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M CROELECTROVECHANI CAL DEVI CE BACKGROUND OF THE I NVENTION Field of the

I nvention The present invention relates to a liquid discharge head, a
manuf acturing nethod thereof, and a m croel ectronechani cal device. Rel ated

Background Art In a conventional |iquid discharge head as an exqrgng[:emgf a
m croel ectronmechani cal device for use in- an-ink-jet printer or the like,
liquid is discharged froma discharge port by pressure generated by neans
of heating and thus bubbling the liquid in a liquid flow path. In order
to heat the liquid, a heater for discharge is disposed on an el enent
substrate. Driving voltage is supplied to the heater for discharge through
Wirings on the eldRPAD DUSSHARGE HRAMENMANUFAMOTURIGGAMETHOS UHEREdF qui d

di scharge head, a structure has been proposed where, for the purpose of

i ntroduci ng nost of the bulihP MICROERECEROMECHAN heAD BEWACEe port to

I nprove the discharge efficiency, a cantilever-|like novable nenber with
one end thereof being supported is disposed in the liquid flow path. One
end of the novable nenber is fixedly supported on the el enent substrate
whi | e the ot hePAEKEROERDe RFs THix INVENTLOJUid fl ow path. In this way, the

Field of the Invention

The present invention relates to a liquid
discharge head, a manufacturing method thereof, and a
microelectromechanical device.

Related Background Art

In a conventional liquid discharge head as an
example of a microelectromechanical device for use in
an ink-jet printer or the like, liquid is discharged
from a discharge port by pressure generated by means of
heating and thus bubbling the liquid in a liquid flow
path. In order to heat the liquid, a heater for
discharge is disposed on an element substrate. Driving
voltage is supplied to the heater for discharge through
wirings on the element substrate.

Recently, with regard to such a liquid
discharge head, a structure has been proposed where,
for the purpose of introducing most of the bubble to
the side of the discharge port to improve the discharge
efficiency, a cantilever-like movable member with one
end thereof being supported is disposed in the liguid
flow path. One end of the movable member is fixedly
supported on the element substrate while the other end

extends into the liquid flow path. 1In this way, the



- 4 DEC 2003 - 2 novable nenber is structured so as to be held at a
certain distance over the elenent substrate and so as to be novable in the
liquid flow path by the pressure generated by bubbling or the like.
Japanese Patent Application Laid-Open No. 10- 76659 discl oses, ampngrly uid
di scharge heads having the above-nentioned novabl e nenber in the I 5 @
flow path, one where the novable member ~i & provided with a heater for

di scharge. However, as shown in Fig. 14, in the heater for discharge

di scl osed in Japanese Patent Application Laid-Open No. 10-76659,

el ectrothermal converting nenber el ectrodes 1204 and 1205 are formed so as

to be folded bac lo%%ﬁég%&%%; $%5¥u§$ d%$ygglg WEQQEél %ﬁe t he

el ect rot her mal 0 his way, the position

of the heater 1208 0 ol SEAres, L5 MISYHERCLEALb 0 he v gl pect o

of the novabl & res ency the novabl e
nmenber to be dis :ﬂgl hiis e §scWhere
the durability o éfqﬁﬁ&) P% née‘%f) slc?lot c?1Vécessarl§¥y lzg'?i&é i%t o(ray In
addi tion, si nc ,%?rb%ofbﬁmﬁl,éec,gfog@ isedot sufficient, the

SUIt

structure is n passing heavy current therethrough SUMVARY
OF THE | NVENTI ON Accor dijaglathe 2N pRRje®@® a@p1tike tAioes et d-0piH Nl 10-

76659 discloses, among liquid discharge heads having
the above-mentioned movable member in the liquid flow
path, one where the movable member is provided with a
heater for discharge.

However, as shown in Fig. 14, in the heater for
discharge disclosed in Japanese Patent Application
Laid-Open No. 10-76659, electrothermal converting
member electrodes 1204 and 1205 are formed so as to be
folded back along the surface of the movable member.
When the electrothermal converting members are laid out
in this way, the position of the heater 1206 for
discharge is unsymmetrical in the width direction of
the movable member, which results in the tendency for
the movable member to be distorted in bubbling, and
thus, there are some cases where the durability of the
movable member is not necessarily satisfactory. In
addition, since the width of the electrodes is not
sufficient, the structure is not suitable for passing

heavy current therethrough.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention



- 4 DEC 2003 - 3 is to provide a liquid discharge head and a

m croel ectromechani cal device with satisfactory durability and reliabilit
where a novable nenber in a liquid flow path conprises a heater for4ﬂﬂlmé
di scharge. According to an aspect of the present invention, there is
provided a liquid di scharge head conprisigg a substrate, a ceiling plate

bonded to the substrate, a liquid flow path forned between the substrate
and the ceiling plate, and a cantilever-like novable nenber having a fixed
end fixed to the substrate and a free end extending into the liquid flow
pat h, wherein the novable nenber is fornmed of a |l ower protective |ayer, a

heat generatlngléeﬁécéfg@lé ygrll@uléo&§£cﬁ% geirodesl aygr, an insulating

| ayer, an upper rode ayer, an uppe protectlve | ayer stacked

fromthe side qf;¢ ef@@?f&ﬁé@héﬂlégf ABNM NG 0T S8F i st R Wper ei n

application of a voltage to a heat generating portion of the heat

generating reS'éﬁfaﬁa1i@yeén&a#é§§a$&¢¢%yr&hé%eaa|m&#éﬂlénméHSeflﬂHlQ flow
path between the novabl e nmenber and the substrate to discharge the |iquid.

According to anoideldaspest p@tntbenprLsedta hayest i for dheeRatgeprovi ded a
met hod of manufacturing a ?qu|d | scharge head which conprises a

substrate, a ceiling plaidomedd ad etisiofatte pddsgid flow path

formed between the substrate and the ceiling
invention, there is provided a liquid discharge head
comprising a substrate, a ceiling plate bonded to the
substrate, a liguid flow path formed between the
substrate and the ceiling plate, and a cantilever-like
movable member having a fixed end fixed to the
substrate and a free end extending into the liquid flow
path, wherein the movable member is formed of a lower
protective layer, a heat generating resistive layer, a
lower electrode layer, an insulating layer, an upper
electrode layer, and an upper protective layer stacked
from the side of the substrate in the mentioned order,
and wherein application of a voltage to a heat
generating portion of the heat generating resistive
layer causes bubbling of a liguid in the ligquid flow
path between the movable member and the substrate to
discharge the liquid.

According to another aspect of the present
invention, there is provided a method of manufacturing
a liguid discharge head which comprises a substrate, a
ceiling plate bonded to the substrate, a liquid flow
path formed between the substrate and the ceiling

plate, and a cantilever-1like movable member having a



pl ate, and a cantilever-1like novabl e nenber having a - 4 DEC 2003 - 4

fixed end fixed to the substrate and a free end extending into the-l4gRQ g3
flow path, the nethod conprising the steps of: providing a space form ng
menber on a substrate; form ng a novabl e nenber of a |lower protective

| ayer, a heat generating resistive layer, a |lower electrode |ayer, an

I nsul ating | ayer, an upper electrode Iayeﬁ and an upper protective |ayer
stacked fromthe side of the substrate in the nentioned order; and
removi ng the space form ng nenber to shape the novable nmenber in the form

of a cantilever. According to still another aspect of the present
I nvention, ther pro e geleg tro chani,cal deV|ce conpr|5|ng a
cantilever- lik Spé %% grtﬁagﬁﬁgsg eﬁadf?xga £0°R9 substrate

and a free end ex ng intg %h gaglélg Qﬂegg %gthépg novabl e

menber is forneﬁxo?n pro Fve | ay [ I'ng resistive

| ayer, a | ower Shggggggg %ﬂgegFegg b@sulatlng | ayer, an upper el ectrode
protéc

| ayer, and an uppe Ve stacked fromthe side of the

substrate in the mentioned,ors ?Le h%w%&ﬂ%Mé%f%% a voltage to

a heat generatlng pOFtIOﬂ (0] generatl resi stive
substrate;

forming a movable member of a lower protective
layer, a heat generating resistive laver, a lower
electrode layer, an insulating layer, an upper
electrode layer, and an upper protective layexr stacked
from the side of the substrate in the mentioned order;
and

removing the space forming member to shape the
movable member in the form of a cantilever.

According to still another aspect of the
present invention, there is provided a
microelectromechanical device comprising a cantilever-
like movable member having a fixed end fixed to a
substrate and a free end extending into a liguid flow
path, wherein the movable member is formed of a lower
protective layer, a heat generating resistive layer, a
lower electrode layer, an insulating layer, an upper
electrode layer, and an upper protective layer stacked
from the side of the substrate in the mentioned order,
and wherein application of a voltage to a heat
generating portion of the heat generating resistive
layer causes heating of a liquid in the liguid flow

path.



| ayer causes heating of a liquid in the liquid flow path. - 4 DEC 2003 - 5
It is to be noted that the upper electrode |ayer and the | ower el ectrode

| ayer are preferably formed of a high-nelting netal. The insulatingﬂ

is preferably made of SiN. The heat generating resistive layer is
preferably electrically connected to the el ectrode |ayers upstream and
downstreamwith respect to the directiom of di scharge of the heat
generating portion. The upper electrode |ayer and the | ower el ectrode

| ayer are preferably formed so as to range fromthe front surface side to
the rear surface side of the novable nenber. Further, separately fromthe

heat generating portion, the liquid flo at h further. conprise
therein a heater for adjiustiment® 3?90\}?%%#@?)?4? e@%‘%n‘tﬁ?ﬁg‘f f{%c{%éé%eater f or
di scharge and a, _driver .f the heater for .adjustnment for driving the
heater for adj ust%&ht A gé?tgageﬁpSEFg%r?getkgyﬁga?g? P5Fggafh%?nent nay
be | ower than tPg% a pé%ed Qgghe Q%Q% gener Eing portion. The ceiling

pl ate may be prOV|%e wth a voW?age onvertér to ensure that a voltage

applied to the heater f#Héf%ﬂéﬁig%%ﬁgif%§é¥W¥sthEké&éﬁﬂ§fﬁghe of SiN.

The heat generating resistive layer is
preferably electrically connected to the electrode
layers upstream and downstream with respect to the
direction of discharge of the heat generating portion.

The upper electrode layer and the lower
electrode layer are preferably formed so as to range
from the front surface side to the rear surface side of
the movable member.

Further, separately from the heat generating
portion, the ligquid flow path may further comprise
therein a heater for adjustment provided
correspondingly to the heater for discharge and a
driver for the heater for adjustment for driving the
heater for adjustment.

A voltage applied to the heater for adjustment
may be lower than that applied to the heat generating
portion.

The ceiling plate may be provided with a
voltage converter to ensure that a voltage applied to
the heater for adjustment is lower than a voltage
applied to the heater for discharge.

A voltage applied to the heater for adjustment

may be made lower than a voltage applied to the heater



applied to the heater for discharge. A voltage applied to the heater for

adj ustnent may be nade | ower than a voltage applied to the heater zﬁagagﬁm
2003 6 for discharge by connecting the heater for adjustnent to a po
source different froma power source connected to the heater for

di scharge. A power source connected to the heater for adjustnent may be
common to a power source for a logic circ@it. The heater for adj ust nent

may be provided on the downstreamside with respect to the direction of

di scharge of the heater for discharge. The heater for adjustnent may be
provided on the upstreamside with respect to the direction of discharge

of the heater for discharge. A plurality of heaters for adjustnent y be
provi ded and tH&YF M%@a%%\ﬁ%e?%e‘?%%p@% ‘?ﬁ“_ser]ﬂego THEVHMhst r eam
si de, respectively, h respect the digection of dischange of the

| t 0
heater for disc argup\.,}gw earea o‘#lft%%rehneat er” 't St paodfeurstsr%unﬁci s preferably

smal | er t han tt@&ndﬁ%%%n,{@ggﬁé 1{ te '15&:_113&1] ehra-li{ie area of the driver for

the heater for a IS preferably sna an that of the driver

;or the heater for di schapggerTBBusk@NabnaeReEAl kBIRR h@Reef 3 driver
or

adjustment may be common to a power source for a logic
circuit.

The heater for adjustment may be provided on
the downstream side with respect to the direction of
discharge of the heater for discharge.

The heater for adjustment may be provided on
the upstream side with respect to the direction of
discharge of the heater for discharge.

A plurality of heaters for adjustment may be
provided and they may be provided on the upstream side
and the downstream side, respectively, with respect to
the direction of discharge of the heater for discharge.

The area of the heater for adjustment is
preferably smaller than that of the heater for
discharge.

The area of the driver for the heater for
adjustment is preferably smaller than that of the
driver for the heater for discharge.

The signal generating portion of the driver for
the heater for discharge may be the signal generating
portion of the driver for the heater for adjustment.

The ceiling plate may further comprise a sensor

for sensing the state in the liquid flow path



the heater for discharge may be the signal generating portion of the
driver for the heater for adjustnent. The ceiling plate may further
conprise a sensor for sensing the state in the liquid flow path - r pee 2003
2003 - 7 corresponding to the heater for adjustnment. It is to be noted
that the terns "upstreant’ and "downstreamy as used herein shall refer to
the direction of the liquid flow fromthe supply source of the liquid
t hrough a bubbl e generating region (or the novable nenber) to the
di scharge port, or refer to the direction with regard to the structure
related to the liquid flow. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
sectional view@argddifiidig eed i€he rfateed ifpi chdjovempait. il lustrating the
structure of a Iliquid discharge head as a first enbodi ment of the present
invention; Figs. 2A, 2Biands2€cabe sectdomabktvitbws teirhisusupsttinegma fBindst
process in the method of manufacturing the liquid discharge head as the
first enbodi nErtowsfs tideandr esentsadventd ion; st lgs . rfer 3® gl 3C are
sectional views illustrating a second process in the nethod of
manuf act uri ng tchierddtgusird aff sormrieriehdt oy tHeow i the Suppbli FRMECHIOt he
present invention; Figs. 4A, 4B and 4C are sectional views
the liquid through a bubble generating region {or the
movable member) to the discharge port, or refer to the
direction with regard to the structure related to the

liquid flow.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view along the direction
of a liquid flow path illustrating the structure of a
liquid discharge head as a first embodiment of the
present invention;

Figs. 2A, 2B and 2C are sectional views
illustrating a first process in the method of
manufacturing the liquid discharge head as the first
embodiment of the present invention;

Figs. 3A, 3B and 3C are sectional views
illustrating a second process in the method of
manufacturing the liquid discharge head as the first
embodiment of the present invention;

Figs. 4A, 4B and 4C are sectional views
illustrating a third process in the method of
manufacturing the liquid discharge head as the first
embodiment of the present invention;

Fig. 5 is an enlarged partial sectional view of



illustrating a third process in the nethod of manufacturing the liquid

di scharge head as the first enbodinent of the present invention; Fig. 5is
an enlarged partial sectional view of -4DEC2003 8 the |iquid di schargelbg2i3
as the first enbodi ment of the present invention; Fig. 6 is a sectional
view along the direction of aliquid flow path illustrating the structure
of a liquid discharge head as a second enpodi nent of the present
invention; Fig. 7A and 7B are schematic views of a substrate and a ceiling
pl ate, respectively, of the |I|iquid discharge head shown in Fig. 6; Figs.

8A and 8B are plan views of the elenent substrate and the ceiling plate,
respectively, illustrating the circuit structure of the liquid discharge

head shown in Fige 6; ERQ-dQsEﬁaﬁg@' ABadi 8YW ehearlikgui dmdbaghangeorhead
unit having the |IQUI3 di scharge head shown in Fig. 6 nounted thereon;

Figs. 10A and 19Bei pbtusbhat endBnexaApl e of wavefornms of driving pul ses of

a heater for discharge and a heater for heating of the liquid discharge

head shown in Fig. 6, aidyamtihera eamlaal espectd Maly ;the Q3iddctsom

sectional view along the direction of aliquid flow path illustrating the

structure of a of a liquid flow path illustrating the structure of a
liquid discharge head as a second embodiment of the
present invention;

Fig. 7A and 7B are schematic views of a
substrate and a ceiling plate, respectively, of the
liquid discharge head shown in Fig. 6;

Figs. BA and 8B are plan views of the element
substrate and the ceiling plate, respectively,
illustrating the circuit structure of the liguid
discharge head shown in Fig. 6;

Fig. 9 is a plan view of a liquid discharge
head unit having the ligquid discharge head shown in
Fig. & mounted thereon;

Figs. 10A and 10B illustrate an example of
waveforms of driving pulses of a heater for discharge
and a heater for heating of the liquid discharge head
shown in Fig. 6, and another example, respectively;

Fig. 11 is a sectional view along the direction
of a liquid flow path illustrating the structure of a
ligquid discharge head as a third embodiment of the
present invention;

Fig. 12 is a sectional view along the direction

of a liquid flow path illustrating the structure of a

liquid discharge head as a fourth embodiment of the



| i quid di scharge head as a third enbodi rent of the present invention; Fig.
12 is a sectional view along the direction of a liquid flow path - 4 DEC 2003
illustrating the structure of a |iquid discharge head as a fourth
enbodi nent of the -4 DEC 2003 9 present invention; Fig. 13 is a sectional
view along the direction of a liquid fl oy path illustrating the structure
of a liquid discharge head as a fifth enbodi nent of the present
invention; and Fig. 14 is a schematic viewillustrating a conventional
structure where a heater for discharge is provided on a novabl e nenber.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi nents of the
present inventpossedteinovndesati bed in detail with reference to the
drawi ngs. [Enbodinment 1] Fig. 1 illustrates a first enbodi nent of the
present invention. As ghgw i% #& ¢ dectidnalidiar sshangetiheadivéctive
present enbodi nent has a novabl e menber 206 disposed in a liquid flow path
7 fornmed by amelenkhguidubdowapeth ahduatreitinggtpeassdrgctime wdvabl e
menber 206 is provided with a heater 207 for discharge on the side of the
el ement substrhiguid dhechevabl beadnbera fifth embodiment of the

present invention; and

Fig. 14 is a schematic view illustrating a
conventional structure where a heater for discharge is

provided on a movable member.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention
are now described in detail with reference to the
drawings.
[Embodiment 1]

Fig. 1 illustrates a first embodiment of the
present invention.

As shown in Fig. 1, a ligquid discharge head of
the present embodiment has a movable member 206
disposed in a liquid flow path 7 formed by an element
substrate 1 and a ceiling plate 3. The movable member
206 is provided with a heater 207 for discharge on the
side of the element substrate 1. The movable member
206 is a cantilever-like thin film disposed opposingly
to the element substrate 1 so as to divide the liquid
flow path 7 into a first liquid flow path 7a
communicating with a discharge port 5 and a second

liquid flow path 7b having a bubble generating region



206 is a cantilever-like thin filmdisposed opposingly to the el enent
substrate 1 so as to divide the liquid flow path 7 into a first liquid
flow path 7a comunicating with a discharge port 5 and a second | rduikl 2003
flow path 7b having a bubble generating region - 4 DEC 2003 10 10. The
novabl e menber 206 is fornmed of a silicon- based material such as silicon
nitride or silicon oxide. The novabl e nemer- 206 i s di sposed at a

predet erm ned di stance fromthe el ement substrate 1 so as to have a
fulcrum 6a on the upstream side of a large flow froma comon |iquid
chanber 8 through the novable nenber 206 to the discharge port 5 due to
the liquid discharge operation and a free end 6b on the downstream side,
and so as to comer thiee ehereEinlie subsbeat 206 b forpeadicf on $atiagnthe

el ement substrate 1. The element substrate 1 and the heater 207 for

di schar ge whi chbased pnavedesll osudtheasoyiabl eomenberi@@6odefihkcehe bubbl e
generating region 10 therebetween. The ceiling plate 3 is for formng a
plurality of loxpdeal fl ow paths 7 corresponding to the respective heaters
207 for discharge and for formng the conmon [|iquid chanber 8 for

suppl ying liquid to the Thespesa memigrd 40%wSp&tFPorEedaid i% integral ly
provided with a liquid flow path side wall 9 extending froma cejling
portion to port@@@%{m@é@ﬁtgbﬂ@%‘ﬁ%cﬁ%’é Heat @tmenly substrate 1 so

as to have a fulcrum 6a on the upstream side of a large
flow from a common liquid chamber 8 through the movable
member 206 to the discharge port 5 due to the liguid
discharge operation and a free end 6b on the downstream
side, and so as to cover the element substrate 1 at a
position facing the element substrate 1. The element
substrate 1 and the heater 207 for discharge which is
provided on the movable member 206 define the bubble
generating region 10 therebetween.

The ceiling plate 3 is for forming a plurality
of liquid flow paths 7 corresponding to the respective
heaters 207 for discharge and for forming the common
iiquid chamber 8 for supplying liquid to the respective
liquid flow paths 7, and is integrally provided with a
liquid flow path side wall 9 extending from a ceiling
portion to portions between the respective heaters 207
for discharge. The ceiling plate 3 is formed of a
material of the silicon system, and may be formed by,
for example, etching the pattern of the liquid flow
path 7 and the common liguid chamber 9, or etching the
portion of the liquid flow path 7 after a material of

gilicon nitride, silicon oxide, or the like to be the



for discharge. The ceiling plate 3 is forned of a material of the silicon
system and may be fornmed by, for exanple, etching the pattern of LHFDH:NM
liquid flow path 7 and the common |iquid chanber 9, or etching the

portion of the liquid flow path 7 after a material of silicon nitride,
silicon oxide, or the like to be the -4DEC2003 - 11 Iliquid flow path side
wall 9 is deposited on a silicon substrate using a known filmform ng

nmet hod such as CVD. A plurality of discharge ports 5 corresponding to the
respective liquid flow paths 7 and conmuni cating through the respective
liquid flow paths 7 wth the common |iquid chanber 8 are fornmed in an

i fi | at . i fi | 4 ] f . Eak th
orifice plate f%ﬂj'?sfiéwhégt@ygiﬁ% wéflaéfP? %% rglPédaoHaéeé%ﬁhceﬂ e

silicon system r exanpl e easing the thickness of

a silicon SUbSt§1ﬁ§§t¥\é{Qlt_tléﬁ?gdésﬁné&zgefpﬁﬁt§o§m11‘?§n§éit]t18§r§{18ht asbe on the

order of 10 to 150 pm IsTto be noted that the orifice plate 4 is not
an essential elgpgnt of the present invention, and, instead of providing
the orifice plate 4, a ceiling plate having a discharge port may be

formed by, when the |iqu ¢h1furawiRat b€ disdremped dorddhe @amidddigpmd e 3,
| eaving a wall having a thickness corresponding to the thickness of the
orifice plate 4toatht heedpoptiendl syniacelol phehee?| ang pbatenldcandng
form ng the discharge port 5 in this portion.
through the respective liquid flow paths 7 with the
common liguid chamber 8 are formed in an orifice plate
4. The orifice plate 4 is also formed of a material of
the silicon system, and is formed by, for example,
decreasing the thickness of a silicon substrate with
the discharge ports 5 formed therein to be on the order
of 10 to 150 pm. It is to be noted that the orifice
plate 4 is not an essential element of the present
invention, and, instead of providing the orifice plate
4, a ceiling plate having a discharge port may be
formed by, when the liquid flow path 7 is formed in the
ceiling plate 3, leaving a wall having a thickness
corresponding to the thickness of the orifice plate 4
at the front end surface of the ceiling plate 3 and
forming the discharge port 5 in this portion.
In the structure described in the above, when
the heater 207 for discharge generates heat, the heat
acts on liquid in the bubble generating region 10
between the element substrate 1 and the heater 207 for
discharge. This results in generation and growth of a

bubble on the surface of the heater 207 for discharge

based on the film boiling phenomenon. Pressure



In the structure described in the above, when the heater 207 for discharge
generates heat, the heat acts on liquid in the bubble generating region 10
bet ween the el ement substrate 1 and the heater 207 for discharge. Thé §EC 2003
results in generation and growh of a bubble on the surface of the heater
207 for discharge based on the filmboiling phenonenon. Pressure - 4 0 E C
2003 - 12 increased by the growh of the jmbble preferentially acts on

t he novabl e nenber 206 to nove the novable nenber 206 so as to be wdely
open on the side of the discharge port 5 with the fulcrum 6a being as the
center of the novenent, as shown by a broken line in Fig. 1. The novenent
or the noved state of the novable nenber 206 nakes the conveyance of
pressure due tarddmeadubiibe geneymtwom ahdthddupoie prxdferrnbidble itsel f

i ntroduced to the side of the discharge port 5, resulting in discharge of
the liquid fromdte o sohmryevalpbe tmEnbabr06 pezinecal the BYVPPHRI di ng over
the bubble generating region 10 the novabl e nenber 206 having the fulcrum
6a on the upst rmeambet ROGISE hes | toubel YIHRLY PPEheR] | TR S tovPhath®7 (on
the side of the common I|iquid chanber 8) and having the free_end 6b on the
downst r eam si ded¥ephar@e speet of wheh drRe hii ieryorga %?‘?m‘i S dFP®cti on of

conveyance of pressure of the bubble is introduced to the downstream side,
whi ch makes t hecenter of the movement, as shown by a broken line in

Fig. 1. The movement or the moved state of the movable
member 206 makes the conveyance of pressure due to the
bubble generation and the growth of the bubble itself
introduced to the side of the discharge port 5,
resulting in discharge of the liquid from the discharge
port 5.

More specifically, by providing over the bubble
generating region 10 the movable member 206 having the
fulcrum 6a on the upstream side of the liquid flow in
the liguid flow path 7 {on the side of the common
liquid chamber 8) and having the free end 6b on the
downstream side (on the side of the discharge port 5),
the direction of conveyance of pressure of the bubble
is introduced toc the downstream side, which makes the
pressure caused by the bubble directly and efficiently
contribute to discharge. Further, the direction of
growth of the bubble itself is introduced to the
downstream direction as well as the direction of
conveyance of pressure, and the bubble grows larger
downstream than upstream. In this way, by controlling
the bubble growth direction itself and the pressure

conveyance direction by the movable member, fundamental



pressure caused by the bubble directly and efficiently contribute to

di scharge. Further, the direction of growh of the bubble itself is

i ntroduced to the downstreamdirection as well as the direction of -4 DEC 2003
conveyance of pressure, and the bubble grows |arger downstreamthan
upstream In this way, by controlling the bubble growh direction itself
and the pressure conveyance direction by ltthe novabl e nenber, fundanental -
4 a EC 2003 - 13 - discharge characteristics such as the discharge
efficiency, the discharge force, and the discharge rate can be inproved.
On the other hand, in a defoam ng process of the bubble, the bubble

rapi dly disappears as the synergic effect with the elastic force of the
novabl e nenberdiZFhargre FhaZRt ETETHES 2080135 Nt LTI to the
initial position showmn by a solid line in Fig. 1. Here, Jiqgid flows in
from the upstr&ffiGiRncy. &he Fisrharre SHCdf e LorrmBSThyde thshber 8
to conpensate for the volunme of the shrinkage of the bubble in the bubble
generating regiGh B dfPE¥e%onpensate for the vol ume of the di scharged

liquid, and the liquid_fl path 7 is refilled with the liquid. This
liquid refilling is carPPegﬁéuPt%thhgpprcﬁ@n@y?e ngggﬁaﬁﬁé%ﬁﬁﬁ Oggd

stability with bhe hehn of dhe nHSEHE A SRy Al Safpahies 206inEurther, the

| i qui d di scharge "head of 't he
synergic effect with the elastic force of the movable
member 206. The movable member 206 ultimately returns
to the initial position shown by a solid line in Fig.
1. Here, liquid flows in from the upstream side, i.e.,
from the side of the common liquid chamber 8 to
compensate for the volume of the shrinkage of the
bubble in the bubble generating region 10 and to
compensate for the volume of the discharged liquid, and
the liquid flow path 7 is refilled with the liquid.
This liquid refilling is carried out with efficiency,
reasonableness, and stability with the help of the
returning movable member 206.

Further, the ligquid discharge head of the
present embodiment has circuits and elements for
driving the heater 207 for discharge and for
controlling the driving of the heater 207 for
discharge. These circuits and elements are disposed
either on the element substrate 1 or on the ceiling
plate 3 according to their functions. Since the
element substrate 1 and the ceiling plate 3 are formed
of a silicon material, these circuits and elements can

be formed easily and minutely using the semiconductor



present enbodi ment has circuits and elenents for driving the heater 207
for discharge and for <controlling the driving of the heater 207 for

di scharge. These circuits and el enents are disposed either on the &1 4 hdn 2003
substrate 1 or on the ceiling plate 3 according to their functions. Since
the elenent substrate 1 and the ceiling plate 3 are formed of a silicon
material, these circuits and el enents can 1de-fornmed easily and mnutely
usi ng the sem conductor - 4 DEC 2003 - 14 - wafer process technol ogy. Next,
a nmet hod of manufacturing the novable nenber 206 is described with
reference to Figs. 2Ato 2C, 3Ato 3C and 4A to 4C. First, on a silicon
substrate 501 having an IC formed thereon and an insulating |ayer 502
stacked thereomfer wreagssoBeehnalagyniumis forned by sputtering at the
t hi ckness of about 1 pm and is patterned into a predeterm ned pattern

usi ng phot ol it hogr aphy Next drey matdifich@f Msauifagtusiown the mEvpbles an

el ectrode protective I%Xer‘504 of SiN.is formed by CVD at the thickness of
1 pm Then, as SHIWET | #OFi §5 2BSCHiBPACEIFBr e AT ARAB et 50T onpti §8d of Al
is formed by sputtering at the_thickness of about 5 pm and is patterned
into a predeter%?ﬂéﬁApg?t%Qna%Q 4Bnhb? ottt hography and dry etching. Next, as

shown in Fig. 2C an a%&k%ﬁxiEﬁ%ié”gffﬁggh(gﬁigé¥g¥g §§¥5H§¥153 an IC
formed thereon and an insulating layer 502 stacked
thereon, a wiring 503 of aluminium is formed by
sputtering at the thickness of about 1 pm, and is
patterned into a predetermined pattern using
photolithography and dry etching. Next, as shown in
Fig. 2A, an electrode protective layer 504 of SiN is
formed by CVD at the thickness of 1 pym Then, as shown
in Fig. 2B, a space forming member 506 comprised of Al
is formed by sputtering at the thickness of about 5 um
and is patterned into a predetermined pattern by
photolithography and dry etching. Next, as shown in
Fig. 2C, an anticavitation lavyer (Ta layer) 505 for a
bubble generating portion to be formed thereon later is
formed at the thickness of 2000 A, and is patterned
into a predetermined pattern by photolithography and
dry etching. Then, as shown in Fig. 3A, a heater
protective layer 507 of SiN is formed by CVD at the
thickness of 0.1 to 0.5 pm, and through holes 520 and
521 are formed by photolithography and dry etching.

Then, as shown in Fig. 3B, a resistive layer

{heater for discharge) 508 of TaN is formed by

sputtering at the thickness of 1000 A and then,



bubbl e generating portion to be formed thereon later is forned at the

t hi ckness of 2000 A, and is patterned into a predeterm ned pattern by
photol i t hography and dry etching. Then, as shown in Fig. 3A a heat érDEC 2003
protective |ayer 507 of SiNis formed by CVvD at the thickness of 0.1 to

0.5 pm and through holes 520 and 521 a_re_L5f ormed by photolithography and
dry etching. Then, as shown in Fig. 3B, aresistive |layer (heater for

di scharge) 508 of TaN is fornmed by a sputtering at the thickness of 1000 A
and then, - 4 DEC 2003 - 15 continuously, as shown in Fig. 3C, wrings 509
of Cu are forned al so by sputtering at the thickness of 3000 A An

el ectrode and ahfahRRI4IRG R 4N, Ar&, flargredsc by, phgipl iddwysanphy and

etching. This allows the "wirings 509 connected with the resistive |ayer

(heater for dissehaidifedQ8 4P e GANNRGEARY LA R WHidGRaD3 1 tdueygh the

t hrough hol e 520. Further, for the purpose of enhancing the connectivity
bet ween turned Aup/ dewe MidtingRe bk anthedt aWvimpHdrdmasd ofosuppl yi ng a

signal voltage) to be described later, wirings 509 of Cu are forned as an
el ectrode port ibgh S@tad itthaeawrthyt hend Rertatigihdiol erthidl alaroddhetispace form ng
menber 506. Then, as shown in Fig. 4A, a heat accunulating |ayer 510 of
SiOis fornmed byrGViDsat5Ghedrinakiesssviofh the resistive layer (heater
for discharge) 508 to be connected to the wirings 503
through the through hole 520.

Further, for the purpose of enhancing the
connectivity between turned up/down wirings 511 and VH
wirings (wirings for supplying a signal voltage) to be
described later, wirings 509 of Cu are formed as an
electrode portion so as to cover the through hole 521
on the space forming member 506.

Then, as shown in Fig. 4A, a heat accumulating
layer 510 of S8i0 is formed by CVD at the thickness of
2.0 pm and through holes 522 and 523 are formed by
photolithography and etching on the electrode portion
509 on the VH wirings and on the wirings 509 of the
turned up/down portion of the resistive layer 508.

Then, as shown in Fig. 4B, wirings 511 of Cu
which are turned up/down wirings are formed by
sputtering at the thickness of 5000 A, which is then
patterned into a predetermined pattern by lithography
and etching. As a result, turned up/down wirings 509
and 511 for connecting the resistive layer 508 to the
wirings 503 are formed.

Next, as shown in Fig. 4C, a protective layer



2.0 pm and through holes 522 and 523 are formed by photolithography and
etching on the electrode portion 509 on the VHwrings and on the wirings
509 of the turned up/down portion of the resistive |layer 508. Then,- &§f( 2003
shown in Fig. 4B, wirings 511 of Cu which are turned up/down wirings are
formed by sputtering at the thickness of 5000 A, which is then patterned
into a predeterm ned pattern by lithographys -and etching. As a result,
turned up/down wirings 509 and 511 for connecting the resistive |ayer 508
to the wrings 503 are forned. Next, as shown in Fig. 4C, a protective

| ayer - 4 DEC 2003 - 16 512 of SIN for the turned up/down wirings is
formed by CVD at the thickness of 1 pm Then, the layers from the
protective | ayeslBHI1@f t il hEoanthe avitaed omp f dyen whibngs ei s ofivimedusyy
patterned in the shape of the novable nenber 206 by photolithography and
dry etching. Tiédn,apathe othidiengpaces f brng Peebertivo6laxerenbved by wet
etching to formthe novabl e nenber 206. Finally, an el ectrode pad for
connection to tHe exetreliveslawrredl bytohoel arhipebhgtbow £@3ﬁ¥ng, t he
state of which is showm in Fig. 5. It is to be noted that, since no heater
is provided onrAhed e ePRMELRMST LAt RAULAFRED he? cEe i FIEPPI @f etB8e wirings

and the |like other than the above- mentioned wrings for_connection to the
movabl e nmenber Movable member 206 by photolithography and dry etching.

Then, part of the space forming member 506 is removed
by wet etching to form the movable member Z206.

Finally, an electrode pad for connection to the
external is formed by photolitheography and etching, the
state of which is shown in Fig. 5.

It is to be noted that, since no heater is
provided on the element substrate 1 and the ceiling
plate 3, wirings and the like other than the above-
mentioned wirings for connection to the movable member
206 are not formed.

In this way, when a liquid discharge head
comprising a substrate, a ceiling plate connected to
the substrate, a liquid flow path formed between the
substrate and the ceiling plate, and a cantilever-like
movable member having a fixed end fixed to the
substrate and a free end extending into the liguid flow
path is structured such that the movable member is
formed by stacking a lower protective layer, a heat
generating resistive layer, a lower electrode layer, an
insulating layer, an upper electrode layer, and an
upper protective layer from the side of the substrate

in this order, and such that applying a voltage to a



206 are not fornmed. In this way, when a liquid discharge head conprising a
substrate, a ceiling plate connected to the substrate, a liquid flom/pﬁﬁg
formed between the substrate and the ceiling plate, and a cantil ever-4 2003
novabl e menber having a fixed end fixed to the substrate and a free end
extending into the liquid flow path is structured such that the novable
menber is formed by stacking a | ower ﬁTdY%Ctive | ayer, a heat generating
resistive layer, a |lower electrode |ayer, an insulating |ayer, an upper

el ectrode | ayer, and an upper protective |layer fromthe side of the
substrate in this order, and such that applying a voltage to a - 4 0 EC

2003 - 17 heat _generating. portion. e Lng. - resistive | ayer
fornms a bubbl ZIEF% t%eenaﬁllléq%llrggoi%&toﬁleggI%%u?lggﬁ%gvggg%ﬁétgtgﬁggn t he novabl e
menber and the _substrat ' r I gl t ulblk i.n urface of
the novabl e ner Sel;l&c%\?\eab%#ré;%lgh?fﬁ?,gm%lg&gl%a esgh‘t3 fgggg{?blhé tggéi nprove

the durability of {hefgat,,genstatisg Pos than Thenahoys- HRAL kaned
Ak Ve

structure can or me the steps of providing a space form ng nenber

on the .SUbStrsq}t%t]{]é)tE%ifkg dNechBV3D! endeiben i 8y §lt1éCiSﬁBﬁltih? shevace
protective |ayer, the heat generating resisftive |ayer, the [ower electrode

layer, the ingiit atidthdP¥Sle ndidSetPOLh BEeRfAdOdL1 48y ewhiandmbhesupper
protective
possible to improve the durability of the heat
generating portion.

The above-mentioned structure can be formed by
the steps of providing a space forming member on the
substrate, forming the movable member by stacking the
lower protective layer, the heat generating resistive
layer, the lower electrode layer, the insulating laver,
the upper electrode layer, and the upper protective
layer from the side of the substrate in this order and
removing the space forming member to shape the movable
member into the form of a cantilever.

With regard to the heater 207 for discharge
formed in the movable member formed in this way, since
the layers below the resistive layer 508 are thinner
than the layers above the resistive layer 508, a bubble
is generated on the lower side. Further, since the
movable member 206 jumps up due to the reaction of
bubbling, less ink escapes backward to improve the
bubbling efficiency. Further, since the defoaming
portion is not fixed to a surface because of the moving
bubbling surface, concentration of the cavitation is

less liable to occur to improve the lifetime of the



| ayer fromthe side of the substrate in this order and renoving the space
form ng nenber to shape the novable nenber into the formof a cantilever.
Wth regard to the heater 207 for discharge formed in the movabl e ognpETr 903
formed in this way, since the layers below the resistive |ayer 508 are
thinner than the |ayers above the resistive |ayer 508, a bubble is
generated on the |ower side. Further, sincggthe novable nenber 206 junps
up due to the reaction of bubbling, |ess Ink escapes backward to inprove
the bubbling efficiency. Further, since the defoam ng portion is not
fixed to a surface because of the noving bubbling surface, concentration
of the cavitation is less liable to occur to inprove the l[ifetinme of the -

4 DEC 2003 - 1&upébsdtatsobOdn@nenéheikéke. sSlil! rhrehber, s shasethse
heater for discharge can be forned symetrically in the wdth direction of

t he novabl e nmerfgstedi 84:.0rdi Sh&fge t Ben B abdb End@ NHefmé tr DPLI BY | ON €A8 be
decreased. Further, since the side of the bubbling surface is structured
to be flat w thiidtistEiraitide &f ethe atleyvablafheebee, odisberhbnshbdck is
|l ess liable to occur to inprove the lifetinme of the novable nmenber. In
addition, wth tlegandvdlold hesminsul &b | ogetaybon asab hiee decrease@ri al of the
novabl e menber which is nornmally fornmed of a ceramc material, since both
si des of the crrmvher tenbere atlee psode detl whe hbapbbiegt $wdEace hes
structured to be flat with no step of the electrode,
influence of thermal shock is less liable to occur to
improve the lifetime of the movable member. In
addition, with regard to the insulating layer as the
main material of the movable member which is normally
formed of a ceramic material, since both sides of the
ceramic member are provided with an electrode, the
insulating layer is reinforced, which results in
further improvement in the durability of the movable
member.
Further, if the upper electrode layer and the
lower electrode layer are formed of a high-melting
metal, hillocks and distortion due to stress of the
electrode layers can be prevented.
[Embodiment 2]
Fig. 6 illustrates a second embodiment of the
present invention. In the present embodiment, the
heater 207 for discharge is provided on the movable
member 206, and, similarly to the case of the first
embodiment, a heater 208 for heating is formed on the

ceiling plate 3.

First, as one embodiment to which the present



insulating layer is reinforced, which results in further inprovenent in
the durability of the novable nenber. Further, if the upper eIectroclzie([:]"z“[m3

-~

| ayer and the |ower electrode |ayer are forned of a high-nelting ne
hillocks and distortion due to stress of the electrode |ayers can be
prevented. [Enbodinent 2] Fig. 6 illustrates a second enbodi nent of the
present invention. In the present enbodi+eltt,-the heater 207 for discharge
is provided on the novable nenber 206, and, simlarly to the case of the
first enbodinment, a heater 208 for heating is forned on the ceiling plate
3. First, as one enbodi nent to which the present - 4 DEC 2003 - 19
invention is applicable, a liquid discharge head is described. The liquid
di schar ge head HWagenrtituris i 2gPlbtaklechar el pbt tdisphargenee@dd ndS1i qui d,
first and second substrates for, by_being connected to each other,
formng a pIunﬂ@?%ﬁ%ﬁe¢icnﬁ?ﬁf%%ﬁ@b%l%%sghﬁﬁﬁﬁnﬁ%%ﬁi?@ﬁwﬁtﬁ@?ﬁ%lﬂFgcharge
ports, respectively, a plurality of energy conversion_elenpents disposed in
the liquid flc pat$EhareR R T vePy , I3 orNehing tHifg 1@ eb1TFE @@rgy into
energy for discharging liquid in _the liquid flow paths, and a plurality of
el ements or (ﬂ%ﬁﬁéﬁ% %'?%Eﬁ?ge%aﬁ?ﬂg R 1 eht SR %ﬁ?%%st?o?aCQ

other, forming a plurality of liquid flow paths
communicating with the discharge ports, respectively, a
plurality of energy conversion elements disposed in the
ligquid flow paths, respectively, for converting
electric energy into energy for discharging liguid in
the liquid flow paths, and a plurality of elements or
electric circuits having different functions for
controlling the conditions for driving the energy
conversion elements. The elements and electric
circuits are disposed either on the first substrate or
on the second substrate according to their functions.
The circuit structure of the liquid discharge
head is schematically shown in Figs. 7A and 7B. As
shown in Fig. 7A, the substrate 1 is provided with a
plurality of heaters 307 for discharge and drivers 317
thereof, a time-sharing control logic circuit, and a
shift register. As shown in Fig. 7B, the ceiling plate
3 is provided with heaters for heating {heaters for
adjustment or control heaters) 327, sensors 328,
drivers thereof, a voltage converter, and a control
circuit including a memory and the like. Since the
sizes of the heaters for heating and the sensors can be

optimized, miniaturization therecf as well as of the



controlling the conditions for driving the energy conversion elements. The
el ements and electric circuits are disposed either on the first substrate
or on the second substrate according to their functions. The C|rCUU4DEE¥p3
structure of the liquid discharge head is schenmatically shown in Figs

and 7B. As shown in Fig. 7A, the substrate 1 is provided with a plurality
of heaters 307 for discharge and drivers. 3y _thereof, a time-sharing
control logic circuit, and a shift register. As shown in Fig. 7B, the
ceiling plate 3 is provided with heaters for heating (heaters for

adj ustment or control heaters) 327, sensors 328, drivers thereof, a

vol tage converter, and a control «circuit including a nenory and the |iKke.

Since the sizef-Qfetde-deatermad®r haad i Eh il tEGhSeNSOF Sigaprdeided
optim zed, mniaturization thereof as well as of the - 4 DEC 2003 - 20

drivers can be ggdeshdhsumebiQ0er GRIWEEd efthé SvPrevgelesbpItsdtbe puepose of
maki ng the voltage applied to the heaters for adjustnent (for heating)

| ower than thathd®tetderdeai®fsstmenei stharigestiig) present tleabodhatntoi s
adapted to always maintain a constant discharge performance by operating
the heater 208 g ihesatdng Bocodisalgatget he tenperature of the liquid to
adj ust the viscosity of the Iiquid- Mre specifically, in case the liquid
in the vicinity of the Tdiesgphasgatpembaddneod viss @iddp telde tredtlerayx08 f or

maintain a constant discharge performance by operating

the heater 208 for heating according to the temperature

of the liquid to adjust the viscosity of the liquid.

More specifically, in case the liquid in the vicinity

of the discharge port is too viscid, the heater 208 for

heating can operate at appropriate timing to locally

heat the liquid resulting in decrease in the viscosity

of the liquid. This makes it possible to obtain

desired discharge characteristics. The heater 208 for

heating is disposed immediately above the heater for

discharge or to the discharge port. The heater 208 for

heating can alleviate the viscous drag forward and

around the valve to make stable discharge possible. By

making the heater 208 for heating built in the ceiling

plate 3, the liquid discharge head itself can be

miniaturized. Further, since the heater 208 for

heating, the element for driving the heater 208, and

the like can be disposed at arbitrary positions

independently of the heater 207 for discharge, the

element for driving the heater 207, and the wiring

pattern provided in the device substrate 1, they can be

disposed at optimum positions for heating the liquid



heating can operate at appropriate timng to locally heat the liquid
resulting in decrease in the viscosity of the liquid. This nakes it
possible to obtain desired discharge characteristics. The heater 208 Bily 2003
heating is disposed i medi ately above the heater for discharge or to the
di scharge port. The heater 208 for heating can alleviate the viscous drag
forward and around the valve to make st.ablje di scharge possible. By nmaking
the heater 208 for heating built in the ceiling plate 3, the liquid

di scharge head itself can be mniaturized. Further, since the heater 208
for heating, the elenent for driving the heater 208, and the |ike can be
di sposed at arbitrary positions independently of the heater 207 for

di scharge, the fet efesithdoge dravd Ngad hehdeddere07f fneeddre Wsrhingh pattern
provided in the device substrate 1, they can be disposed at optinum

posi tions for heEatn nghe heidwppint -ofl the HROH3 th Imerfloersi sghabge, and,
as the degree of freedomis high fromthe viewpoint of the space, the
menbers can be dikpposedowpatcty yte oninin ooy e ethdel 1agid dddssbhngge

head itsel f. Advantages of the structure where the heater 208 for heating
i s di sposed on h¢rd cet$ehl- plate 3 are now described in further detail. In
the present structure, the heater 207 for discharge is forned using a

sem conduct or process wWAIWIEGEEE of (the &Siteémeure where the heater

208 for heating is disposed on the ceiling plate 3 are
now described in further detail. In the present
structure, the heater 207 for discharge is formed using
a semiconductor process with regard to the element
substrate 1. In the ceiling plate 3 which forms the
liquid flow path 7 by its connection to the element
substrate 1, the heater 208 for heating which controls
the discharge amount, the element for driving the
heater 208 for heating {(driver}, and a drive control
circuit are disposed with regard to each ligquid flow
path 7. This makes the degree of freedom high with
regard tc the resistance, the shape, the driving
voltage, the driving pulse width, and the like of the
heater 208 for heating. For example, the heater 208
for heating can be driven by short pulses at the same
voltage as that of the heater 207 for discharge as
shown in Fig. 10A, and, the heater 208 for heating can
be driven by long pulses at voltage lower than that of
the heater 207 for discharge as shown in Fig. 10B.
This is because, since the heater 208 for heating is
disposed on the ceiling plate 3, it is free from the

restriction set by the conditions for bubbling of the



substrate 1. In the ceiling plate 3 which forns the Iliquid flow path 7 by
Its connection to the elenent substrate 1, the heater 208 for heatin

whi ch controls the discharge anount, the elenment for driving the ﬁégﬁéﬁmj
208 for heating (driver), and a drive control <circuit are disposed with
regard to each liquid flow path 7. This nmakes the degree of freedom high
with regard to the resistance, the shape,,4he driving voltage, the
driving pulse width, and the Iike of the eater 208 for heating. For
exanple, the heater 208 for heating can be driven by short pulses at the
sanme voltage as that of the heater 207 for discharge as shown in Fig.

10A, and, the heater 208 for heating can be driven by |ong pul ses at

vol tage |ower than dihajodfeol Ngi DERLLLe 207rEPENEL SCHAT e aSosbOMR bB Fig.
10B. This is because, since the heater 208 for heating is disposed on the

ceiling plate 3thétré§e$fe@réﬁ@”%é@@rdrﬁ§%ﬁé§t&Qﬂs§@§ Y the cendiraings for
bubbling of the -40EC2003 -- 2 2 heater 207 for discharge. Further, in the

context of the-1&8reMtst{se0 dpyesd hbgher densstyiofithetreeomding
el enents (360 dpi or nore), it is difficult fromthe viewpoint of the

| ayout to mountyidgphedt ess 208 feyoubeddimeunt hehel kesoessf p08dfoXi ng the
heater 208 (drivers), and the control logic circuit on the el enent
substrate 1 havhegtihe, heleé esSe@Odté ofoti dchatgg tipe ovedeert h@Beon whil e
securing the above-nentioned
{drivers), and the control logic circuit on the element
substrate 1 having the heaters 207 for discharge
provided thereon while securing the above-mentioned
degree of freedom of the driving pulse width and the
like. However, in the present embodiment, since the
heater 208 for heating and the driver for the heater
for heating are structured to be mounted on the ceiling
plate 3, such a thing can be materialized with the
degree of freedom being secured.

With regard to the discharge amount of the
liquid, since the amount varies according to the
proportions between the fluid resistance in front of
the bubbling center and the fluid resistance at the
back of the bubbling center, when the fluid resistance
at the back is constant, the smaller the fluid
resistance in front is, the more the discharge amount
of the liquid becomes. Therefore, in the present
embodiment, before the bubbling, only the liquid in
front is heated before bubbling by the heater 208 for
heating provided on the downstream side of the heater

for discharge. More specifically, driving pulses which

cause heating action to heat only the liquid in front



degree of freedomof the driving pulse width and the |ike. However, in the
present enbodi nent, since the heater 208 for heating and the driver (ﬁr
the heater for heating are structured to be nounted on the ceiling '{‘)I g{;gﬂiﬂ
3, such a thing can be materialized with the degree of freedom being
secured. Wth regard to the discharge amount of the |I|iquid, since the
anount varies according to the proporti-orss between the fluid resistance in
front of the bubbling center and the fluid resistance at the back of the
bubbling center, when the fluid resistance at the back is constant, the
smaller the fluid resistance in front is, the nore the di scharge anount

of the liquid becones. Therefore, in the present enbodinment, before the
bubbl i ng, only a%fe JYRfied ko fitheatere At ieF s Bl | nig BsPt%he heater
208 for heating provided on the downstream side of the heater for

di scharge. Mor &&3peditg HIFGh2XHT ARRY Hul S85 BMic 7 Wes Hdating action to
heat only the liquid.in front -4 DEC 2003 23 . are supplied toé%e heat er
208 for heati nGCATF DS BRPTThe YiRT IRy Shodht® ﬁ‘ebaetec%rﬁ 1% by

controLL1 0, SnSLa A, N LSS hd A ISR, 208 A o, RRL T oo
et Shanee L R A o S YR BN WP g heater for
Conventionally, a structure exists where a
heater for heating is disposed in front of a heater for
discharge on the same substrate. However, in this
case, it is difficult to dispose the heater for heating
on the front side due to the severe restriction on the
layout. However, in the present embodiment, since,
correspondingly to the respective heaters 208 for
heating, independent driving elements (drivers) and the
like can be provided which supply driving voltage lower
than that of the heaters for discharge, optimally sized
heaters 208 for heating can be disposed at optimum
positions. Besides, the overall size of a chip does
not become larger. It is to be noted that, the voltage
applied to the heater for heating can be made lower
than that applied to the heater for discharge not only
by using a voltage converter but also by connecting
another power supply to the ceiling plate. If the
power supply for the logic circuit is used as this
power supply, no additional power supply is necessary.
Further, if the signal generating portion of
the driver for the heater for discharge is the signal

generating portion of the driver for the heater for



di scharge on the sane substrate. However, in this case, it is difficult to
di spose the heater for heating on the front side due to the severe
restriction on the Ilayout. However, in the present enbodi nent, since4 DEC 2003
correspondingly to the respective heaters 208 for heating, independent
driving elenents (drivers) and the 1|ike can be provided which supply
driving voltage lower than that of the heagfers for discharge, optinmally
sized heaters 208 for heating can be di sposed at opti num positions.

Besi des, the overall size of a chip does not become larger. It is to be
noted that, the voltage applied to the heater for heating can be nade

| ower than that applied to the heater for discharge not only by using a

vol tage convertgyj inghS0 Bie CRODEEE | Agr ANEEREFgOONRH ShPPh¥atert her
ceiling plate. If the power supply for the Ioglc circuit is used as this

power supply, iy pdsikd@nataRoMErasLPeh sy Scesessaly  witht8geh bthéhe
signal generating portion of the driver for the heater for discharge is

the signal generating partdhen oefiltikey giliaveyr fuartHeie heatendars -fok 0 E C
2003 - 24 adjustnent, the heater for discharge and the heater for
adj ust nent can dengliny ethsysichteonustlye wédpeachvet hequidffide pathsng
pl ate further has sensors for sensing the state in the respective liquid
fl ow paths corceespombhmiing thethedteatersriad)adjwement hetkeasbaten t he
liquid flow paths can be adjusted by the heaters
in the liquid flow paths can be adjusted by the heaters
for adjustment independently of the heaters for
discharge.
Next, the structure of assigning the circuits
and the elements to the element substrate 1 and the
ceiling plate 3 is described.
Figs. 8A and 8B illustrate the circuit
structure of the liquid discharge head shown in Fig. 6.
Fig. 8A is a plan view of the element substrate while
Fig. 8B is a plan view of the ceiling plate. It is to
be noted that the surfaces shown in Figs. B8A and 8B
face each other.
As shown in Fig. 82, the element substrate 1 is
provided with the plurality of parallelly arranged
heaters 207 for discharge, drivers 11 for driving the
heaters 207 for discharge according to image data, an
image data transfer portion 12 for outputting input
image data to the drivers 11, and a sensor 13 for
measuring parameters necessary for controlling the
conditions for driving the heaters 207 for discharge.

The image data transfer portion 12 is formed of

a shift register for outputting serially inputted image



for adjustnent independently of the heaters for discharge. Next, the
structure of assigning the circuits and the elenents to the eIenenL~4DEE20m
substrate 1 and the <ceiling plate 3 is described. Figs. 8A and 8B
illustrate the circuit structure of the liquid discharge head shown in
Fig. 6. Fig. 8Ais a plan view of the elenent substrate while Fig. 8Bis
a plan view of the ceiling plate. It is togsbe noted that the surfaces
shown in Figs. 8A and 8B face each other. As shown in Fig. BA the el enent
substrate 1 is provided with the plurality of parallelly arranged heaters
207 for discharge, drivers 11 for driving the heaters 207 for discharge
according to image data, an image data transfer portion 12 for outputting
i nput i mage dadatséopdheltelversoltheandspestnserdtdvéos lipasuvdi ag
paraneters necessary for controlling the conditions for driving the

heat ers 207 forlatskhaiygeuiThéor nhgerdaedlyraheféngpdataonutpuicsefior med of
a shift register for outputting serially inputted i nage - 4 DEC 2003 - 25
data parall el | yfxont Heerabpbtt rogigEever sltlisahd Be rated &hp&uithef or
tenporally storing data outputted fromthe shift register. It is to be
noted that the iTagged@htat¥PaREPErPPBFLPBN 42mARyCBUPBIL IPAEGe B4R

I ndi vi dual |y correspondingly to the respective heaters ,
individually correspondingly to the respective heaters

207 for discharge, or may output image data
correspondingly tco a plurality of blocks formed by
dividing the arranged heaters 207 for discharge.
Specifically, by providing a plurality of shift
registers with regard to one head and by inputting data
transferred from the storage device to the plurality of
shift registers, it is also possible to accommodate
higher printing speed with ease.

As the sensor 13, a temperature sensor for
measuring the temperature in the vicinity of the
heaters 207 for discharge, a resistance sensor for
monitoring the resistance wvalues of the heaters 207 for
discharge, or the like is used.

With regard to the discharge amount of a jetted
liquid drop, the discharge amount is mainly related to
the bubbled volume of the liguid. The bubbled volume
of the liquid varies depending on the temperature of
the heater 207 for discharge and of its vicinity.
Accordingly, by measuring the temperature of the heater
207 for discharge and of its vicinity using a
temperature sensor, by, according to the result and

pricr to the application of a heat pulse for



207 for discharge, or may output inmage data correspondingly to a plurality
of blocks fornmed by dividing the arranged heaters 207 for discharge.
Specifically, by providing a plurality of shift registers with reg&ﬁﬁ&&ﬂm3
one head and by inputting data transferred fromthe storage device to the
plurality of shift registers, it is also possible to acconmodate higher
printing speed with ease. As the sensor 43¢6a-tenperature sensor for
measuring the tenperature in the vicinity of the heaters 207 for

di scharge, a resistance sensor for nonitoring the resistance values of the
heaters 207 for discharge, or the like is used. Wth regard to the

di scharge anmount of a jetted |liquid drop,_ the discharge anount is mainly
related to thedbePPIEN O the biarhd. | PHALYiNThe BUbBFelPYBIERE of the

liquid varies depending on the tenperature of ., the heater 207 faqr discharge
and of its viciBiEye) FREGRdRgESS. B9 hbattr FASCEREICeRRE: At APEd0r SR

heat 207 f di sch d of it LciLpit ' t L

by, accor di ng (% tHEPEE0Rt ARdPbrE P 1850t REapBP T RUEPBY BFE HeRE pul se
f - 4 DEC 2003 .- 2 | sch ' he, | i qui [ heat
pul se) wni ch 1 Sctdo et £ RTRIRT Reh G rhBUEEnuPRPL B nRULER bOYCTE

pul se wi dth andegheq pUtipu b i Fha%f 1 +5he: BEANLHt 1 RULGSusthE tgnPerature of
t he heater 207

discharge a predetermined amount of a liguid drop. In
this way, the quality of an image can be maintained.
Further, with regard to the energy necessary
for bubbling the liquid at the heater 207 for
discharge, if the conditions for heat radiation is the
same, the energy is represented as the necessary energy
to be inputted per unit area of the heater 207 for
discharge multiplied by the area of the heater 207 for
discharge. Based on this, the voltage across the
heater 207 for discharge, current through the heater
207 for discharge, and the pulse width are set such
that the necessary energy can be obtained. Here, the
voltage applied to the heater 207 for discharge can be
held substantially constant by supplying voltage from
the power source of the ligquid discharge device body.
With regard to the current through the heater 207 for
discharge, the resistance value of the heater 207 for
discharge varies depending on the variation in the film
thickness of the heater 207 for discharge caused in the
manufacturing process of the element substrate 1,
depending on the lot, and depending on the element

device 1. Accordingly, if the pulse width to be



for discharge and of its vicinity is adjusted to discharge a predeterm ned
anopunt of a liquid drop. In this way, the quality of an inage can be

mai ntai ned. Further, with regard to the energy necessary for bubbldeDE&Hmi
liquid at the heater 207 for discharge, if the conditions for heat
radiation is the sane, the energy is represented as the necessary energy
to be inputted per unit area of the heater220yY for discharge nmultiplied by
the area of the heater 207 for discharge. Based on this, the voltage
across the heater 207 for discharge, current through the heater 207 for

di scharge, and the pulse width are set such that the necessary energy can
be obtained. Here, the voltage applied to the heater 207 for discharge can
be held subst awpbied tonstrstaby su@pthengevbs tares fyahvet®d poder source
of the liquid discharge device body. Wth regard to the current through
the heater 207 fertexi3@hafge, disehregesiantargal uehat ¥R FREEEPI207 for

di scharge varies depending on the variation in the film thickness of the
heater 207 for hechrsgtne aedEEePh YALUC nRATPERS LTI P ocBRe oFeT R

el enent substrate 1, depending on the |ot, ependi on the el enent
device 1. Accor®® mef yiPPrtEE %IE%GMP%?FG¥OE@2 goﬁ %ti?%%6%629e%%%??ed i s
constant and the resjstance val yue of the ,heater 207 faor discharge is

| arger than t helR3¥tThgte"the®P SE?ﬁgiﬁﬂ?+ nt2Vat e %2%%§%f%%aller, t he

energy appropriately. On the other hand, if the resistance
value of the heater 207 for discharge becomes smaller,
even when the same voltage is applied, the current
value becomes larger than the setting. In this case,
too much energy is generated by the heater 207 for
discharge, which may result in damage or shorter
lifetime of the heater 207 for discharge. Thus, there
is also a method where the resistance value of the
heater 207 for discharge is always monitored by a
resistance sensor and the power source voltage and the
heat pulse width are varied according to the monitored
resistance value such that substantially constant
energy is applied to the heater 207 for discharge.

On the other hand, as shown in Fig. 8B, in
addition to grooves 3a and 3b forming the liquid flow
paths and the common liguid chamber, the ceiling plate
3 is provided with a sensor drive portion 17 and a
discharge heater control portion 16 for controlling the
conditions for driving the heaters 207 for discharge
based on the result of the output from the sensor
driven by the sensor drive portion 17. It is to be

noted that a supply port 3c communicating with the



to be inputted to the heater 207 for discharge becones insufficient, and
the liquid can not be bubbled appropriately. On the other hand, if the
resistance value of the heater 207 for discharge becones snualler, -evEft 2003
when the sane voltage is applied, the current value becones |arger than
the setting. In this case, too nuch energy is generated by the heater 207
for discharge, which may result in danmag r shorter lifetime of the
heater 207 for discharge. Thus, there is also a nmethod where the

resi stance value of the heater 207 for discharge is always nonitored by a
resi stance sensor and the power source voltage and the heat pulse wdth
are varied according to the nonitored resistance value such that

substantial |y GOOSEANt] ; GRS WnhRb@PPL & edpdfed Nen NERL eLe 207nb0p1dbachar ge.
On the other hand, as shown in Fig. 8B, in addition to grooves 3a and 3b

formng the liqgedd &b 0w v Pag henand; §hea CORBRNLhe Gbkk €e £RATDEH, thBe ceiling
plate 3 is provided wth a sensor drive portion 17 and a di scharge heater

control portiondfnd@ritomtdothimgethe conditions for driving the heaters
207 for discharge based on the result of the output fromthe sensor

driven by the sensor drirve @, &enlthcd tpdds tla keid N@ efbrt Rednreestigpl y
port 3c conmunicating with the - 4 DEC 2003 - 28 common |iquid chanber is
opened in the cedtitite phatEosSe dOrebepptycaply heohheot tngr omet hérexi€snal
to the and the like formed on the element substrate 1 with the
circuits and the like formed on the ceiling plate 3 at
opposing portions on the surface of the element
substrate 1 and on the surface of the ceiling plate 3,
respectively, which are connected with each other. The
element substrate 1 is further provided with external
contact pads 15 to be input terminals of electric
signals from the external. The element substrate 1 is
larger than the ceiling plate 3, and the external
contact pads 15 are provided at positions which are
exposed and not covered with the ceiling plate 3 when
the element substrate 1 and the ceiling plate 3 are
connected to each other.

Here, an example of a procedure of forming the
circuits and the like on the element substrate 1 and on
the ceiling plate 3 is described.

With regard to the element substrate 1, first,
the circuits forming the drivers 11, the image data
transfer portion 12, and the sensor 13 are formed on
the silicon substrate using semiconductor wafer process

technology. Then, the heaters 2 for discharge are

formed as described in the above. Finally, the contact



common |iquid chanber. Further, contact pads 14 and 18 for connection for
the purpose of electrically connecting the circuits and the like fornmed on
the el ement substrate 1 with the circuits and the like forned on the4 DEC 2003
ceiling plate 3 at opposing portions on the surface of the el enent
substrate 1 and on the surface of the ceiling plate 3, respectively, which
are connected with each other. The elenertg substrate 1 is further provided
with external contact pads 15 to be input termnals of electric signals
fromthe external. The el enment substrate 1 is |larger than the ceiling
plate 3, and the external contact pads 15 are provided at positions which
are exposed and not covered with the ceiling plate 3 when the el enent
substrate 1 andade kkifonmgeehmet Boarand cdmest egirnal ceehtathaepadset®, an
exanpl e of a procedure of formng the circuits and the Iike on the el enent
substrate 1 andamm faxmeedeiling plate 3 is described. Wth regard to the

el enent substrate 1, first, the circuits formng the drivers 11, the inmage
data transfer portion ¥2thag@geme dendbe £8idiedft elid® on A& Ssi Iih¢on
substrate using sem conductor wafer process technolgg¥¢$Then, t he heaters

2 for di schar gD riRvdERI dewe rd e Tee ey Tt 1I§eTtHe  cont act
-4 DEC2003 -- 2 g ds 14 for copnnection and th; extggnal gontact pads 15
16 a 17 are on the

the sensor drive portion r orme
silicon substrate using semiconductor wafer process
technology. Then, the grooves 3a and 3b forming the
liqguid flow paths and the common liquid chamber and the
supply port 3c are formed by film forming technology
and etching as described in the above. Finally, the
contact pads 18 for connection are formed.

When the element substrate 1 and the ceiling
plate 3 formed as described in the above are aligned
with and connected to each other, the heaters 207 for
discharge are disposed correspondingly to the
respective liguid flow paths, and the circuits and the
like formed on the element substrate 1 and on the
ceiling plate 3 are electrically connected through the
pads 14 and 18 for connection, respectively. The
electric connection may be, for example, carried out by
mounting gold bumps on the pads 14 and 18 for
connection, but other methods may also be used. In
this way, by electrically connecting the element
substrate 1 and the ceiling plate 3 to each other
through the contact pads 14 and 18 for connection, the
electric connection between the above-described

circuits can be carried out together with the



are formed. Wth regard to the ceiling plate 3, first, the <circuits
formng the discharge heater control portion 16 and the sensor drive
portion 17 are forned on the silicon substrate using sem conduct or "W &l 2003
process technol ogy. Then, the grooves 3a and 3b formng the Iliquid flow
pat hs and the common |iquid chanber and the supply port 3c are fornmed by
filmformng technology and etching as _deggcribed in the above. Finally,
the contact pads 18 for connection are forned. Wen the el ement substrate
1 and the ceiling plate 3 forned as described in the above are aligned
wi th and connected to each other, the heaters 207 for discharge are
di sposed correspondingly to the respective liquid flow paths, and the
circuits and th&nrlddeidrordedian ¢ henelenmitissidiss rhtend nel opilheg
ceiling plate 3 are electrically connected through the pads 14 and 18 for
connection, respectd \&l y.Affleer HectYemercomess tomtenly ded the exbhphe,
carried out by nounting gold bunps on the pads 14 and 18 for connection,
but ot her net hqdsatmys o deinesetkd 110 adils awlyer byar| @ei fieal pyate 4
connecting the el enent substrate 1 and the ceiling plate 3 to each other
t hrough t he contsactorpemisteld! tmdches foenteomdcef ofhe t hiaudd eE1PY cP2BRfiect i on
bet ween the above-described circuits can be carried out toget her vmth t he
-4 DEC2003 - 307, which completes the liquid discharge head It is

be noted that, though, in the above description, the

structure for the electric connection of the heaters

207 for discharge provided on the element substrate 1

is described in detail, the structure for the electric

connection of the heaters 208 for heating provided on

the ceiling plate 3 is substantially similar to the

structure described in the above, and thus, the

description thereof is omitted herein.

when the liquid discharge head obtained in this

way is mounted on a head cartridge or a liquid

discharge device, as shown in Fig. 9, the liquid

discharge head is fixed on a base substrate 22 having a

printed wiring board 23 mounted thereon to form a

liquid discharge head unit 20. In Fig. 9, the printed

wiring board 23 is provided with a plurality of wiring

patterns 24 to be electrically connected to the head

control portion of the liquid discharge device. These

wiring patterns 24 are electrically connected with the

external contact pads 15 through bonding wires 25.

Since the external contact pads 15 are provided only on

the device substrate 1, the electric connection between

the liquid discharge head 21 and the external can be



connection of the element substrate 1 and the ceiling plate 3. After the
el ement substrate 1 and the ceiling plate 3 are connected to each ot her,
an orifice plate 4 is connected to the front end of the liquid flomﬁdﬁﬂﬁmm
7, which conpletes the liquid discharge head. It is to be noted that,

t hough, in the above description, the structure for the electric
connection of the heaters 207 for discharyje provided on the el enent
substrate 1 is described in detail, the structure for the electric
connection of the heaters 208 for heating provided on the ceiling plate 3
is substantially simlar to the structure described in the above, and
thus, the description thereof is omtted herein. Wien the |iquid discharge
head obt ai ned ipntied qwly i’ BRRntate o dsabhchher¢are ©f @ |iquid

di scharge device, as shown in Fig. 9, the liquid discharge head is_fixed
on a base subst¢@teEPRLeRAd nhl@iprd WP 1@t i MR Boar PRt @¥TREReon to
forma |iquid discharge head unit 20. In Fi board

. 9, the printed. wirin
23 is provi ded YT a“ I BEFFTVRDICWFITY P?J‘g?tje$ n%r‘?éll?]f%vb%e%l %%t?li"gal |y

connected to the head cqntrol poytjon of the liquid,discharge, device.
These. viting PRTEHs SBSFEAEE obihs PTG LormeOPERM £ 17S HETEERL B nal
contact pads 15 thﬁrou‘%h Q@ndig%?w res 25. .%igcgothene téarélfémé:rgpt act pads
15 are provi dedBhI3FoP2Thet YelFEePS s At 110t he" et ¥t t 1" Edhnect i on
between the Iiqyld disehange. hegfl, 24, ande the: PXi§rpale£ap, be - 4 DEC 2003
As described in the above, by assigning the
various circuits and the like for driving and
controlling the heaters 207 for discharge to the
element substrate 1 and the ceiling plate 3 taking into
consideration the electric connection of the two,
concentration of these circuits and the like either on
the element substrate 1 or on the ceiling plate 3 is
avoided, which allows miniaturization of the liquid
discharge head. Further, by carrying out the electric
connection between the circuits and the like provided
on the element substrate 1 and the circuits and the
like provided on the ceiling plate 3 through the
contact pads 14 and 18 for connection, the number of
the electrically connecting portions to the external of
the head is decreased, and thus, improvement in the
reliability, reduction of the number of parts, and
further miniaturization of the head can be
materialized.
Further, by assigning the above-described
circuits and the like to the element substrate 1 and

the ceiling plate 3, the yield of the element substrate



- 31 carried out in the sane way as in the case of a conventional |iquid
di scharge head. Though an exanple where the external contact pads 15 %r%
provi ded on the elenent substrate 1 is described herein, the ext ernalDEC 2003
contact pads 15 nay be provided not on the elenment substrate 1 but only on
the ceiling plate 3. As described in the above, by assigning the various
circuits and the like for driving and coenBZotling the heaters 207 for

di scharge to the elenent substrate 1 and the ceiling plate 3 taking into
consideration the electric connection of the two, concentration of these
circuits and the like either on the elenent substrate 1 or on the ceiling
plate 3 is avoided, which allows mniaturization of the liquid discharge
head. Further, byCearP§i ~gPsaVetne2BRectfi & T8SHhEct thR BaPWEaRtiAd g
circuits and the like proviﬂed ,gn t he el ement aubstrgte 1 and the circuits
and the |ike pF8¥Fded bhet hadedf| PhGCHPERPE BePHr 68BhPEh&CYESRLact pads 14
and 18 for conngction, the nu r o the electrical Ly _cqnnecting.,portions
£6 the ext er nal C0F EAEhe REAES: ShReereases, SURGEFRRE, L) ABRoyBReRE L1l he
reliability, reductio f .t n . of rts,.-a furth m_niLaturization
of the head can® %£en§t%¥?a?$§ggab§£r h@géeg§a%s§g§ﬁ?n8%tﬁéeaggwg-described

circuits and thﬁa%%kfaioo%hgiﬁkégﬁﬁttﬁgbéhEﬁﬁglleQBQnsEBE g8klleng;phate 3,

the yield of the elenent substrate
of the element substrate 1 is the same as that of the

ceiling plate 3. As a result, even when the heaters
207 for discharge are driven and the element substrate
1 and the ceiling plate 3 are thermally expanded, the
two are not misaligned, and the positional accuracy
between the heaters 207 for discharge and the liquid
flow paths 7 is sufficiently maintained.

In the present embodiment, the above-described
circuits and the like are assigned according to their
functions. The standards of such assignment are
described in the following.

The circuits which correspond to the heaters
207 for discharge individually or with a block being as
the unit through electric wiring connections are formed
on the element substrate 1. In the example shown in
Figs. 8A and 8B, the drivers 11 and the image data
transfer portion 12 fall within them. Since driving
signals are parallelly given to the respective heaters
207 for discharge, wirings have to be drawn around for
the signals. Accordingly, if such circuits are formed
on the ceiling plate 3, the number of connections

between the element substrate 1 and the ceiling plate 3



- 4 DEC 2003 - 32 1 can be inproved, and, as a result, the manufacturing
cost of the liquid discharge head can be |owered. Further, since the

el ement substrate 1 and the ceiling plate 3 are fornmed of a materi ali Mds¥i}
on the same material of silicon, the thermal expansion coefficient of the
el ement substrate 1 is the sane as that of the ceiling plate 3. As a
result, even when the heaters 207 for disgharge are driven and the el enent
substrate 1 and the ceiling plate 3 are thernmally expanded, the two are
not m saligned, and the positional accuracy between the heaters 207 for

di scharge and the liquid flowpaths 7 is sufficiently maintained. In the
present enbodi nent, the above-described circuits and the |ike are assigned
accordi ng to theecomésntérgasandhenshandai dst ofosnebtasssgamreninoaee
described in the following. The circuits which correspond to the heaters
207 for discharlabheli vo doathiy. or By fbraibg otke beinguats thetbait through
electric wiring connections are forned on the elenent substrate 1. In the
exanpl e shown islemyts. s@AsENatS®Bl, t hee dingef §idlemhdctheethigrsdat a
transfer portion 12 fall within them Since driving signals are parallelly
given to the rdspeieenethradprenrterg0z07 ofori devahgege wvendngiehavscubthe
drawn around for the signals. Accordingly, if such circuits are forned on
the ceiling pl &¥ PetPeeyembR?- of connections

Analogue portions such as control circuits are
easily influenced by heat, and thus, are provided on a
substrate where the heaters 207 for discharge are not
provided, that is, on the ceiling plate 3. In the
example shown in Figs. 8A and 8B, the discharge heater
control portion 16 falls within them.

The sensor 13 may be provided on the element
substrate 1 or on the ceiling plate 3 depending on the
situation. For example, when the sensor 13 is a
resistance sensor, since a resistance sensor is
meaningless or can not measure with sufficient accuracy
if it is not provided on the element substrate 1, it is
provided on the element substrate 1. When the sensor
13 is a temperature senscor, if the sensor is to detect
temperature rise due to a malfunctioning heater driving
circuit or the like, it is preferable that the sensor
is provided on the element substrate 1. On the other
hand, if the state of ink is to be judged by
temperature rise through the ink as described in the
following, it is preferable that the sensor is provided
on the ceiling plate 3, or both on the element

substrate 1 and on the ceiling plate 3.



bet ween the el enment substrate 1 and the ceiling plate 3 - 4 DEC 2003 -- 3 3
becones |l arge and insufficient connections are.nore liable to occur. B?
forming the circuits on the elenent substrate 1, the insufficient ~ 4 DEC 2003
connections between the heaters 207 for discharge and the circuits can be
prevent ed. Anal ogue portions such as control circuits are easily

I nfl uenced by heat, and thus, are provideddn a substrate where the
heaters 207 for discharge are not provided, that is, on the ceiling plate
3. Inthe exanmple shown in Figs. 8A and 8B, the discharge heater contro
portion 16 falls within them The sensor 13 may be provided on the el enent
substrate 1 or on the ceiling plate 3 depending on the situation. For
exanpl e, when the sensoPtherss sgchy a§ sizced teemddich siargesparssitsr die
sensor is meaningless or can not neasure with sufficient accuracy if it is
not provi ded oP&HeERT etht fRupitsaharae neither pinddwkduahly heos| wheht
substrate 1. Wien the sensor 13 is a tenperature sensor, if the sensor is
to detect tenperRkRfte BGEE A2 the T F REETOhThgIneER e?TRIR9FNng  circuit

or the like, it is preferable that_the sensor . [s.provided on the el enent
substrate 1. OPYIRESATENY FRARETTE ThOS e ST M| §IF e hemehitiged by

D e 1L A Mo 5o A 0o SLLOADS oh ek
ceiling plate 3, do neot influence the measurement
accuracy, are formed either on the element substrate 1
or on the ceiling plate 3 depending on the situation so
as not to concentrate on one of the element substrate 1
or the ceiling plate 3. 1In the example shown in Figs.
824 and 8B, the sensor drive portion 17 falls within
them.

By providing the respective circuits, sensors,
and the like either on the element substrate 1 or on
the ceiling plate 3 according to the above standards,
the respective circuits, sensors, and the like can be
assigned with a good balance while the number of
electric connections between the element substrate 1
and the ceiling plate 3 is made as small as possible.

In this way, while it is preferable to dispose
on the element substrate 1 driving elements and the
like which correspond individually and are directly
connected to the large number of heaters 207 for
discharge provided on the element substrate 1, circuits
for controlling the timing of driving the driving
elements and the like are not necessarily required to

be disposed on the element substrate 1 and may be



on the ceiling plate 3, or both on the element substrate 1 and on the
ceiling plate 3. -- 4 DEC 2003 - 34 (Ohers such as circuits which
correspond to the heaters 207 for discharge neither individually nor JG: 2903
a block being as the unit, circuits which are not necessarily required to
be provided on the elenment substrate 1, and sensors which, even if
provided on the ceiling plate 3, do not-i®%ldence the neasurenent

accuracy, are fornmed either on the el enent substrate 1 or on the ceiling
pl ate 3 depending on the situation so as not to concentrate on one of the
el ement substrate 1 or the ceiling plate 3. In the exanple shown in Figs.
8A and 8B, the sensor drive portion 17 falls within them By providing the
respective circiPPEOP5ERERLE, digpasefelni RE ePERefPBASt REtBPENEAL t8Abstrate
1 or on the ceiling plate 3 according to {he above standards, _the
respective circ%&?%?“geﬂg%?EFaEﬁdltﬁE PrkEheatiebdingsBtghtdwi t A4Sgood

bal ance while th nunbe{,of electr%c connegbhogs bet ween t he el enent
substrate 1 andt TRe*RRIFFRgEPI 5Pe BePEeREdE s S halPehs™Bossi'BFE. I1n this
way, while it is prefer e tq dispose, on the_elepent_ substrate 1 driving
o airent's and t HEPETTHEC oA En bt ¥ EbBorterRa bl alar ThC e kb e Rect 1y

connected 10 the, | AL ge,ANMBER; 91 alERL§" 80805 rL0k1 - dLOEPLORRRERKRTRY ON the

el enent substra
the large number of heaters 208 for heating provided on

the ceiling plate 3 are disposed on the ceiling plate
3, while circuits for controlling the timing of driving
the driving elements and the like are appropriately
disposed in an open space either on the element
substrate 1 or on the ceiling plate 3.

[Embodiment 3]

Fig. 11 shows a third embediment of the present
invention. Structures similar to those in the first
and second embodiments are denoted by identical
reference numbers and the description therecf is
omitted. In the present embodiment, two heaters 209
for heating are disposed in one liquid flow path 7: one
on the upstream side and the other on the downstream
side of the heater 207 for discharge. This structure
has effects that the refill characteristics after the
liquid is discharged is improved and the menisci are
stabilized.

[Embodiment 4]

Fig. 12 shows a fourth embodiment of the

present invention. Structures similar to those in the

first to third embodiments are denoted by identical



for controlling the timng of driving the driving elenents and the |ike
are not necessarily required to be disposed on the el enent substrate & ﬁﬁﬂ
may be - 4 DEC 2003 - 35 appropriately disposed in an open space eithBE 3
the el ement substrate 1 or on the ceiling plate 3. This also applies to
the heaters 208 for heating. Mdre specifically, driving elements and the

| i ke which correspond individually and ar& directly connected to the

| arge nunber of heaters 208 for heating provided on the ceiling plate 3
are disposed on the ceiling plate 3, while circuits for controlling the
timng of driving the driving elenments and the |ike are appropriately

di sposed in an open space either on the elenent substrate 1 or on the
ceiling plate 3refE&Enbodemewnrb8isFagd thesfessripthen dteebedf nkat of the
present invention. Structures simlar to those in the first and second
enbodi nent s ar eordbhbedd byni Heat PEaFentceebedtRentinbet8iipd tRetBBscription
thereof is omtted. In the present enbodinent, two heaters 209 for
heating are di spesedof ntbpefirgti ambpdirpath heoheaten 202 695t ream side
and the other on_ the downstream éége of the heater 207 for_ discharge. This

structure has SFFERPE9enAT PREVIERT| PP chRAPaRL&PFREI BUPEFTRFSthe Iiquid is

discharged is ipproved and,Lhe e $Cko2 foadl 381 1528 tmea on a
movable member 210 provided on the ceiling plate 3.
The structure of the ceiling plate 3 itself is similar
to that in the first embodiment, and the structure of
the movable member 211 is substantially identical with
that of the movable member 206 of the first embodiment.
The method of manufacturing them is substantially
similar except that the element substrate 1 and the
ceiling plate 3 are reversed. In the present
embodiment, the heater 211 for heating can lower the
viscosity of the liquid to maintain the discharge
performance. In particular, since the heater 211 for
heating is formed on the movable member 210 which is
positioned in the liquid flow path 7, the heating can
be carried out efficiently. Further, since the heater
2 for discharge and its driving element are assigned to
the element substrate 1 while the heater 211 for
heating and its driving element are assigned to the
movable member 210, the space can be saved and their
desired driving can be carried out independently of
each other.
[Embodiment 5]

Fig. 13 shows a fifth embodiment of the present



[ Enbodi nent 4] Fig. 12 shows a fourth enbodi nent of the present invention.
Structures simlar to those inthe first to third enbodi nents are d%ﬂﬁéiﬁm
by identical -4 DEC2003 - 36 reference nunbers and the description-t J
is omtted. In the present enbodinment, simlar to the case of the first
enbodi nent, the heater 207 for discharge is provided on the el enent
substrate 1. Further, a heater 211 for hea¥ing is forned on a novable
menber 210 provided on the ceiling plate 3. The structure of the ceiling
plate 3 itself is simlar to that in the first enbodinent, and the
structure of the novable nenber 211 is substantially identical with that
of the novabl e nenber 206 of the first enbodi nent. The nethod of
manuf act uri ng t hementsisnbst &nruathyesspanlidarexcephoshatint hbeelfaement to
substrate | and the <ceiling plate 3 are reversed. In the present

enbodi ment, thefawvatbr epbodivenheatiragdenntedwby identiradospfgrencehe
liquid to nmaintain the discharge performance. In particular, since the
heater 211 for NABBRerfganrd tbentaseriphécrovhBrecheiBermitgedhni cAni $he
positioned in the liquid flow path 7, the heating can be carried out

ef ficiently. FuPFRERNtsPREEALRENReafdM1Lar§p §h8cRaFGeCandPrt SOHFIER ng

el enent are assigned . to the elenent s trate .l ile the heater, 211 for
heating and its® PPGPHS“EPeﬁBﬁthﬁﬁgeﬁsngnéﬂrtSlﬁﬁgarge 1S prOVlde% on

the element substrate 1 and the heater 211 for heating
is formed on the movable member 210. Further, another
heater 212 for heating is formed on the ceiling plate
3. The structure of the ceiling plate 3 is similar to
the case of the first embodiment. The present
embodiment has, in addition to the effects of the
fourth embodiment, effects that the refill
characteristics after the liquid is discharged is

improved and the menisci are stabilized.



novabl e menber 210, the space can be saved and their desired driving can

be carried out independently of each other. [Enbodinent 5] Fig. 13 SWWHTZMB
fifth enbodi nrent of the present - 4 DEC 2003 - 37 invention. Structures
simlar to those in the first to fourth enbodi nents are denoted by

i dentical reference nunbers and the description thereof is omtted. In the
present enbodi nent, simlar to the case of the fourth enbodinent, the
heater 207 for discharge is provided on the elenent substrate 1 and the
heater 211 for heating 1is forned on"tH® hovabl e menber 210. Furt her,

another heater 212 for heating is fornmed on the ceiling plate 3_ The
structure of the ceiling plate 3 is simlar to the case of the first

enbodi . - Ih I n enbodi nent has, in addition to the effects of the
fourthﬁgggo&EHE%@Fﬁ®$f gfs that the refill characteristics after the

liquid is discharged is ;i th sl t abil hzed. -4
PEC2003 © 35 AT | SPoRS iRt el Sl o8 o R Tk ) a

Substr 8ke1iflg Tkl PoRleRle ioRERd o okha BubS! habs o sl chl PRl

f or med the substrate and the ce ng plat’e, ntilever- like
movabl g.rREREr thRY NG R hitedngNd bl xed 1igt ReatWbSEhAl & #Adtilever-

like movable member having a fixed end fixed to the substrate and
a free end extending into the liguid flow path, wherein the
movable member is formed of a lower protective layer, a heat
generating resistive layer, a lower electrode layer, an
insulating layer, an upper electrode layer, and an upper
protective layer stacked from the side of the substrate in the
mentioned order, and wherein application of a voltage to a heat
generating portion of the heat generating resistive layer causes
bubbling of a liquid in the liquid flow path between the movable

member and the substrate to discharge the liquid.

2. A liquid discharge head as claimed in claim 1,
wherein the upper electrode layer and the lower electrode layer

are formed of a high-melting metal.

3. A liquid discharge head as claimed in claim 1,

wherein the insulating layer is made of SiN.

4. A liguid discharge head as claimed in claim 1,

wherein the heat generating resistive layer is electrically



a free end extending into the liquid flow path, wherein the novable nenber
is formed of a lower protective |layer, a heat generating resistive '@ﬁ?ﬁ

a lower electrode layer, an insulating |ayer, an upper el ectrode |ayew! 003
and an upper protective |ayer stacked fromthe side of the substrate in
the nentioned order, and wherein application of a voltage to a heat
generating portion of the heat generating resistive |ayer causes bubbling
of aliquidin the liquid flow path between the novable nenber and the
substrate to discharge the liquid. 27 #1Tquid discharge head as clained in
claim1l1, wherein the upper electrode |ayer and the | ower el ectrode |ayer
are formed of a high-nelting netal. 3. Aliquid discharge head as cl ai ned

inclaiml1, rein_the i,nsulating_layer is nmade of Si.N. 4. A liqu

i 'sohaFGEPRE LAt Lo (o S Brs, Y SEn HEBE o RGOS RA g T S ¢ ve
| aver 18 gghectll eally 14 DB 2003, 39 o conneqted 1o, g el ectrode layers
upst ream and downstream i n the di Schar ge di rectPon of "The heat generating
portion. 5. A liquid discharge head as clainmed in claiml1l, wherein the
upper el ectrode |ayer and the |ower electrode layer are forned so as to
range fromthe figont sunfiacs $Sidde e Ake Heedl asShibasesiide At itjq novabl e
menber. 6. A liquid discﬁa.ge heag agb%!gfnedafn cﬁain11} quﬁher'

conpri ghigednheakenipher adjicbstFRRt 1pve ded $eranately e1bemddae 1hgatr
generating portion in the liquid flow path correspondingly to the heater
for di aghafgemedn@oa adl itverahgfe from the front surface side to the rear

surface side of the movable member.

6. A liquid discharge head as claimed in claim 1,
further comprising a heater for adjustment provided separately
from the heat generating portion in the liquid flow path
correspondingly to the heater for discharge, and a driver for

driving the heater for adjustment.

7. A ligquid discharge head as claimed in c¢laim 6,
wherein a voltage applied to the heater for adjustment is lower

than a voltage applied to the heat generating portion.

8. A liquid discharge head as claimed in claim 7,
wherein the ceiling plate is provided with a voltage converter to
ensure that the voltage applied to the heater for adjustment by
the voltage converter is lower than that applied to the heat

generating portion.



driving the heater for adjustnment. 7. A liquid discharge head as clained in
claim6, wherein a voltage applied to the heater for adjustnent is |Oﬁﬁ{
than a voltage applied to the heat generating portion. 8. A liquid -4 2003
di scharge head as clained in claim7, wherein the ceiling plate is
provided with a voltage converter to ensure that the voltage applied to
the heater for adjustnment by the voltage converter is |ower than that
applied to the heat generating portion. -4 DEC 2003 - 40 9. Aliquid

di scharge head as clained in claim?7, “Widréin the heater for adjustnent is
connected to a power source different froma power source connected to the
heat generating portion to ensure that the voltage applied to the heater

for adjustment igs | O\ﬁ@ﬁé%qg tdr]%tah% d %%a]tdo_atshglgq\?\‘}aedgq_%erc?%aieir&g 7 portion.

10. A liquid discharge s claimed 1n claim erein over

source t t I, -0y, J4Sts i §
ur cehH@atagsy %?1{: (Plgtalrﬁ%rhi?gﬁgiadg%stﬂ@#eage%nlﬁeﬁt%dp@gea LS JOQ{\ﬁ]%r cin

logic circuit. . I qu schar ge clained in clFaim6

the hegtiekh@htadirdst BEHowe: RIRMIAE SRR QWS HC 80, 5 Il v tlihgy
di scharge direction of the heat generating portion. 12. A It quid di scharge

head agoghabfedd RngudieMebat WY &l thie hepliaed @b atieUsi@Rly ifHrProvi ded
in plurality on the upstream side and the downstream si de, respectively,

i n theaddusethange idi nesiiron e thetheppldederat ithg beanti eenekditihd i quid
di scharge head as clainmed in claim®6
portion.

10. A liquid discharge head as claimed in c¢laim 9,
wherein the power source connected to the heater for adjustment

is a power source for a logic circuit.

11. A liquid discharge head as claimed in claim 6,
wherein the heater for adjustment is provided on the downstream

side in the discharge direction of the heat generating portion.

12. A liquid discharge head as claimed in claim 6,
wherein the heater for adjustment is provided in plurality on the
upstream side and the downstream side, respectively, in the

discharge direction of the heat generating portion.

13. A liguid discharge head as claimed in claim 6,
wherein the area of the heater for adjustment is smaller than

that of the heat generating portion.



wherein the area of the heater for adjustnment is smaller than that of the
heat generating portion. -4 DEC 2903 - 41 14. A liquid discharge he Dﬂfmm
clained in claim6, wherein the area of the driver for the heater fo
adjustnent is smaller than that of the driver for the heat generatlng
portion. 15. A liquid discharge head as clainmed in claim6, wherein a
signal generating portion of the driver for the heat generating portion is
common to a signal generating portion of ,.the driver for the heater for
adjustnent. 16. A liquid discharge head 4d claimed in claim6, wherein the
ceiling plate further conprises in the liquid flow path a sensor for
sensing the state of the inside of the liquid flow path corresponding to

the heater for aqhustgpqg oy d&dﬁ%ﬂ%ﬁ:%ea@? uf agtyrid %ld‘#¥ éhscharge

head which conprises a s {ostrate |I|ng ate “bonded t o t
subst r gh@rednl il %xfeJaOWfp%th@ fd%%@ ReLveenr h@%t%gb%brrata%&%%e&ﬁe icei ling

plate, and a cantilever-Ilike novabl e nenber having a fixed end fixed to

the subabnake amdna thiz@e cgnd eXtiendicig figi @het M alti Geind EtaWPdte itdie
met hod conprising the steps of: providing a space form ng nenber on the

substrate; formng the novable nenber of a | ower protective |layer, a heat
generating resistive layer, a lower electrode layer, an insulating |ayer,
an upper el ectrode.l ayerligarid aisuhpege hé4abEGs20@03imef2 inprodtaciat i6ve | ayer
stacked fromthe side of the substrate in the
wherein a signal generating portion of the driver for the heat
generating portion is common to a signal generating portion of

the driver for the heater for adjustment.

16. A liquid discharge head as claimed in claim 6,
wherein the ceiling plate further comprises in the liquid flow
path a sensor for sensing the state of the ingide of the liguid

flow path corresponding to the heater for adjustment.

17. A method of manufacturing a liquid discharge head
which comprises a substrate, a ceiling plate bonded to the
substrate, a liquid flow path formed between the substrate and
the ceiling plate, and a cantilever-like movable member having a
fixed end fixed to the substrate and a free end extending into
the liguid flow path, the method comprising the steps of:

providing a space forming member on the substrate;

forming the movable member of a lower protective layer,
a heat generating resistive layer, a lower electrode layer, an

insulating layer, an upper electrode layer, and an upper



menti oned order; and renoving the space form ng nenber to shape the novabl e
menber in the formof a cantilever. 18. A nethod of manufacturing a_Lé @i%
di scharge head as clained in claim17, wherein the upper el ectrode | @ 03
and the |ower electrode |ayer are fornmed of a high-nelting netal. 19. A
met hod of manufacturing a liquid discharge head as clainmed in claim17,
wherein the insulating layer is made of Si N 20. A nethod of manufacturing
a liquid discharge head as clained in claim17, wherein the heat
generating resistive layer is electrically Zonnected to the el ectrode

| ayers upstream and downstreamin the discharge direction of the heat
generating portion. 21. A nethod of manufacturing a |iquid discharge head
as cl aipped el l%leau@y% SRR £hloh WARETs 1RleRlr Qg IRy raRd Lhe Heower

el ectrode | ayer areforned so as to range fromthe front surface side to

t he reaensibhaee osigde- ;ofantdhe novabl e nenber. -4 DEC 2003 - 43 22. A

m cr oel ect ronechani cal device conprising a cantilever-1like novable nenber
having a fixed emémchied thed spaidas tfioatrd ngn thetblere @ ceBthagt emd rpvadle a
liquid fl ow path, wherein the novable nenber is forned of a | ower

pr ot ectnembelrayier tha Heatn géner atintg legwirsti ve | ayer, a | ower el ectrode

| ayer, an insulating |layer, an upper electrode |ayer, and an upper
protective |ayer stacked fromthe side of the substrate in the nentioned

order, and wherein application of a voltage to a heat
18. A method of manufacturing a liquid discharge head

as claimed in claim 17, wherein the upper electrode layer and the

lower electrode layer are formed of a high-melting metal.

19. A method of manufacturing a liguid discharge head
as claimed in claim 17, wherein the insulating layer is made of

SiN.

20. A method of manufacturing a liquid discharge head
as claimed in claim 17, wherein the heat generating registive
layer is electrically connected to the electrode layers upstream
and downstream in the discharge direction of the heat generating

portion.

21. A method of manufacturing a liguid discharge head
as claimed in claim 17, wherein the upper electrode layer and the
lower electrode layer are formed so as to range from the front

surface gide to the rear surface side of the movable member.



generating portion of the heat generating resistive |ayer causes heating
of aliquidinthe liquid flow path. 23. A m croel ectronechani cal azxkfe as

2003

claimed in claim22, wherein the upper electrode layer and the |l o

el ectrode |l ayer are formed of a high-nelting netal. 24. A

m cr oel ectronechani cal device as clained in claim23, wherein the
insulating layer is made of SiN. 25. A mcroel ectronmechani cal device as
claimed in claim22, wherein the heat generating resistive layer is

el ectrically connected to the el ectrode Kdyers upstream and downstreamin
the discharge direction of the heat generating portion. -4 DEC 2003 - 44
26. A mcroel ectronechani cal device as clainmed in claim22, wherein the
upper el ectrode | ayer and the_|ower electrode |ayer are forned so as to
range fromthe fRént SuffigEeelgicgaomgchpaicadr dgYAFgc £C8PEE 3% e novabl e
menber. 27. A liquid discharge head conprising _a substrate, 2 ceiling

pl at e BBRE&ACVETT HekSUFSVARLE MeMPrgyPdVARgwApdtfferofRed £1 &n 3 he

ot heSuBaErREEe aAn o e SO S e AORAnG h & LAGOFadie™ PRRTsat . o
goner abPROSABLFEE TEvaRage Pttt g SBrath bine dover BrotkEhid Aeerse,
e R Prat, BRLERAR hB) Flen  BELVRI 1RES) B ALGEL W LB A Blae 1SS o of a

VOltaggngﬁlgﬁahgg§Q§%§Hi%& B%b%&oglgEtEEﬁeh§%§er, and an upper

protective layer stacked from the side of the substrate in the
mentioned order, and wherein application of a voltage to a heat
generating portion of the heat generating resistive layer causes

heating of a liquid in the ligquid flow path.

23. A microelectromechanical device as claimed in
claim 22, wherein the upper electrode layer and the lower

electrode layer are formed of a high-melting metal.

24. A microelectromechanical device as claimed in claim 23,

wherein the insulating layer is made of SiN.

25. A microelectromechanical device as claimed in
claim 22, wherein the heat generating resistive layer is
electrically connected to the electrode layers upstream and
downstream in the discharge direction of the heat generating

portion.



generating resistive |layer causes bubbling of a liquid in the liquid flow
path between the cantilever and the substrate to discharge the liqgk%ﬁﬁ%ﬁ3
A met hod of manufacturing a |iquid discharge head which conprises a
substrate, a ceiling plate bonded to the substrate, a liquid flow path
formed between the substrate and a free end extending into the liquid flow
path, the nethod conprising the steps of: providing a space form ng nenber
on a substrate; - 4 DEC 2003 - 45 forn1qgta cantil ever of a | ower

[

protective |ayer, a heat generating res i've layer, a | ower el ectrode
| ayer, an insulating |ayer, an upper electrode |ayer, and an upper
protective |ayer stacked fromthe side of the substrate in the nentioned

order; and renDV| t@pna ﬂ@@ﬂ?d%édﬂﬁﬁT@%lt%e%q_ eagh%hd%%gal ver. 29.

A n1croe|ectronechan|cal eV|ce conprising a cantilever having a fixed end

fixed 9a8rSubSt kalegeaRd e El%%e%”%le"c)&tr%'&' NGyt Qrd lerauiidWdow path,

wherein the cantilever is formed of a | ower protective |ayer, a heat

gener akRgth@dleStliay@r laaeforhd PWey & e redRd 3o tie IMPHaldnaEdayer,
an upper electrode |ayer, and an upper protective |ayer stacked from side

of thesidestatde rreaie smifacened der & thRnthoMaeel meaplri.cation of a
voltage to a heat generating portion of the heat generating resistive
| ayer causes heating of a liquid in the liquid flow path.

27. A liquid discharge head comprising a substrate, a
celling plate bonded to the substrate, a liquid flow path formed
between the substrate and the ceiling plate, and a cantilever
having a fixed end fixed to the substrate and a free end
extending into the liguid flow path, wherein the cantilever is
formed of a lower protective layer, a heat generating resistive
layer, a lower electrode layer, an insulating layer, and upper
electrode layer, and an upper protective layer stacked from the
side of the substrate in the mentioned order, and wherein
application of a voltage to heat generating portion of the heat
generating resistive layer causes bubbling of a ligquid in the
liguid flow path between the cantilever and the substrate to

discharge the liquid.

28. A method of manufacturing a liquid discharge head
which comprises a substrate, a ceiling plate bonded to the
substrate, a liquid flow path formed between the substrate and a
free end extending into the liquid flow path, the method
comprising the steps of:

providing a space forming member on a substrate;



30. A liquid discharged head conprising a substrate, a ceiling plate
bonded to the substrate, a liquid flow path formed between the sub§gmﬁhqm3
and the ceiling plate, and a novabl e nmenber having a fixed end fixe

the substrate and a free end extending into the liquid flow path, wherein

t he novabl e nmenber - 4 DEC 2003 - 46 is fornmed of a | ower protective

| ayer, a heat generating resistive |layer, a |ower electrode |ayer, an

i nsul ating layer, an upper electrode igygr, and an upper protective |ayer
stacked from the side of the substrate in the nentioned order, and wherein
application of a voltage to a heat generating portion of the heat
generating resistive |ayer causes bubbling of a liquid inthe liquid flow

path between t@@rrﬂpﬂgbéecgﬁ@?%v@fdof he papstratecdocidh sehaege 4hgehtquid.
31. A nethod of manufacturing a |liquid discharge head which conprises a

substr gk@erataely ire@iptate herded 0 lher suksihaidR, layeruisg fl ow path
formed between the substrate and the ceiling plate, and a novabl e nenber

havi ng iastilaed nend afiexed ari aipplke suksitraide drged,f mee emd ugxieandi ng into
the liquid flow path, the nmethod conprising the steps of: providing a
space papient iventieyeon sk asidest fatosy thieorsideg o minealsud stertter iof thd ower
protective layer, a heat generating resistive |layer, a |ower electrode

| ayer, mend ioneduloaideny leayfer, an upper el ectrode |ayer, and an upper
protective |ayer stacked fromthe side of the substrate in the nentioned
order; and ren®®negindietBpagpater kPRl nEnperbed shapaPhethdvabl e

cantilever.

29. A microelectromechanical device comprising a
cantilever having a fixed end fixed to a substrate and a free end
extending into a liquid flow path, wherein the cantilever is
formed of a lower protective layer, a heat generating resistive
layer, a lower electrode layer, an insulating layer, an upper
electrode layer, and an upper protective layer stacked from side
of the substrate in the mentioned order, and wherein application
of a voltage to a heat generating portion of the heat generating
resistive layer causes heating of a liquid in the liquid flow

path.

30. A ligquid discharged head comprising a substrate, a
ceiling plate bonded tco the substrate, a liquid flow path formed
between the substrate and the ceiling plate, and a movable member
having a fixed end fixed to the substrate and a free end

extending into the liquid flow path, wherein the movable member



menber. - 4 DEC 2003 - 47 32. A microel ectromechani cal device conprising a
novabl e nmenber having a fixed end fixed to a substrate and a free Qﬂﬂg C 2003
extending into a liquid flow path, wherein the novabl e nenber is for 5 g}
a lower protective |layer, a heat generating resistive |layer, a |lower

el ectrode | ayer, an insulating |layer, an wupper electrode |ayer, and an
upper protective |ayer stacked from the side of the substrate in the

menti oned order, and wherein application of a voltage to a heat generating
portion of the heat generating resist4®¥e-|ayer causes heating of a liquid
inthe liquid flow path.

is formed of a lower protective layer, a heat generating
resistive layer, a lower electrode layer, an insulating layer, an
upper electrode layer, and an upper protective layer stacked from
the gide of the gubstrate in the mentioned order, and wherein
application of a voltage toc a heat generating portion of the heat
generating resistive layer causes bubbling of a liguid in the
liquid flow path between the movable member and the substrate to

discharge the liquid.

31. A method of manufacturing a ligquid discharge head
which comprises a substrate, a ceiling plate bonded to the
substrate, a liquid flow path formed between the substrate and
the ceiling plate, and a movable member having a fixed end fixed
to the substrate and a free end extending into the liquid flow
path, the method comprising the steps of:

providing a space forming member on a substrate;

forming a movable member of a lower protective layer, a
heat generating resistive layer, a lower electrode layer, and
insulating layer, an upper electrode layer, and an upper
protective layer stacked from the side of the substrate in the
mentioned order; and

removing the space forming member to shape the movable

member.



-4 DEC 2003

- 47 -

32. A microelectromechanical device comprising a
movable member having a fixed end fixed to a substrate and a free
end extending into a liquid flow path, wherein the movable member
is formed of a lower protective layer, a heat generating
resistive layer, a lower electrode layer, an insulating layer, an
upper electrode layer, and an upper protective layer stacked from
the side of the substrate in the mentioned order, and wherein
application of a voltage to a heat generating portion of the heat
generating resistive layer causes heating of a liquid in the

liquid flow path.



