| ayer does not overlap 10 a third protective layer; Fig. IC, _E and G show
an enbodi ment whdiig. al&.hBr ¢ .pPotfeand e refgre tooths capatiyutimontl frot ecti ve
layer ; Fig. ID,  F and H show an enbodi ment where a second protective |ayer
over| aps aCUNPRELHRSt Liguid gietarrqording head and Pigy 16 and B rpfapioskB®i ng t he
relationsqu bet ween the oyenlﬁﬁfin wi_dth b of .a second protective |ayer
and " a t hi rePIstaredepE Radiguid targ%ﬂ‘:é’%‘il head AATREAND RO fheginvetion 5
graph wgahch shows, the rel atiqnshi p bet hge ver| apping width b and the
rate of,sshwﬁj’zemﬁ?g ?‘?%Fﬁt:'jc’gtm?'e\ggﬁho 7h‘g’¥d {ll\ge third protective
| ayer overl aps a,second; Fig. 3B.is a graph whi sh i he | at i qouship
botween t nECBOBAEASRENG B BARCAAAndTONE PIEY G ISAHTOR I A ok (Bt he
liquid jet,regordgdi hga e .SQC rQt i £ p hi r.d
prot ecti veE25Er a;e/ergnglﬁg.qs\gg, Egrgﬁ'%ic%rg%‘s %r %te(;%q{%o\e{qeac%ﬁg él‘f u afi{)%:?‘()%%u}

.a dot and dash line XY in Fig. 1lA; Fig. 1B shows an -

embodiment where a éecond protective layer does not overlap :
10 a third protective layer; Fig. 1C, E and G sﬁow an \j_

embodiment where a third protectiVe.layer overlaps a

second protective layer ; Fig. 1D, F and H show an embodiment

where a second protective layer overiaps a third protective

layer; |
15 Fig. 2 is a graph shoﬁing ﬁheltelationship between

the overlapping width b of'a second protéctivé layer and

a third protective layei'and a :aﬁe of disconnection;

Fig. 3A is a graph wihéh shows the relationship

between the overlapping width b and the rate of short, in W/

20 the liquid jet recording head where a third protective layer
overlaps a second; Fig.- 3B is a graph which -shows the
relationship betweeh ‘the overlapping width b and the rate
of film exfoliation, in the liquid jet':r;ecbrding head
where a second protective layer ovérlaps a third protective

25

layer;
Fig. 4A, B and C refer to the constitution of a

conventional liquid jet recording head; Fig. 4A shows



conventional liquid jet recording head; Fig. 4A shows -13 - 1
schematically the partial front view, Fig. 4B is the partia

cf oss-sect nonal view taken al ong a doj jand dash line XY in Fig. 4A; Fig. 4C
shows schedatically a plan view of the substrate; and Fig 5 refers to the
constitution 5 of an enbodi ment of the liquid j-et recordi ng -head according

t 0 4-he pregent invegtiog and shows schematically the_plan view of the
substrate équFFAPBAEIERLEY gthgpaghial frontpeigyiinfifo BgiS1Eh&nd H, a

fi ' 11 i d.of the i ani ¢ Lnsul ati

matori 51 or PEESHEY CErPRer BARFRORRE okiou, bkan RLPRY &AOEHRAR AR5ne

' ' I tyl G the.l Lke. Th tecti I

116 has. {oughheas Sedcd FErhiiot yPg- oiccPifes RERRRREICRELY, ErpHKE '

Further, the 6f@9”§f'éﬂ&rshﬁs?£§£8¥%Bhngf?eﬂﬁﬁﬂsq%' ﬁ&ﬁihrﬂﬁxing

adhesi on and cohesion to the first prote e layer, tor exanple, a netal

material séchofisad dempédimenti ke vher Eigﬁﬁdf 5681 rBEOLEERG VReh @Y BECbEding
conposed of [err] As described above, 20 when the second protective |ayeér

i s conposed otoathéenpr@sent fRVeNHtfbnsdfid sRowE! StkenAditARlYyi kReVWBLER S
rel atively tough and has a nechanical strength, the shock due to cavitation
caused upon jeievngf| thei substraceseftiivakahtytabBigbedicespecially at the
heat actuating surface 108, and the life of the electrothermal transducer
101 can be extended to a great extent. ' -

L 10 Referring to Fig. 1G and H, a first protective

layer 1ll is composed of the inorganic insulating material,

2

and inorganic nitrides such as Si3N4 and the like. The

second protective layer 116 has toughness and a relatively

for example, inorganic oxides such as SiO, and the like

15 excellent mechadical.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
protective layer is composed of SioO

2.
\—/
20__when the second protective layer is composed of an inorganic

As described above,

material such as metals and the like which is relatively
tpugh and has a mechanical stréngth, the shock due to
cavitation caused upon jetting liquid can be sufficiently
_absorbed especially at the heat actuating surface 108, and
the life of the electrothermal transducer 101 can be |
extended to a great extent.

As materials constituting the first protective



"As materials constituting the first brotective -14- 1 layer 111, there
are preferably used inorganic insulating materials relatively excellent in

thermal conductivity and heat resi dtdamce, for exanpl e; inorganic oxides o

such as [err] and the like, transition netal oxides such as titanium5
oxi de, vanadi um oxi de, ni obi um oxi de, nol ybdenum oxi de, tantal um oxide, [ =
tungst en oxi de, chrom um oxi de, zirconium oxide, hafnium oxide, .l ant hanum*

oxi de, it rR¥RForide, thEXGaRdSe EferaRly Mfed iinorganiq iRgWatinith as

ox e and BRESHLRLSarl LAGHELY: X INats L e i SOmdS Thera@nd con as
ke and cBR5ereRadTeRE R 50, Shartlel” ihodatie (s B 4R i o
se e am aand; Bk TG Srans TGS Wit ATMAAUE suh He 'l TDCPIONS (o

have hi gh pg3is! a0akaRY uh BRYWERT HIGHTRN O &b CHA AW BT
h thod, a | i1qui

depositi on nmethod, a'gas phase reaction ne coat i ng nmethod or

the like. 2entalum oxAdeTRlt@ng@teniBEded’ YRt B REC U rdyih@st i ve
| ayer 116, -in addition to Ta as menti oned above, there may be nentioned the

el enent s obx@aeyphklEhd veif oxideleNaddihanlabloakideh s Sum baidk the |i ke,
the el ements of Group IVa such as Ti, Zr, Hf and the like, the elenents of
G oup Va manganese oxide and the like, metal oxides such as aluminum
oxide, calcium oxide, strontium'oxide, barium oxide,
10 silicon oxidefand 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

resistancé as. bulk, but may be made to have high resistance

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

method, a gas phasé reaction*method, a 'liquid coating method

or the like. . o : | 'g;
20_ As materials used_for-forming'the-second protective
layer 116, in.addition to Ta as mentioned above, there may
be_mehtioned;the elements of Group IIIa of the Periodic
Table such as Sc, Y and the like, the elements of Group IVa
such as Ti, zr, Hf and the like, the elements of Group Va |
25 such 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-



*25 such as V, Nb and the like, the elenents of the G oup Vla such as Cr,

Mb, Wand the like, the elenments of G oup VIl such as Fe, Co, Ni and the
Jike, alloys of the above- -15- 1-nkhttoned netals such as Ti-Ni, Ta-W
Ta-Mc-Ni, N -Cr, Fe- Co, T|-VV Fe-Ti, Fe-Ni, Fe-Cr, Fe-Ni-O and the like,
_borides of the above-nentioned metals such as Ti.-B, Ta-B, H-B, WB and the
| ‘hke, carbides of the above-pentioned 5 netals such as Ti

. - V-.C,
Ta-C, Mb-C, ”wmQ9t¥9n%9dW%t?%% $RRR a8 FirHie Bf- WheTQBgVeNﬁénﬁﬁaggd_ﬁ%fals
such as Mo- Si, WS, Wb %% $£9nﬁ£ﬁﬁiéﬁgér€ktr%%§§ﬁo fhgﬁ angell gtloned

nmetal s such asCor ?% ese nmateria th

second. prot ect i 42y % Bt 6300 T AEAEG Rkt e RAGCSUEE 3004 85 Bqugpor

deposi tion net a i g~ et D net hod an e Iike. The

second prot ec#e?.'nﬁygépm%xec“g FRGCHaphihlE 870\ReBbRKicakEntabARE OF I

conbi nati on ayer 1s conposed of an organic 15

insul ating satgeidd sWohéeh hs excel !l gptcl, nypEgveat-icgn Mel-d,i ¢, peretr ahidon
and liquid resistance, and further has preferably the follow ng

characteristicghe (liké&podilitiuebapeakhkl hpoveZnehtiionest medtalise sacth Rsee
from pi nhol es, 20 (3) Not swelled with and not .dissolved in the-
ink, (4) High Mdﬂssliatw-ngl pr vaesiyanenhei lllrkehaped:,rl(dé)s ldi g rhige gbove-
reSIStanCe mentioned metals such as Ti-N, Nb-N, Ta-N and the like.
Using these materials, the second protective layer may be
\_ 10 formed by the procedure such as a wvapor deposition.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 comp?sed of an organic
15 linsulating mate:ial which is excellent in prevention of -
liguid penetrctioh 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_héat resistance,
and the like.
| As-thc organic materials, there may also be used,
25  for example, silicone resin, fluorine resin, aromatic
ﬁolyamide, addition polymerization type polyimide, poly-

benzimidazole, metal chelate polymer, titanic acid ester,



and the like. As the organic mateiial's, there may al so be used, 25 for
exanple, silicone resin, fluorine resin, aromatic polyam de, addition

pol yneri zati on type polyim de, polys eben2|n1dazole, mét al chel at e pol yner,
titanic acid ester, 16 - 1 epoxy resin, phthalic resin, thernnsettlng
phenolic resin, P-vinylphenolic resin, Zirox resin, triazine resin, %f
resin (addltlon pol ymeri zed resin of triazine resin and blsnale|n1de) or

the like; Abpeikgaki¥ghy, phithialidl $@sEnD0Sidinfod &t € Dign gendihid d-dui gctive
| ayer by vapor deposition of ponxnyIene resin and derivatives thereof.

Further, th&-vhnydppeopddri resiiayelimpx atesvimhe tmar@dl%yresirm Fpi ng
according to a_plasma pol ymerization using various organi c nonomers such as
t hi ourea, t H'Pélnléaéééﬂ:&ﬁpd§°l\‘1ﬂ$ﬂlzie@r r’?ﬁ,se‘ﬁ'b of tHripjinemetidhadne,

chl oro- benzene, fer n pyr |ne napht hal ene, pent
met hyl benzeI?ésmﬁllFrlII‘t"gﬁge §I ‘t rif} "‘bII'Pe Yse’t’érﬁ%é" R t ol ui di ne,

I di h I I h
o AT §on§pgwo 6 MG BUL S o cury
AL A g
recordi ng head of apuk%eséen%htev t%‘lf@'ﬁz‘o&fdéi&é’ fazy&u&ayw&%red

apart fromthe above-
. formed by film shaping according to a plasma polymerlzatlon

using various'organid-monomers'such'as thidurea, thio-

10 acetamide, vinyl ferrocene, l,3,5—trichiordbeﬁzene; chloro-
benzene, styrene.,. ferrocene, pyroline, naphthalene, penta-
methylbenzene, nitrotéluené,'acrylonitriie} diphenyl
selenide, p-toluidine, p-Xylene,'N,N—dimethyl—p-tbluidine,
toluene, aniline, diphenyl mercury, hexamethylbenzene,

15 malononitrile, tetracyanoethylene, thiophene, benzene-
selenol, tetrafluoroethylene, ethylépe, N-nitrosédiphenyl—
amine, acetylene, 1,2,4~trichlorobenzene, propane and the
like.

However, when a recording head of a high density ‘;J
20 multi-orifice type is manufactured, apart frém the above-
mentioned organic materials,'it.is'desirable to use
organic materials capable of bein§ very easily processed
by a fine photolithography as materials for forming the
third protectlve layer.

25 L As examples of the organic materials, éheré may be

preferably used}_for example, polyimidoisoindéloquinazo—

linedione (t:ade.namef'PIQ, produced by Hitachi'Kasei Co.,

.



mentioned organic materials, it is desirabl e to use organic materials
capabl e of being very easily processed by a fine photolithography as

materials for formng the third protectliave- | ayer. 25 As exanpl es of
"the organic materials, .there may be preferably used, for exanple,
pol yi m doi soi ndol oqui nazo- |inedione (trade nanme; PIQ produced by Hitach

Kaski Co., - 17 - 1 Japan),, polyimde resin (trade nanme: PYRALIN, :
produced by buJpBaR).UPSlXipideyErFibd (fErfBUNAAESNEYRALINe REPGUCPSRPYCBR
CBR- MB01, Japan nt het| c _Rubber Co., Japan), . Photqnith. (trade nane:
produced by ToP&yS\éﬁﬁ.t,' Yafafty, %%EH&F"—&BP&A’?WQ%& g LTd &

Lower I ayer 1063Rs FBGPABA"cyaRen, SYBGHERAL RUPAEY e« PACRFOr of heat
generated ot .hegbeBRIeatalalOnALL! BICHALLORIUABYAY LIS, JMem

construction materral I's ‘selected and ayer “t hickriess 'i's

such a vay thabehbe BRBLGRNSIE56d Bh1YSALAUCHRLALNAD 1Ay on 107 fl ove

nore to the heat actbating portion SI an to other portions when
heat energy is appliedrhe hgpbir@uidslssakohpdledCbHalding eyt igaask)6 while

the heat remaining at heat generating portion 107 flows rapidly to the

support 115 si derahésst be ehectiike.current to el ectrothermal trans- ducer

101 is switched off. _ . _

' Lower layer 109 is provided so as to control
mainly the transfer of heat generated at heat generating

" 10 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
107 flows more to the heat actuating pértion 106 side than
to other'port;on- when heat energy is applied to the liquid.

15 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.

As the material for constituting lower layéf 109,

20 there may be used'inofganic materials represented by metal
oxideé 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
2 generating heat as desired by flowing electric current.

As examples of the materials, there may be

preferably used, for example, tantalum nitride, nichrome,



As the material for constituting [ower |ayer 109, 20 there may be used
inorganic materials represented by metal oxides such as [err] zirconium
oxi de, tantal um oxi de, magnesi umoxtde-and the like. As the material
constituting resistive heater |ayer 110, there nay be ysed nost materials
capabl e of 25 generating heat as desired by flowing el ectric current. As.~

exanp! sy Ol Ry AT M um I Gy Y DY of S ADbNaisedr, [ g, gxaml e, ket

t ant al Um ni-tr ni C roneg, ver. - paI rum al | oy, con

sem conductis 107 EHTRLR I SHENRS 1 €l 4m | 291 Pa8H TumZ i £¢eBhYEH, t i tani um
tantal um tungsten, nolybdenum hiobium chronium vanadi um and the Iike,

al  oys ther@@ftaili@l, daimd@ELImPIybddndmikenidbium, chrofiBfRg vEaagabhari al s
constituting the reS|st|ve heater‘¥ayer 110, netal borides are especially

excel l ent. fdd thesaikef rM1lBoriveress | Neobrdés thedeo€xbrt ehkhiiskeonpound
there are zirconium boride, l'anthanum boride, tantalum boride, vanadi um
bori de ahd ni obi umAwarigiethe tra €r bl $ erondiai tatbngsthe resthéiveder as
mentioned. Using the above-nentioned nmaterial, the resistive heater |ayer
110 may be Hestesd Iayearhd It ocerkak bocides arecéspecdalbpasxmelhedt.a
sputtering nethod and the like. As the materials for constituting

el ect r odes Of1 FhEse o hpimism theridepis piherbest;. vél‘? nsEl kKPsthéf

conventional electrode materials, and there, ﬁﬁ ge oned for exanple Al ,
y

Ag, Au, Pt SO8P 1R g e THECIRIYR BRE anum’ boride,

tantalum boride, vanadium boride and niobium boride with
10 bpetter characteristic in the order as mentioned. k)
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, énd 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.-

\/

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




formed at a predeterm ned position with a predeterm ned size, shape and

t hi ckness by neans of vapor deposition or the like. 20 The

el ectrodes may be provisded on or under- ghe-resistive heater |ayer though
the electrodes are forned on the resistive heater |ayer in the Figures. 25
-19=. 1 As the materials for constituting the grooved plate 103 and
t be—common |i qui d chanber EFOVIded at _the upstream por.tion, of he

actuating porltion 106, #fe Eenﬁ9tﬁélﬁ§§dfﬂﬁsF°BFtﬁﬁ tﬁﬁﬁeFP&lgrggngfylng
he foll 5 h h har d |
e Tl o S 6800 148t bR Lt Ll o

affected during? the Ccircunstance of

using the recor gog, QSf'&d okblofl LENReRECELIRRLARORIAYCAT gBy ApReEC

thereto and the ace ccurac tan D€ easi eS|red and

1), Lhe 10, reshbyiBa gk fop pat b £ag RﬁtQEQQ§§S§Qtt1%f%rn@ tenehgdlinewisgt 0

flow snoothly in presentatlve materials for the

above-nenti orsedceﬂa@eisnar eipr eher QHbﬁeCQEaﬁhQ&lrgb&S%oﬁY&ﬂu@lm;mh/aSt ics
silicon wafer and the like, and in particular ass and 15 silicon wafer

are nore preferagEecgeacauthny aaareaarthngpmeeseed,rm ead @r under
appropriate degree of heat resistance, coefficient of thernal expansion and
t her mal conduct ihiet girttmssadeei oédusingpphye trecording dreasir fidde aoff imiee
circunference of orifice 104 a water repellent
precise processing can be applied thereto and the surface
accuracy can be easily obtained as desired; and iii) the
. 10 resultiné.liquid pathé ean be processed to permit the
liquid to floﬁ smoothly in the_paths.
| Representative materials for the above-mentioned
purpose are preferably ceramics, glass, metals, plastics,
eiiicon wafer and the like, and in particuLar, glass and
15 silicch wafer are more preferable since they are easily
processed, end have an appropriate degree of heat
. resistance, coefficient of thermal expansion_and thermal
condﬁctivity. It is desired to apply to the outer surface
of the circumference of orifice 104 a water repellent
20 treatment:wheretthe liqguid is aqueous and an oil repellent
treatment where the liquid is non-aqueous, so as to
.prevent the llquld from leaklng and flowing to the outside
portion of orifice 104.
| fhe.brder of overlapping of a third protective layer
25 and a eeceﬁd protective layef.is not critical, and any one

‘of the layers may overlap the other as far as the over-

1apping width is within the above-mentioned range. It is



20 treatment where the liquid is aqueous and an oil repellent treatment
where the liquid is non-aqueous, so as to prevent the liquid from Il eaking
and flowing to the outside portion gé orifice 104..The order of overl apping*
of athird protective layer 25 and“a Second protectlve | ayer i s not
critical, and any one of the layers may overlap the other as far as the .

over - Iapplng width is within the above-nentioned range. It is - 20 -7

1 not neGeSsa vndbalsdle OHFE! A0 Aot D145 LBRLAATR BhoallnBork QS .

the vicinity of t ect r ot her nal ut the overlapping wdth

nmay be d'ffﬁé@ﬂioﬁéoﬂﬂF%Hé'éibiﬁh réfOEhéSeiéété%thbrh%ﬂmtkﬁh%dhbﬁrs,
above- nentioned range. 5 shows an enbodi nent of the liquid

j et recordipgthered @@@ﬂ&bﬁmg Owidilehpxhﬁfelﬁé tn¢eetieat firom ipdrtionaeeor di ng
to the present invention, the second protective |ayer is not provided
|nduvudualIpoﬁﬂleﬂcaslﬂaheas penes av i tigipotheoaboket meattionedu siapngeaver s

adj acent heat generating portions, that is, the second portective |ayer is
in a ford@of a bar.FPgot2cshowes| aymrembod imentipp€rthayer have mainly a
function isolating a resistive heater layer fromliquidin 15 a liquid flow
path and a liageidohebfrecerdingoneadshccandéngasomthe Mresemfovaventiome
enbodi nent of Fig. 5, the first protective |layer has mainly the forner
function while the

’

In Fig. 5, aecofding to the present invention, the
secdhd'proiective Iayer‘is'not provided individually on each
10 heat generéting portion, but continuouely eovers adjacent
heat generating'pOrtions,:that is;'the second.portective
layer is in e form of e bar.
Protective layers in ﬁhe'upper layer have ﬁainly a
funclion isolating a resisﬁive heater layer Irem liquid in
15 a liquid flow path and a function of caﬁitation resistance,
as mentioned abeve. In ihe.embodiment of Fig. 5, the first
érotective layer has mainly the forﬁer function while the
second protecti§e.layer has'mainly the iatter function.
Where the secoed'profective layer is formed ih the shape K—J
20 as shown in Fig. S;Ithe patterning is eesy.' Therefore,
nozzles arranged et a high density can be fabricated
without any complicated and highly.precise.prdcesSing.
When this shape is employed, the probability of short at
-electrodes, re51st1ve heaters and the first protectlve
layers becomes about twice that in the case of the prior
art as shown. in Fig. 1, but since the den51ty of pinhole

which caused short is about 1 - 5 x 10 > pinholes per cm?,



*second protective layer has mainly the latter function. Were the second
protective layer is fornmed in the shape 20 as shown in Fig. 5, the
spatterning is easy. Therefore, nozzles arranged at a high density can be
fabricated w thout any conplicated éh&%ﬂlﬂﬂy preci se processing. Wen this
shape is enployed, the probability of short at electrodes, resistive '
hgaters and the first protective 25 | ayers becones about twice that in the
case of theilprinyd prdbaisilSOMOE ishdg.id,0 0l -5i0uks tdreerndefsy ty bigpidhol e
whi ch caused short is about 1 - 5 x [err] pinholes per cm -21- 1 the
probability ofjesthardcordinhdhead.vidblevenidmsity |asuh igh eas rEA dregzhesd
with a density as high as 1000 nozzles, and thereby a sufficiently hng
manuf act uri ng ard| thexebyb e ensif izl entitly migh ohanefagepyingi gielpecap be
arrangenent 5 of the second protective |ayer taking into_ consideration the

easy fabricatiensuredh yJedgingcekkesticeely Heh i obere n2ht AERRRIFPERFd | et
recordi ng hsad is finally better in, points of ensit¥ gnd inagg EugLiBy
than that of R¥ dtharsecins tPeCREbHY fret?Y Shot®k +79 FHYO sCORP LT Bt 113
10 and 114 belgw the liquid, fl ow path, are covered a%% st.only L LSt
protective | ayEt®193sy ’r%laﬁ'%‘ge&ﬁa/]é ¥ ‘S 4y ngdildggént%%ggﬁggé .
mat eri al having_an, exc Iie s goat] Y ?g EorOR v aRa¥eel-henfirst
protective |a ?ngy%%% H@ah%r %%ﬂg%géfggéén ?%% o.t%egﬁe%t actuating 15
surface. points of density and image quality than that of prior art.
. In the embodiment shown in Fig. 5, electrodes 113
— 10 and 114 below the'liquid flow path are covered almost only
by a first protective layer 1lll. A third protective layer
composed of an organic material having an excellent
coating property may be formed above the first protective
layer except the portion corresponding to the heat actuating
15 surface. _

. In the following examples, Example 2 is given for
illustrating the present invention. Example 1 illustrates
the invention claimed in the parent application.

Example 1 ' '
" ' A liquid jet recording head accordihg. to the present
20 jinvention was manufactured as shown below.
An SiOz film of S5um thick was. formed by thermally
. o _ o
oxidizing an Si wafer, and on the SiO2 film, a 3,000-A
- thick resistive heater layer composed of HfB2 was formed by
a sputtering.: Then, by an electron beam deposition, a Ti
0.
25 jayer of SOR thick and an Al layer of 10,000A thick were
cbntinuously deﬁosited.

.Thenpattérn'of electrodes 113 and 114 was formed by



In the foll owing exanples, Exanple 2 i's given for illustrating the present
invention. Exanple 1 illustrates the invention clainmed in the parent
application. Exanple 1 Aliquid j et yecording head according to the
present 20 invention was manufactured as shown below. An S§ Q2 filmof [err]
thick was formed by thermally 0 oxidizing an Si wafer, and on the [err] .
film a 3,000-A thick resistive heater |ayer conposed of [err] was forned
by a sputlt e? i Plyetdhithogyaphie| 8kePon Béam @&paspepdn ackusting sayéacet 50A
thick and an Al _| ayer of%éerr t hi ck were continuously deposited. The -
pattern of %ﬂ%c?QB%eknlﬁ thaand 4l wBEms dpndgRPFR . - 22- 1 a
photolithographic sjep.., Size of a_heat actuating syrface s [err] i.n

wi dth and 150 [err]Aiﬁ’?éHﬁt-.1$32£8;F§rpf°¥ﬁFf%%Fi §Veﬁr&&gcf|g@ ger 111

d of d ' b hi gh, rat ing.. 5 Next ,
o sboond pr3f cettyeais, SPESEL Ela y Cpnbion  BREe BRY KGR ey ) tnick
lyimd ' I St bt LS f
Ol Lun erence of - RGECpatt S A0 IBEPEEH T ART Ehane Sapa SFetor T er ]

thick was fasiegdwdy anBgse]khoBhsek! b8y Rfide A einl QeMangesh@ tT#ok0al i I M
alift-off patterning was perforned so as to |leave the Ta filmon the cut

part by renpyiDOfpob¥fee £EPmMBAUEKBEPR for a circumference of a cut

-

part (400 x 300ym) and then, a Ta film of 0.5um thick was
formed by a magnetrqn sputteriﬁg. After forming the Ta
10 film, a lift-off patterning was performed so as to leave the \‘).
Ta film on the cut part by removing polyimide resin using a
ligquid release agent.
Photonith (prodeced by Toray Co., Japan) was
applied by a spinner coating and a patterning development
15 was performed so as to make the cut part (300 x 200um) in
the circumfe;ence-of the heat actuating surface. Thereby,
a third protective layer 112 kés produced. The overlapping
width of the third protective layer and the.second
protective layer was 50um. Further, a_substrate for the. W/
20 liquid jet recording head was produced by baking.
A pulse-shaped signal having 23V, 10us in pulse
width and 800Hz in repetition frequency was applied to the
resulting elegtrothermal transducer of the 'recording head.
According to the applied signal, a liquid was-jetted.as
25 droplets, aﬁd flying'droplets were formed stably.
To clarify the relation between the percent

defectivé of the recording head and the overlapping width,

H



I|qU|d rel ease agent. Photonith (prodeced by Toray Co., Japan) was applied
by a spinner coating and a patterning devel opnment 15 mas performed so as to
make the cut part (300:x 200 [err]) in-the <ircunference of the heat
actuating surface. Thereby, athird protective layer 112 was produced. The
overl apping width of the third protective |layer and the second protective

| akef was 50 [err] .Furth a substrate for. the 20 uid jet recordlng
head was prodticB§ B}eﬁﬁﬁ?ﬁﬁ w§§p&F§é°§ﬁ&G@dl§F§h§P &9% ﬂ@qxe @ Sugh) déhat in

pul se wi dth and_800 in.re tion_ fre plied tq.the. re It|ng
el ectr ot her mal h§%u88Fe8 1?h bFEE@Fd%ﬁ 4R®p&ﬁﬁ eEh& Ca

signal, a liqui t s 2 dropl et. n plet mere
formed stably ‘? gj'rllgé ﬁgﬁg re?g i BRTEE en 15 é:%'eer g’ed% |g\%:e(<)if t he

recor di ng head g@ge}hglggeahgp@bngtwhﬁt&or 200%F whﬂTé‘ﬂ%?Héé%#i %he

I ntrodeced into an I n I qui d suc at an i nk potential becane nd

+40V was applj ednkoi1ifgifceengbrdtieadatlp@orer cent defective was
investigated after allowing to stand for 200hr whil e maintaining the 5 |nk

liquid tenperature at [pig]l Bi ghowsshaes relredsl tex@imigyiary Aiheg rate ot €
of disconnection due to dissolution of electrode occurring where the :

over | appi ng w dtihsbonasctiom dueusot dissaliutien ofs cllewmiodd deonrriBg Wien
t he overl apping b was m nus (no
where the overlapping width b was from minus to about zero
as shown in Fig. 1B. When the overlapping b was minus (no
o "~ 10 overlapping), the electrode was dissolved from a defective
part of a inorganic insulating 1ayer (defective step
coverage, a piﬁhole part) and as a result, the disconnection
occurred.
When the overlapping b was less than about 10um,
15 the disconnection occurred es the result of infiltration
of the liquid into a boundary part 6verlapped.'
When the everlapping width was plus (overlapping)
as shown in Fig. 1C, D; E, F, G and H and when the second
protective layer composed of mninorganic 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. 1lE, 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 hore, a yield decreased

'ektremely, and.further,'whenla heat potential infiltration

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



10 overl apping), the el ectrode was dissolved-froma defective part of a

i morgani c insulating | ayer (defective step coverage, a pinhole part) and as
a result, the disconnection occuiréf ~When the overlapping b was | ess than «
about 10 [err] 15 the disconnection occurred as the result of infiltration
of the liquid into a boundary part overl apped. Wen the overl appi ng w dt h-"

was plug ( ¥€rdv§‘§pf99ric§_§e§h8§’30gc daitdonlGf %heE1sd§vfa§e?'&cf lipand when t e

second protective | ayer conpose an inorganic material was 20 underl aid

the third pﬁ@%ﬁgﬁiaelgﬁgg[ as shown in Fig. 1C, E and G especially having

the | arge overlapping region as shown in Fig. 1E, there was caused a

probl em of a shortwkeficthé betwadn prid¢estdeed lveiedls \vrdraydid and dhee

el ec- trode (the defective part of the inorganic insulating |ayer). 25

. Especi al | ythinhénphotastifa layer eomposed @fyianl drmbeoricasedtemitalers y, and
further, when a heat potential infiltration test was carried out in the

above- nent $boed inkFig.siBbl & and B4- ab jsbowmasinf #irg caBed abyEidxi dati on of

the surface of the inorganic |ayer. Wien the second protective layer is

overl ai d ofxfpbiahiel pFocavsedebapes t&@fsosdd e Fecomghmretestdval as 5

shown in Fig. 1D, ,F and H as shown in Fig. 3B, a filmexfoliation_is

caused by 23¥eFelsl-®f +t FReSUPBRE FNOEEANiFe YaRRR) « 2 sveliliaq Qfethe

| nor gani ¢ kﬁY%é)prgtégﬁkbgngaggxtQ?.e., the lower organic layer), a
~stress by a difference in a thermal expansion coefficient
10 petween the both layers and the like. The film exfoliation )
is caused_by_é step of the organic.layer and the defection
of the inorganic layer. Therefore,lin case of the small
overlapping width, the film exfoliation occurs to some
extenl, and especially, in the case of the overlapping
15 width of 500um or more, a whole exfoliation occurs from a
tip portion of_the inorganic layer. .These problems are
se:iqus. |
Therefore, where an everlapping width of 10 - 500um
is uged, a liquid jet recording head excellent in reliabil-~ Y

29 ity and_inkfresistance and capable of being produced in

.good_yield_dan be obtained.
- Example 2 |
.A“liquid.jet recording head as shown in Fig. 5 was
manufacturgd as shown below. |
%5 An 5i0, film of Sum thick was formed by thermally
oxidizing an Si wafer, and on the-sioz.film,_allsoo-i thick
resistive hea;grﬂlgye:~composed_of HfBZ-was formed by



third protective layer (i.e., the l.ower organic |layer), a stress by a
difference in a thermal expansion coefficient 10 between the both |ayers
and the liké. The filmexfoliation is gaused by a step of the organic

| ayer and the defection of the inorganic |ayer. Therefore, in case of the
smabl overlapping wdth, the filmexfoliation occurs to sone extenL, and
espetially, in the case of the overlapping 15 width of 500pmor nore, a
whol e exfoliati o?PWERRFINI 1 orRRen i Ppoan iviectromcbeanr dapeeit igrr . a These
probl ens are serjous. Therefore, where an overlapping w dtheof 10 - 500pm
is used, a |iquitPY®¥ EcARiHyideandaridkntayer refi apPP0Axerety and

I nk-resi stance and capabl e -of _  bei n oduced in good yield can be obtained.
Example 2 A |iquiitfFetsST¥ tﬂ?ﬁf%ﬁ%éﬁew shown in Fig. 5 was manufactured
as shown bel ow. 25

thermal l'y oxidizing an §h%va9A%éeer2{{1]cP{)|né%§é’f€?lﬁerH‘?ﬁhéki%%% g?rk?‘]?‘g‘? F\%&k
Then, by an o eciion bei danatad tyh BEoYFEL UROREhYe srefd: | SERUIOETA
217,81 3 0000 wese seseesiy ducae g g B pylacs ghaclsougogs 113
a length._ The resistance was 150ochm, including the-
- resistance of Al electrode.
A 2.5-ym thick first protective layer 111 composed
./ 10 of Si0, was deposited by a high rate sputtefing.

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 1ift;off was formed by patterning and '

13 thereafter, a'Ta:film of 10um thick was formed by DC
sputtering. The PIQ film was exfoliated after forming the
Ta film to obtain a desired patterh of Ta fil;. Thus, a

substrate was fabricated.

Degree of the short between the resistive heater

~ .ZQ member and the electrode and a second protective layer Ta
_in the resulting substrate was investigated for 123
substrates, eacﬁ substrate having 100 segments, and none
of them showed the resistance of 10MQ or less.
Finally, a grooved glass plate for constitutiﬂg
25

liquid flow paths, heat actuatingfportions and orifices was
adhered to a predetermined place'such that the groove

portions were disposed fitly on heat generating portions



heat actuating surface was [30 [efr] in width and 150pmin length. The
resi stance was 150 ohm including the resistance of A electrode. A
2.5-[err] thick first protective laygg 111 conposed 10 of [err] was
deposited by a high rate sputtering. Next, a second protective |ayer 116 _
was formed according to the follow ng process.. A 3-[err] thick polyimde;: .
film(trade nane: PIQ produced by Hitachi Kasei Co., Japan) as a resi st w°
for a Ta I4fEfogmedyga Fgﬁnéﬁbﬁyrﬁgﬁternfng and 15 thereafter, a Ta film of

| O t hi ck f d by DC ttering. The PILQ f.il f ol i.at.ed
after forming i ho Taf FERREY S8EPAPETIBEREe Haldmiod OHF £ APPLYIAY, a
bstrat f | th ' | St t
20 menber and PRUCET REPsAeanics "havaRe pE Ve dOME T R o Wikt B2t &1
[ ti At | ' f 1 : [rat
having 100 SS00RR, En"E2gkRYELbhIRL Ry E0 TR MM UMY o)
| ess. Fingl | ynedndi Op¥aAsahass BEAkRel Pecoraibly Head] 22d iUl filOwapat hs,

&
~heat actuating portions ang orifices was adhered to a predetern1ned pl ace

such that theeyiapyeiR9rbhGas ¥6r 8rdhiRmeed thian WHY giadr @aeRald ng
portions -26- 1 fornmed on the substrate, A liquid jet experinment was

carried out bptappeging a pul se-shaped signal having 30V, 10 [err] in pul se
W dth and Recording heads having 8 nozzles/mm, 12 nozzles/mm
. and 16 nozzleé/mm in nozzle density were similarly
10 manufactured. In this case, the yield by the Ta film /

patterning was compared with the prior art as shown in

Table 1.
Table 1
15 nozzlé density | Prior art | Present invention
8 nozzles/mm 90% 98%
12 nozzles/mm 68% 97.5%
:16 ﬁozzles/ﬁm 45% ! 96.0%
, Y
20 - ' - |
- According to the present invention as described
above, there can be provided a liguid jet recording head
having high quality and high density which can'be
manufactured in & high yield.
” Reference is directed to United kingdom Patent

Application No. 2153304A, from whiCh'this“application is
divided. |



- §OOFE in repetition frequency te the resulting electro- 5 thermal
transducer of the recording head, As a result, areliability equal to or
hi gher than the prior art was obtai ned. Recordi ng heads having 8

nozzl es/mMm 12 nozzl es/mm and 16 nozzles/mmin nozzle density were
sim/larly 10 manufactured. |In this case, the yield by the Ta film

- paterning was conpared with the prior art as shown in Table 1. Table 1 15
nozzl e density Prior art Present inventi2ggn-8 nozzl es/ nm 90%

1 98% 12 nozzl es/ mMm 68% 97.5% 16 nozzl es/ mMm 45%

96. 0% 20 Accordi ng t 6LARMSSresent invention as descri bed above, there can
be provided a liquid jet recordi ng head having high quality and high
density which can be manufactured in a high yield. Reference is directed to

L e oo Bt ent 25 RPRAGE G actt R Bedlf HHIE 4 Frtperate
having a substrateagng an upper layer; the substrate having a support, a
5 resistive heater 1layer and electrodes  electrically

connected with the .resistive_heater layer such that

portions of the resistive heater 1ayér-located between

the electrodes provide a plurality of electrothermal

\/ transducers for heating recording liquid; the upper
10 layer comprising a first protective layer comprising

an inorganic - insulating material, and a second

protective layer comprising an inorganic material; the

first and second protective layers being successively

formed at least on the electrothermal transducers and

15 - the second protective layer being in the form of a

continuous strip which covers adjacent electrothermal

transducers.

20 2. A head according to claim 1 in which the first
protective layer is composed of material selected from
inorganic oxi¢es, transition metal oxides, metal

oxides, and composites thereof. -

e

T



and an upper |layer; the sﬁbstrate’ha?ing a support, a 5

res

i stive

heater layer and electrodes electrically connected with the resistive
| ayer | o

heater | ayer such that portions of the resistive heater

bet ween the el ectrodes provide a plurality of el ectrotherma

cated

t ransducers .

for heating recording liquid; the upper 10 | ayer conprising a fIrSL*
protective |ayer conprising an inorganic insulating material, and »
second protective |ayer conprising-apgi sRorganic material; the first and

second protective |ayers being successively forned at | east on the

el ectrot hermal 8rans8ucheadandctbrdingt héosedads Ir are@,i \in lwhissh eHeng i n

the form of a continuous strip which covers adjacent el ectrothernal

transducers. 20first prokegfiveacdeverngiso compesed n ohhick tHdghirst

protective |ayer i ose of mat eri al sel ected frominorganic
sigtenee o

transition met5Ps

- 3. A head accordlng to claim1 or 2 in which the first

| ayer is conposed of a hi gh resistance nitride.

5

4.

oxi des,

ﬁéF&r oxi des, and conposites thereof. - 28

protective
A head

according to chaim i Ohedd | RcMdrding e to cllathl Q! ¥ 12/ IRUAHidIS ©dPOsed
of a conposite of two or nore of inorganic oxides, transition metal oxides,

met al oxi des anﬁihsghpte¢bs&anee1@&@&1descomposed of a composite of

two or more of inorganic oxides, transition metal

oxides, metal oxides and high resistance nitrides.

10 5. A head according to any preceding claim, in which

the first protective layer is composed of a thin film

material.

6. A head according to any preceding claim, in which

15 the second protective 1layer contains an

element

. selected from Groups IIla, IVa, Va, VIa and VIII of

the Periodic Table and alloys thereof.

7. A head according to any of claims 1 to 5, in -/

20 which the second protective layer is composed of a

material selected from carbides, = silicides

nitrides of metals of Groups IIIa, IVa,
VIII of the Periodic Table.

Va,

A O AR

and

Via and

4



10 5. A head according te any preceding claim in which the first
Jprotective layer is conposed of a thin filmnmaterial. 6. A head accordi ng
fo any preceding claim in which 15  the second protective |ayer
~contains an el ement selected fromGoups Illa, IVa, Va, Vla and VIl of
t he-Periodic Table and all oys thereof. 7. A head according to any of
cha¥rnms 1 to 5, in 20 which the second protective layer is
conposed of a material selected. fron. earhides, silicides and
nitrides of metals of Goups Illa, IVa, Va, . Vla and VIIl of the Periodic
Table. ~ -29- 8. 84 heAdheedoadcogdingaty ahgcpitesedihgi elaim, iinCkhich
third protective layer is further provided on the first protective layer. .5
9. A head accordi fig tbizdai pretectivei cAayereist furthproprovided awerthes
conposed of a resin_,10, A . head according to claim9, in which the third
protective |ayer Tifst PFQEPF%&F@dlaYS§° usi ng a 10

phot osensitive polyimde resin. 11. A head according to any of clains 8 to
10, in which the third protective layer is fabricated by

g}ﬁ;gl' PPStO' sthograghy. A5hédaa 4c62diAGCe6I1d1h08S! ThMhich" WRetN thira

protective layer is composed of a resin.

10. a head according to claim 9, in which the third
\_/ protective layer is fabricated by using a
10 photosensitive polyimide resin.

1l1. A head according to any of claims 8 to 10, in
which the third protective 1layer is fabricated by
micro-photolithography.

15
12. A head according to claim 1, in which a plurality
of liquid flow paths are provided for the recording
liquid.

W,

20 13. A liquid jet recording head having a plurality
of outlet .orificés and a corrésponding plurality of
heating means for the application of heat pulses to
liquid in respective heating chambers defined in the
head for causing liquid droplets to eject from said

25 orifices, wherein each of said heating means comprises

" an electrothermal transducer and each said transducers

- | . | '
| D 0
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of liquid flow paths are provided for ‘the recording liquid. 20 13. A L
liquid jet recording head having a plurality of outlet orifices and a
corresponding plurality of heating means for the application of heat pul ses
to liquid in respective heating chambers defined in the head for causing.
liquid droplets to eject fromsaid 25 orifices, wherein each of said,
heati ng nmeans conpri ses an el ectrothernal transducer and each said \"f
transducers -30- is covered by a +a30nated protective neans, and wherein
a continuous strip extending across- glurallty of adjacent sai d
transducers provid¥@s @ﬂ%eﬁﬁdtth faybtaminated spreateetiveti weangeanéndfor

those 5 transduce
in a continuous  strip extending across a
plurality of adjacent said transducers provides one of
the layers of said protective means for those

5 transducers.
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