DESCRI PTI ON DI SCHARGE DEVI CE FOR LI QUI D MATERI AL CONTAI NI NG PARTI CLES

TECHNI CAL FI ELD [ 0001] The present invention relates to a device and
met hod for discharging liquid material including particle-like bodies.
BACKGROUND ART [ 0002] Japanese Lai d- Open Patent Publication No.

2005- 238787 (hereinafter "Docunent 1") discloses an ink di scharge anount
nmeasuri ng nmethod for neasuring the discharge anmount of an ink dropl et

di scharged froma nozzle of an i nkESERIPFAON This nmethod finds the ink

di scharge anmount by carrying out a step of discharging an ink droplet from

rge amunt | di s et fro
i ameter of the i nISFHARGE [RAEE FOR LM MATERTAE CONTAINRRG ! 10 The

evaluating jig, and a step of cal cugatl ngéghe i nk di scharge anount fromthe
di aneter of the neasured ink droplet based on correlation found in advance
bet ween t h&EGHNWEEAE FBELEN i nk dropl et and the ink di scharge ampunt.

DI SCLOSURE[@FOTHE | NVENTI ON

The present invention relates to a device and method for
discharging liquid material including particle-like bodies.

BACKGROUND ART
[0002] ,

Japanese Laid-Open Patent Publication No. 2005-238787
(hereinafter “Document 1”) discloses an ink discharge amount
measuring method for measuring the discharge amount of an ink
droplet discharged from a nozzle of an ink jet head. This method
finds the ink discharge amount by carrying out a step of
discharging an ink droplet from a nozzle onto an ink droplet shape
evaluating jig, a step of measuring the diameter of the ink droplet
discharged onto the ink droplet shape evaluating jig, and a step of
calculating the ink discharge amount from the diameter of the
measured ink droplet based on correlation found in advance
between the diameter of an ink droplet and the ink discharge
amount.

DISCLOSURE OF THE INVENTION
[0003]

The use of ink jet technology developed for printer
apparatuses to discharge ink and other substances onto printing
paper or other materials is being investigated. As the material to
be discharged, research is being conducted not only into simple
liquid materials (which includes liquids and materials that exhibit
fluidity such as solutions) but also liquid materials (mixtures)
including particle-like bodies (particles, fine particles, particulate
material, granulated substrate) which Includes for example living
materials (organisms) like cells and genes, and solids like metals,
oxides, or the like. In applications that discharge particle-like
bodies such as cells, it is necessary to discharge precisely
according to predetermined conditions from the nozzle of an ink jet
head toward a target such as a microplate.

[0004]

One aspect of the present invention is a discharge device

including a discharge head that discharges a liquid material from a
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[ 0003] The use of ink jet technol ogy devel oped for printer

appar atuses to discharge ink and ot her substances onto printing paper or
other materials is being investigated. As the material to be discharged,
research is being conducted not only into sinple liquid materials (which

I ncludes liquids and materials that exhibit fluidity such as sol utions) but
also liquid materials (m xtures) including particle-like bodies (particles,

fine part'r%?zﬂe R sy |@bﬂn@@t&ﬂ'@4lu1 apyhaketdu st rthée)ca\M“uy;r}% ncl udes
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particle- I$§ R %;%‘ac E%(Jjé Bf‘w gﬁ? @I}%J %e ﬁhg{) )reC| sely
accor di ng l?ré" NGy E%‘Fldlcﬁvbtﬁ(s g lnk fgq head
toward a t@isg al’g@clﬁl@dikc%l firdhepl dneludesoca] deteCtlonO"\?@%‘ﬁé% ka the
present i rﬂehﬁotsrthlesnanmbelclaamdgerd“evn”c@ﬂ pmtmeﬂgj(ea boidieh anglerdeshin t hat

- di schar gesthe ligad cﬂna@émn Al theamonitorg preiRenofigheodisebtiede (Head di y
connect ed) ﬁ@éf&%n% EﬁPBYEﬁ%%?@gr%g @hér@@u&b?%&dﬂi tthetisavi ty

using an ag U aqug tgrgf&ep%rtt
(derecton %%%ﬁe e T e i o,

nunber andP@it Iberm of part icle-l1ike bodies included in the liquid materi al
in the nmoni@&P5hg portion of the discharge head and a control apparatus
that drives the Wethughisr discbarderdeviae; lieisipoesitilen vieshetmenitdrénglet ecti on

unit to C@@ﬂﬂ:r@ (elerbetioh POyt ieladuike dddtestionatasdidinglutiveg | i qui d

g‘gf/ie(r:ieal . furf gté}‘idj P B 8P th Eoggﬁﬂlcle like bM¥ids tfdrSedhashal gﬁ) o
acqui re a %ééfsgcfr\ci% gs'ﬂl I{ﬁ"e Eﬁ%'gq'% bpﬁoﬁtgé de@ (Hé)& R@ %%
particle-11RE BEANSH érgé) ‘?\HE Htelé P?\S% terial

to be di schwg @‘é@iﬁen@fdth@l'iﬁlﬁé m]anegl SARCEIRA @ fltatg @ &h@cﬁ%@? €devi ce,
it is posslile dodies ontluded: inethe it idf Imn@edua@aiydbﬁﬁar@r d@Chaégﬁem ally the
state of tjgo@@fticle-like bodies included in the liquid, imediately
before di schargen BA@P8bN, this d|sid‘ha?}@@ Hedise ﬁ@l@p@m@wgarm\gi teei s

et nat or ARl Bretrely f”@'ﬁ%a?% %d@?g é‘@%fﬁg}j’gfﬁ% %ﬁ*fﬁgiﬂ bodi es

ng or e t%

i ncl uded |?| Iteh Olq ? connect ed
to the caviiqyid et HéO'a'SHE'P& PRH QF‘a J‘P @ngi ng
the state @Vithe ﬁéﬁ@fdiné Y ke pentes! pRoaiabes iis QarF@t? ?q@u ghapgéi9al in
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and or fo;gaé ahEMdar EbF s Hé%sBﬂd'ﬁfe'd?gé%@% deVibe 5! e abrabLer | al
' scharge reC|sely congrollmg the number and/or form of the particle-like

bodies included in the liquid material discharged onto a target.
[0007] '

A typical method (means) of changing the state of the
particle-like bodies included in the liquid material in the monitoring
portion is to discharge the liquid material. Accordingly, the control
apparatus should preferably include a function (discharge target
selection function unit) that changes the discharge target of the
liquid material according to the detection result. If the discharge
device discharges onto a plurality of targets with different
discharge conditions, by discharging the liquid material onto a
target for which the detection result (detected condition of the
particle-like bodies included in the liquid material) matches, it is
possible to change the state of the particle-like bodies included in

ortion
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[ 0007] A typical nethod (neans) of changing the state of the
particle-like bodies included in the liquid material in the nonitoring
portion is to discharge the liquid material. Accordingly, the control
apparatus should preferably include a function (discharge target selection
function unit) that changes the discharge target of the liquid materi al
according to the detection result. If the discharge device discharges onto

a plurali tMqé)fncttﬁtjgﬂtétéﬁélhnrdlthéeﬁﬂmt@tnﬁ hpbgﬁoﬁonwsoom chandirsghar gi ng
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liquid mat BPrté‘P i W1 tp]% 5 ﬁ}‘%n rlgﬁ%utg ‘&5?@% \tl_gq?ﬁ tﬁ
material dNOEHES Qéﬁnfﬁgymltth'é % g tl&e RErNEy CONEral SRAT
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agi t at es t hre théguiothitoxireg iEdrtion Gleeondinigt to ithg getadtiom aeswit dvithoud t he
detection Rggild metlttmttj hea/ttemltdtgchanegedifrmhethelnocinzwb@egmgfr Byn t he

nozzl e opegj i 29 i BE ig@ of the
l'iquid mat db E}r%q:(i E fgflbqlt é 'ré%%sé@n gtﬁﬁﬁ @prtﬁl@gmgth S

di schar ge g n% oring po |on “of the dlscharge head shoul d
preferably de an obI ate flattened portlon where a crQss s ctlon of a
flow path from the hargee dRVYERe ”‘l%"mr“ﬂﬂe pQTEQHaPEQe Read

ext ends |i Hisahlairgee h&ﬁ@. shosﬂd dprefarably in@udeatareneldlater tfladkenied per si ng

the parti CEertmhewhedees cross Bectionsof di flewt path fidme toz zbeitypenting of t he
di scharge Rgagid® eh%é*‘tﬂ’pﬁt?b Qrsdﬁér@edhbﬁdbexwdé ﬁktee@BIdttéQnaé firgtext end

: Et te?ﬁar : ;/a re‘é IOE\}t'hg l t g O‘%%ﬂgedlégﬁﬁi) ﬁg;pg dlénfgnl uded in
”Pr% Hef 4iresty disengrg
e ot derehansa qrh@o? 95%? ul @eeehqoae tocexiend éﬁetb égom

shape, anddiy€&ction.of the particle- Ilke bodi es and t hereby obt ain the
detection f@uD] nore clearly. For this reason, in the discharge device,

even when the pagingd ehki kpritsiing p@ﬂimedtemaﬂ‘y&lrﬁclqded arftateaedar e
particle-1k Sc@mthes t.HeatuteenB@a@g Yr?élMdé@lHH thar hqglcﬁ rﬁb@@fﬁéleerelt is
"ol uded | Eittﬁetjsté. u.gI rﬂer. ! 8‘%”% AREH Bocor eﬁ"“ foes
di schar ge @e ngdw? gé‘géﬁﬁcg %%1'52' %ﬁg Igward

targets ac@@thl)r@fﬁlae %ﬂ!ﬁ@r”‘i@t&? HORERIA they ﬁI@ B8R si on

and rel i abrésulz.more clearly. For this reason, in the discharge devnce even
when the particle-like bodies included in the liquid material are
particle-like bodies with a comparatively small particle diameter, it
is easy to precisely confirm the form (type) of the particle-like
bodies included in the liquid material before discharge.
Accordingly, the discharge device is capable of discharging
particle-like bodies toward targets according to predetermined
conditions with much higher precision and reliability.
[0011]
With this discharge device, it is preferable for the
monitoring portion of the discharge head to be light transmissive
(transparent) and for the discharge device to include an image
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[ 0011] Wth this discharge device, it is preferable for the

nmoni toring portion of the discharge head to be light transm ssive
(transparent) and for the discharge device to include an inage pickup unit
that carries out inmage recognition on a plurality of the particle-like
bodies using light. Wth this discharge device, it is possible to observe
the particle-like bodies included in the liquid material using visible

light. The IdIE‘EQﬁuﬁ'ltCBN@t uames&)uwmg élrsec@m@haoxecw nmacmtwcsmtm i mage
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I n partlcumﬁ erig} weingg Vi E
Sl

m nute paréi e: ni so,
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nozzl e opeAisqy sindedt sepossibledioomndk@e a Bupsescemeceiarse magewal itind t he
det ecti on apfigirg umatkeidl dspcef asakklisadguisueht ltaseuitbds podsiieftomin the

first regi puranhtehehaunbeeriandiien lightmasiid fromeomidier tighorthet ¢dre

when the qapEedt ootk e%g;f%cﬁpwmmw;me et 2
predeterm %ﬁ% Qﬁ' F’ vﬁége?ééb%éf)é?t%:tgﬁléﬁsult of the segond regi on
IS outside

g$ of a predeterm ned condition, to chan?e t he st e of the
e

particle-like boli ethisnéisearden dedcei gihe PQTUEQTAND | ROFHRN nShOUE | ng
portion. Theeftirabharigelutts iac irgt sepioydhathis coqoueatadhtosr nakt dat ther t ar get
only when hbezieopehning aedud tsegortcheegiorstthaedotionandhe hiégrstetegionpn resul t
of the secgpd fr?@u@ﬂeérénléb @t%th@n;f:l%ul@ff p%@ﬂaba/ atgafrecehdlinuraper This
means that %hg(bfhg%sl Re !tk LF ér‘i@rtﬂiéemg’g%é?f SR $P'Fon% ‘hhﬂ“é‘gg*jg{
In the dist '6%@5% Pﬁl’?@% n § p%%

o el enent ,

and the cofl PH ¥t§ﬁ09P@rB 'ewm 5&%% '%/eraﬁ @inct i onal
unit that ﬁc&ipll’legﬂsO@rth@U;Sﬁlldﬁeﬁ d‘ﬁnﬁep&%fhﬂngrfﬁ YNNG 5§ N '%Bd?rto t he
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Anot her aspeci ppedeberrimseiondition] itonchsnge dihecbtatgeofiehd particldi schar ges
a liquid mkerd@dick ine &P 7# tRedRfNLNS X EARE T €He monitoring portion.

The discharge device discharges the liquid material onto a target

only when the detection result of the first region and the detection

result of the second region are in the ranges of predetermined

conditions. This means that it is possible to further improve the

precision of the number and/or form of the particle-like bodies

injected into the target.

[0013]

In the discharge device, the actuator should preferably be a

piezo element, and the control apparatus should preferably include

a feature or functional unit that supplies drive puises of a pushing

type (pushing method) to the piezo element when the liquid

material is to be discharged.

[0014]

Another aspect of the present invention is a discharge head
that discharges a liquid material from a nozzle opening connected
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to the cavity by varying the internal pressure of a cavity using an
actuator. The di scharge head includes a nonitoring portion provided between
the cavity and the nozzl e opening. The nonitoring portion disperses a
plurality of particle-like bodies included in the liquid material to be

- di scharged fromthe nozzl e opening. The nonitoring portion of the discharge

head shoul d preferably include an oblate flattened portion where a cross

secton f 3 kU BE hy el gl phiheumbas esidngiar oz
openi ng_ex QE%; i SRR el cﬁg erge%@mt&hﬂ@hgwmd ing the
e

pl urallty
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di schar ge hedddedt in $hpr Buicainaténal taebavdischbaragd psom diha aiazgle i ght
transm ssi gpeniig. Mithid anondtopiTd i portidn tdfe theadischairgel hgatdnshodés a fir st
si de val | P@f@a@ﬂﬁmuééd@ﬂ Wit Hatteafe@ bbamoﬁrvdhér@adctmsgettfcﬁw ng one

th
oot her angur“gfﬂér ARt b B et s oo

;
S dlfflCUPPe]n 9y Mdral § E?% Eg %d d
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bet ween t h&hgi ﬂ@tZZlﬁ dIPQ/UHﬂQ ahdthendliseltaige sthéd qul V\ﬁr@ reRpf RRs t he
probabi | i t ghapet (rmelded] sodamltopbe tfiattesedaso las ton@ixzeddain theidirstt ed.

[ 0016] - d|recf||@¢| di scharge head shoul d preferably include a tubular nenber
t hat hol ds |qU| d materi al and part of which is shaped or nolded so as

to formt h cav e
attached to n ou&I W‘é@ |9§% ﬁp&ﬁfgg ? Ilégﬂé%r @%E%Nﬁ‘ d of the
tubul ar neRf o e' ttrS’PF g‘dreef (ﬁ'&ﬁgﬁéf g'ﬁ 8) ﬁf vi ded
bet ween th@eé‘QvWRJC@lf'Yt'ﬂﬁ u‘Paﬂf ﬁé%%rw%lrll@ﬁ nce it
i s possi bl 8reoflaean@sare dispasedefasing sOlﬂeoﬁﬂt)H%ercaVSWCQ dil"t%é"—rﬁé'izl e
openi ng vi gettiennohthefiovg patht inobhé mondosintgpolrtionnisntsxatanfotareganpl e, a
gl ass tubeg &imildr Bﬁa@eblatrbgs theviedeire rdosctvrirge poraidn hatis | diffficidbows
o ggﬂgﬁ' on FANEnB! GIEKABES of YRyt LR Eélcl?éhdt$hﬁe drke préedsofUidpedft o
[0017] 91 ngnd dh ﬁwé(lar(b\%P’IaB eB26h! &4 & ltkerP iR ARAdVEY dirddisy T al s.

between the first side wall and the second side wall, which

improves the probability that the individual particles can be

individually detected.

[0016]

The discharge head should preferably include a tubular

member that holds the liquid material and part of which is shaped

or molded so as to form the cavity whose internal pressure is

varied by an actuator attached to an outside, the nozzle opening

being provided at one end of the tubular member, and the

monitoring portion should preferably be provided between the

cavity of the tubular member and the nozzle opening. Since it is

possible to seamlessly form the parts from the cavity to the nozzle

opening via the monitoring portion from one tubular member, for

example, a glass tube, it is possible to provide a discharge head

that less shows stagnation and blockages due to bubbles and the

like and is suited to discharging a wide variety of particle-like

bodies and liquid materials.

[0017]

The monitoring portion can be formed by squeezing a part
of the tubular member from the outside. A typical example of the



The nonitoring portion can be fornmed by squeezing a part of the tubul ar
menber fromthe outside. A typical exanple of the tubular nenber is one of
a glass tube, a resin tube, and a ceramc tube that is translucent. [0018]
Yet anot her aspect of the present invention is a nmethod of discharging a
liquid material including particle-like bodies onto a target using a

di scharge device. The discharge device includes a discharge head that

varies thetutﬁlﬁl‘érrﬂﬂbn%@ﬁ@bﬁe%f 8 JIavstubesidgedn BMldladnd § eefamtbar ge the

liquid mat I openi ng connected to the cavi ty, a control
appar at us E&uitho%?ﬁﬁs@éé IEttct uator, and a det ectlon apparat us t hat
detects th @?IC|€|I e bodies i cIudedlnthe kgudmaterlhal t he
moni toring porti$At § 85@ nthe Present yNYRATIORe 5182916 an. The

net hod i ncdm@@rgm faonuq@u\ﬂ NS EEPs . mcmdlmgepamﬁledlkgpimm'@ﬁu@n Qi ring,
from the dedresti osingppadscharga dievieet i diner disdhargectedicegircladeber and/ or
form of thaigehiEryel kehdkddbodagesithe itednah preesiife oif ca raaivéty allsmg 2.
Changi ng aggt t?:la%rtteed@%ﬁél' &&nhkl K§ ﬁh&%riaﬂcﬁréﬁ?% hBzEleob eam
rater 2 '{gg o0 @%%9 ﬁ% dv gaw tea 'ghag to the
detection r@ q;;w ’T € des
agitating Fh qtoy wad1 detertion ?'ﬂ@alf%rlr%[ E?'h 8?'@ V\hg? ing the
|i qui d nat BPAES dn§ da Eheriqwe magteréaloanthiey MOAHATING @%" fq’fé
det ecti on pesvided atwegmarndiengavitytane theynpazleudpedinghgi e angikethar ge
target of wudéesthd fioloevinglstepsording to the detection result. The
changi ng t he THs CoAtEs appaeitustiichoringlefrdrmperl detettibheappardtdsiat eri al .
[ 0020] a detection result including a number and/or form of the particle-
like bodies included in the liquid material.
2. Changing a state of the particle-like bodies included in the liquid
material in the monitoring portion by driving the actuator
according to the detection result.
[0019]

The changing a state (step 2) includes agitating the liquid
material in the monitoring portion without having the liquid
material discharged from the nozzle opening according to the
detection result. The changing a state may include changing a
discharge target of the liquid material according to the detection
result. The changing the discharge target may include disposing of
the liquid material.

[0020]

The acquiring the detection result (step 1) should preferably
include setting, in the monitoring portion, a first region that is
connected to the nozzle opening and a second region that follows
the first region, and acquiring the detection result for the first
region and the detection result for the second region. Also, The
changing a state (step 2) should preferably include changing the
state of the. particle-like bodies included in the liquid material in
the monitoring portion when the detection result of the first region
is outside a range of a predetermined condition or when the
detection result of the second region is outside a range of a
predetermined condition.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]



The acquiring the detection result (step 1) should preferably include
setting, in the nonitoring portion, a first region that is connected to the
nozzl e opening and a second region that follows the first region, and
acquiring the detection result for the first region and the detection
result for the second region. Al so, The changing a state (step 2) should
preferably include changing the state of the particle-like bodies included

in the liquid nmatgsial shmgh@nrmmw bR I%éhmgewdemdéwecd@rm@w resul t
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FIG 1 sho@@n%ﬁﬁuéﬂpﬂl ISeha@iiag RSAGe devi ce according to the present

invention. - FIGi 8 is2ai eragspeectienal viewi E0WHMhi Gress SACEOfeint of

the constrthd iemgtdf diredtisohaf Yee libscharge headFI G 3 is a cross-sectional

view showi ng a CFRSs4sesty @ﬂoisslsteittldr\%ngw‘nlev@lisnﬁmmgﬁ ofdiffeeent srbss ge head.
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FIG 6 is d1%tk %'éfét Eeatlgels ont - end par ¢ of the di.schar ge

head. FI &1G. Psisad &ress- %&thr@%a\rlew é %Bﬁn@\ e BAEYOhart of

t he di schathg digchdirge head.

FIG. 7 is a cross-sectional view showing a flattened part of
the discharge head.

FIG. 8 is a cross-sectional view showing a cylindrical part of
the discharge head.

FIG. 9 is a cross-sectional view showing a different flattened
part of the discharge head.

FIG. 10 is a cross-sectional view showing a narrowed part
of the discharge head.

FIG. 11 is a perspective view showing a different example
of a discharge head. '

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

FIG. 13 is a diagram showing a flowchart of the discharging
method according to the present invention.

FIG. 14 is a diagram showing a flowchart of another
discharging method according to the present invention.

FIG. 15 is a series of cross-sectional views showing an
enlargement of a flattened part of a discharge head, with (a) to (c)
as diagrams schematically showing states where liquid material is
agitated or disposed of and (d) as a diagram schematically
showing a state where the liquid material is discharged onto a
target.

FIG. 16 is a perspective view showing yet another example
of a discharge head.

FIG. 17 is a cross-sectional view showing yet another
example of a discharge head.

FIG. 18 is a cross-sectional view showing an enlargement of
a flattened part of the discharge head shown in FIG. 17.

DETAIL DESCRIPTION
[0022]



FIG 8 is a cross-sectional view showing a cylindrical part of the

di schar ge head. FIG 9 is a cross-sectional view showng a different
flattened part of the discharge head. FIG 10 is a cross-sectional
view showi ng a narrowed part of the di scharge head. FIG 11 is a

perspective view showng a different exanple of a discharge head.
FIG 12 is a perspective view showi ng yet another exanple of a discharge
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fudes, 01§ e %gtvsd

pr esent
i nventi on. ]

enl argenen?cé@rchngll&taé‘nls‘ﬂ( %‘% ﬂ'n%tfh )dggcﬁ A4 hvﬁ' tgﬂa%% upg &ngsan
di agrams stimeimia |ac‘alubylas“hmﬂrﬁ@e§x & ¥essplepe quﬁalllmﬁl’rr& skQringia ligyii€at ed or
di sposed ofmatediz| JO atischaligegt aroractrerdisdwnge beadi b farstxarapideae t he
l'iquid mat eafrdér issicli ashaneet anfigtaataraaer.6 for dlscﬁbﬁgln@al dreplet
ElerGSpigt : \S’? Vfr‘ghsﬂWd%W%@ﬂ%%@e%OeX@Wﬁngfuﬁltd% SpaFsisherdhat
di schar ge a %(§ e SAFLY YeRhatde SHoWRAMEh AR NSbp e ° Plthat
ects the state of the droplet 71 immediately before and
immediately after discharge from the discharge head 10, a second
actuator 79 that moves or travels the discharge head 10, a table
83 that supports a plurality of targets 81a, 81b, and 81c on which
the discharge head 10 discharges a droplet or droplets 71, a third
actuator 89 that moves or travels the table 83, and a contro!l unit
(apparatus) 74 that controls the movement actuators 79 and 89.
[0023]

A disposer 82 for disposing of a droplet 71 from the
discharge head 10 is provided on the table 83. In the discharge
device 1, by moving the table 83 using the third actuator 89 or
moving the discharge head 10 using the second actuator 79, it is
possible for the droplet 71 from the discharge head 10 to be
injected into one of the targets 81a to 81c or to be disposed of by
the disposer 82. The targets 81a to 81c only need to receive the
droplet 71 and as examples may be petri dishes, analysis plates,
test tubes, or the like.

[0024]

The discharge head 10 includes the glass tube (tubular
member) 20 that extends in substantially a straight line. On the
glass tube 20, a front end part 21 is a nozzle opening 11 that is
flattened (i.e., has a flat shape), a part (first flattened portion) 22
that is joined (connected, fluidly connected) to the front end part
21 and extends back from the front end part 21 is a flattened
monitoring portion (detection portion) 12 that includes the nozzle
opening 11, and a part (second flattened portion) 24 that is joined
(connected, fluidly connected) to the first flattened portion 22 and
extends back from the first flattened (flat) portion 22 is a flattened
cavity (pressure chamber) 14. Also, the end (rear end) 29 of the
glass tube 20 is connected via a supply tube 4 to the vessel 5.
[0025]

The entire tubular member 20 that includes the flattened
parts 21, 22, and 24 s light transmissive (transparent,
translucent) and is shaped (formed or molded) from a single glass
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FIG 18 is a cross-sectional view showi ng an enlargenent of a flattened
part of the discharge head shown in FIG 17. DETAIL DESCRI PTI ON [ 0022]

FIG 1 shows the outline of a discharge device according to a first

enbodi ment of the present invention. The discharge device 1 includes a

di scharge head (nozzle head, or nozzle head driven according to an ink jet
met hod) 10 equipped with a glass tube 20 that is a tubular nenber, a vessel

or SO e BEGSidIEGR tb W coppisiiale Shethoehatay [ somele deechar ge
di schar gi n X§ Ly o %%deﬁ A Rl HimEufer
e Ui magiter g o 5 3? %5 doepgéfe 8ﬁeﬂﬂ?¢‘ 1

(appar at us

(appar at usDnSYCl‘@ LS Qjéﬁéc,t%)et 3@ @t%ﬁ% Qed'r‘ 71 i mredi ately before
and i medi Hi@2§] af t er di scharge fromthe di scharge head 10, a second
actuator 79 thatThevdschargeahebs tlle idchddes ge flatet|ike, paezcmiEetr&B t hat
supports aelé'rﬁéﬁt'(tp\feﬂﬁ éléhﬂé’ﬁts Sdwat8itp 6 atthdhkdl @0 andufatdgoditechar ge
head 10 di sGhat t%ﬁ @rofdéoﬂ!a tvﬁaﬁlz 8 Sihihe aslitpter &9tﬁé1at moves
or travel s g 8 ol ndi@ga g’ltdﬁ\)m @F@ gptrols
the noveneBt®>zc E_ ;95 Q\‘g S‘J? y, r dlsposmg
of a dropl 8fiVes lﬁ’l'%ﬂee 8CEH CPQ AfFo %é&%ﬂ# rPére§§BE% 83. In
the di schapfehasaviey 14 B?dn%‘\?FhQr@%@ {'QHICE r@%tq,fﬁln@ tthem Hi¢ % ®iat or 89
or novi ng Dpenmgsclﬂarm‘lrhmat@dlmuﬁlmg:a\f@/ skt gl thet dsoplet7gl. i tThe

possi bl e fesntrae whiop4tis Elsé raapatie ofi drivingdhbepidzo@lectriteciament ed i nto
one of thegtapopisdita & 8élr910‘€|rntt Q)fb rebspasethatl doytdtee ehepwgerd 82. The

targets Bl il opninsRRe tnk ¢ 20digliing it %%%Wl es may
e e sehal S#‘t'ﬂ'aagrﬁog‘r%cﬁjﬁﬁgtﬁ ﬁe vﬁi’lfyq@f%bhfgaﬂe% ]Ob% hat

The dlschaP E

extends in §§ hardadifapmy E\eﬂ%ﬁ G r]'ﬂ the gl ass tube 20 a front end
part 21 is[@0Adtzl e opening 11 that is flattened (i.e., has a flat shape),

a part (first flBetweed fhe tavity 22 amhtthemq)zﬁlaewe(mognbtt glae glassdl y
connect ed) ttﬁb')e 12*0901’ rhBtdieaHapge thezld andiretieos sheatdtténeth momitorimy end

part 21 ispgri ﬁttg AECECTRIH t cbﬁ%garpo”b'lﬁ@r(/é'ﬁbﬁﬁ cRANSEL, | ogktdatismat
1

Lhat 1SS P 2RFRLR £ S ted t%gﬂg b?“@&? Beih &) 24
portion 2204&&UOR: ﬁro‘;i @5@?“?? >§W ek, % P& EE‘S ?; gﬁtq 5 22 is a
%neghB"QarH rdelepale

flattened 8&vPf fh ?pg@ﬁuﬂé @hd of the
gl ass t ubettzat iiscloisiesesueh fflaatem pptsyrrtaib@ras&aeemny@@urajlty 0625]
The enti r eptintdealikednddies(partiates nb videtudéee in thtet Boeit paatesiad15022, and

24 is |ighto tHapsdBIRFIgeR! ftgrangRareiizie toprihycentareadibperselaipethé f or med

or nol ded) gE&0q1 & EibRIOL. HRESmonitoring portion 12 has a flattened cross-
section and side walls 22a and 22c are substantially flat that
facilitates observation of the inside of the monitoring portion 12
with image picking up images of an inside of the monitoring
portion 12 since refraction and total internal reflection of light are
suppressed. Also, flattened monitoring portion 12 does not have
or has little part where the inside thereof cannot be seen. This
means that the particle-like bodies 51 included in the liquid
material 50 can be precisely observed via the transparent and flat
side walls 22a and 23c of the monitoring portion 12.
[0028]

The monitoring portion 12 holds the liquid material 50 to be

discharged next timing (immediately before discharge) from the
nozzle opening 11, and if a plurality of the particle-like bodies 51
are included in the liquid material 50 immediately before discharge,
it is possible to disperse such bodies in the direction 9x

9



tube according to an appropriate nethod (using a nold, for exanple).
Accordingly, a seamess flow path is fornmed fromthe cavity 14 via the
nonitoring portion 12 to the nozzle opening 11 inside the glass tube 20 of
t he di scharge head 10. [0026] The di scharge head 10 includes a

pl ate-1i ke piezoelectric elenent (piezo elenent, actuator) 6 attached to a
surface (outer surface) on an outside of a flat wall 24a of the cavity 14
of the gl aééréé‘ﬁ’@nc&@ar tbetk@Mow! aHai to Tﬁdea@h@l@mm d@te&t H@bgerv@) t hat
drives theypie rof ﬁmﬁ?@ K s %‘?Wﬁh' Bt % P6I§§§H'|'t? of the

cavity 14 gnd &? ul Ll g 11
i @Q Tl
it St o b O S G WL

pressure tmateatlt Eﬂes'nm@duautqm @Qfﬁf%rqhéF 809¢ndb d’é'”t ﬁ’@ I0§§§3 euk

i ncl udi ng &beuireninformadiqgrooni nat thipthedoambeit of susch bogids fai ldu‘trat er| al
50 to be daW@hgeﬁrdn@m@Qfdmdenesm@)l of the. phfdé}like bodieBebtgeen t he
cavity 14 ﬁlé?@? Sﬁgi 1%hab@e t68, tame cdforof Thitenfkgsdar ge

head 10 in q_ahtee t n
observati o%f%ﬂ n% % pecﬁ Q‘Ja l@% éd' E%Q%Fé) knfjﬁ,ﬁfof t he
fl ow path BRFEHEs" ?l Oglqse dHC Ind
per pendi cuMENIEQragc HRTEONax} & nI HN{g h f§H! t ened
moni t or i ngoptpwt endetectian I‘G’i@l"iﬂ@sl%uﬁlrfg éhﬁeﬂ@ﬁﬂb&ﬁ and4er pE®soect i on,
a plural it yhefparaicie-dike bodeehsdi Bxlged tincthes)igaid innaterdad>0 roft tee | i qui d
mat eri al 5ﬂqémt@ﬁngl pehasgad.from the nozzl e opening 11 are dispersed in
the first f@ ﬂ'I on 9x. The m)nltorl ng portion 12 has a flattened

on a

Cross-sect 1 b i I t
facilitate obseg\»/'aaé'%qu% Aiiﬁ I ns ? ?P%SEH B %HE @éﬂe%t tnaf'eé €W| th
i mge pi ckf Eh vl S ﬁ%%ts rgpu 7ﬁsp nf‘ﬂ@' Hﬁmq cﬂ'qr g 8n ?éﬁ ince
refracti othhf@ \ost shat godiates the ligeiq snatarial gliingg Al so,
flattened liquid onaberipb>0 ¢ rict dm@aﬂgedhevéf@t Aissherges éihﬁai'ﬂU%er e the
i nsi de t hepeatferiainBOtorite srerof fite tanpetss8ladn 8he qrathé digpdsde8Bodi es 51
i ncluded i tipe 'dlgéhéirg"éit@é\h@é 50 w |heemaecs@qbyo@bmwa@nwmm¢1e
Eggngfarenb ?ﬁa y h té)fwlﬁé| ¥RE! B@ﬁié&gSEoéFégnt ézbe
di schar ged®REX ?P?Pﬁ& 5 58'% tﬁ?” 8@%8’ 63 “@E?P&Eﬁ”?p S idlaing

openi ng 119Nahd@7 ! E p'Eﬁ tﬁé”Baﬁa SUENDEY caRALRT e? 7' o Ee i ncI uded
in the |iqpRatieterBkeabogies rﬁ%&hﬁt prodetaroniwedt JYRsr edged Mot bl e to
di sperse stmmbadfithe badyHzl dirrde b0d|€£B<51|d‘@r berdjscrma@ged entaeore efv and to

i ndependentthy predetérrhimsetaegetsh@lpltor@icty of particle-like bodies 51
with a hi gpoggg@abl lity. Accordi ngl y vmth this discharge device 1, if, in

the nonitoring p tth%” haP j&ligald ken gtr‘ﬁl%ﬂﬂ € Flardesh thet he
l'iquid nat erl Eﬁﬂl% dél ag @é dg 'S 1@ jgl tS%%L lggga Qﬁ%p got?he
g1 @ri V?R

acquire inf t

propert i esappéfﬁf-léﬁ @fatcﬁ' Vet )t?ﬁe 08Pt he

di aneter (&6HY) , drﬂhapémﬁﬁ t efhe gRatedl onit At é“ﬁé‘arb@ tarﬁ‘ataﬁﬁﬁé’a&% ection
unit 7 i s eapabpedokitbpbairdwang reseurgee ofkd rghneyal parmpioskecoinpaitBodi es 51

i ncl uded i Bythead iz1@pd) kA Mel’h@ryp drheaybiet arcorgtrpbinitoeqli?pped

Accor di ngl witd NeafRVEFE | QACKIYihg 7afial STUL BN ABTACT GELHNRN 1R Uthat! 3s
' ECl |Ud' ngdﬁ%g ngﬂ /(?t%ﬁﬁgf' \;IEIE 1parIrt' gl fsdif i?ﬁ b@%? edntryt! uded in
the Tiquid ot o~ inc ude a |on | P comr?\unl IES h a host

apparatus such as a personal computer. Also, the control unit 74
may be installed in a personal computer that serves as a host
apparatus, or functions as the control unit 74 may be provided by
appropriate software (or “program” or “program product”).

[0031]
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By driving the piezo elenment 6 based on the detection result (nmeasurenent
result) 7a of the nonitoring portion 12 to apply vibration that agitates
the liquid material 50 in a range where the liquid material 50 is not

di scharged or that discharges the liquid material 50 onto one of the
targets 8la to 81c or the disposer 82, in the discharge device 1, the
internal state of the nonitoring portion 12 can be changed to the state

where the bodi esvxmerartﬁea i@z@péleﬂhéhy 61Itﬁra@sgdtheﬂa@tu@mbbﬁpahuguoﬂ

material 5 ?'d’l%? g’n lgéénﬁf\éif Ayl/ or form
e L R R S o
|

pr edet er i ﬁé@ld't'%'ﬂ §C§iad'-'(?'3§8'1 néeopal V VE¥hLfgelQkvi ce 1,
an instr ucthl@rre(a@on dﬁh@mteynalnpmﬁ@ttr@n@fr e @ﬁVﬂtWMl@a% 78d Bie t he
driving unliquiméaterial i sypplsdistoror thdr vessel) 52js supplied doi the 2
drives therr?@ﬁlla'@hﬁ @omnﬁglzirwaeth@utaeﬁy The Bonthelinterntl Pessyrde an

appar at us |er' te é‘é\9' rg4n eﬁ%'rﬁaﬁ.@frrﬁata%qfrgb w@ow gRaTput er
e il it L Bt fem
di scharge ¢ VPE%V'EI d gt;the; Ersqr\tafﬂ‘ p%rt gﬁ?r%as[gnwbe] ude a

function feisch@ragdi 8at@ngrapleh 4lhodYNaRpaPHIAISOs UENARY RaKHY
conput er. Bbsies tht acat nvixeghiinta4theyligeid nawaderied ba éﬂ%@r Q’bn%he conput er
t hat serves@sitaringsposatppar a2 pudigud matetiadnsO asctdthngoauclmlpantlale—m may be

provi ded bukémdleglsmsaﬁédh@&géd(mm Rhegi@Hle @permngar &m product ") .
[ 0031] 8? en the piezo élenment 6 that is the act uat or expands or
nd/ o

contracts f t I I géa of the
covi ty 14 pr ot dLHE ﬁﬁéfﬁ@’g Pik 24 | A‘S’%ge@ @‘lér?e%ﬁé ”’E efregaaw@hg
fluctuati oﬁ@apn Gcorﬂatr?lrl@ #ap \/“BFIH Sofd t 'C'—tbqnt ﬁlné g

i nternal pREQYNiRg ofhe rietestiony reguith4ages teﬂﬁj Q%CF'PQUP@‘ asQ

suppl i ed f fonctione (atatel clangingupwit)ed & shahechangesrtiheg spaia |0cfnt|1@ via the
cavity 14. pBytitlesliket bodids Plesaghelethdngtise i liquide materigi 50, afhehe i qui d
mat eri al 55’16}%9r|h@ bBetlaﬁanOétmmﬁ@twmhézcjese@ei@@ rléls&he(?aoutTl‘ié om t he

g(r)lélzgg SPE Ear e Iet Odcar e Ehaf |bEe20
bodi es 51 [r%r‘i'“} ht@rge &h@ ﬁg @F? HEE?{C% ﬁ;’"{ﬁé E}I’I ng
portion 126 Erm&ﬁ\l §I agy a% iaél@ Fll 51 is

di schar gedllﬂu&nmaéerrh@lz,'ipeoﬁbkﬁ ﬁgeQQterpmm one of thﬁ’ﬁé"’@@?ﬁ r864a it 74
i ncl udes a8ieaif, acoordihigeto Tha,detedtiomerésdll oo of tbel detedon nditudes a
function (@l@@%@ﬂﬁb@‘nahﬂy@ﬁ féabmaoauihg figet b thet patticle-lilkes Wadiéa I t he
det ecti on Eﬂi Bf"}[:; | gf d L!f&ﬁhdoﬁﬁe(t%fr%tleSQhﬁrﬂ%é‘@la@@! )be?@ré *@%cﬁb?@@es t he

state of t i d i griheq] écﬂ%lr e gl 50 of
t he ITDI’II'[OEHSWI"[IO. ;g acglfoi o l? ct ) state
changi ng uf'é"9 %3 Qasrq’% %ﬁi% Eﬂﬁ’ char ge
target chafig@hgonsialy t PI‘%%O §hezac

actuators 30 asdicodigwss the tiguid sﬁﬁbﬁf@@' 5I9elfl\t|Qq¢|h§ disPesEsI 83t 0 a
predet er m nhdngeethd stdte dhtlgetrmoditmrirg octioh, 12ccbhdistgte chahgini@t ecti on
result 7a ohijt b% gricefidlofeyn FuRctibhe(duitheng amitpr7 7 enat arivdethe ke of

the parti Cg?e ¢ e H%tes & drhexidRe Wl’ieFé‘th' AR mﬁaeér«.al 5@0.g meedi at el y

before dis t rede gs target
changing u fta&%gg%ﬁ’ BE %‘Q ot %Fét;gu Ct.i on thé‘Ilk BO O%EE t{)hat
control s tltn doéjz'g f'arﬁ'ﬁ’ﬁ Qﬁ&?‘lehg‘ er'f‘gr% ?rgﬂr?/agr di

di spose t héheidghegtion eesel 4v of fhe hehQUERRRIG@NAIRT st at e of
t he noni t ostakg ptﬁrtﬂ'leonpamcle'Fhkesbad@ScEénmqigdadl m V'@edlcﬂ-ﬂdl Aateded a
function (&0 tammediatdly 7befbrd ddisceargbe pioezo el@mesatdfyo talmeextent
where the Iﬁrggétje,rmp,ﬁgd gbndfids. not di scharged but change the state of the
particle I| g dies 51 in the liquid material 50 of the nonitoring portion
12 if, acctg ing to the detection result 7a of the detection unit 7, the
number and/or state of the particle-like bodies 51 included in the liquid

material 50 innmediately before dlscharpp does not satisfy the predeterm ned
condi tion. [0033]



In this way, the discharge device 1 is capable of discharging or dispensing
the liquid material 50 including various particle-like bodies 51 on the
target 81 using the an ink-jet type discharge head 10, with detecting or
confirm ng the nunber and form (external appearance, state) of the
particle-like bodies 51 included in the liquid material 50 inmediately
before discharge inside the discharge head 10. In this specification, the.

particle-li ke bog @ﬁnsﬁﬂaa YhéQﬂl@@Nar@é geivide thigt casath lededistdairbingr esent
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t he noni t oahngnagettihat hastihese enlargéd byian pnmr@pdji‘attEhEruSi syst@ge head 10
of the di sghar@etcdeidrt endthuE ns@peeasinethodnithtbyses ai mgignaiasield ube 20.
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enl ar genen{0084fhe construction (arrangenment) of the glass tube 20 of the
di schar ge head 1§ucﬁl @rtuaeanrae%éda@g Bhe willeofteh beasimechlioekedf orhe gl ass

t ube 20 by t r t X
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center axf t| Qn er ern
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21 that isid pugisthritheo oradaés nopeshiovwy stdgaatiohe Hlookagesdandduheverd
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E:C?lt nldfl \(,:Vlala pete oV g h i ngBClleh chrps f?”? CPPﬁqn@jiB/c?%ortl on
22 and is suforanyi rana%erttymtmn@wd n’t@f@"b?éc%d flattened portion 24 that
is to the [68854f the first cylindrical portion 23 and is formed (nol ded)
ina flat shape t i3 wHigvsn ahe énkirgeotén afd tiee r avonstrodgoly

di fecfj' ]9|” (&r : Ft@eﬁt 'd\dzhéag%ttu%r%@ tdfatheSdlts@htatﬂgerﬁ@adofw he |
secon a [ K napr owe
portion 26%% paq{& Z{)he%r egﬁ O¢§?§51P%bﬁ§t.3fd o ﬂng l&% fube QO

eco y dr and is
narrower ti¥n ¥ é)gc&ﬁ egyl'S Hpg' ﬁ rfr?(ng th§ r%‘i?t Igll é‘ltclé i A él’l cal
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cyl i ndri caldjrentibn §certar amlsd(ﬁihé@ﬁ thfé sgrasd dingetion 9y (hﬁ?ée%'lﬂf 'y tube 4.
The front andirpation3thaths penpenditalarenetheaentenals Sarahd kbesfécdnd
flattened pprddtRih .M Bgpichatdigaess Ithedgfa‘s%r enbe d2 0 eist BOnext&aralexanpl e,

the second féﬁgt ek Q05140 rfin MR b@t@q d ’bfaofdiittosh@ﬁﬁt SoTRe to be
e ot baAds LB 20 TR cRE" (ol od iRt B [00Mard e T

enlargement in FIG 5, the front end pﬁ%t 21 of the gl ass tube 20 is forned
(nol ded) by squeezing the front end of The glass tube 20 fromthe outside
into an appropriate size for the nozzle opening 11. A cross section of the
front end part 21 is shown in enlargenent in FIG 6. Since the nozzle
opening 11 is nolded into a flat shape that is wide in the X direction and
narrow in the Y direction and whose cross-sectional formis flattened into
substantially an oblate (oval) or a simlar shape, it becones easy for the
particle-like bodies 51 to becone uniformy dispersed in the X direction
and to visually confirmor detect the particle-like bodies 51 imredi ately




possible to use a variety of known gl ass working nethods and the nethod of
working is not limted to this exanple. [0037] Note that the
expression "oblate (oval )" in the present specification refers to an

el ongated circle which excludes shapes with corners, such as a rectangle or
a square, and al so excludes a perfect circle. The oblate (oval) includes,
in addition to an oval, a concept that includes a variety of shapes such as

shapes Wheﬁsz? rg%éangj 9 10t A éhdséﬁhcﬁdr%@@ (An6RIRERdirt ARPOSI Ng

sbggsbvewt ;2%53 £SE Rl the! m%%cpgﬁw ih
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FIG 7 shouglirdrieal gogeivent2dfthdte isriws stheeateiaon of Athiey pfi st fleitbened t he

first flat éﬂ%lnpgzt bﬂ@l 22 $uthstamaldl h:éi'?pmfdifﬁ:ammh@rsleh@hahiﬂa(tt@xedmm
diameter) d %'eﬂa%ap &Hé)ﬂ%sto rIEBKb'EWﬂbW' gghp¥ in the
gl

X directio t ngt h
di rection )t%ﬁ ﬁ@}l %I‘PI ﬁHedr}n 8§ 9709

pr ef er abl yaﬁg RPTOME ' §nqr'|r FHans i apQFFgO g%gnd si de
wal | 22c aise ¥ athe] |rf%érarﬂf éik‘leenﬂeWﬂ@ hé'@tt‘%ln‘?@ctﬁ%ﬁ'oé'b ﬁata‘t‘

particl e- | substaodiadly gy&pdnicai,nathernosyed @romippet that i t@athébé‘eabser ved

t hrough t hef wld sedomel v@llindridaik pestion &%ound pisefrarabwerbéhanoting 50 to
500pm or nBEEomd efhalkical PorHios §9 Ta@\d38Q1hrfi’fd Eopnéticat pb\’ﬁbheZlEd:hQ@Ft ion 22

is f d
[oose) ™ ’I%Otc}p‘?‘é r&g? ot Ratr sU% ?Zﬂy Egr_%]]a;g‘“22 »

€ and has the

nmol ded or fBF‘ ﬁw% ﬁ%
moni t or i ng'TPMLt €8 tth IfE{SF eBSénPﬂ "P'ﬂ teaﬁ ¥y obl ate

(oval) or aagﬁemadapoghape%omﬂsﬁ bien §liageeneghdnye fﬂ‘f@n@f 'ﬂ’ﬂ@ I8BRi t 6P ng
portion 12ekanygHe, lihet smcomd élatbened qaortiet 2donady deaalded e d 8agt h, and
is i rrDOrtaﬁlﬁapé ¥6 ey alo blee wigehird the Whiddredthen remd treaiirogv por therX12 is

used. That 4 ggﬁause the detection algorithmfor the particle-like bodies
51 descri b :]ow wi | | change accordl ng to how many di scharge anounts are
held in th ern ortlo (g_] P g

(maxi num i nterna ﬁl H:IS afﬁ 5'?%% é nﬁ’i i 5 portion
12 shoul d phever Al e @na gement in FIG. ron

glass tube 20 is formed (molded) by squeezing the front end of the
glass tube 20 from the outside into an appropriate size for the
nozzle opening 11. A cross section of the front end part 21 is
shown in enlargement in FIG. 6. Since the nozzle opening 11 is
molded into a flat shape that is wide in the X direction and narrow
in the Y direction and whose cross-sectional form is flattened into
substantially an oblate (oval) or a similar shape, it becomes easy
for the particle-like bodies 51 to become uniformly dispersed in the
X direction and to visually confirm or detect the particle-like bodies
51 immediately before discharge. A typical size of the nozzle
opening 11 internally has a maximum height (maximum inner
diameter) d in the Y direction of 15 to 200um. To discharge
minute particle-like bodies 51 such as cells of the order of pm, the
amount of the liquid material 50 discharged from the nozzle
opening 11 in a single operation should preferably be controlled to
a range from pl (picoliter) order to fl (femtoliter) order. Although
one method of forming the front end part 21 is to heat the glass
tube 20 and then press the glass tube 20 from the up-down
direction (a direction perpendicular to the length direction), it is
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sel ected as appropriate according to the size of the particle-Ilike bodies
51 that flowinto the nonitoring portion 12. That is, if the nmaxi mum hei ght
(maxi muminternal dianmeter) h of the nonitoring portion 12 is too |arge
relative to the size (for exanple, the dianeter) of the particle-like
bodi es 51, the probability that the particle-like bodies 51 will be present
on top of one another (overlapping) inside the nonitoring portion 12

i ncr eases 96§51b'ﬂ@rt6f19§@ d arit tzﬁbkhomh gheds Workind methdis pegBtike to
identify i t‘ﬁl ”eglérh elar@d ltmé &kaRaikl cl e-1i ke bodies 51
hncre?se)s [1 % ﬁ ot er e rrim mum '9‘3% (ITB.XI mum i nt er nal

I anmet er e noni toring ortlon 00 s lve to he size
of the particl e-NPke ﬁaﬂ] fp ﬁésmfhl?\t k’n% b '”1’}?\% IRFESFOYI de
resi st ancespecifigssiage refertShbopwteleneateqiecms@l@. @5”'5'1 %Uﬂﬁéré aeeﬁ he
possi bi | i t withhabriéersy suchhasdafriectamglef or & bqupset bodealsokexdudiessa51 to be
snoot hl'y dj éﬁﬁe@tgﬁﬁtlérOvhewblla@éz(lo@/afbpamluglet;t in[dditibn to an okatoadi ngly,

the maxi ”“83) S th&TBXEITBS BLRAMaly & e éshchnaé %a eé' V\@Féreoé' of the
o A S e 5@% Shbs! Of Lhe
ar QU e

(F:)ondl tion Wé @rﬁﬁ %@?60 é &hed! e%W aﬁé} g fe(raabl y
be 50.0 or (®el @QP b@tg{eer( IQIPHO%%&I' referabl y be 1.4 or above and even

nore prefef@BBB]1.5 or above. [0042] Al so, the maxi mum hei ght
(maxi mum i nt er naThdifasetftiehed rpartony 2@ tcethe(maofortlbmkrmﬁi(neb(ﬂ:rtg) portion

12 and t hetf@xroHM &1 Ghurt( axismesimedebyabqdeaniigeithedglasst bebd 20r ection

oot ufdg‘);gosn%@ B e SR SRS S e
A hi d)} 2s WY g fltten ik 5 /
ma>s<|0rm§n Ihe h }' }%fezﬁr . aﬁEFQP)’] d \{FHga(?IYSE"ler Vb% 1:brfStt he the

nozzl e opeﬂﬁﬁ@nﬁj Qﬁdtlpﬁez%ﬂm@ﬁﬂﬁw gh thg Fﬂ@ﬁ@“@@"d ?in aEffmﬂ"ﬁ'e nozzl e

openi ng 11digroeter)phehetheblYydisactionyoft Bz dadt Gram baipaximum width
Wi in the X direction of around 0.3 to 10mm, and an internal
length in the length direction 9z of 1 to 20mm. The maximum
internal width Wi should more preferably be around 1 to 3mm.
The first side wall 22a and the second side wall 22c¢ are plate-like
and extend in the X direction so that the particle-like bodies
present in the monitoring portion 12 can be observed through the
walls, the wall thickness t should preferably be around 50 to
500um or more preferably around 50 to 300um. The first
flattened portion 22 is formed so that the external maximum width
Wo is around 0.55 to 7mm.
[0039]

In the present embodiment, the first flattened portion 22 is
molded or formed by squeezing the glass tube 20 from outside and
has the monitoring portion 12 with a flattened opening that is
substantially oblate (oval) or a similar shape formed inside. The
volume of the monitoring portion 12 is set by the internal cross-
sectional area and the length, and is important in view of the
method in which the monitoring portion 12 is used. That is
because the detection algorithm for the particle-like bodies 51
described below will change according to how many dlscharge
amounts are held in the monitoring portion 12.

[0040]

The maximum height (maximum internal diameter) h in the

Y direction of the monitoring portion 12 should preferably be
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1.0.5.b/d_20.0 ... (3) (bid) should nore preferably be 10.0 or bel ow.

[ 0044] One nethod of formng the first flattened portion 22 is to
heat the glass tube 20 and then press the glass tube 20 in the up-down
direction (a direction perpendicular to the length direction). By formng
the glass tube 20 not in one dinension (the front-back direction or length
direction) but in two dinensions (the up-down direction and a direction

per pendi CUé@I'éct@dté‘@é Jrigtier eetbpiihgnitd Nthy essé ngf the Padsdetliee 20 in a
;ﬁgtwe SauepgafesEh “?{ u;e.mnm@r BHIt%‘Pang’b ?ﬁgnt ha ‘Tﬁa'trlée'ff”ﬁﬂé Y o oot
by dehi @%%ﬁw Fé@% ;” BP’c'eﬁe Mts?‘*ﬁ 2t t ened

is fornmed 'Eﬂ?%'
portion 22P8fLQRe I a3 stqQplareg 5ﬁ Redt¥n t he

out si de of dianaetemn)sof dihee Pagticledke bﬁidé,e%e'iho&h@f DWQJ?&HIHBY |t§a5n'éheexarrpl e,
but it is phsticlpellsé bbedies nbl dwithebgl @sesenbeonotopt of a0neecdBOERAT ned
shape by b(@mmap@:rtg)buh@rdémﬂmrm:mmlnonaagglmtmm t2siincredsesa arad d as in
inj ection fpddrpee robRldifife t'ﬁ%‘talt mnOHb@l Be apbsdiBlartomeabatifpf a

predeterm |§|J’EFEJ%€? bcg a%q th IuraTl d4 é""B'o'dl ﬁlal"ﬂﬁré%e@eco”d
i iy

side wal | an g t he

particle-lTke d t asyto
th5yp %e pd i e q

visual |y c@meker 9 érr\%nléPF'é‘& po hé olshé?ol"ﬁm | fgla q rst si de

wal | 22a athe tdize sefctivel padicledie dndigs 514 she mortlmnﬁﬁxm@rmﬁrh

(maxi mum i nilepralidi aesiseancd torpastagenhef trbamamtld@vh;k@r bodiesi3lian n| form

it will betip&gy is ahebpaksibanty whee iiwil biet difficdits for thenpaiticiaglike he si de

walls 22a g ﬁ?l"% B8 sifﬂb%%hh}e dRRBYrgeddi-ehi sy Ad1epenpeg af1 .t he

partlclel dies 51 fromt formof the partlclellke bodles 51. Also,
t he boxI| tori 0 on 12 _is constru d fla wal | s
22a and 22c, ﬁ%‘?r({]ﬁ P ar{r?ecl ANAK B%dlrbeégéﬁ E‘ﬁa)é' WA %%ﬁj{]ﬁ% ormy
di sper sed ijﬁirﬂﬁEe')Q Hl'ﬂe'él”ﬁ IndECHiRe AbHIe SPPAFOREYG PR '9'2 Fgly if a
plurality averageipargidle k@ameltéﬁ‘s(@@rﬁeterﬁrés@n he pamicledikae HAadies porti on

12, it is Basy be idestifidd/skounid preferabét satisfihéheaonditien bédevbodi es 51.
[0046] 1.2<hp<fioED Cyd]_)ndl’l cal portion 23 that is to the rear of (next

connect fnlJSt : g'g'i”ﬁ{o o pre fe*ffﬂ‘"?ﬁe‘ A T i ng
portion 12 %ﬁ@ 9| &/b%ﬂ i_g} " Eée@ﬁrﬁ@?geﬂﬁr Béssgs{erg)& on in
FIG 8, the Bst cylindrical portion 23 has high strength by its
cylindricalO @ﬂaﬂ)e so that even if the cavity 14, described later, deforns
due to the pi ezoBisestttiec neaxienm éeight H roaximgen rinteinal dipmelars Mitt |l e
ef fect on trhehéi Y diréttadn el dheaonondiord?y pértior N2 and thelenakmuransni t

changes i nhkiht PREHAAURT SAEeHTRI OflidrietargVidt Yn lthd « idieedfiym tafr tig portion

12 and havgobhe bEQHI f@t 8hold pPefdtablif AR BheERGriRAbh Weidd.di schar ged

fromthe nﬁ&i desirab or the interna
cross-sect

)
Substantial [y th oué ok reterably 8 P88 8% YAsBE (h/d)
should more preferably be 0.8 or above.
[0043]

Also, the maximum height (maximum internal diameter) d
in the Y direction of the nozzle opening 11 and the maximum width
b in the X direction of the nozzle opening 11 should preferably
satisfy the condition below.
1.0<b/d<20.0 ... (3)

(b/d) should more preferably be 10.0 or below.

[0044]

One method of forming the first flattened portion 22 is to
heat the glass tube 20 and then press the glass tube 20 in the up-
down direction (a direction perpendicular to the length direction).
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as the internal cross-sectional area of the nonitoring portion 12. Al so,

i nstead of the first cylindrical portion 23, the cavity 14 and the
nonitoring portion 12 nay be connected by a flattened part. [0047]

The second flattened portion 24 to the rear of (next to) the first
cylindrical portion 23 has a flattened box-1ike space formed inside as the
same way as the flrst flattened portion 22, and is a part that constructs

the cavi tYBJy'4fdMﬁh|¢1@ tise @l@gﬁabéezccthﬁﬁbmronéru:mé@man@hte ﬁ‘bntthﬁack
Cross- SeCtﬁréf& nt BF 18 ar%%ﬁ' i &SR YUPRT thBNdRfehScHE ¥hd TuF . The
! A5S

flat piezo ric t eﬁgﬁéﬁmﬁfﬂr ?t?ttt‘l%tlgwgtﬁ dl?ﬁlc[at @g’ﬁuﬁ&' E ﬁet he

surface (o Qur?
cavity 14. t{rhc%e%tqs lsﬂé' FQQS et her

with a thi mwnltmlége@om@a 62 thaleisointeroalepedVi 89 ‘(Vhté“ |84 i ves
driving pubpase (isdlorauzd drInnaG@ilbohs@sflamsalrfal@e A2 is ddém@&l aﬁdtf@pands
and contrapussitie shtise firstcidatiaih® Aanof lhei fitstrffetitenaet ypertidn 22eofavi ty
14. Not e theﬁ IBS@%%'eGQDrbﬁdeé grEtNEufate 208 YBi formad @¥sHhe-cltefdd o

conver si on, ﬁBﬁ“ﬁst? @gpﬁio ﬂh% dhé‘fsf@rr%[ltﬁy"'% GResekd ﬂl@” t hat

0l vdes g R blet B ? htodita B2, 20 It g

portion 25 ttne F egFO
constructspéeQ%@TM'r@%ﬁ 8PenpY palowing ?otru AREBEMRFT RHCRRS 9/95% and a
narrow f | o@r g&sin i\t @ m@ldr@armtlﬁaecmemcmpmggwrahyoﬁq mn@éﬂﬁﬁ@r@t he
~openi ng ar ebtais aduboher mdmmdearcofe @redgteranineshapso functions as a buffer
for supply{pg4bhe |iquid material 50 including the particle-like bodies 51

to the cavity 1l47nEGG4R]Iside wall 208 M tioeedcbadt side wallt Pecreay ¢ the
second cylk %@f af%ht Qv S1eh@nk H?aérecen§6éalcttﬁ%§ﬁ§léewl path 16

where the F%%és nar.r OV\Bd an n]:l%r\lm? e(;TE tvi 'S)%Ty tSﬁgt :c ;)(I’)lw

of the nar

path 16 i SCQOf'f'@P g@'@pﬁ? ] eng 'ﬂet QEREF & € cavi ty
14 is ef f ewtdlv@2p targhshet second $lﬁ@ Wiz acOpéwfhagt 1f iedenasinHE it is
difficult heighthe(rpaseswne vatermal odiarhetde) caviingided the pmopéigairgto t he
supply tub oﬁtléndnhg lym$§ﬁh 5t vidliebaridyydt@lobtarmrangirhbgenaitholiete part 26
hlsrtot pul I g é; E I'Ié‘ztzféeaﬁﬂombrﬁﬁfchdhfeﬁ@éd fNedbpngt h
Tt 5615t digib : &l g& Oﬁi\ Htfe" &et Bo s 595 RIHE Crdtp roved
% 1%8 tt t| cr?nnectl ng

to the supBl yNEURR M:eIt dles lke Ritoring por
12 is constructed by the flat 5|de walls 22a and 22c¢, so that the
particle-like bodies 51 can easily be uniformly duspersed in the X
direction of the monitoring portion 12. Accordingly if a plurality of
particle-like bodies 51 are present in the monitoring portion 12, it
is easy to visually confirm or detect the particle-like bodies 51.
[0046]

The first cylindrical portion 23 that is to the rear of (next to)
the first flattened portion 22 is a part that constructs a first
connecting channel 13 for connecting (fluidly connecting) the
monitoring portion 12 and the cavity 14. As shown by the
enlarged cross section in FIG. 8, the first cylindrical portion 23 has
high strength by its cylindrical shape, so that even if the cavity 14,
described later, deforms due to the piezoelectric element 6, such
change in form will have little effect on the first flattened portion
22. Note that in order to transmit changes in the internal pressure
of the cavity 14 to the monitoring portion 12 and have the liquid
material 50 in the monitoring portion 12 discharged from the
nozzle opening 11, it is desirable for the internal cross-sectional
area of the first cylindrical portion 23 to be substantially the same

16



The front end part 21, the first flattened portion 22, the first
cylindrical portion 23, and the second flattened portion 24 are formed by
wor ki ng (ol di ng) the single glass tube 20. Accordingly, since it is
possible to formthe glass tube 20 seam essly fromthe cavity to the nozzle
openi ng, stagnation and/or bl ockages due to bubbles or the like hardly
occur, so that it is possible to prevent the particle-like bodies 51 such

as cells fé@%f@hﬁﬁérﬂ@l@dsmmmnélh@re% agnid enopftoting poetionf 12he i qui d

material - 5Q,&0d; a5k a@?%h@ffnts*ﬂecﬂﬁﬁér‘l@éle bii&nP2d] eReSdaditpm4 in@ut set .
ol ted to § or %gg plibrl BT 53 ?‘Erb%fvtgﬁﬁ?@?dj wc%:@rag@eﬁ@ ®tPand 1 qui o
material s

omlow Vi scosMy to high viscosity. L (Hﬁ?( Not e t hat
al t hough the gl asBetsasonb flastenad HortipRe2 46 ENQEsar ight (et 1) Bi%ice of
the gl ass fioste cglindrical pedksi % has Boflatteneasibox-like 8PaGE JOraea@ t ube
that. is |i ﬂ’mldér@@&mesgme (ayaaspdrefirst iflattended montiort @2m amd isher eby
provide a 'a$t3 @@oh%c@théfﬁaw ﬁaﬁhﬂﬂﬁ@?ﬂe@;saﬂe@@mbemmrl ng the

nurber or E;Eﬁeﬁ& 51*'?!1@36110'59 fleRPe§88 pottititp2]

In this wa SI ce 8 ar %t k 8tt (51|tor|ng
portion 12é§tﬁe P%‘Q’Pd g n Qz%gl iibi% %gz nitoring
portion i n€I/MESL ﬁéttfq‘té&r rﬁce I(puf%r BHE det ect

t he nunber O@nﬂhﬂﬁo@lﬂrﬁ&b‘ﬂet@lfetbﬁrﬂablvéall| B@ 6aViticltided Nen B0 | i qui d
mat eri al 5elemend 6lisattached tmklne@as&tbbeoﬁ&dchget;jfeen witdr artbim e nozzl e
openi ng 11elb’ct?d3§ed6éema@@ epIaGt Uselal, Qr ehamike, ofeddivedetswingn
apparatus f 'Issess 9 age Eh@n{ pd] BEs}iahgc‘éHé)releléurbdé 6@Céh'deéx@aﬂ1dght
?F;{fgnéglg t%sctaﬁ aﬁﬁct{( idnd Sh %Eé*?nt@ hal Akufie tdre 9 ::Ztthe
second sidé& M&VI @ B%:Tﬁga‘{ h@ é%ﬁe géﬁl&&g‘@%& § ?%eg {%% f
processi ng PREEHHA- §||ﬁcf0 GORyerpiasL 8KEBENL AN MeE

pi ckup uni knooe cohstiucgian sl tcludes ian glacieeds aﬂ%tfﬁﬁﬂlkﬁel e-1i ke bod| es
51 present [0048fe nonitoring portion 12 and the particle-like bodies 51
ncludea 10 L Fhepsatord e brtis o thazt eaopé thagsddondie
exanpl e of ¢ iﬁé@ rEi %@f 0% [.')§rtatl'$él’ e8h5@ecES r@?écbh@%oﬁﬂi@étm able to

it s e R e
light). It 'O['We a5 ﬁ‘t orf gebgg %'Ié;?fa %dj usti ng
the |um narﬁl@él’QWekeeﬁhﬁgCQﬂﬂﬁC‘Elﬁg @Fh ok %% (W’ [BHE ﬁﬁ finit 102.

[ 0053] supplyihg tmgmwdcm@tamalw@omcaw@gr tke apartitgdikeibpaing
t ranspar enElSB@@Iﬂd covitey wall 22c of the nonitoring portion 12, including a
state of t UId material 50 illumnated by the |light source 101 and the

iquid mat el deomt tpez P aRenSeddnd i arget s
igl it%@ﬁg% e‘h

I8|1?]U|t8 ?r;tcé?ﬂ gﬁ% 9b€\?&’%1tpa artic dF Elenbz)glees

51 are i nclqmwng@rﬁ%‘e'sdp%w E heb9 QvaP gi'?l@ t he
obt ai ned i @figde nNarievedsRam % tie $@Wﬁnirk51@he10}urfﬂ'é¢ IRRQr FCORMKIETt he
particl e- | iofethdias path nth udedOi bo t2@0poni for iIax@rppla,i Bre 1Pressdrehe
nunber and vfaQraﬂ(ﬂ‘f dfheheatavit} a4 ik efbedtivslySiramsehiatied tonth@enaidehar ged

l'iquid mat gy 011%1der@<9€tharchu§ diiﬁ*léulth”@? tqtreq &S varRg@broloft he

pa”'tc'e " § ﬁ% ’F{% @Lrb%?r@e'\/ésgﬁﬁs f
nmoni t ori ng rtio e ge o
the Iiquid %msﬂzﬁ Fibifine ﬂ%ﬁ % @EHQ i Teast
provi ded. ~ECQ Wﬁ?q F &02 a
canera eqwtbp’QdCy\hIMhl’l@aﬂ patidgen @ £kaghe eeanof ¢ d Pank én'soﬁtl cal

| ens. The cp]artctallatlcemsstlrsctsaaabthlefdooioraldgadsmgngatma?f (ﬁ@alcolr‘ﬂsmgltimgarﬁd al so
changi ng t kel sWSIFyRiuBUR. magni fication and should preferably be capabl e of
setting anr plckup magni fication in a range where it is possible to

si mul t aneousl’y pick up an inmage of a plurality of mnute particle-like
bodies 51 included in the liquid material 50. The inage processing
mechani sm 103 anal yzes an image acquirgd by the image pickup el ement 102,
and identifies the presence, nunber, and formof the particle-like bodles
51 in the nonitoring portion 12 and the presence, nunber, and form of the
particle-like bodies 51 in the droplets 71 after discharging. One exanpl e
of the imge processing nmechani sm 103 includes a parallel conputational
processing feature or configuration, and one exanple of the parall el
conput ati onal processors is a high-speed i mage processor that has position
conput ati on el enments each corresponding to each pixel of a CMOS sensor.



[ 0055] The nonitoring portion 12 is flattened and is formed so as to
be wider in the X direction and narrower in the Y direction than the first
cylindrical portion 23. Accordingly, if a plurality of particle-like bodies
51 such as cells, included in the liquid material 50 are present in the
nonitoring portion 12, such particle-like bodies Si wll disperse and
spread out in the X direction and tend to becone present in a

non-over | appi ng $hétfeOrb€bn@e@artth21ftrﬁ@tﬂrssﬂ@@te/wé aoanziz;ﬂeesfe-sond si de
& ﬁ‘r‘i 3q %W%j Qhéceéﬁaﬁdhﬁ%@t YWaS#tich P4 gréty of

\Aﬁl | 22c 2r 2
t t t
asy 1o ;SE {e@ i, &? TS g i ngAEEB{'dhﬂ g2, it s
first sideS\gd PRI EOSHEINENS: 9@%&!"3% éﬁ(ﬂ"nf"@ g}eﬁ'fqmy vﬁ'let her a
plurality 6avithetpahei rpzzIpi RRERBW, eStagnatien AR b chr@gas ue to

Accor di ng babbles dirsthiaiile tavillye otcequsppdbtnitt Is possdilecitapgevasad 10, by
observing tie pareigkndike bodtesr 51ant asralfs frioen Eattierdhg-drikerevdnes 51 in
the m)“'tofhé‘gstﬂ hbtioh é?thfelﬁbwl 6f it FEER @dehyatRipres (i anee dletihgespst r eam
o e ozl ST e b2 s,% el T
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(di spensed)00bain t he nozzl e opening 11 and thereby obtain the detection
result 7a. This N@@@Sthfalnaéltmoughthee ¢lasdaupe doviscaséd iontlhyetdisovequid
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mat eri al be?ﬁtb tthat df SEasRIESEANG IT /Y Chén%@%‘t“?é Bf Buﬁb@ﬁte Fing
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particle-like boph efhisWhgie tdnecaletipet disehbegel heéal sedi kfdedes the
predet ermi g g@gbdh%m@ ﬂbopéﬂ% arastthBidar of 8A. nc'fz%e |h agpn, when
i

0l Spens! M9a &% T ?ﬂoHL &%m&ma#g EH&% ABLo a
ecgle d SSI

m cr opl at e?

greatly re@ R%)é@' HEH n"f' Igﬂdltlons
of an expePPfieale- bketﬁ@dlqskél ['OGBB?I in thepfigui 1”'@“86\@ | @ bent
exanpl e of disafiasghdryextheadoise M@g@s@teﬁhj@nmhafn@l‘?éed]pﬁmaggbl head 10
i s equi ppedywithh tdeteotionl @pparatug I1 tia esamplendfi tlaé . datectienf r ont
end part 2% %réﬂﬁs 9 asshiowe iROFtBat. f orme dét@cn@zzlumovemmdéé at he
AL 5 Heassol u BRpB3S sBLaE 3 Pice RhB® étngraea [ e @rshape of
a sul tabl é‘esﬁ 1418nga o%g ggt aee YRUG Uit oropidhageher of
t he nozzle I?)% gf N

so as to face t e secon Sld 22c opposite the light source

101, and the image processing mechamsm 103 that processes an

image acquired by the image pickup unit 102. The light source

101 illuminates the particle-like bodies 51 present in the

monitoring portion 12 and the particle-like bodies 51 included in

the droplet 71 discharged from the nozzle opening 11. One

example of the light source 101 is a so-called strobe light that is

able to cyclically emit light, and as one example it is possible to

use a halogen lamp such as a xenon lamp, an LED lamp, or a

“black light” (ultraviolet light). It is desirable for the light source

101 to be capable of adjusting the luminance in keeping with the

performance of the image pickup unit 102.

[0053]
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In the discharge device 1 equipped with the discharge head 10 al so, the
presence and nunber of particle-like bodies 51 are observed at the
nonitoring portion 12 that is connected to and is inmediately above

(i mredi ately upstream of the nozzle opening 11. This neans that it is
possi bl e before the liquid material 50 is discharged (di spensed) fromthe
nozzl e opening 11, to acquire, fromthe detection apparatus 7, a detection
result 7a |ncI udmg wheigeerpipiip | obet 1102 Q@Queessananmag@ wdgdthe the

|1 quid mat de)Psh Il o derrdbas hai@neomRYL pRdohhg anunber

form and u k I 5 r S

oo, o Tl e D AR L

i quid rrat %?P%ﬁe 5 R uEh% OcLHg t?f@l

condi ti on, OPRAING sl 1 atqwakkt tﬁé@e?ﬁj té’n@d&r féﬁﬁf)(cﬂ'y‘ é\):

pr edet er m pattideelilé hddiesdh hetre Brduded Snctheniguid eatestiak 50oim H@%ul t 7a

does not nEi@litéhegdesiticrd 1Qoaddfdopartitia-fikpdssdiesest aragnchided e | i qui d

material Sgy Odrsf&ﬁiaggeahqaq%ﬁat edrdplieky 59“' b9“aﬁ*ﬂ3h?ﬂ higi ahel HtaiHed to

di spose of § alsofkd rﬁ A ShRREr d Fofhe 'B?et de state
'vﬁdg

of the rmnl |I hlg e c ﬁ t he
o s ge HEAHES far.%i“ i .cé%?%‘;ﬁ%rdééé B %ther

exanpl e of disebagpedniqye materied. 56rh gl is’age upekap @'ﬂ'tt‘l’ﬁ@tda%%lﬂﬂée e head
10 is equi ppedmaigeh af dhki martick-likenitagiesgSaorincimderd. inThhe iliquidhe gl ass
tube 20 i nﬁiat@@wasd otirthie mdmttﬁhrngqborrmm i1 a8 bhamdage mEckbp umibi toring

9l i nr %2 e I e e e (e ™
siz p i [

bodi es 51 ﬁ)gﬂa \yeﬁ% %ﬂée a%’dptée particle dianeter (d| arreter) r of

t he partlc e bodies 51 is | Oom or above for exa OSSIb|e to

detect the parh@ﬂ@ ﬁ%l@énB@dlcgst% BOABRoPI YRy YR Eﬁér th %mfﬁ F@cal

porti on 28eqghirped haithl ass image Joickepseiemeni (gE€0,cEMOR)pland ¥ t he
first flatoptiedl gensi onTiz? ebcal tdes gisasapabbe @0 ddjustihdethéyfdeslng

squeezed f rgteutaidlealssi @h%rfdiﬁ r enai ﬂh@@ecqjl@knpchh@gntffcaltm darsg har ge

head 10 Isg Bﬁlosa |@ea&k dgé&rhﬁe%@qug e%ﬁéktﬁ’ﬁ)' on
e o it bea R b G
there is i HBr &k¢ %Q%bé’lgl Bi t Uf‘?‘l‘éﬁ t érP't”}ecIB g ll%% § \Ag]rl be

present onin@dwded dRe ot Kawid omtlezﬂfﬂ n%oeach R h&MNAGEnsPHRCEIRNT

noni t or i ngnpechanianl 4 Gha@nalyzeased ipagsabichuingd bat the image mickye

possi bl e t elerdiestiIQR)i shdiiddntifidsatheppresehee,) nkentberdi @sd Sarouof bfiet he
plurality. farﬂfi'@léthrééebloldk@s bgdi &g Ftﬂae Irhoh&dar ep@bﬂ.u@ntqzormddehéhe first

flattened Ppég & Zgu @S|$5 ,%9 & 1§ OfR QHéSI de. If
@i; é f CE |es

t he partlc chg I%'r rovog%r %%élf% LS 5pm or

bel ow, it Iat r%qrtlon
29 processmg me anlsm Iu es a para Ie compu a

processing feature or conﬂguratlon, and one example of the
parallel computational processors is a high-speed image processor
that has position computation elements each correspondmg to
each pixel of a CMOS sensor.

[0055]

The monitoring portion 12 is flattened and is formed so as
to be wider in the X direction and narrower in the Y direction than
the first cylindrical portion 23. Accordingly, if a plurality of
particle-like bodies 51 such as cells, included in the liquid material
50 are present in the monitoring portion 12, such particle-like
bodies 51 will disperse and spread out in the X direction and tend
to become present in a non-overlapping state between the first
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[ 0062] FIG 13 shows, by way of a flowhart, a nethod (a control

nmet hod of the discharge deV|ce 1) of discharging a droplet 71 including
particle-like bodies 51 according to a predeterm ned condition onto one of
the targets 8la to 81c using the discharge device 1 equipped with the

di scharge head 10. [0063] If, in step 110, a discharge instruction
has been outputted fromthe host apparatus, in step 111 the control unit 74

uses an i ngge wfa||a2292a7ﬁ@tﬁér§@@cmd1@|d>é wdlp 20ezzFer eRrNFewsc, iebtiee ned from

the detect yapnappariatas 1l Hyebhe epsé.ttwcﬂémé it diedims 51 are
't “parti ¢l gt eazs EBie Sﬂg fp 2'0 Zl dEFec st oy e
surface 119€ Qcﬁ»etl%%rﬁqr(gc%ﬂ % m%ﬂét |VY1%)l mode) in

step 112b.228 Bmg phe isacend kfédﬁod‘(fé!s %ZicOandt ker idenidhygv t"t‘%"r 3s
present at pluralibp of Itbespaftade- e badies A1y ang piesent.i on of the droplet 71
di scharged[§0®5@1t he di scharge head 10 will change and there is the
possibility thatA&&t?rdi'ﬁgp'tSt tHé Wédhaﬂ?b r(fé%ﬁi@etﬂe *ftRpped Watlgethe

pocordi f“g'rafsch%. leda16.oBY SBEEARG Zzlptr éZ'n% &£ 35RaldRM S f{)ggg]
I n cl eani n Etﬁ:ée alﬁﬁ[jé es/éjami/tﬁ @é’r]' % 32 ﬁ'ﬁzag?gcharge
head 10 to'mﬂ'teqiéﬁ%wpégpt’?o immediately dpstEeam leOF§ & PREREY using a
wi pi ng nechani Emisrposgble kesindovingedefiection rappamdsist i/ortot ddeekbre t he
forei gn mawhether marttiedeilike odies the atesittcduded heatha diquig materiad t he

di sposer 88pafthe Rigophitt 7al)etd idee dioch@®erl rextt Aadf alsel ghe niictededr esent

at the “Ozﬁ f@%&%@@ﬂfﬁk@ d@eeved yhdli @ROSigMn %g @rfom@t (i.

Lol ) e TS el
| s hel d,

and t he dlg Eﬁe &'é??”&@@gn 8@?1 ¢ Z&Jﬁ]t(?lﬁ S g)g Mning in

step 112b ﬂﬁ%a'@nﬁéﬁjdefﬁ%t'@ﬁrrﬁsb'l day fBIuUPEaRs shapWith thet diseh aEQ)%fl rming
the di schadgeidend; andyithe tiquihmnateniahb8 thatainclufies tbe particignik@tter is
present onbblHen®dzlof the fdesirédd aonchbdremncbfiormuétype) ds satibahgegga ocess
descri bed ggt®Wne of the targets 81a to 81c and that in other cases, it is

possible to agitate the liquid material 50 to change the state of the

monitoring portion 12 and/or to dispose the liquid material 50 into

the disposer 82 to change the state of the monitoring portion 12.

[0057]

Therefore, according to the discharge device 1, it is possible

to selectively discharge only a droplet 71 (which includes particle-

like bodies) where the detection result 7a satisfies a

predetermined condition onto the targets 8la to 81c. For this

reason, when dispensing the droplets 71 including the particle-like

bodies 51 onto a microplate (target) including a plurality of wells,

it is possible to greatly reduce the presence of wasted wells that do

not satisfy conditions of an experiment or the like.

[0058]

FIG. 11 shows a different example of a discharge head 10.

The glass tube 20 of the discharge head 10 is equipped with the

nozzle opening 11 that is cylindrical. At the front end part 21 of

the glass tube 20 that forms the nozzle opening 11, the front end

of the glass tube 20 is molded or formed into a narrowed shape of

a suitable size as the nozzle opening 11. A typical internal

diameter of the nozzle opening 11 is 15-200um.

[0059]
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[ 0066] If particle-like bodies 51 are not detected at the nozzle
surface 1lla, in step 112a an acquisition unit 75 of the control unit 74
acquires the detection result 7a including information on the nunber and/or
form (for exanple, the size (dianeter), shape, pattern and color) of the
particle-like bodies 51 included in the liquid material 50 in the

moni toring portion 12 fromthe detection unit 7. In step 113, if a

condi tion such aI‘h the mgaherg@ruymef1oequmpédme/v.|tnmeoﬁ.gchergarneau e-like

E?Shife??n § dtHé‘ ﬂ%be%uonuh% r“o 7aart$cr|\gémm rb@dué?;“S@ afe aumt T
of the sta?@ ﬁ&% Ebrﬁ& E:%tl ne of alshgogi'%%&%?la to %ic and in
step 114b H:BW;\% 9N§ Y1 WPEHEaB) O 3: ngal-d? 8 gn{rbg 81c t hat
mat ches t hélpr éﬁﬂ@ é‘ﬂﬁﬁﬁéot nidi i6i ResUBle Hefaee 56@&3@‘6% t8hi@ 010 89 and
uses the ddisdhaggedi (dBpemsdiddcframgeth@enozzlai apeaing ikl, 50 a6gdirehe

desi gnat edfiiomngttie Setddv]apparatusOr, thedetdutiorhardulti 7at freclading r ed
detection W#féthbﬂ ttfcl8qikevbdHias the a'r@nm:tlgaeahﬁ ﬂﬁ@dﬁimdnmmén@ondltlon

Itﬂeslt Iegwlég@ % %Itrafg tc?? 'o”B glsk 4 8tr?é 58 m’? b?g ﬁﬁosgf Ofi i
step 115b, 2 %ﬁgﬁl uiflg ! 8‘181‘1 % S’? o TORY E%g%ﬁ?t 78
noves t he lﬂ§ B{geN AR deyichd /dt 49 cp§é°'15 Qea%'i“&(a A81%nd/ or 89

and di sposanatesialary@ eindudingi fget H%ar&tq Qn'lkjf uh0€“8§ alt & tdgsred he

control retandiidm, shap is10a poe@dsijermined Ifumber| andyor farer i(5YpeY i s not

to be di speaed a)fpreldetéfﬂﬁnédﬁonenoﬁigheatargletslrﬁla %6 8dut r avbea thévi ng

vol tage appbi&tié® Féfsqnplﬁaoabégthb@ ®lzRBBNEN& PHEZiPe! eaRaftor it @& the

driving unphedisit t8h€§59§%é)rth§ H%%té(? @tﬁde bnp(ﬁqeeinwbéﬁa@f of fige cavi ty
nI i

14 to an e ?Z%r g{) gaﬁfgr m@ﬁ%ﬁ#ﬁl g the

liquid mat Q?(?ré' Oféagaﬂa % g
then the cHBHOr H1e iSREFR g §%T %l tat i on

in step 1182. |tSlhsert@@sr@mllﬂtﬁlg:I@‘Qﬁgbﬂtcﬁt@m|0§ttth|€bdtSC61@rﬁﬁdh Qdn of the
particle-|the badiesadlthe disehawget tveiany gesaribed 1abwehcnlasa1n|;§m| ng of
t he parti ctigetddfashpshittedsSi, This nmeans that it is possible to greatly
regu_cte thegﬁgog Ence (am)untvi of the&gg;il cle-1li kepbodl gé 51 t hat j@g)l wast ed
and it is SO VEn LS de,P]A g end e 83
using the %t u%effl?a%s %@6050 of Hargep‘f]@ 5aPP6 4 IE eq §§2 with a

cylindrical monitoring portlon 12 That is, the glass tube 20

includes a fourth cylindrical portion 28 that forms the monitoring

portion 12 to the rear of the front end part 21 and in front of the

first cylindrical portion 23. Accordingly, if the size of the particle-

like bodies 51 is comparatively large and the particle diameter

(diameter) r of the particle-like bodies 51 is 10um or above for

example, it is possible to detect the particle-like bodies 51 by

providing the fourth cylindrical portion 28 where the glass tube 20

is still cylindrical in place of the first flattened portion 22 where the

glass tube 20 is molded by being squeezed from outside. Since

the remaining construction of the discharge head 10 is the same

as the discharge head described above, description thereof is

omitted.

[0061]

On the other hand, if the particle diameter (diameter) r of

the particle-like bodies 51 is below 10um, since there is increased

probability that the particle-like bodies 51 will be present on top of

one another (overlapping each other) inside the monitoring portion

12 and increased probability that it will not be possible to
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The deci sion whether to select disposal in step 115b or to select agitation
in step 116 may be set in advance as an initial setting of the state
changing unit 76 or disposal may be sel ected when a detection result 7a
that matches a predeterm ned condition has not been obtained in spite of
agitation being repeated a nunber of tines. It is also possible to select
agitation or disposal by determ ning, according to the detection result 7a,

whet her 'td|s%|r¥§1§§hbi|n@|\t'|@lu%m ldlé‘fhk%t pbeief Sttheuewst thes iplgralityt 6bn 12 so

as Lo Mt ChaHiden Hﬂ)é &L pRSVidROLROF3¢ Flaftdrect ep 116.
[0071] Bamo s eH {;St gb%eozﬁnﬁo §lcfear Pts 8la
to 81c in BPE‘H 'i‘l eria is dis % ep 115b,
t he cont r ofN@&Rartis ) &cpt it eﬁ’%‘ﬂ%ﬁl@ Qdfoé I%/I ng
appar at us 5|J\Wi1tﬁrdb€|\¢é!\l,pu¢ sJésef/@ﬂ é."m'fﬁlsﬂ?f@f@"att"ﬁpéo( ﬁ’ﬁ@ﬁ Irgk i ve

pul ses f or flattemdd pogtionype (net hod). Here, the expression puI ling type"
refers for[@@ggple to applying a voltage to the piezoelectric element 6 in
a normal st at eqr?s &Hémfr‘saw W dffa &lcﬁh@ﬁ@rtvv'at netHsaecomobhe,
reducing t aV| i? %% Eﬂe@c"é 3'1 ffoagcqb% e d,xg, |é1|_cr7epse t he

| f h d

oLuTe of ud 5 aeﬁspg? coréf §a$ 91 Pref acg‘*ﬁ 4 hand,
§ V%'Intgaﬁlée BFh@EQ‘%O t he

pi ezoel ect devias éreauipps watmmer@uscmng@ Bﬂ@ adpl ying a vol t age when

t he expres§PBﬁ't*%sqntﬁg
di schar gi nfj0@68qjopl et 71 to cause the piezoelectric element 6 to deform and
increase the prepsunestep h®,cavdityhddge tihstrebyiodi habasgemputpdittgd et 71.

I[?OZﬁ]e U omS&HtC%skeleaﬁEé‘#a‘?c%S |ﬁfsﬁéﬂ>elﬂq2¥ﬂ1@ @mt%ngnitlm ukebearpglslfegrln
as insi ge [rh«%%ﬁq‘;% ﬁ%%éﬂf'eggr% ?%a Ethléeﬂbiﬂésﬁ sleége of the

N,V
t ngaiItEnz 4 el iﬁﬂ F@ Je e Sor
O or  podues st ncbent 108 T ParigaHaACad f(!nepzma £ 2% ke
bodi es 51 wpenimg 1hcshewd Irh Rlee Gr off particletiie ibodies cnbrYe®then the

ot her handfomdigh tietteosbi pgesente aputheenoziacurfaee nkha sthe odbntrioé nozzl e
openi ng 11in% harsivitchek! @dciganihemsidat ewifingheot)i trostery 10QH.i df 12 wil |

not be vary % ﬁ@ldn nw;é botle sosﬁ%.bbeh figsoarieis, & gaicena tnel i o
| i %t % |
s in 2128 argﬁ@ B sd'a gusg_é” R E ange ?F'éleﬂz ?'i egeg@ %imﬁnéf

the neni sc@ossiline thas e eboplet J]erYé'Ht n@t 'F?a§t §h§1 esis g rapid
attenuati oAcabrdlmtglw ir ist fiost oonfinmesdenihather 4he¢ Boppeesdifagenbl@ient of
t he nmeni scgkedrm andi ifi foreign tmiastqrosipbesenty the cldzzletsabiféca el tddsi nt er nal
state of tﬁﬁadﬁgﬂ_tori ng portion 12. [0074]
[0064]
In cleaning mode, the actuator 79 and/or 89 is used to
move the discharge head 10 to the home position and the nozzle
surface 1la is cleaned using a wiping mechanism or the like
provided at the home position to remove the foreign matter. In
cleaning mode, the discharge head 10 may move to the disposer
82 and the particle-like bodies 51 or the foreign matter present at
the nozzle surface 11a may be removed by disposing of the droplet
(i.e., cleaning).
[0065]
After the cleaning in step 112b ends, the control returns to
step 110, it is confirmed that a discharge instruction is held, and
the discharge process described below continues. After the
cleaning in step 112b has ended, the control may return to step
111 without confirming the discharge instruction to confirm once
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If, in step 114b, the particle-like bodies 51 of the indicated condition
have been di scharged on the indicated target 8la to 81c, in step 118a the
acquisition unit 75 of the control unit 74 acquires an i nage of the droplet
i mmedi ately after discharge and a detection result 7a for the nonitoring
portion 12 after discharge fromthe detection apparatus 7. [0075] In
step 118b, if particle-like bodies 51 that satisfy the conditions before

di scharge éﬁélrpﬁx\ﬂ’ﬁeﬁjhferlﬁmél“g?n desgetiigpresenlt tory 2haf hezzIdi setfacge, 14 he

control un Y/ ticle-lik
bodi es 51 F thetFtghth |scrfwé]agsecgaq??%@Ceg%qdu%r%d;rgleg%‘ﬁSSaﬁm;cbg ke

een
repeat edly @@é@ﬁ r 0 th esir target, 8 n ste 120 t he
control returns %éltrg féﬁb \A/Ef’%becﬁ iﬂ ﬁbOtt ﬁ&&te&gi at th qlons are
confirmed ayHieeei hlai é’b§t@l1113a2fd aI‘lQCCIblfﬁ’:lt'@ﬂeLm'Bl &t &pdbt ed in
step 114b. 7@06z@lires the ddtechionpaesultl éal incudiog e@fcfmath@n @atthﬂy t he

condi ti onsnbefiosre #hdDrafgemarfomaxametgnthensizee (direeteoy seapef 7a
after disch aﬂ% bﬂdskéﬁ)él@ftt'h% rﬁtut@i likei bodfed!SHIS ihBRidethgs Eie t he

di schar ged; Idgbeih”tr‘?@ Tn %rotrtIB e1bi 8P el eg tRf
], e g
Eont rol unPf f‘@ %soqr|§ ;S?Idé@s ”ﬁEIuﬁi@ ﬁ ﬁ%o tbqrb I i ke

bodi es 51 Hhesulhofa béertmrs@ana@@@ 6h a redeterained rfgm 'Q@é]rt'ﬁ 8P If the
liqui d mat édidal tisd disghdge tpegetedhanding huige® ofitthha Btatéeshasgingr get 81a
to 8lc, inysitepeladiddie enatobltheetargetst 81at ep 81O and Houstapharigiing t he

target 81, nﬁ&\‘ﬁ‘esc?ﬁ'é'dl!s@rﬁ‘érg% fedeni Oridrenads the fargetBsg 1d toa@tc tAdt and then

di schar gi ng, 18 e‘%ptﬁ‘faet &t élh’?iﬁ’\ #8nd the a&hattBF' Fre as
sen i Bl Vi vmc.u@ L e e e e

particle-I gd‘r’%%s arge, the
possi bilit ?8@@%983'}? éafﬁ)‘%l 51 adhering to the nozzle surface 1lla
and not be (&@66 Ischarged onto the target 81 is detected so that it becones
possi bl e to rel i@l thaliothbahged,hé theracquieed idatcotionesesilt 7d Eomet
If in Stepwlﬂ'ihntt‘r% eahgeaoPtherpreaicgerminad daitiaa, tihestep ¢ 18acttamge to
anot her tag i@h@ﬁ%% 78l é@ﬁﬁmrﬂﬁestwr@tﬁ@r 13 Qishbst o thd siqid ot her
target in ﬁ]ié?t%r GRS d‘?ﬂgﬁerlal 50 is to be disposed of, in step

115b, a disposal unit 78a of the discharge target changing unit 78

moves the discharge head to the disposer 82 using the actuator 79

and/or 89 and disposal is carried out using the driving unit 2.

After this, the control returns to step 110.

[0068]

If the liguid material 50 is not to be disposed of, in step 116,

an agitation unit 77 controls a driving voitage applied to the

piezoelectric element (piezo element) 6 from the driving unit 2 to

change or fluctuate the internal pressure of the cavity 14 to an

extent where a droplet is not discharged, thereby agitating the

liquid material 50 and changing the state of the monitoring portion

12, then the control returns to step 110.

[0069]

By selecting agitation in step 116, it is possible to change

the distribution and position of the particle-like bodies 51 in the

monitoring portion 12 without disposing of the particle-like bodies

51. This means that it is possible to greatly reduce the presence

(amount) of the particle-like bodies 51 that is wasted and it is also

unnecessary to move the discharge head 10 or the table 83 using

the actuator 79 and/or 89 to carry out disposal.
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[ 0079] FIG 14 shows one exanple of an algorithmfor a case where a
droplet 71 including only one particle-like body 51 is discharged onto a
target 81. In this algorithm the control unit 74 of the discharge device 1
uses the detection apparatus 7, the driving apparatus 2 for controlling the
pi ezo el enent 6 and the second actuator 79 and/or the third actuator 89 for
novenment Note that description is omtted for steps that are the sane as

t he romchP@@7gTscr|bed above [ 0080] v FIG 15 shows the state of the

ronitori 19 Bort e ect i A e P e
and t he méﬁ?ﬂgﬁfﬁf ”Eg%ﬂfégg é g%%‘tqt : l goM%{%\é%réluagg di vi ded
HERREGAUCEC ook R B sl
and a parthéshinotl begnombtaked ine spiitzhefr gegitatfiosr biehag (epeatecthﬁird)
Al 't hough thanmf@@rr bﬁrtimgspont iwalsk? pobsithe tdi seleat gryitetddn ldr dispaisain in
FIG 15 asy, Z |%ﬁﬁ§wa§§@?dlﬁ eth *tﬁéodétfé%%i%rf ?Qé@l'ﬂWa?lvsFHétﬁ%rflf%nthe
ol T R AR TSR
the region %f Eh%:-P %t%& n?ﬁ\ '(9“[ Sg!@d @ agi (1 i @éb i

step 110, al |scharge instruction has been outputted fromthe host
appar at us, [0@73fep 111 the control unit 74 deternines whether the
particl e- |i ke bowien 51diuplet Fdeis discbareddaintohenaafzihe tandeiseBlida of t he

nozzl e Opet‘rb M cdlih stép na4midri eetigulke nhatbresl 50 ibaviepbsed ofefrestesl at the
Bglztzl §4Sg£ 369 Hha. ccbrﬁtrat %.tﬁm%iaadrsweg thedy 1e%b@c|j@étri¢n%§enzén@f6 ziaetrqt@nt rol
i ndi vi dual HE%F? ?@%'a %l?% gl gN(tgluél“ﬁl\é% cEJe §+$11,E % tlh P@?éSO of
t he noni t of t |rk91f HT%GFFef%etaecPP W%p Xpﬁt Ere, I n
step 113a, the @¥PIRESIPR| eplIJ”'k‘éJ B¥BEesreferaallyy KoM i’ G a
det ect i on) vottageotorthep piezaelecvie-alereniobi b asrqum@l ptatie detkeeRrd in the
first regitine 3davitpst4dt it cat mteomitle apeeduged lvolurmbe meghidiogi bige porti on
12, the Stébﬁlléﬁa%lfwgémirhn'?&jléﬂél‘?r fBéT@?e\M@I%@ﬁr @& Sipeseasé the |iquid
mt et 'eg' 11@8 t&ﬂothéjc'é%lt f14t z%;h%w voﬁéé & drfeeb G??Lrﬁﬁ@;eﬂnﬂ
78 poi nt s M@@Eﬁe 14, gng 358 ﬁwf'g;ovact 2o 70
and/ or 89, I&%uor €5 han regsiaty PH§ ﬁ?@ gt Qont r ol
returns toveltagelapplied ‘iCPlethel (ﬁlﬁ%pfhlﬁﬁﬁ?“i:a@ eg’@enl's &ob @ oNBEMA s%?éE%d of, in
step 116 thadagpplyingra wvoltage7wign dissharging iaqdreplest £t italcaBeavthe an
anount of plessleetridalerdent 6100 defosm dinschrorgase chehpngssureeirstiagée of the
moni tori ngcRQRy i o der@y HieheegirnPh diplenyito step 110.

[0072]

Since the meniscus of the nozzle opening 11 will be pulled

in if the pulling type pulses are used, the meniscus may be pulled

in as far as inside the monitoring portion 12, which varies the

internal state of the monitoring portion 12. This means that the

state of the monitoring portion 12 that was confirmed in step 113

may change and unexpected particle-like bodies 51 will be

included in the droplet 71 that is discharged. On the other hand,

with the pushing type pulses, since the meniscus of the nozzle

opening 11 is hardly pulled in, the state of the monitoring portion

12 will not be varied and it will be possible to discharge a droplet

71 including the expected particle-like bodies 51.

[0073]

Immediately after supplying drive pulses for the pushing
method to the piezoelectric element 6 in step 114b, the driving
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[ 0083] FIG 15(a) shows a case where zero particle-like bodies 51
are detected, that is, particle-like bodies 51 are not detected, in the
first region 31. FIG 15(b) shows a case where two particle-like bodies 51
are present in the first region 31. The first region 31 holds liquid
material 50 to be discharged next fromthe nozzle opening 11 and if zero or
two or nmore particle-like bodies 51 are present in the first region 31, by
di sposi ng Qf'ntOQ %ppaés r@ul%ég tHastuicdnaer %baérﬁéhu @fStthﬂo nfhéﬁngm@ id6, it is
possi bl e tg, E ?P( §n9f 6a HarsttéE er{y ke pgd 7 %E, [s the]
target 81 t supp i [gr% 0084
At the sané&ﬁ H&t%%{) 'bﬁﬂ% Qﬁmﬁﬁﬁ ?\ﬁéh@cﬁé Aﬁed p 113b
one or nor PLHPEEL é1I nB%BiSé%‘S ias”HEHQHP%dS[] I Pﬂén@é%éﬁd Y)n 32

whi ch i s tetaklice sbadntemalrstate Oidhe maniFegngP@Lion Ad-state changing
unit 76 def@P#hes in step 115a whether to dispose of the liquid nmaterial
50. If the |iquiH, imtstepal 188, ithet pakticidiBloodraties, 51 rofstrepiddihtede

di sposal U%ﬁd it I%‘ék/@tﬁeér‘i‘%@éﬁﬁiélL d)l@ﬁntﬁ@lﬁdlcéte@ftér gésBaseto 8dcysing the

actuator 7 S | n 2, and
the contro ?e ur nsaacl9 dLﬁ R)Lﬁyrdﬁpg ot Lw d}ﬂqtﬁ«BFuﬁh Eb{é& ri;réso be

di sposed o? i ﬁ?il ?h ragi%at’ gﬁé& ggg 2 81 mat eri al
50 with an QFﬁﬁHﬁn d']eSH g@u @ ¢ §t MPELorBe EQU@ nd? cAlegdisENerdRge t he
state of tfremdhetdeiatgiogoappenallss Znd the control returns to step 110.

[ 0085] [0075FI G 15(c) shows a state where one particle-like body 51 is
present in the i sdteped 18b3%f apartecie-iee t botired i%e thuty satisfy theo
present inchhg tﬁﬁ%og‘éfg@'d?&r?& éfaréaiﬁﬁés@rﬂ‘ﬂ kge hosticsidnl rasgitpygsent in

rgd2 @%@g it LA t&@ce ﬁ%srﬁ“ﬁ?étog allopﬂé ejg is the

h d
L Lo IR AP, e
Tt S 31
i Insfhgrggﬂ hey ﬁ%léjr at@ma May rleureprsat ﬂrgkﬂ‘:@@rgf i ﬁ’@: Bdhﬁegl o

particl e- IdEEIreddtae“ge$18b@|t0981d; da Hteged 20nthe wWantrak REUres fh stele next .
In this casep wiehset aithngigigortha2 tasgetsethascandiifdres aregicomfaongedf a

particle-lg aurmﬁystférpspanty ahe- Litke HodigrrbHisctariginguidedepeatdte isecond
regi on 32, gui d material 50 i's agitated or disposed of to change the

state of tﬁ@ gggltorlng portlon 12 and further i nprove the di scharge
precision %

S 11 d 113b,. . a ondlt r
agitating or di s}pfog‘ﬁgp@f 'Fi?ell p?qbdgjs%t gil Hagos‘—i’ $fr)(ott &ﬁ ngl n step
114 the di beferiegdischajee aranPhpresent 78 bre rdrtestion rerdlg7agaliert 76
uses t he adiachiaogeyInasidorl 18D the @@mhﬂoltumtnmzw@smbbanﬁgagg @f’i th@e target
81 and di sdhheegetingrdplatitd detemiade SthethearheafticletlikedionieSHbwfo t he
target 81 ﬁé@@térhmwérd ¥bAditithd werel heclgase N’ﬂh@tﬁé disehaeidd (tnrobvét

agitatl gglg 10 d.éE%i'a%'r?oﬂTa S‘édt% fhoth§ %qéﬁs%m@ ;ﬁe'inl steps
detected i ﬁﬁb @tiro Z@ﬁf%h@ﬁg th% E?%quotp ‘(1.%81'9 ﬁh :

re det ect ed
in the secBa#ti¢l ‘ﬁ Bodigs EQQ K9 %%5?@ Si nce

only one ptanged] 1Ia| ke &bey 3f th@ ﬂé'gérmatﬂ”ﬁhesq d5Ryn ﬁnE‘FB@I@‘%ﬂf Yhe first
regi on 31 dimthanrgedeonta theyidesisad vilkirghti8lahko Hi¥d,ein re¥gpod22ateopl et 71
i ncl udi ng ephrodneetpans i & stepke1bowitidutidnanagngdi trehaiaggdt t®lyatdet he
target 81 phnaltithd ke confirmed again in steps 111 and 113 and then

discharging is repeated in step 114b.

[0077]

At the same time as step 118b or at around the same time,

by confirming in step 119 that the particle-like bodies 51 are

included in the droplet 71 after discharge, the possibility of

particle-like bodies 51 adhering to the nozzle surface 11a and not

being discharged onto the target 81 is detected so that it becomes

possible to reliably discharge the particle-like bodies 51.
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[ 0087] After the particle-like body 51 has been discharged, in step
118a the acquisition unit 75 of the control unit 74 acquires an inmage of
the droplet imrediately after discharge and the detection result 7a for the
nonitoring portion 12 after discharge fromthe detection apparatus 7. In
step 118b, it is determ ned whether a particle-like body 51 has been
detected in the first region 31. If a particle-like body 51 has not been
det ect ed |{P@hg 1first reglon 31, in step 119 the control unit 74 uses an

- image of the dis hﬁr 4pqpiedr g‘%éﬁ@ﬂﬁéﬁ‘ BErQUtoii e PAS!thehe-side body
4

part il o ??*&%9%%3%? éép*&%@? ceftpePtelietdeitto, ird

h trol t
74 det er mi HE&€ igao 8?5 pgget'ﬂ REER ]pa‘ifiq epaY ecﬁke'van?ody 51eh;gnn(r)1(:) bggln

di schar gedlO@A9h case where the discharging of liquid material 50 onto the
target 81 may beFlepdat showa enepexamplee afoatr algertiundor oa seage 110
wi t hout chahgiragat eoprstgetl Gacludirgcondy tonespaftitieelikenbodyi 84 portion 12

are confirgrgnhagges dﬁt@é%réé@%ﬁnfinlﬂrﬁb al@@@htﬁlhﬁ?Cﬂ% @bhgrdmm@rm ed out
againin s ewﬁe H k@h@ody 51

SERRE sty
hgselr)%egeggtlectge B %‘ @53@ h oé tr?e
grf)pl et 715%}% ;ﬁ%@% EEt%ZaBa/@iﬁhég glf’?n Vi %@R Bée’ﬁ‘%ﬁeg%ﬁafged onto

t he tar get Ngle dhatidessritian is esniied fes SRﬁ@S tt&f@rﬁ“‘@ sanmeasethe ar get 81
ont o whi chflawghett clesetibleel dbdye51 is to be discharged. On the other hand,
if a partipd@80]ke body 51 has not been detected in the discharged dropl et
71, the Con“ol i U154 sHBWY TheesaBasf @hérﬁmmoﬂ tﬁ@ﬁtmmqydeﬁwa

par 1 cle- 1 ?elg Sy el o 5; ?ol—ﬁéﬁ‘ﬁazé% sdn a case
%ﬁ%ﬁ%

wher e the c ar
r epeat ed, taIndP P t%ﬂlﬁ' %;?g%l ng the
target 81, t"ifhé"%gﬁcﬁ’ft‘i%én%'f“tf)ﬁé‘gnﬁﬁftﬂ%'ﬂ| 2"%9”@ (Yoqll'f’ d again
in step 11intoamdaftitsEhat gegipn s 3dat®|bﬂjddﬁ;t aar gachnext frep tha nqzzbs
If, in steppédihg tiNera partaisadoad ragiget), 32rt<3bepd[523argedtaﬁtgetthats changed
to the ot h@retaé@ﬁnda)nobrﬁ@% ¢RIt r@hindetegion )t 83stepeld®chbigednafteep 121,
dlhgcr:ﬁalrsm ¢le tag;ﬂ'aj}r theith h°|th%n‘i’ﬁon[t99 rtlon i Fethe he
first rgglgﬁ%b lréﬁql' %rarb ”ng‘%’.F @%% ?I orgrgt % %‘ﬁ ive to
the vol uneM eéed?f'fﬂip NAHOPEDY & t i
HQ1/qSloooen tq Ahef peanjend 29, suc reglons are virtua reglons sét for

image analysis and the form of the boundaries of the regions 31 to

33 are not limited to this example.

[0081]

If, in step 110, a discharge instruction has been outputted

from the host apparatus, in step 111 the control unit 74

determines whether the particle-like bodies 51 have been detected

at the nozzle surface 11a of the nozzle opening 11. If no particle-

like bodies 51 have been detected at the nozzle surface 11a, in

step 112a, the acquisition unit 75 of the control unit 74 acquires

the detection result 7a including information on the individual

particle-like bodies 51 included in the liquid material 50 of the

monitoring portion 12 from the detection apparatus 7.

[0082]

In step 113a, if no particle-like bodies 51 have been

detected (zero detection) or two or more particle-like bodies 51

have been detected in the first region 31 closest to the nozzle

opening 11 in the monitoring portion 12, the state changing unit

76 determines whether to dispose of the liquid material 50 in step
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Al so, the volume 2 of the second region 32 should preferably satisfy
Condition (B) below. 0 /g5 _.1000 (B) [0092] I f the concentration
of the particle-like bodies 51 in the liquid material 50 is sufficiently

|l ow or the volume QL of the first region 31 is large relative to the vol une
g of the droplet 71, the second region 32 does not need to be provided and
step 112b can be omtted. [0093] In the case of Condition (A) above,

the partichesh k?f l@ﬁél Iﬂ?u@llnﬁt%ﬁ%ﬂ'tS(D s thebé IdlspOS@@Idfn i3lstapel tbbghar ged

onto the tAigeliBleg .%p?ssd Pirien d8ée ge<ch i eiupgl Y781 n St ep

Gl
| te of
t he noni toppﬂgﬂgget %9 gﬁépé'fééﬂ ﬁﬁgl scﬁ Ipq%gr th@‘é(?t%a%{)tap 110
after a maf b FarseHY q;@ ﬂ‘ edrly Hgtt?oﬁm % the
state bef ofentiod diekkges deestafotl %t. ftper Hauicbnoptardl aldst et P
materi al S@idposen of, di sgteped 16 thenagitapion18niti 77t peitab@s dmer élﬂumh of the
particle-| hkgtehidi 69 Sditheladt iaraountt bé préssureofthabedbegundt neaese al 50 in

a single du oScﬁaﬁ E'tﬁﬂéstaﬁé SREEmMBhiteRIHg pbetibh ke bedi gse 51 t hat
are di sposegy, urﬁ§f(5 1¥ich can easily result in high cost. On the

?Lher lhand[g g’rﬂah concgntra |onI of the partlcl e-like bodies 51 relative to
e vol une ul terial 50 per single d
nunber of times El@p ssé?' wiNaweea Géﬁ?f)‘é{h%ﬁtzqqmt P;—"?‘ﬁﬂ M& spw the
particle-| Bke deigickeds thattishdaartistepikedbodies el %@naptlweﬁﬁ%q’eél%es
whi ch nakeshetfirditffdgiaht 310 FEGud (theshows a ezpsiar adhare tiNchhalfllyéeonto t he
target 81l. |ike bodies 51 are present in the first region 31. The first region
31 holds liquid material 50 to be discharged next from the nozzle
opening 11 and if zero or two or more particle-like bodies 51 are
present in the first region 31, by disposing of or agitating the liquid
material 50 in step 115 and 116, it is possible to prevent the
failure of a particle-like body 51 to enters the target 81 or the
supplying of two or more particle-like bodies 51.
[0084]

At the same time as step 113a or at around the same time,
if in step 113b one or more particle-like bodies 51 is measured in
the second region 32 which is to be discharged after the first
region 31, the state changing unit 76 determines in step 115a
whether to dispose of the liquid material 50. If the liquid material
50 is to be disposed of, in step 115b the disposal unit 78a points
the nozzle opening 11 at the disposer 82 using the actuator 79
and/or 89, carries out disposal using the driving unit 2, and the
control returns to step 110. If the liquid material 50 is not to be
disposed of, in step 116 the agitation unit 77 agitates the liquid
material 50 with an amount of pressure that does not cause
discharge to change the state of the monitoring portion 12 and the
control returns to step 110.

[0085]

FIG. 15(c) shows a state where one particle-like body 51 is
present in the first region 31 and one particle-like body 51 is also
present in the second region 32. If particle-like bodies 51 are
present in the second region 32 that is adjacent to the first region
31, there is the possibility of the particle-like bodies 51 in the
second region 32 being discharged together with the particle-like
bodies 51 in the first region 31 in the next discharge, which would
result in a droplet 71 including two particle-like bodies 51 being
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[ 0095] Accordingly, it is preferable to discharge a droplet 71 with
the volune g that satisfies the condition below in each single discharge
fromthe nozzle opening 11. 0.0001Dxcr5.3.0...(5.0) where D is the
nunber of particle-like bodies 51 included per unit volune of the |liquid
material 50. (Dxq) should nore preferably be 2.0 or below or even nore
preferably 1.0 or below Also, (Dxq) should nore preferably be 0.001 or

above or eﬂ@tﬁﬂ?@éd%ﬁﬁcﬁt@@'tﬁr @810irn atém@xtl qtaeai.s case, thel éacdifd shows
i scharge h %SW% f i fml'%eb%@ YobL " R
gl ass tubepg Ihgeﬁggfq%pg h\ét%&[ﬁgf cdarf gﬁi 5 g’ﬁl ¥%

gl ass tbe e oS S0k ARYE, h%ébt}eo T“eo? he!

second cyl thar menitpengi cnordzlpn Thé Qﬂélzdcﬁr'éhﬁ"r |'6"Fé‘10é/@erﬁhe6 diggharge
cylindricapresisairt.ached via an el ectrode 6e to a surface (outer surface)
34b on the[gggsl]de of the cylindrical wall 34a of the cavity 14.

Accordingly, eveg g\;easté scahBed @Rl Kr3ype (Ho'ifdvabaef&eem;.ﬂéh epe the
gl ass tube g tife n'”a'rﬁ%keﬂé%@eiseﬁbé ﬂhé‘t ¢ 1g0pha ned, i t

i's possi bI 3 }11 l}

particle- I ?WQ%\ Feta@f} b E gfl ‘%S ﬁ'ﬁé‘ﬂ g 11.
Since the HERA %ecwf&rra Os"atﬂéﬁﬁen § Qg Q%Qrgre as

t he di schatlye traerg@tdaécandedls;mr@eSdmrliqwdomamraéoﬁou ndmea 8t 1n this
way, by prosgdm@it betovotlia deiget @dr visorg thebdtrivieg umé 2aviihg dasend t he
nozzl e opepiHireld ¢®OAItIressr fgitdtng wrstigpdsing off thddiquadi tnatédialit is
possi bl e tggspl At islsficd RERRERS 91%%@117% tr@Pérs'ft?'aU@%eR@héfé' e-like
PO S 7 5o Y el e Lﬁcna Rk& LRI SunRdacqndbh'in I"Ra“hgtt A’ §¢tart: [0097]

It is also Eueda r mal - eater is
?u%@ K5 @hE gfggecqugégg{ﬁ gd 60 ?@ 8? t he

at t ached tB‘Ot Rar F|§s
pi ezoel ect FLE- el 8k@htSHOWHJONRe EXARPIaI0TpFRISs Fateof tSHBC%aQP ¥ A€ s

vari ed usi pgrtcleblike. batdyoblais Huegenbnid éRanpe@ioss incloding dihaalffsti t hm of
t he controlreginirt 314 abals tie secomdexagiare 32hathidh sishdvey dsifterdregiost, &1
i ncl udi ng @pepRAr t7pl ﬂnélulﬁm@o@m‘iloms peediciexipkei pedyi n51 hevidbdye

descriptio I ts 71 that | ud wh
nis an ar %bbg%?é egem“gg?f?f%?gm. %25%5@?2? 1. [0088] nefude n (where

After the particle-like body 51 has been discharged, in step
118a the acquisition unit 75 of the control unit 74 acquires an
image of the droplet immediately after discharge and the detection
result 7a for the monitoring portion 12 after discharge from the
detection apparatus 7. In step 118b, it is determined whether a
particle-like body 51 has been detected in the first region 31. If a
particle-like body 51 has not been detected in the first region 31,
in step 119 the control unit 74 uses an image of the discharged
droplet to determine whether a particle-like body 51 is detected in
the discharged droplet 71. On the other hand, if a particle-like
body 51 is detected in the first region 31, the control unit 74
determines that a droplet 71 with a particle-like body 51 has not
been discharged. In a case where the discharging of liquid
material 50 onto the target 81 may be repeated, in step 120 the
control returns to step 110 without changing the target 81, the
conditions of the monitoring portion 12 are confirmed again in step
113a and 113b, and discharging is carried out again in step 114,
[0088]

If, in step 119, a particle-like body 51 has been detected in
the discharged droplet 71, the control unit 74 determines that a
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FIG 17 shows yet another exanple of the discharge head 10 by way of a
cross-sectional view. The cavity 14 of the discharge head 10 is nolded into
a state where the walls on both sides are narrowed and a second wal |l 24c
with an outer surface 24d that is flat on the opposite side is provided at
a position that faces (i.e., is opposite) the first wall 24a with the flat
outer wall 24b onto which the piezo elenent 6 is attached. In the discharge
head 10, adﬁ@ﬁl@lﬁOVPlcﬁFZ@ m‘e@l@t@tmﬁaemmutlen;ﬂthaens; adénssident] yhet t he
piezo el emppy, § féﬁe%&& lé’llﬁ{@aﬁdd \B Al RN eP didihdrigest ombl trda, is
attached ! o % g ' ShdHi &%@ ‘Elfett%ﬂ%#ﬁ%qme\?ﬁéll tﬁés:e% %B‘Eﬁét' on that
is shifted$ R

di recti on. t3796ts o@@‘cq)l‘%h guB%TtyCI tﬂﬁﬁ 1O i fferent
timng, quﬂet"\)@ @thsr r@ﬂdse'fl@ep@m'%'e %‘ﬁ%l olv% 5| k'@ unit 2
to the firt tlpeeihsclealegmhﬂreplﬁtﬂ1h§h€€@ﬂt60|pllétto7él@f@lﬁm@eﬁetm&| vel y.

[ 0099] dropleer 7exahmt einddydesipp! paniclehkkedr bodypdls damoareap2 wit h

di fferent Hismhrag ea @Hﬁ'@ﬁ%@&a? &t B1Te Ihas caeoRhkhe thieedischbegeng f6 and 8
gref)ng"e(ngP drft® tfHé Yﬁr 'éfST Ibalidpedted| In tepasp bl ¢ to
nozzl e opehi % Offr(\)m ﬁvj\flﬂ{ﬁ% aécgig hﬁg r@?ﬁgct"f’\\sél %é’rggeﬁ éf"’\ﬁ{ ar ge
head 10 asCPH hgJ0endk S}PO& 100h by |enc‘?nf('5'fmf§| again in ﬁ%%l ble to
nove the pér1t2|,caft§i dischaseina és 5@”@5@6@4{@9@1"’{ WestaRrdAdr egi on 32 toward the
first regi p@08@]and further onto the nozzle opening 11 using the travelling
wave. Note that Ifheinfistep pRezodieret is @raltbeentargetpdnt BeesetPBdthe

pi ezoel ect g4 ét' ATRRENBedTRY B Ftheshettgee ér"i'@ fHe Tontedll r@dananeot he
second val L d130 36 |E°stfe sz?”‘fhg%’@ﬁ sec§ g EI‘?é]?tc'o rélen@y, be

attached t 95& e first wall 2Z4a an 4c at positions
t hat ares |nth th dlrectlo I t,hat as
shown in FI G 18!f the g'éﬁﬁéﬁ%m@lotfo'%%' @thanWY&? r@p&?&?pon 12 may
be separ at oef volwrane Qihoehdhei first rragian Bésﬁh@qum'@ferﬁiWYasﬁékﬁ ¥hape)
from t he n@oriditiopefAhgbéibw ovelativehéoctivet yoliumeAlq hfugh driepleegibns 31 to

33 are set drhryged ﬁﬂ@mtﬁgm@zﬂ@mpmﬁnPemf romthe nozzle opening 11
toward thelﬁny@k o0t iA)al so possible to set convex boundaries fromthe

cavity 14 fhe nozzl'e’ openi ng 11 The shapes of the boundaries 31 to

f’ﬁecﬁﬂsﬁ?ng eth !foor%BE ‘UC’”ate ﬂdﬂﬂ? Selolian kSRR ZERaehRORe Sicn as

t he shape oretayably F%ét'éfy S%ftl on 12 and/or the nozzle
openi ng 1104Q2¢q¢K 1000 ... (B)

[0092]

If the concentration of the particle-like bodies 51 in the
liquid material 50 is sufficiently low or the volume Q1 of the first
region 31 is large relative to the volume g of the droplet 71, the
second region 32 does not need to be provided and step 112b can
be omitted.

[0093]

In the case of Condition (A) above, the particle-like bodies
51 present in the first region 31 are discharged onto the target 81
or disposed of in Q1/q discharges. Accordingly, in step 114 and
115, the control may return to step 110 and confirm the state of
the monitoring portion 12 after each discharge or may return to
step 110 after a maximum of Q1/q discharges.

[0094]

In addition, when the state before discharge does not

satisfy the condition and the liquid material 50 is to be disposed of
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Note that the targets for discharging the particle-like bodies 51 and the
liquid material 50 include well-known experinental and testing equi pnent,
such as a mcroplate (well mcroplate), a glass plate, a test tube, or a
petri dish, and anal ysis equi pnment such as a DNA mcroarray (DNA chip)
where a | arge nunber of DNA fragnments are disposed with a high density on a
pl ate made of plastic, glass, or the like. [0102] Al t hough an

exanpl e thaf dieps 1am%,afft YakotoAseRtaitiRZO fl enenpahislicbike bypied et in the

above descgd lhk/%mtot *tﬁeawah% bhafhE Lgfﬁjtﬁweatb'i‘ia@r 59 iAr esssihg@f the

cavity may e r h heat .
MRS 55581 n% P tg%u?ﬁﬁp rﬂégjed‘ﬁg% Bofifdd 91 ¥ALRY
el ement is@ h‘é(H G[Eﬁ@, @hF@nl RaPIHe r?ﬁ@'tc%;t'% mugﬁé
mechani cal Ofol@ Q/blhﬁﬁ hand] éf M%rqeélceértr@td@no% the pargisle!

particl e-| bkerékadives tonthededlumer eifnthenligditl tm@rherlal tPduphartsiegdet uat or
is driven Bctiairye isutceesoworthiehaumisdri of tirtdsodisposahevdbbeecatesed i pti on,
the pul I'i ngyfrepRey oMy BeIYBEH. of NBaPUSIBL Ige MBORMES CBN SHBREIRSS Bl ing in

of the "E“gF&eg@te% @a S Qp‘?ﬁt % fwh.e@ trﬂskegnitt i, POt | on,
" §h”33$5&% o€ TR dmeadiired ks ﬁgiﬁ?oﬁt@ e A g o e e
pre eterm

nd|t|on i s dischar a drop in discharge preC|S|on due to
the incl usion ofA§¢Or@h@9b'9c1¢e16 ﬁ[ﬁv%é ble teadischpreae knopieted 1c #¥itihe

suppr essedthe GLgluiBe §. thatli saffisfiere tihevicondibapr beioy mdeadma$l@@|¢1ead t hat
di schar gesdmschia@ige dromd gﬁeaiozfzn@mp@m@gzlp, openi ng connected to a cavity by
varying ang |@@@1quxgr<e§§)ur t he caV|ty using an actuator ,

wherein the di schag be?sdthec Hﬂﬂfe Fopa fRIENA@BIdiE8. 81 Oficiladedet ween
the cavity a \@' nlo zIe E Epchar e)\v EZIJ
conpri ses: per un YWYEe c? E Eg:g Qefrrlu%lt g) @Zx % zih F%r form
of particl Brefiekabbodeed- 9 i i EMEN| edpﬁ%ftceélap qa ‘P'ﬁ@erlr%Wl toring
portion of Atdte GPsepasieudamorgngreferably e dhildl cipplPNEUST t®¥RN changes
a state of mdve peaferabbr Oi&E draath@sei ncl uded in the liquid material at the
noni tori ng[mgggon by driving the actuator according to a detection result
of the detecti onFaPPIEALHOWS yet another example of the discharge head
10. The glass tube 20 of this discharge head 10 is equipped with a
cylindrical cavity 14. That is, the glass tube 20 includes a fifth
cylindrical portion 34 that forms the cavity 14 to the rear of the
first cylindrical portion 23 and in the front of the second cylindrical
portion 25. The piezoelectric element 6 that is cylindrical is
attached via an electrode 6e to a surface (outer surface) 34b on
the outside of the cylindrical wall 34a of the cavity 14. Accordingly,
even in a so-called Gould-type discharge head 10 where the glass
tube 20 and the cylindrical piezoelectric element 6 are combined, it
is possible to provide a monitoring portion 12 for detecting the
particle-like bodies 51 between the cavity 14 and the nozzle
opening 11. Since the remaining construction of the discharge
head 10 is the same as the discharge head described above,
description thereof is omitted. In this way, by providing the
monitoring portion 12 between the cavity 14 and the nozzle
opening 11 regardless of the construction of the cavity 14, it is
possible to selectively discharge a droplet 71 that includes particle-
like bodies 51 according to a predetermined condition onto the
target 81.
[0097]
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2. The di scharge device according to claim1, wherein the nonitoring
portion includes a flattened portion where a cross section of a flow path
fromthe cavity to the nozzl e opening of the discharge head extends |ike
oblate in a first direction, the flattened portion dispersing the
particle-like bodies in the first direction. 3. The di scharge device
according to claim 2, wherein the nozzle opening is flattened so as
to extend in theItf ig Satlsﬂlpegﬁlbw to 4iseThe tHiesatrrigpaldnkefetagnetiibdig to any
Ongngf cl ajyie % éate\fh%r gttachiee H@rﬂhteoFu%& I?Qbé'?Ogd)ﬁtlhé%i%ché tmh;tSI ve
carries oup ?@rﬂ é%{;}é”b@?ﬁé‘f%%ﬁe\é& i EFerﬁ%g n@ %q&sﬁﬁésjﬁ)ﬁ%ﬂ ||9 5.
The di schalP& Qg Wf%ﬁ %(riué" pgcp 59, alt

vvherel n

the cont roOnQ@éﬁrQPL% Oifrﬁ:ICQﬂéEO aalﬂtQﬁEf‘ﬂ'(‘Jr@f PP El rHj“"c 74 hassfdhce with
t he detectaorexarvple thahdischangesrat@iaplet i7d in@dudig ooe pareechilod wi t hout
causi ng theotiyquBd makerbhedn t @xiptaidiest hiar gttt f abovehedesariptéoopetheg. 6.
The di schaggRriteivh GRagcercHaRgetdraytone BatCinkii@e In YWHere n is an
arbitrary integer) particle-like bodies 51.
[0098]

FIG. 17 shows yet another example of the discharge head
10 by way of a cross-sectional view. The cavity 14 of the
discharge head 10 is molded into a state where the walls on both
sides are narrowed and a second wall 24c¢ with an outer surface
24d that is flat on the opposite side is provided at a position that
faces (i.e., is opposite) the first wall 24a with the flat outer wall
24b onto which the piezo element 6 is attached. In the discharge
head 10, a second piezo element 8, which is driven independently
of the piezo element (first piezo element) 6 attached to the first
wall 24a, is attached to the outer surface 24d of the second wall
24c at a position that is shifted so as to not be opposite the first
piezo element 6 in the Y direction. It is possible to supply drive
pulses 2p1 and 2p2 with different timing, pulse widths, pulse
heights, and the like from the driving unit 2 to the first piezo
element 6 and the second piezo element 8 respectively.

[0099]

For example, by supplying the drive pulses 2pl and 2p2
with different timing or changing the time for which the piezo
elements 6 and 8 deform (are displaced) by the drive pulses 2pl
and 2p2, it is possible to produce a travelling wave that
propagates from the cavity 14 toward the nozzle opening 11 with
the liquid material 50 held inside the discharge head 10 as the
medium. Accordingly, as shown in FIG. 18, it is possible to move
the particle-like bodies 51 present in the second region 32 toward
the first region 31 and further onto the nozzle opening 11 using
the travelling wave. Note that the first piezoelectric element 6 and
the second piezoelectric element 8, may be attached to the first
wall 24a and the second wall 24c so as to face one another in the
Y direction or may be attached to one of the first wall 24a and the
second wall 24c¢ at positions that are shifted in the length direction
9z.

[0100]
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wherein th

e control apparatus includes a function that changes a di scharge

S

target of the liquid material according to the detection result. 7. The
di scharge device according to claim®é, wherein the function that
changes the discharge target includes a function that disposes of the
liquid material. 8. The discharge device according to any one of clainms 1
to 7, wherein the nonitoring portion includes a first region that
connected to theN@@ézﬂhet%@e@hmmnd mequncthreeg% @ntshan ﬁ‘d)BBowssudéle first
regi on, BoraBnaPpahaluse ra€Sd formin
theflrst ni. rmin
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range of a

cpvitget dy nit nisdatandiassile to sgtangaveke bouadariss frem the

particl e-| theithodidesowemididgd inoizie bpening materi Thel shiapesnofi tisei ng
portion. 9polp@aticachar 66 Jovifie RCenafiged b8 apPranga’d ardmgltdo 8,

wher ei n thﬂ?@ IE@IHQF é%@tﬂ?b ZQJEHGHEE Bhe ”é"\m met gar at us
e R P

he monltormg portion
[0101]

Note that the targets for discharging the particle-like bodies
51 and the liquid material 50 include well-known experimental and
testing equipment, such as a microplate (well microplate), a glass
plate, a test tube, or a petri dish, and analysis equipment such as
a DNA microarray (DNA chip) where a large number of DNA
fragments are disposed with a high density on a plate made of
plastic, glass, or the like.

[0102]

Although an example that uses an actuator as a piezo
element has been explained in the above description, the actuator
that varies the internal pressure of the cavity may be a heater that
produces bubbles inside the cavity using heat. However, a piezo
element is preferable as the actuator since a piezo element is
capable of changing the pressure inside the cavity using
mechanical force with little thermal effect on the liquid and the
particle-like bodies included therein. In addition, although the
actuator is- driven by drive pulses for the pushing method in the
above description, the pulling method may be used. The pushing
method can suppress pulling in of the meniscus at the nozzle
opening as far as the monitoring portion, which makes it easier to
stabilize the state of the monitoring portion 12. This means that
when liquid including particle-like bodies that match a
predetermined condition is discharged, a drop in discharge
precision due to the inclusion of an unexpected number of particle-
like bodies can be suppressed.

/or the noz e openlng
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10. A discharge head that discharges a liquid material froma nozzle
openi ng connected to a cavity by varying an internal pressure of the cavity
usi ng an actuat or, t he di scharge head conprising a nonitoring
portion provided between the cavity and the nozzle opening, the nonitoring
portion dispersing particle-like bodies included in the liquid material to
be di scharged fromthe nozzle opening. 11. The discharge head according to
claim 10, wherein the nonitoguagM®rtion includes a flattened
portion where a cross section of a flow path fromthe cavity to the nozzle

openi ng exte b [ t tion

di sper si ng&t %éaéfdrjﬁ?gg b?\/@e g ﬁ}%rjiséiﬁlt_] %Cﬁ&f%é@é QEQS ‘{ # dfgdr

di schar ge Aeld %@tﬁr R44e opening ¢on PSFﬁei tﬁa ™ ght h in
a second dvaé\élﬂlgo@nt'ﬂ‘é@mad Rf@lsﬁéﬁ%llthérc@‘ﬁt‘( Né”?graﬂaew iron inside the
flattened porti owhandimiheydisdharger heedeintlugesea mostitanieg pReRtiaN e- 1 i ke
bodi es sat psdyidedcbetiveenrthiehaavity Zinid shé 0bA2le opERinghe di schar ge head

according to clagAdlbe dischargdhrsace fUhl?héWQ@ degi:ght h and an internal
_(il_lhamdat er hd of thSéﬂ&é%t%nOBE BERSt S Ye 'nUrﬁBeF*é\fhtd Br¥BfHPoR0. 0. 14.
e di schapge,; heaf a4 hids THch e h 9RE | u18 rt@rlglpat‘thé onitoring
portion of the discharge head; and
a control apparatus that changes a state of the particle-like
bodies included in the liquid material at the monitoring portion by
driving the actuator according to a detection result of the detection
apparatus.

2. The discharge device according to claim 1,

wherein the monitoring portion includes a flattened portion
where a cross section of a flow path from the cavity to the nozzle
opening of the discharge head extends like oblate in a first
direction, the flattened portion dispersing the particle-like bodies in
the first direction.

3. The discharge device according to claim 2,
wherein the nozzle opening is flattened so as to extend in
the first direction.

4. The discharge device according to any one of claims 1 to 3,
wherein the monitoring portion is light transmissive , and
the detection apparatus includes an image pickup unit that

carries out image recognition on the particle-like bodies using light.

5. The discharge device according to any one of claims 1 to 4,

wherein the control apparatus inciludes a function of
agitating, in accordance with the detection result, the liquid
material in the monitoring portion without causing the liquid
material to be discharged from the nozzle opening.

6. The discharge device according to any one of claims 1 to 5,

wherein the control apparatus includes a function that
changes a discharge target of the liguid material according to the
detection result.
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wherein the nonitoring portion includes a first side wall and a second side
wall that are flat, light transm ssive and di sposed facing one another. 15.
The di scharge head according to any of one clains 10 to 14, further
conprising a tubular nenber that holds the liquid material and part of
which is shaped so as to formthe cavity whose internal pressure is varied
by an actuator attached to an outside, the nozzle opening being provided at

one end of 7t hhd HdhargarRIdEEe accordmg/\/ﬁ@rc%lm tg)e monitoring portion is
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portion provi dedthrcaséroli arpaELUSYISLRETIRICn IR thpiftegtion result

of the first region is outside a range of a predetermmed condition

or when the detection result of the second region is outside a
range of a predetermined condition, to change the state of the
particle-like bodies included in the liquid material in the monitoring
portion.

9. The discharge device according to any one of claims 1 to 8,
wherein the actuator is a piezo element, and
the control apparatus includes a feature that supplies drive
pulses of a pushing type to the piezo element when the liquid
material is to be discharged.

10. A discharge head that discharges a liquid material from a
nozzle opening connected to a cavity by varying an internal
pressure of the cavity using an actuator,

the discharge head comprising a monitoring portion
provided between the cavity and the nozzle opening, the
monitoring portion dispersing particle-like bodies included in the
liguid material to be discharged from the nozzle opening.

11. The discharge head according to claim 10,

wherein the monitoring portion includes a flattened portion
where a cross section of a flow path from the cavity to the nozzle
opening extends like oblate in a first direction, the flattened
portion dispersing the particle-like bodies in the first direction.

12. The discharge head according to claim 11,

wherein a maximum height A in a second direction that is
perpendicular to the first direction inside the flattened portion and
an average particle diameter r of the particle-like bodies satisfy a
condition that 1.2<h/r<100.0.
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t he net hod conpri sing: the control apparatus acquiring, fromthe
detection apparatus, a detection result including a nunber and/or form of
the particle-like bodies included in the liquid material, and

changing a state of the particle-like bodies included in the liquid
material in the nonitoring portion by driving the actuator according to the
detection result. 19. The nethod according to claim18, wherein the
changing a state includes agitating the liquid nmaterial in the nonitoring

portlon W tl@()g‘ @ayg B éé&]lg&op@, t@kléjh*ﬁ‘l@ar ged fromthe nozzl e
opem hg accor n\%h \%J' %%% Qﬂnrt‘? htt hzé)nd lﬁ‘FetrR 1’ ﬁ&{]angl ng

claim18 or
di schar ge Pgiggtn%ﬂ@l?@qmagl?t Veq CQP été@%?tﬁﬁ Scrll t ction resul t.
21. The nethod according to claim 20, wherein the changing a
di schar ge tldr gdte disshadge Ime@@@smgdmg tmanlyi gqoedfinglaampalQ to 13,
wherein the monitoring portion includes a first side wall and
a second side wall that are flat, light transmissive and disposed
facing one another.

15. The discharge head according to any of one claims 10 to 14,

further comprising a tubular member that holds the liquid
material and part of which is shaped so as to form the cavity
whose internal pressure is varied by an actuator attached to an
outside, the nozzle opening being provided at one end of the
tubular member,

wherein the monitoring portion is provided between the
cavity and the nozzle opening of the tubular member.

16. The discharge head according to claim 15,
wherein the monitoring portion is a part formed by
squeezing part of the tubular member from the outside.

17. The discharge head according to claim 15 or 16,
wherein the tubular member is one of a glass tube, a resin
tube, and a ceramic tube that is light transmissive.

18. A method of discharging a liquid material including particle-like
bodies onto a target using a discharge device,

wherein the discharge device includes a discharge head that
discharges the liquid material from a nozzle opening connected to
the cavity by varying an internal pressure of the cavity using an
actuator, a control apparatus that controls the actuator, and a
detection apparatus that detects the particle-like bodies included in
the liguid material in a monitoring portion provided between the
cavity and the nozzle opening,

the method comprising:

the control apparatus acquiring, from the detection
apparatus, a detection result including a number and/or form of
the particle-like bodies included in the liquid material, and

changing a state of the particle-like bodies included in the
liguid material in the monitoring portion by driving the actuator
according to the detection result.

35



22. The nethod according to any one of clains 18 to 21, wherein the
acquiring the detection result includes setting, in the nonitoring portion,
a first region that is connected to the nozzle opening and a second region
that follows the first region, and acquiring the detection result for the
first region and the detection result for the second region, and t he
changing a state includes changing a state of the particle-like bodies

i ncluded in the quuid material in the nonitoring portion when the

detection fes Etééﬁdlﬁﬁgﬂo‘)e 3% E%tSI de a range of a predeterm ned
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of the liquid material.

22. The method according to any one of claims 18 to 21,

wherein the acquiring the detection result includes setting,
in the monitoring portion, a first region that is connected to the
nozzle opening and a second region that follows the first region,
and acquiring the detection result for the first region and the
detection result for the second region, and

the changing a state includes changing a state of the
particle-like bodies included in the liquid material in the monitoring
portion when the detection result of the first region is outside a
range of a predetermined condition or when the detection result of
the second region is outside a range of a predetermined condition.

23. The method according to any one of claims 18 to 22,

wherein the actuator is a piezo element, and

the method comprises the control apparatus supplying drive
pulses of a pushing type to the piezo element when the liquid
material is to be discharged.

24. The method according to any one of claims 18 to 23,

wherein the control apparatus includes discharging a
volume g of the liquid material in one discharge from the nozzle
opening that satisfies a condition 0.0001<Dxg=<3.0, where D is a
number of the particle-like bodies included in a unit volume of the
liquid material.

25. The method according to any one of claims 18 to 24,
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the nethod further conprises the apparatus that carries out inage analysis
determ ning whether the particle-like bodies are included in the droplet
di scharged fromthe nozzl e opening.

wherein the discharge device includes an apparatus that
picks up an image of a droplet discharged from the nozzle opening
and carries out image analysis, and
the method further comprises the apparatus that carries out image
analysis determining whether the particle-like bodies are included
in the droplet discharged from the nozzle opening.
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