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~ (57) Abstract: Each of heating elements comprises a heating resistor (24), and a pair of a common electrode (21) and an individual
= electrode (23) formed on ends of said heating resistor (24) so that a heating area (25) of the heating resistor (24) is exposed. A barrier
layer (41) covers the electrodes (21, 23) so that the electrodes are not exposed to the ink in the ink flow passage, that is, not only upper
surface of the electrodes (21, 23), but also edges thereof are covered with the barrier layer (41). The barrier layer (41) is made of, for
example, single atomic metal such as Ta and Ti, oxide, corrosion resistant amorphous alloy, titanium nitride, titanium-tungsten, or
the like. The barrier layer (41) has the thickness of 10 to 1,000 nm, and is made by electroless plating or the like. The barrier layer
(41) is effective in preventing not only corrosion but also migration as contact surface corrosion.
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bubbl e pushes out an ink droplet through a nozzle. The thermal ink-j e

print head _Jgsl categorized into two types, side shooter pm@fyFo0Rs280
shooter. | WPR¥ ¥ de shoot er type head, a bubble generated by a
heating el enent expands and pushes ink ¥n the 25 direction paralliel to the
heati ng el enent surface to output an ink droplet through a nozzl e

which is placed away fromthe heatDBSCRIPTION. On the contrary, the roof
shooter type head features that nozzles are forned just above heating

el enents.  INK-JET PRINTER HEAD AND MANUFACTURING METHOD THEREOE\ pubbl e
generated by the heating el enment pushes -out ink in the vertical direction
to output an ink droplet through tTehnixatFéeldlt has been known t hat

required power consunption of the roof shooter type head is |ess than
that of the si dppe presédtafvétitidnieRtdsaad printthead of anAnk-jetfpririten) twhich hpe head
conprises nmultiple (for exanple, 64, 128, or 256) heating el enents, -

drive ci 5CHiststantaidpRin$t LoiRodibR bl Sk, ithes, ebledBilitysisiinghroved, ahd n, methsd of
passages,. and nozzles. During manufacturing process, the roof shooter type
heads f or "EnAfacturi .ﬁﬁczﬁ}m;ﬁfegd. havi ng di aneter of equal to or larger than
6 i nch (approx. 15.24 cn). The wafer has 90 or nore bl ocks (approx.
10x15 nm each), 10 and the heads ghgkdrewiiEArmat once so that one head is

- formed in one block. At that time, silicon LSI formation technique or

thin film for maghoRetRiNaloWEpliftelS8dntiflk-jet primte U1k Riijet phisrdhasa have

monol i thic structure. FIG 1A is 'a plan view show ng an ink

output sur{a6ehold f WRth miRRiehoze For outputting ink droplets to a recording

10 sheet of paper or textile are disposed, thus, images and characters are printed

thereon. The ink-jet printer has several merits, for example, quiet operation, no
fixing treatment, and easy full-color printing.
There are some methods for outputting the ink droplets. Typical ones are
 piezoelectric ink-jet, thermal ink-jet, and the like.

15 The piezoelectric ink-jet printer uses electromechanical transducers such as
piezoelectric elements which mechanically deform ink chambers to produce
alteration in ink pressure. The pressure alteration causes output of ink droplets
through minute nozzles.

The thermal ink-jet printer employs minute heating elements in firing

. 20 chambers. The h_éatin_g elements forms bubbles of vapor in the 1nk1n very sl.101i'.tl _

peﬁbds'whéﬂ electric .cﬁrf'e.nt"appliéil to fﬁé-’heaithlg elements. Expansionofthe '~ =~ .. .

bubble pushes out an ink droplet through a nozzle. The thermal ink-jet print head
is categorized into two types, side shooter and roof shooter. In the side shooter
type head, a bubble generated by a heating element expands and pushes ink in the
25 direction parallel to the heating element surface to output an ink droplet through a
nozzle which is placed away from the heating element. On the contrary, the roof

shooter type head features that nozzles are formed just above heating elements. '



print_ head 1 for an Ink-jet printer (hereinafter, referred to sinply as
print head Woo00/i37F1 G 1B is an enl arged di agram show ng an RCE3IPG0/A3280at ed
by a broken-1line square "a" in FIG %A FIG 1Cis a cross sectional
viewalong a line CGC in FIG 1B. In FIG 1B, corrponents under an

hown) “ar e PoRbIF fbelatilBy 'at Betig élelzesyvzsélres ot %%”e Rt BsPibe.
by ot ohi ng B SRl # BF Eplee el e boudr Ee8 Betr Fa fﬁfﬂf@ﬂ e e

on the chip_substrate rive circuits nd t he n ink
suppl y grool’/% ?Fa%sgglgﬁop&fm%mofsgootertypelﬁa&rlg'leslsl anthat of me or 256

| i nes) of hatl%g E or 4 is formed with thin film formation

techni que s ‘i t hography, between the drive circuits and 25 the

cloctrode 71 8'&%&%@:@:‘&% e ‘535@

t he heat the heating resistor 4 a
feg;)gtsa gdso At %{tln(gfelsqqu?qqe ay%gl g;airgsgv%hg:h (Inve t%e heating %lements 1nd1v1dually, ink
3 5, one common el ectrode_6, and one individual electrode 7 is a unit
of one heatP#R§ages, apg pagzles. During manufaiusing procesththe reafisheetes typear e
connected to el ectrode termnals of the drive circuits. A connection
terninal 8 hepdsdommed pnagilicon waferdavingadiamsties of squa) tomr lasgep tandd nchnd
anot her set of connection termnals 9 for connecting the drive circuits

to peri pher ¢APPTeR-d 553t ¢aY ohhe maferrhas Y orsmpete klogks (approx. 10x15 mm each),

10 and the heads are formed at once so that one head is formed in one block. At that
time, silicon LSI formation technique or thin film formation technique is used to
form the print heads to have monolithic structnre.I

FIG. 1A is a plan view showing an ink output surface of a roof shooter type
print head 1 for an ink-jet printer (hereinafter, referred to simply as print head 1).

15 FIG. 1B is an enlarged diagram showing an area indicated by a broken-line square

"a" in FIG. 1A. FIG. 1C is a cross sectional view along a line C-C’ in FIG. 1B.
In FIG. 1B, components under an orifice plate 14 are shown through it.

Drive circuits (not shown) are formed on a chip substrate 2 by LSI
formation technique. A common ink supply groove (not shown) is formed on the

20 chip substrate 2 by etching or the like. An insulation layer 3 (oxidized film) is
formed on the chip substrate 2 on which the drive circuits and the common ink
supply groove have been formed. |

Plural lines (64, 128, or 256 lines) of heating resistor 4 is formed with thin
film formation technique such as photolithography, between the drive circuits and

25 the common ink supply groove. Further, common electrodes 6 and individual
electrodes 7 for driving heating areas 5 on the heating resistor 4 are formed so that

the heating area 5 of the heating resistor 4 are exposed. A set of one heating area



A wall material layer is deposited onto the chip substrate 2 except the
portion \/\hqﬁgaﬁlﬁﬁ,ﬁonnection termnals 8 and 9 are forned. Th&hpoosnazse
photolithography is performed to patterg the wall material layer, thus a
wall 11 is 10 fornmed. The wall 11 deterYm nes an ink flow passage 13.
The wall 11 includes conb |ike extensions 11-1. The wall 11 and its

ext ensi ons3;1oneiconypep glegtroda 6 and parindividualcglegteade hip amnit ofoneheating at e

them from each other. Separated spaces above the heating areas 5 are
firing chatlement.12. Open side of each firing chanber 12 is connected to
an ink flow passage 13 which 15 is communicated with the comon ink supply
gr oove. " The individualfelectrodes, ¥ @re qgonnectedto sleatrpdetemminnls ofghe drive

Mul tiple nozzles 15 are formed in the orifice plate 14 so that a set of .
t he nozzl esiratsf orArcornestion texminals fig connedtingihesommomelectredest6 tohe heat i ng
areas 5. Thus, nmultiple print heads 1 are forned on the silicon wafer.

The si | i Soperipifesals and fanother getdif counectiontexminals® farimonnecting the deiyeeach
having the forned print head 1 thereon are separated fromeach other.
In the pri eiresits torperipberalpareifermedon te dhip isnbstrateBber s 12 via the conmon
I nk supply groove and the ink flow passage 13. For printing, electric
current is A stadciiterial layepis dsposived bmtoltbethipgsubstrate 2oexcepttheor dance
with print data. Upon reception of the electric current, the heating
area 5 heapertionkwliere the v@mectibm tarminale 8 an8 Gomeiforined.nuFhen bubbl e of vapor
I's generated at bottomof the ink |layer. The bubble expands and pushes
out an i nkphiotolitheigraghyds perfoimed tukpatters kiee @511 abaverial lagert) tatsiangall 11 isr ea 5.
Size of the ink droplet is alnbst the sane as that of the nozzle dianeter
10 formed. The wall 11 determines an ink flow passage 13. '
The wall 11 includes comb like extensions 11-1. The wall 11 and its
extensions 11-1 surrounds three sides of each heating area 5 to separate them from
each other. Separated spaces above the heating areas 5 are firing chambers 12.
Open side of each firing chamber 12 is connected to an ink flow passage 13 which
15 is communicated with the common ink supply groove.
An orifice plate 14 is deposited onto the wall 11. Multiple nozzles 15 are
formed in the orifice plate 14 so that a set of the nozzles 15 forms a nozzle line 16
being along a line of the heating areas 5. Thus, multiple print heads 1 are formed
on the silicon wafer. The silicon wafer is finally diced so that chip substrates 2
20 each having the formed print bead 1 thereon are separated from each other.
In the printer, ink is supplied to the firing chambers 12 via the common ink
supply groove and the ink flow passage 13. For printing, electric current is
selectively applied to the heating areas 5 in accordance with print data. Upon
reception of the electric current, the heating area 5 heats ink for a very short time
25 period, thus a bubble of vapor is generated at bottom of the ink layer. The bubble
expands and pushes out an ink droplet through the ink nozzle 15 above the heating

area 5. Size of the ink droplet is almost the same as that of the nozzle diameter



4 _Wwhen out put. Wen the droplet reaches a sheet, it is broadened al nost
twce as - woasgnras the initial size. Al um num ( APCTATR00Z03288) Of
material for electrodes such as the commgn el ectrode 6 and the

i ndi vi dual el ectrode 7 because good conductivity is available 5 with |ow

Under ?Lﬁfﬁzﬁéﬂ“é%”“mor AP R oSl a deelt s fafElch 0L

corrosi on SISt %lgggiéflgl therefore, it is suitable one for the
connon ele %’&f’s ﬁ i ndi vi dual el ectrodes 7. However, Au is

i kely to cause at| which diff n boundar y bet ween

el ectrodes 6/7 %gﬁﬁ‘bmt KAy ‘?%% tﬂxe)lectsﬂ%eg s\‘ﬂk sn#"tjr ROBAR Wi 1 1
separateth de f.rQ t he ting resi event ua :
Soh the conptitedst apd Mirnghahal sestttiient fecrifs 880 Bodiuch Gy iglante
el ectrode ., Jromthe heatjng resjstor, 4 will deterjqrate i.nt he

pekf or nange“,"“gﬂﬁwtq’?ét priifge ai“n%ﬂléﬁ’dls Wk}qterb%m&“gkﬁr’f" e§1 greq,gﬁfiy f

t he el ectrode nd 7 are ngt _corroded 15 by ink, hum d|ty in the air
causes the ¥ é’F 1HATY %%@Pé\“ﬁﬁa@“etl% print head disorder may be

prol onged but it _wll| be al so_broken eventuall

Di sclosure of | H3@4t(As) is one of corrosipn resistant wafesial, therefors, i swrable poent i on
to provide an ink-jet prlnter head havi ng resi stance_agai nst_ corrosi on
and ni gr at i 9% thecewmanelegipod eﬁmdrtépulaémwi elegtrodes ¥ Howeyer, | Au js

anot her object of the present invention to provide a nethod for asy

manuf act ur elibely4o sanse migration whichdiffuses ink mtq» hewndagy betyyeancalecitagdes é/7

agai nst caorrosion and mgration caused by ink, thus reliabili t}/
i mpr oved.10 and the heating resistor 4.” This ink migration will separate the Au electrode fro

the heating resistor 4 eventually.

Such the corrosion of the electrodes 6 and 7 or separation of the electrodes
from the heating resistor 4 will deteriorate print head performance, and the print
head 1 will be broken eventually. Even if the electrodes 6 and 7 are not corroded

15 by ink, humidity in the air causes the migration, therefore, the print head disorder
may be prolonged but it will be also broken eventually.
Disclosure of Invention

It is an object of the present invention to provide an ink-jet printer head

having resistance against corrosion and migration caused by ink, thus reliability is

20 improved. It is another object of the present invention to provide a method for
easy manufacture of a print head for an ink-jet printer having resistance against
corrosion and migration caused by ink, thus reliability is improved.

An ink-jet printer head according to a first aspect of the present invention is
an ink-jet printer head in which ink is pressed out in predetermined directions by

25 vapor bubbles generated by heating the ink, the ink-jet printer head comprises:
an insulation substrate (18, 19) at least a surface thereof is an insulator;

a plurality of hea'tfng resistors (24) which are formed on the insulation



An ink-jet printer head according to a first aspect of the present

i nvention iypgag3erAN I NK-jet printer head in which ink is presspdosizkei N
pr edet er mi ned d”|3r ections by 25 vapor b%bbl es generated by heating the ink,
the ink-jet printer head conprises: an insul ation substrate (18,

19) at least a surface thereof is an insulator; . a plurality of
heati ng r eSwbstigte; eachy pf whichhhasrahqasingagea (25) ryhich smits iheatwhen a -

5 substrate, each of which has a heating area (25) which emts heat
when a prdetesmined yltageds applied heegtos i ed t her et o; R a pair of

el ectrodes (21, 23) which is electrically connected to each of the
heati ng areas (2B3ir of slectrodes(2452B) which igelactri¢allyf ennneeted to eneh phithe at i on

substrate (18, 19) to determ ne an ink flow passage (32); and
a barrier hegting 41838 (23avi ng resi stance agai nst corrosi on caused by the
I nk, whi ch covers the electrodes (21, 23) so that the el ectrodes (21,

23) are ot expowell (31) which isiformed or theninstlation substrate (183 1P) to determine
According to this invention, electrode corrosion caused by ink and
m gration aménlpflowepaseage (BBkandt he i nk-jet printer head has inproved
resi stance agai nst corrosion and mgration caused by the ink. As a
resul t, reliabi#bayiepflayem€41), having-resistapes against icomdsionpanssskby the ink,
The barrier layer (41) may be nade of anorphous netal all oy.
which covers the electrodes (21, 23) so that the electrodes (21, 23) are not exposed
to ink in the ink flow passage (32).
10 According to this invention, electrode corrosion caused by ink and
‘migration are prevented. Thus, the ink-jet printer head has improved resistance
against corrosion and migration caused by the ink. As a result, reliability of the
ink-jet printer head improves.
The barrier layer (41) may be made of amorphous metal alloy.

16 The barrier layer (41) may be made by electroless plating. The electroless
plating realizes uniform and constant barrier layer which firmly adheres to the
electrodes.

The electrodes (21, 23) may be superimposed on the heating resistors (24)
except the heating areas (25). In this case, a contact layer (39) which

20 interconnects the electrodes (21, 23) and the heating resistors (24) should be
formed between the electrodes (21, 23) and the he,at_:ing resistors (24). And the
barrier layer (41) may cover top surfaces and edges of the electrodes (21, 23) so
that the electrodes (21, 23) are not exposed to the ink in the ink flow passage (32).

The heating areas (25) may be uncovered by the barrier layer (41) to be

25 exposed.

The barrier layer (41), however, should be formed on each of the electrodes

(21, 23) and predetermined regions on the heating areas (25). This structure



15 ~ The barrier layer (41) may be made by el ectroless plating. The
el ectrol esswooorgorii Nng realizes uni formand constant barri erPCEIRO0/OIZBOCH
firmy adheres to the el ectrodes. The el ectrodes (21, 23)
may be superinposed on the heating resi s?ors (24) * © except the heating

areas (25). In this case, a.ontact |ayer 9 ich Q interconn t he
el ect rodes SPQE?SS%Q BrSYeRtH SugEation, g} coptact ?'&'Sggef%wg%éfflﬁcémég aflgr%réd
bet ween the el.ectrqdes (21, 23) and the heating resistors (24). And the
barrier | ayeatipg I¢s1fALs. cover top surfaces and edges of the el ectrodes (21,

23) so that the el ectrodes (21, are not exposed t.o the ink jn. the
i nk flow passage prggctive insulation %&"Fté%& %Y%P%Ps%"eégse *%F&@lﬂsef?ﬁfc@sbr ed
by-the barrier layer (41) to be 25 expoged, X The_ barr] erf ayer
(41), howevand thebagmier Ipxerr@l e dlnthiteass, Beatingregistars (t)anay be mitdfl‘? ) and
predeterm ned regions on the heating areas %25&, ;{H s structure )
6 . sucBc¥is@uNI thefhasierlayer(4dy mayde made of TiW. angd thepretegtivg dnsplatipn
el ectrodes and the heating resistors. A praotective insulation
film(42) rialm 42X oaybe maderoftFaeSiOat | Fejs straglarg prvents a ghoat ¢ifenipgprrens,
| ayer (41). In this case, heating resistors (24) may be made of Ta- 5
Si-O N, thefrbarflowing thyengh(the inkin case ofsamonelithic ink-igh printes hepdt e Asiave
i nsul ati on film(42) may be made of Ta-Si-O  This structur egi)r events a
short cir cuiesult smeoth ink flop isrrealized ang reliebilign of the injjet printesbead o
monolithic ink-jet printer head. As a
improves.
10 An ink-jet printer head according to a second aspect of the present invention
is an ink-jet printer head in which ink is pressed out through nozzles (35) in
predetermined directions by providing pressure to the ink, the ink-jet printer head
comprises:
pressure generators (25), disposed within an ink flow passage (32)
15 communicating to the nozzles (35), which provide the ink with pressure when a
predetermined voltage is applied thereto;
electrodes (21, 23) which are terminals for providing the pressure generators
(25) with the predetermined voltage; and
a barrier layer (41), having resistance against corrosion caused by the ink,
20 which covers the electrodes (21, 23) so that the electrodes (21, 23) are not exposed
to the ink in the ink flow passage.
This structure also realizes a reliable ink-jet printer head which has
excellent resistance against corrosion and migration caused by ink.
A manufacturing method of an ink-jet printer head according to a third
25 aspect of the present invention is a manufacturing method of an ink-jet printer

bead in which ink is pressed out in predetermined directions by vapor bubbles

generated by heating the ink flowing in an ink flow passage (32), the method



result, smooth ink flowis realized and reliability of the ink-jet printer

head | WS GRery 10 An ink-jet printer head accordi pgTUPROGH3R8CONd ~
aspect of the present invention S an ink-jet printer head in which ink
is pressed out through nozzles (35) in predet erm ned directions by
providing pressure to the ink, the ink-jet printer head conpri ses:

pressure geMBPRAISSFs (25), disposed within an ink flow passage (32) 15
comuni cating to the nozzl es 5),, whjch provi.de.the ink with prgssure when
a pr edet er fPHBHEAP étyi‘éfiéﬁ'ﬂllg gi&n}qqg} gY forming heating resbﬁt%tgté@des (21,
23) which are termnals for providjng the pressure generator 25)
with the prishhaving sbeating F&ﬁé?g/)a‘ﬂhwg emits heat wa&“@a‘?‘F&%tF@WngO%tﬂﬁ gs havi ng
resi stance agai nst corrosi on cgused by the ink, 0 which, coyers. the :
el ect rodes aEéEd thegeta, o gipinsulation subs 3&8,(@5 ang %?”%PP& Pays °¥§Ef6§8§es to
the ink in the ink flow passage. .. This strucz e also realizes a
reliabl e 5 (K-23) op theheatingassistors (34 exsept the heating aeas (345 st ance agai nst
corrosion and migration caused by ink., . A manuf act uri ng, met hod of
an ink-jet pri nfosmingyhargies baxer rﬁél)@ baying feyistanessagainst corrgsion caused By, ¢
invention is a manufacturing nmethod of an ink-jet print ?{? Sead I n
whi ch i nk the ipkewhich covers the siestrodes (31,24) 80 Hut spigirleqirodes 631, 23) 87 nt
generated by heating the ink flowing in an ink flow passage (32), the
met hod exposed to the ink in the ink flow passage (32).
According to the above invention, a reliable ink-jet printer head having
10 excellent resistance against corrosion caused by ink is manufactured with easy
process.
The forming barrier layer may comprise forming the barrier layer (41) of
amorphous metal alloy.
The forming barrier layer may comprise forming the barrier layer (41) by
15 plating. In this case, it is preferable that the barrier layer comprises forming the
barrier layer (41) by electroless plating. This method realizes a uniform and
constant barrier layer which successfully protect the electrodes from ink.
The forming barrier layer comprises forming the barrier layer (41) by
photolithography. According to this method, corrosion at contact surfaces
20 between the electrodes and the heating resistors, that is, the migration, is prevented
effectively.
Brief Description of Drawings
These objects and other objects and advantages of the present invention will
become more apparent upon reading of the following detailed description and the
25 accompanying drawings in which:

FIG. 1A is a plan view showing an ink output surface of a conventional print

head in an ink-jet printer, FIG. 1B is an enlarged plan view showing an area



7 _conprises: formng a plurality of heating elenents b

f orm ng heawoepr13ewi stors (24), each having a heating arcRCY/IEHP ch
emts heat when a predeterm ned vol tage igs applied thereto, on an

i nsul ation substrate (18, 19) and forming pairs of electrodes 5 (21, 23)

?gr %hﬁghgaﬁigrﬁ?ﬁaéeﬁﬁ)g%&&{%@e E 1 Porgt HPFigafA NEhPFRPSIE &4 cross sectional

yer I'ng resistance agal nst corrosion caused by

t he i nk, V\hill(ég,glgégra -(frﬁbé![iﬁﬁé(?gﬁs (21, 23) so that said el ectrodes (21,

23) are not ose € Thk ?n the ink flow passage (32).

10 oxcel Pent r oot atcis SHERNIEW soeh it Showilie 4 sl seP bibect pda 'V 10
For mi ng. 1 heaSaRgRo g, Brt ctodipent t 8 BFLAR: BREhLEh wihGoriliiof BFPT! €,
ol at i ng. enbefiing kGl obabiced Spah By ub Uiy Fogd Bpa a2t oo
roal i 2es. o GRS sPeHomaview SERNG 2 slng’s FEP TPRCC, Ui ch Succeseturly
Conpr | ses T or mi nEIGEA Bt PG VIF yshepatisally shoving FhEitief gpple e

ol cot  odes. AAEPTEINE AU e SBATGTSRG O HRHTEA<Gt I yFBHARET, BROANES Bl 8y ont ed
These obj ot PelLissoBtaluied dupiastie BRUAFREEIEeS) SPH3 10y SRR Fofont | on_
Wil 10 sectional view of FIG. 3A along a line B-B';

FIG. 4A is a plan view schematically showing the ink-jet printer head
according to the first embodiment of the present invention when formation of
orifices is completed during the manufacturing process, and FIG. 4B is a cross
sectional view of FIG. 4A along a line B-B';

15 FIG. 5A is an enlarged plan view of FIG. 2A, FIG. 5B is a cross sectional
view of FIG. 5A along a line B-B', and FIG. 5C is another cross sectional view of
FI1G. 5A along a line C-C';

FIG. 6A is an enlarged plan view of FIG. 3A, FIG. 6B is a cross sectional
view of FIG. 6A along a line B-B’, and FIG. 6C is another cross sectional view of

20 FIG. 6A along a line C-C';

FIG. 7A is an enlarged plan view of FIG. 4A, FIG. 7B is a cross sectional
view of FIG. 7A along a line B-B', and FIG. 7C is another cross sectional view of
FIG. 7A along a line C-C';

FIG. 8A is a plan view showing a full-color ink-jet printer head having four

25 ink-jet printer head modules according to the first embodiment, and FIG. 8B is
another plan view showing the same but an orifice plate is not illustrated to reveal

the structure under the orifice plate;



becone nore apparent upon reading of the follow ng detailed description and

the 25 aceysRgy’ng drawi ngs in which: FI G 1APCI/IRO(328D Vi eW
showi ng an i nk output surface of a con\égntional pri nt head in an
ink-jet printer, FIG 1B is an enlarged plan view show ng an area

8 i ndi cated _by a_broken-1Iline uare "a" jn_Fl 1A ,and FIG 1Cis a

cross sectionalflG: 943 é\ﬁF%ﬁséﬁﬁu%Pqiic‘]’FFé" e(_:l@marqﬁ:a}iyg&n_}(gx,g’the Sructure Ofliflei 2A is
a plan view schepatically showi ng the ink-jet, printef hea . C ing to
the first @%iei%‘ﬁnté? ‘K%WEE@'HE“?‘H%‘E?I‘E‘#%M@E&? ﬁﬁ’r&ﬂ%ﬁ“&?’?‘ ‘gothgat igng

elements is conpleted during the manufacturing process, and FIG 2B is a
cross sectPEHALIMYBHOBF FI G 2A along a line B-B'; FIG 3Ais a

pl an view schematically show ng the.ink-jet printer he .according to
the first enbodilPeAP iH? cross sm‘i%%%"%ﬁ%i%ﬁ%éﬁ@ﬂﬁﬁgﬁ%?fhﬁﬁa wal |

I's conpl eted during the manufacturing process, . and FIG. 3B is ross 10
sect i onaP Srusirsofp heating elgmaent in the %ﬁsﬁ pfnter hea‘{jacco%mﬁlt?ith%ﬁrﬁ?s a plan
view schematically showing the ink-jet printer head according to the
first enbotmbedimest of the presend iRVENFPBRHAGbN when formati on of orifices is
conpl eted during the manufacturing process, and FI|G 4B is a cros

sectional vi ewHKIG. tlds asross|sepidonal vieys sghematically showin stryature oL 3
enlarged plan view of FIG 2A, FIG 5B is a cross sectional . View of

FI G 5A al beating dl¢mentringhe inkniet printerdead aceprdingdp the second smbodiment glo,y of

the present invention.

10 Best Mode for Carrying Out the Invention
First Embodiment
A print head for an ink-jet printer according to a first embodiment of the
present invention will now be described with reference to accompanying drawings.
FIGS. 2A, 2B, 3A, 3B, 4A and 4B are diagrams schematically showing steps
15 of manufacturing the print head according to the first embodiment. More
precisely, FIGS. 2A, 3A, and 4A are plan views showing the manufacturing steps
of the print head.  FIG. 2B is a cross sectional view along a line B-B' in FIG. 2A,
FIG. 3B is a cross sectional view along a line B-B' in FIG. 3A, and FIG. 4B is a
cross sectional view along a line B-B' in FIG. 4A. The print head shown in those
20 diagrams is one module in a full-color ink-jet printer. Regardless whether the
full-color printer or a monochrome printer, the structure of each print head module
is the same. In the full-color printer, a series of plural (generally four) print head
modules are formed on one substrate. FIGS. 4A and 4B show nozzles (orifices)
35 whose number is 36. The number of the nozzles 35 depends on the product’s
25 concept. It may be, for example, 64, 128, or 256.
FIGS. 5A to 5C, FIGS. 6A to 6C, and FIGS. 7A to 7C are enlarged plan

views and cross sectional views for explaining manufacturing process of the print



FIG 5A along a line CC; FIG 6A is an enlarged plan view of

FIG 3A FIeOo@®3% a cross sectional view of FIG 6A alRGRITA003250
B-B', and FIG 6C is another cross sectiqgnal view of 20 FIG 6A along a
line CGC; FIG 7A'is an enlarged plan view of FIG 4A, FIG 7B

IS a Cross Restana) step. FYG.?%)}‘?& aﬂﬁﬁée% @ixﬂﬂﬂe@ ofiF16. EA?FIGC?IQﬂ ifhG 7C1is

anot her cross secti’on Vi ew along a line C

FLG 821 choddl RBYAA YicW) Abridch gk B-B* HOFRS. 3 A LFIQIIC IS crd8@Sedipiiand

four 25 ink-jet printer hea S according to the first enbodi nent,

d y . - , : ol |
and FI G 8Bils atong 3 BRECIES iPHRS. $A.CWFIGOBANY =h RR18EFpIAHIViED 2PIEL 88, Pl ate

to revea the structure under orifice plate;
i ucture EILD Bl oh, SHEPTASEw 50k o thE 2 RERES) 62 o Rl A
e 1ot SRR e Aone o BREREES o IEAOT LG, 71 i o ol ' 5%,
neat’ 19,1 SRAorict 18, A6, HBls Bkl en16RA AER sk ghe el i 7,
Th the | k- PERE R Bie R tecBOfHnty Hied A A EIG T oSy SR, SR
and 7A are simplified diagrams each showing just 5 nozzles 35 for easy
explanation.
10 Fundamental manufacturing process will now be described first.
Step 1
A silicon wafer whose diameter is equal to or larger than 4 inches (approx.
10.16 cm) having a plurality of blocks therein is prepared. Print heads are
formed on the blocks respectively. Drive circuits 26 and their terminals are
15 formed on the blocks respectively by the LSI forming process. An insulation
oxide film (Si0O,) having the thickness of 1 to 2 micrometers is formed on the
silicon wafer. Thus, a chip substrate whose surface is insulated is formed.
Step 2
A heating resistor layer, a contact layer, and an electrode layer are deposited
20 onto the chip substrate in this order. The heating resistor layer is made of 3-
element material (tantalum-silicon-oxygen), or 4-element material (tantalum-
silicon-oxygen-nitrogen). The contact layer is made of Ti-W, or the like. The
electrode layer is made of Au, or the like. Those layers are deposited by the thin
film forming technique. The electrode layer, the contact layer and the heating
25 resistor layer are patterned by the photolithography technique. Thus, stripe
shaped heating elements are formed. That is, the patterming forms pieces of

striped heating resistor film, and electrode pieces comprising the electrode layer



the present invention. 10 Best Mbde for Carrying Qut

t he | nvent iwo 00/73077 First Enmbaim®miebos2so

A print head for an ink-jet printer acc;l)@mdi ng to a first enbodi nent of the
present invention will now be described'wth reference to acconpanyi ng

dr awi ngs. _ FIGS. 2A, 2B, 3A, 3B, 4A and 4B are diagrans

schemat i calang thgyenutragt layspare fosmed sorshatra-painof thg elersrodeipiecen savers&ids di ng

to the first epbodi nent. Mre .precisely, FIGS. 2A . 3A, and 4A are plan
vi ews showi(erfis) REeagh-hgating resistgr piespsthus, cepferiaf @apgh heatingregistqripigceds s a

cross sectional view along a line B-B in FIG 2A FIG 3B is a cross

sectional ¥xposed} orfdeexppsnd porons af thecheatipg resistorpiecey@eiheating areagy oss
sectional viewalong a line B-B' in FIG 4A The print head shown in those
20 di agr anmFosisions ef %mmaémgrargaﬁdﬂpm oh pesitiors wherg therplegtrodeenieces|ase s

whet her the full-color printer or a nmonochronme printer, the structure
of each p?ifexmetead nodule =~ is the same. In the full-color printer, a
series of plural enerally four) print head nodul es are fornmed on one

substrate. FI GSFIGH 24R2B Bnd BdnwSashewdbe point heaskafier the abge: stepsk andidber i s
36. The nunber of the nozzles 35 depends on the product's 25 concept. It

may be, foraresempleted.64, 128, or 256. FIGS. 5A to 5C, FIGS. 6A
to 6C, and FIGS. 7A to 7C are enlarged pl an views and cross sectional
views for expl aAniingplationuiayet 49 (shpwr inclE$E Sowhodecexplination will be

10 head step by step. FIG 5A is an enlarged plan viewof FIG 2A, FIG

5Bis a described later) is formed on the chip substrate 18 on which the drive circuits 26

10 have been formed. The striped heating resistor 24 (shown in FIG. 9 whose
explanation will be described later) is formed on the chip substrate 18 on which the
insulation layer 19 has been formed. A pair of a common electrode piece 21 and
an individual electrode piece 23 are formed on each heating resistor piece 24 so
that the heating area 25 is exposed. Thus, a plurality of heating elements each

15 comprising the common electrode piece 21, the individual electrode piece 23, and
the heating resistor piece 24 are formed. The heating elements are arranged in
line at regular intervals (resistor line 25'). In fact, each of the common electrode
piece 21 and the individual electrode piece 23 do not contact the heating resistor
piece 24 directly, that is, the contact layer (not shown) intervenes therebetween.

20 As shown in FIG. 2A, a power supply terminal 22 is formed, and it is connected to
one end of the common electrode 21. The plurality of individual electrode pieces
23 form an individual electrode line 23°.  The individual electrode line 23’ is
parallel to the drive circuit 26. A plurality of drive electrode terminals 27 are
formed near one end of the drive circuit 26. The terminals 27 interconnect the

25 drive circuit 26 and peripherals.
Step 3

The chip substrate is then coated with a to-be-wall layer made of an organic



cross sectional viewalong a line B-B in FIG 5A and FIG 5Cis a cross
sectional -wowemeralong a line GC in FIG 5A FIG 6A is aPCHIPG/032R0

pl an view of FIG 3A FIG 6B is a cfygess sectional viewalong a line
B-B in FIG 6A and FIG 6Cis a 5 cross sectional viewalong a line CGC

in FIG 6A FIG .7A.is an enl atrged pl an. ie f.FIG, 4 El. 7B i.s a
l:r oss sect i BAaNa) F‘é%l' a3 E}F&P?P\{spﬂ’@ pimide. Flrlge GVf\;ﬂ?ed Eye%]?ﬁ%kf thickpess é’lfa
cross sectional vie ng .atine C in FI 7A..:FIGS. 5 6A and 7A
are sinpli f?WE%%%@g‘&’ﬂ“?ﬁ% N ﬁg{i’%w%}%eéés B ‘PIBFf\BXsy
explanation., 1 Fundanent al facturi rqQqcess wll .no e

d)ég cri bel:l f P]i’%‘f’ﬁth°grap§ygtﬁglimque or the Tk R‘“glL{F Ir“’%ﬁgt\ﬁaftg F“%ﬁ%é‘@d?ﬁ M‘E"e‘f’oq S
equal to or [l arge han. 4 _.inches (appro 10, 16 cm) .having a pluralit
oTB) oties 1 fers Colsti top 2 B COmpbEeR, o thus,a avall who s heifits 2nibmitely ¥
respectively, Drive circuits 26 d their termnals, are 15 _fornmed on the
bl ocks 1 6Spbl FRGEYeIE if fermhed m@gmfiyg he sdldetoemin R an 2 BAW PassAge do
film(Si Q) having the thickness of 1-to 2 microneters_is forned on the
silicon waf epmmpmigcating tegach fising chambegpdhege heating-arep 25iindipgsedy i s forned.

Step 2 A heating resistor |ayer, a contact |ayer, and an
el ectrode I§§’-‘é’r4are deposited 20 onto the chip substrate in this order.
The heating resistor |layer is made_ of_ 3- el enent materi al

(tantal um si | i coWebgichang or sandblastingiscamigedeniio groaye thegwyface of the chip
silicon-oxygen-nitrogen). The contact |ayer is made of Ti-W _ or the |ike.
The el eSubsteate, anday carempn dek supply gropve isdormed. Them an igkdnlst 51 e
deposited by the thin ~ filmformng technique. The el ectrode |ayer, the
contact | Wy epmamithieated Madx tha gonmson ink spply Eeppve vahieh nopencA dbrayghithe
phot ol i t hography techni que. Thus, stripe
back surface of the chip substrate is formed.
FIGS. 3A, 3B, and 6A-6C show the print head after the above steps 3 and 4
are completed.
A common ink supply groove 28 and an ink inlet 29 communicating to the
15 common ink supply groove 28 are formed in the chip substrate 18. A wall 31
determines the ink flow passage. The wall 31 comprises a sealing wall 31-1 and
partitions 31-2. The partitions 31-2 extend from the sealing wall 31-1 like a
comb so that the heating areas 25 are separated from each other by the partitions
31-2. Individual ink flow passages 32-1 communicate respectively to the firing
20 chambers above the heating areas 25. Thus, each of the heating areas 25 is
surrounded by the sealing wall 31-1, a pair of the partitions 31-2, and one of the
individual ink flow passages 32-1.
Step 5
An orifice plate (10 to 30 micrometers thick) made of polyimide is prepared.
25 One surface of the orifice plate is coated with thermo-plastic polyimide until it has

the thickness of, for example, 2 to S micrometers. The coated thermo-plastic

polyimide acts as adherence between the orifice plate and the wall. The orifice



shaped heating el ements are formed. That is, the pattérni ng forms pieces of
striped he?kid%ﬂlsﬁﬁs' stor film and el ectrode pi eces conpri spoyIPdem32so '

el ectrode | ayer 11

and the contract |ayer are fornmed so tﬂgt a pair of the el ectrode pieces
covers tips  (ends) of each heating resistor piece  thus, center of each
heating r epipteris prossed to the wall “B%@s'@&l.%eﬂgree‘}f&?gpetﬂ 3&§qu%??§ s’flﬁ’e&‘ﬁﬁat i ng

resi stor pieces are heating, areas, Posi t | of ..t he heat.i ar eas
de%gnd on the¥ are gnck (hesch qther t r G ‘EE?E'%e(&EeF’o?rrgh.&g o
FIGS. 2A, 2B and 5A-5C show the print head after the_ gbove steps 1
are conpl eappgoximately 0.5 to Armlpffm&aﬂh&kwéy@ gn(ﬂ%%ﬁc? HleaF‘?'G I09 angg ’
explanation will be described later) is forned on the chip substrate 18-
on \_Nhltch tzi@?(ﬁ]i've circuits 26 10 have been forned. The striped heating
resi stor shown in FIG 9 whose expl anation wll bhe described | ater
is forme8 on t heanetal filmsony the orifige platgis B#t‘tfﬁﬁd’ thus 3 metalapaskforayer 19 ha)s.
been forned. A pair of a common el ectrode piece 21 and an indi vi dual
el ectrode srlentivelBetshingitbe epificeplata by dix stobing lsdormedy Thendhoheligon ¢ hat
the heating area 25 is exposed. Thus, a plurality of heating elenents each
15 conpr i sdnretching ootholike isearried eupiodosmmultipie-orifigrsy FaribhavddEct r ode pi ece
23, and the heating resistor piece 24 are fornmed. The heating el enents
are arr angdiameter of 14 ior26 micromgtersiinithe erifige plate. e sThatds, muliiplonozzley n f ¢t |
each of the common el ectrode
for outputting ink droplets are formed at once.
10 FIGS. 4A, 4B, and 7A-7C show the state immediately after the above steps

5 and 6 are completed.

As shown in FIG. 4A, an orifice plate 33 covers.almost all areas on the chip
substrate 18 except the power supply terminal 22 and the drive electrode terminals
27. Multiple minute spaces surrounded by the wall 31 and the orifice plate 33 are

15 formed. Each space has the beight of 10 micrometers. A common ink flow
passage 32-2 having the height of 10 micrometers is formed between a set of the
individual ink flows 32-1 and the common ink supply groove 28, thus they are
communicated with each other. The nozzles 35 are formed in the orifice plate 33.
The nozzles 35 are formed just above the heating areas 25 respectively. The

20 nozzles 35 are formed by the dry etching with using a metal mask 33-1. Thus, a
print head module 36 for a single color having a line of nozzles 35 whose number
is 64, 128, or 256 is completed.

Accordingly, the nozzles 35 are formed in the orifice plate 33 so that the

nozzles 35 are placed just above the heating areas 25 respectively, after the orifice

25 plate 33 is adhered to the wall 31 on the chip substrate 18.. This method is

practical one because it improves productivity rather than a method in which an

orifice plate 33 which previously has nozzles 35 is adhered to the wall 31.



pi ece 21 and the individual electrode piece 23 do not contact the heating
resistor - weooaem724 directly, that is, the contact |ayer (nPCTAPH03}30

i ntervenes therebetween. 20 As shown in4gl G 2A, a power supply term nal
22 is fornmed, and it is connected to one end of the comon el ectrode

giec;gdgl ?’fﬁ'e'tz Reqte Whitsithf mfiﬂe%%éﬁ??&ﬁfsf?ﬁ%mgéhgﬁgzﬁmi‘gréﬁ?w dual
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patterned py ot o |tho y technique or the |ike, and S subjected to
Curi ng un “§6E?BWHM£ ees Celsius for 30 to 60 mi nutes. Thus a
wal I whose hei gh rOXI 0O m.cr ers.is forned _and f

The wal | det er i Ve steps 16 ép‘i@?& tmed ug ﬁﬁw‘&)ﬁ E%EF%“@BCS ‘Hf st |ng
chanber where heatlng area 25 i s disposed. a?tchlng

or sand bl ast g stlicqdawafery Bigxt ftsparlaa\ﬁéenﬁgdéﬁpsacgbaf I%F@%HFWW
substrate, and.a cqommon ink supply %ﬁoove is formed. Then, an_ink inlet 10

conmmuni cat edsﬂi‘teﬁ along srikedines by dising $av ey thedike h Thusy the Hlicem RIS t he

divided into multiple chip substrates 18. = Each chip substrate 18 is bonded on a
10 board, and a complete print head for practical use is produced.

A monochrome ink-jet printer employs the single print head module 36
having a line of the nozzles 35. For full-color printing, inks for subtractive
primaries yellow (Y), magenta (M), and cyan (C), and black (Bk) for characters
and black portions in an image are required. Therefore, at least four lines of the

15 nozzles are necessary. According to the above described method, it is able to
form a monolithic print head having four print head modules 36. The print .head
modules 36 are positioned precisely by a known semiconductor manufacturing
technique.

FIG. 8A is a plan view showing a print head 38 having four print head

20 modules 36 for full-color printing. FIG. 8B is another plan view showing the
print head 38 in which the orifice plate 33 is eliminated for revealing the structure
of four-line print head modules 36.

As shown in FIGS. 8A and 8B, the full-color print head 38 comprises four
print head modules 36a, 36b, 36c, anﬂ 36d. In the print head 38, for example,

25 yellow ink is supplied to the heating areas 25 in the print head module 36a via a
common ink supply groove 28a, magenta ink is supplied to the heating areas 25 in

the print head module 36b via a common ink supply groove 28b, cyan ink is



back surface of the chip substrate is forned. FI GS. 3A, 3B, and
6A- 6C showywhgeorit head after the above steps 3 and 4 FEIrebaRset ed.
A common i nk supply groove 28 and an ink_ inlet 29 conmunicating to the 15
comon i nk supply groove 28 are forned the chip substrate 18. A wall 31
determ nes the ink f|low passage. The wall 31 conprises a sealing wall 31-1

and pa¥unplied 4o tip heatingpseas3y i the psing head medaleSGerdipmarapsmeninkg wal |
31-1 like a conb so that the heati nﬁ areas 25 are separated from each
ot her by t$RPDhxEIgoVe38s, and biagk ink jsfupplied to theheating aress 334n dhe print
comuni cate respectively to the firing 20 chanbers above the heating areas
25. Thus, beadimedule36dnaa aicagmenink supplygroove 28dr ounded by the sealing
wal | 31-1, a pair of t hesgart itions 31-2, and one of the | ndi vidual ink.
f1 ow passages Jn-addition toghe gbeve described fundamentalisteps, fhepresent dnveptign
m crometers thick) made of polyimde is prepared. 25 One surface of the
orifice Pl featuresa ouaeavenfor making ewrorion résistad|ejé¢otiodes (cominon eldgtrodes  t he
t hi ckness of, for exanple, 2 to 5 microneters. The coated therno-plastic
pol yi mi de 2tuasd imlividbel electeodest2d avhichnis exechtied afier step 2andThdtds, \adbdrriefThe
orifice 13 plate is
pressed t olaykeisfatthed on¢he elecrodelayenr eThe bagier {ayes 6drming peeesOelili us, t hus
they are stuck to each other firmy. Then a netal film (N, Cu, or Al) of
now be described in detail. '
FIG. 9 is a cross sectional view schematically showing the structure of one
10 of heating elements, and FIG. 10 is a cross sectional view showing another
structure. FIG. 9 shows one of multiple heating elements formed through step 2.
That is, the heating element comprises the heating resistor piece 24 whose one end
is covered with the contact layer 39 on which the common electrode piece 21 is
superimposed, while the other end is covered with the contact layer 39 on which
15 the individual electrode piece 23 is superimposed so that the heating area 25 is
exposed. The chip substrate 18 on which the insulation layer 19 is formed has
thus formed multiple heating elements thereon.
The heating area 25 will directly contact ink because it is exposed as shown
in FIG. 9. This structure realizes efficient energy usage for boiling the ink.
20 However, if the common electrode 21 and the individual electrode 23 are also
exposed to the ink in the same manner, corrosion or migration occurs, and the
electrodes are deteriorated.
To avoid such the problem, a barrier layer 41 (10 to 1,000 nm thick) is
formed on the electrodes (common electrodes 21 and individual electrodes 23) of
25 the heating elements after the heating elements are formed through step 2. The

barrier layer 41 is a protective layer having resistance against erosion such as the

corrosion and the migration caused by ink, water, and other reactive substances.



approximately 0.5 to 1 microneter thick is fornmed on the orifice plate.
Step 6 5 -WwWOoo0/TMITnetal filmon the orifice plate is patter RET/IPOKIREIH
metal mask for sel ectively etching thggorifice plate by dry etching is
formed. Then, the helicon dry etching or the like is carried out to
formmul tipl | fd 1A B RV} arrfll Q%FJI L ) rs,
in the orifilgrgsgfégtlg.g&?hat |-sa,t$?errﬁ#?lll%r)e N6z e?l A}L’ ?o%re gﬁ%&'}%ﬁgﬁ)ﬁc
droplets ar g@& | . 4B - he
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state i nmedi at ter e a’bove st eps are conple
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el ectrode t i nal s 27. Multiple mnute spaces surrounded by the wall
31 and the ori‘fice plate 33 are 15 forned. Each space has the hei ght of 10
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rather than a nethod i ich an
are coveregl w1rt]h e barrier layer 41. In other words, the barrier layer 41 covers

the electrodes 21, 23 and the contact layer 39 so as to prevent them from being
exposed to the ink. Thus formed barrier layer 41 will protect the aluminum
(amphoteric metal) electrode from being solved into the ink, or prevent the

15 migration from occurring at the contact surfaces between the heating resistor layer
and the Au electrodes, because of high resistance against the corrosion. Asa
result, the electrodes are prevented from being peeled off from the heating resistor.

Electroless plating is one of suitable methods for forming the barrier layer

41. The electroless plating is carried out in accordance with ordinary process but

20 employs complex compound solution of single atomic metal such as Ta and Ti.
According to the electroless plating under the above condition, the barrier layer 41
made of single atomic metal having the thickness of 10 to 1,000 nm is formed.
Thus formed barrier layer 41 has constant thickness with uniformity over the
surfaces of the electrodes 21 and 23 which should be covered. Not only the

25 electroless plating, ordinary electrolytic plating may be employed for forming the

barrier layer 41.

The barrier layer formation may employ the photolithography technique.



orifice plate 33 which previously has nozzles 35 is adhered to the wall 31.

14 wo bdistrcase where the nmetal mask 33-1 for form ngclrfyeos2ss es 35
by the dry etching is made of N, or Al, selection ratio of resin

to the metal mask 33-11is approxi mately 100. In this case, necessary
t hi ckness of the netal mask 33-1 for etching the polyimde film(29 to
31 i cr onelethis ¢seky corgosion yesistant Yastighlayenisformed endhe ehipsphsfrate 18 on
m croneter). The above steps 1 to 6 are perfornmed under the chip
subst r at eswhirhea plugality|of heating elamenss havedieepdpaned.Nekhe SPUIPTNg &f 1Rt ep f or
dicing. That is, the silicon wafer is diced along scribed |ines by a
di ci ng sawceatingie enipleyedmioformtaheorsosion rasistant barrier layer qyiey threehipnt o
mul tiple chip substrates 18. Each chip substrate 18 is bonded on a_ 10
board, andsubstratepl®:t eThen, wrdinasyiphasolifhographyprocess is exqsutad fospatterning
A monochrone ink-jet printer enploys the single print head nodul e 36
having a8 thecbarfiet hayenozThus; ti¥SbarFier layer #1 dofarmegranly b gequirsdsareas: .
subtractive primaries yellow (Y), magenta (M, and cyan (C), and bl ack
(Bk) for char acinethis case, thefohhet kammier dayend 1ishould have geargins foe goinplete
Therefore, at least four lines of the 15 nozzles are necessary. According
to the abovevetfifcévendd thecinasidforithe ipatterning deviates. f Nfore previsedy,ithebarrieri nt
head having four print head modul es 36. The print head nodul es 36 are
posi ti oned l4yegdil @k mdrying 44nDwhictesdat edghsadfahe heatiigareas 2hgas showndshni que.
FIG 8Ais a plan view showing a print head 38 having four print head

FIG. 10. According to this structure, the barrier layer 41 covers edges of the

10 stacked electrode 21(23) and the contact layer 39, and seals boundary seams Q
between the contact layer 39 and the heating resistor 24/the electrode 21(23)
comipletely, even if the mask deviates during the patterning.  This structure
improves yielding through the manufacturing process. Since all of the boundary
seams Q are completely sealed by the barrier layer 41, the migration is prevented

15 more effectively rather than the case shown in FIG. 9.

It is generally known that contact-potentia] difference between outer electric
potentials (Volta potential difference) of two conductors being in contact with each
other causes tunnel effect. In a case where, for example, two metals (o, B)
having no charges being in contact with each other, electrons transfer from one

20 metal having smaller work function of electron to another having larger woxl'k
function of electron by the tunnel effect. After electrochemical potentials in the
metals are equaled to eaéh other by the electron transfer, they are equilibrated. If
the electrodes 21 and 23 (metal) and the heating resistor 24 are exposed to
electrolytic ink, anode dissolving reaction occurs repeatedly before equilibration

25 appears. Such the anode dissolving reaction promotes corrosion, as a result the
print head will be broken eventually.

The above described structure shown in FIGS. 9 and 10 allows only the



20 nmodules 36 for full-color printing. FIG 8B is another plan view show ng
the ~ prirMvoleease738 in which the orifice plate 33 is elim n®cadrbeo32so
revealing the structure of four-lineqgint head nodul es 36.

As shown in FIGS 8A and 8B, the full-color print head 38 conprises four
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The print head according to the second embodiment comprises a protective
insulation film formed on the barrier layer 41. The protect film is effective in
preventing extra bubbles from being generated by electrolysis in the ink.

As shown in FIG. 11, a protective insulation film 42 is formed so as to cover

15 the barrier layer 41 and the heating area 25. Material of the protective insnlation
film 42 is Ta-Si-O. The composition elements of the protective insulation film
42 are similar to those of the heating resistor film 24 (Ta-Si-O-N), but composition
ratios between them are different. That is, composition ratio of O to others in the
protective insulation film 42 is higher than that in the heating resistor film 24,

20 therefore, the protective insulation film 42 shows better performance as an
insulator.

Since the protective insulation film 42 is made of Ta-Si-O, it adheres well to
the barrier layer 41 made of Ti-W or the like. Moreover, since composition
elements of the protective insulation film 42 (Ta-Si-O) are similar to those of the

25 heating resistor 24 (Ta-Si-O-N), they also adhere well to each other. Accordingly,
~ the protective insulation film 42 firmly adheres to the surface of the heating

element, that is, over the barrier layer 41 and the heating area 25.



That is, the heating el ement conprises the heating resistor piece 24 whose

one end  wbgosfyered with the contact |layer 39 on which t h1emGRs2se
el ectrode piece 21 is superi nposed, ile the other end is covered with

the contact layer 39 on which 15 the imndividual electrode piece 23 is
superinposed sq.that, the heating ea 25 is . exposed, .The chi,p substrate
18 on which the® momoc;hef%am%cr gfa»srmewage 41 nglﬁi‘slsﬁ’ﬁ%ﬁ%emnti ple
heating el enents theregn. . . . The heatiing,area 25 wll diregtly
contact | nkeshg against disoling sasepsign %wgwuomr ¢ pretective tpgpletion flm 1/ o
realizes efficient energy usage for boiling the ink. 20 However, if the
common el ef? iRsuéates ths heating elemengs from thejinkt r ode 23 are al so exposed to
the ink in the sane manner, corrosion _qr mgration_ occurs, and the
el ectrodes are HaRiotestiye desnlation film 42 is ylgopffective in prevpeting ashesty; 2
barrier |layer 41 (10 to 1,000 nmthick) is  fornmed on the el ectrodes
(cormon & eireyibeasent from @cew@ing; d e sBoRGiricnrient may ocpyr itheheat i ng
el ements after the heating elenents are fornmed through step 2. The
barrier | ajonolithi¢ stractpresinewkich dbe diive civenits2p and thecheating glpments axer osi on

such as the ~corrosion and the m gration caused by ink, water, and other
reacti ve soisuntedcansthe same chip 18. In this case, the short circuit current flows 16

Proposed materials suitable for the barrier |ayer 41 are, for exanple,
si ngl e at ohetaveen thereleetirodascif the haatingelement (eompeon tletuods 2Trand cor r osi on
resi stant anorphous alloy such as tantal umal um num (Ta-Al), titanium
nitride, aindividualelestradedPdand a(ground circud} of the semiconductor substrate via the
10 ink. The short circuit current causes electrolysis in the ink, thus extra bubbles are
generated. Those extra bubbles block ink flow, as a result, ink output
performance is deteriorated. Since the protective insulation film 42 exists
between the electrodes 21 and 23 of the heating element and the ink, occurrence of
the short circuit current via the ink is prevented certainly, thus, the electrolysis in
15 the ink does not occur.
In a case where the common electrodes 21 and the individual electrodes 23
are formed on the contact layer 39, the electrodes 21 and 23 are likely to overhang.
In this embodiment, the barrier layer 41 is formed on the electrodes 21 and 23 so
as to cover the edges of the electrodes 21, 23 and the contact layer 39, and the
20 protective insulation film 42 is formed on the barrier layer 41. According to this
structure, the previously formed barrier layer 41 buffers the overhangs of the
electrodes 21 and 23, thus the protective insulation film 42 formed on the barrier
layer 41 will have smooth surface because it is not affected by the overhangs of the
electrodes 21 and 23. In other words, the above structure realizes excellent step
25 coverage, thus, necessary insulation is accomplished.

According to the above, the protective insulation film 42 is formed even on

the heating area 25 in order to improve cavitation resistance of the heating area 25,



5 ~As shown in FIG 9, the barrier layer 41 is fornmed on the comon
el ectrodes Moaoasorhe i ndivi dual el ectrodes 23 so that the el pcToPeizs28dl
and 23 are not exposed to ink in theppnk flow passage 32. Mre
precisely, not only top surfaces 21-1 and 23-1, also an edge 21-2 and

both sid t shown) of t k | ectirode 21 and
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| ayer 41. Th eI ectr I es | at i Is carried out in accordance with

ordi nary processiBgab 0‘23 58 Hﬂp assisenfieddaillusteate the BiesRfite at oni c

metal such as Ta and Ti Accor di ng to the el ectrol ess pl atl ng under the
e

above condi t“?‘fﬁ‘?“°{‘h’é°tt)‘8rl’rq”érth?é‘§f’é’re i Presﬁ%'d’é"é*“%‘? -ngiBe sgapeiaf thet al

havi ng the thickness of 10 to 1,000 nmis fo Thus forned barrier
| ayer 41 ha®resERGHYARtiQMisshosasb wltqwatmh%ﬂww r%ibé? thapdhe embedimentes of
t he el ectyodes, 21 and _23_which_should be covered. Not only the 25

el ect r ol ek YArious spp Spmq{&ﬂyadﬁ Efétb%rbﬂwmempn&pfﬂ@eqwab@t efrtheslaims of
formng the barrier er 41. The barrier |ayer formation
may enpl oy flprenwﬁgtggp p@ch@@ ﬁgp Ql@ma@l}g be regarded to be in the scope of the

present invention.
The present invention is applicable not only to the thermal ink-jet printer but

also to other ink-jet printers which generate pressure energy to output ink.

15 Applicable insulation substrate is not limited to the silicon substrate on
which an oxidized insulation film is formed. The present invention may employ
a glass substrate, a ceramics substrate, or the like, that is, a substrate itself is made
of insulation material. The present invention is applicable to a non-monolithic
ink-jet printer in which the drive circuits are separated from a head substrate.

20 This application is based on Japanese Patent Application No. H11-151322
filed on May 31, 1999 and including specification, claims, drawings and summary.
The disclosure of the above Japanese Patent Application is incorporated herein by

reference in its entirety.



17 In this case, a corrosion resistant barrier layer is formed on the

chi p subst was gorig7Pn which a plurality of heating el emenpgr/ypyfoRsFn
formed. The sputtering or spin coatlﬂg is enployed to forma corrosion

resistant barrier |ayer over the chip substrate 18. Then, ordinary

photol it hography process is executed for patterning 5 the barr| er |ayer.

Thus, the barrier layer 41 is formeinFAW§n requi red areas. ' I n

this case, the forned barrier i‘ r_41 shoul d have margins for conplete
e

covering even ik th etannteﬁ phin whighnigkde pressedsoutyp peedatemmisedy  t he

barrier | ayer 41 has margins 41-1 which seal edges of the heating areas
25, as shofire¢tions by vapor bubblepgergrateddy heating she ink, saidrink-jetrprintar heask | ayer
41 covers edges of the 10 stacked electrode 21(23) and the contact |ayer

39, and seapmpHsi@gidary seams Q bet ween the contact layer 39 and the
heating resistor 24/the el ectrode 21(23) conpletely, even if the mask
devi at es Sdur i ngant insulationenbstrage (18:i19) st least aiswgface thenepf Besingulstati ng
t hrough the manufacturing process. Since all of the boundary seans Q
are conpl et el y sphirglitylof heating ssisters (R4) whicklare fommed o said dmsulatigr event ed
15 nore effectively rather than the case shown in FIG 9. It is
gener al | y kulbstrate, leach ob whinh hasat eatinglareli (259 mdnicieennits veatnwhernt ar el ectri c
potentials (Volta potential difference) of two conductors being in contact
with each predetaytiined valtageds applisal thefetect . | n a case where, for exanple,
two netals (a, [err]) havi ng no charges being in contact with each
ot her, el ect r ons pair afieleetrofesfRlod?) wﬁﬁ:hmtebdctﬂmllyrqpmmbﬂm each &f §aidict i on
of electron to another havi ng | arger work
10 heating areas (25);
a wall (31) which is formed on said insulation substrate (18, 19) to
determine an ink flow passage (32); and
a barrier layer (41), having resistance against corrosion caused by the ink,
which covers said electrodes (21, 23) so that said electrodes (21, 23) are not
156 exposed to the ink in said ink flow passage (32).
2. The ink-jet printer head according to claim 1, wherein said barrier
layer (41) is made of amorphous metal alloy.
3. The ink-jet printer head according to claim 1, wherein said barrier
layer (41) is made by electroless plating.
20 4, The ink-jet printer head according to claim 1, wherein said electrodes
(21, 23) are superimposed on said heating resistors (24) except said heating areas
(29).
S. The ink-jet printer head according to claim 4 further comprising a
contact layer (39) formed between said electrodes (21, 23) and said heating
25 resistors (24) to interconnect said electrodes (21, 23) and said heating resistors
(24).

6. The ink-jet printer head according to claim 4, said barrier layer (41)
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function of electron by the tunnel effect. After electrochem cal potentials
in the WPet08738973r e equal ed to each other by the el ectron PEEHEHE328G hey
are equilibrated. If the el ectrodes 22 and 23 (netal) and the heating
resistor 24 are exposed to el ectrolytic ink, anode dissolving reaction

occurs repeagg@rgt%?%@ggn%?gﬂalehpég&@l@_elgc'ircﬁgg.ears. Such the anode

di ssolving reactio es corrosion, as a result the print head
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transfer by | effectels i npossi ble matter. Therefore, anode
di ssol vi ng rtgggédég&gggsu%%tégécur. As a result, excellent heating

el ement agg nst cerr Osglﬁ{] ﬁ'n%yje{ Bhnie% nead laci:czoei"gingqgrc a1 whiRin sad rh%itiérigt)ﬁgce

is.effective for a |l on
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preventing eﬁ}[e? (Qij)t')bl es from bei ng generated by e] ectrol ysi s in the ink.
10 10.  The ink-jet printer head according to claim 9, wherein said heating
resistors (24) are made of Ta-Si-O-N,
said barrier layer (41) is made of Ti-W, and
said protective insulation film (42) is made of Ta-Si-O.
11.  An ink-jet printer head in which ink is pressed out through nozzles
15 (35) in predetermined directions by providing pressure to the ink, said ink-jet
printer head comprising:
pressure generators (25), disposed within an ink flow passage (32)
communicating to said nozzles (35), which provide pressure to the ink when a
predetermined voltage is applied thereto;
20 electrodes (21, 23) which are terminals for providing the predetermined
voltage to said pressure generators (25); and
a barrier layer (41), having resistance against corrosion caused by the ink,
which covers said electrodes (21, 23) so that said electrodes (21, 23) are not
exposed to tl;e ink in said ink flow passage (32).
25 12. A manufacturing method of an ink-jet printer head in which ink is
pressed out in predetermined directions by vapor bubbles generated by heating the

ink flowing in an ink flow passage (32), said method comprising:

O




As shown in FIG 1 1, a protective insulation film42 is formed so as to
cover 15 {Lheod?RoF7 €r | ayer 41 and the heating area 25. Mat ecrapomdszshhe

protective insulation filmd42 is Tagsi -O The conposition el enents of
the protective insulation film 42 are simlar to those of the heating

resistor film24 (Ta-Si-ON), hut ,conposition . rati os betwee em are
different. That f‘!’é’;‘“ﬂ:ﬁﬁ% ﬁ?)tﬂ‘qagflgﬁ cgpems gg fB'E’WQﬂg‘eflﬂng ﬁ%‘“swrsn%?gt ective
insulation film42 is higher than that in th eating.resistar. film.24, 20
therefore, © ‘F‘bp‘b‘f‘%ﬂé p P’F??JES} Wh’r&f‘?% h?ﬁs‘ﬁlﬁﬁsﬂ :Béﬂftérm%ﬁrvalﬁﬁﬁ&% as an
i nsul at or. . Since the, protective_insulatjon filmda42 is de of
Ta-Si- O, i ePRlisftheretqon ag Hlsupam?lrf@%%#m(i& @faﬁ A TRp RN OT RISSHRIFS ¢ e

| i ke. Moreqgver, since conposit.ion el ement s of. the prgtective insulation
filma2 (TEiZR)ngsaid heating resistory (r?é‘s?éxstrptt%f h%mSé'éﬁ%r{zg}’esi stor 24
(Ta-Si-O-N), they also adhere well to each other. Accordi ng}l% bt he
protecti V@ i nsufcrming aparmigriayer; (1), haxmedegistange aganst corepsion fausel bR o at i ng -
el ement, that is, over the harrier layer 41 and the heatin 25.

o the ink, sdhaeh Sviery 2id iscapy (1. 29) se thas saidrlecsiades (1. 23) 8F¢ 41
which is effective in_~ resisti ngk’agai nst di ssol ving corrosion and

ni gr at i on, nohexprsed ée theiakiinsaidink dlow passage 322 | nsui ates the heating

el enents fromthe ink. .The protective insulation film42 is al so
effective in prédentThaymgthodpceording tq ¢laim i 2¢ whesin smﬁémmw.%%e

short circuit current may occur in the monolithic structure in which
the drive somprisesforging gaidiharmerdayery4d) efamorphgus metal alloy.

10 14. The method according to claim 12, wherein said forming barrier layer

comprises forming said barrier layer (41) by plating.

15. The method according to claim 14, wherein said forming barrier layer
comprises forming said barrier layer (41) by electroless plating. -

16. The method according to claim 12, wherein said forming barrier layer

15 comprises forming said barrier layer (41) by photolithography.
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nounted on the same chip 18. In this case, the short circuit current flows
bet ween t he woaotrserdes of the heating el enent (common el ect r oRETAP0GIPA280

i ndi vi dual electrode 23) and a ground circuit of the sem conductor
substrate via the 10 ink. The short circuit current causes electrolysis in

the ink, thus extra bubbles are generszgd. Those extra bubbl es bl ock
ink flow, as a result, ink output - per mance i s deteriorated. Since
the protective insulation film 42 exists bet ween the el ectrodes 21 and
23 of the heating el enment and the ink, occurrence of the short circuit
current via the ink is prevented certainly, thus, the electrolysis in 15
the ink does not occur. In a case where the comon el ectrodes 21
and the individual electrodes 23 tre formed gn the contact |ayer 39,
the el ectrodes 21 and Eﬂf%élke|gét0 overhang. 13 In this enbodi nent,
the barrier layer 41 i or me e el ectrodes El and 23 so as to
cover the edges of the électrgg 1, 23 and the fontact layer 3, and the
20 protective insul affi TIIBLQZ i}]s formed on f{ NN Iaye( 41
According to this $§K Htfhe previously |f rijgf |ayer 41
buffers the overhangd [Qf | e@ rodes 2114nd S |[the protective
insulation film42 fq t rrier | g\fer 4 Hav noot h
surface because it ig by the overhgngs ] e%ﬁectrodes
21 and 23. In other ve structurelrieali gl lent step 25
coverage, thus, neceg tlifon is accofplji §hed: C’ According
to the above, the prdg [lation fil ma42a i ven pn t he
heating area 25 in or e cavitatiqnlresi t_LﬁE heat i ng
area 25, 15
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20 however, the protective insulation filma42 on the heating area 25
det eri or at §fp gor730Pner gy efficiency of heat emssion by the lpesispogosasea 25.

In a case where priority is given to energy efficiency rather than
cavitation resistance, the protective insulation film42 may be forned
except the heating area 25. 5 Vari ous enbodi nents and changes may
be made thereunto w thout departi n92{60m the broad spirit and scope of
t he i nvention. The above-descri bed enbodi ments are inten to
illustrate the present invention, not to limt the sc of the[l{aresent
i nvention. TIR2 scopedPf the preddit invention is sho t ached

clains rather \than the enbpginments. \10 Vari modi fic3
t he nmeani ng[ofy)an Nvallent of tHe clains of the i

)
the clains §rf IV ddrded to He [Nt ABRBRbLE of the
I nvention. R
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reference inits entirety.
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i nk-j et prlnter head in which ink is pressed out in predeternined

di rections by vapor bubbl es generated by heating the ink, said ink-jet

printer head conpri si ng: 5 %g,insulation substrate (18, 19) at
| east a surface thereof is an insulator; 6 a plurality of heating
resistors (24) which are formed on said insulation . substrate, each of
whi ch has a heating ﬂb 25) which emts ggpat when a prqﬂeternined

vol tage is applied t
Is electric s
a wal | (31)4§ﬁ¥c
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20 4.

The ink-jet printer

head according to claim 1, wherein said

el ectrodes woo00f3077 23) are superinposed on said heating res-}&ﬂp&,&g@

except said heating areas
head according to claim4 further conprising a
fornmed between said el ectrodes (21, 23)

(25) .. 5.

| ayer

(39)

to interconnect said el ectrodes (21, 23) ®hd said heating resistors

(24). 6.

The ink-jet printer

head according to claim4,

barrier layer (41)

covers top surfaces &
printer
formed on eachygof sai
sai d heating #Peaz—pJ
to claim1, wherein g
barrier layer (41) tdg
according to claim1l
(42) fornmed over said
10 10. The in
heati ng resi storg

head accordi g =
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heexposed
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The ink-jet printer
cont act
and said heating 25 resistors (24)
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said barrier | ayer 441) I's made of Ti-W and said protective

insul ation fiMA©#Y77 s nade of Ta-Si-0 . 11. AN i Nkngy@ipobiod22b €
head in which ink is pressed out through nozzles 15 (35) in predeterm ned
directions by providing pressure to the ink, said ink-jet printer head
conpri si ng: pressure generator 5), disposed wthin an ink

fl ow passage (32) communi cating to sai ozzles (35), which provide
pressure to the ink when a #-sapredeterm ned voltage is applied thereto;

20 el ectrodes (21, 23) ‘which are termnals for: providing the

pr edet er m ned voltage to said pressure generators (25); and

a barrier layer (41), having resistance against corrosion caused by the

i nk, whi ch covers said el ectrodes (21, 23) so that sdt el ectrodes (21,
23) are not exposed to the ink in said ink flow passage (32). 25

12. A manufacturing nmethod of an ink-jet printer head g ych ink is
pressed out in prede q;iri ned digﬁctions by vapor bubjl € er%f_a by
heating the i nk T1 owi in i nR1-2ow pas @D (32) g~ od

conpri si ng: ‘\\ 23

formng a plurality he nts by 2®r i ng ' esi-s@Pd s (24),
each having a heati ng"ar ea h emts}heat wh terggned
voltage is appl i e¥9ttrer ' i

form ng pairs of electrodest
except said heating areas (}

8, ) and
‘isto% (24)
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5 form ng a barrier layer (41), having resistance against corr05|on
caused by woeofdde7i Nk, which covers said el ectrodes (21, 2PCERIPooMBOsai d

el ectrodes (21, 23) are not exposed to the ink in said ink flow passage
(32). 13. The nethod according to claim 12, wherein said

form ng barrier |ayer conpri ses foeghng said barrier layer (41) of

anor phous netal alloy. 10 e nethod according to claim 12,
wherein said formng barrier Iayer conprises formng said barrier |ayer
(41) by plating. 15. The nethod according to claim 14, wherein
said formng barrier |ayer conprises formng said barrier |layer (41) by
el ectrol ess plating. 16. The nethod according to claim 12,

wherein said formng barrier layer 15 conprises formng said barrier |ayer?
(41) by photolithography. '
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