TI TLE OF THE | NVENTI ON

LI QUI D DI SCHARCGE APPARATUS, | MPRI NT APPARATUS AND PART
MANUFACTURI NG METHOD

BACKGROUND OF THE | NVENTI ON
Field of the Invention
[ 0001] The present inventionrelatestoaliquiddischarge
apparatus including aliquid discharge head that di scharges a
liquid, an inprint apparatus and a part manufacturing nethod.
Description of the Related Art
[ 0002] A liquid discharge head including a liquid
di scharge head (hereinafter sinply referred to as "head")
provided with a discharge port (hereinafter referred to as
"nozzle") for discharging liquid has been known. 1In recent
years, such the liquid discharge apparatus has been used in
various fields and, for exanple, for an ink jet recording
apparatus and the |ike.
[ 0003] Generally, it is required to always maintain the
pressure in the head to be a negative pressure (lower than an
at nospheric pressure) in order to prevent liquid froml eaking
to the outside fromthe head (nozzle).
[ 0004] For exanple, in Japanese Patent Application
Lai d- Open No. 2008-105360, there i s disclosed a configuration
for dividing an i nside of a subreservoir by a flexi bl e nenber
203 into an ink chanber 204 and a buoyance force generating

chanber 205 in order to nmamintain the pressure in the



subreservoir 202 comunicating with the head 201 to be a
negati ve pressure as illustrated in FIG 15. And, a float bag
206 having a snmal | specific gravity is providedinthe buoyance
force generati ng chanber 205 whil e connected with the flexible
menber 203. The inside of the head 201 conmuni cated with the
i nsi de of thei nk chanber 204 i s mai ntai nedinastateof negative
pressure by a buoyance force of the floating bag 206 in the
buoyance force generating chanber 205.

[ 0005] However, theink jet recordi ng apparatus di scl osed
i n Japanese Patent Application Laid-Open No. 2008- 105360 has
fol |l owi ng probl ens.

[ 0006] Nanely, in the ink jet recording apparatus
di scl osed in Japanese Patent Application Laid-OCpen No.
2008- 105360, the float bag 206 filled with gas is required to
be attached to the fl exi ble nmenber 203 and sunk in the liquid
i n the buoyance force generating chanber 205, thereby meking
the configuration conplex. Further, in this configuration,
since the difference in density between gas and liquid is
relatively large, the float bag 206 i s rocked greatly when an
inpact is applied to a housing of the subreservoir 202.
Therefore, the pressure in the i nk chanber 204 connected with
t he fl oat bag 206 or the pressure inthe head 201 conmuni cati ng

with the ink chanber 204 al so fluctuates easily.

SUMMARY OF THE | NVENTI ON
[ 0007] It i s an object of the present inventionto provide

a | iquid discharge apparatus that i s capabl e of naintaining a



pressure in a head stably and further suppressing | eakage of
aliquid fromthe head.

[ 0008] It is another object of the present invention to
provide a liquid discharge apparatus, conprising:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head,

a fl exi bl e nenber, separating aninner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a secondreservoir conmuni cati ngw t ht he second chanber,
the secondreservoir storingtheoperationliquidtobesupplied
to the second chanber, the second reservoir being di sposed in
such a manner that a liquid surface of the operation |iquid
storedinthe secondreservoir ispositionedbel owthe di scharge
port surface; and

an adjustment unit that perfornms adjustnment in such a
manner that a position of the liquid surface of the operation
liquid in the second reservoir falls within a predeterm ned
range in a state where the second reservoir is opened to
at nosphere.

[ 0009] Further features of the present invention wll
becone apparent fromthe foll owi ng description of exenplary

enbodi nents with reference to the attached draw ngs.



BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0010] FIG 1is aconceptual viewillustrating aliquid
di scharge apparatus according to a first enbodi nent of the
present invention.
[ 0011] FIG 2 is a conceptual viewillustrating a state
where ink in a first chanber of a first reservoir has been
partially consunmed in the first enbodi nent.
[ 0012] FIG 3 is a conceptual viewillustrating a state
where operation liquid is replenished froma third reservoir
to a second reservoir in the first enbodi nent.
[ 0013] FIG 4 is a flow chart illustrating control for
repl eni shing the second reservoir withthe operationliquidin
the first enbodi nent.
[ 0014] FIG 5is aconceptual viewillustratinganinprint
apparatus according to a second enbodi nent of the present
i nventi on.
[ 0015] FIG 6 is a conceptual viewillustrating aliquid
di scharge apparatus according to a third enbodi nent of the
present invention.
[ 0016] FIG 7 is a conceptual viewillustrating a state
wher e bubbl es have occurred in afirst flowpathin the third

enbodi nent .

[ 0017] FIG 8 is a conceptual view illustrating an
internmedi ate state where the bubbles illustratedinFIG 7 are
noved.

[ 0018] FIG 9 is a conceptual viewillustrating a state
where the bubbles illustrated in FIG 7 have been finally



rel eased into the second reservoir.

[ 0019] FIG 10 is a flowchart illustrating control for
renovi ng the bubbles in the first flow path.

[ 0020] FIG 11 is a conceptual viewof aliquid discharge
apparatus according to a fourth enbodi nent of the present
i nventi on.

[ 0021] FIG 12 is aconceptual viewillustratingaliquid
di scharge apparatus according to a fifth enbodi ment of the
present invention.

[ 0022] FIG 13 is aconceptual viewillustratingaliquid
di schar ge appar at us accordi ngto anodifiedexanpleof thefifth
enbodi nent of the present invention.

[ 0023] FIG 14isaconceptual viewillustratinganinprint
apparatus according to a sixth enbodi nent of the present
i nventi on.

[ 0024] FIG 15 is an explanatory view illustrating a

conventional ink jet apparatus.

DESCRI PTI ON OF THE EMBODI MENTS

[ 0025] Preferred enbodi nents of the present invention
will now be described in detail in accordance with the
accompanyi ng draw ngs.

[ 0026] [ First enbodi nment]

[ 0027] A first enbodinent will be explained below with
reference to FIGS. 1, 2, 3 and 4. It is noted that an ink jet
recordi ng apparatus (hereinafter referred to as a "di scharge

apparatus”) will be explained as an exanple of the liquid



di scharge apparatus of the invention in the enbodi nent.

Further, "ink" usedinthedi scharge appar at us of t he enbodi nent
is an exanple constituting "liquid" used in the discharge
apparatus of the invention. The liquid may include a

phot ocurabl e |iquid.

[ 0028] FIG 1lisaconceptual viewillustratingadischarge
apparatus (liquid discharge apparatus) according to the
enbodi nent .

[ 0029] As illustrated in FIG 1, in the enbodi nent, the
di schar ge appar at us 100 mai nl y i ncl udes a head 1t hat di schar ges
anink (liquid), afirst reservoir 2 that stores an ink and a
second reservoir 3 that stores an operation |liquid. Further,
t he di scharge apparatus 100 i ncl udes conveyance neans 92 t hat
conveys a recording nedium 91, a support portion 93 that
supports the conveyance neans 92 andthelike. 1t is notedthat
the recording nedium9l is sucked and hel d on the conveyance
means 92 by suction neans (not illustrated).

[ 0030] The first reservoir 2 includes a rectangul ar
par al | el epi ped housing 20 in a substantially seal ed state and
the head 1 is nounted on the bottomportion of the housing 20.
The first reservoir 2 includes no atnosphere conmuni cating
opening. It is notedthat the head 1 i ncl udes a di scharge port
surface 10 provided with a di scharge port (not illustrated) at
the bottom surface of the housing 20.

[ 0031] I nsi de the housing 20, aflexible film8 (flexible
menber) having afl exi bl e propertyis providedandtheflexible

film8 separates the first reservoir 2into afirst chanber 21



and a second chanber 22. The first chanber 21 communi cates with
an inside of the head 1 provided at the bottomportion of the
housi ng 20 and stores ink to be suppliedto the head 1. Onthe
ot her hand, the second chanber 22 conmuni cates with t he second
reservoir 3throughafl owpath Tl and stores anoperationliquid
to be supplied fromthe second reservoir 3.

[ 0032] It isnotedthat inthe enbodi nent thefirst chanber
21 is filled with the ink and the second chanber 22 is filled
with the operation liquid. The ink (liquid) in the first
chanber 21 is what is seal ed in advance.

[ 0033] On the other hand, the first reservoir 2 is
configured to be renovable with respect to the apparatus main
body, andinacasewheretheink (liquid) inthefirst reservoir
21 has been consuned, thefirst reservoir 2 can bereplacedwth
a newone. Therefore, the first reservoir is not required to
be provided with a repleni shnment nechani sm (for exanple, an
repl eni shnent openi ng) for replenishing the first chanber 21
with the ink, and further thereis little chance that the ink
(liquid) inthe first reservoir 2 is brought in contact with
t he outsi de, thereby preventing inpurities frombeing m xed by
t he repl eni shnent operation, too.

[ 0034] Further, in the enbodi nent as descri bed bel ow, in
order to nmai ntai nanegative pressureinthe head 1 nore stably,
a liquid having density substantially equal to the ink in the
first chanber 21 is enployed as the operation liquid in the
second chanber 22. Furthernore, the operation liquid is an

i nconpr essi bl e substance, and for exanple a |liquid, such as



wat er and the |like and a gell ed substance can be used as the
operation |iquid.

[ 0035] One end (| ower end) of aflowpath T1 connectedw th
t he second reservoir 3 is disposed not above a |liquid surface
of the operation liquid in the second reservoir 3. Further,
the flowpath Tl is configuredto befilledwth the operation
l'iquid.

[ 0036] As illustrated in FIG 1, an atnosphere
comuni cat i ng openi ng 31 i s provi ded at an upper portion of the
second reservoir 3 so that the second reservoir 3 is opened to
at nosphere. To always maintain a state of negative pressure
inthehead 1inthe state wherethe secondreservoir 3is opened
to atnosphere, a position B of the liquid surface of the
operation liquid in the second reservoir 3 is disposed bel ow
a position A of the discharge port surface 10 of the head 1.
Nanel y, a state of negative pressureinthe head 1is naintai ned
by di fferenceinheight (headdifferenceH) betweentheposition
A of the discharge port surface 10 and the position B of the
liquid in the second reservoir 3 that stores the operation
liquid in the discharge apparatus 100 of the enbodi nent.

[ 0037] FIG 2 is a conceptual viewillustrating a state
where i nk has been partially consuned in the first chanber 21
of the first reservoir 2.

[ 0038] AsillustratedinFIG 2, whentheinkinthefirst
reservoir 2 (first chanber 21) i s consuned, the operationliquid
is supplied fromthe second reservoir 3 to the second chanber

22 by capillary force. Accordingly, theliquidsurface of the



operation liquidis |lowered inthe second reservoir 3 and the
head difference H between the position A and the position B
fluctuates.

[ 0039] In the enbodi nent, the discharge apparatus 100
i ncl udes adjustnent unit 4 that mekes adjustnent in such a
manner that a position of the liquid surface of the operation
liquid falls within a predetermned range in the second
reservoir 3, in order that a negative pressure i s naintained
to fall within a predeterm ned range in the head 1.

[ 0040] Specifically, the adjustnent wunit 4 includes
| iquidsurface detection unit 5 that detects a position of the
liquidsurfaceinthesecondreservoir 3andrepl eni shnment neans
6 that replenishes the second reservoir 3 with the operation
l'iquid.

[ 0041] Thel i qui dsurfacedetectionunit 5includesal ower
limt position sensor 5A and an upper Iimt position sensor 5B
inthe second reservoir 3. Thelower limt position sensor 5A
and the upper limt position sensor 5B are di sposed in such a
manner that a pressure (negative pressure) falls within a
predeterm ned range inthe head 1. It is noted that the | ower
limt position sensor 5A and the upper limt position sensor
5B are an optical sensor.

[ 0042] The liquid surface is maintained to fall within a
predet erm ned range (between a lower Iimt position Lo and an
upper limt position H) in the second reservoir 3 so that a
negative pressure is mintained to fall wthin the

predeterm ned range in the head 1. In other words, unless the



liquidsurfaceis |oweredto or belowthe lower limt position
Lointhe second reservoir 3, the negative pressure inthe head
1 does not exceed the upper limt of the predeterm ned range
and there is little possibility that a nmeniscus is broken at
the discharge port. On the other hand, unless the liquid
surface is raised to or higher than the upper |imt position
H , the negative pressureinthe head 1 does not exceedthe |l ower
limt of thepredeterm nedrangeandthereislittlepossibility
that the ink is | eaked fromthe head 1.

[ 0043] The replenishment neans 6 includes a third
reservoir 61 that stores the operation liquid and a fl ow path
62 connecting the second reservoir 3 withthe third reservoir
61, and a punp 63 that i s di sposedat thefl owpath62andsupplies
the operation liquid (feeds liquid) to the second reservoir 3
fromthe third reservoir 61. It is noted that the third
reservoir 61 i ncl udes an at nospher e comruni cati ng openi ng 611
simlarlytothe secondreservoir 3andis openedto at nosphere.
Further, the punp 63 is stopped except for during a
repl eni shnent operation for repl eni shingthe second reservoir
3with the operation liquid and the flowpath 62 is alsoin a
cl osed state.

[ 0044] FIG 3 is a conceptual viewillustrating a state
of repl eni shingthe second reservoir with the operationliquid
fromthe third reservoir.

[ 0045] As illustrated in FIG 3, when it is detected by
the lower limt position sensor 5Athat the liquid surface is

| owered tothe lower limt position Lo inthe second reservoir



3, therepl enish means 6 (punp 63) i s operated to repl enishthe
second reservoir with the operation liquid fromthe third
reservoir and to recover the liquidsurfacetothelower limt
position Lo or higher in the second reservoir. Wen it is
detected that the liquid surfaceis reachedto the upper limt
position H in the second reservoir 3 again, the punp 63 is
stopped. Therefore, the negative pressure can be maintai ned
to fall within the predeterm ned range in the head 1.

[ 0046] FIG 4 is a flow chart illustrating control for
repl eni shing the second reservoir with the operation liquid
fromthe third reservoir.

[ 0047] As illustrated in FIG 4, when it is started that
aninkisdischargedfromthe head 1 (S1), repl eni shment contr ol
for repl eni shingthe secondreservoir withthe operationliquid
fromthethirdreservoir is started based on detectionresults
of theliquidsurfacedetectionunit 5. Nanely, simultaneously
with the start of the discharge operation of the head 1,
detection (nonitoring) of the liquid surface in the second
reservoir is started by the lower limt position sensor 5A
installed in the second reservoir 3 (S2).

[ 0048] In step S2, when it is detected that the liquid
surfaceisloweredtothelower linmt positionLointhe second
reservoir 3 by the lower |imt position sensor 5A, the punp 63
isdrivento feedthe operationliquidfromthethirdreservoir
61 to the second reservoir 3 (S3).

[ 0049] In step S3, when the operation liquidis supplied

fromthethirdreservoir 61tothesecondreservoir 3, theliquid



surfaceisraisedinthesecondreservoir 3. Wenit isdetected
by the upper Iimt position sensor 5B that the Iiquid surface
israisedtotheupper limt positionH inthe secondreservoir
3 ($4), the punmp 63 is stopped (S5) and the repl eni sh contro

i's conpl et ed.

[ 0050] In step S4, it is noted that in a case where it is
not yet detected by the upper imt position sensor 5Bthat the
liquidsurfaceis raisedtothe upper limt positionH inthe
second reservoir 3, the procedurereturnstostep S3tocontinue
the liquid feeding operation by the punp 63.

[ 0051] As descri bed above, in the enbodi nent, the liquid
surface in the second reservoir 3 is made to be di sposed bel ow
t he di scharge port surface 10 and further, the |iquid surface
in the second reservoir 3 is adjusted to fall within the
predet erm ned range by t he adj ust nent unit 4 sothat a pressure
inthe head 1 can be controlledtofall withinthe predeterm ned
range (negative pressure) stably. Therefore, i nk | eakage from
t he head 1 can be suppressed effectively. Further, ink can be
di scharged fromthe head 1 stably, too.

[ 0052] Specifically, in the -enbodinment, the first
reservoir 2 (first chanber 21 and second chanber 22) is filled
with the ink and the operation |iquid having density close to
each other so that vibrationis suppressed effectively evenif
aninpact i sappliedtothe housing20. Therefore, the pressure
inthehead 1is hardly affected by vi bration sothat theinside
of the head 1 can be mai ntained in a state of negative pressure

st ably.



[ 0053] It is notedthat, inthe enbodi nent, the operation
liquidtobefilledinthe second chanber 22 is hardly affected
by changes of surroundi ng tenperature and pressure, conpared
wi th gas, inthe enbodi nent. Accordingly, evenif tenperature
or pressure fluctuates around the di scharge apparatus 100, a
pressure of the ink inthe head 1 communicating with the first
chanber 21 can be suppressed surely since the volune of

operation liquid hardly fluctuates.

[ 0054] The detail ontheflexiblefilm8(flexiblenmenber)
of the discharge apparatus 100 will be expl ai ned bel ow.
[ 0055] As illustrated in FIG 2, in the enbodi nent, the

flexible film8 is connected with each of atop face, a bottom
face and two si de faces of the housing, and is provided inthe
housi ng 20 al ong a direction (Il ongitudinal direction) along a
vertical direction. Wth this arrangenent, the first chanber

21 and the second chanber 22 are fornmed dividedly into right

and left in the housing 20.

[ 0056] When the ink in the first chanber 21 of the first

reservoir 2 is consuned, the flexible film8 is deforned, a
vol une of the first chanber 21 is decreased and a vol une of the
second chanber 22 is expanded. Accordingly, a volune of the
operationliquidequal tothat of theink consunedinthefirst

chanber 21 is suppliedfromthe secondreservoir 3tothe second
chanber 22 through the flow path T1l. In this occasion, the
flexible film8is noved fromleft to right al ong a hori zont al

direction as illustrated in FIG 2.

[ 0057] I n ot her words, al though a vol une rati o betweenthe



ink and the operation liquid stored in the first reservoir 2
fluctuates by ink consunption, a gravity center of the first
reservoir 2 substantially remains unchanged since the
concentrationof theoperationliquidissubstantiallythesane
as that of the ink. Therefore, a stabl e negative pressure can
be maintained in the head 1 positioned at a | ower portion of
t he housi ng 20.

[ 0058] Specifically, inthe enbodi nent, the flexiblefilm
8 is disposed along the vertical direction, sothat evenif the
operationliquiddifferent indensity fromtheinkis enployed,
the gravity center of thefirst reservoir 2 (liquid) is shifted
by ink consunption in only the horizontal direction and is
hardly shifted in a height direction.

[ 0059] In contrast, in a case where the flexible film8
i's disposedinthe horizontal direction, the gravity center of
thefirst reservoir 2isshiftedinthe height direction as the
inkisconsuned. Inacasewheretheflexiblefilm8is di sposed
in the vertical direction, conpared with the case where the
flexible film8 is disposed in the horizontal direction, a
negative pressure is maintained stably in the head 1.
Accordi ngly, an arrangenent of the flexible film8 (flexible
menber) in the vertical direction brings out effects that
options for wusable operation liquids are increased to
facilitate design. For exanple, in a case where the operation
liquid different in density fromthe liquid in the first
reservoir 2isused, operationliquidhavingdensitythat falls

within a range of 80%to 120%w th respect to density of the



liquid, may be used.

[ 0060] It is noted that the flexible film 8 does not
necessarily have to be di sposed along the vertical direction
and may be di sposed al ong a direction (longitudinal direction)
along the vertical direction. Nanely, evenin acase wherethe
flexible film8 is disposed al ong the | ongi tudi nal direction,
thereislittleshift amount of the gravity center of the first
reservoir 2 by ink consunption in a height direction and a
negati ve pressure can be maintained relatively stably in the
head 1.

[ 0061] It is noted that in the enbodi nent, although the
exanple inwhichthe flexible film8is connected with the top
face, the bottomface and the side faces of the housing, and
the housing is forned to be divided into the first chanmber 21
and the second chanber 22 has been explained, another
arrangenent configuration can be nmade. For exanple, the
flexible film8 may be installed in the housing 20 in such a
manner that the first chanber 21 that stores the ink is
substantial |y surrounded by t he second chanber 22 that stores
the operation liquid. Nanely, the flexible film 8 may be
installed in the housing 20 in such a nmanner that the first
chanber 21 (space) that stores the ink is enclosed by the
flexible film 8.

[ 0062] Further, it is preferableto sel ect a nenber of the
flexiblefilm8usedinthe enbodi nent, whi ch nenber i s suitable
for a characteristic of the ink (liquid stored in the first

chanber) fromthe point of viewof a liquid contact property



and the |ike.

[ 0063] In the enbodi nent, although the ink jet recording
apparatus that discharges the ink has been explained as an
exanpl e of the Iiquid di scharge apparatus, the invention nmay
be properly nodified and applied to, a for exanple, aliquid
di scharge apparatus that discharges a liquid, such as a
conductive liquid, a W/ curable liquid or the like.

[ 0064] Al t hough i n t he enbodi nent, the configurationthat

the head 1 is nmounted on and integrated with the | ower portion
of the housing 20 of the first reservoir 2 has been expl ai ned,

thehead 1 andthefirst reservoir 2 may be separately confi gured
and the head 1 and the first reservoir 2 (first chanber 21) may
be connected with each other by a connection tube.

[ 0065] Al t hough, in the enbodi nent, the first reservoir

(second chamber 22) is connected with the second reservoir 3
through the flowpath T1, the first reservoir 2 and t he second
reservoir 3 may be configured to be separatable (renoval) from
each ot her by provision of ajoint portion at the fl owpath T1.

[ 0066] Al though in the enbodinment, the volunme of the
housi ng 20 i s nade 500 M, an initial amount of the ink in the
first chanber 21 i s made approxi mately 400 m, and an initial

anmount of theinkinthe second chanber 22 i s nade approxi mately
100 m, they nmay be changed properly.

[ 0067] For exanple, it may be set that the vol une of the
housi ng 20 i s made 400 m , theinitial anount of inkinthefirst

chanber 21 is al so made approxi mately 400 ni, and t he operati on

liquidis made a mnimumvalue that isclosetoOinaninitial



state. Nanely, in a case where m xing of air is negligible,
the operation liquid may not be filled in the second chanber
22 in the initial state.

[ 0068] In the enbodi nent, the first reservoir 2 (head 1)
is mounted on a carriage (not illustrated), and the ink is
di schargedtoget her wit ht he novenent of the carriageto perform
recordi ng operation. Evenin acase wherethe first reservoir
2 is nmoving, theinner space of the first reservoir 2isfilled
with theink andthe operationliquid, sothat rocking novenent
of theflexiblefilm8is suppressed. Therefore, itisunlikely
that a pressure fluctuationoccursinthe head 1 andink | eakage
fromthe head 1 is reduced.

[ 0069] Al t hough, in the enbodi ment, the optical sensors
areutilizedastheliquidsurfacedetectionunit 5, for exanple,
theliquidsurfacedetectionunit 5my beconfiguredtoinclude
an electrode pair provided in the second reservoir 3 and to
det ect an el ectrical change between t he el ectrodes by contacts
bet ween the el ectrodes and the |iquid surface.

[ 0070] Further, the liquid surface detection unit 5 may
be configuredto detect aliquidsurface positioninthe second
reservoir 3 by utilizing an electrostatic capacitance type
sensor. And the liquid surface detection unit 5 may be
configuredtoincludeafloat inthe secondreservoir 3todetect
the liquid surface by detecting a position of the float.

[ 0071] Al t hough, i nthe enbodi nent, a syringe punp, atube
punp, a di aphragmpunp, a gear punp or the like is exenplified

as t he punp 63, a punp sui tabl e for performance of the di scharge



apparatus 100 can be enployed. For exanple, in a case where
the third reservoir 61 defines a sealed space, it nay be
configured that the operationliquidis suppliedtothe second
reservoir 3 by pressurizing the inside of the third reservoir
61.

[ 0072] Furthernore, in acase wherethereis adifference
of liquid surface in height between the second reservoir 3 and
the third reservoir 61 and one end of the fl ow path 62 ext ends
inthe operationliquidof the secondreservoir 3, theflowpath
62 is required to be in a closed state even during supply of
the operationliquidis stopped. Inthis case, a punp capabl e
of closing the flow path during the stop may be used and the
above-nenti oned one end of the fl owpath 62 may al so be di sposed
at a position above the liquid surface of the operationliquid
inthe second reservoir 3. Alternatively, a val ve capabl e of
closing the flow path 62 may be di sposed separately.

[ 0073] [ Second Enbodi nent ]

[ 0074] The second enbodi ment of the invention will be
explained with FIG 5 as follows. It is notedthat FIG 5is
a conceptual viewillustrating an inprint apparatus according
to the enbodi nent.

[ 0075] AsillustratedinFIG 5, theinprint apparatus 200
of the invention mainly includes a liquid discharge appar at us
100A and a pattern formng portion (formng unit) 900.

[ 0076] It isnotedthat theliquiddischarge apparatus 100A
has basically a configurati on sane as t he di scharge appar at us

100 of thefirst embodinent. I|tisnotedthat, i ntheenbodi nent,



a photocurable resist is storedinthe first chanber 21 of the
first reservoir 2 and the resist is discharged to a wafer
substrate 91A (base plate) to be descri bed bel owfromthe head
1 communicatingwith the first chanber 21. On t he ot her hand

an operationliquidhavingdensityclosetotheresistisfilled
in the second chanber 22.

[ 0077] It is notedthat although the resist is configured
by a photocurable resin, it may be configured by another
phot ocurabl e materials (liquid). Further, inthe enbodi nent,

an alumnumnul tilayered filmhaving a wdth of 10 umto 200
umis used as the flexible film8. The naterial such as the
alum numnul tilayeredfil mis suitablefor theflexiblenenber,

since it is stable against the resist and has a property that
liquid and gas are difficult to perneate therethrough.

[ 0078] The pattern form ng portion 900 mai nly includes a
nold 94 and an exposure unit (light irradiation unit) 95.

Further, the pattern form ng portion 900 includes novenent
nmeans 96 that noves the nold 94 up and down.

[ 0079] It is noted that the nold 94 is held by the first
hol ding portion 97 through the novenment neans 96 and the
exposureunit 95i s hel d by a second hol di ng porti on98. Further,
thenold 94 is configuredbylight transm ssive quartz nateri al

and a fine pattern having a groove shape (unevenness pattern)
is fornmed at one surface (lower surface) side. The exposure
unit 95 is disposed over the nold 94 to irradiate across the
nold 94 and cure the resist (pattern) on the wafer substrate

91A to be descri bed bel ow.



[ 0080] The pattern form ng portion 900 is configured to
bring a surface of the substrate 91A on which the liquid is
di scharged by the head 1 and a surface of the nold 94 on which
t he unevenness patternis fornedinto contact with each ot her,
so as to formthe pattern corresponding to the unevenness
pattern of the nold on the surface of the substrate 91A.

[ 0081] Aform ng step for formng a pattern onthe surface
of the wafer substrate 91A by using the inprint apparatus 200
of the enbodiment will be expl ai ned bel ow.

[ 0082] In the enbodi nent, an upper surface of the wafer
substrate to which aresist isdischarged (applied) and al ower
surface of the nold where the unevenness patternis forned are
abutted to each other, and a pattern corresponding to the
unevenness pattern formed on the | ower surface of the noldis
formed on the upper surface of the wafer substrate.

[ 0083] Specifically, the resist is discharged (applied)
to the upper surface of the wafer substrate 91A fromthe head
1 of the liquid discharge apparatus 100A so as to form a
predeterm ned pattern (application step).

[ 0084] Subsequent |y, t he waf er substrate 91Ato (on) which
the resist (pattern) is applied (fornmed) is conveyed bel owt he
nold 94 by the conveyance neans 92.

[ 0085] The nold 94 is | owered downward by the novenent
nmeans 96 and the | ower surface of the nold 94 i s pressed on the
resist (pattern) fornmed on the upper surface of the wafer
substrate 91A. Thereby, theresist is pressedintoandfilled

in the fine pattern with a groove shape constituting the



unevenness pattern formed on the | ower surface of the nold 94
(pattern form ng step).

[ 0086] Inthe state wheretheresist isfilledinthefine
pattern, ultraviolet rays areirradiated fromthe exposure unit

95 across the light-transm ssive nold 94 to the resi st so t hat

a pattern formed fromresist is fornmed on the surface of the
waf er substrate 91A (treatnent step).

[ 0087] After the pattern has been fornmed, the nold 94 is
rai sed by t he novenent neans 96, and the pattern forned on the
waf er substrate 91Aandt he nol d 94 ar e separ at ed f romeach ot her.
The pattern formng step for the wafer substrate 91A is
conpl et ed.

[ 0088] SSmlarly to the first enbodinent, in the
enbodi nent the liquid surface in the second reservoir 3 is
di sposed bel ow t he di scharge port surface 10, and further the
liquid surface in the second reservoir is adjusted to fall

wi thin a predeterm ned range by the adj ustnent unit 4, so that

the pressure inthe head 1 can be controlledto fall withinthe
predeterm ned range (negative pressure) stably. Therefore,

| eakage of theresist (liquid) fromthe head 1 can be suppressed
effectively. Further, the resist can al so be di scharged from
the head 1 stably.

[ 0089] Further, inthe enbodi ment, since the spaceinthe
first reservoir 2isfilled with the resist and the operation
liquid that have densities close to each other, vibration is
suppressed effectively even if an inpact is applied to the

housi ng 20. Therefore, the pressure in the head 1 is hardly



affected by vibration so that the inside of the head 1 can be
mai ntained in a state of negative pressure stably.

[ 0090] Furthernmore, in the enbodinent, the operation
liquidtobefilledinthe second chanber 22 is hardly affected
by changes of surroundi ng tenperature and pressure, conpared
wi th gas. Accordingly, even if tenperature or pressure
fluctuates around the inprint apparatus 200, a pressure
fluctuation of the resist inthe head 1 conmuni catingwith the
first chanber 21 can be suppressed surely since the vol une of
operation liquid hardly fluctuates.

[ 0091] The i nprint apparatus of the invention can be used
to make for exanpl e sem conduct or manufacturi ng appar at uses,
nano-i npri nt apparatuses andthelikethat manuf act ur e devi ces
for exanpl e, such as a senmi conductor integratedcircuit el enent,
a liquid crystal display elenment and the |ike.

[ 0092] A part can be manufactured by using the inprint
apparatus of the invention.

[ 0093] A part manufacturing net hod may i ncl ude a step for
di scharging (applying) a resist to a substrate (wafer, glass
plate, filmlike substrate and the |like) by using an inprint
appar atus (head).

[ 0094] Further, included may be the pattern form ng step
in which a surface of the substrate to which a resist is
di scharged (applied) and a surface of the nold on which the
unevenness patternis forned are abutted to each other to form
a pattern corresponding to the convex and concave pattern of

the nold on the surface of the substrate.



[ 0095] Furt hernore, included my be a treatnent step for

treatingthesubstrateonwhichapatternisformed. It isnoted
that i ncl uded may be an etching treatnment step for etching the
substrate as the treatnment step for treating the substrate.

[ 0096] It isnotedthat i nacase of manufacturing a device
(part), such as patterned nedia (recordi ng nedia), an opti cal

el enents and the |like, a processing treatnent other than an
etching treatnment is preferable.

[ 0097] Accordi ng to the part manufacturing nethod of the
i nventi on, conparedtoconventional part manufacturi ng net hods,
performance, qual ity and productivity of parts are i nproved and
production costs can al so be reduced.

[ 0098] [ Third enbodi nment ]

[ 0099] A third enbodi nent will be expl ained below with
reference to FIGS. 6, 7, 8, 9 and 10. It is noted that an ink
jet recording apparatus (hereinafter referred to as a
"di scharge apparatus”) will be expl ai ned as an exanpl e of the
| i qui d di scharge apparatus of the inventioninthe enbodi nent.

Further, "ink" usedinthedi scharge appar at us of t he enbodi nent

is an exanple constituting "liquid" used in the discharge
apparatus of the invention.

[ 00100] FIG 6isaconceptual viewillustratingadischarge
apparatus (liquid discharge apparatus) according to the
enbodi nent .

[ 00101] As illustrated in FIG 6, in the enbodi nent, the
di schar ge appar at us 100 mai nl y i ncl udes a head 1t hat di schar ges

anink (liquid), afirst reservoir 2 that stores an ink and a



second reservoir 3 that stores an operation |liquid. Further,
t he di scharge apparatus 100 i ncl udes conveyance neans 92 t hat
conveys a recording nedium 91, a support portion 93 that
supports the conveyance neans 92 andthelike. 1t is notedthat
the recording nedium9l i s sucked and held on the conveyance
means 92 by suction neans (not illustrated).

[ 00102] The first reservoir 2 includes a rectangul ar
par al | el epi ped housing 20 in a substantially seal ed state and
the head 1 is nounted on the bottomportion of the housing 20.
The first reservoir 2 includes no atnosphere conmunicating
opening. It is notedthat the head 1 i ncl udes a di scharge port
surface 10 provided with a di scharge port (not illustrated) at
the bottom surface of the housing 20.

[ 00103] I nsi de the housing 20, aflexible film8 (flexible
menber) having a fl exi bl e propertyis providedandtheflexible
film8 separates the first reservoir 2into afirst chanber 21
and a second chanber 22. The first chanber 21 communi cates with
an inside of the head 1 provided at the bottomportion of the
housi ng 20 and stores ink to be suppliedto the head 1. Onthe
ot her hand, the second chanber 22 conmuni cates with t he second
reservoir 3throughafirst flowpath T1 and stores an operati on
liquidto be supplied fromthe second reservoir 3. The first
flow path is connected with the second chanber at a position
| ower than a position where the second fl owpath i s connect ed.
[ 00104] It isnotedthat inthe enbodi nent thefirst chanber
21 is filled with the ink and the second chanber 22 is filled

with the operation liquid. The ink (liquid) in the first



chanber 21 is what is seal ed in advance.

On the other hand, the first reservoir 2 is configured to be
renovabl e wit h respect to t he appar at us nmai n body, and i n a case
where the ink (liquid) in the first reservoir 21 has been
consuned, the first reservoir 2 can be repl aced with a newone.
Therefore, the first reservoir is not required to be provided
wi th a repl eni shment nmechani sm(for exanpl e, an repl eni shnent
openi ng) for replenishing the first chanber 21 with the ink,
and further thereislittle chancethat theink (liquid) inthe
first reservoir 2 is brought in contact with the outside,
thereby preventing inpurities from being mxed by the
repl eni shnent operation, too.

[ 00105] Further, intheenbodi nent, inadditiontothefirst
flowpath 1, asecondflowpath T2is provi ded bet ween t he second
chanber 22 and the second reservoir 3. Nanely, the second
chanber 22 and the second reservoir 3 are connected with each
other by thefirst flowpath T1 and t he second fl owpath T2 t hat
are j uxtaposed.

[ 00106] One ends (|l ower ends), connected with the second
reservoir 3, of thefirst flowpath Tl and t he second fl ow path
T2 are di sposed not above the Iiquid surface of the operation
liquidinthe secondreservoir 3. Further, thefirst flowpath
T1 and t he second fl owpath T2 are configuredto be filledw th
the operation |iquid.

[ 00107] In the enbodi nent, the first flowpath Tl and t he
second flow path T2 are configured by a tube or the Iike.

Further, by provision of ajoint portion eachinthe m ddle of



thefirst flowpath T1 and inthe m ddl e of the second fl ow pat h
T2, the second reservoir 3 and the first reservoir 2 may be
configured to be separatable (renoval) from each ot her

[ 00108] Furthernore, as illustrated in FIG 6, in the
enbodi nent, an opening/closing valve 72 is provided on the
second flow path T2, and the opening/closing valve 72 isin a
cl osed state to shut off the second fl ow path T2 duri ng except
for a bubbl e renoval operation (control) to be descri bed bel ow.
[ 00109] On the other hand, a circulation punp 71
(circulation unit) is provided on the first flow path T1, and
can circularly nove the operationliquidinacirculationflow
path constituted by the first flowpath T1, the second chanber
22, the second flowpath T2 and the second reservoir 3. It is
not edt hat the circul ar punp 71 may al so be provi ded ont he second
fl owpath T2, and may al so be provi ded on both of the first flow
pat h and the second fl ow path. Further, the circul ation punp
71, together with the second flow path T2, constitutes the
bubbl e renoval unit 7 to be described bel ow

[00110] The circulation punp 71 is required to have a punp
function, and a syringe punp, a tube punp, a di aphragm punp,
a gear punp or the li ke may al so be enployed. 1t is noted that
duringdrive st oppage of thecirculationpunp 71, thefirst fl ow
path Tl is required to be in an opened state, so that in a case
where a punp not allow ng comunication during the drive
st oppage i s used, a configuration, such as a bypass fl ow pat h,
an opening/closing valve and the |like my also be added

separately.



[00111] It is noted that in the enbodi nent, as descri bed
bel ow, in order to maintain a negative pressure in the head 1
nore stably, aliquidhavingdensity substantially equal tothe
inkinthefirst chanber 21 is enpl oyed as the operationliquid
in the second chanber 22. Furthernore, the operation liquid
i s an i nconpressi bl e substance, and for exanple aliquid, such
as water and the |li ke and a gel | ed substance can be used as t he
operation |iquid.

[00112] As illustrated in FIG 6, an atnosphere
comuni cat i ng openi ng 31 i s provi ded at an upper portion of the
second reservoir 3 so that the second reservoir 3 is opened to
at nrosphere. To always maintain a state of negative pressure
inthehead 1inthe state wherethe secondreservoir 3is opened
to atnosphere, a position B of the liquid surface of the
operation liquid in the second reservoir 3 is disposed bel ow
a position A of the discharge port surface 10 of the head 1.
Nanel y, a state of negative pressureinthe head 1is naintai ned
by di fference i nheight (headdifferenceH) betweentheposition
A of the discharge port surface 10 and the position B of the
liquid in the second reservoir 3 that stores the operation
liquid in the discharge apparatus 100 of the enbodi nent.
[00113] Wientheinkinthefirst reservoir 2 (first chanber
21) is consunmed, the operation liquid is supplied fromthe
second reservoir 3tothe second chanber 22 by capillary force.
Accordingly, the liquid surface of the operation liquid is
| owered in the second reservoir 3 and the head difference H

bet ween the position A and the position B fluctuates.



[ 00114] In the enbodi nent, the discharge apparatus 100
i ncludes adjustnent unit 4 that mekes adjustnent in such a
manner that a position of the liquid surface of the operation
liquid falls within a predetermned range in the second
reservoir 3, in order that a negative pressure i s naintained
to fall within a predeterm ned range in the head 1.

[ 00115] Specifically, the adjustnent wunit 4 includes
| iquidsurface detection unit 5 that detects a position of the
liquidsurfaceinthesecondreservoir 3andrepl eni shnent neans
6 that replenishes the second reservoir 3 with the operation
l'iquid.

[ 00116] Thel i qui dsurfacedetectionunit 5includesal ower
limt position sensor 5A and an upper Iimt position sensor 5B
inthe second reservoir 3. Thelower Iimt position sensor 5A
and the upper limt position sensor 5B are di sposed in such a
manner that a pressure (negative pressure) falls within a
predeterm ned range inthe head 1. It is noted that the | ower
limt position sensor 5A and the upper limt position sensor
5B are an optical sensor

[00117] The liquid surface is maintained to fall within a
predet erm ned range (between a lower Iimt position Lo and an
upper limt position H) in the second reservoir 3 so that a
negative pressure is mintained to fall wthin the
predeterm ned range in the head 1. In other words, unless the
liquidsurfaceis |oweredto or belowthe lower limt position
Lointhe second reservoir 3, the negative pressure inthe head

1 does not exceed the upper limt of the predeterm ned range



and there is little possibility that a nmeniscus is broken at
the discharge port. On the other hand, unless the liquid
surface is raised to or higher than the upper |imt position
H , the negative pressureinthe head 1 does not exceedthe |l ower
limt of thepredeterm nedrangeandthereislittlepossibility
that the ink is | eaked fromthe head 1.

[00118] The replenishment neans 6 includes a third
reservoir 61 that stores the operation liquid and a fl ow path
62 connecting the second reservoir 3with the third reservoir
61, and a punp 63 that i s di sposed at thefl owpath 62 andsupplies
the operation liquid (feeds liquid) to the second reservoir 3
fromthe third reservoir 61. It is noted that the third
reservoir 61 i ncl udes an at nospher e comruni cati ng openi ng 611
simlarlytothe secondreservoir 3andis openedto at nosphere.
Further, the punp 63 is stopped except for during a
repl eni shnent operation for repl eni shingthe second reservoir
3with the operation liquid and the flowpath 62 is alsoin a
cl osed state.

[00119] Furthernore, whenit is detectedbythelower [imt
position sensor 5A that the liquid surface is |owered to the
lower imt positionLointhesecondreservoir 3, thereplenish
nmeans 6 (punp 63) i s operated to replenishthe second reservoir
with the operation liquid fromthe third reservoir and to
recover the liquid surface to the lower limt position Lo or
hi gher in the second reservoir. Wen it is detected that the
liquidsurfaceis reachedtothe upper limt positionH inthe

second reservoir 3 again, the punp 63 is stopped. Therefore,



the negative pressure can be maintained to fall within the
predeterm ned range in the head 1.

[ 00120] Control for repl enishingthe secondreservoir with
the operationliquidfromthethirdreservoir will be expl ai ned
bel ow.

[00121] When it is started that an ink is discharged from
t he head 1, repl eni shment control for replenishing the second
reservoir with the operation liquid fromthe third reservoir
is started based on detection results of the |liquid surface
detectionunit 5. Nanely, sinultaneouslywththe start of the
di scharge operation of the head 1, detection (nonitoring) of
the liquid surface in the second reservoir is started by the
| ower i mt positionsensor 5Ainstalledinthesecondreservoir
3.

[00122] It isnotedthat whenit is detectedthat theliquid
surfaceisloweredtothelower linmt positionLointhe second
reservoir 3 by the lower |imt position sensor 5A, the punp 63
isdriventofeedthe operationliquidfromthethirdreservoir
61 to the second reservoir 3.

[ 00123] Furt her, whenthe operationliquidissuppliedfrom
the third reservoir 61 to the second reservoir 3, the liquid
surfaceisraisedinthesecondreservoir 3. Wenit isdetected
by the upper Iimt position sensor 5B that the Iiquid surface
israisedtotheupper limt positionH inthe secondreservoir
3, the punp 63 i s stoppedandtherepl enishcontrol isconpleted.
[ 00124] Nanely, until it is detected by the upper limt

position sensor 5B that the |iquid surface reaches the upper



limt positionH inthe secondreservoir 3, theliquidfeeding
operation is continued by the punp 63.

[ 00125] As descri bed above, in the enbodi nent, the liquid
surface in the second reservoir 3 is made to be di sposed bel ow
t he di scharge port surface 10 and further, the |iquid surface
in the second reservoir 3 is adjusted to fall within the
predeterm ned range by the adjustnent unit 4 so that the
pressure in the head 1 can be controlled to fall within the
predeterm ned range (negative pressure) stably. Therefore,
i nk | eakage fromthe head 1 can be suppressed effectively.
Further, ink can be discharged fromthe head 1 stably, too.
[ 00126] Specifically, in the enbodinment, the first
reservoir 2 (first chanber 21 and second chanber 22) is filled
with the ink and the operation |iquid having density close to
each other so that vibrationis suppressed effectively evenif
aninpact i sappliedtothe housing20. Therefore, the pressure
inthehead 1is hardly affected by vi brati on sothat theinside
of the head 1 can be mai ntained in a state of negative pressure
st ably.

[00127] It is notedthat, inthe enbodi nent, the operation
liquidtobefilledinthe second chanber 22 is hardly affected
by changes of surroundi ng tenperature and pressure, conpared
wi th gas, inthe enbodi nent. Accordingly, evenif tenperature
or pressure fluctuates around t he di scharge apparatus 100, the
pressure of the ink inthe head 1 communicating with the first
chanber 21 can be suppressed surely since the volune of the

operation liquid hardly fluctuates.



[ 00128] The detail ontheflexiblefilm8 (flexiblenmenber)
of the discharge apparatus 100 will be expl ai ned bel ow.

[ 00129] As illustrated in FIG 6, in the enbodi nent, the
flexible film8 is connected with each of atop face, a bottom
face and two si de faces of the housing, and is provided in the
housi ng 20 al ong a direction (Il ongitudinal direction) along a
vertical direction. Wth this arrangenent, the first chanber
21 and the second chanber 22 are fornmed dividedly into right
and left in the housing 20.

[ 00130] When the ink in the first chanber 21 of the first
reservoir 2 is consuned, the flexible film8 is deforned, a
vol une of the first chanber 21 is decreased and a vol une of the
second chanber 22 is expanded. Accordingly, a volune of the
operationliquidequal tothat of theink consunedinthefirst
chanber 21 is suppliedfromthe secondreservoir 3tothe second
chanber 22 through the first flowpath T1l. In this occasion,
theflexiblefilm8isnovedfromleft toright al ongahorizontal
direction as illustrated in FIG 6.

[ 00131] I n ot her words, al though a vol une rati o betweenthe
ink and the operation liquid stored in the first reservoir 2
fluctuates by ink consunption, a gravity center of the first
reservoir 2 substantially renmains unchanged since the
concentrationof theoperationliquidissubstantiallythesane
as that of the ink. Therefore, a stabl e negative pressure can
be maintained in the head 1 positioned at a | ower portion of
t he housi ng 20.

[ 00132] Specifically, inthe enbodi nent, theflexiblefilm



8 is disposed along the vertical direction, sothat evenif the
operationliquiddifferent indensity fromtheinkis enployed,
the gravity center of thefirst reservoir 2 (liquid) is shifted
by ink consunption in only the horizontal direction and is
hardly shifted in a height direction.

[ 00133] In contrast, in a case where the flexible film8
is disposedinthe horizontal direction, the gravity center of
thefirst reservoir 2isshiftedinthe height direction as the
inkisconsuned. Inacasewheretheflexiblefilm8is di sposed
in the vertical direction, conpared with the case where the
flexible film8 is disposed in the horizontal direction, a
negative pressure is maintained stably in the head 1.
Accordi ngly, an arrangenent of the flexible film8 (flexible
menber) in the vertical direction brings out effects that
options for wusable operation liquids are increased to
facilitate design. For exanple, in a case where the operation
liquid different in density fromthe liquid in the first
reservoir 2is used, operationliquidhavingdensitythat falls
within a range of 80%to 120%w th respect to density of the
liquid, may be used.

[ 00134] It is noted that the flexible film 8 does not
necessarily have to be di sposed along the vertical direction
and may be di sposed al ong a direction (longitudinal direction)
along the vertical direction. Nanely, evenin acase wherethe
flexible film8 is disposed al ong the | ongi tudi nal direction,
thereislittle shift amount of the gravity center of the first

reservoir 2 by ink consunption in a height direction and a



negati ve pressure can be maintained relatively stably in the
head 1.

[ 00135] It is noted that in the enbodi nent, although the
exanple inwhichthe flexible film8is connected with the top
face, the bottomface and the side faces of the housing, and
the housing is forned to be divided into the first chanmber 21
and the second chanber 22 has been explained, another
arrangenent configuration can be nmade. For exanple, the
flexible film8 may be installed in the housing 20 in such a
manner that the first chanber 21 that stores the ink is
substantial |y surrounded by t he second chanber 22 that stores
the operation liquid. Nanely, the flexible film 8 may be
installed in the housing 20 in such a nmanner that the first
chanber 21 (space) that stores the ink is enclosed by the
flexible film 8.

[ 00136] Further, it is preferableto sel ect a nenber of the
flexiblefilm8usedinthe enbodi nent, whi ch nenber i s suitable
for a characteristic of the ink (liquid stored in the first
chanber) fromthe point of viewof a liquid contact property
and the like.

[ 00137] In the enbodi nent, although the ink jet recording
apparatus that discharges the ink has been explained as an
exanpl e of the Iiquid di scharge apparatus, the invention nmay
be properly nodified and applied to, a for exanple, aliquid
di scharge apparatus that discharges a liquid, such as a
conductive liquid, a W/ curable liquid or the like.

[ 00138] Al t hough i n t he enbodi nent, the configurationthat



the head 1 is nmounted on and integrated with the | ower portion
of the housing 20 of the first reservoir 2 has been expl ai ned,
thehead 1l andthefirst reservoir 2 may be separately confi gured
and the head 1 and the first reservoir 2 (first chanber 21) may
be connected with each other by a connection tube.

[ 00139] Al though in the enbodinment, the volunme of the
housi ng 20 i s nade 500 M, an initial anmount of the ink in the
first chanber 21 i s made approxi mately 400 m, and an initial
anmount of theinkinthe second chanber 22 i s nade approxi mately
100 M, they nmay be changed properly.

[ 00140] For exanple, it may be set that the vol une of the
housi ng 20 i s made 400 m , theinitial anount of inkinthefirst
chanber 21 is al so made approxi mately 400 i, and t he operati on
liquidis made a mnimumvalue that isclosetoOinaninitial
state. Nanely, in a case where m xing of air is negligible,
the operation liquid may not be filled in the second chanber
22 in the initial state.

[00141] In the enbodi ment, the first reservoir 2 (head 1)
is mounted on a carriage (not illustrated), and the ink is
di schargedtoget her wit hthe novenent of the carriageto perform
recordi ng operation. Evenin acase wherethe first reservoir
2 is moving, theinner space of the first reservoir 2isfilled
with theink andthe operationliquid, sothat rocking novenent
of theflexiblefilm8is suppressed. Therefore, itisunlikely
that a pressure fluctuationoccursinthe head 1 andink | eakage
fromthe head 1 is reduced.

[ 00142] Al t hough, in the enbodi ment, the optical sensors



areutilizedastheliquidsurfacedetectionunit 5, for exanple,
theliquidsurfacedetectionunit 5nmy be configuredtoinclude
an electrode pair provided in the second reservoir 3 and to
det ect an el ectrical change between t he el ectrodes by contacts
bet ween the el ectrodes and the |iquid surface.

[ 00143] Further, the liquid surface detection unit 5 may
be configuredto detect aliquidsurface positioninthe second
reservoir 3 by utilizing an electrostatic capacitance type
sensor. And the liquid surface detection unit 5 may be
configuredtoincludeafloat inthe secondreservoir 3todetect
the liquid surface by detecting a position of the float.

[ 00144] Al t hough, i nthe enbodi nent, a syringe punp, atube
punp, a di aphragmpunp, a gear punp or the like is exenplified
as t he punp 63, a punp sui tabl e for performance of the di scharge
apparatus 100 can be enpl oyed. For exanple, in a case where
the third reservoir 61 defines a sealed space, it nay be
configured that the operationliquidis suppliedtothe second
reservoir 3 by pressurizing the inside of the third reservoir
61.

[ 00145] Furthernore, in acase wherethereis adifference
of liquid surface in height between the second reservoir 3 and
the third reservoir 61 and one end of the fl ow path 62 extends
inthe operationliquidof the secondreservoir 3, theflowpath
62 is required to be in a closed state even during supply of
the operationliquidis stopped. Inthis case, a punp capabl e
of closing the flow path during the stop may be used and the

above-nenti oned one end of the fl owpath 62 may al so be di sposed



at a position above the liquid surface of the operationliquid
inthe second reservoir 3. Alternatively, a valve capabl e of
closing the flow path 62 may be di sposed separately.

[ 00146] The bubbl e renoval unit 7 of the enbodi ment wl |
be expl ai ned bel ow.

[00147] FIG 7 is a conceptual viewillustrating a state
wher e bubbl es 25 have occurred in the first flow path in the
enbodinent. As illustrated in FIG 7, air in the atnosphere
pernmeat es atube wal | of atube constitutingthe first flowpath
T1 and bubbles 25 are fornmed in an inner wall surface of the
first flowpath T1. Those bubbl es 25 are deposited and gr own
with tinme, and a flow path resistance of the first flow path
T1 increases.

[ 00148] Whenthefl owpat hresi stanceincreasesinthefirst
flowpath Tl due to the presence of the bubbles 25, it becones
difficult for the operation liquid to flow from the second
reservoir 3 to the second chanber 22 to deteriorate di scharge
performance of the head 1. Further, thereis possibilitythat,
due to the presence of the bubbles 25 inthe flowpath T1l, the
head di fference between t he di scharge port surface 10 of the
head 1 and the |l i quid surface inthe second reservoir 3 becones
an unstabl e state and a negative pressure in the head 1 is no
| onger mai ntai ned stably.

[ 00149] In the enbodi nent, the discharge apparatus 100
i ncl udes t he bubbl e renoval unit 7, the bubbles 25in the flow
path i s renoved periodically by the bubble renoval unit 7 and

i ncrease of thefl owpathresistance dueto grow h of t he bubbl es



can be suppressed.

[ 00150] Specifically, the bubble renoval unit 7 of the
enbodi nent mainly includes the second flow path T2 and the
circulation punp (circulation unit) 71 capable of nobving a
liquid by rotational nmovenent. The operation liquid in the
second reservoir 3 is circulated through the first flow path
T1 and the second fl owpath T2 by driving the circul ati on punp
71inanopenedstateof thesecondfl owpath T2 (openi ng/ cl osi ng
valve 72). Wth this arrangenment, the operation |iquid
cont ai ni ng the bubbles 25inthefirst fl owpath Tl can be noved
to the second reservoir 3 sothat the bubbl es 25 can be rel eased
in the second reservoir 3.

[ 00151] It is noted that although in the enbodi nent the
circulation unit is constituted by the circulation punp 71

anot her confi gurati on may be enpl oyed as the circul ati on unit.
For exanple, the circulation unit nay be constituted by
conmbi ning a check val ve and a pi ston punp.

[ 00152] FIG 8illustrates aninternedi ate state wherethe
bubbl es 25 are noved by the bubble renmoval unit 7. FIG 9
illustrates a state where the bubbles 25 have been finally
rel eased into the second reservoir 3.

[ 00153] As illustrated in FIGS. 8 and 9, the operation
| i quid containing the bubbles 25 inthe first flowpath T1 are
noved fromthe first flowpath Tl to the second chanber 22 by
drivingthe circulation punp 71, and further tothe second fl ow
pat h T2 connected with t he upper portion of the second chanber

22. Furthernore, the operation |liquid containingthe bubbles



25 is finally noved (released) into the second reservoir 3
t hrough the second flow path T2. It is noted that the second
reservoir 3 is opened to atnosphere through the atnosphere
comuni cati on openi ng 31.

[ 00154] Control for renoving bubbles inthe flowpath w |
be explained below FIG 10 is a flow chart illustrating
control for renoving bubbles 25 in the first flow path T1.

[ 00155] It is noted that a bubble renovabl e operation is
controlled by atimer or theliketo be perforned periodically.
Nanel y, when a predeterm nedtine el apses, it isdeterm nedt hat
a bubbl e occursinthe first fl owpath and t he bubbl e renpovabl e
operation (control) is performed by t he bubbl e renoval unit 7.
[ 00156] As illustratedin FIG 10, when t he bubbl e renoval
control is started, the opening/closing valve 72 di sposed on
the second flow path T2 is switched fromthe closed state to
the opened state (S11).

[ 00157] After the second fl owpath T2 has beeninthe opened
state, the circulation punp 71 is driven to circulate the
operation liquid (S12). Nanely, the operation liquid is
supplied fromthe second reservoir 3 to the second chanber 22
through the first flow path Tl and collected fromthe second
chanber 22 to the second reservoir 3 through the second fl ow
path T2 by driving the circulation punp 71. Therefore, the
operation liquid is circulated in an order of the second
reservoir 3, thefirst flowpath T1l, the second chanber 22 and
the second flow path T2 and the second reservoir 3.

[ 00158] By circulating the operation liquid by the



circulation punp 71, the bubbles occurring in the first flow
pat h T1 are noved, together with aflowof the operationliquid,
to the second reservoir 3 and are expell ed.

[ 00159] It isnotedthat after the operationliquidhas been
circulated by the circulation punp 71 in a predeterm ned tine
(for exanple 5 mnutes), it is determ ned that the bubbles in
the first flowpath Tl are renpoved and the circul ati on punp 71
i s stopped (S13). Andthe opening/closingvalve72is swtched
fromthe opened state to the cl osed state (S14) and t he bubbl e
renovabl e control is conpleted.

[ 00160] Further, to prevent t he bubbl e renovabl e operati on
frominfluencing on a di scharge operation of the head 1, it is
preferable that the bubble renoval operation is perforned
during a peri od when t he di scharge operation of the head 1 1is
not perforned. Furthernore, to suppress pressureinthe head,
aliquid feeding speed of the circulation punp 71 nay al so be
set to a predeterm ned speed or less. Additionally, in a case
where a period when the di scharge operation of the head 1 is
not perfornmedis short, the bubbl e renpovabl e operati on may al so
be divided into plural tines to be perforned during the period
when the di scharge operation is not perforned.

[00161] The opening/closing valve 72 is closed after the
operation |iquid has been circulated by the circul ati on punp
71 so that even if the bubbl es 25 are bei ng noved (present) in
t he second fl owpat h T2, no bubbl e fl ows i nto t he second chanber
22 fromthe second flow path T2.

[ 00162] As descri bed above, by circul ating the operation



liquid by the circulation punp 7 (circulation unit) in the
second reservoir 3 through the first flow path T1, the second
chanber 22 and the second flow path T2, a bubble in the flow
pat hs i ncl uding the fl owpath Tl can be renoved. Thereby, the
fl owpath resistance of thefirst flowpath Tl can be prevent ed
fromincreasi ng and t he di scharge performance of the head 1 can
be nmai ntai ned. Further, the head difference between the
di scharge port surface 10 of the head 1 and the |iquid surface
in the second reservoir 3 is maintainedin a stable condition

so that a negative pressure can be nai ntai ned stably inthe head

1.
[ 00163] [ Fourth enbodi nent ]
[ 00164] The fourth enbodi ment of the invention will be

explained with FIG 11 as foll ows.

[ 00165] It is noted that in the enbodinent, an ink jet
recordi ng apparatus (hereinafter referred to as a "di scharge
apparatus”) wll be explained as an exanple of the liquid
di scharge apparatus simlarly to the third enbodi nent.

[ 00166] FIG 11is aconceptual viewillustratingaliquid
di scharge apparatus according to the enbodinent. As
illustrated in FIG 11, the discharge apparatus 100 of the
enbodi nent basically simlar to the third enbodi nent but is
different in bubble renoval unit 7.

[ 00167] Nanely, inthe enbodi nent, the bubbl e renoval unit
7 further includes a connection flow path T3 that connects a
m ddle of the first flowpath T1 with a m ddle of the second
flow path T2.



[ 00168] After the opening/closing valve 72 has been
switched from the closed state to the opened state, the
operation liquid containing the bubbles 25 in the first flow
path T1 is noved by driving the circulation punp 71 fromthe
first flowpath Tl tothe connectionflowpath T3 and t he second
chanber 22. And the operation |iquids, after passing through
t he connectionfl owpat h T3 and t he second chanber 22, are ner ged
inthe second flow path T2. Further, through the second fl ow
path T2, the operation liquid containing the bubbles 25 are
finally noved (rel eased) to the second reservoir 3.

[ 00169] As descri bed above, inthe enbodi ment, upon novi ng
the operation liquid containing the bubbles inthe first flow
pat h T1, an anmount of the operation Iiquid passing through the
second chanber 22 by t he connection fl owpath T3 can be reduced
and a negative pressure at the head 1 side can be maintai ned
st ably.

[ 00170] Specifically, if a flow path dianmeter of the
connection flowpath T3 is set |larger than fl owpath di aneters
of the first flow path Tl and the second flow path T2, the
operationliquidinthe first flowpath T1 fl ows easily to the
connection fl owpath T3 side than t he second chanber 22 side,
so that an influence on the pressure in the second chanmber 22
(head 1 side) can be reduced.

[00171] Further, the bubbles inthe first flowpath Tl can
be expell ed nore easily by positioning a position where the
connection flowpath T3 is connected with the first flow path

T1 cl oser tothe second chanber 22 si det hanthe secondreservoir



3 side.

[00172] [Fifth enmbodi nment]

[ 00173] The fifth enbodi ment of the invention wll be
expl ained with FIGS. 12 and 13 as fol | ows.

[ 00174] It is noted that in the enbodinent, an ink jet
recordi ng apparatus (hereinafter referred to as a "di scharge
apparatus”) will be explained as an exanple of the liquid
di scharge apparatus simlarly to the fourth enbodi nent.

[ 00175] FIG 12 is aconceptual viewillustratingaliquid
di scharge apparatus according to the enbodinent. FIG 13 is
a conceptual viewillustrating a liquid discharge apparatus
according to a nodified exanple of the enbodi nent.

[ 00176] Asillustratedin FIG 12, the di scharge appar at us
100 of t he enbodi nent basicallysimlar tothefourthenbodi nent
but is different in bubble renoval unit 7.

[00177] Specifically, in the enbodinment, the bubble
renoval unit 7 includes a diverging flow path T20 that is
di verged froma diverging point 73 of the first flow path T1
and connects the first flowpath T1 with the second reservoir
3.

[ 00178] After the opening/closing valve 72 has been
switched from the closed state to the opened state, the
operation liquid containing the bubbles 25 in the first flow
path T1 is noved fromthe first flowpath Tl to the diverging
flow path T20 by driving the circulation punp 71. And the
operation |iquid passes through only the diverging flow path

T20 and then is noved (released) to the second reservoir 3.



[ 00179] As descri bed above, inthe enbodi ment, upon novi ng
the operation liquid in the flow paths, the operation |iquid
does not pass through t he second chanber 22 so that a pressure
i nthe second chanber 22 (head 1 si de) can be mai nt ai ned st abl y.
[ 00180] Simlarlytothe fourth enbodi nent, the bubbles in
thefirst fl owpath Tl can be expel | ed nore easi |y by positioning
apositionof thedivergingportioncloser tothe second chanber
22 side than the second reservoir 3 side.

[ 00181] Further, as illustrated in FIG 12, a flow path
di anet er of one end T21, connected with the diverging portion
73, of the diverging flowpath T20 i s nade | arger than that of
thefirst flowpath Tl sothat the operationliquidinthefirst
flowpath T1 fl ows nore easily fromthe diverging portion 73
to the diverging flow path T20 side upon circulation of the
operation |liquid. Thereby, the influence of pressure to be
transmtted on the second chanber 22 side is reduced nore.

[ 00182] On the other hand, as in the nodified exanple
illustratedinFIG 13, additionally the opening/closingvalve
74 can be di sposedonthefirst fl owpath T1 bet weent he di vergi ng
portion 73 and the second chanber 22. Wth this arrangenent,
entry of the bubbles 25 inthe first flowpath into the second
reservoir is reduced nore by closure of the opening/closing
val ve 74, upon perform ng the bubble renovabl e operation

Furthernore, theinfluence of pressuretobetransnittedonthe
second chanber 22 sidefromthefirst fl owpath Tl can be r educed
nore and t he pressure at the head 1 si de can be nai nt ai ned nore

st ably.



[ 00183] Specifically, provision of the opening/closing
val ve 74 enabl es the bubbles 25 in the first flowpath Tl to
be prevented frombeing mxed inthe first reservoir 1 so that
the i nfluence of danper effects caused by the bubbl es can be
reduced whenthe operationliquidisnecessarytobepressurized
or depressuri zed. For exanple, this is effective when a
cl eani ng operation is perfornmed on the discharge port of the
head 1 by pressurizing the operation |iquid.

[ 00184] [ Si xt h Enbodi ment ]

[ 00185] The sixth enbodi mrent of the invention wll be
explained with FIG 14 as follows. It is noted that FIG 14
is a conceptual view illustrating an inprint apparatus
according to the enbodi nent.

[ 00186] As illustrated in FIG 14, the inprint apparatus
200 of the invention mainly includes a liquid discharge
appar at us 100Aand apatternform ng portion (form ngunit) 900.
[ 00187] It isnotedthat theliquiddischarge apparatus 100A
has basically a configurati on sane as t he di scharge appar at us
100 of thethirdenbodinent. It isnotedthat, intheenbodi nent,
a photocurable resist is storedinthe first chanber 21 of the
first reservoir 2 and the resist is discharged to a wafer
substrate 91A (base plate) to be descri bed bel owfromthe head
1 communicatingwith the first chanber 21. On t he ot her hand,
an operationliquidhavingdensityclosetotheresistisfilled
in the second chanber 22.

[ 00188] It is notedthat although the resist is configured

by a photocurable resin, it may be configured by another



phot ocurabl e materials (liquid). Further, inthe enbodi nent,
an alumnumnul tilayered filmhaving a wdth of 10 umto 200
umis used as the flexible film&8. The naterial such as the
alum numnul tilayeredfil mis suitablefor theflexiblenenber,
since it is stable against the resist and has a property that
liquid and gas are difficult to perneate therethrough.

[ 00189] The pattern form ng portion 900 mai nly includes a
nold 94 and an exposure unit (light irradiation unit) 95,
Further, the pattern form ng portion 900 includes novenent
nmeans 96 that noves the nold 94 up and down.

[ 00190] It is noted that the nold 94 is held by the first
hol ding portion 97 through the novenment neans 96 and the
exposure unit 95i s hel d by a second hol di ng porti on98. Further,
thenold 94 is configuredbylight transm ssive quartz nateri al
and a fine pattern having a groove shape (unevenness pattern)
is formed at one surface (lower surface) side. The exposure
unit 95 is disposed over the nold 94 to irradi ate across the
nold 94 and cure the resist (pattern) on the wafer substrate
91A to be descri bed bel ow.

[ 00191] Aformng step for formng a pattern onthe surface
of the wafer substrate 91A by using the inprint apparatus 200
of the enbodiment will be expl ai ned bel ow.

[ 00192] In the enbodi nent, an upper surface of the wafer
substrate to which aresist isdischarged (applied) and al ower
surface of the nold where the unevenness patternis forned are
abutted to each other, and a pattern corresponding to the

unevenness pattern formed on the | ower surface of the noldis



formed on the upper surface of the wafer substrate.

[ 00193] Specifically, the resist is discharged (applied)
to the upper surface of the wafer substrate 91A fromthe head
1 of the liquid discharge apparatus 100A so as to form a
predeterm ned pattern (application step).

[ 00194] Subsequent |y, t he waf er substrate 91Ato (on) which
the resist (pattern) is applied (fornmed) is conveyed bel owt he
nold 94 by the conveyance neans 92.

[ 00195] The nold 94 is | owered downward by the novenent
nmeans 96 and the | ower surface of the nold 94 is pressed on the
resist (pattern) forned on the upper surface of the wafer
substrate 91A. Thereby, theresist is pressedintoandfilled
in the fine pattern with a groove shape constituting the
unevenness pattern formed on the | ower surface of the nold 94
(pattern form ng step).

[ 00196] Inthe state wheretheresist isfilledinthefine
pattern, ultraviolet rays areirradiatedfromthe exposure unit
95 across the light-transm ssive nold 94 to the resi st so t hat
a pattern formed fromresist is fornmed on the surface of the
waf er substrate 91A (treatnent step).

[ 00197] After the pattern has been fornmed, the nold 94 is
rai sed by t he novenent neans 96, and the pattern forned on the
waf er substrate 91Aandt he nol d 94 ar e separ at ed f romeach ot her.
The pattern formng step for the wafer substrate 91A is
conpl et ed.

[ 00198] SSmlarly to the third enbodinent, in the

enbodi nent the liquid surface in the second reservoir 3 is



di sposed bel ow t he di scharge port surface 10, and further the
liquid surface in the second reservoir is adjusted to fall

wi thin a predeterm ned range by the adj ustnent unit 4, so that

the pressure inthe head 1 can be controlledto fall within the
predeterm ned range (negative pressure) stably. Therefore,

| eakage of theresist (liquid) fromthe head 1 can be suppressed
effectively. Further, the resist can al so be di scharged from
the head 1 stably.

[ 00199] Further, inthe enbodi ment, since the spaceinthe
first reservoir 2isfilled with the resist and the operation
liquid that have densities close to each other, vibration is
suppressed effectively even if an inpact is applied to the
housi ng 20. Therefore, the pressure in the head 1 is hardly
affected by vibration so that the inside of the head 1 can be
mai ntained in a state of negative pressure stably.

[ 00200] Furthernmore, in the enbodinment, the operation
liquidtobefilledinthe second chanber 22 is hardly affected
by changes of surroundi ng tenperature and pressure, conpared
wi th gas. Accordingly, even if tenperature or pressure
fluctuates around the inprint apparatus 200, a pressure
fluctuation of the resist inthe head 1 conmuni cating with the
first chanber 21 can be suppressed surely since the vol une of
operation liquid hardly fluctuates.

[ 00201] The i nprint apparatus of the invention can be used
to make for exanpl e sem conduct or nmanufacturi ng appar at uses,

nano-i npri nt apparatuses andthelikethat manuf act ur e devi ces,

for exanpl e, such as a senm conductor integratedcircuit el enent,



a liquid crystal display elenment and the |iKke.

[ 00202] A part can be manufactured by using the inprint
apparatus of the invention.

[ 00203] A part manufacturing net hod may i ncl ude a step for
di scharging (applying) a resist to a substrate (wafer, glass
plate, filmlike substrate and the |like) by using an inprint
appar atus (head).

[ 00204] Further, included may be the pattern form ng step
in which a surface of the substrate to which a resist is
di scharged (applied) and a surface of the nold on which the
unevenness patternis forned are abutted to each other to form
a pattern corresponding to the convex and concave pattern of
the nold on the surface of the substrate.

[ 00205] Furt hernore, included my be a treatnent step for
treatingthesubstrateonwhichapatternisformed. It isnoted
that i ncl uded may be an etching treatnment step for etching the
substrate as the treatnment step for treating the substrate.
[ 00206] It isnotedthat i nacase of manufacturing a device
(part), such as patterned nedia (recordi ng nedia), an opti cal
el enents and the |like, a processing treatnent other than an
etching treatnment is preferable.

[ 00207] Accordi ng to the part manufacturing nethod of the
i nventi on, conparedtoconventional part manufacturi ng nmet hods,
performance, qual ity and productivity of parts are i nproved and
production costs can al so be reduced.

[ 00208] According to the invention, pressure in the head

can be maintained stably and | eakage from the head can be



suppressed nore.

[ 00209] Wi | e t he present i nventi on has been descri bedw th
reference to exenpl ary enbodi nents, it isto be understoodthat
the invention is not limted to the disclosed exenplary
enbodi nents. The scope of the following clains is to be
accordedthe broadest i nterpretati onsoastoenconpass all such

nodi fications and equi val ent structures and functions.



VWHAT IS CLAIMED I S:

1. Aliquid discharge apparatus, conpri sing:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head,

a fl exi bl e nenber, separating aninner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a secondreservoir conmuni cati ngw t ht he second chanber,
the secondreservoir storingtheoperationliquidtobesupplied
to the second chanber, the second reservoir being di sposed in
such a manner that a liquid surface of the operation |iquid
storedinthe secondreservoir ispositionedbel owthe di scharge
port surface; and

an adjustment unit that perfornms adjustnment in such a
manner that a position of the liquid surface of the operation
liquid in the second reservoir falls within a predeterm ned
range in a state where the second reservoir is opened to

at nosphere.

2. Aliquid discharge apparatus according to claiml,
wher ei nthe adj ustnent unit i ncludes aliquidsurface detection
unit that detects a position of the liquid surface of the

operation liquid in the second reservoir.

3. Aliquid discharge apparatus according to claim 2,



wherein the adjustnment unit includes a third reservoir that
stores the operation liquid, a flow path that connects the
second reservoir with the third reservoir, a punp that is
di sposed at the fl owpat h and supplies the operationliquidfrom

the third reservoir to the second reservoir.

4. A liquid discharge apparatus according to claim1,
wherein the fl exi bl e menber i s disposedinthe first reservoir

in a direction along a vertical direction.

5. An inprint apparatus, conprising:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head,

a fl exi bl e nenber, separating an i nner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a secondreservoir conmuni cati ngw t ht he second chanber,
the secondreservoir storingtheoperationliquidtobesupplied
to the second chanber, the second reservoir being di sposed in
such a manner that a liquid surface of the operation |iquid
storedinthe secondreservoir ispositionedbel owt he di scharge
port surface;

an adjustment unit that perfornms adjustment in such a
manner that a position of the liquid surface of the operation

liquid in the second reservoir falls within a predeterm ned



range in a state where the second reservoir is opened to
at nosphere; and

aformngunit configuredtobringasurfaceof asubstrate
on which the liquidis discharged by the head and a surface of
a nol d on whi ch an unevenness pattern is formed i nto contact
wi th each other, so as to forma pattern corresponding to the

unevenness pattern of the nold on the surface of the substrate.

6. An inprint apparatus according to claimb5,

wherein the liquid includes a photocurable Iiquid and

wherein the formng unit includes an irradiation unit
that irradiates the pattern fornmed on the substrate so as to

cure the pattern.

7. A part manufacturing nmethod for manufacturing a part
i ncl udi ng a substrate by using an i nprint apparatus i ncl udi ng:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head,

a fl exi bl e nenber, separating an i nner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a secondreservoir conmuni cati ngw t ht he second chanber,
the secondreservoir storingtheoperationliquidtobesupplied
to the second chanber, the second reservoir being di sposed in

such a manner that a liquid surface of the operation |iquid



storedinthe secondreservoir i s positionedbel owt he di scharge
port surface; and

an adjustment unit that perfornms adjustnment in such a
manner that a position of the liquid surface of the operation
liquid in the second reservoir falls within a predeterm ned
range in a state where the second reservoir is opened to
at nrosphere, the nethod conpri sing:

applying the liquid to a surface of a substrate by the
head;

bringi ng t he surface of the substrate onwhichtheliquid
i s di scharged by the head and a surface of a nold on which an
unevenness patternis formed into contact with each other, so
as to forma pattern corresponding to the unevenness pattern
of the nold on the surface of the substrate; and

treating the substrate on which the pattern is forned.

8. A liquid discharge apparatus according to claiml,

wherein the liquid in the first chanber is filled and
seal ed i n advance, and

the first reservoir is configured to be exchangeable in

a case wheretheliquidinthe first chanber has been consuned.
9. Aliquid discharge apparatus according to claiml,
wherein a volunme of the first chanber decreases as the

liquid is discharged fromthe head.

10. A liquid discharge apparatus according to claim?9,



wherein a vol ume of the second chanber i ncreases as the

liquid is discharged fromthe head.

11. A liquid discharge apparatus according to claim 3,

wherein the liquid surface detection unit includes an
upper limt positionsensor that detects anupper limt position
of the liquid surface of the operation liquid in the second
reservoir andalower | imt positionsensor that detects al ower
limt position of the liquid surface of the operation liquid
in the second reservoir, and

whereinthe punpis controll ed based on a detectionresult
of the upper limt positionsensor andthelower limt position

sensor.

12. A liquid discharge apparatus according to claim4,
wherein the liquid is different in density from the

operation |iquid.

13. A liquid discharge apparatus, conprising:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head;

a fl exi bl e nenber, separating an i nner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a second reservoir that stores the operation liquidto



be supplied to the second chanber, the second reservoir being
di sposed i nsuch a manner that aliquidsurface of the operation
liquidstoredinthe second reservoir is positioned bel owthe
di scharge port surface;

afirst flowpath that all ows the second chanber and t he
second reservoir to conmunicate with each other; and

a bubbl e renpval unit that renoves a bubbl e occurringin

the first flow path.

14. A liquid discharge apparatus according to claim13,

wherei n the bubble renoval unit includes:

a second flow path that all ows the second reservoir and
t he second chanber to conmunicate with each other; and

acirculationunit that circul ates the operation liquid
inthe second reservoir throughthe first fl owpath, the second

chanber and the second fl ow pat h.

15. A liquid discharge apparatus according to clai m14,
wherein the circulation unit includes a circulation punp
provi ded at at | east either one of the first flowpath and the

second fl ow pat h.

16. A liquid discharge apparatus according to clai m15,

whereinthecirculationunit isprovidedat thefirst flowpath.

17. A liquid discharge apparatus according to claim16,

wherein the second flow path is connected with an upper



portion of the second chanber, and
wherein the first flowpath is connected with the second
chanber at a position |lower than a position where the second

flow path i s connect ed.

18. A liquid discharge apparatus according to clai m15,
wherein the circulation punp is driven in a period when a
di scharge operation to discharge the liquid fromthe head is

not performed.

19. A liquid discharge apparatus according to clai m15,
conpri si ng an openi ng/ cl osi ng val ve t hat opens and cl oses t he
second fl ow pat h,

wherein when the circulation punp is driven, the
openi ng/closing valve is in an opened state, and when the
circulation punp is not driven, the opening/closing valve is

in a closed state.

20. A liquid discharge apparatus according to claim14,
conpri sing a connection flowpaththat connects a m ddl e of t he
first flow path with a mddle of the second fl ow path,

wherein a fl ow path di aneter of the connection flow path
is larger than fl ow path di aneters of the first fl ow path and

the second fl ow pat h.

21. A liquid discharge apparatus according to claim13,

t he bubbl e renoval unit including:



a divergent flow path that is diverged froma diverging
portion of thefirst flowpath and connects the first flowpath
with the second reservoir; and

a circulation unit that circulates the operation |iquid
in the second reservoir through the first flow path and the

di vergent fl ow pat h.

22. An inprint apparatus, conprising:

a head including a discharge port surface on which a
di scharge port is fornmed to discharge a |iquid,

afirst reservoir that stores the liquid to be supplied
to the head,

a fl exi bl e nenber, separating an i nner space of the first
reservoir into a first chanber that stores the liquid and a
second chanber that stores an operation |iquid;

a second reservoir that stores the operation liquidto
be supplied to the second chanber, the second reservoir being
di sposed i n such a manner that aliquidsurface of the operation
liquidstoredinthe second reservoir is positioned bel owthe
di scharge port surface;

afirst flowpath that all ows the second chanber and t he
second reservoir to comruni cate with each ot her

bubbl e renoval unit that renoves a bubble occurring in
the first flow path; and

aformngunit configuredtobringasurfaceof asubstrate
on which the liquidis discharged by the head and a surface of

a nold on whi ch an unevenness pattern is formed i nto contact



wi th each other, so as to forma pattern corresponding to the

unevenness pattern of the nold on the surface of the substrate.

23. An inprint apparatus according to claim 22,

wherein the liquid includes a photocurable Iiquid and

whereintheformngunit includesanirradiationunit that
irradi ates the pattern formed on the substrate so as to cure

the pattern.

24. A part manufacturing method for manufacturing a part
i ncl udi ng a substrate by using an inprint apparatus i ncl udi ng:

a head including a discharge port surface on which
a discharge port is fornmed to discharge a |iquid,

a first reservoir that stores the liquid to be
supplied to the head,

a flexi bl e menber, separating an i nner space of the
first reservoir intoafirst chanber that stores theliquid and
a second chanber that stores an operation |iquid,

a second reservoir that stores the operation |iquid
to be suppliedtothe second chanber, the second reservoir bei ng
di sposed i n such a manner that aliquidsurface of the operation
liquidstoredinthe second reservoir is positioned bel owthe
di scharge port surface;

afirst flowpath that all ows t he second chanber and
t he second reservoir to comuni cate with each other; and

a bubbl e renoval unit that renoves a bubbl e occurring

in the first flow path, the method conpri sing:



applying the liquid to a surface of a substrate by the
head;

bringi ng t he surface of the substrate onwhichtheliquid
i s di scharged by the head and a surface of a nold on which an
unevenness patternis formed into contact with each other, so
as to forma pattern corresponding to the unevenness pattern
of the nold on the surface of the substrate; and

treating the substrate on which the pattern is forned.



