DESCRI PTI ON  METHOD OF MANUFACTURI NG PRI NTER HEAD AND METHOD OF
MANUFACTURI NG ELECTROSTATI C ACTUATOR 5 Background of the Invention
Technical Field The present invention relates to a print éSdpeatbeo2005 or
exanple, 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 elenent or a piezoelectric
elenent to print an image. Japanese Unexam ned Patent Application 15
Publ i cati on No. 10-315466, for exanple, discloses such a nethod in which
the driving is perforned by an el éctirostatic actuator. Fig_ | is a
cross-sectional view of the printer head having the electrostatic
actuator. The printer head 1 20 includes a predeterm ned substrate 2 whose
surface has recesses forned them@r@airngi ven pitch. Each recess has an
el ectrode 3 on the bottomthereof. The printer head 1 also includes a
conmponent 5yeauongootMiGUFRCRURSNEG BRUNTPRI HEADOARDOMETR&D |0FUi d cells 4 on
the substrate 2. The 25 conponent 5 forned of a conductive nmaterial is

di sposed over 6 SepAEUBRCTABONG- ERECTROSTATIC ACTUATOR

5 Background of the Invention
Technical Field
The present invention relates to q‘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 liquid cells 4 on the substrate 2. The

25 component 5 formed of a conductive material is disposed over



the el ectrodes 3. The el ectrodes 3 disposed on the substrate 2 face the
bottom plates 6 of the respective ink liquid cells with the distance

t her ebet ween being defined by the recesses of the subst refepténtso 206t t he
conmponent 5 is 5 insulated fromthe electrodes 3_ The bottom pl ates 6 of
the 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 applied to the space between the conponent 5
and one of the electrodes 3, the —<otresponding bottomplate 6 is attracted
and bent towards the electrode 3. Wen the application of the voltage is
st opped, the botton1p|ate 6 is restored to its original 15 state.

Accor dichgl ¥ obReoddpl yoatien of oLheonolt20s sanes ahesypn el ect rostat i c

force between t ectrode 3 and e conponent to change the volunme in

the inkubkgyhdecs! facé Phe LBSL PEL {}Bf&té"@a@ de e ﬁé@ﬁé@iﬁv&eﬂﬁi ated by the

decreased vol une of the ink |iqui 4 ejects ink from 20 one of the

Nozzl esiduidABel DKj 1L Rt edi demi & endet efwedeBitng et 154 dar ge
el ectric power for driving the heater elenment. Thus, the entire unit

CONSUMeRearkak gee aMPENthOf s pOYEFat OV the i hefhdatshpaien k] eis printer
havi ng a piezoelectric elenent .25 has difficulties with the integration of
t hes pi ¢msel etedi frém Selpt exbert 20 3. The bottom plates 6 of the
component 5 have a predetermined thickness so as to function
as a diaphragm. Another component 8 having nozzles 7 is
disposed over the component 5.
In this printer head 1 having the above-mentioned
10 structure, when a voltage is applied to the space between
~the component 5 and one of the electrodes 3, the
dorresponding bottom plate 6 is attracted and bent towards
the electrode 3. When the application of the voltage is
étopped, 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 liquid 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 en?ire 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 piezcelectric



el enments, leading to a conplicated manufacturing process. For these
reasons, various kinds of nethods have been presented to solve these

probl ens and also to inprove the |evel of performance i % Seplgneier pOONL er s
havi ng the heater 5 elenent or the piezoelectric element. In contrast to
the inkjet printer having the heater elenent or the piezoelectric elenent, .
the printer head having the electrostatic actuator still has possibilities
for further inprovenents and nay solve the problens residing 10 in the
inkjet printer having the heater elenent or the piezoelectric elenment. As
ment i oned above, in the conventionaP printer head having the electrostatic
actuator, the conponent 5 having the bottomplates 6 and the partitions of
the ink liquid 15 cells 4 and the conponent 8 having nozzles 7 are stacked

on the suhsld aieading thah eapiicHtcy ansRIblotuRiaeegsocdenever, is

conplicated. Thi's process also inpairs the precision in the positioning of

the componantsd raRGonke ve@IRAREMindls Td MY odausevienbdeakage anong the
substrate 2, 2.0 the conponent 5, and the conmponent 8. Because the

conmpongfdsertds 1@ SROved taRskhe ralshisataeid? alisbe toonnpeiivieyg thaces of the
substrate 2 ,and the conponent 5 nust be planarized. This causes probl ens
W th ildwegr aifi @rr@braatdcieving iakhjet priofteie havéatr adteatieataet uat or on t he
substrate 2. . 25 6 Septenber 2005
5 element or the piezoelectric element.
In contrast to the inkjet printer having the heater
element or the pilezoelectric e;ement, the printer head
having the electrostatic actuator still has possibilities
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 liguid
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 énd.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 diéposed on the substrate 2, the cbnﬁecting 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



- 4 Disclosure of Invention An exanpl e enbodi nent can provide a sinple and
accurate nethod of manufacturing an electrostatic actuator and a printer
head that allows sinple integration of, for exanple, a dibiSéptghbee2O0BUI T .
According to a first aspect of the invention, there is provided a nethod
of manufacturing a printer head which changes the volune of an ink |iquid
cell by noving a novable electrode to eject an ink droplet froma
predet erm ned nozzl e, the novable electrode being noved by electrostatic
force generated between a fixed el ectrgde and a novabl e el ectrode, the

met hod conprising- a fixed-electrode formation step for formng the fixed
el ectrode on a predeterm ned substrate; a sacrificial-layer formation step
for formng a sacrificial la ercgnsgge E%x?gvelgggﬁode; a

novabl e- el ectrode formation s%gp 8¢ Forning the hbvabl e el ectrode on the
sacrificial layer; a sacrificial-layer renoval step for renoving the
sacrificial layer to forma _ space between  the fixed electrode and the
novabl e el ech oA R ot AP SHARE T oFAD SREQV I F oF I RTHbIAF S atTe top

sur f acﬁeeflohhgfmgﬁgkgctgkgg?r gHee1LBerARE 4L £OT £ EERNGE NG OF.ll alrigast a

space for the ink [iqui | and a space for an 1 nk channel that

i ntrodbeed thak tbdlohe snkpleqindegebbjica dépofori onampep, faorddepositing a
coating.nate ial that fornms partitions of the ink liquid cell and the ink
channef*4htd'a - coating material that fornms a partition of a nozzle to cover

the nold; and a getésrdEm®vied $tE€Prst aspect of the invention, there is
provided a method of manufacturing a printer head which changes
the volume of an ink liquid cell by moving a movable electrode
to eject an ink droplet from a predetermined 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; 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; a sacrificial-layer removal
.step for removing the sacrificial layer to form a space between
the fixed electrcde arid the movable electrode; 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 a
coating material that forms partitions of the ink liquid cell
and the ink channel and a coating material that forms a
partition of a nozzle to cover the mold; and a mold-removal step
for removing the mold after the formation of the partitions

using the coating material.



for renoving the nold after the formation of the partitions using the

coating material. 6 Septenber 2005 - 5 In the exanpl e enbodi nent, after the
fixed el ectrode, the sacrificial layer, and the novabl e edSednitdeoey e
formed in that order, the sacrificial |layer is renoved by the
sacrificial-layer renoval step to formthe space between the fixed

el ectrode and the novable el ectrode. These steps are perfornmed using a

sem conductor fabricating process. The foll ow ng steps which include the
nold formation step for formng the nold on the top surface of the novable
el ectrode, the nold corresponding to at | east.the space for the ink liquid
cell and the space for the ink channel®that introduces ink to the ink
liquid cell; the deposition step for depositing the coating nmateri al
formng the partitions of the ink liquid cell and the ink channel and the.
coating mat einathé&oeramgléhempadiménon aftéhetimozfi ged oe baverodd hetmel d;
and the nol,d-renoval step for renoving.the nold agfter he fqrpatjion of the
oot { PORELILPRG 1 N YESal PG FREORPARDhP oS B 5oHer R6FrEALtSt ngnt haat

sem copget-or thabkkeat irRgipn0ge$er ifsrhyémo%apbg prautaeturec-88d-1aver
positioning with high precision are achieved. Furthernore, an integrated
ci rcui remoyelh g5ephéo deirwi fjeckpedit betuachetbeefirbdael gt Foderednen t he

substratg. gB?%dE%'&éroﬁieer' ﬁhégg. éﬁgééaége ?HES%%&%E‘% ?}’35' as sinple

I ntegration ofr, or exanple, the driving clircu can bé "achreved.
semiconductor fabricating process. The following steps which
include the mold formation step for forming the mold on the top
surface of the movable electrode, the mold corresponding to at
least the space for the ink liqguid cell and the space for the
ink channel that introduces ink to the ink liquid cell:; the
deposition stép for depositing the coating material forming the
partitions of the ink ligquid cell and the iﬁk channel and the,
coating matefial forming the partition of the nozzle to cover
the mold; and the meld-removal step for removing the mold after
the formation of the partitions using the cecating material are
also performed using the semiconductor fabricating proceés.
Thus, simple manufacture and positioning with high precision are
achieved. Furthermore, an integrated circuit, such as the
driving circuit, can be preliminarily formed on the substrate.
Accordingly, simple and accurate manufacture as well as simple
integration of, for example, the driving circuit can be
achieved.

According to a second aspect of the invention, there 1is
provided a method of manufacturing an electrostatic actuator
which moves a movéble electrode by electrostatic force generated
between a fixed electrode and the movable electrode, the method
Comprising: a fixed-electrode formation step for forming the

fixed electrode on a predetermined substrate; a sacrificial-



According to a second aspect of the invention, there is provided a nethod
of manufacturing an el ectrostatic actuator which noves a novabl e el ectrode
by electrostatic force generated between a fixed el ect r gd&epamsber B8OFOVabl e
el ectrode, the nethod conprising: a fixed-electrode formation step for
formng the fixed electrode on a predeterm ned substrate; a sacrificial 6
Sept enber 2005 - 5a - layer formation step for formng a sacrificial layer
on the fixed electrode; a novabl e-el ectrode formation step for form ng
t he novabl e el ectrode on the sacrificisal | ayer; and a sacrificial-Iayer
removal step for renoving the sacrificial layer to forma space between
the fixed el ectrode and the novable electrode. In the exanpl e enbodi nents
after 1heeti xepngt e6hT OdE, EhE fé@ﬁ{ﬁ§lgl§éc£§¥§&ia@n§aygf BRVaRLe
el ectrode are fornmed in t%at order, the sacrificial layer is renoved by
t he satikeéficthbctayde: aempvablstepetorédenfohwaspanesbepwéen fheminged
electrggg and_ iheeﬂnvgblg el ectrode. Thgse.s#egs are gerforned using a
sem conduct or ?a%rlc%?lﬁﬁ %r%%e e ThusT é?ﬁ% e ARG actdr 8 and
posi ti satngf Wih1highepr eemstON &t &p achi eveovitgt BREMBEEri@NcikNt egr at ed
circuit, such as the driving circuit, can be prelimnarily formed on the
subst r A8¥ST AECof AFfgh ySPachebpbdcdr thanbisveduringtaadel aedr bBeatic
actuat gr that gpablesqsi nple and accurate manufacture as well as sinple
integration of, for exanple, the driving circuit is provided.

In the example embodiments 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 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 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 integrétion of, for

example, the driving circuit is provided.



6 Septenber 2005 - 6 Brief Description of the Drawings Fig. 1 is a
cross-sectional view of a conventional printer head. Fig. 2 is a
cross-sectional view of a printer head 5 according to as Sepleadien2g05 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
formati on steps of 10 an electrostatic actuator. Fig. 5(E) to Fig. 5(H)
are cross-sectional views of the subsequent formation steps follow ng the
step in Fig. 4(D. Fig. 6(1) to Figs. B(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

follow ng the step iBridfy).Dédd9iptBest M dehd @rLairtge ng Qut the I nvention
Enbodi nents of the present invention will now be 20 described with
ref erence tfog.hé draw ngsss-kedfiicgtalEvbedi rehta (cbntenStipuefiure of First
Enbodi ment Fig. 2 is a cross-sectional view of a printer head according to
‘a firsrenpoditmad. of the present invention, 25 the cross-sectional view
bei ng taken along an inmaginary |ine
Fig. 2 is a cross-sectional view of a printer head
5 according to an embodiment 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, illﬁstrating'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. S5({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




6 Septenber 2005 7 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. A printer head 11 pSeptelibBe2dosad used

inaline printer. 5 The nozzles 12 arrayed in a row have a |l ength
equivalent to the width of paper used for printing such that the nozzles-
12 are arrayed in a long line. An electrostatic actuator of the printer

-head 11 changes the pressure in each ink liquid cell 13. The electrostatic

actuator is driven by an 10 electrostatic force to eject ink droplets from
each nozzle 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 conponents on a substrate 15 in a predeterm ned

Ofdefe9¥eﬁd§ﬁ§1 Eﬁggugh%he Eénfm@?rbfa&hg% rocsssrafify 4€A through Fig.

7(M are cross-secti Vi ews or descrl ing the formation steps of the
printgp head 13 h?ra?%ﬁlHHCE'Qew“‘t51§IQB(£) +H #he. p3 Mt esrdead 11, a

driving circuit 14 is prelimmnarily formed on the substrate 15. As 20

shownci-BsElgectibhalapibRsukakbndalangr 1ifei s-A hen fogmezl. on the substrate
15 by, for exanple, chem cal vapor deposition (CvD) and annealing. The

i nsul ati ng payeteAbhiésd L0or isexanphe, haasi hisea@niaxiada ifiiel mrdmtersi|icon
nitride film Referring to Fig. 4(B), after the formation of the
5 The nozzles 12 arrayed in a row have a length equivalent to
the width of paper used for printing such that the nozzles
12 are arrayed in a long line. An electrostatic actuator of

the printer head 11 changes the pressure in each ink liquid

cell 13. The electrostatic actuator is driven by an

10 electrostatic force to eject ink droplets from each nozzle

12. Also, ink is introduced to the ink liquid cell 13

through an ink channel that is not shown in the drawiﬁg.

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 exémple, chemiéal 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~



25 insulating layer 16 in the printer head 11, a fixed 6 Septenber 2005 - 8

el ectrode formation step is perforned to forma fixed electrode 17 for the
el ectrostatic actuator. In other words, ~ the printer head $ehtdnfoeprogessed
by sputtering or vapor deposition to forma conductive layer with a
predeterm ned 5 pattern. Thus, the fixed electrode 17 is forned. The
conductive layer is a netallic 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 forned

sinmul taneously in this 10 formati oh &tep. Referring to Fig. 4(C), an
insulating layer 18 is formed in the printer head 11 at a predeterm ned

t hi ckness. The insulating layer 18 is, for exanple, a silicon oxide film

or a sélé€ofoddétfbaRatidin sd85p Red epdidNgrntcd . rAD)a @issacrificial |ayer
19 is forned in the printer head 11 by a sacrificial-layer formation step.
The sasretteo@é 1ayesrlOhbuatbbonssastic dotnytdbayer rtandthek| wbeds enoved
after a novable electrode facing the fixed electrode 17 is fornmed. The

sacri ftloe apr20tényiesad 911 sisisedbdassat dat isypta espace detwsgen t he fi xed
el ectrode 17 and the novable el ectrode. The sacrificial |ayer 19 conposed
of , folepxahplen ol fsintixorgnduaeted |Jayematidtt & proydedrerimigugidat i ng
material is formed a
5 pattern. Thus, the fixed electrode 17 is formed. The
conductive layver is a metallic film composed of, for example,
aluminum, gold, or platinum. The fixed electrode 17 is
connected with a region in the driving circuit 14 wvia an
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 ér 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 1% functions as a
dummy layer and will be removed after a movable electrode
facing the fixed electrode 17 is formed. The sacrificial
290 léyer 19 is used for creating a space between the fixed
electrode 17 and the movable electrode.r 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



predeterm ned thickness. The excess of the layer 19 is then 25 renoved by,
for exanple, photolithography. The renoval of 6 Septenber 2005 the
sacrificial layer 19 after the formation of the novable odepedniedeopsist 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 nay be used for the
sacrificial layer 19 as long as such selectivity that does not inpair the
practical use is achieved. Referringgto Fig. 5(E), after the sacrificial
“layer 19 is formed in the printer head 11, an insulating |ayer 20 of, 10
for exanple, silicon oxide or silicon nitride is fornmed. Referring to Fig.
5(F), a_novable electrode 21 is then formed by a novabl e-el ectrode
format itHf SPEFifAsiph LRwerf bPralfton bhet fermakieh ebLcthodeviEhla he novabl e
electrode 21 is also fornmed with the conductive layer of a netallic 15
film cEA565EQA6f Mupsr ngkalipre, 2BV uREREAT 9Bl etheF PERGTRIGES. TH® conducti ve
| ayer mﬁhh a predetermned pattern is formed by, for exanple, sputtering
or vap8tiGEpBertfenthenecl Aot ABE Y ePEcEFILN 1the T3fEct@d i th a regi on
in the drivbgg circgét 14 via an interconnection pattern fornmed 20

h

si mul t 3R€8hsty FhOPhFaCT SFRETE | GRIBPRENTRPWTTilvG THERGOHE, in a
o) ST BRLLGUIER! O ook, IR P 22k L PO g Al
nateri§£crificial layer 19 as long as such selectivity that does
ﬁot impair the practical use is achieved.
Referring to Fig. 5(E), after the sacrificial 1éyer 19
is formed in the printer head 11, an insulating layer 20 of,
10 for example, silicon oxide or silicon nitride is formed.
Referring to,fig. S(E), a movable electfode 21 is then
formed by a movable-electrode formation step. As in the
formation of the fixed electrode 17, the movable electrode
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 fhe
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. 1In detail, the.diaphragm 22 is formed on



that is not brittle and that has high Young's nodul us and 25 toughness is
used. In detail, the diaphragm?22 is forned on 6 Septenber 2005 - 10 the
nmovabl e el ectrode 21 by using, for exanple, a ceram c et Septahber@iPdsed
of, for exanple, a silicon oxide film a silicon nitride.film silicon, a
nmetallic film alumna, or zirconia. If the diaphragm?22 is conposed of a
netallic 5 material, the diaphragm 22 may al so function as the novabl e.
el ectrode 21. Referring to Fig. 5(H), the sacrificial layer 19 in the
printer head 11 is renoved by a sac&'Pf icial-layer renoval step. Thus, a
space 23 having the sane thickness of the 10 sacrificial layer 19 is forned
between the fixed electrode 17 and the novable el ectrode 21. Dependi ng on
the material of the sacrificial |ayer 19, etching processes, such as dry
et chi n§h&r@BebeecRIAGEr ARG Bb Apphs Begf oF o xamekoval STEMicThr ough t hese
steps, the electrostatic actuator having 15 the fixed el ectrode 17 and the
movabl BREFELR L 0B8RBS FACPhg FRACTHHIMED - wi tHit Heothrasdieieerinilibd Space 23
t her ebet ween i s, formag,fn t he. sem conductor. 15 of the printer head 11. If
necessatyr8" pPoEEEET ve Hhy ef L tbipRs et BTt ¥ ke Sxdhpldd iEing c ¥ nitride is
forrredzgpcgrrl\le di ag?r%gm :1: th 20, prjnter head 11% Referring to Fig. 6(1),
anot hef " 53271 F1 ci W F39% ot et SCERUTHY @ ﬁﬁ{?t&ﬁ]ﬂg} ns of the
| n% CH@QE‘&‘J::.QI‘? {:lll.'g éf&ﬁf%}l %f%&y steo S ucl'{‘(',l'gzllcCI aéils the movable
electrode 21.
_ Referring to Fig. S(H), the sacrificial layer 19 in the
printer head 11 is removed by a sacrificial-layer removal
step. Thus, a space 23 having the same thickness of the
10 sacrificial layer 19 is formed between the fixed electrode
17 and the movable electrode 21. 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




layer 31 is renoved after stacking of.. for exanple, partition conponents
~that formthe ink liquid cell and the 25 ink channel. Consequently, the

sacrificial layer 31 is used 6 Septenber 2005 - 11 for orSptdanigr3péctes for
the ink liquid cell and the ink channel. The thickness of the sacrificial
layer 31 is lower than the height of the ink channel and the ink I|iquid
cell and is 5 made highly uniformby the sem conductor fabricating
process. The sacrificial layer 31 is conposed of a material that can
expand the volume of the sacrificial layer 31 by a certain reaction
process so that the increased t hi tkhss becones equi val ent to the hei ght
of the ink channel and the ink 10 liquid cell. In this enbodinent, this
reaction process is performed by heating a foamable material (referred to
as a foanabiztiesistadwer daafiter )idihati fuordrediile asa@ciihkl dndd | ayer 31_ In
other words, a mxture of a foam ng agent that generates gas during the
react idmrpreokcess and a 15 predeterm ned base material that fornms a | ayer of
foamis used to formthe sacrificial tayer 31. In detail
azobi si sobdJiyer ddiitokinles s( pfodbet saameficVelYF@ReAZ3 1 diésohposit than
tenperature: 114C, manufacturer: EIWA CHEM CAL IND. CO., LTD.) was used
for tH g Y Rferfth0dn¢hansedi tBinde thesiistkk (FavddceeddmandPER- 9500G,
manuf acturer; JSR) was used for the base material. In this
5 made highly uniform by the semiconductor fabricating process.

The sacrificial layer 31 is composed of a material that can

expand the volume of the sacrificial layexr 31 by a certain

reaction process so that the increased thickness becomes

equivalent to the height of the ink channel and the ink
10 liquid cell. In this embodiment, this reaction process is

performed by heating a foamable material (referred toc as a

foamable resist hereinafter) that forms the sacrificial

layer 31. 1In other words, a mixture of a foaming agent that

generates gas during the reaction prOcéss and a
15 predetermined base material that forms a laYer of foam is

used to formlthe 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-92500G,

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.



enbodi nent, 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-nent b@Reanbenzids ons
was fornmed. 6 Septenber 2005 - 12 After the foamable resist was
spin-coated, the printer head 11 was cured at 80C, was exposed with |ight,
and was developed to formthe sacrificial layer 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 |ayer
32 by the gelation of the photosenditirve epoxy. The coating |ayer 32
havi ng a predeterm ned thickness covers the entire sacrificial |ayer 31.

The coating layer 32 forms the ink 10 channel, the ink liquid cell, and the:
nozzle. InAfls SO IRM1e LG G NG LeMMeralyg ofnkhe $akect ed
material wused for the coating |layer 32 i ower than the foanlng

tenpergiage: Of whbecsagdi it Co@icl ayes Sdpo & LEIHTON &5hd N&nL Walsng
tenperature of the material is higher than its 15 foanmi'ng tenperature.

Ref er ra@gel ®p&H 0to 6£43m e EXPOSUF Ec PADCESPed 31 perforned to determ ne the
shape of a nozzle 12 in the printer head 11. The printer head 11 is then
heat - t reaE &I)Zéﬁiirﬂj&&ﬁ H#OFig20 6l ) s fd¥end ikaaet epBxpr aeess. Referring
to Fig. 7(L),

5 supplied to the printer head 11 by spin-coating and is cured

under given conditions to form a coating layer 32 by the
% gelation of the photosensitive epoxy. The coating layer 32
having a predetermined thickness covers the entire
sacrificial layer 31. The coating layer 32 forms the ink
10 channel, the ink liquid cell, and the nozzle. In this
| embodiment, the cﬁring temperature of the selected material
i - used for the coating layer 32 1is 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),
ﬁhe temperature rise by this reaction ﬁrocess foams the
material of the sacrificial layer 31. The thickness of the

.sacrificial layer 31 thus incréases to the thickness of the
ink liquid cell 13, After this increase in thickness.of the

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



t he tenperature'rise by this reaction process foans 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. AbtS®Rptehibes2003cr ease
in thickness of the .25 sacrificial |layer 31, the curing of the coating
| ayer 32 is 6 Septenber 2005 - 13 i conpleted. Accordingly, the
sacrificial layer 31 containing a |arge nunber of bubbles forns the
structure of the ink channel and the ink liquid cell in the printer head
11, and the entire structure. is covered with the cured coating layer 5
32. After a portion of the epoxy fratérTal is removed from the coating
| ayer 32 to formthe nozzle 12 in the printer [ head 11, the rear surface
of the sem conductor substrate 15 is patterned by a resist process. An
i nk- supplyleagedol eadfotdbhgEhpwrhe Neddrel trevd Ndy)ydreadi rpritewands t he ink
channel is forned in the rear surface of the sem conductor substrate 15 by
chem cal langsctwapec ef chubigl eRef @rnis nthd esthihgstui{d)of thae iskeri fi ci al
| ayer 31 is renoved fromthe ink-supplying hole and the nozzle 12 using
met hanchamreh aod vedme byk at iguidenosdal ist ephe Thuisytdrthdidank Uli,qand cel | 13
and the ink channel are formed in the printer head 11. The sem conductor
subst reite Bt e tHerprinreriheeniaded jwl Buttientondd poaidingg laveirci ng saw.
Each of the chips is
5 32.
After a portion of the epoxy material is removed from
the coating layer 32 to form the nozzle 12 in the printer
head 11, the rear surface of the semiconductor substrate 15
is patterned by a resist process. An ink-supplying hole
10 (not shown in the drawings) leading towards the ink channel
is formed in the rear éurface of the semiconductor substrate
15 by chemical anisotropic etching. Referring to Fig. 7(M),
the sacrificial layer 31 is 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 is
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.



nmounted on a given conponent and is connected to an ink 20 cartridge via

t he ink-supplying hole. Furthernore, pads of the driving circuit on the
sem conductor substrate 15 fornmed by wire-bonding are ca®«edngtstr 2005
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. 6 Septenber 2005 - 14 3(A)), when a predeterm ned voltage is
applied between the fixed electrode 17 and the novable el ectrode 21, the
el ectrostatic force generated between the fixed electrode 17 and the
movabl e el ectrode 21 attracts the mbvabl e el ectrode 5 21 towards 'the fixed
el ectrode 17 (referring to Fig. 3(A) and Fig. 3(B)). This increases the
volunme of the ink liquid cell 13 and introduces ink to the ink liquid cel

13 vi a3thpg) , i wikex hanmeddd hatmisedoto Ifaan iisn aplpd iddabengeenAkko in the
printer head 11, when the application of the voltage between 10 the
novabl Eigt¢@dcelocier@de and did fheebvelldet redaetipdes 23t oppped, t he

el ectrostatic force between the novable electrode 21 and the fixed

el ect robectiostatenoiede Tendrikted ibpiingegelthel 3 ixegaedscicreder 1 gi nal
volume by the restoring force of the diaphragm 22 and the novable plate
21. Thard tie tpevahls sekecirpdae i i inagtisd thel moyabile pherEssed to ej ect

an _ink droplet fromthe nozzle 12 of the printer head 11 Fi?. 3(0). In
thé prihteiaidd the Thed|dagtdadg i¢ (referring to Fig. 3(A

and Fig. 3(B)). This increases the volume of the ink liquid-
cell 13 and introduces ink to the ink liguid cell 13 via 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'elect:ode 17 is
stopped, the electrostatic force between the movable
electrode 21 and the fixed electrode 17 is removed. The ink
liguid 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 tﬁe printer head 11, the electrostatic
actuator formed 6f the fixed electrode 17 and the mowvable
electrode 21 face each other with a predetermined distance

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



actuator formed of the fixed el ectrode 17 and the novable electrode 21
face each other wwth a predeterm ned di stance 20 t herebetween. The driving
of this electrostatic actuator ejects an ink droplet fr@Sdamtozooe 12.
In the printer head 11 having the above-nentioned operation (referring to
Fig. 4(A) to Fig. 5 (J)) , the insulating layer 16 is fornmed on the
sem conduct or substrate 25 15, then the fixed electrode 17, the insul ating
| ayer 18, 6 Septenber 2005 - 15 the sacrificial |ayer 19, the novable
el ectrode 21, and the diaphragm 22 ﬁr_e formed in that order. Next, the
sacrificial layer 19 is renoved so that the space 23 required for the
operation of the novable electrode 21 is 5 formed between the fixed
el ectrode 17 and the novable electrode 21. Accordingly, the electrostatic
act uat bhei sactdfnetal ntawer pgrd ntidre heackble Bl etcierosienizéondodt the
fabricating process. In the printer head 11, the conponents, such as the
fixed diepbradge ahdrhef wirgshriagrmhadr e fdsmved NeyxtiOthesen conduct or
fabricating process with precise positioning to allow sinple and accurate
manuf ag2eFef bfidhelageckS dst gramevast et ghatBddguseacke2él ectrostatic
actuator s fornmed on the sem conductor substrate 15, the driving circuit
14 cant®@upFedi Mharhe RGP it Hd s srvebduet 66 t1398uBdt iate 15. This
ies the formation steps. On _the other hand, if the driving

2:32u?%gFlé%OP?ﬁﬁF%ﬁa %HQQﬁ?d 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 dfiving éircuit,
requiring a longer time for the ﬁanufacture. In this

20 embodiment, however, the electrostatic actuator is formed
after the driving circuit 14 is prelimiharily formed on the
semiconductor substrate.IS, thereby preventing, for example,
conﬁamiﬂafion'by impurities during the formation of the
driving circuit 14. This achieves a simple manufacturing

25 process of the electrostatic actuator.



the fixed el ectrode and the novabl e el ectrode of each ink [liquid cell nust
be connected to the driving circuit, requiring a longer tinme for the
manufacture. In this 20 enbodi ment, however, the el ectro%tSepiantsec 0@t or i s
formed after the driving circuit 14 is prelimnarily forned on the

sem conduct or substrate 15, thereby preventing, for exanple, contam nation
by inpurities during the formation of the driving circuit 14. This achieves
a sinple manufacturing 25 process of the electrostatic actuator. 6

Sept enber 2005 - 16 - After the formation of the sacrificial layer 19 by
the seniconductor fabricating prockssy the sacrificial layer 19 is
renmoved to formthe space 23 between the novabl e el ectrode 21 and the fixed
el ectrode 17, whereby the space 23 is provided with a predeterm ned hei ght

with high aresi siensofherdobf erenee isacdhirving)f oagerofothe trbectrostatic
actuator can thus be.reduced so as to reduce the irregularity in volume of

i nk i nséhecPridid € r head-ikk iy theydayL, hecauvseitrheidiiaphyagma?2 is fornmed
by a 10 deposition process, the thickness can be precisely .controlled so

that ahy remegd atd tisdnh tHee dfd ek Es bdtwvdeadutedmovAbller the el ectrostatic
actuator is forned in the printer head 11, the sacrificial layer 31 and the
coat i ngledbrddy edl Ithdarthef orinedl usliewgradsd M7, awhseerbgontiectpace
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 voiume of ink in the printer head 11.
Furthermore, because the diaphragm 22 is formed by a
10 deposition process, the fhickness 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'sacfificial layer 31 is removed.
After the electrostatic actuator ié formed in the
printer héad 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



fabricating process. The coating layer 32 is then exposed wth |ight
t hrough a nozzle pattern (Fig., 6(K)). The sacrificial layer 31 is foaned
such that the height of the ink liquid cell 13 is maint & $wgtembeheo@dat i ng
| ayer 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 can 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 6 Septenber
2005 - 17 between conponents, to akthieve sinple and accurate manufacture.
After the sacrificial layer 31 is foanmed and the height of the ink liquid
cell 13 is maintained, the coating l'ayer 5 32, which is a conponent form ng

the i nl it C&fldnedts, CEH%Q:h::Q‘ﬁa fqamRd saer bticairakel ayer 31 is then
renoved so that the ink liquid cell 13 is formed. This allows a reduction

in UIH%deaéﬁu%épnnval of the. sacrificial layer and forns the ink |iquid
cell 13 with high precision. 10 (1-3) Advantages of the. First Enbodi nent
The above airiuet whe ashireresialpnigeer 3hepd wbimbdd ahd otse shefitet
integration of a driving-circuit. This printer head can be sinply and
accur atfelaharamy dciguried day If adming e isaerinkidci ahel agpetiapdlayeovabl e
el ectrode on a
5 32, which is a component forming the ink liquid cell, is
cured. The foamed sacrificial layer 31 is then removed so
that the ink liquid cell 13 is formed. This allows a
reduction in time for the removal of the sacrificial layer
and forms the ink ligquid cell 13 with high precision.
10 (1-3) Advantages of the.First Embodimeht
The above structure achieves a printer head which
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 fixzed 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 pértitions of the ink
liquid cell and‘the ink channel is disposed over the mold.
The mold, that is, the sac;ificial layer is then removed.

Consequently, the semiconductor fabricating process can be

25 applied to the formation of, for example, the ink ligquid



15 fixed el ectrode, and then removing the sacrificial layer to forma
space between the fixed electrode and the novable electrode. Furthernore,
after a nold that corresponds to an ink - liquid cell spageepitghban200mK

channel space, which introduces 20 ink to the ink liquid cell, are forned
with the sacrificial layer, a coating layer that fornms the partitions of
the ink liquid cell and the ink channel is disposed over the nold. The

nold, that is, the sacrificial layer is then renoved. Consequently, the
sem conductor fabricating process can be '25 applied to the formation of,
for exanple, the ink liquid 6 Septenber 2005 - 18 cell, which is the
object to be driven by the electrostatic actuator. This al so achi eves
sinpl e and accurate nmanufacture of the printer head. In particular,

because. {he sybsiral e hs sompascd Gl SuSIPYy deeeTeentuetetdl abii cating

procesg y urthernore, sinple integration of, for

exanpl g, Lhe driying SLLS UL AN PE AR S Jdbpiher words, by

prelimnparily formmng iving circuit on the substrate for applying a

vol tagg, beryeen-d her {0 fLixgdk & eftdpde and the novable el ectrode, the
driving circurt can be readily integrated. (2) Qher Enbodinents In the
above- ment iqned, ,&MQpi SNt R PRIBL BhbBe2EAte is composed of
5 silicon, a semiconductor fabricating process can be readily
applied. Furthermore, simple integration of, for example,
the driving circuit caﬁ 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, is 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 fdr the driving circuit so that thé driving circuit
can be integrated. Furthermore, when ﬁsing 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‘eachlprinter head may

.25 be used for a printer head having an elongated structure,



formed on the sem conductor substrate conposed of silicon 15 was
descri bed. The present invention, however, is not limted to this materi al
and a wide variety of materials may be used for the substIeptentas20@si red.

For exanple, a glass substrate may be used in place of the silicon

"substrate. Wen using the glass substrate, a thin filmtransistor
formed for the driving circuit so that the driving circuit can be
integrated. Furthernmore, when using the glass substrate, a plurality of

printer heads is forned together _pgga rectangul ar gl ass substrate.
printer heads can then be individual

may 25 be used for a printer head having an el ongated structure, 6
Sept enber 2005 - 19 such as a line head. In contrast to the circular

si | i cosucdulest ratlénet headect angubatrgbassostbst cateuban sffiairent | y

provi de a‘large nunber of printer heads fromone substrate. In the
above- fEREtEAde - eitbedireettngnhersghhsonsuls brate f adn i efdtiqigenirlatess was

is 20

The

|y separated so that each printer head

applied to the printer head to form for exanple, the ink liquid cell. The
pr esenPIPHERt PoAarIRoNERRET PE RBLNTEAI hedds of FoIR sotpr curdsxtrafs desi r ed,
conponents, _such as the ink liquid cell, may be formed by bonding a resin

mat eri al habfngPe nPeupenatained enhodimenty |thauiserderndgctere ink

10

15

20

25

chqgnel. 15 may be used as an electrostatic actuator in a varjety of
fabricaling process was applied to the printer head to form,

for example, the ink liquid cell. The present invention,
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
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 compoﬁent.

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 électrostatic actuator in a variety of
elements and devices.

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. Thﬁs, a simple and accurate method

of manufacturing a printer head that allows simple



el ements and devices. As in the present invention described above, after
the formation of the novable electrode on the sacrificial layer fornmed on
the fixed el ectrode, the sacrificial layer is then Althougbepidisbed 2003 Ng
circuit is integrated with the printer head in the above-nenti oned

enbodi nent, the present invention may alternatively allow the driving
circuit to be separated as an individual conponent. Although the
above-nmenti oned enbodi nent of the present invention is applied to the
printer head, the application of the present inventionis not limted to
the printer head and renoved to create-a space between the fixed el ectrode
and the novable electrode. Thus, a sinple and accurate nethod .25 of
manuf acturing a printer head that allows sinple 6 Septenber 2005 20

i nt egr atit@@rakioh0breX@BR! BxafiplL| VANGr ¢4 5 Y1 &1t Sy L OV dothy s fuyt hermore, a
sinpl e and accurate met hod of man(facturing . an e ectrostatlc actuator

appl i cahlrereemoueh a phl ]an_sr ah@adcchsafeNheyYrSd or Imaustddial-ARpl i cability
The present i nvention relates to a nmethod of manuf acturing a printer head

and a met haécﬁtoﬁaﬂuﬁaChutthoraé‘pﬁl@@&lﬁ@ét@Js|%&Pt&%ﬁnt@iﬂ%éaﬁi applicabl e
to an |nk1et 10 printer.
is achieved.

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

10 printer.



6 Septenber 2005 - 21 CLAIMS 1. A nethod of manufacturing a printef head

whi ch changes the volunme of an ink liquid cell by noving a novable
electrode to eject an ink droplet froma predeterm ned md&Epteabet D@STOVabl e
el ectrode being noved by electrostatic force generated between a fixed
el ectrode and a novabl e el ectrode, the nethod conprising: a fixed-el ectrode
formation step for formng the fixed electrode on a predeterm ned
substrate; a sacrificial-layer formation step for formng sacrificial
| ayer on the fixed el ectrode; a novabl-esgl ectrode formation step for
formng the novable electrode on the sacrificial layer; a
sacrificial-layer renoval step for renoving the sacrificial layer to forma
space between the fixed electrode and;th Sm)vable el ectrode; a nold
formation step for formng a nold on tﬁb op surface of the novable
el ectrdde, themavhddcof respofidctgring atptreasér ahspacehionh thengak theui d
cell and.a space for gn i nk .channe] that introduces_ ink_to the ink liquid
p

cel | ; Z°4HBGsPLi B8R SREpliBridepitt PHgmavEnat fngoHaPeri g eCERAEET b s

partiFE?BétOBntbﬁkiakoleHiﬂpéﬁ'é pprdatherhnkeghapnel candna pOALLNG
material that fornms a partition of 'a nozzle to cover the nold; and a
nol d- r ekBvarodeeheing newedi hy ehechvbdtatierfohee 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;

a sacrificial-layer formation step for forming
sacrificial layer on the fixed electrode;

a movable-electrode formation step for forming the
movable electrode on the sacrificial layer:

a sacrificial-layer removal step for removing the
sacrificial layer to form a space between the fixed
electrode and the movable electrode;

a mold formation step for forming a mold on the top

surface of the movable electrode, the mold corresponding fo
at least a spacé 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 a coating material
that forms partitions of the ink liguid cell and the ink
channel and a coating material that forms a partition of a
nozzle to cover the mold; and
| a mold-removal step for removing the mold after the

formation of the partitions using the coating materials.- -



formation of the partitions using the coating materials. 6 Septenber 2005 -
22 2. The nmethod of manufacturing a printer head according to Caiml,
wherein the substrate is a silicon substrate. 3. The net pgepdmber 2005

manuf acturing a printer head according to Claim?2, wherein a driving
circuit for applying a voltage between the fixed el ectrode and the novabl e
electrode is 10 prelimmnarily fornmed on the substrate. 4. The nethod of
manuf acturing a printer head according to Claim1, wherein the substrate
is a glass substrate. 5. The net hod-ofzmanufacturing a printer head
according to Claim1l, wherein a driving circuit having a thin film
transistor for applying a voltage between the fixed el ectrode and the
novabl e el ectrode is prelimnarily formed on the substrate. 6. . A nethod
of manaf act uFiagnaihef eef rosnafdéctaciuat orpwhichr hovdsaecomviabl ecel ect r ode

glyeg't rg%!&%?it ?é'ﬁh?ﬁ £8 PRoeLabed,  petysen S‘Jrecfg guggérgge and the nmovable

Conprising. a P xed- e fode T ormati on step for
formng the fixed electrode on a predeternlned substrate; a
sacrificial-layer formation step for formng a sacrificial |ayer on the

fixed &t ect rbde; m%t%%@a%fem%m%E%?Bﬂél$%r%aﬁ¥bﬁt%¥é%ﬁ@%ra¢%ﬁ¥ﬁ%ﬁﬂthe 5
nnvabI@ eLgglfode QﬁeEansgcékgbghalc£§¥§£t and a sacrifi gl glilayer remova

step fof Fenovin
between the fixed electrode and the movable electrode is 10

preliminarily formed on the substrate.

4, The metheod of manufacturing a printer head according to

Claim 1, wherein the substrate is a glass substrate.

5. 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.

6. 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:

a fixed-electrode formation step for forming the fixed
electrode on a predetermined substrate:;

a sacrificial-layer formation step for forming a
sacrificial layer on the fixed electrode; |

a movable-electrode formation step for forming the 5
movable electrode on the sacrificial laYer; and

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

and the movable electrode.



.sacrificial layer to forma space between the fixed electrode and the
novabl e el ectrode. f 6 Septenber 2005 - 23 7. The nethod of manufacturing
a printer head according to Caim1l, wherein the mold i % Jepteitr 2605

f oamabl e material that expands to determ ne the volune of the ink liquid
cell during the nold-renoval step. 8. The nethod of manufacturing a
printer head according to Claiml1l, wherein the coating material for
formng the partitions and the coating material for formng the partition
of the nozzle are forned of a thernmogefting material and are thermally
cured during the nold-renoval step to formthe partitions. ABSTRACT
After a novable electrode is forned on a sacrificial |layer on a fixed
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pands to getermlne the volume of the ink liquid cell during

the mold-removal Step.

8. The method of manufacturing a printer head according to
Claim 1, wherein the coating material for forming the partitions
and the coating material for forming the partition of the nozzle
are formed of a thermosetting material and are thermally cured

during the mold-removal step to form the partitions.





