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 ELECTROSTATIC 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



- 2 the electrodes 3. The el ectrodes 3 disposed on the substrate 2 face
the bottomplates 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 aNPENthOf s pOYEFat OV the i hefhdatshpaien ks eis printer
havi ng a pi ezoel ectric el enent
5 insulated from the electrodes 3. The bottom plates & 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



.25 has difficulties with the integration of the piezoelectric 6 Septenber
2005 el enents, leading to a conplicated nmanufacturing process. For these
reasons, various kinds of nethods have been presented t & Splentbet Réxe

probl ens and also to inprove the |level of performance in inkjet printers
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 may sol ve the problens residing 10 in the
inkjet printer having the heater el énent or the piezoelectric element. As
nment i oned above, in the conventional printer head having the electrostatic
actuator, the conponent 5 having the bottomplates 6 and the partitions of

the ink daditisd 1268hS t4 and oA icQrRRNGRNnWE RAVMGNPEBRSs! are stacked
on the substrate 2 in that order. This assenbly process, however, is

conpl igsit athesENireaRHOGES Fadhios MMIS dh e tPES Biafe beenhe positioning of
t he conponent 5 and the conponent 8, and may cause ink | eakage anong the
subst it ehted Go Rel&eMpareR! probdithst R&dCcenponent idprdeeause t he

conponent 5 is disposed on the substrate 2, the connecting faces of the
subst riatwe=12 gfane rdfhemaarpoient: nkjmis prie telranhavied. the hecdeses probl ens
with integration of a driving circuit
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



of the electrostatic actuator on the substrate 2. . 25 6 Septenber 2005 - 4
Di scl osure of I nvention An exanpl e enbodi nent can provide a sinple and
accurate nethod of manufacturing an el ectrostatic actuat®epgfithen2@s nt er
head that allows sinple integration of, for exanple, a driving circuit.
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 liquid
cell by noving a novable electrode to eject an ink droplet froma

predet ermi ned nozzle, the novable el eckrode being noved by electrostatic
force generated between a fixed electrode and a novabl e el ectrode, the

nmet hod conprising- a fixed-electrode formation step for formng the fixed

el ectrode on a predeternineg.su %tra%e'falsggrkgigial-layer formati on step
for formng a sacrificial Iayé?consPﬁe Pixal sl'etttode; a

novabl e-el ectrode formation step for formng the novable electrode on the
sacrificial layer; a sacrificial-layer renpoval step for renoving the

sacrificial PayeretRleoPhredtpace Bet vREN I Ihe 115 @l Bt rivdd! t he
movabl goeh86t ELedRanAr AR A ALMBEI @R 81 EREPcf QLM B8R AR da o1& OP

surface of the novable electrode, the nold corresponding to at | east a
space herdt hbati aklbwvgusdmpét| inhdgaaspaveoforfan ¢nkmehannel dritaing
I ntroduces it.

According to a first 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.



ink to the ink liquid cell; a deposition step for depositing a coating

material that fornms partitions of the ink liquid cell and the ink channel
and a coating material that forms a partition of a nozzlgsdppenfty200s he
nol d; and a nol d-renmoval step for renoving the nold after the formation of
the partitions wusing the coating material. 6 Septenber 2005 - 5°In the
exanpl e enbodi nent, after the fixed electrode, the . sacrificial |ayer, and
t he novabl e el ectrode are formed in that order, the sacrificial |ayer is
removed by the sacrificial-layer renoval step to formthe space between
the fixed electrode and the novable el ectrode. These steps are perforned
using a semiconductor fabricating process. The fol |l owi ng steps which

include the nold formation step for formng the nold on the top surface of

t he novabl e el ectrode, the nold corresponding to at |east the space for
the ink liquid Cetleaadplheesbadenéot, theter nkhehthwed ¢hattiode oduces ink

to the ink.Liqui ell; the  deposition st for depositing the coating
mt er | APCESEHAAG Lt haYebar B 6B BPVERLe; RKBFFEard BeFl LARAeEnen| FR=Ehannel
and therdegQathBgsaRt-eriialsfionn,ng the-pablLhi BY ehet BecPOZZLEai016Quer

the nold; and the nold-renoval step for renoving the nold after the
f or mat F6RCFR Lt REepakri foms thei Agathebebuetngthat éikaf atectapde pedf or med

using the E%%ﬁ%@d%i%%r‘éé%ﬂi chLDg BLOSESSre JDMSo RLAPLE:ARNYfacture and

positioning w hi"gh "preci’si on ‘are
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-



achieved. Furthernore, an integrated circuit, such as the driving circuit,
can be.-prelimnarily formed on the substrate. Accordingly, sinple and
accurate nmanufacture as well as sinple integration of, feSepenanple)sthe
driving circuit can be achieved. According to a second aspect of the
invention, there is provided a nethod of manufacturing an el ectrostatic
actuator which noves a novable el ectrode by electrostatic force generated
between a fixed el ectrode and the novabl e el ectrode, the nethod

conprising: a fixed-electrode formati @a step for formng the fixed

el ectrode on a predeterm ned substrate; a sacrificial 6 Septenber 2005 - 5a
- layer formation step for formng a sacrificial layer on the fixed

eleCtr9Q§eraf8PM§pL§ne£§5§r?9§ f&fﬂ?ﬁéog stepiEerifermhper bhecpmvable
el ectrode on the sacrificial layer; and a sacrificial-Tayer renoval step

for reﬁmved98£ﬁ@tsa68Ffacmavabl@y@le¢br®@@nfarmpamenbeta@eﬁOKhéotmied

| d | d nb di t ft th
Fived B Eclroabis: feCeEReler PR H1C) SyF. T ki | nLoRBLabrBefoct 1 ode are

fOrnEdsaﬁrihﬁélaDFﬂgyertB@m@ﬁ@liét@pafofGYQMOV§nQeﬂﬁﬁegab¥1fﬂélal
sacrificial-layer renoval steg to formthe space between the fixed
el ect r b8¥SANEC” fAEMnBvaBRES Py edlethThEstedt epechredper8r HBE using a

sem copdystor £abricaying process. Thus, sinple manufacture and

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.



positioning with high precision are achieved. Furthernore, an integrated
circuit, such as the driving circuit, can be prelimnarily formed on the
substrate. Accordingly, a nethod of manufacturing an el élepteaitet €05
actuator that enables sinple and accurate manufacture as well as sinple
integration of, for exanple, 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 an enbodi nent 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

el ectrostatic actuatBxriefFilpsd{iption M.t Hraviger oss-secti onal views of
the subsequent formation steps followng the step in Fig. 4(D). Fig. 6(1)
to Fig. 6(Kigaré drsoss-csects-eraltivirads vifew hef subsegeantiohaimat i on st eps
following the step in Fig. 5(H _ 15 Fig. 7(L) to Fig. 7(M are

cr oss-peictiondiead ews of the subsequent formation steps following the step

in Fig. 6(K). Best Mdde for Carrying Qut the Invention
ig. 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




Enbodi nents of the present invention will now be 20 described with
reference to the drawings. (1) First Enbodinment (1-1) Structure of First
“Enbodiment Fig. 2 is a cross-sectional view of a printerglgadmbacziosdi ng to

a first enbodi nent of the present invention, 25 the cross-sectional view
bei ng 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 is a line head used in a line printer. 5 The nozzles 12
arrayed in a row have a length equi¥atent to the width of paper used for
printing such that the nozzles 12 are arrayed in a long line. An

el ectrostatic actuator of the printer head 11 changes the pressure in each

ink 1 iLguidg;gg! k;h}éugﬁh%hs' sg}&glﬁt@f%i gn@csgag%méaﬁﬂye@f by an 10

el ectrostatic®force to eject I1nk droplets fromeach nozzle 12. Al so, ink

i's inhrodyced;$0atheyERK i quirdycel t‘i%?" 38y otk By, i nlpcharwel that is not

shown in the drawing> The printer head 11 is formed by stacking head
conpopepts-Q8ctdosHbstiale takkn 318hgdetge e oreleg. by. a seni conductor.

15 fabricating process. Fig. 4(A) through Fig. 7(M are cross-sectional
VI EWS- A printer head 11 is a line head used in a line printer.
S5 The nozzles 12 arrayed in a row have a length equivalent to
‘fhe 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~



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 prelimnarily
formed on the substrate 15. As 20 shown in Fig. 4(A), an g swwnder DQo3 ayer
16 is then formed on the substrate 15 by, for exanple, chem cal vapor
deposition (CVD) and annealing. The insulating layer 16 is, for exanple,
a silicon oxide filmor 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 6 Septenber 2005 - 8 electrode formation step is perfornmed to form
a fixed electrode 17 for the electrfostatic actuator. In other words, the
printer head 11 is processed by sputtering or vapor deposition to forma
conductive layer with a predetermned 5 pattern. Thus, the fixed el ectrode

17 is évesedodd heorh@Pibict $¥ep | By efet fommdetdl |ficrd id niigayposed of , for
exanple, alumnum gold, or platinum The fixed electrode 17 is connected
W th aclegtoodenlt heodrtienglectedbtaticvaat@antotr nt eraobnaeti wargajtern
formed sinmultaneously in this 10 formation step. Referring to Fig. 4(C, an
i nsul athagptayesr Bead 11 ofsgoroceddwd pry rdpert teesichdl batvapqir edet er m ned

t hi ckness. The insulating layer 18 is, for exanple, a silicon oxide film
or a si¢peshtiit rfdefdithma conductive layer with a predetermined

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 er 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 leyer 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



15 Referring to Fig. 4(D), a sacrificial layer 19 is fornmed in the printer
head 11 by a sacrificial-layer formation step. The sacrificial |ayer 19
functions as a dummy layer and will be renoved after a mSepbnthee003 r ode
facing the fixed electrode 17 is forned. The sacrificial 20 layer 19 is
used for creating a space between the fixed electrode 17 and the novabl e
el ectrode. The sacrificial |ayer 19 conposed of, for exanple, polysilicon,
a netallic material, or an insulating material is forned a predeterm ned
t hi ckness. The excess of the layer_19 is then 25 renoved by, for exanple,

- phot ol i t hography. The renoval of 6 Septenber 2005 the sacrificial |ayer 19
after the formation of the novable electrode nmust not have any effect on
ot her conponents. In'" other words, the selectivity of etching the

sacri f T&eaFarayéicialf LanerhéSothtprcbhpofientst hestobetisafmfdwitdnt |y 5

mai ntained. A wide variety of materials may be used for the sacrificial

| ayer P4e58TPERgNEEtshEk géV@cﬁPVi??f?ﬁﬁtOﬂo@ghehdﬁﬁmmmﬁntﬁhei%?actica

use is a hi eved., Referrin to,Fl%. 5(E), after the sacrificial layer 19 is
[ Y

f or med RS hBOPHEnt ERehealeetivahyi asuPbehig | BRrsaorbficialy for exanpl e,
silicon_oxide or silicon nitride is fornmed. Referring to Fig. 5(F), a
nnvablgagﬁgc??065°§1£P§ ?Eéﬁr ?8?3%%9%95dm%%9dﬁ?eﬁ%ﬁéhﬁ%?ﬂﬁi§W3rga%ion st ep.

AS 4N L0EncLORERY T Of 9lalng.flXed ShERIIQIE 17 o A6, Ioyal] & 5! G5 0de
sacrificial 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, cr 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



21 is also forned with the conductive |ayer of a netallic 15 film conposed
of, for exanple, alum num gold, or platinum The conductive |layer with a
predeterm ned pattern is formed by, for exanple, sputt erf Sxptanberdpos
~deposition. The novable electrode 21 is connected with a region in the
driving circuit 14 via an interconnection pattern formed 20 simultaneously
inthis formation step. Referring to Fig. 5(GQG, in a diaphragmformation
step, a diaphragm?22 is fornmed on the novabl e el ectrode 21 of the printer
head 11. For the diaphragm 22, a rigipd_material that is not brittle and

t hat has high Young's nodul us and 25 toughness is used. In detail, the

di aphragm 22 is forned on 6 Septenber 2005 - 10 the novable el ectrode 21
by usi ng, for exanple, a ceramc material conposed of, for exanple, a

si | i cohlgxiiggabienplactsedpcodh oy tvsieafifoy exanwln, a gata@idc film
alumna, or, zirconia. If _the diaphragm 22 i's conposed of a netallic 5

mat er | BFEETRRLAFEPRP AT 25 nB9T %y B IMctd ohl BCaheisimdiid M eldct r ode 21.

Referring.to Fi 5(H) ,..the sacrificial layer 19 in the printer head 11 is
r enoveld’ §7C‘éns’égJFFH(l%i53riIFa Jfll’r“e‘?f‘b'va"i‘ mekahl iorhiilm.g adyaid®3 Gfavi ng. t he

sane thickness of _the 10 .sacrifici Jayer 19 is forned between the fixed
el ect r o¢ ecoﬂ?aandlﬁhgh%%]a%‘? raeqnéczta% otfe” FIPRs rﬂﬁor‘?g“lﬁ? Svat eri al

5 material, the diaphragm 22 may also function as 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 apd 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
éach 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 liguid cell and the

_25 ink channel. Consequently, the sacrificial layer 31 is used




of the sacrificial layer 19, etching processes, such as dry etching or
- wet-etching, nmay be applied for this renoval step. Through these steps, the

el ectrostatic actuator having 15 the fixed el ectrode 17 6Bughtertier 200abDI

el ectrode 21 facing each other with the predeterm ned space 23
therebetween is formed 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 diaphragmof the 20 printer head 11. Referring to Fig. 6(l),
anot her sacrificial layer 31 is foran according to the patterns of the

i nk channel and the ink liquid ceTI1dThe sacrificial | ayer 31 is renoved
after stacking of.. for exanple, partition conponents that formthe ink
liquid cell and the 25 ink channel. Consequently, the sacrificial |ayer 31
i S usetbt Sepdenbers2005 -fdirl tHeorink datquigl spadesnidorhiehaniknk i quid cell

and the ink channel. The thickness of the sacrificial layer 31 is |ower
t han dahwekel ght of the ink channel and the ink liquid cell and is 5 nade
hi ghly uni form by the sem conductor fabricating process. The sacrificial
| ayer 31 i §heorpdsedests afmaher sakrtfacieanlagrpaddl ibelvetunthafh the
sacrificial layer 31 by a certain reaction process so that the increased
t hi ckridss RDBiesf ddii valkemhangelhangeitdist igfk tiiguiidk cefanaeld d/d t he ink
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 form the sacrificial layer 31.
'in detail, azobisisobutyronitrile (product name:
VINYFOR AZ, decomposition temperature: 114°C, manufacturer:
EIWA CHEMICAL IND. CO., LID.) 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 materiél. These materials were théroughly

stirred and mixed together. Thus, a foamable resist that

25 satisfies the above-mentioned conditions was formed.



10 liquid cell. In this enbodinment, this reaction process is perforned by
heating a foamable material (referred to as a foamable resist hereinafter)
that forms the sacrificial layer 31_ In other words, a @iS¢htehtbeO00B

foam ng agent that generates gas during the reaction process and a 15
predeterm ned base material that forns a |layer of foamis used to formthe
sacrificial layer 31. In detail, azobisisobutyronitrile (product nane:

VI NYFOR AZ, deconposition tenperature: 114C, nanufacturer: EIWA CHEM CAL

‘IND. CO., LTD.) was used for the foam ng agent 20 and a positive resist

(product nane: PFR-9500G  manuf act d€er: 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 tOQEtA‘P{drTﬂPé f@aﬁa‘iﬁ@l}lé‘sfé\é‘dﬁ thalh 22 580 Shhes pihfter

above-nention conditions was forne ept enber 2005 - "12 After t he

foarrabth@aaeﬁsxt:awaéuﬁ@ana@%@e@ A8 LEpME] wieRd ilbh vaskiRed at 80C was
exposed with |ight, and was developed to formthe sacrificial |ayer 31.

Ref er ra&gel Op&d o 6fdim endhoiosenstidvergpoxysis 5 supplied to the printer
head 11 by spin-coating and is cured wunder given conditions to forma

f:oati ng | ayesf&2-ing tihe Figel & ion of pgagehelsasars kbveyepexy. The coating

aéer éﬁ;piled toc 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

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 héad 11.

The printer head 11 is then heat-treated at 130°C for

20 10 minutes for a reaction process. Referrlng 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 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



havi ng a predetérnined t hi ckness covers the entire sacrificial layer 31.

The coating layer 32 fornms the ink 10 channel,

the ink liquid cell

and t he

nozzle. In this enbodinent, the curing tenperature of tlaeScgRhdeit BH)S
material wused for the coating |ayer 32 is |Iower than the foam ng
tenperature of the sacrificial layer 31. Furthernore, the curing

tenperature of the materi al

is higher than its 15 foam ng tenperature.

Referring to Fig. 6(K), an exposure process is perforned to determ ne the
shape of a nozzle 12 in the printer_head 11. The printer head 11 is then

heat-treated at 130C for
to Fig. 7(L),

20 10 ninbfes for a reaction process. Referring
the tenperature rise by this reaction process foans the

material of the sacrificial |ayer 31. The thickness of the sacrificial

| ayer Sdmphesed ncreasesdingliing e ckaesist iodi 4hel ayteank J11 @oindadalihgl3. After
this increase in thickness of the .25 sacrificial |ayer 31, the curing of
t he coatlagg¢ ayenbd2 ¢ HulSeptenbern? 0k -sthlictiumwonryd efed.inkccor di ngly,
the sacrificial layer 31 containing a |arge nunber of bubbles fornms the
structchaneél tdreditike Thlanhefuihdce e imktHe quiithtzel heiad tiHe prndnter head
11, and the entire structure. is covered with the cured coating |ayer

5

10

15

20

25

the entire structure is covered with the cured coating layer
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
(not shown in the drawings) leading towards the ink channel
is formed in the rear surface of the semiconductor substrate
15 by chemical anisotropic etching. Referfing 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
removal step. Thus, the ink liquid cell 13 and the ink
channel are formed in the printer head 11.

The semiconductor substrafe 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
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

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



5 32. After a portion of the epoxy material is renoved 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 resitsSeppnitae2005 An

i nk-supplying hole 10 (not shown in the draw ngs) |eading towards the ink
channel is fornmed in the rear surface of the sem conductor substrate 15 by
chem cal anisotropic etching. Referring to Fig. 7(M, the sacrificial

| ayer 31 is renoved fromthe ink-supplying hole and the nozzle 12 using
met hanol as a solvent by a 15 renDVfI step. Thus, the ink liquid cell 13
and the ink channel are forned in ﬁé‘printer head 11. The sem conduct or
substrate 15 of the printer head 11 is cut into chips using a dicing saw.
Each of the chips is nounted on a given conponent and is connected to an

i nk 203 ¢ar} yiwlgen vi aptdxde takmisupplydIngdeolis. appitilker etesepatkeof the
driving circuit on the sem conductor substrate 15 formed by w re-bonding
ar e cohireed eell ¢otpréeel erandethe egivaisd.e ellmed rodee 20r,1 ther head 11 is
conpleted. (1-2) Operation of First Enbodinment 25 In the printer head 11
(ref erelegtrosFic 2 anck Mepet tSehteeen200s £iked glArrrodheh’a
predeterm ned voltage is applied between the fixed electrode 17 and the
nnvaby@n@|@qumﬁﬁgqm§ g¥rctrode 21 attracts the movable electrode

5 21 towards the fixed electrode 17 {(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,



el ectrostatic force generated between the fixed electrode 17 and the
novabl e el ectrode 21 attracts the novable electrode 5 21 towards 'the fixed
el ectrode 17 (referring to Fig. 3(A) and Fig. 3(B)). ThisSdpnsahlaagesst he
volume of the ink liquid cell 13 and introduces ink to the irk [iquid cel
13 via the ink channel that is not shown in the draw ngs. Also in the
printer head 11, when the application of the voltage between 10 the
novabl e el ectrode 21 and the fixed electrode 17 is stopped, the

el ectrostatic force between the novable electrode 21 and the fixed

el ectrode 17 is renoved. The ink |Tquid cell 13 regains its original
volunme by the restoring force of the diaphragm 22 and the novable plate
21. Thus, 15 the pressure in the ink liquid cell 13 is increased to eject
an i nktdeoptetifioml heayvozZl% ITheofrddeblgr igltertrbdad21ll apBi ghe3(C)). In
the printer head 11, the-electrostatic actuator fornmed of the fixed

el ect rdderh7aand2 heremniamiasl gl adtatoderdzl .f adlexdaclihet her with a
predeterm ned di stance 20 therebetween. The driving of this electrostatic
act uat ®2crefeetal alpyek bt o aerfoved tee thedz [teel2parg £€Be printer head 11

havi ng the above-nmentioned operation (referring_.to Fig. 4(A) to Fig. 5
(J)) ,TeReiredstAatiiyy meFEting iof fhems@vehiehele6kFe8Rddét 6FfF substrate 25
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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 sacrificial layer 19, the novable el ectrode 21, and the diaphragm 22
are formed in that order. Next, the sacrificial layer 19 is renoved so
that the space 23 required for the operation of the novalSepteaitecb@ide 21
is 5 formed between the fixed electrode 17 and the novable electrode 21.
Accordingly, the electrostatic actuator is forned 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 diaphragm are forned by
10 a sem conductor fabricating process with precise positioning to allow
sinpl e and accurate manufacture of the~ el ectrostatic actuator. Because the
el ectrostatic actuator is fornmed on the sem conductor substrate 15, the
driving circuit 14 can be prelimnarily formed on the sem conductor 15

substrat e Ixtelhitheales@maiciBhi biresnkhealenratign $4p88. 19yt fee Ot her hand,
if the driving circuiit is forned separately, the fixed electrode and the

novabl gel €6k d Qs Of r faGhtd tikng Ig @b Leldhausierheieqanechedrt a9t he driving
circuit, requiring a longer time for the manufacture. In this 20

enbodi rentendoxneviar , fdiie ttHeapasd @3 bacidéat ahel moflabred after the
driving circuit 14 is prelimnarily forned on the sem conductor substrate

15, t helebyrqpievaEntamy,tHeorf iovcainsd lescteaid dm, nahieerbly thepupiatees duri ng
the formation of the driving circuit 14. This achieves a sinple
maBuf atd Uk mrov2sias otidds oo etk tef ratitres’s hatigh tawt.ght bigh
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



6 Septenber 2005 - 16 - After the formation of the sacrificial layer 19 by
the sem conductor fabricating process, the sacrificial layer 19 1is
renoved to formthe space 23 between the novabl e el ectr odeSépienatrd20be fi xed
el ectrode 17, whereby the space 23 is provided with a predeterm ned hei ght
with high precision. The difference in driving force of the electrostatic
actuator can thus be reduced so as to reduce the irregularity in volune of
ink in the printer head 11. Furthernore, because the diaphragm 22 is forned
by a 10 deposition process, the thickness can be precisely .controlled so
that any irregularity in the thicknksds is reduced. After the electrostatic
actuator is fornmed in the printer head 11, the sacrificial layer 31 and the
coating 15 layer 32 are fornmed using a simlar sem conductor fabricating

Procesit i qgﬁﬁﬂd}&d@,ert@%araé&mﬁ@@squ wcblrhicght through a nozzle
pattern (Fig., 6(K)). The sacrificial layer 31 is foanmed such that the

hei ghtpofudhauddnk liquid cell 13 is maintained. The coating layer 32 is 20
then cured and. the sacrificial layer 31 is renoved. After the
el ect r ost ahirg eaCtrtiat 8acirs FieraRd1kRetrhel psi Nbemebeand 1dhe thwei gemi conduct or
fabricating process can be used for subsequent fabrications. This allows
hi ghl yof the ink liquid cell 13 is maintained, the coating layer
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 fixed electrocde, 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



preci se positioning. of, for exanple, the nozzle 12. .25 Furthernore, this
prevents problens, such as ink | eakage 6 Septenber 2005 - 17 between
conponents, to achieve sinple and accurate manufacture. AfdepfenitRe2005
sacrificial layer 31 is foaned and the height of the ink Iiquid cell 13 is
mai nt ai ned, the coating layer 5 32, which is a conponent formng the ink.
liquid cell, is cured. The foaned sacrificial layer 31 is then renpved so
that the ink liquid cell 13 is forned. This allows a reduction in time for
the renoval of the. sacrificial layer and fornms the ink liquid cell 13
wi th high precision. 10 (1-3) Advant&ges of the. First Enbodi nent The above
structure achieves a printer head which allows sinple integration of a
driving-circuit. This printer head can be sinply and accurately

nanufactg%tr%%%chorn1€%en saCé%f{éne%1df§%%§1gﬂgﬂgrpgm%gkgogkggggode on a 15

fixed &F f-enovi Ng the sacr | layer to forma space

bet vveen(f,lﬁh%tg}:xedrﬁigdéi%) e, A ‘{géel ds ? cenlcpla%dr%% Furthermore, after

a mol d° corresponds to an in space and an i nk channe

space,mggﬁfg {@}équcgﬁe GPih e teddhe ink liquid cell, are formed with the
sacrificra ?ayer a coating layer that fornms the partltlons of the ink
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, 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,



liquid cell and the ink channel is disposed over the nmold. The nold, that
is, the sacrificial layer is then renoved. Consequently, the sem conduct or
fabricating process can be '25 applied to the fornmation &fSeptstbeeatml e,
the ink liquid 6 Septenber 2005 - 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 particular, because the
substrate is conposed of 5 silicon, a sem.conductor fabricating process can
be readily applied. Furthernnre,_shgpte integration of, for exanple, the
driving circuit can be achieved. In“other words, by prelimnarily form ng
the driving circuit on the substrate for applying a voltage between the
10 fixed el ectrode and the novabl e el ectrode, the driving circuit can be
readi | puicht @gr at édne h2pdQx hén Eobbdasents thet berabbve-sEntdconed

enbodi ment, the printer head formed on the sem conductor substrate
conposédbstraitiei,.cdhe rs5changdéscrogbeds Thlespresentan mfaridimntihowever, is
not limted to this material and a wide variety of materials nay be used
for thBreyBser gt daggedasmbed. ofoprenbepl keads gf res omtiyrsfir@tifay be used

in place of _the silicon substrate. Wen using the glass substrate, a thin
fi|n]transig?OFh?Sabove—mentloned embodiment, the semiconductor

5 fabricating 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

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 compoﬁent.

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 électrostatic 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. Thﬁs, a simple and accurate method

725 of manufacturing a printer head that allows simple



integrated. Furthernore, when using the glass substrate, a plurality of
printer heads is formed together on a rectangul ar gl ass GSdsdmisire00he
printer heads can then be individually separated so that each printer head
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
silicon substrate, the rectangul ar glass substrate can efficiently

provi de a | arge nunmber of printer heads fromone substrate. In the

above- nenti oned enbodi ment, the seniZfonductor 5 fabricating process was
applied to the printer head to form for exanple, the ink liquid cell. The
present invention, however, is not limted to this process. As desired,

conponamtegra¥ebnas t heoknkyLigyid Sehkiﬁﬂﬁ% ?fréﬁg kﬁ%ﬁ&&é?ﬁng aresin

mat eri.al having the sane shape as the in iquid cell”or the ink

channelrurtheyrbe Hsedmpscadngl 86En0stat hEtREH U Haddr S @iy of
el enents and devices. As in the present invention described above, after

the fannetieenrobthliecmavabheoe! 8ep10der08 thessacrd fjcimled av@{a forned on
the fixed electrode, the sacrificial l'ayer is then Al'though the driving
circui tisi schintegdated with the '
5
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.



printer head in the above-nentioned enbodi nent, the present invention may
alternatively allowthe driving circuit to be separated as an individual
conponent. Al though the above-nenti oned enbodi nent of th& Jepesdrt 2005
invention is applied to the printer head, the application of the present
invention is not limted to the printer head and renpbved to create a space
between the fixed el ectrode and the novable el ectrode. Thus, a sinple and
accurate method .25 of manufacturing a printer head that allows sinple 6
Sept ember 2005 20 integration of, for -exanple, a driving circuit is
provided. Furthernore, a sinple and accurate nmethod of manufacturing an
el ectrostatic actuator applicable to such a printer head is achieved. 5

I ndustrial Applicability The present |

b&ﬁ%ﬁ%ion relates to a nethod of
manuf acturing a printer head and a nethod 'of manufacturing an

el ectrostati 2 metbatioof mamdufscappingabdl privtan hokjekhidl phanges.tite
Septenbei 2005 _- 21, CLAIMS, 1. A nethod of nanufacturingegtggégtgé head
whi ch &R HBgsth@n ink liguid cell by moving a movable e
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
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.- -



volunme of an ink liquid cell by noving a novable electrode to eject an ink
droplet froma predeterm ned nozzle, the novable electrode being noved by
el ectrostatic force generated between a fixed el ectrode @Sehtantp2ads e

el ectrode, the nethod conprising: a fixed-electrode 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 e-el ectrode formation step for form ng the
novabl e el ectrode on the sacrificial payer; a sacrificial-layer renoval
step for renoving the sacrificial |layer to forma space between the fixed
el ectrode and the novable electrode; a nold formation-step for formng a
nold on the top surface of the novable el ectrode, the nold corresponding
to at?}eastThe spatchkod opf thenihkctigund €ebtinpelr ahepdcrctordiarg ok

channe hat . i nt ces. ink_t he ink_liquid, cell, ition step for
deposi %%bﬁalbogﬁggglﬁaFé?i3?85% ggefﬁ?n% %5?%???0%%§% P%%%'ink liquid cel
and the ink channel and a coating nmaterial that forns a partition of a
nozzle_to cover the npld; and a nol d-renoval  step for renoving the nold

after Phe fHrPERFOMOROF HRANRERFENBHAY LR MELRFRE Rt d RETRESHI%RI . 6
Septenpngfggﬁ Z,Z%herein a driving circuit for applying a voltage
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.



2. The nethod of manufacturing a printer head according to daiml,
wherein the substrate is a silicon substrate. 3. The nethod of

manuf acturing a printer head according to Caim2, wher@iStptenther 2000
circuit for applying a voltage between the fixed el ectrode and the novabl e
electrode is 10 prelimnarily formed on the substrate. 4. The nethod of
manuf acturing a printer head according to Caim1l, wherein the substrate
is a glass substrate. 5. The nethod of manufacturing a printer head
according to Claim1l, wherein a driviggg 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 manyf act ufy eckr i tor ' S e. el ectrode
by of obt rost ot oo e o AL PR B P2y AR B TR RS B8 ol 6
el ect rotdeimt he wiethein tbapmoddngs fofmxddeoél ecfoenebloermateéonast epator
formng the fixed. electrode on a predeterm ned substrate, ,

sacr| { PEPARST aber IPbPRRIION BT KO HBRST BFntHE AnkoALRRtfcrarL| dYEinen the
fixed ghechspdereRobRYablepel ectrode formation step for formng the 5
novabl e el ectrode on the sacrificial layer; and a sacrificial-layer renoval
step for renoving the .sacrificial layer to forma space between the fixed

eIectr@ﬁe %W%Jégkﬂ%gagfngﬁgfééggging 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.



f 6 Septenber 2005 - 23 7. The nethod of manufacturing a printer head
according to Caim1l, wherein the nold is forned of a foanable nateri al
that expands to determ ne the volune of the ink liquid Geddptesiibiel DOOS t he
nol d-renoval step. 8. The nethod of manufacturing a printer head according
to Claim1l, wherein the coating material for formng the partitions and
the coating material for formng the partition of the nozzle are fornmed of

- a thernosetting material and are thermally cured during the nold-renoval
step to formthe partitions. ABSTRACT After a novable electrode is
formed on a sacrificial layer on a #txed el ectrode, the sacrificial |ayer
is renoved to forma space between the fixed el ectrode and the novabl e
el ectrode. Thus, sinple and accurate manufacture as well as sinple
integration of, for exanple, a digytmgceircuit can be achieved.

After é movable electrode is formed on a sacrificial
layer on a fixed electrode, the sacrificial layer is removed
to form a space between the fixed electrode and the movable

5 electrode. Thus, simple and accurate manufacture as well as
simple integration of, for example, a driving circuit can be

1;)  achieved.



