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METHOD OF MANUFACTURI NG ELECTROSTATI C ACTUATOR 5 Background ot t he
I nvention Technical Field The present invention relates to a printer head

of, for exanple, an inkjet printer and to an electrostatic
applicable to such a printer head. 10 Background Art A conmmﬂmmm’mﬂm]wm et
printer ejects ink droplets on paper by driving a heater elenegl,,Qr a

pi ezoel ectric elenment to print an inage. Japanese Unexani ned Patent
Application 15 Publication No. 10-315%456, for exanple, discloses such a

met hod in which the driving is perfornmed by an el ectrostm,mﬂu” . Fig.

1 is a cross-sectional view of the printer head having t mﬁfmmmU c

actuator. The printer head 1 20 Eg&kg?%ﬁoﬁ_predeternined subsigate 2 whose
eon a

surface has recesses forned therD a given pitch. Each recess has an

el ectrode 3 t T, j At iacl udes a
conponent 5 %@% @%t%@@%%(g@f%; agrg[bg%ér%]iﬁ%ﬁngﬂg? ]Ilﬂ%{?@ qc%‘#d cells 4 on
t he substrate 2. T%Aﬁ%ﬁ@fthﬁéﬂd@ﬁAﬁc aA@ﬂgygﬂgﬁi ve material is

di sposed over

5 Background of the Invention
Technical Field
The present invention relates to a printer head of, for
example, an inkjet printer and to an electrostatic actuator
applicable to such a printer head.
10
Background Art
A conventional inkjet printer ejects ink droplets on
paper by driving a heater element or a piezoelectric element
to print an image. Japanese Unexamined Patent Application
15 Publication No. 10-315466, for example, discloses such a
method in which the driving is performed by an electrostatic
actuator.
Fig. 1 is a cross-sectional view of the printer head
having the electrostatic actuator. The printer head 1
20 includes a predetermined substrate 2 whose surface has
recesses formed thereon at a given pitch. Each recess has
an electrode 3 on the bottom thereof. The printer head 1
also includes a component 5 having bottom plates 6 and
partitions of ink ligquid cells 4 on the substrate 2. The

25 component 5 formed of a conductive material is disposed over



- 2 the electrodes 3. The el ectrodes 3 disposed on the substrate 2 face
the bottomplates 6 of the respective ink liquid cells wth the distance
t her ebet ween being defined by the recesses of the substrate 2 so that the
component 5 is 5 insulated fromthe electrodes 3. The bottom pl ates 6 of
t he conponent 5 have a predeterm ned thickness so as to function as a
di aphragm Anot her conponent 8 having nozzles 7 is disposed over the
conponent 5. In this printer head 1 having the above-nentioned 10
structure, when a voltage is appliedsto the space between the conmponent 5
and one of the electrodes 3, the corresponding bottomplate 6 is attracted
and bent towards the el ectrode 3. Wien the application of the voltage is
st opped, the bottomplate 6 is restored to jts original 15 state.

I
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gé ~anount™ of _power . er hand,

consunes a’lar t he ot n n 1 nkjet printer

navkng 1 Rgredl aehh Gpel SR pRelas Ol el ok e ngl_taf%efsh it egration of

t he pi ezoelectric - ements, leading to a co i cated manufacturing

Pr 0CeS o HRESE HHERRAS ANPr MR PHS ldN 45 1 ¥k RN ads Rave Begrtpbesented to
sol ve these problens and also to inprove the | evel of performance in inkjet

printerss hawiRghirigmeahebthed! eFplorntt ke RAZERGLNIE &l arent. In
contrast to the inkjet printer having the heater elenent or the

pi ezoelBGdsedelos@ntchet ROmplonR@her shead having the el ectrostatic actuator
still has possibilities for further inprovenents and may sol ve the probl ens

resi ding 10rhnthhe ppkheerpneatiel having the hpatvermehefrentdor the

pi ezoel ectric element. As nentioned above, in the conventional printer head
havd ng stthrescerluget, r editeat iac vadttagieorn s taipe ldedparertheb sipaviendpettivecnot t om pl at es
6 and the partitions of the ink liquid 15 cells 4 and the conponent 8

havi ng tiez dogwonearte Ssteacdk edeom ft Hdes gistataogle® i3n th&t order. This
assenbly process, however, is conplicated. This process also inpairs the
preci siCOF LesPORe 15Es Poitdermn et et e icopdrasites and tvatcdopsrdst 8, and
may cause ink | eakage anong the substrate 2, 20 the conponent 5, and the
COWpOhéW@ g}e§§g§@§é3theW@@ﬁp5ﬁ§n@ppllcatlon of the voltage is

stopped, the bottom plate 6 is restored to its original

15 state. Accordingly, the application of the voltage
generates an electrostatic force between the electrode 3 and
the component 5 to change the volume in the ink ligquid cell
4 of the printer head 1. The pressure generated by the
decreased volume of the ink liquid cell 4 ejects ink from

20 one of the nozzles 7.

An inkjet printer having a heater element requires
large electric power for driving the heater element. Thus,
the entire unit consumes a large amount of power. On the
other hand, an inkjet printer having a piezoelectric element

25 has difficulties with the integration of the piezocelectric



5 is disposed on the substrate 2, the connecting faces of the substrate 2
and the conponent 5 nust be planarized. This causes problens with
integration of a driving circuit of the electrostatic actuator on the
substrate 2. 25 - 4 Disclosure of Invention 'The present invention

provi des a sinple and accurate nmethod of manufacturing an electrostatic
actuator and a printer head that allows sinple integration of, for exanple,
5 adriving circuit. To solve the above-nenti oned probl ens, the present

i nvention provides a nethod of manufacturing a printer head including a
fixed-electrode formation step for formng a fixed el ectrode on a
predeterm ned substrate; a sacrificial 10 |l ayer formation step for formng

a sactiiighalsl ayslapot e L1 X6foel eeligdtsnaribyaplagehpsliode formtion

step for fornihg tro e on the sacri ayer; and a

Sacr'f%8£a£5£§¥e£e§§89¥al%§£f8u§°E1£8§D¥%“He£H§d§aﬁébéiEé@ﬁ layer to forma

space between the fixed’ ectrode and the novabl e el ectrode. After the

fixed sksgéﬁegg tahgofégrtﬁégéa¢rbaysﬁs ahd abson@aaphsrs$sc£ﬁ@de are
formed 1n that order, the sacriticial layer is renoved by the

sacrifigial- beysérfsﬂm¥§£e8iﬁplﬁ93é@rﬁtiﬂeeggaﬁgvbﬁ@wﬁﬁe hbgtéixed
el ectrode 20 and the novabl e el ectrode. These steps are perforned using a

serg copduptee babtheapiagopreeessce dhusensi npl e manufacture and positioning
wi th high precision are achieved. Furthernore, an integrated circuit, such

as the drivimgeaiteibt . tEathdeigkpdt Mriaitdy Horimg e theatsabstrate. 25
Accordingly, sinple and accurate manufacture as well as - 5 sinple
i nt egr al enanof orf the ephapbeletheidrelemgnti rthet prantbe headeved. The
present invention is also applied to a nethod of nmanufacturing an
el ect rbsvangcthet eatorrabtehicnstodaton stilkelael pessbdelibiaati on step
for formng a fixed el ectrode
for further improvements and may solve the problems residing
10 in the inkjet printer having the heater element or the
piezoelectric element.
As mentioned above, in the conventional printer head
having the electrostatic actuator, the component 5 having
the bottom plates 6 and the partitions of the ink liquid
15 cells 4 and the component 8 having nozzles 7 are stacked on
the substrate 2 in that order. This assembly process,
however, is complicated. This process also impairs the
precision in the positioning of the component 5 and the
component 8, and may cause ink leakage among the substrate 2,
20 the component 5, and the component 8. Because the component
5 is disposed on the substrate 2, the connecting faces of
the substrate 2 and the component 5 must be planarized.
This causes problems with integration of a driving circuit

of the electrostatic actuator on the substrate 2.

25



on a predeterm ned substrate; a sacrificial-layer formation step for
formng a sacrificial layer on the fixed el ectrode; a novabl e-el ectrode
formation step for form ng the novabl e el ectrode on the sacrificial |ayer;
and a sacrificial-layer 10 renoval step for renoving the sacrificial |ayer
to forma space between the fixed el ectrode and the novabl e el ectrode.

After the fixed electrode, the sacrificial |ayer, and the novabl e el ectrode
are formed in that order, the sacrificial layer is renoved by the
sacrificial-layer 15 renoval step to4fermthe space between the fixed

el ectrode and the novabl e el ectrode. These steps are perfornmed using a

sem conduct or fabricating process. Thus, sinple manufacture and positioning
wi th high precision are a%hiexed. Fur%h gore. an integrated circuit, such
as the driving 20 circuit,*8&n°68 5r &% m*N&F 1Y f ormed on the substrate.
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enabl es sinp ure e’rntegration of,

for exaiia e liating Shgii 168 Mo dleds 2 cruary Briel, Dosorpti on

of the Draw ngs g IS a cross-sectional view of a conventional printer

head. Hnted hed LS $QGWRNA; W iﬁtegrl%rﬂi%erqfhe%ﬁ e&eaidi ng to an
enbodi rent of the present invention. Fig. 3(A to Fig. 3(C are

Crogs- secfiiQnaly \Wigys straken along line A-A of the printer head of Fig. 2.
Fig. 4(A) to Fi'g. 4(D) are cross-sectional views of the printer head of

Fig. 2, illgsteatiBothBeaboiaahaRisheRsSpebbleman ehechragkati ¢ actuator.
Fig. 5(E) to Fig. 5(H) are cross-sectional views of the subsequent

f or mat ii@R SRS pAldvaigdg at e tH®RP di et fathrind & RihnteronEbg 6(K) are
cross-sectional views of the
including a fixed—-electrode formation step for forming a
fixed electrode on a predetermined substrate; a sacrificial-
10 layer formation step for forming a sacrificial layer on the
fixed electrode; a movable-electrode formation step for
forming the movable electrode on the sacrificial layer; and
a sacrificial-layer removal step for removing the
sacrificial layer to form a space between the fixed
15 electrode and the movable electrode.

After the fixed electrode, the sacrificial layer, and
the movable electrode are formed in that order, the
sacrificial layer is removed by the sacrificial-layer
removal step to form the space between the fixed electrode

20 and the movable electrode. These steps are performed using
a semiconductor fabricating process. Thus, simple
manufacture and positioning with high precision are achieved.
Furthermore, an integrated circuit, such as the driving

circult, can be preliminarily formed on the substrate.

25 Accordingly, simple and accurate manufacture as well as



subsequent formation steps following the step in Fig. 5(H. 15 Fig. 7(L) to
Fig. 7(M are cross-sectional views of the subsequent fornmation steps
following the step in Fig. 6(K). Best Mdde for Carrying Qut the Invention
Enbodi nents of the present invention will now be 20 described with
reference to the drawings. (1) First Enbodinment (1-1) Structure of First
Enbodinent Fig. 2 is a cross-sectional view of a printer head according to
a first enmbodi nent of the present invention, 25 the cross-sectional view
bei ng taken along an inmaginary line 5 -extending through the center of one
of a plurality of nozzles 12 arrayed in a row. Fig. 3(A) to Fig. 3(D) are
cross-sectional views taken along line A-A of Fig. 2. Aprinter head 11 is
a line hea q i ne printer zzles 12 arrayed_in_a row have
2 | engEITRYs JarERE LI Ehe i GO SFaBRIS (0Ea o B8RPG LEUCAT hat ¢ ne
nozzle% 12 r% arrayed inalong line. An electrostatic actuator of the

printer *hés echanges the pressure |n each ink liquid cell 13. The

el ectrostath agtualar 15 Apkven by 0.10.8LeCLEORbALI fictprgeoto ef ect ink

droplets from nozz ntroduce & Tnk liquid

cell 11?hatnlihrf%‘é%rﬁﬂg‘ ak o g.%%%jostt%actld %CQ%tat%I}O%lIC@l the daw ag. The

printer head 11 isfornmed by stacking head conponents on a substrate 15 in

a ps edetiglri-REd RhdRle B rhat8HC %&cét;bctf%rr k3 habld GatdiRgdPedeessodel 9- 4(A)
through Fig. 7(M are cross-sectional views for "describing the formation

steps oh therRukeheemninead slibstraen Wnekicen Midilk k16 ge% foRrmaRe opr i nt er
head 11, a driving circuit 14 is prellnlnarlly formed on the substrate 15.

As 20 shepn fior Fio@midgAk satrifswialli ngvedyenh thd Fikkan efleckrdden the
substrate 15 by, for exanple, chem cal vapor deposition (CVvD) and
anneal angoviba ei-edelcatriong |fayera th®n $tefporf cex dmpirdnga thiel mooabdxi de fil m or
a silicon nitride film Referring to Fig. 4(B), after the formation of the
25 i nsellatitmgdeaper the isacrid igriait deyleead ahl, aa skicrédicial-layer
10 removal step for removing the sacrificial layer to form a
space between the fixed electrode and the movable electrode.
After the fixed electrode, the sacrificial layer, and
the movable electrode are formed in that order, the
sacrificial layer is removed by the sacrificial-layer
15 removal step to form the space between the fixed electrode
and the movable electrode. These steps are performed using
a semiconductor fabricating process. Thus, simple
manufacture and positioning with high precision are achieved.
Furthermore, an integrated circuit, such as the driving
20 circuit, can be preliminarily formed on the substrate.
Accordingly, a method of manufacturing an electrostatic
actuator that enables simple and accurate manufacture as
well as simple integration of, for example, the driving

circuit is provided.

25



8 _ 510 electrode formation step is perforned to forma fixed el ectrode
17 for the electrostatic actuator. In other words, the printer head 11 is
processed by sputtering or vapor deposition to forma conductive |layer with
a predeterm ned pattern. Thus, the fixed electrode 17 is formed. The
conductive layer is a nmetallic filmconposed of, for exanple, alum num
gold, or platinum The fixed electrode 17 is connected with a region in the
driving circuit 14 via an interconnection pattern formed sinmultaneously in
this formation step. Referring to Fig. -4(C), an insulating layer 18 is 15
20 25 forned in the printer head 11 at a predeterm ned thickness. The
insulating layer 18 is, for exanple, a silicon oxide filmor a silicon
nitride film Referr ig. .4 S i&icial ayer 19 is forned in

i to_F A(D |
the printer head 11 b%qgfgggﬁg ﬁ@%&%P|§§e%%%o Mati0d st ep. The sacrificial

| ayer 19 fupctions.as_a_dummy | r dwill be._r a novabl e
el ectrode fg%PnthﬁS i X6 SSIS@?%% 83?7V?%bf8?n€d$g$ﬁ§gggéb§;iciaI | ayer 19

is usegﬁ%gg Gr eatiyng a space between the fixed el ectrode 17 and the novabl e
el ectr e.tfhe sacrificial layer 19 conposed of, for exanple, polysilicon,

Chi ckness. TRE:erceSs of RS Tayer T18Y S Eheatr Snbeel by, TTar exampl e,
phot ol it heGBRRY +oThe IePAInGft of the present invention.
Fig. 3(A) to Fig. 3(C) are cross-sectional views taken
along line A-A of the printer head of Fig. 2.
Fig. 4(A) to Fig. 4(D) are cross-sectional views of the
printer head of Fig. 2, illustrating the formation steps of
10 an electrostatic actuator.
Fig. 5(E) to Fig. 5(H) are cross-sectional views of the
subsequent formation steps following the step in Fig. 4 (D).
Fig. 6(I) to Fig. 6(K) are cross-sectional views of the
subsequent formation steps following the step in Fig. 5(H).

15 Fig. 7(L) to Fig. 7(M) are cross-sectional views of the

subsequent formation steps following the step in Fig. 6(K).

Best Mode for Carrying Out the Invention
Embodiments of the present invention will now be
20 described with reference to the drawings.
(1) First Embodiment
(1-1) Structure of First Embodiment
Fig. 2 is a cross-sectional view of a printer head
according to a first embodiment of the present invention,

25 the cross-sectional view being taken along an imaginary line



the sacrificial layer 19 after the formation of the novabl e el ectrode nust
- not have any effect on other conponents. In other words, the selectivity of
etching the sacrificial layer 19 fromthe other conponents nust be
sufficiently 5 maintained. A wide variety of materials may be used for the
sacrificial layer 19 as long as such selectivity that does not inpair the
practical use is achieved. Referring to Fig. 5(E), after the sacrificial

|l ayer 19 is fornmed in the printer head 11, an insulating |ayer 20 of, 10
for exanple, silicon oxide or silieon mitride is forned. Referring to Fig.
5(F), a novable electrode 21 is then fornmed by a novabl e-el ectrode
formation step. As in the formation of the fixed el ectrode 17, the novable

lectrode 21.is also f d with th ductd ve | of tallic 15 fil
Conpos @ 6oLy WERHAe T SR ol o B ALCHAM: S Conduct ve | ayer

with a_predeterm ned patfern_is for by,, f.Qr .ex | e ut.tering or vapor
Glepos: FIBH LS a2y SR b gt G 01 g s GriAdeton T 24D e gen 1 ¢ he

dri Vi g B Cil b 2 AL SHEINORON Bl e fropRd 30 si mil tancous! y

in this formation step. Referring to G, Ina ragm fornation

step, a di apRragme22pedd Qumad op the mvablesal ecl rode; 21 gEs hhecprinter
head 11. For the diaphragm?22, a rigid nmaterial that is not brittle and

thag hag hingh ;YQUNG 25 s 13N Z2u AUERNESS dngtuseEuikAidakail, the
di aphragm 22 is fornmed on - 10 the novable el éctrode 21 by using, for

exanpl &hed waHATE MRLRY s H0MRAS @ 10t i rf0ls IRMAAP., tAeShbizgoasoxi de film
a silicon nitride film silicon, a netallic film alumna, or zirconia. |f

the di aphraema2Zavecamesadnef laneet aldn @12 omieradlic theuditapheagm 22 may
al so function as the novable el ectrode 21. Referring to Fig. 5(H), the

sacri f itticalpdiayer h®ad ltthehpngdserthread ekkure rnemesett Aynkaliquid
sacrificial-layer renoval step. Thus, a space 23 having the sane thickness
of theckllsdér.i f iThiealelleayterosk® tiis fagrimed chetivedr iviea foiyxed el ectrode 17 and
the novabl e el ectrode 21. Depending on the material of the sacrificial
| ay/@r EBdecdirositag iy Feogsseso QuEstad ndv Wreprdisitisg foromveracst oleizade may be
applied for this renoval step. ‘
12. Also, ink is introduced to the ink liquid cell 13
through an ink channel that is not shown in the drawing.
The printer head 11 is formed by stacking head components on
a substrate 15 in a predetermined order by a semiconductor
15 fabricating process.
Fig. 4(A) through Fig. 7 (M) are cross-sectional views
for describing the formation steps of the printer head 11 in
conjunction with Fig. 2. In the printer head 11, a driving
circuit 14 is preliminarily formed on the substrate 15. As
20 shown in Fig. 4(A), an insulating layer 16 is then formed on
the substrate 15 by, for example, chemical vapor deposition
(CVD) and annealing. The insulating layer 16 is, for
example, a silicon oxide film or a silicon nitride film.

Referring to Fig. 4(B), after the formation of the

25 insulating layer 16 in the printer head 11, a fixed-



Through these steps, the electrostatic actuator having 15 the fixed

el ectrode 17 and the novabl e el ectrode 21 facing each other with the
predet erm ned space 23 therebetween is fornmed on the sem conductor 15 of
the printer head 11. If necessary, a protective |ayer conposed of, for
exanple, silicon nitride is formed on the di aphragm of the 20 printer head
11. Referring to Fig. 6(1), another sacrificial layer 31 is forned
according to the patterns of the ink channel and the ink liquid cell. The
sacrificial layer 31 is renoved aftem stacking of, for exanple, partition
conponents that formthe ink liquid cell and the 25 ink channel .

Cbnsequently the sacrificial layer 31 |s used - for creating spaces
for the | n cealtll anndstj_tehe Jrsnk c %{ ck 388 c1of t he
sacrrfrcréi %% TovErTR hah RHe erg t e G nk “Sifannel and the

| nk l'getL!L & celde 31”9 ¢ tl’?@d&{e‘é\g?& Pléoégji\?é{tép? e g%ﬂg%‘%% 5

fabric ng process. e sacri |C|a I S conpose a natefia

that can ﬁﬁal’}{jcéﬁ‘%%’aﬁd ure of 4 & tﬂﬁ? %uétaey Cg330rb3(r %u“ze”a' M

reacti on process so t He |ncrease ness ones equivalent to the

hei ght o, dde: i dik hapdigh @-%ﬁ&lﬁ:ﬂl% 110a§1é1qtul%f3%1 lpréd%'éerynﬁn@@)Od' ment,

this reactron process is performed by heating a foamable materi al (referred

to s pdambl e magd stehereinaf terdcthade f10r Nis tignier i fined al | ayer 31
In other words, a mxture of a foam ng agent that generates gas during the

react i brisESs Ak & 1bs ps edet 1 vedi baseompbeedabrt habrf ekalpael ayer of
foamis used to formthe sacrificial layer 31. In detail
azobi sisgslaminmoniddalid e dprmicitcinuiane: Thd NYRER A2 e cdeeaigdsi tiison
tenperature: 114C, manufacturer: EIWA CHEM CAL IND. CO, LTD.) was used for
t he foarmmgeagahtwizth endregijposiin viehe ebiistingraidunti hdme vikRFRM500G
interconnection pattern formed simultaneously in this
10 formation step.
Referring to Fig. 4(C), an insulating layer 18 is
formed in the printer head 11 at a predetermined thickness.
The insulating layer 18 is, for example, a silicon oxide
film or a silicon nitride film.
15 Referring to Fig. 4(D), a sacrificial layer 19 is
formed in the printer head 11 by a sacrificial-layer
formation step. The sacrificial layer 19 functions as a
dummy layer and will be removed after a movable electrode
facing the fixed electrode 17 is formed. The sacrificial
20 layer 19 is used for creating a space between the fixed
electrode 17 and the movable electrode. The sacrificial
layer 19 composed of, for example, polysilicon, a metallic
material, or an insulating material is formed a

predetermined thickness. The excess of the layer 19 is then

25 removed by, for example, photolithography. The removal of



manuf acturer:. JSR) was used for the base material. In this enbodinent, 1
part of the foam ng agent was added to 49 parts of the base material. These
materials were thoroughly stirred and m xed together. Thus, a foamable
resist that 25 satisfies the above-nentioned conditions was formned. - 12
After the foamabl e resist was spin-coated, the printer head 11 was cured at
80C, was exposed with [ight, and was devel oped to formthe sacrificial

| ayer 31. Referring to Fig. 6(J), a photosensitive epoxy is 5 supplied to
the printer head 11 by spin-coating and is cured under given conditions to
forma coating |layer 32 by the gelation of the photosensitive epoxy. The
coati ng Iayer 32 havi ng a predeterm ned thickness covers the entire

sacrifigi al 31l.. The co t'n | aye the 10 channel, the
ink | I{]'fed c‘%‘f Ja?fuajt kﬁealheorzgll agqthe%/hﬁ% zﬁﬁ’f ftncéi o mi r1terrper ature
of the L eri S for th t wer -t han the
foaning ﬁbera ure(ﬁ£§?#h%§%x%q¥C|a quer f$ﬁ5¥ﬁ%$% thé curing

tenper gf %ﬁ%ﬂ?&%e@ré&eé&ﬂ@e&f tdhat, i *&% fQam 3%%%32” ature.

Ref err| ng an exposure process Is perforne termne the

shape of A nogzl &2 %fﬂe tden & | WS 8RS Idus TR RIJAHQN igad, 11 is then

heat -trea ed at 130C for 20 10 mnutes for a reaction process. Referring to

Figs 7(11La)lnﬁer&é&npe;t IS Fd S5y i fSAIOMA WL PR e materi al
of the sacrificial layer 31. The thickness of the’'sacrificial layer 31 thus

i ncreasfscAOriden 1 i Skdvesso s thend ks |duli G earddt k3 tyAfdert Iddess | NCrease
in thickness of the 25 sacrificial layer 31, the curing of the coating

| ayer 3t Simpaid3theorgdetioshl Acsorid ngthiedde sacrificial layer 31
containing a |large nunber of bubbles forns the structure of the ink channel
and t he i nk Reifguivd ngeltdo ifig.hé (@)i,ntacfrcehreathel 5acandichaledbyee $Bructure is
covered with the cured coating layer 5 32. After a portion of the epoxy

mat eri als i rmebvied fhomptihetevdiead 1ayen In g ftomy tleyawzZd @12 in the
printer head 11, the rear surface of the sem conductor substrate 15 is
patPer rfexx tﬁxaanpl@ stipkareszidm dmieskigpslyinigHele 10 fargtedshown in the
drawi n | eadi ng towards the ink channel is formed in the rear surface of
t he se?ﬁ%ﬁﬁﬁﬁﬂé‘t%rt%l}ﬁ%qrai 15 DyIXFRI ¢ A1 R AT i cet®difitg. Referring

to Fig the sacrificial layer 31 is renoved fromthe ink-supplying

hol e an%P"T”l“F‘r—fi % A é“‘?L‘Qa]?J]s‘? Ty FEHIRAR S A S P by A 19 rifoval step.

Thus,  the Lik Liauld.cel L, 13, ang the Lok shannel, &g fored i he printer

21 is also formed with the conductive layer of a metallic
15 film composed of, for example, aluminum, gold, or platinum.
The conductive layer with a predetermined pattern is formed
by, for example, sputtering or vapor deposition. The
movable electrode 21 is connected with a region in the
driving circuit 14 via an interconnection pattern formed
20 simultaneously in this formation step.
Referring to Fig. 5(G), in a diaphragm formation step,
a diaphragm 22 is formed on the movable electrode 21 of the
printer head 11. For the diaphragm 22, a rigid material
that is not brittle and that has high Young's modulus and

25 toughness is used. In detail, the diaphragm 22 is formed on



The sem conductor substrate 15 of the printer head 11 is cut into chips
using a dicing saw. Each of the chips is nmounted on a given conponent and
is connected to an ink 20 cartridge via the ink-supplying hole.

Furthernore, pads of the driving circuit on the sem conductor substrate 15
formed by w re-bonding are connected to predeterm ned regions. Thus, the
printer head 11 is conpleted. (1-2) Operation of First Enbodinent 25 In the
printer head 11 (referring to Fig. 2 and Fig. - 14 3(A)), when a
predeterm ned voltage is applied betgeen the fixed electrode 17 and the
novabl e el ectrode 21, the electrostatic force generated between the fixed
el ectrode 17 and the novable el ectrode 21 attracts the novable electrode 5

21 d h i 17 f ' Fig. 3(A d Fig. 3(B
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electrofde dd;Ls rf@‘){’ﬁé’- J%ﬁgi%%bﬂ“ig E&hbo I 1§83 % #agﬁ:?éi gi nal vol ure

by the restoring force o ragm 22 and t he nova plate 21. Thus,
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droplet fromthe nozzle 12 of the printer head 11 (Fig. 3(C)). In the

printegbepdodd, 21 he el ectrostatic actuator formed of the fixed el ectrode
17 and the novabl e el ectrode 21 face each other with a predeterm ned

di stance 2Rdf@nehes waereigihes dni Vidige ofadrhifs @lactigaiatioc iactuat or ej ects
an ink droplet fromthe nozzle 12. In the printer head 11 having the
above-pemhtenelesaper at i onrémeved rvydatOadt Pfidi4 W 1dwefigendrdV) ) ( the
insulating layer 16 is fornmed on the sem conductor substrate 25 15, then

t he fixedpel eTChuodea 19patde2 B nsal ahdg nghe ayane 1 ickiess I&f tHe sacrificia

| ayer 19, the novabl e electrode 21, and the diaphragm 22 are forned in that
olfer.siexifichel shayerfi t? als| byevred o¢tweempiieel Sxethagladteraimce 23
required for the operation of the novable electrode 21 is 5 fornmed between
the fikédeefetheodevaylangleperadeabl e Depending on the material

of the sacrificial layer 19, etching processes, such as dry-
etching or wet-etching, may be applied for this removal step.
Through these steps, the electrostatic actuator having
15 the fixed electrode 17 and the movable electrode 21 facing
each other with the predetermined space 23 therebetween is
formed on the semiconductor 15 of the printer head 11.
If necessary, a protective layer composed of, for
example, silicon nitride is formed on the diaphragm of the
20 printer head 11. Referring to Fig. 6(I), another
sacrificial layer 31 is formed according to the patterns of
the ink channel and the ink liquid cell. The sacrificial
layer 31 is removed after stacking of, for example,
partition components that form the ink liquid cell and the

25 ink channel. Consequently, the sacrificial layer 31 is used



el ectrode 21. Accordingly, the electrostatic actuator is fornmed in the
printer head 11 by the sem conductor fabricating process. In the printer
head 11, the conponents, such as the fixed el ectrode and the di aphragm are
formed by 10 a sem conductor fabricating process with precise positioning
to allow sinple and accurate manufacture of the electrostatic actuator.
Because the electrostatic actuator is formed on the sem conductor substrate
15, the driving circuit 14 can be prelimnarily formed on the sem conduct or
15 substrate 15. This also sinplif+4esithe formati on steps. On the ot her
hand, if the driving circuit is forned separately, the fixed el ectrode and
the novabl e el ectrode of each ink liquid cell nust be connected to the
driving cirgcuit,. requiring | er, ti ry t f ur, lii this 20
enbodi Qﬁ,cﬁ%%ﬁiP féﬁﬁﬁfﬁﬂéiﬁﬁﬁé éf&tqg@%ggtggﬁ%g%ggrﬁg ésﬁer t he driving
circui%h%%ﬂéi prelimnarily formed on the sem conductor substrate 15,

t hereby preventing, for exanple, contam nation by inpurities during the

formation ofuEhendblybdy lef eHet sldrs Fibsaachbodesad SLMphFemmpulact uri ng

25 process of the electrostatic actuator. rt ormati on of

the sadhd ifdidnd d¥erenkd i ISR CoRAUGLON Hiahnledli RE1RT ARESEs the

sacrificral layer 19 1s renoved to formthe space bet ween the novabl e

el est r a2 h @ N f 408 18 ech& odeniddon et &PYribL: SPRLEy Sprsk-d$s Provi ded

with a predetermined height with high precision. The difference in driving

force ahd el igGigiest atdye ra@iuatsolc b siddus fha medweed1sehas tanreduce the
irregularity in volunme of ink in the printer head 11. Furthernore, because

t he di apiaagimtiz ive lutared Bhea sk rdejiediatli AryproGasdy kheethedkness can be
precisely controlled so that any irregularity in the thickness is reduced.
reaction process so that the increased thickness becomes
equivalent to the height of the ink channel and the ink
10 liguid cell. 1In this embodiment, this reaction process is
performed by heating a foamable material (referred to as a
foamable resist hereinafter) that forms the sacrificial
layer 31. In other words, a mixture of a foaming agent that
generates gas during the reaction process and a
15 predetermined base material that forms a layer of foam is
used to form the sacrificial layer 31.
In detail, azobisisobutyronitrile (product name:
VINYFOR AZ, decomposition temperature: 114°C, manufacturer:
EIWA CHEMICAL IND. CO., LTD.) was used for the foaming agent
20 and a positive resist (product name: PFR-9500G,
manufacturer: JSR) was used for the base material. In this
embodiment, 1 part of the foaming agent was added to 49
parts of the base material. These materials were thoroughly

stirred and mixed together. Thus, a foamable resist that

25 satisfies the above-mentioned conditions was formed.



After the electrostatic actuator is formed in the printer head 11, the
sacrificial layer 31 and the coating 15 layer 32 are forned using a simlar
sem conductor fabricating process, The coating |ayer 32 is then exposed
with light through a nozzle pattern (Fig. 6(K)). The sacrificial |layer 31
is foamed such that the height of the ink liquid cell 13 is maintai ned. The
coating layer 32 is 20 then cured and, the sacrificial layer 31 is renoved.
After the electrostatic actuator is forned in the printer head 11, the

sem conductor fabricating process care be used for subsequent fabrications.
This allows highly precise positioning of, for exanple, the nozzle 12. 25
Furthernore, this prevents problens, such as ink | eakage _ 1~ between
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t he renoval the sacrificial Tayer and rnms the ink liquid cell 13 with

hi gh preci skoBer106158) ridvapiagesa ofns b ELs st Fobgdlipnts The above

structure achi eves printéer head ich allows sinple egration of a

driyi ngugiiquidt tolhing BriRker Read §anphesphiPkbya’idgagayr aketyreq
manuf actured by formng a sacrificial |ayer and a novabl e el ectrode on a 15

fixed g@heek’ gdeenaRdnhien chemy kgrikng saekihpchakekayerpyotherma space
bet ween the fi xed el ectrode and the novabl e el ectrode. Furthernore, after a

nol d t hall agaphesgorte phoddsiefls itige dpetlyl. spaeecandiag Lakeehapnel space,
whi ch introduces 20 ink to the ink liquid cell, are forned with the
sacri f hewvahg ayeredstecatined ayeknebat cboers the partikei ons of the ink
liquid cell and the ink channel is disposed over the nold. The nold, that
i s, theasadfiifcieilallalysyelli.s {Then coefrdrgdla@ens8guénting, thheiskm conduct or
fabricating process can be 25 applied to the formation of, for exanple, the
i kO | i ghieginel, the ink liquid cell, and the nozzle. In this

embodiment, the curing temperature of the selected material

used for the coating layer 32 is lower than the foaming

temperature of the sacrificial layer 31. Furthermore, the

curing temperature of the material is higher than its

15 foaming temperature.
Referring to Fig. 6(K), an exposure process is
performed to determine the shape of a nozzle 12 in the
printer head 11.
The printer head 11 is then heat-treated at 130°C for
20 10 minutes for a reaction process. Referring to Fig. 7(L),

the temperature rise by this reaction process foams the

material of the sacrificial layer 31. The thickness of the

sacrificial layer 31 thus increases to the thickness of the

ink liquid cell 13. BAfter this increase in thickness of the

25 sacrificial layer 31, the curing of the coating layer 32 is



- 18 cell, which is the object to be driven by the electrostatic actuator.
This al so achi eves sinple and accurate manufacture of the printer head. In
particul ar, because the substrate is conposed of 5 silicon, a sem conductor
fabricating process can be readily applied. Furthernore, sinple integration
of, for exanple, the driving circuit can be achieved. In other words, by
prelimnarily formng the driving circuit on the substrate for applying a
vol t age between the 10 fixed el ectrode and the novabl e el ectrode, the
driving circuit can be readily integmrated. (2) Qher Enbodinents In the
above-nenti oned enbodi nent, the printer head fornmed on the sem conduct or
substrate conposed of silicon 15 was descri bed. The present invention,

h . is not lipited to this material and a yid iety of mmterial
mmy beCHEBISFER t hECSHBGERELE” At fesr PEUT T PRl cXBHET o+ aC R BRsHEHbst r at o
b din pl £ the sili trate. W ing_the gl
Cubst Tl 45ger RRRBFFI ff1 PARGTEPof STSS 200Fof REBCTBT o1 he BFFVIRG cireui t so
that the drivyi Lreuit, can_be int F ing th
ol ass Snperpht RagthELp b Fgagan PR AP P Ena B PR hbee ohEr O Cn &

epar arde £3YtREr o ELRRELR D  {BRBE LT HE S HOFHE £RReg B Bng e e
haw ng3an el ongated structure, - 19 such as a line head. In contrast to

the circular silicon substrate, the rectangul ar gl ass substrate can

ef ficientlyaproyi depdrt 8696 AUIRET o x PrihdE &F i Seads fdnipane ipstrate. In
t he above-nentlonedpenbodlnent, the sem conductor 5 fabricating process was

appl i edntocbheingi nhoerhgadtborbemnmnéonoekaaple, ikhenénkringeid cell. The
present invention, however, is not limted to this process. As desired,

conponaekg, 13ychihasrthe sokfhtgubd €RrEl semByoheuéosiesubytbobeing a resin
mat eri al having the sanme shape as the ink 10 liquid cell or the ink
channelis Aktheughdt bg dr resthigtcprodetsi s Ant égkasepplywibmgtheleri nter head
in the above-nenti oned enbodi nent, the present invention may alternatively
allow t(hetdrheiwngivi rtbei irewibgstepandind adswandsnthei tull champehent . 15
Al t hough the above-nenti oned enbodi nent of the present

is formed in the rear surface of the semiconductor substrate

15 by chemical anisotropic etching. Referring to Fig. 7 (M),

the sacrificial layer 31 i1s removed from the ink-supplying

hole and the nozzle 12 using methanol as a solvent by a

15 removal step. Thus, the ink liquid cell 13 and the ink
channel are formed in the printer head 11.
The semiconductor substrate 15 of the printer head 11
is cut into chips using a dicing saw. Each of the chips 1is
mounted on a given component and is connected to an ink
20 cartridge via the ink-supplying hole. Furthermore, pads of

the driving circuit on the semiconductor substrate 15 formed

by wire-bonding are connected to predetermined regions.

Thus, the printer head 11 is completed.

(1-2) Operation of First Embodiment

25 In the printer head 11 (referring to Fig. 2 and Fig.



invention is applied to the printer head, the application of the present

invention is not limted to the printer head and nay be used as an

el ectrostatic actuator in a variety of elenments and devices. 20 As in the

present invention described above, after the formation of the novable

el ectrode on the sacrificial layer fornmed on the fixed el ectrode, the

sacrificial layer is then renoved to create a space between the fixed

el ectrode and the novabl e el ectrode. Thus, a sinple and accurate nethod 25

of manufacturing a printer head that4allows sinple - 20 integration of,

for exanple, a driving circuit is provided. Furthernore, a sinple and

accurate nethod of manufacturing an electrostatic actuator applicable to
head is 5 dustrlal QF pr esent
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5 21 towards the fixed electrode 17 (referring to Fig. 3(Aa)
and Fig. 3(B)). This increases the volume of the ink liquid
cell 13 and introduces ink to the ink liquid cell 13 wvia the
ink channel that is not shown in the drawings. Also in the
printer head 11, when the application of the voltage between

10 the movable electrode 21 and the fixed electrode 17 is
stopped, the electrostatic force between the movable
electrode 21 and the fixed electrode 17 is removed. The ink
liquid cell 13 regains its original volume by the restoring
force of the diaphragm 22 and the movable plate 21. Thus,

15 the pressure in the ink liquid cell 13 is increased to eject
an ink droplet from the nozzle 12 of the printer head 11
(Fig. 3(C)). 1In the printer head 11, the electrostatic
actuator formed of the fixed electrode 17 and the movable
electrode 21 face each other with a predetermined distance

20 therebetween. The driving of this electrostatic actuator
ejects an ink droplet from the nozzle 12.

In the printer head 11 having the above-mentioned

operation (referring to Fig. 4({(A) to Fig. 5(J)), the
insulating layer 16 is formed on the semiconductor substrate

25 15, then the fixed electrode 17, the insulating layer 18,



el ectrode, the nethod conprising: a fixed-electrode formation step for
formng the fixed electrode on a predeterm ned substrate; 10 a
sacrificial-layer formation step for formng a sacrificial |ayer on the
fixed el ectrode; a novabl e-el ectrode formation step for form ng the novabl e
el ectrode on the sacrificial layer; and a sacrificial-layer renoval step
for renmoving the 15 sacrificial layer to forma space between the fixed

el ectrode and the novabl e el ectrode. 2. The nmethod of nmanufacturing a
printer head according to Caim1- figrther conprising: 20 a nold formation
step for formng a nold on the top surface of the novable el ectrode, the
nol d corresponding to at |east a space for the ink liquid cell and a space
for nk channel that intr uce ink to the_ink liqg cell; a deposition
step f&h“edéﬁ&ﬁl{tlilﬁ@aﬁa V{ef‘oig'of' EhBoyaR1gset phTad ‘Ee#f'aﬁﬂdtm i nk
channel tlon of _a .nozz to,.cover Bhe nmol d; and a

ol -t SavaraeRon 2y 6% enGURAg rn R arder | e e

sacrificial layer 19 is removed so that the space 23
required for the operation of the movable electrode 21 is

5 formed between the fixed electrode 17 and the movable
electrode 21. Accordingly, the electrostatic actuator is
formed in the printer head 11 by the semiconductor
fabricating process. In the printer head 11, the components,
such as the fixed electrode and the diaphragm, are formed by

10 a semiconductor fabricating process with precise positioning
to allow simple and accurate manufacture of the
electrostatic actuator. Because the electrostatic actuator
is formed on the semiconductor substrate 15, the driving
circuit 14 can be preliminarily formed on the semiconductor

15 substrate 15. This also simplifies the formation steps. On
the other hand, if the driving circuit is formed separately,
the fixed electrode and the movable electrode of each ink
liquid cell must be connected to the driving circuit,
requiring a longer time for the manufacture. In this

20 embodiment, however, the electrostatic actuator is formed
after the driving circuit 14 is preliminarily formed on the
semiconductor substrate 15, thereby preventing, for example,
contamination by impurities during the formation of the
driving circuit 14. This achleves a simple manufacturing

25 process of the electrostatic actuator.



3. The method of manufacturing a printer head according 5 to Caiml,
wherein the substrate is a silicon substrate. 4. The nethod of

manuf acturing a printer head according to Claim3, wherein a driving
circuit for applying a voltage between the fixed el ectrode and the novabl e
el ectrode is 10 prelimnarily fornmed on the substrate. 5. The method of
manuf acturing a printer head according to Claiml, wherein the substrate is
a glass substrate. 15 6. The nethod of manufacturing a printer head
according to Caim1, wherein a ddwvigng circuit having a thin film

transi stor for applying a voltage between the fixed el ectrode and the
novabl e el ectrode is prelimnarily formed on the substrate. 20 7. A nethod

gf nanufact#g%gg gg?eégctrostatig ctuatgri ig%l ves gﬁyqyagle el ectrode
y electros cEOHBRET BF e bEY TR R 1 K6 et BETT ode Bnd-the novabl e
oL ectt Qi LRSI SOTRLL 3L A0, 281 KRL Shep Eode.LOLgRAL o oL o
R LB el TR el BhEL BB pCEb gl e on the
electrode 21 and the fixed electrode 17, whereby the space
5 23 is provided with a predetermined height with high
precision. The difference in driving force of the
electrostatic actuator can thus be reduced so as to reduce
the irregularity in volume of ink in the printer head 11.
Furthermore, because the diaphragm 22 is formed by a
10 deposition process, the thickness can be precisely
controlled so that any irregularity in the thickness is
reduced.
After the electrostatic actuator is formed in the
printer head 11, the sacrificial layer 31 and the coating
15 layer 32 are formed using a similar semiconductor
fabricating process. The coating layer 32 is then exposed
with light through a nozzle pattern (Fig. 6(K)). The
sacrificial layer 31 is foamed such that the height of the
ink liquid cell 13 is maintained. The coating layer 32 is
20 then cured and the sacrificial layer 31 is removed.
After the electrostatic actuator is formed in the
printer head 11, the semiconductor fabricating process can
be used for subsequent fabrications. This allows highly-
precise positioning of, for example, the nozzle 12.

25 Furthermore, this prevents problems, such as ink leakage



5 novabl e el ectrode on the sacrificial layer; and a sacrificial-Ilayer
renmoval step for renoving the sacrificial layer to forma space between the
fixed el ectrode and the novabl e el ectrode.
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allows simple integration of a driving circuit. This
printer head can be simply and accurately manufactured by
forming a sacrificial layer and a movable electrode on a
15 fixed electrode, and then removing the sacrificial layer to
form a space between the fixed electrode and the movable
electrode.
Furthermore, after a mold that corresponds to an ink
liquid cell space and an ink channel space, which introduces
20 ink to the ink liquid cell, are formed with the sacrificial
layer, a coating layer that forms the partitions of the ink
liquid cell and the ink channel is disposed over the mold.
The mold, that is, the sacrificial layer is then removed.
Consequently, the semiconductor fabricating process can be

25 applied to the formation of, for example, the ink liquid
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cell, which is the object to be driven by the electrostatic
actuator. This also achieves simple and accurate
manufacture of the printer head.
In particular, because the substrate is composed of
5 silicon, a semiconductor fabricating process can be readily
applied. Furthermore, simple integration of, for example,
the driving circuit can be achieved.
In other words, by preliminarily forming the driving
circuit on the substrate for applying a voltage between the
10 fixed electrode and the movable electrode, the driving
circuit can be readily integrated.
(2) Other Embodiments
In the above-mentioned embodiment, the printer head
formed on the semiconductor substrate composed of silicon
15 was described. The present invention, however, i1s not
limited to this material and a wide variety of materials may
be used for the substrate as desired. For example, a glass
substrate may be used in place of the silicon substrate.
When using the glass substrate, a thin film transistor is
20 formed for the driving circuit so that the driving circuit
can be integrated. Furthermore, when using the glass
substrate, a plurality of printer heads is formed together
on a rectangular glass substrate. The printer heads can
then be individually separated so that each printer head may

25 Dbe used for a printer head having an elongated structure,
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however, is not limited to this process. As desired,
components, such as the ink liquid cell, may be formed by
bonding a resin material having the same shape as the ink

10 liquid cell or the ink channel.

Although the driving circuit is integrated with the
printer head in the above-mentioned embodiment, the present
invention may alternatively allow the driving circuit to be
separated as an individual component.

15 Although the above-mentioned embodiment of the present
invention is applied to the printer head, the application of
the present invention is not limited to the printer head and
may be used as an electrostatic actuator in a variety of
elements and devices.

20 As in the present invention described above, after the
formation of the movable electrode on the sacrificial layer
formed on the fixed electrode, the sacrificial layer is then
removed to create a space between the fixed electrode and
the movable electrode. Thus, a simple and accurate method

25 of manufacturing a printer head that allows simple
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an electrostatic actuator applicable to such a printer head

1s achieved.

Industrial Applicability
The present invention relates to a method of
manufacturing a printer head and a method of manufacturing
an electrostatic actuator, and is applicable to an inkjet

10 printer.
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the volume of an ink liquid cell by moving a movable
electrode to eject an ink droplet from a predetermined
5 nozzle, the movable electrode being moved by electrostatic
force generated between a fixed electrode and a movable
electrode, the method comprising:
a fixed-electrode formation step for forming the fixed
electrode on a predetermined substrate;
10 a sacrificial-layer formation step for forming a
sacrificial layer on the fixed electrode;
a movable-electrode formation step for forming the
movable electrode on the sacrificial layer; and
a sacrificial-layer removal step for removing the
15 sacrificial layer to form a space between the fixed

electrode and the movable electrode.

2. The method of manufacturing a printer head according
to Claim 1, further comprising:

20 a mold formation step for forming a mold on the top
surface of the movable electrode, the mold corresponding to
at least a space for the ink liquid cell and a space for an
ink channel that introduces ink to the ink liquid cell;

a deposition step for depositing partitions of the ink

25 liquid cell and the ink channel and a partition of a nozzle
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to cover the mold; and

a mold-removal step for removing the mold.

3. The method of manufacturing a printer head according

5 to Claim 1, wherein the substrate is a silicon substrate.

4., The method of manufacturing a printer head according
to Claim 3, wherein a driving circuit for applying a voltage
between the fixed electrode and the movable electrode is

10 preliminarily formed on the substrate.

5. The method of manufacturing a printer head according

to Claim 1, wherein the substrate is a glass substrate.

15 6. The method of manufacturing a printer head according
to Claim 1, wherein a driving circuit having a thin film
transistor for applying a voltage between the fixed
electrode and the movable electrode is preliminarily formed
on the substrate.

20

7. A method of manufacturing an electrostatic actuator
which moves a movable electrode by electrostatic force
generated between a fixed electrode and the movable
electrode, the method comprising:

25 a fixed-electrode formation step for forming the fixed
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a sacrificial-layer removal step for removing the
sacrificial layer to form a space between the fixed

electrode and the movable electrode.



