| -1 DESCRI PTI ON ACTUATOR, LI QUI D DROP DI SCHARGE HEAD
I NK  CARTRI DGE, | NKJET RECORDI NG DEVI CE, M CRO PUWP, 5
OPTI CAL MODULATI ON DEVI CE, AND SUBSTRATE TECHNI CAL
FI ELD The present invention relates to actuators, 10
l'iquid drop di scharge heads, ,ink cartridges, inkjet
recordi ng devices, mcro punps, optical nodul ation
devi ces, and substrates, and nnre specifically, to an

electrostatlc act uat or, g_ dﬂfhd'SCharge head,
ink cartridge, inkjet recor ng devic m cro punp, 15

- optical nodul ation device, and substrate which use
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the actuator. 20 25 BACKGROUND ART In an ink jet
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apparatus or picture formng apparatus such ‘as a
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is used as an ink jet head configured to dlscharge
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TECENICAL FIELD

The present invention relates to actuators,
liquid drop discharge heads, ink cartridges, inkjet
recording devices, micro pumps, optical modulation
devices, and substrates, and more specifically, to an
electrostatic actuator, liquid drop discharge head,
ink cartridge, inkjet recording device, micro pump,
optical modulation device, and substrate which use

the actuator.

BACKGROUND ART

In an ink jet recording apparatus used as a
picture recording apparatus or picture forming
apparatus such as a printer, facsimile, or copier, a
liquid drop jet head is used as an ink jet head
configured to discharge (jet out) ink.

The ink jet head includes a nozzle, a
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t he di scharging room generate

di scharging room a conmmon room and pressure
generating neans. An ink drop is discharged by the
nozzl e. The nozzle is connected to the discharging
room The discharging roomis called a pressurized 5
liquid room pressure room ink channel, or the |ike.
Di scharging fluid (ink) supﬁﬁred to the discharging
roomis received in the conmon room The inside of

the; di

har. gi [ re rized b he pre re
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of pressure generating neans, an electrostatic fype

presguie rgener alrdysumansobs, Usad ofadliel preésephe 1ike.
invention. In the electrostatic type pressure
gehesehangimgafduida (ibkat seppplate Hortiagas¥Bbkrging
surface of the 20 discharging roomis deforned by an

el rxetmossareceifiecce rsccltdatommonnkodimp i®he inside of
di scharged. Recently and continuing, such an ,

el e rédssahpre gtiyyge yoass sig eprgeneratzieny pdrse apteasuse

a great deal of attention fromthe perspective of the
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ink can be discharged from the nozzle. The ink drop
is discharged from the nozzle due to the pressure in
the discharging room generated by the pressure
generating means.

Although there are several kinds of pressure
generating means, an electrostatic type pressure
generating means is used for the present invention.
In the electrostatic type pressure generating means,
a vibration plate forming a wall surface of the
discharging room is deformed by an electrostatic
force so that an ink drop is discharged. Recently
and continuing, such an electrostatic type pressure
generating means attracts a great deal of attention
from the perspective of the environment because the

electrostatic type pressure generating means does not
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little effect on the environnment are suggested from
the perspective of |ow consunption of electric power
in addition to no lead in the electrostatic type 5
pressure generating neans. In the electrostatic type
pressure generating neans, a couple of electrodes are
provided via a space. There3is an exanpl e where one
of the electrodes works as the vibration plate and
ink fi si de qpp05|te to the el ectrode facing

ttﬂ?%lt?%?ron lm%ﬂ@% lﬁﬁieﬁe%PFoQFaFﬁ?WQﬂ%%Q%%ikgaVlng
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genes b h R GRABT AftQMmg REESSHr i zi ng the dlscharge fluid
is called an 20 actuator In the electrostatic type

ink jet headin the eEauHEIENdtPEEELpLORr@fssAifd st
space, nanmely a space of the vibration plate and the

elgate oaleinbi skanare aretduphet 0k lkke racidatHFe Pr¥oSded
a large anount of influence to the capacity (size) of

t helpresspaee25 FéraratingameansmpiEspedicald yoné nod the
case of the ink -4 jet heads, the |arger the
diskresronesf wolrksc@gacihy vibration plate and ink fills

a side opposite to the electrode facing the vibration
plate. The electrostatic force works between the
electrodes by applying voltage to the electrodes so
that the electrode (vibration plate) is deformed.
The vibration plate is returned back to the original
state by an elastic force based on turning off the
voltages so that the ink 1s discharged based on the
elastic force.

Such pressure generating means for
pressurizing the discharge fluid is called an
actuator. In the electrostatic type ink jet head,
the measurement precision of a first space, namely a
space of the wvibration plate and the electrode which
are main parts of the actuator, gives a large amount
of influence to the capacity (size) of the pressure

generating means. Especially, in a case of the ink
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of the actuators is, the nore printing precision and
reproduci bility of image quality are reduced. It is

i mportant to prevent the neasurenment 5 dispersion of
the space in order to obtain a head having high
reliability. It is required that the nunber of
processes for determ ning thé“space nmeasur enent be
made as snall as possible in order to prevent the
neasurenegt di%persion of the space. .10 Because of

S ACTa8nnGPogy AlESS ThE OUPBRESISN fareher Aapacity
d | ectr.od f d.at .a single. .
spErr R by Bafsii ng e mePPr Bt ing &f Pprbsden and
AN [ i t n
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sacrificial |ayer process, for exanple, a deposition

et hosle r¥hehebd e Seeedfigi akbakayelo eldtd Pat bOReag
hol e, after the 20 sacrificial layer is elimnated, is

closethPyhNogh SieQabioritihe | rkeiby residig-&d Pv: ethed
or CVD nethod with a vacuum devi ce, nay be used.

Howenizer ©f phiose stegrosi ¢t odetrechadc,iray deposspiaon
conmponent may invade (seep into) the space. If the
deppzstirencotnpenamde 25s | svadiés asheopaidele ain order to
vi bration groperty of the -5 vibration plate is
chrireen§ot hrameg Pueient udhepersion of the space.

Because of this, a technology where the
vibration plate, the space and the electrode are
formed at a single substrate by applying the
sacrificial layer process as a manufacturing method
is suggested. See Japapese Laid-Open Patent
Application Publications No. W099/34979 and No. 2001-
18383.

In a case of the sacrificial layer process,
for example, a depcsition method, wherein the
sacrificial layer elimination hole, after the
sacrificial layer is eliminated, is closed by Ni, SiO,,
or the like by using a PVD method or CVD method with
a vacuum device, may be used. However, in this
deposition method, a deposition component may invade
(seep into) the space. If the deposition component

invades the space, a vibration property of the
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given to the reliability. In addition, since the
sacrificial layer elimnation hole is also used for
ensuring the strength of a partition, it is not 5
possi ble to make the hole small and therefore the
hol e is not appropriate for heing made at a high
density. The sacrificial Iayér el imnation hole my
be sealed by a filmformed by a deposition nmethod 10

A S HTMS S0 AP o 0ehe A pBbuence 1o
Ho . hi t.had,. si [ f d
VTR R GRS s PRI B bbb oo rn LA pdbe iy B
negatiyve; waen 4 &%%P%%r"nﬁx?ﬁfégrSo%‘:‘irss-al 0CCs bl £or
15 1s not possibfe'to obtain & desirable afpunt- of

bending; def onmati-oR fc v Ner VA bpat-L9R 1RkAt & fand, not

def ormati on di spersion may be generated ‘due to t

digpes shoe 06 mBgebend Nh1d nsRddit kel tH: A £858 fhe
vacuum seal ing, 20 since there is no danper effect of

gasold ibenspaegproie i pessi paial el idy af i RDgh

def ormati on agai nst the dispersion of the thickness
ofddreiwybrati on plate becones large. A structure or
process opening to the air is required to solve the
above- nent i ofiled s26rpidllients badethedimaypadduse hole may
i ncrease of cost or -6 decrease of yield rate. Thus,

i Pe heeabedt by artfilm formed by a deposition method

using a vacuum device so that the deposition
component can be prevented from invading the space.
However, in this method, since a process is performed
in the vacuum state, the pressure in the space may be
negative when atmospheric exposure occurs. Hence, it
is not possible to obtain a desirable amount of
bending deformation of the vibration plate and
deformation dispersion may be generated due to the
dispersion of the bending.

In addition, in a case of vacuum sealing,
since there is no damper effect of gas in the space,
the dispersion of the vibration deformation against
the dispersion of the thickness of the vibration
plate becomes large. A structure or process opening
to the air is required to solve the above-mentioned

problems and this may cause increase of cost or



10

15

20

25

is difficult to obtain the actuator having high

preci sion and using an electrostatic force with high
reliability at I ow cost. 5 DI SCLOSURE OF THE | NVENTI ON
Accordingly, it is a general object of the present
invention to provide a noveI and useful 10 actuator,
liquid drop di scharge head, bk cartridge, inkjet
recording device, mcro punp, optical nodul ation

d b h d
IR SRy rﬁar%Stenff*a%”. IR ohe R lates e, it

h d |iabiljt
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sacsifhphakthager 18l idgpation hole is sealed under
at nospheric 20 condltlons wi t hout using a vacuum

device so that a deposition filmis effectively
prevented from invading in a first space. It is also
arbDPLeOLUBE Dife THESEMWENTDERNti on to provide a
substrate nanufactured by 25 using a sacrificial |ayer
process and the substrate -7 having a space forned

i nside of the substrate. The present invention is

achi eved by &pcordingly, it is a general object of the

present invention to provide.a novel and useful
actuator, liquid drop discharge head, ink cartridge,
inkjet recording device, micro pump, optical
modulation device, and substrate.

Another and more specific object of the
present invention is to provide an actuator having
high precision and reliability, and a liquid drop
discharge head, ink cartridge, inkjet recording
device, micro pump, and optical modulation device
which have the actuator, whereby a sacrificial layer
elimination hole is sealed under atmospheric
conditions without using a vacuum device so that a
deposition film is effectively prevented from
invading in a first space.

It is also an object of the present
invention to provide a substrate manufactured by

using a sacrificial layer process and the substrate
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actuator, including: a vibration plate area displ aced
by an 5 electrostatic force; and el ectrodes facing
each other via a first space in the vibration plate
area; wherein the first space is forned by a
sacrificial |ayer process uang a sacrificial layer
10 renoving hole; and a barri‘er as a fluid resistance
is formed between the first space and a second space

SULPLE] o Boble Wild vy oL ke csacHd Sl ayer

renovin resent invention 1S

achi eved by apl b%istgﬁoi&,xgéﬁﬁhaﬁgﬁsh%%gﬁéé%%%”gfﬁd

a di schargi ng room whi charges a |

| saconReetedihe 13diZed e; a conmon |iquid room
recei ving di scharge O fluid supplied to the

di schar gi ng &00AbLra tRes PI £ gegeeat BAGhded by an
configured to give discharging energy to the
distdhatgestkuiid ifloddwe; @hd&chargi ng room and t hereby
the di scharge fluid can -be discharged fromthe
nozzl e; 25 aepkotalodes dfacttgatech, otheractismtorfiBst
including a vibration plate working as the pressure
space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.
The present invention is also achieved by a
liguid drop discharge head, including:
a discharging room which discharges a ligquid
drop and 1is connected to a nozzle;
a common liquid room receiving discharge
fluid supplied to the discharging room;
a pressure generating part configured to
give discharging energy to the discharge fiuid in the
discharging room and thereby the discharge fluid can

be discharged from the nozzle;

a plurality of actuators, the actuator
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generating part; a vibration plate area displaced by
an 5 electrostatic force; and el ectrodes facing each
other via a first space in the vibration plate area;
wherein the first space is fornmed by a sacrificial

| ayer process using a sacrificial layer 10 renoving
hole; and a barrier as a flufd resistance is forned
between the first space and a second space situated
in the yicinity of the sacrificial |ayer renoving
hot'¥? ﬂ%l%ﬂe present invention is also achieved by an
ink cartridge,. including: -a.liquid, drop_di scharge head
configured to vﬁﬁ%%%&ﬂ&a%ﬁ?%%k A 5pPYand }%%1 @nkYt e

c ' 0 ply ink to the 20 liquid drop
dggi %#%ggﬂéaaggﬁﬁerein the liquid drop discharge

head, incl Ud§3vgér§_tqio§1cw&@gafgg%\ﬁ@?%%ﬁcgc%%:ﬁ%gs

aliquid drop and is connected to a no n
| i & ¥ 99aR £ eeeiry e digeharge -9 fluid supplied to

t he di schargi ng room

electrodes facing each other via a first
space in the vibration plate area:

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.

‘The present invention is also achieved by an
ink cartridge, including:

a liquid drop discharge head configured to
discharge an ink drop; and

a ink tank configured to supply ink to the
liguid drop discharge head;

wherein the liquid drop discharge head,
includes

a discharging room which discharges a liquid

drop and is connected to a nozzle;

a common liguid room receiving discharge
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a pressure generating part configured to give a

di scharging energy to the discharge fluid in the
di scharging room and thereby the discharge fluid 5
can be discharged fromthe nozzle; a plurality of
actuators, the actuator inclyding a vibration plate
working as the pressure genérating part; 10 a

vi bration plate area displaced by an electrostatic

f of 68 aandoBheely ades { Ak 10RACH Qe A 8 TLIs!

space int vi bration pl ate area, erein the first

space is forﬂﬁﬂréﬁs%r%5d%ﬁgféffﬁelp%@%e%dﬂﬁﬁéﬁfed to
an

using a sacrificial l|ayer renoving hole;
bagiveraagiachlawigd fesd s Aggerbs ther f&%cl?@ﬁc%’@eﬁlh*ﬂ% in
first space and a second space situated in the

vitchei dysohatrhe nsaarddm ciedl tAgeebremd ngis@Rahgkesiuid
25 The present invention is also achieved by an ink

j etan eeer disghdeviesk, f1ow! tide ngozallei;qui d drop

di scharge head configured to discharge an ink drop;
wherein the #ipgdikdadidy dischargethead, thk) actuator

including

a vibration plate working as the pressure
generating part:

a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other via a first
space in the vibration plate area;

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole. |

The present invention i1s also achieved by an
ink jet recording device, including:

a liquid drop discharge head configured to
discharge an ink drop:;

wherein the liquid drop discharge head,
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i ncludes a di scharging roomwhich discharges a |liquid
drop and is connected to a nozzle; a common liquid
roomreceiving discharge 5 fluid supplied to the

di schargi ng room a pressure generating part
configured to give dlschargﬂgg energy to the

di scharge fluid in the discharging roomand thereby
t he discharge fluid can be discharged fromthe

a plurality of actuators, the actuator
%%%udlng a vibration plate wor ki ng as the pressure

generatlng pgr&lsgh%| (¥b£%a&ﬁ pfg eéﬂﬁfﬁé@ le%quid

an 15 electrostatic force ng eac

otdyesp VhAdaikl ¥nnsPass 18 Ehﬁo%bQE@t'on plate area;
mhereln the first space is forned by a sacrificial

| ayer process ushmi@nd 1Saffidi£bah karerviy r&f@ahagge
hole; and a barrier as a fluid resistance i's forned

bef nebd thepfliiest tspacdee adtlsahaegand saae; sit uat ed
in the vicinity of the sacrificial |ayer renoving
hol e. 25 Theappesestirienvente ont i sgapaetackirefdfegubydato
-]give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;
a plurality of actuators, the actuator
including
a vibration plate working as the pressure
generating part;
"a vibration plate area displaced by an
electrostatic force; and
electrodes facing each otﬁer via a first
space in the wvibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing

hole.

The present invention is also achieved by a
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mcro punp transporting |iquid based on displ acenent

of a vibration plate, including: at |east two pairs of
el ectrodes having a fixed electrode and a novabl e

el ectrode functioning 5 as the vibration plate; and a
structural part configured to_displace the vibration
pl at e based on an el ectrost atilc force acting the
electrodes wherein the vibration plate is displaced

10 t yat tpator incl . a
ST 0RO oL 6 28RS " 0 chudiby HASC G Hkip peement

fqﬁge ﬁfﬁﬁgkfgé gﬁ%&xiaCqul§§Ch other via a first

space i e Vi ion plé%e area¥ 15 wherein the

first space } iggg@dt@%fﬁa£¥§r6§ 8%8'tf@6§'Fﬂ§§§§8 a

usi ng a sacril icla ayer renovi ng

bariri &4 é‘ﬁeé‘tﬁ:bklbd ARSI SLANGELL S &%@%% &hwﬁlng
first space and a second space situate 20 In

vigd ity eibtheisacriifdtcd alah@yer renoving hole. The
present invention is also achieved by an optica

nmodul ation deviteuehar@iingart efdeei haRedditeciHM fte the
i ght based on displacenment of a mrror, 25
i nclchingon-p2ate based on an electrostatic force
acting the electrodes;
wherein the vibration plate is displaced by
an actuator, the actuator including:
a vibration plate area displaced by an
electrostatic force; and
electrodes facing each other via a first
space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.
The present invention is also achieved by an
optical modulation device changing a reflection
direction of light based on displacement of a mirror,

including:
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at least two pairs of electrodes having a fixed

el ectrode and a novabl e el ectrode which is connected

to a vibration plate and is provided in parallel; and

5 a structural part configured to displace the mrror

based on di spl acenent of the Elbratlon plate by using
Oon the el ectrodes;

wherein the vibration plate is dlsplaced by 10 an

actuator, the, gég%EO o Hadi 0, 2 # %tlogﬁflnaVlng a

a:Lr
area dlsplaced y an &% & o§%a?|c

é&d@fe{eeebag a3 A aia g%@cﬁt esr%ﬁ&cﬂln Lhe

ratlon plate area; erern space | S

f‘EﬂEﬂ%éWéé + 86T G Al 1 d@YST 2 PEOGESS 1USINh R ded in
sacrificial layer renoving hole; and a barrier as a

flgHeh TES1 stange is formed between the first space
and a-second space situated 20 in the vicinity of the

sacrificial &ayerutem@ulngahwl€onfhgupease displace the
invention is also achieved by a substrate having a

striuct oir ebasadl vdi g spd sspartenwhbehthe fvdimedtt tynaplate
sacrificial 25 layer process using a sacrificial |ayer
rémwuisigndoke elgctrostatic . force acting on the
electrodes;
wherein thé vibration plate is displaced by
an actuator, the actuator including
a vibration plate area displaced by an
electrostatic force; and
electrodes facing each other via a first
space in the vibration plate area:
wherein the first space i1s formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a. second space situated
in the vicinity of the sacrificial layer removing
hole.
The present invention is aiso achieved by a
substrate having a structure, including:

a space which is formed by a sacrificial

layer process using a sacrificial layer removing hole
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5 and which is provided inside of the substrate; and
a barrier as a fluid resistance fornmed between the
space and the sacrificial layer renoving hole. O her
obj ects, features, and advantages of the present
invention will becone nore agsarent from the
follow ng detail ed descriptired~when read in
conjunction with the acconpanying draw ngs. 10 BRI EF

DESCRI PT] OF THE NGS 15 20 25 FIG .1 i
P Pt %?ewrﬁa’m amiﬂag?iaff EF&S?—U&?FLI?%Ba%f and
i f i jd dr di h head.of th
vent on: | FbdsTi8R, of 376 85 FRd LR BSSRLL
i ti f i wof, tih .
PSR e WAL BRI SEbHRR O A Pl Coflbving

t hg,substrate shown in FIG 2; FIG 4-(a) is an X1-X1
cross-sectional view of the substrate shown in FIG

2, FIG 4-(b)theraBp ¥ CfOscusesti anal adamolgiheor
substrate shown in FIG 3, FIG 4-(&) is an X3-X3

Crigss-seebenBalinvieeiw i f WwiEL SHEEbMA! dcTROWMPpar ELE from

the following detailed description when read in

conjunction with the accompanying drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a perspective view having a
partial cross-sectional view of a liquid drop
discharge head of the present invention;

FIG. 2 is a plan view of a substrate of the
present invention forming an actuator of the present
invention;

FIG. 3 is a Y1-Y1 cross-sectional view of
the substrate shown in FIG. 2;

FIG. 4-(a) is an X1-X1 cross-sectional view
of the substrate shown in FIG. 2, FIG. 4-(b) is an
X2-X2 cross-sectional view of the substrate shown in
FIG. 2, FIG. 4-(c)} is an X3-X3 cross—-sectional view
of the substrate shown in FIG. 2;

FIG. 5 is a view showing a manufacturing
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FIG 5 is a view show ng a manufacturing -14 5 10 15

20 25 process of the substrate, nore specifically,

FIG 5- (a) is an X2-X2 cross-sectional view of the
substrate shown in FIG 2, and FIG 5-(b) is a Y1-Y1
cross sectional.view of the substrate shown in FIG 2;
FIG 6 is a view showing a mddofacturing process of

the substrate, nore specifically, FIG 6- (a) is an

X2- X2 cross-sectional view of the substrate . shown _in
FIFGO%?SﬁnE]fFF%e @-”?bo%t?%t%f YrOYE EPGSS-Tisatibnaf1G- 5-
Vi of the bstrate shown jn Fl 2; Fl 7is

Vi G chowr R RGP RS T G pPBteva et e he Ssibstrate

sustrat e, BoRe specf| &Y sFl ?P {5 Gyi Sy AN, Xa- X2
croserSecti onal vi‘ew'o e subé até Shown TnoEPE
2’ . - R Y _ . . W f_
2R B ) de @ leiseiass seglonyl dew of
showi ng a mantd acfuikng vREQCe&IHWIingd he IﬁHﬁﬁg‘fE@tt%’ring
nore specifically, FIG 8- (a) Is an” X2-X2

Crosscsest beanaheViiwHfrd he, substr abecishawn ip, Fres. 6-
2, and FIG 8-(b) is a Y1-Yl cross- sectional Vview of

t heapubst aat #2sikowcddsHHéeclional view of the substrate

shown in FIG. 2, and FIG. 6-(b) is a Y1-Y1 cross-
sectional view of the substrate shown in FIG. 2;

FIG. 7 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 7-
(a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 2, and FIG. 7-(b) is a Y1-Y1 cross-
sectional view of the substrate shown in FIG. 2;

FIG. 8 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 8-
{a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 2, and FIG. 8-(b) is a Y1l-Y1 cross-
sectional view of the substrate shown in FIG. 2;

FIG. 9 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 9-
{a) is an X2-X2 cross-sectional wview of the substrate
shown in FIG. 2, and FIG. S-(b) is a Y1l-Y1 cross-
sectional view of the substrate shown in FIG. 2;

FIG. 10 is a view showing a manufacturing
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FIG 9 is a view show ng a manufacturi ng process of

the substrate, nore specifically, FIG 9- (a) is an

X2- X2 cross-sectional view of the substrate shown in

FIG 2, and FIG 9-(b) is a Y1-Y1 cross sectional view

of the substrate shown in FIG_2; FIG 10 is a view

showi ng a manufacturing -15 ‘&ﬁocess of the substrate,

nmore specifically, FIG 10- (a) is an X2 X2

Cross-secti vi ew of the substrate in FLG

A 13 Vfgs%r%e NITER§s SPaS Tt Yui ERPof 10-

substrat ' G, 11- is a_plan

QV\} ot ® aBarrl er ‘ﬁ er?}ecéF&nafl (J‘oe)W Cg?aiﬁh‘?zs §S%rate

cr I e f G ,41-a), d HG-1 _

|sé)rg % gr&gsstél s\égcr%c?o%g wléw %? ﬁ_lsarg 15}1:i GY} %IEF%

;
1256%@&15%«@ RLan Wewpd é‘u]@é‘&&b‘%r %%o%t]g{ F%E'

IS an X2- X2 cross-sectional view

12-(a), and fHids 12-(g) LS % -l $108SorSaChiagdaler
view of FIG 12-(a); FIG 13-(a) is a plan view of a

basat eernpattier.n,11H &) 1Bs(§ﬁ1 KS-&? Xro¥s-sectional view
cross-sectional view 15 of FIG 13-(a), and FIG

1D{cyIGs al¥laYl crossEiect londle)viiewofyHY3 &3oka);
FIG 14-(a) is a plan view of a barrier, FIG 14-(b)
i sant XenX2 vress-secki®nal lvilew;of FIG 14- (a), and
FIG 14-(c) is a Y1-Y1l cross-sectional view
FIG. 12-(a) is a plan view of a barrier
pattern, FIG. 12-(b) is an X2-X2 cross-sectional view
of FIG. 12-(a), and FIG. 12-(c) 1s a Y1-Y1 cross-

sectional view of FIG. 12-(a);

FIG. 13-(a) is a plan view of a barrier
pattern, FIG. 13-(b) is an X2-X2 cross-sectional view
of FIG. 13-{(a), and FIG. 13-(c) is a Y1-Y1 cross-

sectional view of FIG. 13-(a}:

FiG. 1l4-(a) is a plan view of a barrier, FIG.

14~ (b)) is an X2-X2 cross-sectional view of FIG. 14-
{a), and FIG. 1l4-{c) is a Y1-Y1 cross-secticnal view

of FIG. 14-(a);

FIG. 15-(a) is a plan view of a barrier, FIG.

15-(b) is an X2-X2 cross-sectional view of FIG. 15-

(a), and FIG. 15-(c) is & Y1-Y1l cross-sectional view

of FIG. 15-(a);

FIG. 16-{(a) is a plan view of a barrier, FIG.
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20 of FIG 14- (a) ; FIG 15-(a) is a plan view of a
barrier, FIG 15-(b) is an X2-X2 cross-sectional view
of FIG 15- (a), and FIG 15-(c) is a Yl-Y1
cross-sectional view of FIG 15-(a); 25 FIG 16-(a)
is a plan view of a barrier, FIG -16 16-(b) is an

X2- X2 cross-sectional view 0f1 FIG 16- (a), and FIG
16-(c) is a Y1-Y1l cross- sectl onal view of FIG

- CFlG 17- f b 5
13%-&% ) Che 381 8T 67 bt %De%%% .?ﬁev@f’o 56T 18-
I
(O@S i(regtslsgggct:ilo%a Vi e%v %Z &g) gllf&st aﬁeec)%h%%ll qiew

FIOC}_ A6 .i's an X2- X2 cross-secti onal view of
10 t he substrat “shown in FIG 17; FIG 20 is an X3-X3

cross-sectiengd, view of ithg %W%Hrﬁ%éhsgﬁm@hbns@ﬁétrate

17, FIG 21 is a vi ew shovm ng a manufacturing process

off dhigi Sy bsheaber v spegi figal hy~ B)GiLls 4P-¢@)
is an X2- X2 cross-sectional view of the substrate

showsssPs&bGiohd]l anéwIdF 2is(b)7i9a3 ;Y- Y1 cross-
sectional view of the substrate showmn in FIG 17;
FIG 22 is aidevidhow ag dAlrmiufaciit+ageploaads wifew of
the substrate, nore specifically, FIG 22-
the substrate shown in FIG. 17;
FIG. 19 is an X2-X2 cross-sectional view of
the substrate shown in FIG. 17;
FIG. 20 is an X3-X3 cross-sectional view of
the substrate shown in FIG. 17;
FIG. 21 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 21-
(a} is an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 21-{(b) is a Yl1-Y1 cross-
sectional view of the substrate shown in FIG. 17;
FIG. 22 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 22-
(a) 1s an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 22-(b) is a Y1-Y1l cross-
sectional view of the substrate shown in FIG. 17;
FIG. 23 is a view showing a manufacturing

process of the substrate, more specifically, FIG. 23-

{a) is an X2-X2 cross-sectional view of the substrate
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20 (a) is an X2-X2 cross-sectional view of the
substrate shown in FIG 17, and FIG 22-(b) is a
Y1-Yl cross- sectional view of the substrate shown in
FIG 17; FIG 23 is a view showi ng a manufacturing
process of the substrate, nore specifically, FIG 23-
25 (a) is an X2-X2 cross- secti’onal view of the
substrate -17 shown |n FIG 17,1 and FIG 23-(b) is a

Yl -.Yl hstrat.e shown in
F1e0ns! OB7 BIB5S 7S i &noRP gy nand adk o ngross-

5 Tstieah %e%bcross S WP EraPEl Rt thtio: 1
substrate shown iy, Fl G 3 n h%&& %4 (Hgnh%n%ﬁﬂélgg

e
cross- secti onal VI ew o e substra Shown

brokd&s 3% Eﬁea§GH%¥fﬁ¥@“nﬂo?e”@@@%ﬁ%iﬁéfﬂygr9§%§SZ4H

of the substrate, nore specifically, an -

Crass-sechhoral-xvi @w s tdecsubabnat Show 4KHe Fk@strate
17, FIG 26 is a view showi ng a manufacturing process

of sHdwen subsFrate 1morenspecefi gakliy) BlGa 26t-¢8) ckSss-
an X2-X2 cross-section al view of the substrate 15

shoyet i on&LGridw, cahd:Hd GuRétthiel shawfl - EIGSS17;
sectional view of the substrate showmn in FIG 17;

FIG 27 is &3Gewshowi agvaemamifactng i agnpnofess wfing
the substrate, nore specifically, FIG 27- (a) is an
XPDECeF8sefs sbei srdistyaie of mphe swestifteally, an X2-X2

cross—-sectilonal view of the substrate shown in FIG.
17;

FIG. 26 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 26-
(a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 26-(b}) is a Y1-Y1l cross-
sectional view of the substrate shown in FIG. 17;

FIG. 27 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 27-
{a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 27-(b) 1is a ¥1-Y1l cross-
sectional view of the substrate shown in FIG. 17;

FIG. 28-(a) is a plan view of a barrier
pattern, FIG. 28-(b) is a Y1-Y1 cross-sectional view
of FIG. 28-{a), and FIG. 28-{(c) is an X2-¥X2 cross-

sectional view of FIG. 28-(a);
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20 shown in FIG 17, and FIG 27-(b) is a Yl-Yl cross
sectional view of the substrate shown in FIG 17;

FIG 28-(a) is a plan view of a barrier pattern, FIG
28-(b) is a Y1-Y1l cross-sectional view of FIG
28-(a), and FIG 28-(c) is an X2-X2 cross 25 sectional
view of FIG 2B-(a); 1 - .-18- - - 18
FIG 29-(a) is a plan view of a barrier pattern, FI G

29-(b) i A _Y1-VI t al f FIG

29- gag Ian Gl 22% ?%f igcék%i?rk\é}ﬁ%v‘ésgf debRTEH&T

gt 00 £ GRS 6Bl o8 L8 301 (a) s aplanvigmel 2,
t I 3 , d 3

fi""%ﬁ@écx%@”? 3d¢- Mo e 297 gw ha G2y S

315d St foRh BNy GWH @Ubﬁ“’g‘%? V\,here 10 pl ural

actuators are arrange is a plan view of

a buffer rogmgansoF{G 32- (ab)p:ua%; e\rfén@séfsgch'aq%%ler
view of a Dbarrier part in the buffer room FIG

3pddets, arptan 30-ew)ofi & Hutierir ea®sslsandi bhEl view
33-(b) is a cross-sectional view of a barrier part in

t hef bof&er 30ede) ,FlaGd G s aoperspact iare ¥i-exe ofraps-
ink cartridge;
sectional view of FIG. 30-{(a);
FIG. 31 is a plan view of a substrate where
plural actuators are arranged;
FIG. 32-(a) is a plan view of a buffer room
and FIG. 32-(b) is a cross-sectional view of a
barrier part in the buffer room;
FIG. 33~{a) is a plan view of a buffer room
and FIG. 33-(b) is a cross-sectional view of a
barrier part in the buffer room;
FIG. 34 is a perspective view of an ink
cartridge;
FIG. 35 is a perspective view of an ink jet
recording device;
FIG. 36 is a cross-sectional view of a
mechanism part of the ink jet recording device;
FIG. 37 1is a cross-sectional view of a micro
pump;

FIG. 38 is a view for explaining a partial
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FIG 35 is a perspective view of an ink jet 20
recording device; FIG 36 is a cross-sectional view of
a nechanismpart of the ink jet recording device;

FIG 37 is a cross-sectional viewof a mcro punp ; 25
FIG 38 is a view for explaining a partial -19
structure of an opti cal nnduﬂgring device; and FIG
39 is a view for explaining a whole structure of the

opt,ical, nodul ating device. 5 BEST MODE FOR CARRYI NG

1 TR TREERT R ATIekert RPOHLGH (e R i and

i nvention a det Qi f_dr cks of . the.rel ate rt
are now gi vg'ﬂI,G' V\%?hige eygﬁ%\é%oﬁﬁ@lil?ﬁpguﬁh w%’loée

3 i Lng £1 i S r . avention.
RS T ST
cross-sectional view of a liquid drop discharge head
200 using an actuator of the present invention. An
exsupt evobrarordestootet dyperhead Aaneneby an ink
drop is discharged froma nozzl € provided Oon a

surface part of a substrate is discussed in this
exanple. The liquid drop discharge head of this

exanpl e has & Hescmapdd gt rat the phesentt hmeeention and
substrates 1, 2 and 3 are stacked. 20 In the first
sulstehle of alraweheksuaf the related art are now given,

with reference to FIG. 1 through FIG. 39, including
embodiments of the present invention.

FIG. 1 is a perspective view having a
partial cross-secticonal view of a liquid drop
discharge head 200 using an actuator of the present
invention. An example of a side shooter type head
whereby an ink drop is discharged from a nozzle
provided on a surface part of a substrate is
discussed in this example. The liquid drop discharge
head of this example has a laminated structure where
three substrates 1, 2 and 3 are stacked.

'In the first substrate 1, an individual
electrode 4 is formed on a <110> silicon substrate by
a laminating film. A vibration plate 5 is formed on
the individual electrode 4 via a space 7. In other
words, as shown in FIG. 1, the vibration plate 5

faces the individual electrode 4 via the space 7.
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el ectrode 4 is formed on a <110> silicon substrate by
a lamnating film A vibration plate 5 is fornmed on
the individual electrode 4 via a space 7. In other
words, as shown in FIG 1, the vibration plate 5 25
faces the individual electrode 4 via the space 7. -20
The space 7 is forned by dep@@tting a sacrificial
| ayer, as well as a material of the individual

as .the lam natin

el d I

e Skige éavs'? i) Ztéaepefc.lagalal%@wm%m

o SRV cBhmsr Y 7 o TGI8 aPE Sy e Ghothe
DP0de YRSt yate %£B¥J%¥%n 13¢5 1%O> yéﬂ (ﬁépi?atipg

SU strate connected on an upper sur ace

qu§§é§teaﬂd €ﬁ%ndE%HEV£%@gtﬂg EQ%@J%ﬂéﬁé&rngér from a

having a concave-shaped and rectangular

paatt efepiped 169RH GH@ivORg HBee.di scharging room 6
I's provided on the V|brat|on plate 5 and the

vi bration plateischurefiransrésmashahtion sddo®f1188ia

di scharging room 6. The common liquid 15 room 10 is
provemeti0 ak renerevd ddleowf thbhespkohal subsichatgi By formed
roonms 6 in the second substrate 2 so as to supply ink

t Y he dlibhasdiliganasb$trIhe thnng ciddstomat en3upper
connected to the upper surface of the second

subsrface of Ahgi didaist 2puksbsatat & -havihmy &ishheakgesy

of 50 u_is provided for
room 6 1s a room having a concave-shaped and

rectangular parallelepiped configuration. The
discharging room 6 is provided on the vibration plate
5 and the vibration plate 5 functions as a bottom
wall of the discharging room 6. The common liquid
room 10 is provided at one end side of the plural
discharging rooms 6 in the second substrate 2 so as
to supply ink to the discharging rooms 6.

The third substrate 3 is connected to the
upper surface of the second substrate 2. A nickel
substrate having a thickness of 50 & is provided for
the third substrate 3. A nozzle hole 8 is formed in
the third substrate 3 so as to be connected to the
discharging room 6. A grove 9 1is provided in the

third substrate 3 as fluid resistance for connecting

the common liguid room 10 and the discharging rooms 6.
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the third substrate 3. A nozzle hole 8 is formed in
the third substrate 3 so as to be connected to the

di scharging room6. A grove 9 is provided in the

third substrate 3 as fluid resistance for connecting
25 the common |iquid room 10 and the dischargi ng roons
6. -21 An ink supply opening2it is provided in the
third substrate 3 so as to be connected to the conmon
liguid room1Q. Next, actjon of the |ljiquid drop ,
dipgéhla?ﬁesugp é(ad’%blri‘%vjr%glﬁherﬁb’&@@%ﬁﬂ i Yhegthird
structure,is_ discussed., In a state ere_.the

di ¥ %\E’@?ﬁﬁ Podh 65 i° ka‘F|%8“€AFF%ePh 9 N 48°FB se
el ectri entyals are applied to the individua
elg%%?% erggabgkﬁn oscillation circuit. 10 Based on

that a surfagecel Lha ddillyidugl %gghr%%f dfscharge

el ectrostatically arged by ft ication o

vold29€260 A8 viQdE ROSIEbYE-nBAL 18R rast@ttGractison
wor ks between the vibration plate 5 and the

| ngli yedyakael eatr desda 60 Whaket R@elY\ddHatd ORgPkLA 6
5 is bent downward. As a result of this, the ink

edersiflem Whercammnhkgusd vopmlked dledheic
di scharging room6 via the groove 9 formng the fluid
r gsosénhtelsAktrer dp@tied heoptuhee ivalitvaghid b ¢hec2@cde 4
i ndi vidual electrode 4 is changed to O (zero) V, so
by an oscillation circuit.

Based on that a surface of the individual
electrode 4 is electrostatically charged by the
application of the voltage so as to be positive, an
electrostatic action works between the vibration
plate 5 and the individual electrode 4 so that the
vibration plate 5 is bent downward. As a result of
this, the ink enters from the common liquid room 10
to the discharging room 6 via the groove 9 forming
the fluid resistance.

After that, the pulse voltage to the
individual electrcde 4 is changed to 0 (zero) V, =0
that the wvibration plate 5 bent downward due to the
electrostatic force returns to the original state due
to the rigidity of the vibration plate 5. As a

result of this, pressure in the discharging room 6

drastically increases so that the ink liguid drop is
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that the vibration plate 5 bent downward due to the
el ectrostatic force returns to the original state due
to the rigidity of the vibration plate 5. As a result
of this, pressure in the discharging room6 25
drastically increases so that the ink liquid drop is
-22 discharged onto a recordBg paper via the nozzle
hole 8. By repeating this, the ink can be
conti uouslé Odischarged. A force F working between

S,

elER TRAEICHs ONES 35 IHRFFI AT t RBPRS| VoA i hubhefFegl hole
fogymula 1, in_. inverse proportion to the square of a
dﬁgtaH%% HePBQFﬁgﬁwﬁhﬁgkfg%?rbHESFaﬁbEE%f’WFiPH%PS%S
drj.wv | ow voltage, it is inportant to nmake the
sﬁgfgﬂgéﬁgggétmeen the individual electrode 4 and the

vibration égsﬁégE% %'%gf%ﬁﬁ?[ﬁggﬁégﬁa%l@%fygé%%gis, as

F=(1/2) x ( ) xV2 ef ectri ¢ constant

argawh thecsur fraae ofian ghestiede frRGIMG 5 anot hgr
el ectrode D: distance between the el ectrodes ~V:

arzmx}@ﬂ_saohkag@rmo‘hﬁ wesend beduhekows i dheclhayi d
drop discharge head 200 of the present invention,
t hestewé&n Bheeblyddotas] onjiehiean ivpparddAyes &khite at
via the ' : '
a low voltage, it is important to make the space gap
between the individual electrode 4 and the vibration

plate 5 narrow.

[ Numerical Formula 1]
F=(1/2} X (€5/d%) xV?

€ : dielectric constant

S: area of the surface of an electrode facing
another electrode

D: distance between the electrodes

V: applied voltage

As described below, in the liquid drop
discharge head 200 of the present invention, there is
no entry (invasion) by an upper layer film via the
sacrificial layer eliminating hole. Therefore, it is
possible to stably make the space gap between the

individual electrode 4 and the vibration plate 5 with
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sacrificial layer elimnating hole. Therefore, it is
possible to stably nmake the space gap between the 25

i ndi vidual electrode 4 and the vibration plate 5 with
-23 good precision so that the action of the vibration
plate 5 due to the electrostatic force can be nmade

maxi mum A manufacturing netBéd and structure of an 5
actuator as pressure generating neans, which is
configured for pressurizing a discharge fluid and
usEP spéeﬁéFFOBfSFhéHQ?ufﬁed@GEl&Ps6ﬁ%ﬂ§€3H%hQIQGGPn
are discussed. 10 [ First exangle¥,<N%in art structure
ofP Lt har of BCATRRItI DA ST UeF B é Cof XTI £ARADr MREE
di scussed wth reference to FIG 2 through FIG 11
FIMS* 9"t ough FIG 4 show an actuator part of the 15

l[iquid d ' hea he first

Fla s (s B SEARFARCIAARE e PhoblBnd SR for an
a =Y. 0SS- [ ' t.he r « sh

i na\%i &t%: lé:lgG?’ %%ESI(S%P% sd%ﬁé\%&%'&ac%%s%gg 'sggrt%(%ﬁa?y]

Viewh Pf g Peas ¥hst it Sl i hg Bl Gisehddde 20udd(Bhg

is an -X2 cross-sectional view of the substrate

shoyed | as FEGpazt HIfGiHe (TlqhsdaBr¥y ¥ischarge head 200,
cross-sectional view of the substrate shown in FIG 2.
Fldke 5d{asutbedugh FIG 10-(a) are X2-X2

[ First example]
<Main part structure of actuator>

A main part structure of the actuator is
discussed with reference to FIG. 2 through FIG. 11.
FIG. 2 through FIG. 4 show an actuator part of the
liguid drop discharge head 200 of the first example.
FIG. 2 is a plan view of the actuator part. FIG. 3
is a Y1-Y1l cross-sectional view of the substrate
shown in FIG. 2. FIG. 4-(a) is an X1-X1 cross-
sectional view of the substrate shown in FIG. 2. FIG.
4-(b) is an X2-X2 cross-sectional wview cof the
substrate shown in FIG. 2. FIG. 4-{(c) is an ¥X3-X3
cross—sectional view of the substrate shown in FIG. 2.

FIG. 5-(a) through FIG. 10-(a) are X2-X2
cross-secticnal views of the actuator shown in FIG. 2.

FIG. 5-{(b) through FIG. 10-(b) are Y1-Y1 cross-



cross-sectional views of the actuator shown in FIG 2.
25 FIG 5-(b) through FIG 10--(b) are Y1-Yl cross -24
sectional views of the actuator shown in FIG 2.

These draw ngs are described by followi ng an order of
the manufacturing steps of the actuator. FIG 11-(a)
is a plan view of the vicinr#§- 5 of the sacrificial

| ayer renoving hole. FIG 11-(b) is a Yl-Y]
cross-sectjonal view of the vicinity o

f th

sE&GTFIW AT YaFer PéndvitnG Hort ShowhorR PG TG {a).
Fl 11- i X2- - ti i, f th
VS A HRER0aER FraTHLTagerY r SovENY Moi%R 1pEder of

' - o FQr_t ' f
oA E Rt hY sickdle A AR e RSt 10 Fic
2 through Flggg1lyqA3,5hqw 4 fLG i‘éf:abft REQUAN, cinity
(c), since the actuator haV|n§)a nmultrl ayer structure

| $ 1t ransPag &Pt rand aiharsfor erdhievingl destrugitie 04— (p)
15 the actuator can be seen through; the structure of

. the actypt ol E5o8BOWR AN h$D! ¥ deli BE theFlGc2nidieos
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space 7 shown in FIG 1 corresponds to a first space
24md nsdd S £ 2cidhenefyere, reand-vieg palk seloaai roder28a 11-
corresponding to the individual 20 el ectrode 4 shown
in(ahBl.G HIGs pitevicded srieghtX2wXi2r crbbe —fsiecgti spateview of
24a. A lamnating film34 is positioned above the
fithst spateiRdaciThéref igmtrispatel2dayesr aapacenyg hole
having a rectangul ar plate
shown in FIG. 11-(a) For the convenience of
explanation, only a single actuator is shown in FIG.
2 through FIG. 11. As shown in FIG. 4-{(a) through
{c), since the actuator having a multilayer structure
is transparent and therefore the inside structure of
the actuater can be seen through, the structure of
the actuator is shown by a solid line in FIG. 2.

The space 7 shown in FIG. 1 corresponds to a
first space 24a in FIG. 2. Therefore, a lower part
electrode 23a corresponding to the individual
electrode 4 shown in FIG. 1 is provided right under
the first space 24a. A laminating film 34 is
positioned above the first space 24a. The first
space 24a is a space having a rectangular plate

shaped configuration. The first space 24a is

separated from a partition part 36 by a separation
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shaped configuration. The first space 24a is 25
separated froma partition part 36 by a separation
.......................................... -25 groove
33. A part corresponding to the separation groove 33
filled wwth a material is shown in FIG 4- (a) and
FIG 4-(c). A vibration platé5ts situated at a part 5
where an outline of the first space 24a is projected
on a lam pating filmpositioned above the first space
2LV 8B - 4- PaéﬁdQQREeﬁpo%@}ng tRi $hA prerdeation

plate is area of art of the [am na filmZ26
ardf Ther e?gr Elﬂ%eéialwi £ IHreria }3I5atséma\‘gbal%4]51(3104'

Fu ther ce the first space 24a is an area
cortles mﬁdfﬁa g % d "vi brati on pl ate area 34a, the

first space ﬁ“@ﬂ:%a% o) egafl%tvé b{%téfl? Rl ate IRATt

correspondlng alr ea. e Vi ratlon

$4aa§”9utc*i§in 4Q{fatﬂr9£‘ ﬂf" EEE%S%%O'H”& fi‘fS?e&%ed

Irst space face eac i n upper and

|%M”adléﬁthQ&%ga$1Iﬁ“¥ééﬁkﬁémé&eBbEH@“ﬁHbL@@fét space
part. Al though the |am nating f|In134 formng the

vidyati@nrpEat e -may kevd orned as (a)si nalve d ayebrotidh
plural |ayers, the |am nating Iayer 34 in this

exdlgpte hasaa auleld lafyer dructar enshamgmiaating £ilm 26

insulation film 25, an upper part electrode 26, a
and therefore is called a vibration plate area 34a.
Furthermore, since the first space 24a is an area
corresponding to the vibration plate area 34a, the
first space 24a is called a vibration plate
corresponding area. Therefore, the vibration plate
area 34a and the vibration plate corresponding area
‘(the first space 24a) face each other in upper and
lower directions and overlap as seen from an upper
part.

Although the laminating film 34 forming the
vibration plate may be formed as a single layer or
plural layers, the laminating layer 34 in this
example has a multilayer structure where an
insulation film 25, an upper part electrode 26, a
film bending prevention film 27, and a resin film 28

are stacked from the lower part.

The separation groove 33 is filled with a
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filmbending prevention film27, and a resin film 28
are stacked fromthe |l ower part. 25 The separation
groove 33 is filled with a -26 nmaterial (an insulation
film44) by the following step. If the width of the
separation groove 33 is Iarg%, when the separation
groove 33 is filled with thé material, a part of the
| oner | ayer corresponding 5 to the grove width has a
sten L g c haped. , conpfigurati.on.- Thi s _step
give§9€%%9iAgpugﬁ%§ﬁ§3§“ﬁgyg%%ﬁs?§ek% a}53é5?2%8WlEg
SepaLa!l | Ofrl RNE! AHd dhenl0LLEINY PRy S0 $0a8 31 BY

ness of the vibration plate area Is lUneven.

Becatise, Ofhthi $het R HOOVE-AOgWhdtl ofs tihe sepacat|;9rn
groove 33 is made as small as “possible in order to

prﬁV@%atégngnehagim £ thge sbeRr hide c%ﬁf@bﬁ@nding
shown in FIG 2 and FIG 3, the groove width of the
separiahe ogrgreowd 3 itsasredlestspahkbviad hatcdh€ave shaped
generation of the step is prevented. 15 In FIG 2, a

| evepphigupbtaoshor tTisigdestoédpt bevewi faat iiorf phaheeatea

34a is 120 'gymand a length B of a | ong side of the
vilreeronsphatedandpB3athies gopammtion Vdteme33ahnbghe
applied so that the vibration plate area 34a can be
digb]rja‘é‘éélnﬁy s&fPelsertiloat athe gb#@é{.ﬂ% THe thaeyipgption
el ectrode 23a.is patterned on a Si substrate 21 via

t RL3 hSuR&RPOA St UTRVED - AnBeradararfort g m e groove

f(ﬁ{gghogft%%el%@%ﬁégg{on greocove 33 1s made as small as

possible in order to prevent the generation of the
step. In the examples shown in FIG. 2 and FIG. 3,
the groove width of the separation grcocove 33 is made
small sc that the generation of the step is prevented.
In FIG. 2, a length A of a short side of the
vibration plate area 34a is 120 um and a length B of
a long side of the vibration plate area 34a is 800 um.
A voltage can be applied so that the vibration plate
area 34a can be displaced by an electrostatic force.
The lower part electrode 23a is patterned on a Si
substrate 21 via the insulation film 22. An
insulation film 40 is formed on the lower part
electrode 23a to prevent generation of short-circuit
with the upper part electrode 26.

In FIG. 2 and FIG. 4-(bk), the sacrificial
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el ectrode 23a to prevent generation of short-circuit

Wi th the upper part electrode 26. 25 In FIG 2 and

FIG 4-(b), the sacrificial -27 |layer renoving hole 31
is formed at the outside of the vibration plate area
34a so as to penetrate throgg}h the insulation film

25, the upper part electrodé26, and the fil m bending
prevention |ayer 5 27 (See claim?2). If the

sacrificjal | r . renmoving. hele 31 ar barrier.29 i
St ot Bhov RhE, A h Y B Endh e R uFE e 82 o
effy Ci . the-dj.spl 0 e .Vvj ' ate
bet{:%ér:re‘g %ge%ﬁg ?&%p ex@ffgﬁgg%e%gmfa@hatgpg%%{%gga%

t b el haff+Cy 19cdeshgan j.pi ng
a%ﬁ‘??%% Eh\?i %P gtui:Lc)&JrF::L ;%%pfeg%rg Q5Ow%th%e Jogﬁﬁee]?b%gjrrl by
ard eagt Agakhe csaemid itdial £1 ByepenHemRYig1E-NO € 34 Phyer
the barrier 29 outside of the vibration plate area

348 ($eéscpasai ke t adbirénsathe rdesiaiabl ey v bfakhboing
property and the liquid drop 15 di scharge head 200 and
amalk¢ uat oorhavbagiegh 29 el s abrirehyedRefrerthegvibration
FIG 2, FIG 4-(b), and FIG 4- (c), the vibration
plratEtar @aed4d4tor rhea i biatenny plfatthadididmtadegnt of
an electrostatic force acting 20 between the | ower

eltdt? roderaBaocan® lete Jppeenear badepach rasue 28X i n t he
first space 24a, The lower part el ectrode 23a faces
ttﬂ%%P%@%?W@ﬁtpﬁﬂﬂg%ﬁ%dﬂgiatbﬁﬁefore it is difficult to

design for obtaining a desirable vibration property.
On the other hand, by arranging the sacrificial layer
removing hole 31 or the barrier 29 outside of the
vibration plate area 34a, it is possible to obtain
the desirable vibration property and the liquid drop
discharge head 200 and an actuator having high

reliability.

Referring to FIG. 2, FIG. 4-(b), and FIG. 4-

(c), the vibration plate area 34a forms a vibration
plate displaced by an electrostatic force acting
between the lower electrode 23a and the upper part
electrode 26 in the first space 24a. The lower part
electrode 23a faces the vibration plate area 34a via
the first space 24a. The first space 24a is formed
by a sacrificial layer process using the sacrificial

layer removing hole 31. The barrier 29 as a fluid
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the first space 24a. The first space 24a is forned by

a sacrificial layer process using the sacrificial 25

| ayer renoving hole 31. The barrier 29 as a fluid -28
resistance is formed between the first space 24a and

a second space 24b in the vicinity of the sacrificial

| ayer renoving hole 31 (See-2Baim 1 and claim10). The
sacrificial layer renmoving hole 31 is 5 sealed by the
resin film28. In a case where the resin film28 is

f grafeics tanee wes frrmest defevgsruirbe drepFthypRRGEHi ala and
coating nethod, the barrier 29 as the fluid L

r EsiSAGRRE BRACE ¢bhnedt itRE patEiBetyr F Filvvitherificial
bet ween the space,24b in t vicinity.of the 10

sd@¥ S5 cF Y aer hPiﬁoﬁr}ngpf%?eC%ilan el Pt 248) -
situated undgr the vi.hr.at.ion plate ar 3 SO, t

the resin matefiafrc28 ilscjlf?r evlea e %?%%vé}g%pihnog P%{m s
t i£i Cj rr [ ho 1] [
sggﬁiﬂ%ﬂagii?ﬁét%%%gﬁaéﬁ' éfgibrgﬁigncggggghgggé %ﬁ%.
15:eTJH'fI§ Ff1Resause ifo e resi n peteriial, sfePshd Nt @quid
t he I rst space 24a situated under the vibration

pPleptcsy @*eg 3%% e iy ahdORol! atBeaRad B4 i 39 as the
adhered to the |ower part electrode 23a and therefore
caHINPid Mesksasnae acidial atonB¥cpliay gianre t3® hasrier

29 in 20 the vicinity of the sacrificial |ayer

r enmon Ngediobetwddn ahe apaced2abt hna tdter uctaiei gt of the
having the barrier 29, the resin material 28 can be
preevent £dcial layer removing hole 31 and the space Z24a

situated under the vibration plate area 34a, so that
the resin material 28 is prevented from seeping from

the sacrificial layer removing hole 31 into the first

space 24a situated under the vibration plate area 34a.

This is because 1f the resin material seeps into the
first space 24a situated under the vibration plate
area 34a, the vibration plate area 34a is adhered to
the lower part electrode 23a and therefore cannot
work as an actuator. By providing the barrier 29 in
the vicinity of the sacrificial layer removing hole
31, as compared with a structure not having the
barrier 29, the resin material 28 can be prevented
from seeping into the first space 24a situated under
the vibration plate area 34a so that it is possible

to obtain a high yield rate.
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fromseeping into the first space 24a situated under
the vibration plate area 34a so that it is possible 25
to obtain a high yield rate. -29 Thus, by form ng the
barrier 29, the sacrificial layer renoving hole 31
can be sealed wth a nethod ynot using a vacuum

devi ce. When the sacrificial "l ayer renoving hole 31
is sealed with the 5 resin film28, it is possible to

prevent the magisn oy 'fﬁﬁﬁlﬁéfﬂhénb%ffﬂ%f o thee

space 24a by the ‘fIdid residtance o e bartieér 29.

Sisgerihecsaar ifdyd @l rethd¥ehgr AW Y holg 34 é%aled with
sealed by the resin film28 "that is a part of

vidrattbodphatte 0y ng i EMumlQekti des. no}ah@ﬁC%éary
to provided a process for only sealing and therefore

t reaouibérciefl drapcessesmcaibnbehonedddledis Besause @fith the
this, it is possible to obtain the liquid drop
disehingéihmad 8200 tands tpesacbldat ao phaenewyt hthhk resin
reljability at lowcost. 15 In this exanple, (i) the

fi ?Js%msaﬁcér@m srgrer W gplatpnghehepsde al4@nbpl ahe fluid
area 34a, (ii) the separation groove 33 including the

cdﬁ%%%FFéﬁCSpéﬁlﬁ?edﬁﬁﬁékﬁrné bet Wd&IF e Hheagartildilgiial

e S el 20 e

T iRhetEes BPIC 40 (L WAPEAEIPR SAET sermbPdcdddn.

'31¥Sf9 585 B%%@éEEJQEto provided a process for only
sealing and therefore the number of processes can be
reduced. Because of this, it is possible to obtain
the liquid drop discharge head 200 and the actuator
having high reliagbility at low cost.

In this example, (i) therfirst space 24a for
displacing the vibration plate area 34a, {(ii) the
separation groove 33 including the connection opening
coﬁnecting between the sacrificial layer removing
hole 31 and the first space 24a, and (iii) the second
space 24b that is an area surrounded by the barrier
29 have, for example, thicknesses of 0.40 m. A
sacrificial layer process is used for forming the
first and second spaces 24a and 24b. The sacrificial
layer removing hole 31 is formed in the vibration

plate forming film 34 via the upper electrode opening
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first and second spaces 24a and 24b. The sacrifi ci al

| ayer renoving hole 31 is fornmed in the vibration 25
plate formng film34 via the upper el ectrode opening
-30 part 32. The sacrificial |layer renmoving holes 31
are arranged at even intervals equal to or less than
the length of the short sid80A of the vibration plate
5 area 34a along the long side B of the vibration
plate area 34a. The sacrificial |ayer renoving holes
3Panl e>formed at same positions of the sides facing

each other._Thus, it i,s .passjble to effi.cientl etg?

the sacrifiBPal SPAFAT s e 1oV Fbr REPREAG GO teR 51 are
econd 10 ces 24a and 24 by arrangin | ura

S eh Ty B 8y eP AR R T P tedd) TP Tk Shpapngne
I i,qui r i.schar 0 er.

R e T e R T T

ad.ang 38 BCLOWHRELANNI &1 ad SRS BaPRY LOMA IU 2bhOB 1 ate

and a nei ghboring actuator I1s arranged at a | ong

Sifheea SBNEE t@ﬁe?@%ﬂﬂﬂﬁ&é&aiaYQ?ereE@Mdﬁhﬂf_holes 31
i sotropic, renoving efficiency of the sacriticial

| ayeed foSrhkghatl sthee sacsifiehal offayerfe Jiet@yingchabeeach
31 is arranged in the center of the 20 vibration plate
arechada. thweyer,t iifs thessShatei tiociedf @it Temrchgthe
hole 31 is arranged in the displacenent area of the
vidmatibhcphdt davewidr ats oho form the first and second
spaces 24a and 24b, by arranging plural sacrificial
layer removing holes 31.
In a case -of the liguid drop discharge head
200, generally, an actuator configured to discharge
the liguid drop has a leong and narrow rectangular
shaped configuration and a neighboring actuator is
arranged at a long side. Since the sacrificial layer
etching is isotropic, removing efficiency of the
sacrificial layer is high if the sacrificial layer
removing hole 31 is arranged in the center of the
vibration plate area 34a. However, if the
sacrificial layer removing hole 31 is arranged in the
displacement area of the vibration plate, a vibration
property of the actuator may be given bad infliuence.

Hence, i1t is necessary to arrange the sacrificial

layer removing hole 31 outside of the vibration plate
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property of the actuator may be given bad influence.
Hence, it is necessary to arrange the sacrificial 25
| ayer renoving hole 31 outside of the vibration plate
-31 area 34a. As shown in FIG 2, in this exanple, a
connection part 30 configurq%lgo connect the first
space 24a and the second space 24b is provided in the
5 barrier 29 (See claim3). Because of this structure,
whegpathe sl uid resistance in the vicinity of the
sacrificial layer renoving hole 31 is forned, it is
possible to auf kinghentdy secure, fieedomof. dasion
fromthe perspective of processing and structure. 18

Hebcgenettibs pest B@® t¢ondeghaedantd mInHSCt UrRet B8 rst
actuator or the liquid drop discharge head 200

wi sheoe Bdwi agda tHhen satond epadesizydb ofs theoflided in the
resistance in the vicinity of the sacrificial |ayer

r drdvihgrhdlPe (Seamila e dbnnedeicausgrardf 3thii5structure,
Therefore, it is possible to inprove yield rate in

t Hehemnthac fdmiley protessnandiguglhie iwsciofitheoki dqied

drop discharge head 200 and the actuator. The |iquid
dropCai §éRarde 1FeRr 200meKbne PeleF3d s iferudds 4t is
di schar g rggn16,:€,cpnnnn liquid 20 room 10 and
pI%?%Flg BuiCorrd L el @R EEKaF §E W Sorh e 4 cohndesdgn

tofgbﬁo Ee hole 8 confi%gred to dLSChaG%E the |iquid
drohomT iRﬁ%ﬁﬂﬁﬁﬁ%%Ft t Rgocessing a structure.

Hence, it is possible to design and manufacture the
actuator or the liquid drop discharge head 200
without having a limitation on design of the fluid
resistance in the vicinity of the sacrificial layer
removing hole 31 and the connection part 30.
Therefore, it is possible to improve yield rate in
the manufacturing process and qualities of the ligquid
drop discharge head 200 and the actuator.

The liquid drop discharge head 200 shown in
FIG. 1 includes a discharge room 6, a common liguid
room 10 and plural actuators. The discharge room 6
is connected to a nozzle hole 8 configured to
discharge the liquid drop. The ink supplied to the
discharging room 6 is received in the common room 10.
The actuator has the vibration plate as pressure

generating means, so that discharging energy is given
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di scharging room6 is received in the conmon room 10.
The actuator has the vibration plate as pressure 25

generating nmeans, so that discharging energy is given
-32 to the ink in the discharging room 6 and thereby
the ink can be discharged fromthe nozzle 8. 1In the
actuator, since the first sﬁégé is manufactured by a
process using the sacrificial method process, it is 5

DI e k1 TB O CURCIRRE b By E™ o Tl o BFBE the
3:%%5?%?& %2%%3%?1&@?%%%”%%%% N ;E%&?%.”ﬁﬁg' priR eS8

AL Mal oL ) r Nex %nc%hech%arf'ﬁfﬁé #:Qgep&%c?rﬁa%ﬁféoé%ﬁ%d by a

actuator are discussed w erence to

xgﬁﬁﬂﬂ@ sEl Gsid8 che @é%rf%i@IQHQHeEH@d:B¥oéé§slsltaﬁs

X2 cross-sectional view of FIG and IS a

Yool £ DS St sembnaTalc tview Bhe F!a@tuatolc rﬁfﬁﬁgS&eﬁlgh
(See FIG 5-(a) and FIG 5-(b)) The insulation film

( tyhies el roxedati an Ifou Mos22ahavbpgva dehittdenebsgei dldéop
dmis formed on the Si 20 substrate 21 having a

t hickatessgef h4@d 200 hHEheing Philghedusilliigorarhdviag a

thi ckness of 0.4 umis forned as the |ower part :
eldipedeioThdheet ltd dionef) - el ectrode 23a and a part

36a of the barrier are separately forned by a
litho-etching nethod. After

{(Manufacturing Process of Actuator)

Next, the manufacturing processes of the
actuator are discussed with reference to FIG. 5
through FIG. 10. In FIG. 5 through FIG. 10, (a) is
an X2-X2 cross-sectional view of FIG. 2 and (b} is a

Yi-Yl cross-sectional view of FIG. 2.

1. First step (See FIG. 5-(a) and FIG. 5-(b))

The insulation film {(thermal oxidation film)
22 having a thickness of 1.6 #m is formed on the Si
substrate 21 having a thickness of 400 gm. Then, P
doped silicon having a thickness of 0.4 um is formed
as the lower part electrode. Then, the lower
electrode 23a and a part 36a of the barrier are
separately formed by a litho-etching method. After

that, an insulation film (CVD oxidation film) 40 of
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25 that, an insulation film (CVD oxidation film 40 of
-33 |l ower electrode 23a and the part 36a of the
barrier are stacked so as to have a thickness of 0.2
um The insulation film40 wrks as a nmask materi al
protecting the | ower part electrode 23a in the 5
sacrificial |ayer process, afdd-as a protection film
preventing an electrical short circuit of the | ower

rt el dth t. el de 26. 2.
SR o sc?gg eH%% mc&t“%‘%dp#%r %A Y the FRerier
sacrificia

TR o (ﬁn%n%q?ﬁ EES el Tt hogl &g a The

t%&ﬁﬁ%@héﬁa‘fﬁl&a%o ws? %rkat;rla gropve 33

an area of secon space 24a

a%@é@cemgatmrtlo%ﬁebf léalotf. ébgc@%rd' £l [ ¢ et gﬁﬁ‘éat ed

and the barrier 29 are forned by the |it I ng

meddoei FAEE RN Ll ¢apy] abhanalsi lamdMR oK} gat EQ@;
film 55 'S stac%ggrgg“)as to have g Fhlckness of O. "

Aprdhent Dagl ahi @ledtidin2b ¥BEks asraumslkofateei @bwer
protecting the I ower 20 part electrode 23a in the

sgearf i elattkrayer 2¥0cass, thandppse ra pandt eclid obrbiknes.
preventing an electrical short circuit of the |ower
part el ectrode 23a and the upper part el ectrode 26.
25 3. Third step (See FIG 7-(a) and FIG 7- (b)) -34

2. Second step (See FIG. 6-(a) and FIG. 6-(b))

The sacrificial layer (non-doped
polysilicon) having a thickness of 0.4 um is
deposited by CVD method so as to form a space gap.
Then, the separation groove 33 by which an area of
the first and second space 24a and 24b and a part 36b
of the barrier are separated and the barrier 29 are
formed by the litho-etching method. After that, an
insulation film (CVD oxidation film) 25 is stacked so
as to have a thickness of 0.15 um. The insulation
film 25 works as a mask material prétecting the lower
part electrode 23a in the sacrificial layer process,
and as a protection film preventing an electrical

short circuit of the lower part electrode 23a and the

upper part electrode 26.

3. Third step (See FiG. 7-(a) and FIG. 7-(b))
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P doped silicon having a thickness of 0.2 /L mis
deposited and then the upper el ectrode 26a and a part
36c of the barrier are separately fornmed by the
litho-etching nethod. At the same tinme, a protection 5
hol e (upper part el ectrode qgﬁqing part) 32 is opened
| arger than the sacrificial [Tayer renoving hole 31,

in order to prevent the upper el ectrode 26a having

the same natgrhgkﬁﬁsgffié Crﬂg%ghﬁl8L%¥ﬁggﬁggérgg]0.2

bei ng etched at e tiIme of renova

sagrifi geabshav® anhethe® PLET LEShAVE E7rdSe 26a and a
deposited as a vibration plate bendi ng prevention

|qyﬁftbSGbPo@VEhEE&hﬂﬂrﬁ@raéréosagﬂ%é%éﬂy‘%%@ﬁédoﬁy the
0.2 um 15 4. Fourth step (See FI 8-(a) and FIG

8-XbY)hoThechdani fietitedd) ayRt tREDYERG holme: 3laiSrotection
formed by the litho-etching nethod and then the

rdsdbe isppempvedt 20 &ctFodehopeepngSem )G 39-{8) opened
and FIG 9- (b) ) The sacrificial layer is conpletely

r eveer bhaa fmbcheh v hgialhilgyeselrertawiny oble 31,
etching rate of the sacrificial layer of the first

and? sREBRE tepREEY v el PEPedng lelrd daskul 264 ohaving
films 40 and 25, 25 such as a wet etchi.ng nethod using

al 1 | SABPURASRT 1295 &3 Ehat SeREIficdR land ¥k odda from

spaces 24 nd 24b are orned. In a case where TMAH

J%%&iﬁiggﬁﬁsg é%tﬁh? tIme og removgi of the
sacrificial layer. Then, a nitride layer 27 is
deposited as a vibration plate bending prevention
layer by LP-CVD method so as to have a thickness of

0.2 umnm.

4. Fourth step (See FIG. 8-(a) and FIG. 8-(b))
The sacrificial layer removing hole 31 is
formed by the litho-etching method and then the

resist is removed.

5. Fifth step (See FIG. 9-(a) and FIG. 9-{(b))

The sacrificial layer is completely removed
by a method having a high selectivity of etching rate
of the sacrificial layer of the first and second
spaces Z24a and 24b and the insulation films 40 and 25,

such as a wet etching method using alkali solution,



10

15

20

25

al kali solution, it is possible to inplenent
sacrificial layer etching having high selectivity. 5
In addition, it is possible to inplenment the
sacrificial |ayer etching by SF6 plasma process or dry
etching using XeF2 gas. 6. Sixth step (See FI-G
10-(a) and FIG 10-(b)) 10 FR&-resin film 28 having a
thickness of 1.8 gmis formed as a wet filmof the
liquid drop by a spin coating nethod, considerin
fiQQn?%@Ecghénf&FSWtﬂ?Qi%%C%Pdp§8ﬂ9%ﬁﬁ%ﬂﬁ @@dtﬁg§ are
time, the sacrificial layer renpving hole 31 is
c Bty 1B53s&A% TheTHed RTf UHR 25 Wpedras the
th nl n._.electrode wrin aki_ng .pa art. (not
Sifov TF s SO BEAGH byt e® | PP LBAENICHy WEt HOHE™ Ay

| Ak Is N ; it
MBy oLt Ak, 690 ti%ﬁ%iﬁde@&liﬁgi Eg%‘?ﬁ{e hlllraqrh f%eigggléﬁtgﬁ

has™ ~'corr 651 on endur ance agal nst drops Su

Sﬁ@pagggcﬁigﬂ,y'ﬂ%' thgé/c%%‘fbgén%%' Big1QXAARL & ki m or

ol yim m can ormed by a spin coating

med \ofi rapdagan Wl St ehyngesl e paskifd Yrlcdgyehr dry

renmovi ng hole 31. Thus, the acfuator part
castf €sPAYduRA nig0 ¥dwe, g% substrate 1 shown in FIG 1

is conpleted. By -36 conbining this with the

substrates 2 and 3 shown in FIG 1, the liquid drop

di scharge head 200 is conpl et ed.
6. Sixth step (See FIG. 1l0-(a) and FIG. 10-(b))

The resin film 28 having a thickness of 1.8

#m is formed as a wet film of the ligquid drop by a
spin coating method, considering f£film reduction at
the time of pad fgrming. At this time, the
sacrificial layer removing hole 31 is completely
sealed by the resin film 28. After that, only an
electrode wiring taking pad part (not shown) is
opened by the litho-etching method. Any material can
be used as the resin film, as long as it has
corrosion endurance against the liquid drops such as
PBO (Poly-p-phenylene-benzo-bis~-oxazole) film or
polyimide film, can be formed by a spin coating
method, and can completely seal the sacrificial layer
removing hole 31.

Thus, the actuator part corresponding to the

substrate 1 shown in FIG. 1 is completed. By
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The resin film 28 seals the sacrificial 5 |ayer
renmoving hole 31 in air. Therefore, a situation where
the space is vacuumsealed with a filmdeposited by a
PVD or CVD nethod using a vacuum device so that the
inside of the gap has a nega&idp pressure due to
at nospheri c exposure, the vibration 10 plate is bent,
and desirabl e di spl acenent cannot be obtained, can be
pr - Fex, - s+ 1 in,the .
R R
24br & or med thy H@L"@Yid‘gdHB?_ sagkhlrdalndfyesoby ihe 15
wet etching nmethod using TMAH, the sacrificial [ayer
r evewphgtbal.e 31 has a cross-sectional area of 4.5 Am
2(3X1.5 Am and a resin filmmterial having a
coefficient Gheviresosi tiyi b 280epadnrd thd idawrificial
thi ckness of 1.8 Amis forned in the first and second
20l apatesedy laygd 24be havi ng heirght TlpoéfOrd, Am by a
spin coating nethod, the relationship between V/ S
r a¥ 1 buahdocsedpiane ofhe heraesi A sf ivaaumn es¢alefdnws thhe
sacrificial |ayer renoving hole 31 is shown in the
f ot 1 bRi AGPPSBILE A PiHer ePVPaoraf¥ D pretihpd nesigpl @ ¥azgium
represent neasurenents, of  the separation groove 33 -37
(HTEFRAT £8r PRy (119 G PARE 88" oA Rhe Anbedadive
ills in_after the actuator is cog¥leted so that_ the

f _the
SEHEFEPHER §PSove 5 FOTHRCE L fa A Prar thSi FiPREE1on

plate is bent, and desirable displacement cannot be
obtained, can be prevented.

For example, in a case where, in the
actuator having the first and second spaces 24a and
24b formed by removing the sacrificial layer by the
wet etching method using TMAH, the sacrificial layer
removing hole 31 has a cross-sectional area of 4.5 um
2(3X1.5 um) and a resin film material having a
coefficient of viscosity of 110cp and a film
thickness of 1.8 um is formed in the first and second
spaces 24a and 24b having heights g of 0.4 um by a
spin coating method, the relationship between V/S
ratio and seeping of the resin film material into the
sacrificial layer removing hole 31 is shown in the
following table 1. Here, “a” and “b” in the table 1

represent measurements of the separation groove 33
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vicinity of the sacrificial |ayer renoving hole 31 5
shown in FIG 11; "c" in the table 1 represents the

wi dt h of the connection part 30 of the barrier 29;

"g" in the table 1 represents heights of the first

and second spaces 24a and 24b; "V' in the table 1
represents a volune (V=a X b3X-g) of the second spaces
10 24b surrounded by the barrier 29 in the vicinity of
the sacrificial layer renoving hole 31 and the )
pad8%§ ore papt 3BATAAd ogy P%FFh§3ta@ﬁ@@F%ﬁﬂﬁQ%éﬁﬁ§erlal
an area (S=c_X g) ,of a cross section of the connection
p%i(alls?) ot %ﬁEegaF PP OF31a QT [ 1§aPEPLLLEd so that the

= 41 E3BRCYYLS5eohl ol s TV ) MESLR

S 6 Cdrosheo ity 56 & 418veT S B85 Babe 0
6Q 1t 07 047036941, 622 %qb?%héeeabﬁ% at r%ﬁr%?é%ﬁté: the
seeping at a partial bit . no seeping at “al I'ts
-38idth of the connection part 30 of the barrier 29;

“g” in the table 1 represents heights of the first
and second spaces 24a and 24b; “WY in the table 1
represents a volume (V=aXbXg) of the second spaces
24b surrounded by the barrier 2% in the vicinity of
the sacrificial layer removing hole 31 and the
partition part 33; and “S” in the table 1 represents

an area (S=cXg) of a cross section of the connection

part 30 of the barrier 33.

[ Table 1]
Structure g a b C V' S V/S | Seeping
gm | #m | gm | gm | um® | gm®] um of
Resin
Film
1 0.4 8.0 | 7.0 4.0 |22.4})1.6|14.0 X
2 0.4 |10.0| 7.0 4.03128.0|1.6|17.5 A
3 0.4 |10.5}17.0 | 4.0 (29.4| 1.6 |18.4 O
4 0.4 11.0| 7.0 | 4.0 | 30.8| 1.6 |19.3 O
5 0.4112.0| 7.0 4.0 |33.6|1.6|21.0 O
6 0.4 [13.0| 7.0 4.0 | 36.4]1.61122.8 O

X: seeping at all bits
A: seeping at a partial bit

O: no seeping at all bits
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Thus, it is found that a condition whereby the resin
film28 does not seep into the sacrificial |[|ayer
removing hole 31 in the structures shown in table 1

is that the value of V/Sis equal to or 5 larger than
18.4. Therefore, in the case where the sacrificial

| ayer renoving hole 31 has a38ross- sectional area of

4. 5unm (3 X1. 5ji n and aresin filmmterial
having a coefficient of viscositg of 110cp and a film

t hi ckness of Thus, 81§ msi STwrdetbah eheongliffian whgreby
second spaces 24a _and 24b havi ng hei ghts of 0.4 |sm
by-iherePiR £ HE MATOROFt SPEPpadsivItde 1R pFebantal
the resin filmmaterial, fromseeping into th :

SaA 197 FaRoP P8, oot hot o BS3E CARE (s RNOPRe D

vigld (2l e, Lr om.decrasing, I n Lhis step.. by, 15 sefting
measurenents satisfying The foll 06’ ng™ nUnErT ca

f of @rztBFgu?gr.itiqal ﬁféx{‘%%ér@l %Sfti?’lerln%zagéf‘? f\g?néiei the

al’so possi preven eresin

seept POt BE Q11 AG ot HerfDRCRy 2A81RY 31Md 10 LHE-EL0SS

section of the sacrificial layer renoving hole 31 as

sl by 85nR9SaLRLE I A g apge Zhxwhey e the saer if i.ddly,

| ayer can be renoved or meking -39 the coefficient of

VisSLhei hytekithe haesiny fd |ldbefficient of viscosity of
110cp and a film thickness of 1.8 pgm is formed in the
first and second spaces 24a and 24b having heights g
of 0.4 um by the spin coating method, it is possible
to prevent the resin film material from seeping into
the sacrificial layer removing hole 31 and prevent
the yield rate from decreasing in this step, by

setting measurements satisfying the following

numerical formula 2.

[ Numerical formula 2]

vV/5 > 18.4

It is also possible to prevent the resin
film 28 from seeping into the first space 24a by
making the cross section of the sacrificial layer
removing hole 31 as small as possible in a range

where the sacrificial layer can be removed or making
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material high. In a case where the sacrificial |ayer
etching nethod is a nethod other than the wet etching
nmet hod of TMAH, since the condition shown in the 5
nunerical formula 2 may not be always satisfied, it
IS necessary to exam ne a prgger val ue if necessary.
In this exanple, the barrier2Z9 is provided and.a
singl e connection opening 30 is provided so that the

film28 d f i i nt, 0.the
T QU ST P
f 29 b
06 D620 WP BT A LD ST

%%%hiﬂ% ABdho "1§“§'ﬁgﬁh$geoEH€§r%%%n1¥Hénhét2etch1ng

I
for exanple) varies. In a case where, as shown

FiatHddt Hroughy, Hé%né@'tﬁebébﬁﬁﬁﬁl@%“éﬂbﬁh in the
configuration whére a fluid path enters into the

cannestionlpabrmeld £ npPvhéedbet B wllwd dd€Bssianceit
bet ween the connection part 30 and the sacrificial

| ayerneeapsbnyg hal exdnise 20 progbeandalhey efdreetbskary.
possible to further prevent the seeping of the resin
filminto thénsabrisf iecicalpld ayeherbroviieg 123 el Slpasvided
conpared with the exanples shown in FIG 11 through
Fland 13, sipgas eeans &t stowreniBpG3012 s pronheeti sp

25 part 30-1 (cgross section Si) and a connection part
-4@%‘9 phecEgsd nsddtlibre 8523 s gpeegraficded ram $@eRing into

é%e first and second spaces 24a and 24b. A
configuration of the barrier 29 whereby the
sacrificial layer can be removed and the fluid
resistance is made large {at least “V” and “8”
satisfy the numerical formula 2, for example) varies.

In a case where, as shown in FIG. 14 throuch
FIG. 16, a barrier having a configuration where a
fluid path enters into the connection part 30 is
provided, the fluid resistance between the connection
part 30 and the sacrificial layer removing hole 31 is
high and therefore it is possible to further prevent
the seeping of the resin film into the sacrificial
layer removing hole 31 as compared with the examples
shown in FIG. 11 through FIG. 13.

In an example shown in FIG, 12, a connection

part 30-1 (cross section S1) and a connection part
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the cross section S nentioned in the table 1 and the
nunmerical formula 2 is calculated as S=SI +S2. In an
exanple shown in FIG 13, a connection 5 part 30-1
(cross section Sl), a connection part 30-2 (cross
section S2), and a connection part 30-3 (cross
section S3) are provided. Inm4fhis case, the cross
section S nentioned in the table 1 and the nuneri cal
fgg a,2 is calculated as S=SI +S2+S3. 10 In an
exatipt e (SRR PRIHIED 13¢) 2 EPnBFeVidsthectidnt phft c36e-
i rovided and.a bargyier 29-1 .having a rectangul ar
COHIT GUFaE PO oCE 15T ovt dUtP T HOBRE TP GIE Pt s r onfhHe the
sagrific r renpvi ng tqQ the ction
pglﬁ_%rh%%&%ekgl){f Uit asurEr)_rlo%n%%ﬂiglF %e%dbgarsr |h3§r§§g§ “and
arrives at thy conaeebin PAIdy30in! Bl AT € 5h0MB: 1on
0 0 e

in FIG 15, a single nnecti1on part i's ‘provi

angh Pt ug el 1baLHR'S s 28n 299 2baard gk dC HavhRet 30-2

pllate configurations 20 are provided in a maze shape
fromébe saetiibincisgl), |ay@rar espverd iel @33+ t9otBe (cross

connection part 30, so that the fluid resistance is

i nregeiased. SBN anreexarnpledefiownIhnthhiG ddsea bRErEebss
29-3 is provided fromthe sacrificial |ayer renoving

25 dwt eoB1St mentie. agmvhelt | Oneparbl80 1 mrad sttapenltimke iaal
-41 rectangl e not having one side. Because of this,

t Heormula 2 is calculated as S=S1+S52+S3.

In an example shown in FIG. 14, a single
connection part 30 is provided and a barrier 29-1
having a rectangular configuration is provided in the
fluid path from the sacrificial layer removing hole
31 to the connection part 30. The fluid surrounds
the barrier 28-1 and arrives at the connection part
30.

In an example shown in FIG. 15, a single
connection part 30 is provided and plural barriers
289-2a, 29-2b and 29-2c¢ having plate configurations
are provided in a maze shape from the sacrificial
layer removing hole 31 to the connection part 30, so
that the fluid resistance is increased.

In an example shown in FIG. 16, a barrier

29-3 1s provided from the sacrificial layer removing

hole 31 to the connection part 30 in a shape like a
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fluid path makes a detour so that the fluid

resistance is increased and two connection parts 30-1
and 30-2 are forned. 5 In the exanples shown in FIG
12, FIG 13, and FIG 16, two or nore connection

parts configured to connect , the first and second

spaces 24a and 24b are provﬁ ed in the barrier (See

clain14) Thus, by prOV|d|ng pl ural connection parts,

Lds %bbsttaa%q Sy andoef [ pelently JEmes!t e,

sacr ayer he vibration pla € area.

suc\%ﬁhi“g"]“e d Hetifssi bhechgrdesi o gasy!y and

ree as naki n parts and cross sections of the

C@@B%%ﬁéﬂc@aﬁk EH@%@éséé amgcend %@%ﬁ@dﬂlon parts 30-1
(Structure of Actuator) The second exanple is

disscussed2 Wwa kB fefrence to FIG 17 through FIG 27.
20 FIG 17-(a) is a plan view of the actuator of the

l'iquid drop Thsthar ggamgac0hend FhGrILl- (1Y), Fsca 13,
Y1- Y1l cross-sectional view of FIG 17-(a). FIG 18 is
areiXl-XIGcr bés- sect icanalone ewpohethe osulystnrtad ecosfivunred
in FIG 17. FIG 19 is an X2-X2 cross 25 sectiona

vitew efnnaetstbst fatus sowh $@cPFnd spacex 242 @ndo2id

an X3-X3 cross-sectional view of the
are provided in the barrier (See claim 4). Thus, by

providing plural connection parts, it is possible to
easlily and efficiently remove the sacrificial layer
of the wvibration plate area. Because of this, it is
possible to design easily and freely such as making
parts and cross sections of the connection part

proper.

[ Second example]
{Structure df Actuator)

The second example is discussed with
reference to FIG. 17 through FIG. 27.

FIG. 17-(a) is a plan view of the actuator
of the liguid drop discharge head 200 and FIG. 17-(b)
is a Y1-Y1l cross-sectional view of FIG. 17-(a). FIG.
18 is an X1-X1 cross-sectioconal view of the substraté
shown in FIG. 17. FIG. 19 is an X2-X2 cross-

sectional view of the substrate shown in FIG. 17.
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substrate shown in FIG 17. FIG 21 through FIG 27
are views show ng a manufacturing process of the
substrate. For the conveni ence of explanation, only 5
a single actuator is shown in FIG 21 through FIG 27.
As shown in FIG 17 through FI.G 20, the vibration
plate area 74a is separated’ﬂ?6n1the partition part
66 by the separation groove 63 filled wth the

L 2y TRy R L AL SRR % L
I 6 f.il di ' j fil 6 d
oL EbE0R:Eo g (LRI e PR Lo 200

are oWer ayer so
a a i [ i | ' f th
R A R A A

Oroover 33t el.S MREL HHY rOVh$On 1 BALA o FCNGAVEN £ 81 6R) bhily
not fornmed on a surface at a part corresponding to

the sepanat izt GHovei §3sndwrendt hrfcof 2a shordushderc. 27.

of the vibration plate area 74a is 120 u mand a

l ength B of ms |smgwR0iai @gcaf thetlvidiighi sacpl &g aflea

74a is 800 u m A voltage can be applied so that the

vibilatavhopl atletearsase & 444 g ansbeegiag@ tamk df hymahhe

el ectrostatic force. The lower part electrode 63a is

pazethtdoonparsi S&Ulsttlaeesepaviad itdre gmsevat benfilled

film62. -43 An insulation film40 is fornmed on the

| oweEh phet matettiidde 6Bact vipravdmn gedratabpaof/4a has

short -
a film structure where the insulation film 65, the
upper electrode 66, the film bending prevention film
67 and the resin film 68 are stacked from the lower
layer so as to form a laminating film 64. The width
of the separation groove 63, as well as the
separation groove 33, is made narrow so that a
concave ({(step) is not formed on a surface at a part
corresponding to the separation groove 63.

A length A of a short side of the vibration
plate area 74a is 120 ¢m and a length B of a long
side of the vibration plate area 74a is 800 uym. A
voltage can be applied so that the vibration plate
area 74a can be displaced by an electrostatic force.

The lower part electrode 63a is patterned on a Si

substrate 61 wila the insulation film &2.
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circuit against the upper part electrode 66. The
separation groove 33 including the connection part 70
5 connecting between the first space 64a for

di splacing the vibration plate area 74a and the
second space 64b in the vichgity of the sacrificial

| ayer renoving hole 71, and the second space 64b that
is an area 79 surrounded by the barrier 69 have, for

exanpl e, %hiﬁgﬂﬁ%ﬁgﬁnpff01@048nksngr:%ﬂ{'er @ge lower

has t he sane uncti on as the arrier he frYst

EXPL €21 LBALGKE: éﬁéMﬂé é%evéﬁ@ Hltied: 118 tﬁt@fcghoat—

provi ded between the first space “64a an e secon

SRACEC®HD aPa&h%tVItqw'ap/péi %Bﬁtlél%%fgdé?'@@ | ayge
removi ng hole 71 (See clains I'n addition,

t e eonaeLbhog rpante 7B cCOMEBGRiNG thie cfdrrrsécaﬁsn part 70
second spaces 64a and 64h, as well as the connection

pardniBéct intthbeftivesin extespf rstsspaee dedk ifoth@isplacing
connection part 70 (See claim3). 20 A sacrificial

| dyfee pilbressons plsdk fareaf ddai agdt lidef igestommdspace 64b
second spaces 64a and 64b. The sacrificial |ayer

réifoving Horesiry afe the neacrafinéalvileeat onepbuteg
forn1ng filme64 via the upper electrode opening part

700 e %acPPﬂlmﬁﬂeI%ﬁ@QHQSSPéﬁﬁvﬁﬁgIﬁﬂ%% 79 apearea 79

arran en intervals -44 equal to or |less than
| Hbt %wa'?efih Yshdrd RATet ¥ o ?9 Hagey Brk i GFE PP Ate

ar glgﬁgégggggo%h% I%pg S|de B of

The barrier 69 has the same function as the
barrier 29 in the first example, that is, a wall of
the fluid resistance provided between the first space
64a and the second space 64b in the vicinity of the
sacrificial layer removing hole 71 (See claims 1 and
10). In addition, the connection part 70 connecting
the first and second spaces 64a and 64b, as well as
the connection part 30 in the first example, is
provided in the connection part 70 (See claim 3).

A sacrificial layer process 1s used for
forming the first and seccond spaces 64a and 64b. The
sacrificial layer removing holes 71 are formed in the
vibration plate forming film 64 via the upper
electrode opening part 72. The sacrificial layer

removing holes 71 are arranged at even intervals
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the vibration plate area 74a. The sacrificial |ayer

renmovi ng holes 71 are forned at sane positions of the
5 sides facing each other. Thus, it is possible to

efficiently etch the sacrificial |layer so as to form
the first and second spacesngga and 64b, by arranging
plural sacrificial |layer renoving holes 71. In a case
of the liquid drop discharge head 10 200, generally,

an, actyuat or _configured to, di schar he l.i qui d_dr,op
cqua T o oﬁdﬂﬁgrrét%arnegt%rﬁ%ﬁﬁgr g%s F%;)d'sl’loqrt side"A of

hasa Tong a W _ _
cqiid %I@%éf?goﬁ” 13 {12F] ryRg aghuat qh,d ﬁoﬁ%rﬁﬂgsds of
at a long side. Since the sacrifrcral® layer ~etching

| SHSOF{19PAE 1 ohe PR L4 CT2ACY @hdNe D ricial 1ayer
sacrificral layer is high i1f the sacrificia Tayer

Mo PN §Oh81 &L 79 AfanEeantd hhe sl HoPft1h8s of the
vibration plate area 74a. However, if the sacrificial

| ayiede s enBYing belcd GklHer arranged ik tike possible to

di spl acenent area of the vibration plate, a vibration

20 Dpeeh 1 9f etthdy adtaadarriychelgilwgrebash as to form
i nfluence. Hence, it is necessary to arrange the

sddré fftrat ahdyereammbvipgchs| 6471 aout Si4ke, dbyt hAeranging
vibration plate area 74a. Thus, as well as the

barkiezl 292and fillkd alsdeg ¥4 ¥ cramovaper hadasi hy- hol e

31, the barrier 69 25 and the sacrificial |ayer

renovi ng hol 8173 §eée & dihanhrdubdt §r@® stigearge head

Vi tion pla area 74a (See claim,z?2
%%61 gen ra&iy, an actdator confidqured to discharge

the liquid drop has a long and narrow rectangular
shaped configuration and a neighboring actuator is
arranged at a long side. Since the sacrificial layer
etching is isotropic, removing efficiency of the
sacrificial layer is high if the sacrificial layer
removing hole 71 is arranged in the center of the
vibration plate area 74a. However, if the
sacrificial layer removing hele 71 is arranged in the
displacement area of the vibration plate, a vibration
property of the actuateor may be given bad influence.
Hence, it is necessary to arrange the sacrificial
layer removing hole 71 outside of the vibration plate
area 74a. Thus, as well as the barrier 29 and the
sacrificial layer removing hole 31, the barrier 69

and the sacrificial layer removing hole 71 are



10

15

20

The sacrificial layer renmoving hole 61 is seal ed by

the resin film68. In a case where the 5 resin film68

is formed as a wet filmof the liquid drop by a spin

coating nethod, the barrier 69 as the fluid

resi stance and a connecting part 70 are provided

bet ween the space 64b in the4¥ircinity of the

sacrificial l|ayer renmoving hole 71 and the space 64a

10 situatgd under, t he vi bratj.on ELate area 74a, soO

t PR 2R r BEFALRG & NS IRIPFEPBNPeR TS G RReptfig (See

fr . the sacrificial layer renoving hole 71 into the

fi#iﬁlmngCe 64a situated under the vibration plate

area 74a. This_i se if the resin material, seeps.

15 into the ?ﬁ?s?aggggééiﬁ%s%? & e8°HRI&P S KL EP%s

Vi i p e.al Téa, .t vi brat.i e
stgﬁécgg}a% k:ﬁ% I‘%S?Lﬁle A @@. EE L %s?eq%}gea@%nghe

74a 1s ered to ower part electro

t hed £f Or 81 1mC3BNAL WK AP &9 FCHat ¢r.1 By Hrove d%’LﬂQuid

the barrier 69 in the vicinity of the sacrificra

| aysedp repodi Be 120 cRlte nid m@sh68MPanhed PMAN & 69 as the
structure not having the. barrier 69, the resin

neieridl ré8isaanke pirRYenteshnéteimgeepimg 1ntoréhe

first space 64a situated under the vibration plate

araoviddedobthatent titse pusscdl 64bt anolittad nwiactmphy of the

yield rate. -46 It is possible to prevent the resin

fidanBBLi¢iom deypimgamoinhenbilest/ Ispack Bda byace 64a

meki ng the cross section of the sacrificial |ayer

r i pgedonader the vibration plate area 74a, so that
the resin material 68 is prevented from seeping from
the sacrificial layer removing hole 71 into the first
space 64a situated under the vibration plate area 74a.

This is because if the resin material seeps

into the first space 64a situated under the vibration
plate area 74a, the vibration plate area 74a is
adhered to the lower part electrode 63a and therefore
.cannot work as an actuator. By providing the barrier
69 in the vicinity of the sacrificial layer removing
hole 71, as compared with a structure not having the -
barrier 69, the resin material 68 can be prevented
from seeping into the first space 64a situated under

the vibration plate area 74a so that it is possible

to obtain a high yield rate.
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31 as small as possible in a range where the 5
sacrificial layer can be renoved or making the
coefficient of viscosity of the resin filmmteri al
hi gh. 10 15 (Manufacturing Process of Actuator) Next,
t he manufacturing processes of the actuator are

di scussed with reference to Fifc 21 through FIG 27.
In FIG 21 through FIG 27, (a) is an X2-X2

- ti | Vi f. G 17
gﬁgii Secti old) 18 Erxinds tT7p%%ve%'|@r§tthestlé%si‘%e%llm 68

e(rnr%r;lsggbl%%tdl on% %l‘r}ﬁ( ?%12‘ h\%lplr?gcseglﬁu %%e%gﬂ]&flgl téle
1
thi cénéié%‘%?* 300 U e 0 ed T 1 cEimREingg hple
thickngssmah 10.24 AR dSiboLmed aa%atdgrfe | HeF e PRAE

el ectrode. Then, the lower electr 63a and a part

668a0fitFheibar rlla@felar@anssaaﬁs@h%écf UL PYnd the
litho-etching nethod. After that, an insulation film

( ¥be oXtiddeinan I ) s 66s 0t y25o £l ey et rodembratandal
the part of the barrier are -47 stacked so as to have

a hhgbkness of 0.2 Am The insulation film 60 works

as a mask material protecting the | ower part

el ectrode 63a in the

(Manufacturing Process of Actuafor)

Next, the manufacturing processes of the
actuator are discussed with reference to FIG. 21
through FIG. 27. In FIG. 21 through FIG. 27, (a) is
an X2-X2 cross-sectional view of FIG. 17 and (b) is a

Y1-Y1l cross-sectional view of FIG. 17.

1. First step (See FIG. 21-(a) and FIG. 21-(b))

The insulation film (thermal oxidation £ilm)
62 having a thickness of 1.6 um is formed on the 8i
substrate 61 having a thickness of 400 gm. Then, P

doped silicon having a thickness of 0.4 gm is formed

as the lower part electrode. Then, the lower
electrode 63a and a part 66a of the barrier are
separately formed by a litho-etching method. After
that, an insulation film {(CVD oxidation film) 60 of

lower electrode 63a and the part of the barrier are
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sacrificial |ayer process, and as a protection film5
preventing an electrical short circuit of the | ower
part el ectrode 63a and the upper part el ectrode 66. 2.
Second step (See FIG 22-(a) and FIG 22-(b)) The
sacrificial layer (non-doped %O pol ysilicon) having a
t hi ckness of 0.4 pmis depééifed by CVD nethod so as
to forma space gap. Then, a part 70 functioning as

h i 79 i hed b it ho- i
LS AOPLELEORs R e IS B EDRECRY, e 4 el oY
r%%ﬁilééiéﬁﬂggﬁﬁ- cNalodiss do &l @89&. thaltl ot 1

di rection of e connection part i S not opened but

the-ed@hingi £get N drS Jorregh bibkeoga @ @ this

poi nt, the connection part 70 is different fromthe

cortect £ DO Parlager pridedd f sindexansl @rod Nexdén Ehen
separation groove 63 configured to separate an area
ofptdweedtisy andedecdand spacsisobdaciantdiGdbanth@ pawkr
66b of the partition, is formed by the litho-etching
mgtehod. e PECBrodhki 6@ asteep (1See EhEer2fafd) cdrek it dile 66.
23-(b)) -48 An insulation film (CVD oxidation filnm 65
Is stacked so as to have a thickness of 0.15 gm The
insulation film®65 wirks as a mask materia

prlot e Py t RECPoVSE dikG €l €2t fddeaBda FlF + M2 (b))

The sacrificial layer {(non-doped
polysilicon) having a thickness of 0.4 um is
deposited by CVD method so as to form a space gap.
Then, a part 70 functioning as the connection part 79
is etched by the litho-etching method so as to have a
desirable height, and the resist is removed. That is,
all of a height direction of the connection part 70
is not opened but the height direction is formed like
a dam. On this point, the connection part 70 is
different from the connectioq part 30 in the first
example.

Next, the separation groove 63 configured to
separate an area of the first and second spaces 64a
and 64b and a part 66b of the partition, is formed by

the litho-etching method.

3. Third step (See FIG. 23-{a) and FIG. 23-(b))
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5 sacrificial |ayer process, and as a protection film
preventing an electrical short circuit of the | ower

part el ectrode 63a and the upper part el ectrode 66. 4.
Fourth step (See FIG 24-(a) and FIG 24-(b)) 10 P

doped silicon having a thickness of 0.2 12 mis
deposited and then the upper48Fectrode 66a and a part
66c of the barrier are separately formed by the
litho-etching nethod. At the sane tine, .a pr.otectjon

ol 685 1 5 ORRNGHSPLRGAP™ Mt NECLRe PHARERAIOT aybi 1565
renovin ol,e 71, in order to event the uppe

gt HEN B8a> Rating 4 HE e PALERRES DO o 15 #m.  The
S [.f4 Ci I S ?Qg 64 r ei ef ched.
Tﬁg{n%‘jgg%?%lr]i géﬁﬁafg’f% 'S %Igp%s?l g’% gg?g:ae v%%?ati on

p! hh9+REeVeRtd0nd Ayes byt LBEVR Lt hod 5o as
Zéﬁicgc %ghg {'Ei{aczkness 2% 0.2 gm 5. Fift‘?sjt&gpﬂ?%ee

FldG c2bf 1 dhg15agkidlr ¢rlcd AYErah8Maw RO dWl€ddibs film
formed by the liftho-étching nethod and then the 25

rgsistehsingmanedlectS foa S xhbrit ep (e RIS tRE) 1oher
sacrificial layer is conpletely renoved by a nethod
had rig @lbtghosel &3a vrnd ofie etipbieng peatte e beof rbhie 66.
sacrificial layer of the first and second spaces 64a
and 64b and the insulation filnms 60 and 65, such as a
wet etching nmethod using al kali sol ution,
4. Fourth step (See FIG. 24-(a) and FIG. 24-(b))
P doped silicon having a thickness of 0.2 u
m is deposited and then the upper electrode 66a and a
part 66c of the barrier are separately formed by the
litho-etching method. At the same time, a protection
hole 82 is opened larger than the sacrificial layer
removing hole 71, in order to prevent the upper
electrode 66a having the same material of the
sacrificial lavers 64a and 64k from being etched.
Then, a nitride layer 67 is deposited as a vibration

plate bending prevention layer by LP-CVD method so as

tec have a thickness of 0.2 ygm.

5. Fifth step {(See FIG. 25)
The sacrificial layer removing hole 71 is
formed by the litho-etching method and then the

resist 1s removed.
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so that the first and second spaces 64a and 64b and
the connection part 70 are forned. In a case where 10
TMAH or KOH is used as the alkali solution, it is
possi ble to inplement sacrificial |ayer etching

havi ng high selectivity. In 3 dition, it is possible
to i nplenent the sacrificial “IFayer etching by SF6

pl asma process or dry etching using XeF2 gas. 15 7.
Seventh step (See FIG 27) The resin film 68 having a
thickness of 1.8 11mis forned as a wet filmof the

'!@yigigfﬂps@ﬁpa(§§§rF{??téQQ met hod, considering

filmreduction"at 20 the tine of pad formng. At this

time, the Sa@ﬁEfEQE@iﬂfﬁ$ﬁlrf&?EEPQShQB gﬁ%éél%eremoved

conpletely sealed by the resin film 68. nce t

basy i @rméBhas hhkardd Ui thigsi §ba@fé%iaﬂgt9¢ hes C@EEﬁ%bg&ate

part 70 are provided, the resin film is prevente
f raafin sleepbagr2fifoiem theysacsEf kaicalf ilayteran@noyibad
hole 71 into the -50 first and second spaces 64a and

6Mpadésefibhaind ©hbyand élhectimstel atibng ftidkingepadnd 65,

part (not shown) is opened by the Iitho-etching

metbell. aAng mWeteeitalhircaméeehadedsdng el kaki nsbilliyion,
as long as it has 5 corrosion endurance agai nst the
|i%ﬁn@hgpoﬁgesﬁéﬁa§;aq@x;econd spaces 64a and 64b and

(Pal y- p- hen¥Lene-benzo-bis-oxazole) filmor
pdﬁ%r‘(’?a LA B Ie tOraed §9r§e§pi n dbal i pgse where

TMAH or KOH is used as the alkali solution, it is

possible to implement sacrificial layer etching

having high selectivity. 1In addition, it is possible

to implement the sacrificial layer etching by SFg

plasma process or dry etching using XeF; gas.

7. Seventh step (See FIG. 27)

The resin film 68 having a thickness of 1.8

pm is formed as a wet film of the liquid drop by a
spin coating method, considering film reduction at
the time of pad forming. At this time, the

sacrificial layer removing hole 71 is completely

sealed by the resin film 68. Since the barrier 69 as

the fluid resistance and the connection part 70 are

provided, the resin film 69 is prevented from seeping

from the sacrificial layer removing hole 71 into the
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nmet hod, and can be conpletely seal ed by the
sacrificial layer renoving hole 61. 10 Thus, the
actuator part corresponding to the substrate 1 shown
in FIG 1 is conpleted. By conbining this to the
substrates 2 and 3 shown in FIG 1, the liquid drop
di scharge head 200 is conpl e®®d. The resin film 68
seals the sacrificial 15 Iayer renDV|ng hole 71 in

a Ther ef.ore, tuatio ere t ace is vacuum
Liral R gecm%s%%%%%%tﬁéabﬁn rﬁﬂ%sp FetRod-
u3| L g thel - l{urrg eeV| celso %h t. the Si detof tg g
had™a? fAEgar Ve Pressit et dde £ l&@h@ 3Lt efPgsusLown)

thle 29 ¥h0GaLon 1l afetlﬁé ?EEL:L g4 ‘?bdci ab'ﬁn%t material

|spla enent  “cannot e ob can e preve

thesfipst yexamle &Fé %eggrﬁhkﬁzl:d&h 2lG1 o) sieg £2nga@se

where the nunerical forrmula 2 1s not sat due to

t heo £h8B88nOkndie it It g@inkhe 2 %@Hﬁ&@4§r8ﬁstgﬁch as
process, it is necessary to change _51 (mask-revise)
NERSOIr epenly-gf pheth ﬁr@m—b@nEbgblkLnAaaaoléprfﬂﬁm@lre,

so that a cross-sectional area of the connection part
30pshyimfdes ftilen, nureat i lsal fdbomadl &y2 aansbimecebying i s
possi ble to prevent the 5 resin film 28 from seeping

i methhd, sacd fdaqi abe Itacyrepleterhyvisrea@m eBlth&hi s may
cause a conplex procedure and increasing of the cost.
Osaheidiméplhdmyed nremoving hole 61.

Thus, the actuator part corresponding to the

substrate 1 shown in FIG. 1 is completed. By

combining this to the substrates 2 and 3 shown in FIG.

1, the liquid drop discharge head 200 is completed.

The resin film 68 seals the sacrificial
layer removing hole 71 in air. Therefore, a
situation where the space is vacuum sealed like a
film deposited by a PVD or CVD method using the
vacuum device so that the inside of the gap has a
negative pressure due to atmospheric exposure, the
vibration plate is bent, and desirable displacement
cannot be obtained, can be prevented.

In the first example (FIG. 2 through FIG.
16), in a case where the numerical formula 2 is not
satisfied due to the change of the height of the

space 24a or the process, it is necessary to change
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t he second enbodi nent, a cross-sectional area of the
connection part 70 of the first and second spaces 64a

10 and 64b are nade proper only by etching the part

70a functioning as a connection part in FIG 22-(a)

so that the part 70a has a desirable height. Hence,

it is possible to achieve adSdesirable effect only by
process control w thout undertaking a conplex 15
procedure and cost. In the second enbodinent, the.

helfht koFevhee) cénmsaTwrepart PS dicf f S fidnfide 11-

fiyrst exanple. anpl es_ of the barrier 69 and_the
co{ﬁh)ect f Bh 55?@?%@ Khowh? F n? FFEC 588 Safrloufpe 1 &Fego ot

LA SSRIRLE 20 S0 49 L2 0 ol onpeston
O £ER98, 41 KA AL LD 1) G glpf) e

fifééiﬁxfﬂﬁﬁeZ QU | b & 11082 e L& L8a1 layer
558 °1;

h
shown 1n FIG 29, three onnection parts 7/

70 &n@PdndOndiar ¢ 1pr ovigles HYT eaRRRAINGE b Bei BBbedure
sacrificial |ayer renmoving hole 71 and neasurenents

| g hehghta@iiheCtd Ot & | @bt . andnl eHe dif1eet i BASAE, Nin

FIG 29-(b)) of the connection 5 parts 70-1, 70-2 and

7018 as econde esimald ieferihanat beo ski-seicteixarpl easbawa fi the

FIG 11. In an exanple shown in FIG 30, a nodified :
connection part 70 of the first and second spaces 64a
and 64b are made proper only by etching the part 70a
functioning as a connection part in FIG. 22-(a) so
that the part 70a has a desirable height. Hence, it
is possible to achieve a desirable effect only by
process control without undertaking a complex
procedure and cost.

In the second embodiment, the height of the
connection part is different from the first example.
Examples of the barrier 69 and the connection part
are shown in FIG. 28 through FIG. 30. In an example
shown in FIG. 28, a single connection part 70 is
provided and measurement in a height direction ({(right
and left directicns in FIG. 28-(b)) of the connection
part 70 is made smaller than the first example shown

in FIG. 11.

In an example shown in FIG. 29, three
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exanpl e of the exanple shown in FIG 16, a barrier
69-3 having a configuration of a rectangle not having
10 one side is arranged at a fluid path fromthe
sacrificial layer renoving hole 71 through the
connection part, so that the _fluid path is made to
detour so that the fluid resPétance is increased and
two connection parts 70-10 and 70-20 are fornmed. 15

- 69- f ed, in th .
Con, 00108 BRFLD 5070, 3 8107 | 1L s
i i fot ) i , .S -7 70-.
SSRL SOty o6 DS COECHLaD B T APl

(Morad7a LAk akaGhangidig Pa14HS,0heGQRH WALl 0 (rs
neé%urenent are grovided SO tha? tﬁe%?iu%gJ?%%?Q?ﬁnéélght

cahdel éfnedadiustieths |ih these 2xanpl)es.of hen¥okYABe¥t ion
and cross section S in the numerical formula 2 are

capatt @t 20-11 olZloew nghd MEO 3 rsteexade! &maASl SROWAahNthe
FIG 28 25 through FIG 30, size and cross-sectiona

- 538l conf egamapfleosdicoi tire €D@Netfli.on part are made the
same as the configuration of the barrier 69 wherein

the sacrificial ahap&argadre EEhoenovedFand t3e fd uiddified
resistance is increased (for exanple, at |east both V

5 SFRNEL8 aPfstet (v amumies | tPWhoirUFAR2) 1 Gsprchatkyer
as_sho in FIG 30, in a structure where the barrier
esﬁ-%r%ggwgnghé COREigliHe BAn of Ladr dGcdigi el morot having

one side is arranged at a fluid path from the
sacrificial layer removing hole 71 through the
connection part, so that the fluid path is made to
detour so that the fluid resistance is increased and
two connection parts 70-10 and 70-20 are formed.
Convex parts 69-10 and 69-20 are formed in the
connection parts 70-10 and 70-20 so that cross-
sectional views of the connection parts 70-10 and 70-
20 have concave configurations as shown in FIG. 30-
{b) and a lot of changing parts of configuration
measurement are provided so that the fluid resistance
can be fine-adjusted.

In these examples, the volume V and cross
section S in the numerical formula 2 are calculated
following the first example. As shown in FIG. 28

through FIG. 30, size and cross-sectional
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having one side is arranged at the fluid path so that
the fluid path is conplex and the convex parts 69-10
10 and 69-20, the fluid resistance is increased and
therefore a better effect of prevention of seeping of
the resin filminto the sacrificial |ayer renoving
hol e 71 can be achi eved t harn>the exanpl es shown in
FIG 28 and FIG. 29. 15 In the exanples shown in FIG

29 . FI G

L BRE phaoRs ravpgﬁh%@%ﬁaggﬂﬂgﬁﬂé%& %ﬁ%es%%e@ 56

are rOVId%g (Se ff”&%énfgn L@dg& IS s%guc n

\Mﬁ? hefi Pt ekd F [ 60 ST o nBnggl

t ff h f
E%l%.e%?ét—’P%ﬁ@sﬁaﬁg%’ae?%?al?# G iyt

e j i sgu 2 f 0] a
cavlg:iged syl kil asl g g £ gt

C“éﬁ@asggaBQQQ 2Q0, AL 1 831 CERRAENIOD t UDEEspecially,
(substrate) 805 having the first space 24a or %4a of

t hes aghe@hofis 90G.9B@ENMAID2a Eermedude there the barrier
manuf act uri ng net hod of the actuator in 5 the first

anglo-sgchadiexganplee s cantl. glea £ i.oat ofpacesectadregle not
connected. A buffer room 820 shown in FIG 32 or a
bufdeingoone821idshdwn drr&FEh @ d38ti $heorfileci@doabharo that
extended part fromthe connection tube 800 shown in
the fluid path is complex and the convex parts 69-10
and 69-20, the fluid resistance is increased and
therefore a better effect of prevention of seeping of
the resin film into the sacrificial layer removing
hole 71 can be achieved than the examples shown in
FIG. 28 and FIG. 29.

In the examples shown in FIG. 29 and FIG. 30,
two or more connection parts connected the first
space 64a and the second space 64b are provided (See
claim 4). Under this structure, as well as the first
example, it is possible to improve the removing

efficiency of the sacrificial layer of the vibration

plate area.

[ Third example]
The third example is discussed with

reference to FIG. 31 and FIG. 32. FIG. 31 shows a
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FIG 31. 10 FIG 32-(a) is a plan view of the buffer
room 820 and FIG 32-(b) is a cross-sectional view of
a barrier part in the buffer room FIG 33-(a) is a
pl an view of the buffer room821 and FIG 33-(b) is a
cross-sectional view of a barrjer part in the buffer
15 room It is normal that ar“actuator part (space
part) of the liquid drop di scharge head including the

acﬂé@{: OL¥ %Re.t gé_%hd 9 ggoéﬁ@sicﬂaﬁ:%% stelac.i 22a¢| zﬁil%fr%d}@ a

fromthe outsi n order-to preve egra

. ' f j . .
t heo RROREELY Q4 d O(d S€P£€ébngo@b mh/e'sgéelﬁ{,&tfﬁ%é”@ust

forei gn bodies fromthe outside.

pressyeeziul bhe 7ael ust oFnSPAEE LR JIMES A and 92
i nfluence to the liquid drop di scharge property is

sefisthédeblo thike nechangecobri g axteioinlo enwie 08ARAL 22
and may be influenced by the change of the tenperature

orthdefpressanel davaidlesxéoppeeveanid ttis, f1het spaces
actuators 90 through 92 are connected to the
connectoonetiled .80R shbiwri noBmG8 231 sAnshra par FIaf. 32
t he connection tube 5 800 is further connected to the
buf fleef £88ms o8R0 8d siBPdn hani A§Ga Ad ure eruchethegderto
than a space volunme of the actuator which can absorb

t HXePpRaAge BRIthd rqm sier €oBREGH Lliom Muke BP0 Fhewn in
C%ﬂﬂ§0t58n tube 800 and the space parts

FIG. 32-(a) is a plan view of the buffer
room 820 and FIG. 32-(b} is a cross-sectional view
a barrier part in the buffér room. FIG. 33~(a) is
plan view of the buffer room 821 and FIG. 33-(b) is
cross—sectional view of a barrier part in the buffe
room.

It is normal that an actuator part (space
part) of the liquid drop discharge head including t
actuators 90 through 92 shown in FIG. 31 is insulat
from the outside in order to prevent degradation of
the property due to the entering of moisture and
foreign bodies from the outside. However, the
pressure in the actuator space that gives an
influence to the liquid drop discharge property is
sensitive to the change of the external environment

and may be influenced by the change of the

in

or

an

of
a
a

r

he

ed
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10 such as the buffer roons 820 and 821 are forned by
a sacrificial layer process the sane as the process
used fox formng the first space corresponding to the
vibration plate in the first and second exanpl es.
Therefore, the sacrificial |ayer renoving holes B31 15
(See FIG 31) and 931 (See FP& 32 and FIG 33) and

t he upper part el ectrode protection holes 832 (See
FIG 31) and 932 (See FIG 32 and FIG 33) are

ary FHEEhELC RIS EEBe 800 and the buffer
roons 820 an98821 as well as t uat.or .

addltlon raﬁpefotﬁ?éVEﬁYe? tﬁé?v qlﬁ?ﬁ?ﬁﬁors 30

5% g]tlanQ %urrl erIrI f'&i@etop?f&r L %@83%00
F'§% B PR Eand o i ¥55) Bzfé%gf%aoﬁgi%é’ﬂ%éngﬁﬁbe
\féU@Iianﬁkﬁﬁ%rokéﬁH%é%@éeEorQRQSb%%%éﬁukoéﬁssgéo and

| arger than the vibration plate areas of

a2t 956188, a9%0 13k %@nommarl:lt@arsla aé;@a&@r 789 ume
simultaneously with the sacrificial |ayer renoving

proof esise ok ctba taat waiindh peat. abberef ates dhende of the

sacrificial layer renoving holes 931 are formed on

t herdmftee sboms 820 BIGE. 822.Ww th a equal interva

and two-di nensionally. The connection tube 800 shown

in FIG 31 aRbet henpgfdftsion oowse 820 0ardiBXhahomaceénparts

FIG 32 and FIG 33 are fornmed by a manufacturing
such as the buffer rooms 820 and B21 are formed by a
sacrificial layer process the same as the process
used for forming the first space corresponding to the
vibration plate in the first and second examples.
Therefore, the sacrificial layer removing holes 831
(See FIG. 31) and 931 (See FIG. 32 and FIG. 33} and
the upper part electrode protecticn holes 832 (See
FIG. 31) and 932 (See FIG. 32 and FIG. 33) are
arranged in the connection tube 800 and the buffer
rooms 820 and 821, as well as the actuator. In
addition, in order to prevent the resin film from
seeping into the sacrificial layer removing holes 831
and 931, the burrier 829 (See FIG. 31) and 929 (See
FIG. 32 and FIG. 33) and the connection openings 833
(See FIG. 31) and 933 (FIG. 32) are arranged.

Vibration areas of the buffer rooms 820 and
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10 nethod simlar with the manufacturing nmethod of the
first exanple. In FIG 32, by proving plura

connection openings 933 for a single sacrificial

| ayer removing hole 931, it is possible to renove the
connection 15 tube 800 and the sacrificial |ayer in

the buffer room 820 nore effPciently than a case

where a single connection opening is provided. In

this exanple, for the sacrificial [ayer renovin holes
8P lanch03ar BheR &het e Riohnke®R i Bh2 ?0@ﬁﬁﬁﬁ

and 933 are OVI ed on, four sides.of urrler 829
AR R BBDer PReneh et So kit E&% s Hot=15 nf5aed

to thls Ther e n1tat|on abou e nunber and

rlmg]emh? SR, L AP TERIL. W s 20d
f. t
s%cr.'ff d ore | Ejar 25r ek iReEs T TR .%%%ft 5o an
fii |
bu@%fch}iffélégzg‘ag%‘} %@?novbl %g%%nt%)i raer'EJVf&'rmé_Qeon

room hown in Fl has a structura

fidye 990F hawi PEoASSBINCIANE §PE 388 @S Ruid® interval
vibration plate of the actuator. However, since this

stariet i el di b As99R a1 f J xeTh& Ocbhe cbased aygse 968 BYiown
the barrier 929, it is not possible to bend the

stimuceLE al 31 bAd95Geofbue butbemsr @ &2 8@t shown in
change the vol unme of the buffer room 820.
FIG. 32 and FIG. 33 are formed by a manufacturing
method similar with the manufacturing method of the
first example.

In FIG. 32, by proving plural connection
openings 933 for a single sacrificial layer removing
hole 931, it is possible to remove the connection
tube 800 and the sacrificial layer in the buffer room
820 more efficiently than a case where a single
connection opening is provided.

In this example, for the sacrificial layér
removing holes 831 and 931, each of the connection
openings 833 and 933 are provided on four sides of
the burrier 829 and 9%929. However, the present
invention is not limited te this. There is no
limitation about the number and arrangement of the

connection openings 831 and 931 as long as the resin

film does not seep in and the sacrificial layer of



10 On the other hand, the buffer room 821 shown in
FIG 33 is fornmed by the manufacturing nethod of the
second exanple. A structural film960 is separated
froma base | ayer 961 by a connection part 939.

Hence, it is possible to bend the structural 15 film
960 of the buffer room 821 afid-to change the vol une

of the buffer room 821. Therefore, a pressure change
of the first space of the actuator 90, 91 and 92 due

t R acPreeat AbSphesc &HamRedchRepPUddSdr hePmpy20 can
b nding t he s%guctural film960 of the buffer room 20

€ At +ELREEFEs LAY ]DY fol | ow the atmospheric

h d-with the b .82 d
cecure a mor P8 RS quiar dioh BPeERarge HoperzyPas 2
He . , i : , . f
PR hakRIORSER I sl ing B S-SR EAS LR 5
L@?e 899b£9t‘i%% %:’lraﬁ:te S(PJ_aC’Leth aEp__%a't%s.c .aCtM@\'}érgosince

t
91 and 92. Therefore, the connection tube 800 is

foresd byracsachilf iciah dayelsProgess tHinW Hh8e layer
sacrificial |ayer renoving hole and an electrode is

nodsprieyi €ad. bEhe ikar roey, 820 5sf upet i BS tbebend
fluid resistance is provided between the space

f orime: ngt rhetaeriedtiilon a0t oAndheheuifSaar ifoehaBzbagerd to

renmovi ng hole 831 as discussed in the first exanple,
anthd&heeebhet o lsurstafat ehe sbuldeaf actam &2 by a net hod

. the sane as the nethod in
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On the other hand, the buifer room 821 shown

in FIG. 33 is formed by the manufacturing method of
the second example. A .structural £ilm 860 is
separated from a base layer 961 by a cconnection part
939, Hence, it is possible to bend the structural

film 960 of the buffer room 821 and to change the

volume of the buffer room 821. Therefore, a pressure

change of the first space of the actuator 20, 91 and

92 due to drastic atmospheric change can be absorbed

by bending the structural £ilm 960 of the buffer room

821 and it is possible to follow the atmospheric
change as compared with the buffer room 820 and

secure a more stable liquid drop discharge property.

Here, it is necessary to only provide space

inside of the connection tube 800 and connect the

connection tube 800 to the first space of the
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10 the first exanple in a state where the space is
prevented from being closed in a sealing process of
the sacrificial layer renoving hole (See claim 12).
Thus, the substrate having a sinple space can be
easily manufactured with higg preci sion. 15 The
actuators 90, 91 and 92 conn €ted to the buffer room
820 or 821 via the connection tube 800 can be

d di dint first or
IMSELYEECoRY Wi R peunned i IS Ligihoflon
(oAl gt Sccss,al WpienLas.Yebeatlon 20 pigperLys

aGidl O 6n80sa3L130¢ 192 ai‘zsjyé‘ﬁn%ﬁbkr‘i%glt 4Re 800, 43R

be efficiently fornmed by a sacrificial 7l ayer process.

Fustder poge, 1By ndeKigihwiddd! anHeapb@h@S®er SEE§i on of
the connection part proper, it is possible 25 to

effurcd ehdhyngeaey e Hahef saicd | £&6i 8k ahayeri Dfptdei 468
buffer room and the connection part by a process the
sdetwseh hehpr spese firrmimpvihg aosaextfiari agpattayend the
of the vibration plate area and to reduce the nunber
ofsadiel ptotasdsdeyeFhumiting bossi B4 t=¢ abistusaad5in
actuator and liquid drop di scharge head having a high

f Urit® i BRTShi gragirdls t ypndndhesebyditdgerssitat mite hés
property, at a |ow cost. [Fourth exanple] 10 Next, an
iIﬂ@Q%ﬁ%?FHﬁ@doPytﬁe“ﬁﬁggéﬁtthe same as the method in

the first example in a state where the space is
prevented from being closed in a sealing process of
the sacrificial layer removing hole (See claim 12).
Thus, the substrate having a simple space can be
easlily manufactured with high precision.

The actuateors 920, 91 and 92 connected to the
buffer room 820 or 821 via the connection tube 800
can be manufactured by the method discussed in the
first or second example. The buffer rooms B00 and
821 which have large areas and prevent a vibration
property dispersion due to the atmospheric change of
the actuators 90, 91 and 922 and connection tube 800
can be efficiently formed by a sacrificial laver
process. Furthermore, by making a part and a cross
section of the connection part proper, it is possible

to efficiently remove the sacrificial layer of the
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invention is discussed with reference to FIG 34.

This ink cartridge is formed by unifying the liquid

drop di scharge head having the nozzle 8 and others

and di scussed in the first through third exanple and

15 the ink tank 815 supplying the ink to the liquid

drop discharge head 200 (Seé%laim6). Thus, in the
case of an ink tank unifying type liquid drop

di scharge head, |ow cost and reliability of the head

| Parfsfan rowncase &R¢ PR FRbPI PRISF Dhe amEPeesSFnkhe
cartridge. Hence, it is possible to inprove the yield

r &2 rke r el f aBrPCEy S d’i‘O’?H‘eelPﬁRlEHr Er isﬁﬁlb@l?%%ﬁciﬁg’er

d i t -of bad f ' d_t hereb
0% SostBFE TGN Pace THECBSE For “CRB oAt Momber

llilgjig y'l'ihg% éz\_(gce:ei gléSZS (‘ﬁ{&%(l d}g 'iéG%P%Eiifbtlré &g gllin an

xarplré “of an 1nk’ jet Tec Nng ~apparatus~in

‘ i Lo he. . . . .
Lo G AL TH AR Pl L1 BEARES 2N By  nion
3GuddiGoR) h3gh REISPES ] VEndi 8Wsef digedd¥oh b the
recording devicCe i'n which the ink jet head of the

presgd rt pyeati an licy Rievi ded. FIG 36 is a
cross-sectional view of a mechanismpart of the ink
10 jet recording device in which the ink jet head of
the present invention is provided. The ink jet

r ¢cosur iy example]

Next, an ink cartridge of the present
invention is discussed with reference to FIG. 34.
This ink cartridge is formed by unifying the liquid
drop discharge head having the nozzle 8 and others
and discussed in the first through third example and
the ink tank 815 supplying the ink to the ligquid drop
discharge head 200 (See.claim 6) .

Thus, in the case of an ink tank unifying
type ligquid drop discharge head, low cost and
reliability of the head leads to low cost and
reliability of the entire ink cartridge. Hence, it
is possible to improve the yield rate and reliability
of the ink cartridge by reducing cost and the amount
of bad manufacturing, and thereby it is possible to

reduce the cost for the head unifying type ink

cartridge.
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devi ce includes a recording device body part 81 and a
printing nmechani smpart 250. The printing nmechani sm
part 250 is housed in the recordi ng apparatus body 15
part 81. A carriage novable inside of the recording
devi ce body part 81 in the n%bn scanning direction, a
recordi ng head including the“i"nk jet head of the
present invention nounted on the carriage, an ink
cartridge for supplying the ink to the recordi ng head,
20 and others are housed in the printing nmechani sm
pqrfifgﬁoexémgqgﬁr supply cassette 84 (or a paper
supply tray) capable of loading a | ot of paper 83

froma frontyskde ean g rdetachably 99@%@@%@50?%2%

| oner part of the recording device body part 81.

- Gppadhtiienina mmwltmpﬁﬁks?aﬁl held @Yo B85 A& present
supplying the paper 83 manually can be opened at the

| divevepatbn ok e d ecordli sgudevdcaihodyrppsteBie Therrc.

paper 83 is taken fromthe paper supply 5 cassette B4

or3% henduaflial. pd&per Blippl 35t iayaldberapedtieveriheivngf the

mechani sm part 250. A picture is recorded by the

primk i hgtneekamidsmpatavRs® andwhhieh tdisciwk gpdtt bead of

paper discharge tray 86 connected to a back surface

si e P ERBNedeVETHG Yo vi eePbedy desrt EX5 8136 st ke

printing nmechani smpart 250, a )
cross=sectional view of a mechanism part of the ink
jet recording device in which the ink jet head of the
present invention is provided. The ink jet recording
device includes a recording device body part 81 and a
printing mechanism part 250. The printing mechanism
part 250 is housed in the recording apparatus body
part 8l. A carriage movable inside of the recording
device body part 81 in the main scanning direction, a
recording head including the ink jet head of the
present invention mounted on the carriage, an ink
cartridge for supplying the ink to the recording head,
and others are housed in the printing mechanism part
250.

A paper supply cassette 84 {or a paper

supply tray) capable of loading a lot of paper 83

from a front side can be detachably connected at a

lower part of the recording device body part 81. 1In



10

15

20

25

carriage 193 is slideably held in a main scanning
direction nanely a direction perpendicular to the
paper of FIG 25 by a guide nenber. The gui de nenber
15 is connected to left and right side boards not
shown in FIG 35. The guide nmenber includes a nmain
guide rod 191 and a sub gui-®&-rod 192. In the
carriage 193, a recording head 94 is arranged in a

di ' wh I | ink disch [ ' t
(RS £L7 1 Bs 8250 4 h RAR FraP HOBAANAARY 1 CCTF oRaPPRLng
d havi I f | , t

(W AEeD) 8k e ) Sehanel SPoRRE s ol godvay part
t [ ' T j head 94 i ted i

2 5rae LEEedtiRe MRLIFFOROMIOPREY 8 o Taces 25 |

downvar d. | npf.be 6ot age 493 o LEAPECLIVE Il af2: supply

cartridges 95 suppfying 1 nk having the respe

catpssetoet Be becal Ngaheat B4pane sdgiAchablyy 115 in
connected. An air opening conhected to the atnbsphere

5 tilse PpOVhEedgalneth et part obothe A ndd cantei dge

95. A supply opening part supplying the ink to the ink

j etebendedsbpr aviederd-iait Bngomeehpartsmofpdite 298 and then
cartridge 95. The ink is supplied to the ink jet head
bydasclhprbkdr yoofa pgmroudibobyroe ntainidg @odflected to
slightly negative pressure. Al though the heads 94 for

t e paspestirfeceolurde a0 thedrasomdd necbeding body part

81.

In the printing mechanism part 250, a
carriage 193 is slideably held in a main scanning
direction namely a direction perpendicular to the
paper of FIG. 25 by a guide member. The guide member
is connected to left and right side boards not shown
in FIG. 35. The guide member includes a main guide
rod 191 and a sub guide rod 1%2. 1In the carriage 193,
a recording head %4 is arranged in a direction where
plural ink discharging opening parts (noézles) Cross
in the main scanning direction. 1Ink drops having
colors of yellow (Y}, cyan {(C), magenta (M), and
black (Bk), for example, are discharged by the ink
jet head. The recording head 94 is mounted in a
state where the direction of the ink jet faces

downward. In the carriage 193, respective ink
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head in this enbodi nent, a single head. having a
nozzle jetting the respective colors my be used. The
back side, nanely the |ower side in the 15 paper
carriage direction, of the carriage 193 is slideably
cl anped by the main guide ro% 191. In addition, the
front side, nanely the upper <i"de in the paper
carriage direction, of the carriage 193 is slideably
cao e sub uide ro In. 20 order to.
nﬁ%ggfﬁggg§¥rﬁgge Ve %39 %SﬁlﬁQt rﬁﬁﬁpecglve
S I Lr [ n 41

rrorehY cSanGared tsarit et P4 "B graenanly
rd st honakbky driven by a main scan notor 97 and a
driven pulley 99. The timng belt 100 is fixed at 25

the carri ageAﬁ9§1§n%ﬁé?ﬁr§€rééﬁﬁ8c%§% RV &h &Ntk m83phere
returns by forward and backward rotations of the main

sciaf PPdoLded. a@ drhewmpderphandofi RHY defk t@agBEE¥ge 95.

the paper 83 set at the paper supply cassette 84 to

t e sbppbdveppenderfpdite secpiging herd 94k wBosuhpl ¥nk
paper roller 1010, a friction pad 1020, a gui de nenber
10B9; headaisyprolvisted 040, aalsmelrl peolt evf 1066, iakd a
head end roller 1060 are provided in the ink jet

r €RVF B AgIedévi-ce Wepakakel §. SERPH i6fd the theetskofiet
paper 83 is 10 carried fromthe supply paper cassette
4‘eq‘i%eb¥5a5el:ap8§]1%rﬁgd?%le@l BYTreNe feidie wrehberingsg. a

The ngtiy negative pressure. Although the heads 94
for the respective colors are used as the recordihg
head in this embodiment, a single head having a
nozzle jetting the respective colors may be used.

The back side, namely the lower side in the
paper carriage direction, of the carriage 193 is
slideably clamped by the main guide rod 191. 1In
addition, the front side, namely the upper side in
the paper carriage direction, of the carriage 193 is
slideably connected by the sub guide rod 19%2. 1In
order to make the carriage.193 move to scan in the
main scanning direction, a timing belt 100 is
stretch-connected between a driving pulley 98
rotationally driven by a main scan motor 97 and a
driven pulley 99. The timing belt 100 is fixed at

the carriage 193 and the carriage 163 moves and
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is carried by being turned over by the carry roller
1040. The small roller 1050 is pushed on a
circunferential surface of the carry roller 1040. A
15 pushing angle on the paper 83 by the carry roller
1040 is determ ned by the head end roller 1060. The
carry roller 1040 is rotatiofarly driven by a sub
scan notor 1070 via a gear line. The paper 83 pushed
by the carr¥ roller 1040 20 corresponding to a_novin

areeh TR E hBY mk PR Vedah Ty PRFFERFFor Gt RNSarfi hBE hain

193 is reﬁeixgﬂbby a print receiving nenber 1090 as a
péﬁ%?ng%? gr er guiding in a lower direction of

the recording._h A carky roller, 1111
rotationalIfggr?sgn%igﬁﬁn%éhéhel§5°%g§§k THCRY the

di ge=p r iﬁﬁﬁgi d - g%@g,

di’s arg§3p§%gra$ol eréﬁké?f%?pgg&iﬁ%%%t e %gng §§e
to dher PapaE dirsehar 98 48188 ndasiPwy ,1151031.&5)&@ paper
gui de nenbers 1150 and 1160 form ng a paper discharge

patdn p&£ poavi,ded atié&hechowrrd sieeo of at hgiid: PABBber 1030,
carrying direction of the print recelving nenber

100G a Atyt belliere 1af40 ecorshayl the acahhg drada Had

is driven based on a picture signal while the

cand agelled il9afoweart ghevidkd snditdeharmged) ot oet@rding

t he paper 83 which does not nove so that one line is

r ebav ted oapehetsdper SBacf 0ér thikatsheadies papepap8r 83 is
carried from the supply paper cassette 84. The paper
B3 is guided by the guide member 1030. The paper 83
is carried by being turned over by the carry roller
1040. The small roller 1050 is pushed on a
circumferential surface of the carry roller 1040. A
pushing angle on the paper 83 by the carry roller
1040 is determined by the head end roller 1060. The
carry roller 1040 is rotationally driven by a sub
scan motor 1070 via a gear line.

The paper 83 pushed by the carry roller 1040
corresponding to a moving area in the main scanning
direction of the carriage 193 is received by a print
receiving member 1090 as a paper gulde member guiding
in a lower direction of the recording head 94. A

carry roller 1111 rotaticnally driven to carry the

paper 83 in a discharge paper direction and a spur
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is noved a designated distance and the next line is
recorded. The recording operation is finished by
receiving a record finishing signal or a signal 15
indicating that the rear end part of the paper 83 has
arrived at the recording area, so that the paper 83

i s discharged. A recovery appératus 1170 for
recovering from bad discharging of the recording head

L T L T AR
[ di ti f_th ' 93. . Th

LR ch3SELL R S 895 B YR 1140,

TN, 0, GLESBLR0 T, PUARH VARG (FTafEed),,

far 85 0ol i
°d1ds.5§na£¢9§ bﬁ@ﬂvﬁﬁ%y%%j?éé'&, AL70neTh e‘%ng%é‘gof the

head 94 Ts capped ~cappi ng neans.
digeedhar 0k 9gryPASed 16 AN d ko 8 Yn80RGH; hitOn &&dk Peng

prevented by  maintaining the jet opening part in a

wetergt@t €e10b0.5 addition, the ink not used for

recording is discharged during recording, so that ink

vi scosities AbfthEl tahet kef dtschadghgg epeniregrdquedisg head

are kept constant, and thereby a stable jetting

a4 ity danvbe basient @imed.plOthineasdase Wwhdriela bhd

di schargi ng occurs, the discharging opening part such

acamneimgezl83ofis moved. The ink is discharged onto
the paper 83 which does not move so that one line is
recorded on the paper 83. After that, the paper 83
is moved a designated distance and the next line is
recorded. The recording operation is finished by
receiving a record finishing signal or a signal
indicating that the rear end part of the paper 83 has
arrived at the recording area, so that the paper 83
is discharged.

A recovery apparatus 1170 for recovering
from bad discharging of the recording head 94 is
arranged at an outside position of the recording area,
namely the right end side of the moving direction of
the carriage 93. The recovery apparatus 1170
includes capping means, absorption means, and

cleaning means. During wailting for ready for

printing, the carriage 193 is moved to the side of
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the head 94 is seal ed by the capping neans. The
bubble with the ink is absorbed fromthe di scharging
openi ng part through a tube by the absorption neans.
15 The ink, the dust or the |ike that adheres to the
di schargi ng opening surface is renoved by the

cl eani ng neans so that bad dﬁé@harging IS recovered
fron1 In addition, the ink that is absorbed is

h d h
2% & Esxfs?ry‘;’}g&a’%s%faw% DoAT: SO%engrammafag head o
b d k ab t d ,
?nzgaggng?he mas alne sa ZPe%geeacﬁ§%£1lqg #§a§?arglng

h t d
s!ggﬁ cihgni g Jl% &Qt%Bﬁ c%nq ssed nted by

di schar gi ng ead of ove

t hrougPat Rk he %@rmj@@ éﬁeﬁPHgt sqrcenm%a (218 gegaeet In

recor di ng devi ce, I'S pPOSSI le to prevent an I nk

dro@af £ oshbad ndi qharrgwgugléa rerbadcgbrd Midgief the
vi bration nmeans and therefore a stable 1ink drop

di sthahgrggdprepdiiy tscObidhfedsso thhal Ak SvisBgeities
quality is inproved. In addition, since the recording
heal aiived ahea dicwivatdihge b@eﬁnm@nyhrts ats kept
possi bl e to reduce the consunption of electric power
ofcemetanbl eaold ttieratky | @t stebdedijed tdewd cabiMithoogn be
the present invention is applied to 10 the ink jet
heegi*asaanedqui d drop jet head in the above

enbodi nents, _the present invention may be
In a case where a bad discharging occurs,

the discharging opening part such as the nozzle of
the head 94 is sealed by the capping means. The
bubble with the ink is absorbed from the discharging
opening part through a tube by the absorption means.
The ink, the dust dr the 1like that adheres to the
discharging opening surface is removed by the
cleaning means so that bad discharging is recovered
from. In addition, the ink that is absorbed is
discharged to a waste ink saver (not shown) arranged
at a lower part of the body, so that the ink is
absorbed and maintained by an ink absorption body
inside of the waste ink saver (See claim 7).

Thus, since the ink jet head using the
ligquid drop discharging head 200 of the above-

discussed first through third examples is mounted on
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applied to a liquid drop jet head other than the ink
jet head such as a liquid drop jet head configured to
di scharge a liquid resist for patterning. 15 [Sixth
enbodi nent] In this enbodi ment, the present invention
is applied to a mcro punp. An action principle is
di scussed with reference to ®PG 37. Plural 20

vi bration plates are provided so as to face the fixed

l.ectr od 1302. Fl ui d. th h the fluid, path
cLogisoiey NI, g oo iian e LU LB
f ' i.de, | d_ I he £l uid th 1333
R Tt R KR S

Z%f{?&n§h8ffEWéj4¥HE$¥%§ﬁaﬂ Qﬁ%t%% Mﬁef%#%réhg é@gble

'd
plural vibration plates but also only a sin

Viﬁﬁ@tﬁﬁﬂppﬁék%ﬂgﬁéiﬁbF%f%#g@gy AsVIMe 1BYd b€ that an
provi ded so that transportation efficiency can be

| tiayedqua1The Misraip oovedat esnl3QEiG0rdesPOPHcLOthe
the vibration plate areas 24a and 64a in the first

t reughdihgr deanb el N sat Thelbivxed lalnd roslemd302ed, it
corresponds to the | ower el ectrodes 23a and 63a of

t hies fpessibie secortierdodhearabssulpttiken mE£rol patrpit0
transporting |liquid based on displacenent of the

vipwer onfpkhee wvik0re ehethdoipkdistusseab adinat device.

Although the present invention is applied to
the ink jet head as a liquid drop jet head in the
above embodiments, the present invention may be
applied to a liquid drop jet head other than the ink
jet head such as a liquid drop jet head configured to

discharge a liquid resist for patterning.

[ Sixth embodiment]

In this embodiment, the present invention is
applied to a micro pump. An action principle is
discussed with reference to FIG. 37. Plural
vibration plates are provided so as to face the fixed
electrodes 1302. Fluid goes through the fluid path
1350. By driving the vibration plates 1307 in turn
from a right side, the fluid in the fluid path 1333
flows in a direction shown by an arrow in FIG. 37 so

that the fluid can be transported. ©Not only the
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can be used as a structural part (See claim8). Since
the vibration plate is displaced based on an
el ectrostatic force acting on the electrodes, it is 15
possible to realize a mcro punp having a small size
and el ectrodes having | ow consunption of electric
power. [Seventh exanple] 20-PA-this exanple, the
present |nvent|on |s applied to an optical device. As
j&% in l.ural vibration plates face the
J%%]degl]iﬁé’élonﬂ?éa\ﬁ%sr a‘?%na&,rset 8“114?3,@ atpole

fun tlons as ref.erahl e that a

0TS T 1RO BB Pagiy ftie? wrsvhagytl SA Faie ey pe
1430
t%r%m‘glre?‘l 58 FhAE Harddifo ML OLRELOUr 0B AL 145080

I| r&Qugce 1431 i s |rrad|ated on the V|brat|on
plate (mrror) 1430 via a lens 1434. In a case where

the vibratiop,gl 948 -6W:idOP1 1430 1§Oﬁ0Eo§f¥§§6HH t8ethe
light is reflected at the same angle as an incident

aRglratfon paseeWedend eayi brat bad iRl alre (MiFser)
1430 is driven, the mirror is a convex mrror and

t haredogle themefehrexddmrhmht The diiseel dlctir@he. 1302
10 The vibration plate 1430 in this exanple
cararespepdsdsotbhéehd Brate one pkatecaesas I amahdéB4act
in the first and second exanple. Simlarly, a fixed
the first and second embodiments. In the micro pump
transporting ligquid based on displacement of the
vibration plate 1307, the above discussed actuator
can be used as a structural part (See claim 8).
Since the vibration plate is displaced based on an
electrostatic force acting on the electrodes, it is
possible to realize a micro pump having a small size

and electrodes having low consumption of electric

power.

[ Seventh example]

In this example, the present invention is
applied to an optical device. As shown in FIG. 38,
plural vibration plates face the electrodes 1402.
The vibration plate 1430 also funcitions as a mirror.
It is preferable that a dieiectric multilayer film or

a metal film be formed on a surface of the vibration
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el ectrode 1402 in this exanple corresponds to the

| oner part electrodes 23a and 63a in the first and 15
second exanple. Under this structure, an optical
nodul ati on device can be realized (See claim9). Next,
an application exanple to this optical nodul ation
device is discussed with reféPence to FIG 38. Light
fromthe light source 1431 is irradiated 20 on the

vi bration plate gnirror) 1430 via the lens 1434. The
| inlrﬁtegojr‘ﬁgOtéoa Baltt aviselerkiorbraticons pingecased.

A ot S et LI 23 AESALER e
the, 25 vib [ | at ' 1430 i s di db
A hRoPAnE Ml nLfab bt e 1 8587 Vhn
] t i ght i ' t
e YRR e ke Feth TS s e g ghe' Bt

Theri JdghtrhBChdgRk ans Lher DL oL EGL hen t'h%“%a%@z?fglésss

projected on a screen (not showmn in FIG 38). F

S@%Mﬁﬁbi&@néiHﬁg?bgnmzﬁﬂéaaﬂggeﬁheQ%‘Hﬂé-vibration
structure. In FI 39, pairs of the el ectrodes 1502

andl attde(Mirrers 1930 fiacidgitba, ekeet idesoA502 areonvex

10 arranged | engt hways and si deways. Each of the pairs

I snimcepeaddénthy réifioten tdoe t haf laptiinmgd. icant bes shown

on the screen. An arrangenent of 4 by 4 is shown as
dispersion light.

The vibration plate 1430 in this example
corresponds to the vibration plate areas 24a and 64a
in the first and second example. Similarly, a fixed
electrode 1402 in this example corresponds to the
lower part electrodes 23a and 63a in the first and
second example. Under this structure, an optical
modulation device can be realized (See claim 9).

Next, an application example to this optical
modulation device is discussed with reference to FIG.
38. Light from the light source 1431 is irradiated
on the wvibration plate {(mirrcr) 1430 via the lens
1434. The light going to a part where the vibration
plate (mirror} is not driven is incident on a
projection lens 1432.

On the other hand, since the place where the

vibration plate {mirror) 1430 is displaced by



10

15

20

25

an exanple in FIG 39, but the present invention is
not limted to this. Alot of rows can be arranged. 15
The actuator including the vibration plate used in
this exanple may have a structure as discussed in the
first and second exanple. In addition, the actuator
may be driven under the strulfare discussed in the
third exanple. 20 The present invention is used for

he ljguid _drop di h he ni th
|t i af A 55 S B U DI e
CREPEFEEL  Bes It d Pt ARt el BRe H PP T, BRE o

i ghtn gpduhat isen 1dey %@agﬂ:a?eéﬁ | '119%{5261@95. " Qne

el ectrodes having | ow consunption of electric power.

Thei @i eSent i HRY@NHPN i S 1?9&3' Ebrkbed 1t 4 hey gpoye-
di scussed enbodi nents, but variations and

most ¢ § €8t ansnmay derd@de(Mbt haubweepar teng. fsem t hes |

scope of the present invention. For exanple, the

prEseshownventiver cClarerhe apal i ed rbogameaat i €8l tHew ce

ot her than the above di scussed device, a mcro

acttuatotyurer the |like. 10 15 20 25

In ¥IG. 39, pairs of the electrodes 1502 and

- the mirrors 1530 facing the electrodes 1502 are
arranged lengthways and sideways. Each of the pairs
is independently driven so that an image can be shown
on the screen. An arrangement of 4 by 4 is shown as
an example in FIG. 39, but the present invention is
not limited to this. A lot of rows can be arranged.
The actuator including the vibration plate used in
this example may have a structure as discussed in the
first and second egample. In addition, the actuator
may be driven under the structure discussed in the
third example.

The present invention i1s used for the ligquid
drop discharge head, the micro pump or the light
modulation device and the wvibration plate is
displaced by the electrostatic force acting between

the electrodes. Hence, it is possible to realize a

light modulaticon device having a small size and
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-71 CLAIM5S 1. An actuator, conprising: a vibration
pl ate area displaced by an 5 electrostatic force; and
el ectrodes facing each other via a first space in the
vibration plate area; wherein the-first space is
formed by a sacrificial |layer process using a
sacrificial layer 10 renDV|HQ hol e; and a barrier as
a fluid resistance is formed between the first space
and a sec pace situated in the VIC of . the
;‘S—lﬁ?ﬂ?‘g ?8&%&1%‘ n@on%ﬁ‘%hf@ 2 %‘{:{batBPwer
clalned ¢laim.1l, wherei n
sacrl %?%?ngaﬁgﬁﬁﬁgﬁﬁﬂrﬁfh%?g ;?gl% |%%d€%%t§ g&e~
Of 118, YLBY BLLAR RIALE, ATsar 30-3,4 T Actygt or as

claimed rn c i ngl'é connection part

c%dgﬁiegt&engomgptbé %% fﬁitﬁe@%e D, §EEOBA the

space is providedin the barrier. 4 The att uat or

ass & sé e tﬂecb@égéht invention. For example, the
present invention can be applied to an optical device

other than the above discussed device, a micro

actuator, or the like.
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wherein a plurality of connection parts configured to
connect the first space and the second space is
provided in the barrier. 5 5. Aliquid drop discharge
head, conprising: a discharging roomwhich di scharges
aliquid drop and is connec d to a nozzle; a comon
liquid roomreceiving dischar 3 10 fluid supplied to
the di scharging room a pressure generating part
configured to give dischargagg gner gy to the

di scharge fluid in the dis glng room and t her eby
the discharge fluid can be discharged fromthe
nozzle; 15 a plurality of actuators, the actuator

including a yibpat ier plale M@é% Ng<as of.he pressure
generating part; a vibration plate afed displaced by

an 20 el ect 505t Bria€ ifo¥ GELa B0z ebgchiadas dacipg £ach
other via a first space in the vibration plate area;

wheretbrbbeatiikstrospace asdforned by a sacrificial
| ayer process using a sacrificial layer 25 renoving
hol e; and -781Bctrodes facing each other via a first
space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
& barrier as a fluild resistance is formed
between the first space and a second space situated

in the vicinity of the sacrificial layer removing

hole.

2. The actuator as claimed in claim 1,
wherein the barrier and the sacrificial
layer removing hole are provided outside of the

vibration plate area.

3. The actuator as claimed in claim 1,
wherein a single connection part configured
to connect the first space and the second space is

provided in the barrier.



a barrier as a fluid resistance is formed between the
first space and a second space situated in the
vicinity of the sacrificial |ayer renmoving hole. 6.
An ink cartridge, conprising: a liquid drop discharge
head configured to discharge an ink drop; and a ink
tank configured to supply inR2to the 10 liquid drop
di scharge head; wherein the liquid drop discharge
head, includes a discharging room which discharges a
liquid dropf an"ahﬁsa@*éﬁﬁg@treoﬁ% F R HB23| &1 £33 ohmon

liquid roomreceiving diischarge fluid supplied to the
di schar gi ng W¥oR¢1a %r8§§&P€J§€hé?%t?ﬂﬁnﬁﬁgﬂon parts
configured to, give a discharging, energy to th
SeH e p R e PR s ot B ho TPBGH AT (s eBgoond
t he discharge fl ui .20 i scharged fromthe

noZA e %Fp?ﬁ?gﬁﬁﬁg 0 &%?€§$%¥g%g%he act uat or

including 25 a vibration plate working as the pressure
generating part; a vibration plate area displaced by

an -74 5. A liguid drop discharge head, comprising:

a discharging room which discharges a liquid
drop and is connected to a nozzle;

a common liguid room receiving discharge
fluid supplied to the discharging room;

a pressure generating part configured to
give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;

a plurality of actuators, the actuator
including

a vibration plate working as the pressure
generating part;

a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other via a first
space in the vibration plate area;

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer

removing hole; and
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el ectrostatic force; and el ectrodes facing each other
via a first space in the vibration plate area,;

wherein the first space is forned by a 5 sacrificial

| ayer process using a sacrificial |ayer renoving

hol e; and a barrier as a fluid resistance is forned
between the first space and ~4>5econd space situated
inthe vicinity of the sacrificial |ayer renoving. 10
hole. 15 7. An_ink.jet recorgdjng,device, conprisipg:

2l Tautd o ob BPEEREFg@hand HoRt | GHPeq tAD oI b ey e
Ahd e O OPh oYL EIN JiEd | gl daegR Sl 08 D2adatea
i ncTudes a dischargi ng room whi ch di'sCharges a Tiqui

dr4 -5 ~COL ~1a1C (N TITN
o P o PR e charer T F i Bppl o ot Reine
diigeh@r gi ng roon a pressure generating part

configured to give discharging energy to the

di scharge fluid in the discharging roomand thereby
the di scharge fluid can be discharged fromthe

nozzl e; 25 a6pl Aanalinkky cfrtact dge pr spmplre sdeigiat or | .

a liguid drop discharge head configured to
discharge an ink drop; and

a ink tank configured to supply ink to the
liguid drop dischargé head;

wherein the liguid drop discharge head,

includes

a discharging room which discharges a liguid

drop and is connected to a nozzle;

a common liquid room receiving discharge
fiuid supplied to the discharging room;

a pressure generating part configured to
give a discharging energy to the discharge fluid in
the discharging room and thereby the discharge fluid
can be discharged from the nozzle;

a plurality of actuators, the actuator
including

a vibration plate working as the pressure
generating part:;

a vibration plate area displaced by an
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-75 including a vibration plate working as the
pressure generating part; a vibration plate area

di spl aced by an 5 electrostatic force; and el ectrodes
facing each other via a first space in the vibration
pl ate area; wherein the first space is forned by a
sacrificial layer process usi’dg a sacrificial |ayer

10 renoving hole; and a barrier as a fluid resistance

is forned bgtme%p the first space and a second
sPaceE ST PaEPEdC TR UM VAT nity of the sacrificial

| [ le. 15 8., A ni t [

ey oY D BobResl S0 LA ER UL canerer ] g,
i Sing: ) ' lLectrod havi

CTELSI 00 AL Lagsla Rl e of lsct rodes having 2

20 as the vighatbon R &1 AN 8o SLEUSLUeR lhy o

configured to displace the vibration plate

ans £4 e0EL 035t 18! Gro@cisnGstig @l acldodes;: yhergiB,
the vibration plate i's displaced by 25 an actuator,
t hesret Uag OhollBG! WAdQ:
a barrier as a fluid resistance is formed
between the first space and a second space situated

in the vicinity of the sacrificial layer removing

hole.

7. An ink jet recording device, comprising:

a liquid drop discharge head configured to
discharge an ink drop;

wherein the liquid drop discharge head,
includes

a discharging room which discharges a liquid
drop and is connected to a nozzle;

a common liguid room receiving discharge
fluid supplied to the discharging room;

a pressure dgenerating part configured to
give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;

a plurality of actuators, the actuator
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a vibration plate area displaced by an electrostatic
force; and el ectrodes facing each other via a first
space in the vibration plate area; 5 wherein the first
space is formed by a sacrificial |ayer process using
a sacrificial layer renoving hole; and a barrier as a
fluid resistance is forned -Bétween the first space
and a second space situated 10 in the vicinity of the
sacrificial layer renmoving hole. 9. An optica
midislatd oMo devi ce changing a reflection direction of
i ght based on displacenent 15 of a mrror

conpri si ng: %IV+%5§FlPﬁoﬁ&ﬁq%;%ﬁr%FﬁgtﬁédEQQMﬁﬁ?ﬁP%Fe
fixed el ectrode _and a novabl e el ectrode which is
cHTEA T 1D B2GiBration plate and is provided in

parallel; aqg %Qb%a%gg%Ftg&%%ag$£é?08§%§qg2%gi?ﬁ% an

di spl ace the™ nirror bas splracement” o

wgﬂégéfgs?%ggg f@%d%ﬂrgh@“ el ectrostatic force

acting on el[éctrodes; wherein the vibration plate

i's displaced,by-r28qaR adddiPreatRCo@IALAG & First
including L a vibration plate area displaced by an

space in the wvibration plate area;

-wherein the first space is formed by =2
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance 1s formed
between the first space and a second space -situated
in the vicinity of the sacrificial layer removing

hole.

8. A micro pump transporting ligquid based on
displacement of a vibration plate, comprising:

at least two pairs of electrodes having a
fixed electrode and a movable electrode functioning
as the vibration plate; and

a structural part configured to displace the
vibration plate based on an electrostatic force
acting the electrodes;

wherein the vibration plate is displaced by

an actuator, the actuator iﬁcluding:



10

15

20

25

el ectrostatic force; and el ectrodes facing each ot her
via a first space in the vibration plate area; 5
wherein the first space is forned by a sacrificial
| ayer process using a sacrificial |ayer renoving
hol e; and a barrier as a fluid resistance is forned
bet ween the first space and-désecond space situated
10 in the vicinity of the sacrificial |ayer renoving
hol e. 10. A substrate having a structure, conprising:
15 a space whi Ehbiratiemedl aye aa588r Piisgilaiced dyeran
process using,a sacrificial layer renoving hole and
wi kecFeopretided 995G /de2®F the substrate; and a
barrier as a iluid resii%anpe fornﬁg tﬁgtmeen thef. &
space and t h& 85EFPEASE a2 FH@r S PEROTERGT 20 ot T 138
space in the vibration plate area:;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing

heole.

9. An optical modulation device changing a
reflection direction of light based on displacement
of a mirror, comprising:

at least two pairs of electrodes having a
fixed electrode and a movable electrode which is
connected to a vibration plate and is provided in
parallel; and

a structural part configured to displace the
mirror based on displacement of the vibration plate
by using an electrostatic force acting on the
electrodes;

wherein the wvibration plate is displaced by

an actuator, the actuator including
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a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other wvia a first
space in the vibration plate area:;

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing

hele.

10. A substrate having a structure,
comprising:

a space which is formed by a sacrificial

layer process using a sacrificial layer removing hole

and which is provided inside of the substrate; and

a barrier as a fluid resistance formed

between the space and the sacrificial layer removing

hole.



