|  CLEANI NG APPARATUS Field of the Invention The present invention relates to
a cl eaning apparatus which renoves very fine particles or organic substances
on the surface of a hard disk nmedium a silicon wafer, or the |ike by
cleaning. Prior Art The surfaces of a hard disk medium a silicon wafer, a
glass plate for machining a liquid crystal display, and so forth nmust be
conpletely cleaned for mnimzation oflirregularities and for m cronmachining

so as to prevent very fine part&&hgﬁﬁgélggggﬁ%ﬁgssubstances fromremaining. An

exanpl e of a cl eani ng appar at us surface of a silicon wafer or
the |li ke as above has been disclosed in Japanese Lai d-Open Patent Publication
(Kokai) No. 2003-1208. Fig. 5is a view show ng the construction of the

cl eani ngp;appakat Ugedi sgv@sedohn this publication. In Fig. 5, reference

nuneral 11 denotes a cylinder of C02 as a cleaning agent (hereinafter referred
to as "sol ventthe pr&Senwiitrhianttien epliatesr to Bl cilsagiivioderPd Ftoua highi d section
111 with a tenperature T and  a gas section 112 with a pressure Pa. Reference

; . u
nuner al TERCIEFOVESY ALRRRDTCWhISh KesFIAHE EYPPRABFSE1Car i at" T CShst ant
tenperat yre. Reference nuneral enot pi Lch: fakes out, 1ihg, gas CO2
Ref er en&éLr ﬁ‘uﬂ%?gl diﬁﬁdré%o]tuer%’ a s)sflelgsdt}?le%%é%g'd?gpﬁg%dﬁ% t he piape:L 13, for
nmeasuring the tenperature within the pipe 13. The pressure within the pipe 13
is equal to the pressure PO of the gas

Prior Art

The surfaces of a hard disk medium, a silicon wafer, a glass
plate for machining a liquid crystal display, and so forth must
be completely cleaned for minimization of irregularities and for
micromachining so as to prevent very fine particles or organic

substances from remaining.

An example of a cleaning apparatus which cleans the surface
of a silicon wafer or the like as above has been disclosed in

Japanese Laid-Open Patent Publication (Kokai) No. 2003-1208.

Fig. 5 is a view showing the construction of the cleaning
apparatus disclosed in this publication. In Fig. 5, reference
numeral 11 denotes a cylinder of CO, as a cleaning agent
(hereinafter referred to as “solvent”); CO, within the cylinder
11 is divided into a liquid section 111 with a temperature T and
a gas section 112 with a pressure Py. Reference numeral 12 denotes
a heater which keeps the cylinder 11 warm at a constant

temperature.

Reference numeral 13 denotes a pipe which takes out the gas
CO,. Reference numeral 14 denotes a pressure gage disposed in the
pipe 13, for measuring the temperature within the pipe 13. The

pressure within the pipe 13 is equal to the pressure Po of the gas
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2 section 112. Reference nuneral 16 denotes a line filter, and reference
nuneral 17 denotes an air operate valve, and both of themare attached to the
pi pe 13. The 002 cylinder, the line filter 16, and the air operate valve 17
are arranged in this order as shown in Fig. 5. Reference nuneral 19 denotes a
hard di sk nmedi um as an object to be géeaned, which is rotated by a spindle
20. Reference nuneral 18 denotes a nozzle, which is disposed with a
predet erm ned g d fromthe object t | eaned 19. .Then | e is a
doubl e Sﬁﬁélopygg?'inkﬁgﬁgﬁnfﬁe %%%6663 FgagePﬂ %St%elﬁggefig%ég’pégg%d
through . .30 I AREr (RiRea1209 M2ngRS s SinPagsedpbhtouil anequtel BiRe. orRef erence
nunmeral 21 denotes an infrared heater, which heats the object to be cleaned
19. Ref enenceraunesahe22t demhet espa Jpur gehpiqie cfromiawhi chet hendNZFidasr s
ejected. In Fig. 5 the pressure gauge 14 neasures the pressure within the

pi pe 131l6andnchéhigeatier oP2rate Fenticolll’edrso arhandeke 1pr 898r € X@Chias t he pi pe
13 can be constant. Since the CO2 liquid and the 002 gas coexist in the
cyIinde@thP'ﬂﬁbEBﬁbs ure PO of the gas section 112 corresponds to a
saturation vapor pressure at the tenperature T of the liquid section 111. The
liquid tenperature and the saturation vapor pressure have a one-on-one

rel ationship, raieRerReenivhe the IeatabtedZa GO oL skinei hiemperat g ceft t he
liquid section 111, the saturation vapor pressure i.e. the pressure within

t he pi pedlBe cannisel,contcoliledotEForddxanpimindle £he | Rl deteaperastngrle s
controlled to 22C, the saturation vapor pressure is 6.0 Mpa. According to the
above cdstenéttiesnd parti-er edn§ghnigsdisposed with a predetermined gap

d from the object to be cleaned 19. The nozzle 18 is a double pipe
type, in which the gas CO; lead into the pipe 13 is passed through
an inner pipe, and N; gas 1is passed through an outer pipe.
Reference numeral 21 denotes an infrared heater, which heats the
object to be cleaned 19. Reference numeral 22 denotes a purge pipe
from which the N, gas is ejected. 1In Fig. 5, the pressure gauge
14 measures the pressure within the pipe 13, and the heater 12
is controlled so that the pressure within the pipe 13 can be
constant. Since the CO; liquid and the CO, gas coexist in the
cylinder 11, the pressure P, of the gas section 112 corresponds
to a saturation vapor pressure at the temperature T of the liguid
section 111. The 1liquid temperature and the saturation vapor
pressure have a one-on-one relationship, and hence if the heater
12 controls the temperature of the liquid section 111, the
saturation vapor pressure i.e. the pressure within the pipe 13
can be controlled. For example, if the liquid temperature 1is

controlled to 22°C, the saturation vapor pressure is 6.0 Mpa.

According to the above construction, particles such as
dusts are removed by subjecting gas of the solvent (COz) to
filtering by the 1line filter, ejected from the nozzle to be

changed into solid particles or droplets, which are then ejected



dusts are renoved by subjecting gas of the solvent (C02) to filtering by the
line filter, ejected fromthe nozzle to be changed into solid particles or
droplets, which are then ejected 3 to the object to be cleaned, so that
particles or organic substances can be renoved. Further, since the solvent can
be changed into solid particles or drgplets by controlling the gap between
the nozzle and the object to be cleaned, it is possible to select the optinum
state of the solvent according to the degree of dirt. Further, since particles
such as dusts in the solvent can be easily renoved by filtering, there is no

necessi ty Sl n.expensi v r t LS o fanni ng
cost. ﬁfbblg%B&Qge%g gglv%% by%?%%gfﬁgeﬁ??gﬁwgﬂepggggggggsgﬁ?be cl eani ng
appar at ug;b towR\ey ,cdrasoe prohbessd. asriipthens. sihcPathieclsed venth s dusts are
generated fromthe infrared heater 21 which heats the object to be cleaned 19
to a pradetedrined tsedper aputéclzy Thedepdlotsthe perkreliBngsthamaly cool ed
due to adiabatic expansion during the injection, of tion

,.and i f
occurs WaHi9FTa 'R ass&géas e OPefipér Pub® 8%%?%% ESféizass attl’oqs_lrJe %, the
generatH%?Egﬁﬁ%%ytﬁg%¥%$&ﬁ§}s%gtgoﬁ%ngJggivgﬂta§5%5kdiﬁﬁ§x>Eﬂg<ﬂ f@éed heat er

21 contr € tenpe but t generation of CO2 may be unstable since

the temper af;ure ofut-ReerN0zzheclBairsiBOksi Bdepeadeatbys conttiod | esivdati s
therefore an object of the present invention to provide a cleaning apparatus
whi ch enadl & avsel gatdrsfwst biyyfiltering, there is no necessity of using

an expensive and pure solvent, and this reduces running cost.

Problems to be Solved by the Invention
The above described cleaning apparatus, however, has

problems as follows.

1) Particles such as dusts are generated from the infrared
heater 21 which heats the object to be cleaned 19 to a

predetermined temperature.

2) The end of the nozzle 18 is rapidly cooled due to
adiabatic expansion during the injection of COy, and liquefaction
occurs within a CO; passage as the temperature decreases. As a
result, the generation of dry ice cannot be controlled. To avoid
this, the infrared heater 21 controls the temperature, but the
generation of CO, may be unstable since the temperature of the

nozzle 18 is not independently controlled.

It 1is therefore an object of the present invention to
provide a cleaning apparatus which enables more satisfactory
cleaning by reducing dust sources, and preventing dew
condensation of an object to be cleaned due to CO; sprayed

thereto, and the condensation of CO; within pipes.



cl eani ng by reduci ng dust sources, and preventing dew condensation of an
object to be cleaned due to CO2 sprayed thereto, and the condensati on of
CO02 within pipes. 4 Mans for Solving the Problens To attain the above
object, according to the invention of .claim1, there is provided a cleaning
apparatus for cleaning an object wit it a cl eani ng agent, conprising: solvent
ej ecting neans ejecting carbon dioxide as the cleaning agent for cleaning

t he object, gas ejecting nmeans for ejecting heated gas to a surface of the

obj ect, ysahd @5?c55@gigﬁa@ﬁengygggehg a position above the object when
cleaning s perfornmed and retracting fromthe position above the object

when cl eani ngrbsafiosipethorimsye angh smans drr Loy kel lthegiaveuanoint yfof t he
heated gas when cleaning is perfornmed and is not perfornmed, said
control Eilagm heablebei hy rornett@d (0 sEhe g pajeaettivsg fwsand eandear ding to

the invention of claim2, in the cleaning .appar at us according to claim1,
t he gasCBp&Eti HgCheanslcennpri €880  pFal FF?@ 8f jet holes, and gas heated

to a predet e%ﬁ%{}ggtt%%%@r}% gﬁnggnsi egted 4f g%élh@orp' urality ofsj e holes.

According to rnvention o arm 3, 7in th eaning apparatus according
to clalguganggbtgggn@ogg&l%qggn@ngu3g@rbbggctqenber for supporting end of

the gas ejecting neans and one en of the solvent ejecting neans, to be
di sposed at aghs ejecting means for ejecting heated gas to a surface
of the object, said ejecting means moving to a position above the
object when <cleaning is performed and retracting from the
position above the object when cleaning is not performed, and
means for controlling a quantity of the heated gas when

cleaning is performed and is not performed, said controlling

means being connected to the gas ejecting means.

According to the invention of claim 2, in the cleaning
apparatus according to claim 1, the gas ejecting means
comprises a plurality of Jet holes, and gas heated to a
predetermined temperature is ejected from the plurality of jet

holes.

According to the invention of claim 3, in the cleaning
apparatus according to claim 1, further comprising a supporting
member for supporting end of the gas ejecting means and one end

of the solvent ejecting means, to be disposed at a



predeterm ned interval on the surface of the object to be cleaned, such
that gas is ejected toward the surface of the object to be cleaned.
According to the invention of claim4, in the cleaning apparatus according
to claim?2, wherein the jet holes of the gas ejecting neans are at a
predeternlned angle with respect to tle surface of the object to be

cl eaned. According to the invention of claim5, in the cleaning apparatus
according to claim?2, the gas ejecting nmeans i s disposed bet ween a center

and a Cirgég&g%gggggQﬂﬂghgva J?F sur rec?%ﬂ%ﬁéo 3 ckrg?hﬁg nggggare

fornmed Ph FEERE PEnsD ion vertica he surface of

the obj egtnhtpnbe gheangd; @@@e@mdm Hd afrrentiralk ndi eegkicenter pan outer
circunferenti al d|rect|on According to the invention of claim®6, in the

cl eani ngleappdratus according to claiml, there is provided a filter for
cl eaning the gas. According to the invention of claim7, in the cleaning
apparatus according to claim3, the supportlng menber and the filter as
well as a heater f

heat t he d t hi
chanber. Acco 8Fﬁ§898 fﬁ%én%Geh gHQB 8Palﬁfoigﬁﬂm1heaglegﬁl ggagbpgratus
accordi ng, to.cl.ai m 2, 41,4635k 905 Of 406 IUPPOE LidignoTRaber arnd he,Gl | ter

conpriseS a tenperature contro ani'sm 6 Accord ing to the invention of

claim9¢khtthg Cheans NG appar atdiSe e mgd oglleain it 8 redbedeast theo gas
ej ecting
“ surface of the object to be cleaned.

According to the invention of claim 5, in the cleaning
apparatus according to claim 2, the gas ejecting means is
disposed between a center and a circumference of the object to
be cleaned, and the jet holes are formed in at least two directions:
a direction vertical to the surface of the object to be cleaned
and an inner circumferential direction or an outer

circumferential direction.

According to the invention of claim 6, in the cleaning
apparatus according to claim 1, there is provided a filter for

cleaning the gas.

According to the invention of claim 7, in the cleaning
apparatus according to claim 3, the supporting member and the
filter as well as a heater for heating the gas are disposed within

a keep-warm chamber.

According to the invention of claim 8, in the cleaning
apparatus according to claim 7, at least one of the supporting

member or the filter comprises a temperature control mechanism.



means supported by the supporting nenber are disposed on the surface of the
obj ect to be cleaned across the center thereof. According to the invention
of claim 10, in the cleaning apparatus according to claim9, gas from one
gas source is flown into the at |east two gas ejecting neans. According to
the invention of claim1l, in the cledning apparatus according to claim9,
there is provided solvent ejecting neans nmounted in vicinity of a center of
the at |east Af@Orgasdej et ity meafRstpport el dit he $0ppBEL CAGRREAS,
wherein _the g%s ejecting.nea s an Lhezfolvqpt %Jqptin neans .%rg.driven as
an i nt eGPRPEAGIE.  ACEBFATAG tO t hedbenti S o il m'T2.99% FHECEIE4ni ng
appar at 4s ,ggcQfy ﬁ%lﬂéa(ﬂfﬂﬂﬂéﬂs&ﬂﬁbﬁ%ﬂﬁ@nﬁeﬁ$@§téPQ HBa[S sceOp | 262
tenperature control neans for controlling a solvent to a tenperature equa
to or hisghencthanfa wewdqpgientt. tAcoberdiagnto ddwdnvent icemtefr chairgpE3, in
the cleaning apparatus according to claim1l, gas jetting holes through
which gas is jetted are fornmed on an outer circunference of a nozzle

D i nthe cl 8RPRE Bpptpat s SRRGRERAD Db CIAT 13: the 08l CAREANECting
ong  uGFRAT T Fontr SACtndr 6ol hha I F hposed TaratTn T the sutTaRe of
t he obj egt ot @hke a¢l aaned. t&ad jAscerdictd nionchesi.nvention of claim15, in the
cl eani ng apparatus according to claim1l, wherein said solvent ejecting
According to the invention of claim 11, in the cleaning
apparatus according to claim 9, there is provided solvent
ejecting means mounted in vicinity of a center of the at least
two gas ejecting means supported by the supporting means,
wherein the gas ejecting means and the solvent ejecting means

are driven as an integral unit.

According to the invention of claim 12, in the cleaning
apparatus according to «claim 1, the solvent ejecting means
comprises temperature control means for controlling a solvent

to a temperature equal to or higher than a dew point.

According to the invention of claim 13, in the cleaning
apparatus according to claim 1, gas jetting holes through which
gas 1s jetted are formed on an outer circumference of a nozzle

provided in the solvent ejecting means.

According to the invention of claim 14, in the cleaning
apparatus according to claim 11, the solvent ejecting means is
rod-shaped, and 1is formed with a wedge-~shaped gradient in a
longitudinal direction thereof and in opposed relation to the

surface of the object to be cleaned.



means has a rod shape with a nozzle, and a relief part at one side of the
nozzl e. According to the invention of claim16, the cleaning apparatus
according to claim7, wherein said environmental chanber for retaining the
heater, the filter, and the supportinga nenber supporting the sol vent
ej ecting nmeans and the gas ejecting neans is noved upon cl eaning the
obj ect. According to the invention of claim17, in the cleaning apparatus
according to claim 16, wherein said gas ejecting neans includes two
portions, andpaihersohvenrio ejrectimgrteians ¢ cHisposed bet weencflkentwg
portions, which are supported by the supporting nenber to be disposed
above t hepsueftace afcphéingbjlertcldinh la céwierinofatife seBjvest EHEFeBBBween
Brief Description of the Drawings Fig. .1 is vi ew.showi ng the construction
of esseAER&S PaFtd « Sgﬁpﬁiéﬁg%éiSPgélEPeﬁﬂgﬁbr"3%5$§?ﬁ§ga%Eé¥ﬁiﬁédFo an
embodi ment ., of thepresent invention. Fig. 2 is a view show ng an exanple
of a solvent ejecting neans according to an enbodi nent of the present
invention. 7 Fig. 3 is a view showi ng an exanple of solvent ejecting neans
according to anot her enbodi ment of the present invention. Fig. 4 is a view
showi ng the flrowcafdidry ite €082)inysimgarheof sellvenmt l&§.ecthagcheansng
according to the present invention. Fig.. 5is a view showi ng the
const r uGHRHF IS AT NG Y apbar atadMacdcorHE o 82pri 6P Vart "ERb6di ment s
of the kﬂxﬁﬁgéfn%or retaining the heater, the filter, and the supporting
member supporting the solvent ejecting means and the gas

ejecting means is moved upon cleaning the object.

According to the invention of claim 17, in the cleaning
apparatus according to claim 16, wherein said gas ejecting
means includes two portions, and the solvent ejecting means is
disposed between the two portions, which are supported by
the supporting member to be disposed above the surface of the

object with a center of the object therebetween.

Brief Description of the Drawings
Fig. 1 is a view showing the construction of essential parts
of an example of a cleaning apparatus according to an embodiment

of the present invention.

Fig. 2 is a view showing an example of a solvent ejecting

means according to an embodiment of the present invention.
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The present invention will now be described in detail with reference to the
acconpanyi ng drawi ngs showi ng preferred enbodinents thereof. Fig. 1 is a

vi ew showi ng the construction of essential parts of a cleaning apparatus
according to an enbodi nent of the present invention. In Fig. 1, an area A
encl osed by a chain doubl e-dashed |iné is a keep-warm chamber, which prevent
exchange of heat with the outside using a heat insulting nmaterial, not
shown. The keep-warm chanber A contains a heater block 4, a filter 3, and a

supporting member 2 BEf e encs, DUIRIAL L SSIateS Ples 195, 078 lecti g

nmeans, which A he 7ot her ends theréeof fixed

to the guppar EE@gr@%%eEo(gﬁ@%ﬁ@£démb@dirﬁéﬁ@%!lg"tﬂé" dreGent i@dehtabnt.he pipes

1 is disposed between™ the center and the periphery of an object to be
cleaned 19, it is preferred that four pipes 1 are provided on both sides of
the object to be cleaned 19 since they are intended to nainly prevent dew
condensati on &fiat-hé bbjeevtervoshewtngane 1oV pBvRver,Coat{ Peasis1BhéNsi pe 1
suffices insofar as dew condensation, can be revented.t 8 anp of the pipes 1
i s for e KIS I FFENS 355 I Seri%ed ith e A8 ditidi al™ di r ect i on
thereof. These holes la and I|b are forned at regular intervals and at a
predeterm ned angle wth respect to the surface of the object to be cl eaned
19. Specificaldiyy. tsheibolesyiay aned 0idrethd nonsditeadican over tdlealn itng t he
surface of the object to be cleaned 19, and the holes 2a are forned at an
angl e ofapthraties digectdiow ttower dniver aEnter of the object to be cleaned 19

Embodiments of the Invention
The present invention will now be described in detail with
reference to the accompanying drawings showing preferred

embodiments thereof.

Fig. 1 is a view showing the construction of essential
parts of a cleaning apparatus according to an embodiment of the
present invention. In Fig. 1, an area A enclosed by a chain
double-dashed line is a keep-warm chamber, which prevent exchange
of heét with the outside wusing a heat insulting material, not
shown. The keep-warm chamber A contains a heater block 4, a filter
3, and a supporting member 2. Reference numeral 1 denotes pipes
as gas ejecting means, which have one ends thereof closed and the
other ends thereof fixed to the supporting member (manifold)
2. Although in Fig. 1, each of the pipes 1 is disposed between
the center and the periphery of an object to be cleaned 19, it
is preferred that four pipes 1 are provided on both sides of the
object to be cleaned 19 since they are intended to mainly prevent
dew condensation of the object to be cleaned 19. However, at least

one pipe 1 suffices insofar as dew condensation can be prevented.



The supporting nenber 2 is formed with a branched hole 2a, and the other
ends of the two pipes 1 are air tightly fixed to both ends of the branched
hol e 2a. A pipe 3a, which is connected to the outlet of the filter 3, is
connected to a predetermined |ocation of the branched hole 2a. A pipe 4a,
which leads N2 gas, is connected to the inlet of the heater block 4, and a
pi pe 4b, which is connected to the inlet of the filter 3, Is connected to

the outlet of EERE RéatBf BIBER 4. 1TheP Pt U WhtP dfusn tgadhy swo

configured.such that ‘N2 .gas.fl c1n from.t dig ect. ; || antity
of N2 gRe e CRrdlaAETy LR BaR N bt TheL B pi as From T Ras A bt ar 410
constanty, LeadrbpmRHPE: 6Beqihil & B sl atd el drakge ravartiriy nely Magaas
flows into the pipe 4a froman in-ejection lead-in pipe 6b via anair

oper at ewvahvecspaurti ng cheasiundgacRebdr éhee obyrertalt o8 bdermdieescal ré@d- shaped
C02 ejecting neans, which is formed of a high thermal capacity netal bl ock
8a whichis e.g. 50 mfmmin length and 15 nmon a side. The C02 ejecting

means has one _end . thereof fixed to.the supporting nmenber 2 nd has _the
Other end +herEBriFarRed i thed TP Uo7 6 BB SHTAT prByPded RAtACR | ot
hol e of . i gs: ( i l4lous t n

exanpleV%?%#%gchfngFgc%?%égéﬁggﬁgt%gd%%%ﬁéﬁri?g%géﬁfgﬁ%%hﬁﬁzn%%@i%h%hich
Fig. 2(ablies aa seet fonadd\dEeWn Bingrle2ofb) 5P sim sidde-ademn artiakicgth2 (c)

is an enlarged sectional viewof Fig. 2(b). In Figs. 2(a) to 2(c),
ref er encentgrercdl t8e dénetcds ta ©82 cleaned 19.

The supporting member 2 is formed with a branched hole 23,
and the other ends of the two pipes 1 are air tightly fixed to
both ends of the branched hole 2a. A pipe 3a, which is connected
to the outlet of the filter 3, 1is connected to a predetermined
location of the branched hole 2a. A pipe 4a, which leads N; gas,
is connected to the inlet of the heater block 4, and a pipe 4b,
which is connected to the inlet of the filter 3, is connected to

the outlet of the heater block 4.

The pipe 4a which leads N, gas is configured such that N
gas flows in from two directions; a small quantity of N, gas is
constantly flown into the pipe 4a from the inlet of a constant
lead-in pipe 6a, while a relatively large quantity of Ny gas flows
into the pipe 4a from an in-ejection lead-in pipe 6b via an air

operate valve 5 during cleaning.

Reference numeral 8 denotes a rod-shaped CO, ejecting
means, which is formed of a high thermal capacity metal block 8a
which is e.g. 50 mm in length and 15 mm on a side. The CO; ejecting
means has one end thereof fixed to the supporting member 2, and

has the other end thereof formed with



passage in which C02 as a solvent flows, and reference nuneral Be. denotes
an N2 passage in which N2 gas flows. It is configured such that N2 gas |ed
into the N2 passage 8d jets fromthe periphery of the nozzle 8b. The
nozzle Be is fabricated as a separate part, and is fixed to an end of the
metal block 8a by press-fitting, weldithg, or the 1like. Reference nuneral
Be denotes a tenperature control neans which has a tenperature sensor and
a tenperatoreleofbrghiehr éa@i providedpoiabed ther BPhecaPfhalightt Rey EFe not
illustrated. Figs. 3(a) to 3(c) illustrate an exanple of the ejecting
means 8Y8&c6r@MRGSt o anot her enbodinent, in which Fig. 3(a) is a sectional
view, Fig. 3(b) is a side view, and Fig. 3(c) is an enlarged sectional
view of Fig. 3(b). In Figs. 3(a) to 3(c), reference nuneral 8f denotes a
Q02 passage i piyhi ch(£02 A8 (8) SOl Meddiraild awsexangl & e ererceonureralinge
denotes a tenperature control means which has a tenperature sensor and a
t enper atnepe scénticobrdéngcutd i acorpbratiegnttheriei nwalkthoddgh -t Réy) aié not
illustrated. The CO02 ejecting neans 8 in Fig. 3 differs fron1thﬁ C02
ej ect i n§eréansag Ve l5.1@12 2 (Bt hae S Reepassdde 40 (84 o RB1Gaged
ejection (refer .to.Fig. .2)..iS provi ded, and a wedge-shaped part 9 and
a reliefeégﬁpnfé € pPbviddd %ﬁka'surface opposed to the surface of the
object to be cleaned 19. Fig. 4(a) to 4(c) illustrate the flow of C02 in
the case where CO2 is ejected using the CO2 ejecting neans 8 (netal bl ock
8a) in Fig. 3InFFggs4 Qa}p)i soaz2fcopt raferende gunudetd) $s dersdides va )2 and
a Fig. 4(c) is a perspective view. As is apparent from Fi gs.

passage in which CO; as a solvent flows, and reference numeral 8d

denotes an N, passage in which N, gas flows. It is configured such

that N, gas led into the N, passage 8d jets from the periphery of

the nozzle 8b.

The nozzle 8b is fabricated as a separate part, and is fixed
to an end of the metal block 8a by press-fitting, welding, or the
like. Reference numeral 8e denotes a temperature control means
which has a temperature sensor and a temperature control circuit

incorporated therein although they are not illustrated.

Figs. 3(a) to 3(c) illustrate an example of the ejecting
means 8 according to another embodiment, in which Fig. 3(a) is
a sectional view, Fig. 3(b) is a side view, and Fig. 3(c) is an
enlarged sectional view of Fig. 3(b). In Figs. 3(a) to 3(c),
reference numeral 8f denotes a CO, passage in which CO; as a solvent
flows, and reference numeral 8e denotes a temperature control
means which has a temperature sensor and a temperature control

circuit incorporated therein although they are not illustrated.

The CO, ejecting means 8 in Fig. 3 differs from the CO;

ejecting means 8 in Fig. 2 in that the N; passage



4 (a) to 4 (c) , CR2 jetted fromthe nozzle 8b snoothly flows w thout
reboundi ng between the nozzle 8b and the netal block 8a. Referring again to
Fig. 1, the supporting nenber 2, the filter 3, the heater block 4, the CO2
ej ecting nmeans 8, and the pipes 1, aLh of which are provided in the
keep-warm chanber A enclosed by the ai n doubl e-dashed line, are driven
integrally wth each other. In cleaning the object to be cleaned 19, the
keep-warm chanber A noves in a direction indicated by an arrow B so as to

seek thgjobjech, tobecaansd 12rAs theighi egt ikonBe pebeaned, 18nksa
sought,gexgb?s %f%%te& fron1tﬁe nozzl e 81%%|nq éynghroﬁisn1mjth timng of
the CO2yeflgetikpapetiheaai © aparatrelied yerd 1® aapepedyidedtdrata aukarge

gquantity of N2 gas jets from the in-ejection |lead-in pipe 6b. Wen

cl eani ngppbssednpbeted, sthéakeepiwahm ehanbér tA Pet caeesedi A% direction
indicated by an arrow C so as to attach/renove the object to be cleaned
19. Even when the keep-warm chanber A retracts, a small quantity of N2 gas

whi ch has been. hea tp_a e ' u [ :he n t
'oac i n i pe. Bae T heS) hEar &/ Phi ok A T he it er . Pond Phe stbgorti ng
menber 2nkRet Bbs i Prdeicdesy jugtihgdthat 001 he) quifasy hesthd Bat(mkhialpbpeskl can
be kept 11 at a predeterm ned tenperature. During cleaning, N2 gas from
the j et 8hol &s Figy.vert ikiad. #da)the aobfect tiewheFdbeahtd 19 dssidn gaded to
mai nly heat the surface of the object to be cleaned 19. Simlarly, N2 gas
from t henfet FHl és(Pb ifof R FRREN D At 187 -an§Pel 2B TN dAttéfiuéd 9o

evenl y ' heat £ he whol ar&a. of e obleet, 2 BE cheaneey 104 wshauld be

rebounding between the nozzle 8b and the metal block 8a.

Referring again to Fig. 1, the supporting member 2, the
filter 3, the heater block 4, the CO, ejecting means 8, and the
pipes 1, all of which are provided in the keep-warm chamber A
enclosed by the chain double-dashed line, are driven integrally
with each other. 1In cleaning the object to be cleaned 19, the
keep-warm chamber A moves in a direction indicated by an arrow
B so as to seek the object to be cleaned 19. As the object to be
cleaned 19 is sought, CO; is ejected from the nozzle 8b. In
synchronism with timing of the CO; ejection, the air operate
valve 5 is opened, so that a large guantity of N; gas jets from

the in-ejection lead-in pipe 6b.

When cleaning is completed, the keep-warm chamber A retracts
in a direction indicated by an arrow C so as to attach/remove the
object to be cleaned 19. Even when the keep-warm chamber A
retracts, a small quantity of N, gas which has been heated to a
predetermined temperature via the constant lead-in pipe 6a, the
heater block 4, the filter 3, and the supporting member 2 in this

order is jetted into the pipes 1 so that the pipes 1 can be kept



noted that N2 gas is controlled to a predeterm ned tenperature by
tenperature control neans provided in the heater block 4 and the filter 3.
As described previously, those illustrated in Figs. 2 and 3 are used as
C02 ejecting nmeans; the CO02 ejecting ans in Fig. 2 emts a jet of C02
gas fromthe C02 passage 8c via the nozzle 8b, while the C02 ejecting
nmeans in Flg a throu h holes formed in the periphery of the
nozzl e &b. °TRE Qégggﬁl % %ﬁ as ? jetted fromthe periphery of the
nozzl e 8b |s as follows. CDZ gas ejected fromthe nozzle 8b is cool ed by
adi abatic expansion to |lower the tenperature around the periphery of the
nozzl e 8b. Theneﬂngecleheihgmmawgaﬁehmm1th&s@ﬁtih@lnezibevbk©¢kalb900nes

| ower than the Ilquefylng tenperature of C02 gas (22C_ when the je

pr essur &hiesols] #pla)to bane %@F@‘éc}&ehﬁlwt@@e%ﬁ mﬁﬂaééfﬁ%t |tﬁleaSHF|§éC§ect| on
of the n zz e bl ock nd S g%ect resu unt of

d t, th
gener at Pén“8f § QeFEe PsPeufi %B?g 1%r |%lﬁ%£%%5%% 2b938tgr88nF58Iije

generath%ﬂe%f gr¥orh88 | dgard Oa Pr &Y ey fé"d%’mﬁﬁHQ@EE%@enH%%_%%WB%@ﬁqyre
control means 8e contro s the tenperatures of Q02 and N2 gas. According to

the enbedizredheiwhdig@.aha iietfB2ole) €ct ithg bereanan8dondt s B ettoudnl bk N2
gas, and has the nozzle 8b sinplified in construction. The tenperature
cont r ol nogaastBat Heagsst he cantiald dd gk @k@?@@ﬂft%@w@@ VE efedlathiscky8a so

that it can be kept at a_tenperature e o] t han t he
|iquefy¢ﬁ@peratur% control mngns provide L%e ﬁeat reblock 4 and the

filter 3.

As described previously, those illustrated in Figs. 2 and
3 are used as CO, ejecting means; the CO, ejecting means in Fig.
2 emits a Jjet of CO, gas from the CO, passage 8c via the nozzle
8b, while the CO, ejecting means in Fig. 3 jets Ny gas through holes

formed in the periphery of the nozzle 8b.

The reason why N; gas is jetted from the periphery of the

nozzle 8b is as follows.

CO, gas ejected from the nozzle 8b is cooled by adiabatic
expansion to lower the temperature around the periphery of the
nozzle 8b. Therefore, the temperature of the entire nozzle block
becomes lower than the liquefying temperature of CO, gas (22°C
when the jet pressure is 6 Mpa), and consequently, CO; gas
liguefies in a pipe section of the nozzle block, and is ejected
as liquid. As a result, the amount of generation of dry ice is
unstable, or it is impossible to control the generation of dry

ice.



tenperature of C02. According to this arrangenment, N2 gas for purging as
showmn in Fig. 2 is unnecessary, and hence filters and val ves used for it
can be omtted, so that the entire systemcan be reduced in size and

wei ght. Further, it is unnecessary to;§orma joint by the nozzle 8b, and
therefore it is possible to fabricate The nozzle 8b in a sinpler and

easi er way. F@ét%l\}]reélveﬂl@ drhes esete RARodinEREN FEQ%t%EéfégﬁtQEltrH@aI@Z

ej ecti ng nmeans S opposed to the object to be cleaned 19 is
wedge- shapedntAs1a trsuttmpdrytiuces|etted, faminitheamazzl e 8b never
rebounds between the nozzle 8b and the netal block 8a, so that the object
to be cleaned 19 can be snoothly cleaned. It should be noted that the

dge-sh d t | be f th t Fi
2. Although t %égrégé’%‘ty T sl e o e oda ThesnBe CABCEirYby vey
of specjiLc ps %‘}nq gmghn@w <§9§ %%&%%%st% rloezaol@@@tg%p@p@lled

illustration, e apparent 0 a person led 1n the art that
certain; ﬁhaegﬁ§t@adtﬂeﬁll.flmél eBsphaRYthee Poaatricaechamidhiae theassopreof the
clainms. For exanple, in the above described enbodi ments, the C02 ejecting
neans l18ntisertetdlangudranl aadatheypigpesl leoakséd ws thiae N2 @jreds hgpt
ejecting neans, but they may be arbitrarily shaped. Further, in_the above
descri bed éhbo&@ﬁ@ﬁﬁ@tuﬁﬁe EERPES &tUr 8T cdhtIHT nBARR ¥ héafPRGYRY
provided in both the |ter 3 and the heater block 4, but nay be provided
in one 6F"PEREM T Eur thb in the above described enbodi ments, yN2 ggs is
used

According to this arrangement, N, gas for purging as shown
in Fig. 2 is unnecessary, and hence filters and valves used for
it can be omitted, so that the entire system can be reduced in
size and weight. Further, it is unnecessary to form a joint by
the nozzle 8b, and therefore it is possible to fabricate the nozzle

8b in a simpler and easier way.

Further, in the present embodiment, the surface of the CO:
ejecting means, which is opposed to the object to be cleaned 19,
is wedge-shaped. As a result, dry ice jetted from the nozzle 8b
never rebounds between the nozzle 8b and the metal block 8a, so
that the object to be cleaned 19 can be smoothly cleaned. It should
be noted that the wedge-shaped part 9 may also be formed in the

CO, ejecting means 8 in Fig. 2.

Although the present invention has been described in some
detail by way of specific preferred embodiments for purposes of
explanation and illustration, it will be apparent to a person
skilled in the art that certain changes and modifications may be
practiced within the scope of the claims. For example, in the

above described embodiments, the CO; ejecting means



for heating, but dry air or the |ike my be used. The scope of the present
i nvention defined by the scope of clains for patent enconpasses

nodi fications and variations wthin the scope of the present invention.
Advant ageous Effects of the Invention ﬁs is apparent fromthe above
description, the followng effects c& be obtai ned according to the

present i nvention. ,_Accordi e J ti | a1 - Le S
proviqe&sargfegﬂgﬁéagpﬁg&ggﬁg %ﬁ%%gép%gxggg%ggﬁ?%%ﬁzE%H%é?gﬁgg %&Ebﬁg

ej ecti ngea & eanitng rageaf HeMa31622l:8,1 £ ¥MIJesi.Ng gas ej ecting means for
ej ecting heated gas to a surface of the object to be cleaned, wherein the
ejecting neans is configured to nove on the object to be cleaned when

cleaning is perforned, and retract from the object to be cleaned when

cl eaning i s ndurF&ctor nétl, aRdcan 2BPEEti oACHHARPPEY BIPIHE$RET ed t§&s i s
controll ed when cleanin is perforned and. when.cl eani ng i.s. nat .perfarmed.
Therefortee,mﬁerfé‘nwcqeeaﬁpﬁ ragparﬁ% U g%r PO rlns)r%r%\z’a%(lg%?aﬁ garoyt%cltfggni ng
by  reduyging dust, sounces, AR PEAVRNL N9 AW EINGRN$AARILAUSEGRY o £FC02
jetted onto the é%ject to be cl eaned. According to the invention of clains
2 to 5, drhen.gasuejeetdi, ngn tieassotcems s Sesoad piboaliinky tef, jletabol @sisfedom
which gas 14 heated to a predetermned tenperature is ejected, and is

di sposedcat heegirigdpt éruti bty iatrerasalthon tinee g dcse Wsfed-he object to be
cl eaned, and the jet holes are forned in at least tw directions: a
direction vertical to the surface of the object to be cleaned and an inner

Circunferentiqhmggk%%%iB@ E%efﬂké§gﬁ¥ invention defined by the scope of

claims for patent encompasses modifications and variations

within the scope of the present invention.

Advantageous Effects of the Invention
As is apparent from the above description, the following

effects can be obtained according to the present invention.

According to the invention of claim 1, there is provided
a cleaning apparatus that cleans an object to be cleaned by
ejecting a cleaning agent from a nozzle, comprising gas ejecting
means for ejecting heated gas to a surface of the object to be
cleaned, wherein the ejecting means is configured to move on the
object to be cleaned when cleaning is performed, and retract from
the object to be cleaned when cleaning is not performed, and an
ejection quantity of the heated gas is controlled when cleaning
is performed and when cleaning is not performed. Therefore, the
cleaning apparatus can perform more satisfactory cleaning by
reducing dust sources and preventing dew condensation caused by
CO, jetted onto the object to be cleaned.

According to the invention of claims 2 to 5, the gas ejecting

means comprises a plurality of jet holes from which gas



circunferential direction. Therefore, it is possible to enable thernmal

cl eaning of the surface of the object to be cleaned while preventing

tenperature irregularities. According to the invention of claim®6, there is
provided a filter for cleans the gasjgqTherefore, it is possible to inprove

the object to be cleaned from becom ng unclean due to ejection of heated

gas. According to the invention of clains 7 and 8, the supporting nenber

and the filter as well as a heater for heating the gas are disposed within

?_reep-MQHMEdhanber,aan@r@ﬁet@a@ﬂmmﬂatﬁm@¢mﬁt@M®péﬁtEd@Cﬁéﬁhera@d tHe
ilter conprises a tenperature contro|l _nechanism_ Therefaore, it

possi bl 8185°866urat & yPEBAEFBFMtAE té%%%?%fﬁr%“oﬂjﬁh gas echofsiggnt to

L, 9as BgcLi 10 WRANS,ARGOr A0 che e bONeR! Lon ShrELAl IR 3¢ 10asgnd 11

at | east ’two gas €j €cting freans suppor t he “supporti ng nenber are

di sposed ,gnqt hecsupfiace ofi ke jobj eetrteaberslternedrasresst the oggater
t hereof, gas fromone gas source is flown into the at |least tw gas neans,

and sol verde ejleehedgmeans i snmeuntaid-¢umfdcimiital dofeatcenteerambuthe at

| east two gas ejectha'neans support ed b¥ t he, supporting neans, and is
driven :cn}r@glr@ew;erwta fheeghdone] cERe AT ABANSLt THemsr G ® 19 9 §1BH4SI bl e
to sinplify the entire ¢ tructi.on of t he cl.eanin arat us..
ApcordiEGEFH@HhEEFﬁQéﬂgfﬁﬁq%F EP&F@F?Z?fﬁﬁEE§bj$€%t%Oe?%éﬁﬁﬁﬁm%%gﬁélFor
ejectln%r%v%gkg% SR80S o MY ARLWS tic@ntrol nmeans for controlling the
solvent "'to a tenperature equal

According to the invention of claim 6, there is provided
a filter for cleans the gas. Therefore, it is possible to improve

the object to be cleaned from becoming unclean due to ejection

of heated gas.

According to the invention of claims 7 and 8, the supporting
member and the filter as well as a heater for heating the gas are
disposed within a keep-warm chamber, and at least one of the
supporting member or the filter comprises a temperature control
mechanism. Therefore, it is possible to accurately control the

temperature of N, gas which is sent to the gas ejecting means.

According to the invention of claims 9, 10, and 11, at least
two gas ejecting means supported by the supporting member are
disposed on the surface of the object to be cleaned across the
center therecf, gas from one gas source is flown into the at least
two gas means, and solvent ejecting means is mounted in vicinity
of a center of the at least two gas ejecting means supported by
the supporting means, and is driven integrally with the gas
ejecting means. Therefore, it is possible to simplify the entire

construction of



to or higher than a dew point. It is therefore possible to nore accurately
control the tenperature of C02. According to the invention of claim 13, gas
jetting holes through which gas is jetted are formed on an outer
circunference of a nozzle provided iT the solvent ejecting neans. It is
therefore possible to nore accurately dontrol the tenperature of C02 .
According to the invention of claim 14, the solvent ejecting neans is

rod- shaped, and is forned with a wedge-shaped gradient in a |ongitudinal
directi opet hergaf ngndobarappased relation to the surface of the object to be
cleaned. It is thereFore possible to smoothly clean the object to be cl eaned
since ejected dry ice never rebounds between the nozzle and a netal bl ock.
16 Cainms 1. A cleaning apparatus for cl|leaning an object with a_ cleaning
agent, conpri3crgrdésbvent ejtdtd i ngheahsorj eét icng iarbon ERoxiS@evastt he

cl eani ng ,agent for cleaning the object, S ej.ecting neans, for ejectin

heat ed é§%?6n8 st Fae %ﬁg ?ﬁ%cgbﬁgcf{ %ﬁ%v ﬁe%?$ﬁﬁlﬁ%§n§eWB§thuFS g

posi tion aboye f‘ngsnsOpéfféo\%v%ﬁdtcllcﬂ&f&ih%gs@veﬁ&f@é ;@%&@%@ﬁ%{&%wgfﬂ rom the

posi tion above the object eani ng is not performned, means for
cont r ol kkbngranh gyast i tiyawfa ey hedined gas wherherd @ant ng Jsi ey fror medeand i s
not perfornmed, said controlling neans being connected to the gas ejecting
means. accurately control the temperature of CO;.

According to the invention of claim 13, gas jetting holes
through which gas is jetted are formed on an outer circumference
of a nozzle provided in the solvent ejecting means. It is
therefore possible to more accurately control the temperature of

COs.

According to the invention of claim 14, the solvent
ejecting means is rod-shaped, and is formed with a wedge-shaped
gradient in a longitudinal direction thereof and in opposed
relation to the surface of the object to be cleaned. It 1is
therefore possible to smoothly clean the object to be cleaned
since ejected dry ice never rebounds between the nozzle and a

metal block.



2. A cleaning apparatus according to claim1l1, wherein said gas ejecting
nmeans has a plurality of jet holes, and ejects the heated gas with a

predet ermi ned tenperature through thel plurality of the jet holes. 3. A

cl eani ng apparatus according to clain1? further conprising a supporting
menber for supporting one end of the gas ejecting neans and one end of the
sol vent ejecting neans, to be disposed at a position with a predeterm ned
di stance froheine surface of the object so that the heated gas is ejected
toward the surface of the object. 4. A cleaning apparatus according to
claim2, wherein said jet holes of the gas ejecting nmeans are arranged with
a predeterm ned,angle _relative to.the surface of the object. 17. 5. A

cl eani ng apggrat%s gggg?&Pﬁg%ﬁ?%ﬁ%&%ﬁ ,Oﬁmgi%?ﬁlggiéﬁieb o1es” Fg ar r anged
with at cheast nhwagdhrectioaRs ilshelyyding a direction perpendicular to the
surface of the object and an inner circunferential direction or an outer

ci rcunf erentbalrendi reddomof richesobg pett iy Aarioeani dgoappar ataistaecor di ng
toclaiml, further conprising a filter for cleaning the heated gas. 7. A
cl eani nglappardt ageaccérdi fgopd18Paithe3oPIg ther conprising a heater for

heating the heated gas, a filter for . eanj n tge hea%ed gas _and an
environnentgﬁscﬁéﬁﬁan?oPeapép Pﬁiﬁéefﬁénﬁeé?gFe t H8Sf Pt &r Sdh aFﬁeOf.
supporticng ppARer., 85:i4 %!j%%@'iﬂ%b ﬁ\@@%%k&%iﬁf%_c%dbngoE?tgbﬁ' MpbweWhgrei n - at

| east one of Said supporting nenber or said filter Includes

object when cleaning is performed and retracting from the
position above the object when cleaning is not performed, and

means for controlling a quantity of the heated gas when
cleaning 1s performed and is not performed, said controlling

means being connected to the gas ejecting means.

2. A cleaning apparatus according to claim 1, wherein
said gas ejecting means has a plurality of jet holes, and ejects
the heated gas with a predetermined temperature through the

plurality of the jet holes.

3. A cleaning apparatus according to claim 1 further
comprising a supporting member for supporting one end of the
gas ejecting means and one end of the solvent ejecting means, to
be disposed at a position with a predetermined distance from the
surface of the object so that the heated gas 1s ejected toward

the surface of the object.

4. A cleaning apparatus according to claim 2, wherein
said jet holes of the gas ejecting means are arranged with a

predetermined angle relative to the surface of the object.



a tenperature control mechanism 9. A cleaning apparatus according to claim
3, wherein said gas ejecting neans includes at |east two portions

supported by the supporting nmenber tojbe di sposed above the surface of the
object with a center of the object therebetween. 10. A cl eaning apparatus
according to claim9, further conprising one gas source for supplying the
heated gas into the at |east tw portions. 11. A cl eaning apparatus
accordi ng to. cl & m@,eanhierei mpaiat ol wentomgjiect ity eeais 2s dhspesed

bet ween the two ortions, said solvent ejecting nmeans heing driven together
18 wit h2tfe %EOEFE&F%ﬁr@QH§d Vi??hthﬂ@éﬁFn‘ﬁ”%ﬁﬁé@é?tt&§“§c%’6?%ﬁlﬂbngo claim
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poi nt thereof cikdurklLanialg apparatys agCosdi Nty ctaiBudrenbgrein said
solvent ejecting neans includes a nozzle having a gas jetting hole at an

outer cdicanteoenceé therebfiefdr ejecting gas. 14. A cl eani ng apparatus
according to claim1l, wherein said solvent ejecting nmeans has a rod shape
and a wedge-shaped surface inclined in a longitudinal direction thereof to
face the sgrfac of ., t he, obj ec eani.ng appar at us di to claim

t. 15, A cl
1 wherein ©sar @ sof VERtL T et PRAT AERRs Ra8 8 T gd "ehape WE t 1 atRbLOFE, and
a relief pprtsahgonersiderokothe18922hE- the heated gas.

7. A cleaning apparatus according to claim 3, further
comprising a heater for heating the heated gas, a filter for
cleaning the heated gas and an environmental chamber for

retaining the heater, the filter and the supporting member.

8. A cleaning apparatus according to claim 7, wherein
at least one of said supporting member or said filter includes

a temperature control mechanism.

9. A cleaning apparatus according to claim 3, wherein
salid gas ejecting means includes at least two portions
supported by the supporting member to be disposed above the

surface of the object with a center of the object therebetween.

10. A cleaning apparatus according to claim 9, further
comprising one gas source for supplying the heated gas into the

at least two portions.

11. A cleaning apparatus according to claim 9, wherein
said solvent ejecting means 1is disposed between the two

portions, said solvent ejecting means being driven together



16. A cl eaning apparatus according to claim7, wherein said environnental
chanber for retaining the heater, the filter, and the supporting nenber
supporting the solvent ejecting neans]8and the gas ejecting neans is noved
upon cleaning the object. 17. A cleaning apparatus according to claim 16,
wherein said gas ejecting nmeans includes two portions, and the sol vent
ejecting neans is di%gosed bet ween the two portions, which are supported
by the €upPoFEfngerefib8rtiBInBealSposed above the surface of the object
with a center of the object therebetween.

12. A cleaning apparatus according to claim 1, wherein
sald solvent ejecting means includes temperature control means
for maintaining solvent at a temperature equal to or higher

than a dew point thereof.

13. A <cleaning apparatus according to claim 1, wherein
said solvent ejecting means includes a nozzle having a gas

jetting hole at an outer circumference thereof for ejecting gas.

14. A cleaning apparatus according to claim 1, wherein
said solvent ejecting means has a rod shape and a wedge-shaped
surface inclined in a longitudinal direction thereof to face the

surface of the object.

15. A cleaning apparatus according to claim 1, wherein
said solvent ejecting means has a rod shape with a nozzle, and

a relief part at one side of the nozzle.

16. A cleaning apparatus according to claim 7, whereiln
said environmental chamber for retaining the heater, the filter,
and the supporting member supporting the solvent ejecting means

and the gas ejecting means is moved upon cleaning the object.

17. A cleaning apparatus according to claim 16, wherein
said gas ejecting means includes two portions, and the solvent
ejecting means is disposed between the two portions, which are
supported by the supporting member to be disposed above the

surface of the object with a center of the object therebetween.



