DESCRI PTI ON DI SCHARGE HEAD AND DI SCHARGE DEVI CE Technical Field [0001]

The present invention relates to a discharge head favorably used in an
apparatus that discharges a liquid, a substance that includes a liquid and
nol ecul es, or the |ike. Background Art [0002] Japanese Lai d- Open
Pat ent Publication No. 2007-296817 1) discloses a nethod of
applying a voltage to a pressure %%égﬁgﬁ(g&onstruct ed by layering a

pi ezoel ectric el enment that uses PZT (lead zirconate titanate) or the liKke,
a netal plate and DESCHARGE HEXD ANDDISCHARGE DIEVECE cause a liquid
to be discharged. In addition, Docunent 1 discloses a nethod that uses the
abov a sl ender cyI i ndrical piezoelectric body with a dianeter
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vol t age bei ng connected. The inner surface el ectrode of the cylindrical

pi ez<?dz{§3 PRfYy is attached to a hollow pipe that passes through such

cyli pi ezoel ectric el enent by adhesive. To avoid an el ectrical
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[0003]

Research is being carried out into discharging ink and other substances
onto printing paper and alternative materials and mediums using ink jet
technologies developed as printer apparatuses. With a method that uses an
actuator such as a piezo element, since discharging is possible without heating
the liquid, a wide range of applications is anticipated. The substance to be
discharged is not limited to liquid and research is being conducted into a wide
variety of substances including a mixture of liquid and particles (a liquid
substance) that may include an aqueous solution, a solvent, a reagent, a living
(living body) material such as cells or genes, and the like. Accordingly, there is
demand for a discharge head that is compatible with liquids from a low viscosity
to a high viscosity, a discharge head that is compatible with high surface
tension and capable of discharging even pure water, and a discharge head that
is resistant to acids and solvents.

[0004]

Tubular members that include glass tubes, resin tubes, ceramic tubes,

and metal tubes, and in particular glass tubes are commonly used as pipettes
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and the other instrunments in experinents and the other jobs that use
reagents and are suited to handling a wide variety of solutions.
Accordingly, a Gould-type ink jet head in which a glass tube and a
cylindrical piezoelectric body are conbined is one exanple of a head that
can sati t he above dermands. A net hod
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with few or no angles (i.e., is not angulated). Accordingly, it is possible to
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In addition, in this discharge head, the tubul ar nenber should preferably

I ncl ude a narrowed part that is positioned on an opposite side of the
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The tubular member can be formed or molded so as to include a flat
second wall that faces the first wall. A second actuator that is flat and is driven
independently of the first actuator attached to the outside of the first wall may
be attached to the outside of the second wall. Using the first and the second
actuator, it becomes possible to control the pressure inside the nozzle (inside
the discharge head) via the cavity according to more variable conditions.

[0012]

To discharge a liquid substance with high viscosity even more easily, it is
effective to heat the liquid substance inside the discharge head. To do so, it is
preferable to attach a sheet-like heater to the outside of the second wall. Also,
a heater wound in a coil around at least part of the outer surface of the tubular
member may be provided.

[0013]

The flat second wall can also be used as an installation location of a
connecting electrode. In addition, by providing a voltage-applying electrode
that is electrically connected to the connecting electrode and extends to a
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[ 0015] Anot her aspect of the present invention is a discharge
apparatus including: the discharge head descri bed above; a first actuator
that is plate-like and is attached to the outside of the first wall; and a
driving apparatus that drives the first actuator. Wth this discharge

appar at us, Pe t ubul r menber may inclyde a second wal| fhat is f h
f ace¥IGMEY 9f th e\ﬁélzlzetori@rﬂpgc%ﬁ/ g PogsRIedPra¥ide ardise ar%ﬂ%ﬁﬂﬂi §gd%nd
act uaapableha@f i dispharging Kheariquid: suthstansea®yoldri eleGrostasics atsrctian | |
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appa to apply a vol tage to the connecting el ectrode. [0017]
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[0017]

This discharge apparatus should preferably also include an attaching
portion to which a vessel storing the liquid substance can be attached; and a
supply path that supplies the liquid substance from the vessel attached to the
attaching portion to the tubular member. According to this discharge
apparatus, since the discharge head is constructed of the tubular member
where bubbles or hindering of the liquid substance rarely occur, it is possible to
provide a favorable discharge apparatus for discharging a variety of liquid
substances, for example, an aqueous or living matter-type liquid substance.
[0018]

Yet another aspect of the present invention is a tubular member
including a flat portion with an oblate shape where a cross-section of a tube
path extends in a first direction and a first wall that is flat and has an actuator
attached to an outside thereof, the flat portion being formed or molded so as to
become a cavity with an internal volume thereof varying due to displacement of
the first wall, wherein a nozzle opening that discharges a liquid substance due
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FIG 1 shows the overall configuration of a discharge apparatus that
exanpl e of the present invention. FIG 2 is a perspective view show
enl argenment of the configuration of a discharge head. FIG 3 shows a
cross-section in the longitudinal direction of the discharge head. F
shows a different cross-section in the |ongitudinal direction of the
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BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

&l farréwed gpart may be

FIG. 1 shows the overall configuration of a discharge apparatus that is

one example of the present invention.

FIG. 2 is a perspective view showing an enlargement of the configuration

of a discharge head.

FIG. 3 shows a cross-section in the longitudinal direction of the discharge

head.

FIG. 4 shows a different cross-section in the longitudinal direction of the

discharge head.
FIG. 5 is a cross-sectional view showing an enlargement of the front

of the discharge head.
FIG. 6 is a cross-sectional view showing a cylindrical part of

discharge head.

end

the

FIG. 7 is a cross-sectional view showing a flat portion of the discharge

head.
FIG. 8 is a cross-sectional view showing a narrow portion of

discharge head.

the

FIG. 9 shows a different example of a discharge head and is a cross-
sectional view showing one part of the discharge head extracted to show a

different shape for the flat portion of the discharge head.

FIG. 10 is a cross-sectional view showing yet another example
discharge head.

FIG. 11 is a cross-sectional view showing yet another example
discharge head.

FIG. 12 is a view showing yet another example of a discharge head.

FIG. 13 is a cross-sectional view showing yet another example
discharge head.

FIG. 14 is a cross-sectional view showing yet another example
discharge head.

FIG. 15 is a cross-sectional view showing yet another example
discharge head. ,

FIG. 16 is a cross-sectional view showing yet another example
discharge head.

FIG. 17 is a cross-sectional view showing a head block.

DETAIL DESCRIPTION OF THE INVENTION
[0020]

of a

of a

of a
of a
of a

of a

FIG. 1 shows the overall arrangement of a discharge apparatus

according to a first embodiment of the present invention. A disch

arge

apparatus 1 includes a discharge head (head, nozzle head, nozzle head driven
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FIG 8 is a cross-sectional view showi ng a narrow portion of the discharge
head. FIG 9 shows a different exanple of a discharge head and is a
cross-sectional view show ng one part of the discharge head extracted to
show a different shape for the flat portion of the discharge head. FIG 10
is a cross-sectional view show ng yet another exanple of a discharge head.
FI G byiinksjet meﬁwdséclOdmlumin@/@sg@ﬁsn@%t&ﬁbggés atubylar pregiber, a

di schesspl Betdat StaBesla liguid substamoahgligehargesd firomekhepdiscbarge head
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anot & h ggjLegq a discharge head. FIG 15 is a cross-sectional view
sho %?F cﬁ ro'exarrple of a

The discharge head 10 includes the glass tube (tubular member) 20 that
extends in substantially a straight line. A front end part 21 of the glass tube 20
is a nozzle opening 11 and a part (flat part, flat portion, flat compartment) 23
that is configured on a backside of the front end part 21 is a flat (flat-shaped)
cavity (pressure chamber) 13. A tail end (rear end) 29 of the glass tube 20 is
connected via a supply tube 4 to the vessel 5. The tubular member 20
equipped with the flat portion 23 is molded from a single glass tube using an
appropriate method, for example using a mold, and a seamless flow path (tube
path, conduit) from the cavity 13 to the nozzle opening 11 is formed inside the
tubular member 20. Accordingly, the part of the cavity 13 of the glass tube 20
includes a first wall 23a whose outside is flat. The supply tube 4 may be a glass
tube, or may be a flexible silicon tube, a resin tube such as a rubber tube, a
metal tube, or the like.

[0022]

The discharge head 10 includes the plate-like piezoelectric element
(piezo element, actuator) 6 that is attached to or mounted on the outside
surface (outer surface) 23b of the flat first wall 23a of the cavity 13 of the glass
tube 20, and when the internal pressure variation or change of the cavity 13
using the actuator (first actuator) 6 causes discharging of the liquid substance 9
from the nozzle opening 11 that is connected to the cavity 13. The piezoelectric
element 6 is attached to the glass tube 20 together with a thin-film electrode 6e
made of ITO, metal, or the like, expands and contracts on receiving driving
pulses (voltage driving pulses) via the electrode 6e and causes the internal
volume of the cavity 13 to vary. Note that a typical example of the
piezoelectric element 6 is a piezo element, and the piezo element 6 includes
well-known constructions that include electrodes and the like.

[0023]

In this discharge apparatus 1, instructions (signals) from a host device,
such as a personal computer, are received by the driver 2 and the driver 2
drives the first actuator 6 using driving pulses. Using the actuator 6, the first
wall 23a that includes the flat outside surface 23b of the cavity 13 provided in
the glass tube 20 becomes displaced, and since the internal volume of the
cavity 13 varies, the internal pressure of the cavity 13 changes. Due to such
changes in internal pressure, the liquid substance 9 supplied from the vessel 5
is discharged from the nozzle opening 11 provided at the front end 21 of the
glass tube 20.

[0024]

The discharge apparatus 1 according to the present embodiment includes
the vessel 5 attached to an attaching portion 3 of the discharge head 10, and is
suited to discharging and/or dispensing a variety of liquid substances 9 using
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di scharge head. FIG 16 is a cross-sectional view show ng yet another
exanpl e of a discharge head. FIG 17 is a cross-sectional view show ng a
head bl ock. DETAIL DESCRI PTI ON OF THE | NVENTI ON [ 0020] FIG 1 shows
the overall arrangenent of a discharge apparatus according to a first
enbodi mrent of the present invention. A discharge apparatus 1 includes_ a
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el ecwitbdde firehtt eadl part. 21 and has substantially cylindrical cross-section, a first
connecting portion 27 that is communicated with the first cylindrical portion 22
and deforms the first cylindrical portion 22 to the flat part 23 that is flatly
molded with a cross section that is wide in the X direction and narrow in the Y
direction, the flat portion 23 that is communicated with the fist connecting
portion 27 and has flattened into a substantially oblate shape (oval shape) or a
similar shape cross-section, a second connecting portion 28 that is
communicated with the flat portion 23 and connects the flat portion 23 to a
second cylindrical portion 24 whose cross section is cylindrical, a narrowed
portion 25 that is communicated with the second cylindrical portion 24 and the
cylindrically narrowed so as to reduce the cross-sectional area, and a third
cylindrical portion 26 that is communicated with the narrowed portion 25 and
has substantially cylindrical cross-section for connecting to the supply tube 4.
[0027]

The flat part 23 may be formed so as to be flat in other directions, for
example wide in the Y direction and narrow in the X direction. Note that the
expression “oblate shape (oval shape)” in the present specification is a concept
that includes a variety of shapes that exclude angulated shapes (i.e., shapes
with angles) such as a rectangle or a square. The oblate shape includes an oval
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[ 0023] In this discharge apparatus 1, instructions (signals) froma
host device, such as a personal conputer, are received by the driver 2 and
the driver 2 drives the first actuator 6 using driving pulses. Using the
actuator 6, the first wall 23a that includes the flat outsrde surface 23b
of the cavity 13 provided in the glass tube 20 becones di spl aced, and |nce
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[ 0028] To describe the respective parts in nore detail, first, the
front end part 21 of the glass tube 20 is nolded in a shape where the front
end of the glass tube 20 narrows to a suitable size as the nozzle opening
11 as shown in enI argement in FIG S. Atypical internal dianeter of the
nozzl e openi nrq s 15 to 200pm and the | ength of th ront, end part_21
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The wall 23a of the flat portion 23, and in particular the wall (first
wal |) 23a for attaching the actuator 6 is plate-like and the wall thickness
t thereof is preferably around 10 to 500pm and nore preferably around 10 to
300pm Also, the wall thickness t is nmore preferably around 50 to 500pm and
even nore preferably around 50 to 300pm It is also preferable for the flat
por t 1 bradreplete nol ded so that the nmaxi numwidth W of the outer portion
is af@@B3d] 0.55 to 7mm and for a substantially flat surface whose width W
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The first cylindrical portion 22, the flat portion 23, and the second
cylindrical portion 24 are fornmed by working (nolding) a single glass tube
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[ 0043] In this discharge head 10, since the flat portion 23 is
formed at one part of the glass tube 20 and the cavity 13 is configured
inside, it is possible to vary the internal pressure of the cavity 13 using
the plate-like piezoelectric actuator 6. Accordingly, it is possible to
drive the seanl ess _di scharge head 10 that usesti%hr(; o] Sf tube 20 with a
genethg cayiy dd eBRiS nedisithed by «saisinet the ﬁ gastriexpang and

pl at eontriset mrebecemearedisplanedeap amd dowg by die adtuatalr ectituis gossikie 1@
popugezatiyprvdrye thg | voldmheadf ghasesavitpel 30andhpossible diot hoeatlyackingd- thepe
di scipepfalnpREsS BRI IOFethe daveRPalECt Ac€orsfihgRf,Oft mtdbseutﬂeem atbrovrde the

cons *t&ﬁsr SAd th%eargz;%a\rgteh ghais 1ubgat o eéeﬂv sch8rdde
s'ez; i rfué gk S

Iow |ezoel ectric actuator 6. This neans it is possrble to provide the

di schar ge I&m&&datlaa, int tae discbapa®l kead t0aincel hehdiauidgsubshanse, & iet y
of |digahdrgetbaisingethed seantless alass tub@42), it is possilile tohaafalyeanid stabhge
headdr%ﬂﬁlat*c_tj@ cdireedioedey mamwstraﬁceeo@ @et high sbulpitieg digiuid Bubstanoesieimot
a5 Y -caf ﬁaﬁ& ?f ?d‘s%%@ﬂel@xa“ﬂﬁisenﬁéaﬁé‘e
di

s;zzir%raérgaﬁééw ﬁ;srrrr&% g e

tubeh
ol onlsﬁeargetaqmrtatuﬁ bihal cankisehargs @ Vﬁ@efj‘}’a%fs r@rumesy@sr% ‘ﬁﬁ%é’s&'a rrom
one areland adlije requiredrfer eavarigty Dff expememisndesis:s onrathesringuissrial f or

di sqmplmatg)m@eahlmlmomdm ance 9 fromthe nozzle opening 11 is the

| oc ere the pressure applied to the I|qu|d substance 9 varies and
gggfles m h ¢ﬁé @dsuj?é'énftgénﬂétf‘ 9&9 Hgfe@f

cavi r& @ ‘{) 85 @ﬁi

red t@rsne "%%"dé"é’doﬁ su%\rr a&ezgrlee e

t he @ntAceordinglyartés possibleds tiﬁuegt%§eﬁ esscﬂlselh@rgﬂa cad 18g&Ha
t he thiekglassytuize @thstithia ganefalstype ane eesibyemtaaarmld |p1ep®el@e:tmc afatuatcwg
t he @ezcheagreplate-hkenpiezovnelgneht instedd efdisihgtaeytihdsizal Wetudtor ehat
mﬁherpbgararr gHGpe ﬁ@?%@l lads e BB Y2 (Pe %b%cﬁeda&ﬁo ﬂ gr @Huléﬂﬂl

t heqcﬂé@li gﬁ gFe asgh g piezoel gtiuﬂ r |t‘H)'éf 5 t“r‘oﬁhﬁr
res%'l?r i qu?l & +%t§dﬁ§@n€$ﬂﬁ't'5d dgﬁ hé%d t%ynd
use rRe @inﬂuﬁﬁrﬁpﬂm ¢1 4hin a sRRBSOIN eﬁﬁ’éngl das‘?ﬂf? gtes

al sdikeositbator, | mobepomes possibledto t usm,a dpwreagh pragoglﬁggct a@i@_ua;tgr. 8.
usedrhis meansbitvs plessibliepto provide tloe dischamge apparatue 1f thab isscapabler e6i n
t ubestapye BitArging @ widée variatyaof hﬂbm s0bBt#teePd dthpwlcass. tube 20, it is
posilootq L]%o provi de a di scharge head 10 that can be driven by a plate-Ilike
i ezoel €Ciidie HArThe d?scr{a(?'%%ead and the discharge apparatus included in
the present invention are not limited to the above description. FIG. 9 shows a
different example of the discharge head 10. In the discharge head 10 that uses
the glass tube 20 described above, the flat portion 23 is molded in a shape
where the glass tube 20 is pressed from both sides. As shown in FIG. 9, it is
possible to mold the flat portion 23 in a shape where the glass tube 20 is
pressed from one side.
[0045]

The cavity 13 for obtaining pressure variations for discharging the liquid
substance 9 from the nozzle opening 11 is the location where the pressure
applied to the liquid substance 9 varies and bubbles might be easily produced,
but, in this discharge header, by configuring the before and after connecting
paths 12 and 14, include the cavity 13, are formed from the glass tube 20, it is
possible to greatly reduce problems caused by bubbles. Accordingly, in place of
constructing the entire discharge head from the glass tube 20, the nozzle

12



In addition, although the discharge head 10 that discharges the liquid
substance 9 froma single nozzle opening 11 using a single glass tube 20 is
shown in the above description, there nay be a plurality of nozzl e openings
11. In addition, the discharge head and the di scharge apparatus are not
limted to one glass tube 20 and may include a plurality of glass tubes
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cause novenent toward the nozzle opening 11 even for a liquid substance 9
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has high viscosity, it is possible to |lower the viscosity by raising the
tenperature to make discharging easier. Also, wth this discharge head 10,
it is possible to heat to a predetermned tenperature and to discharge a

| i quid substance 9 for which heated di spensing |s desirabl e. [0054]

FIG 13 shows yet another exanple of a dischar he&{j. In this di sch@}regﬁa
headthe MERISaUS OY: ENeaeariation s PAEssiut #atisednBY othePigze relement he
secotite vxaﬂelzozaxlen*renthesfcawsepmrto opecamef displageds sot @se tR0 preaceut hdhe
out emenistase ARfRerahis,hthe gressur@iwaviSprodutedtinside iis rpflestdd énsideathench
a Shﬁstzlb' 5ﬁdhﬁc¢tes6i%aﬁﬂabemte trtmétasuaﬁt@uam?eSB alrttﬁiﬂjﬁ,léﬂﬂ?)rgbgﬁﬁe
td:“sjg 2\ ta o fs fid attenu ﬂ:e:'oG t P g dFare 1_1a fid a
orov} ﬁg Sth ausé Qazﬁ ‘tfa"t‘%t aer?xﬁﬁ?ﬁﬁ 5%%58 ﬁ% ¢ of
por t th Pigzgre q{ge Qru Pn CQH@?t SI Qs

t ubebecome displagedaspiag ty diawein die meniscys 4 tqe@pmg)wthé @oﬁmslegl ah

el ecsuchiarepeatedt Hischaagepandi thergbyt pravent theopepeating1ofitdiseharfgent Irend
21. a'a@utmnamnewamim igldigliidi wittpanpessslireonatvee peotiucati aby digdchargey
cont splhgr ﬁ@ﬂ?@%é&é Ie rwadslér gapaghée dtherRIH tH O?)?t@zd)etéﬂ@rwetﬁatletsfor

t L?ﬁ%@%‘%@ eg%gﬁ% ?’% S§rg§:§>:%r§§c§§ét{ th@ T oplietindidedniORRy RN iear

erence ween a target
(not 'SP} l?ﬁ'f%eﬁ %r substance 9, it is possible

to d[%ﬁb}ge t he |IC]UI d substance 9 fromthe nozzl e opening 11 using static
el ectrici thG.THd shewts yetaghothern wxagnplentafod| discherge hepdbby way of a
oper atassgséctionabiiewi cThaidavityhd 3cofithisl dischargerhgaca® & alsméorried so

exantfHaet tﬁé’ wilR bh“lgotfh Bﬁe@“bt@'naﬁrb%d hn@laeseeosd aval 2Bd pr@q.dwwm | er
rovittd BEdp 69& tRat lf‘é’ce%:

OWs

nozz EH &l’@é‘g NP
R

nozzllnéieinab”tﬁefﬁﬁ)d of thenpieze: elemeshedinsbmicsn elamentyrow a@ha@trtpottle rﬁaﬁt
pat hwall 23@, fsoattedhiey tekhegurfacgl3ssondbe aotsitde ofethe secondiwigll Y3aat h
thisg dp@@ihu@rrgethbeai@ lsﬂlftecﬂ §6 tasotbliface othediret plezoc @detrrdntt BnNdn pire sY of
t he @T'rééﬁ% o pESSECtV Ay slShly HAVIEg PISEStZHE ethRp A tmtreby

ub
SUPR; g%dq/lﬁd't g, Ay e' R sof h thealikén oM tﬁeceﬁ(}f
sy ﬁﬁtﬁ e e T e e, T T

dISC head 10, including the part connected to the supply tube 4, the
product i orF It exanbples bYnsLRPYIPEr the edriving MuWseagerloandhep?i dhat have
subsdifferen® timind@rsliphangieg thEAma (duration FeGwhighsttewpigzo etermients 6
exangph @ Pfdéfdi*rﬁc asmiee fisplbieked) dbyctige ogribpay pWsescipdeandhep 2 it is

cyl '&% o, hat W%\}eheth'é?zét Sfdls FRImRlinandaivitg fiat
por fSEE IR #@? ﬁ@ §%3§ e 8P5R Ll dOtHE
0 the dlrectlon of
the @'éﬁ arge,nead Qﬁé ﬂ&:or HRGHQ Such fraveiilag

di sceRfyyeta r@usaqun@veabembrtw@rd the d192zi¢ eAPeRingclilofVes tﬁe @eHﬂth

axi ssulistaheed? sthadr ineludes! al livirgp specimen sueh esicelladhatoisl susceptibieato t he
st r ep@idmidg thlecledsimsiddah20ghassatlibe s20f Phiss seans what oinbtinelidigchange

connggad nﬂo athid ZyoddiBIE o HHbFE athdidg %%e(iéntbﬁné)eﬂéwatofaeherh Urcary

ool & i 050 W o B0k bRl bl @ s
FI G H WS. oNn |
e e e e s
for BIEZPRIEMRNE /oMaYehResaached: by shifking t RﬁS'HPE‘C‘PiaP§§ ‘Pi

pr ed23a@mchthe ;secondowalloﬁe|rpntbedoeugmﬁucblabdrra¢§l@ﬂ?e(z dll’l¢fet|0fe)5pect i ve
cylifgp33pl portions 22 of the plurality of discharge heads 10 are bent at

an appr OPIFAIE. € 1N BHOWE ye@t ahbthér pébsémtpile bp & apedrargee hdad.al iTry this

3?; &?)e W?%ll °Bﬁ§8§ééét’+%dhé8t %g'%) % ﬁa%% a%eo Hh&ﬁﬂﬁ%ﬁ rthgzgagé%gjge
0"t Sﬁ kes of b e P
ans leeﬁ@tt Olass S 20, AS ONEeXRI ?Qﬁ% QT %tﬂe !
d| schar ge heads 10 that use the gl ass ubes 20. The pI urality of nozzle
openings 11 nmay be fixed, not |im t edsi ng the plate-like fixture, using

sonme joining nenber that joins the front end parts 21 of the glass tubes 20
or by fixing using adhesive.



[ 0059] Al t hough a nechani sm for noving an object, such as a pellet,
a test tube, a recording sheet used for testing for exanple, onto which the
| i quid substance 9 is discharged and/ or a nechani smfor noving the

di scharge head 10 are not shown in the above description, a discharge

apparatus that includes nechani sns for noving known to those skilled in the
art hasi highdedseosithe itaigepossitie pedemer dfent Yisaosity Anweraiaing seir ge

headtemperabumegto make dischatgingreasigberAlsbawitih¢hisgddischargethead it vs t h
an opbgsible hapehadterte a predetsgniriarh teinpetatieepahtl ¢st disthargeaaf ligsid
direg t&b%néé@ forakhith ABARS d%évgsmgrgedieﬁpam@at the flat portion

I ncl gsr Irst wall that Is flat an conflgured o) that an actuator |s
atta

d th fARd the fla i Qn
o it er ne 1601 DaeShAB e(ere‘) ther aegemply, g' %@%«f ﬂgﬁéﬁi
and dischargg "z'llé):o%@ aetriqBeater Blols ég@ @ ok '@ﬁd"&ert
nenbthe segoodswiadr 33e of theyflatl parbionaddeofithe idasaitubei 30 | fincgethe Vst

vol ugerfatet P8dcaf ithg. s&Ored dvalt 2B @és Hfketg ibds gralsilgle bo cdthaah 13 sheet-like

merﬁéﬁtéﬂ”‘él@i@'ﬁéa&m RGuics stiBsFRTLY ingldeothaglass tebd 20 athewt obst. ar
IE(?:I e d| scharge head according to claiml1, t he tubul ar nenber
i ncl udes

e B i 4.

or a2a6t af thepsecond wall 23c of the flat porhon 23 of the glass tube 20
addition, on the outside of the glass tube 20, a voltage applying electrode 72 is
provided from the connecting electrode 71 of the flat portion 23 toward the
opening 11 at the front end 21. The connecting electrode 71 is connected to an
electrostatic driving controller (apparatus) 75 and is capable of applying a
pulsed potential for electrostatic attraction or for electrostatic assisting, to a
position near the nozzle opening 11. By providing a potential difference
between a target (not shown) such as a substrate and the liquid substance 9, it
is possible to discharge the liquid substance 9 from the nozzle opening 11 using
static electricity. The electrostatic driving controller 75 is capable of operating
in combination with the controller 2 for piezo driving. For example, by applying
a potential using the electrostatic driving controller 75 after the meniscus of the
liquid substance 9 has been moved to the nozzle opening 11 by the piezo
element 6, it is possible to discharge the liquid substance 9 by electrostatic
attraction.

[0056]

FIG. 15 shows yet another example of a discharge head. In this
discharge head 10, the nozzle front end 21 and the narrowed portion that forms
the narrow flow path 15 are formed by making the glass tube 20 thicker.
Accordingly, with this discharge head 10, it is possible to reduce the constricting
parts of the glass tube 20 where stresses are likely to be concentrated and
thereby suppress breakage. In addition, the inside of the rear end 29 is
chamfered in a taper and formed in a shape that makes it hard for uneven like
a step to be produced when the supply tube 4 is connected. Accordingly, in the
discharge head 10, including the part connected to the supply tube 4, the
production of bubbles can be suppressed and blockages of the liquid substance
9 can be suppressed.

[0057]

FIG. 16 shows yet another example of a discharge head. This discharge
head 10 includes the cylindrical portion 22 that connects the nozzle front end 21
and the flat portion 23 and is bent by 45 degrees so that the nozzle opening 11
points in a direction that differs by substantially 45 degrees to the direction of
the center axis of the glass tube 20. Accordingly, it is possible to discharge the
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5The di scharge head according to claim1, further conprising a first

actuator that is plate-like and is attached to the outside of the first

wal | . 6The di scharge head according to claimb5, wherein the tubular

menber includes a second wall that is flat and faces the first wall, and

t he di schar%e head further conprises a second actuator that js Pdlate like,
e

at t aléitieid subskance S de @fdmegéc@mcuam to dhe gentem axiri&l PGNBFIL he
firsheadtl@t o650 OFige adi Hudrar gee rraacpra)bdmm*tsl sgch s ke rsteength of thm@i@ssl
the tubail20 oErPdbssNef Ystessareedoadtaabéndingt the tbanheatidgf path tRe the st
wal | gy lﬂ’ﬂﬂ'lcal ortlctar"l‘ezzlI & BEISeRE 2 éh‘réﬂbﬁrra?@réﬁglé%n@ thbahéztllekéﬁéﬁmgér
thatt%dﬁggh ﬁ r{gggﬁrw alrgﬁtlgfn the second wal I~ 8The di scharge head

acco urther conprising a heater wound in a coi |
ar ou 1| east part of an outer surface of th éﬁbul ar _nmenber

di schar ge fiéad14ceWe mNe &xamplg of a head bl\%gr Eq4iePedonithy anglmggpty

i ncl ofithe alischarge headst 1At Thethead bleck SGindudes ia sozalg fube fixture 81
for fixing the front ends 21 of the plurality of discharge heads 10 in
predetermined positions or a predetermined arrangement. The respective
cylindrical portions 22 of the plurality of discharge heads 10 are bent at an
appropriate angle so that it is possible to dispose the plurality of nozzle
openings 11 concentrated into a narrow area. On the other hand, the drawing
shows that the piezo elements 6 of the respective discharge heads 10 are
arranged so as to be spread out, thereby facilitating wiring, and it is possible to
construct a multi-nozzle-type discharge head from the discharge heads 10 that
use the glass tubes 20. The plurality of nozzle openings 11 may be fixed, not
limited using the plate-like fixture, using some joining member that joins the
front end parts 21 of the glass tubes 20 or by fixing using adhesive.
[0059]

Although a mechanism for moving an object, such as a pellet, a test
tube, a recording sheet used for testing for example, onto which the liquid
substance 9 is discharged and/or a mechanism for moving the discharge head
10 are not shown in the above description, a discharge apparatus that includes
mechanisms for moving known to those skilled in the art is included in the
range of the present invention.
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t he di scharge head further conprises: a connecting electrode that is
attached to an outside of the second wall; and a vol tage applying

el ectrode that is electrically connected to the connecting el ectrode and
extends to a vicinity of the nozzle opening. 10The di scharge head according
to claimb5, The tubul ar menber includes a first tube portion that is
bent and positioned between the no€HAIMSening and the cavity. 11A head

bl ock conprising a plurality of discharge heads according to claim5. 12The

head bl ockA@ﬁg(g{éy héQdCdo?rh riking: wherein at |east one of the
plurali ty bE?%ﬂ t'nHEl'u%%safﬂ E HidNIALR A befathdhape wrake and
QBB' ﬁag @}%ﬁ %Bgl gé dil?ln Icﬁl‘?égﬁ%n Jct?ié ISR B@mber
act UaEH0 (RS S Qrtign o {%J'aé'i %arT

val ICOféfﬂ@UléedjrSQ/t t Apacuator natat&acbea Ech@"f elvtey tt §f%9

di scpartign abeammess accavity nyitho am aintetdal volume thereof varying due to
displacement of the first wall; and

a nozzle opening that is provided at one end of the tubular member and

discharges a liquid substance due to variation in the internal volume of the

cavity.

2 The discharge head according to claim 1,
wherein the nozzle opening is formed by narrowing one end of the

tubular member.

3 The discharge head according to claim 1,
the tubular member includes a narrowed part that is positioned on an
opposite side of the nozzle opening to the cavity.

4 The discharge head according to claim 1,
wherein the tubular member is a glass tube, a resin tube, a ceramic
tube, or a metal tube.

5 The discharge head according to claim 1,
further comprising a first actuator that is plate-like and is attached to the
outside of the first wall.

6 The discharge head according to claim 5,
wherein the tubular member includes a second wall that is flat and faces

the first wall, and
the discharge head further comprises a second actuator that is plate-like,
attached to an outside of the second wall, and driven independently of the first

actuator.

7 The discharge head according to claim 6,
wherein the tubular member includes a second wall that is flat and faces

the first wall, and
the discharge head further comprises a plate-like heater that is attached

to an outside of the second wall.
8 The discharge head according to claim 5,

further comprising a heater wound in a coil around at least part of an
outer surface of the tubular member.

17



wherein the tubul ar nenmber includes a second wall that is flat and faces

the first wall, t he di scharge apparatus further conprises a second
actuator that is plate-like and is attached to an outside of the second
wal I, and the driving apparatus drives the first actuator and the

second actuator independently. 15The discharge apparatus according to claim
13, 9 Theardisehargapendi agcarding tagdakppdyi ng el ectrode that extends to
t he vi ci niwheoéin tiee tobular opemibey; inghubes a secamd avait thatiafiat and faogs
appagrd figst Wgn aemd ies a voltage to the voltage applying el ectrode. 16The

di scharge t§§°r?éé’di “ﬂjr’cﬁ Fled éesang Fggﬂ’?@?ﬁg”ﬂ%}g{éﬁutlﬁt is
the %{tggﬁgfﬁg) a%l? (g qftﬁteh % g\ nect i r? el ectrode, t hat
e O e Zaamhibs, eS‘é’@S‘ﬁd% € RIRGT Al "L aTROE LA he
el ecE@IRCtiRg &lectrodgaand Q?@tﬁﬁ’é’ét@jat\dctm@’ oé&hﬁe'mz{g QpeiNPode, and

the electrostatic driving apparatus applies a voltage to the connecting
el ectpode.The discharge head according to claim 5,
The tubular member includes a first tube portion that is bent and
positioned between the nozzle opening and the cavity.

11 A head block comprising a plurality of discharge heads according to claim
5.

12 The head block according to claim 11,

wherein at least one of the plurality of discharge heads includes a first
tube portion that is bent and positioned between the nozzle opening and the
cavity.

13 A discharge apparatus comprising:

a discharge head according to claim 1;

a first actuator that is plate-like and is attached to the outside of the first
wall; and

a driving apparatus that drives the first actuator.

14 The discharge apparatus according to claim 13,
wherein the tubular member includes a second wall that is flat and faces

the first wall,

the discharge apparatus further comprises a second actuator that is
plate-like and is attached to an outside of the second wall, and

the driving apparatus drives the first actuator and the second actuator
independently.

15 The discharge apparatus according to claim 13,

further comprising a voltage applying electrode that extends to the
vicinity of the nozzle opening; and

an electrostatic driving apparatus that applies a voltage to the voltage
applying electrode.

16 The discharge apparatus according to claim 15,

wherein the tubular member includes a second wall that is flat and faces
the first wall,

the discharge apparatus further comprises a connecting electrode that is
attached to the outside of the second wall,

wherein the voltage applying electrode is electrically connected to the
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17The di scharge apparatus according to claim 13, further conpri sing:

an attaching portion for attaching a vessel storing the liquid substance is
attached; and a supply path that supplies the |iquid substance from
the vessel attached to the attaching portion to the tubular nenber. 18A
tubul ar nenber conprising a flat portion with an oblate shape where a

cr oseoRReEling electrodeb@nsht h extends in a first direction and a first wall
that is flthe a@bectrastatic alriviagoappiarats:dppliem aovoitiage ¢0 the camneding
menbelectitde.f | at portion being formed so as to becone a cavity with an

i nternal vol une thereof varying due to displacenent of the first wall,

whergyn a foz7s&. | 9955 Pty AL SEORIHE S oBclalimUl 6, PYRPR WRinG:
var o I B L e anee
wheraitached; @y | e ogeni ng is formed by narrowing the one end of the

t ubul ar mevsepplR EELh thatwsuppliestbee ligiddreubsfansediramnthe vessel attaghedher
conpid sheaatetadkingopertigratod thestubulaednember.opposi te side of the nozzle
opening to the cavity.
18 A tubular member comprising a flat portion with an oblate shape where a
cross-section of a tube path extends in a first direction and a first wall that is
flat and has an actuator attached to an outside of the tubular member, the flat
portion being formed so as to become a cavity with an internal volume thereof
varying due to displacement of the first wall,
wherein a nozzle opening that discharges a liquid substance due to
variation in the internal volume of the cavity is provided at one end of the
tubular member.

19 The tubular member according to claim 18,
wherein the nozzle opening is formed by narrowing the one end of the
tubular member.

20 The tubular member according to claim 18,

further comprising a narrowed part positioned on an opposite side of the
nozzle opening to the cavity.
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