1 CLEANI NG APPARATUS Field of the Invention The present invention rel ates
to a cl eaning apparatus which renoves very fine particles or organic
substances on the surface of a hard disk medium a silicon wafer, or the
i ke by cleaning. Prior Art The surfaces of a hard disk nedium a silicon
wafer, a glass plate for machining a liquid crystal display, and so forth
must be conpletely cleaned for mnim zation of irregularities and for

m cromachi ning so as to prevent very fing particles or organic substances
fromremaining. An exanple of a cleaning apparatus which cleans the surface
of a silicon wafer or the |like as above has been disclosed in Japanese

Lai d- Open Patent Publication (KokqhthgNnggggégﬁﬁ; Fig. 5is a view

showi ng the construction of the cleaning apparatus disclosed in this
publication. In Fig. 5 reference nuneral 11 denotes a cylinder of CO2 as
a cleaning agent (hereinafter referred to as "solvent"); CO2 within the
cylinder 11Fi@lqi’h d&@¢ iTM6"&iPRquid section 111 with a tenperature T and

a gas section 112T¥%%%ere§EQ§§%E%iEhJEEL%EEW%?aQHQB%ghg}ﬁ¥%ﬁﬂggg%wu%hheater

whi ch keeps the cy e warm at a constant tenper erence
nuneral 13 denotes ey feénatpariticakesooulrghhec gatdhst@oRes Raf ehenser faseer al
14 denotes a pressure gage disposed in the pipe 13, for neasuring the
tenperaturEEQH Fhﬁ?Fq|Qé55iTﬁg¥Hm’ ¢h%1llcon wafer, or the like by cleaning.

Prior Art

The surfaces ¢f 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 c¢ylinder of CQ; as a c¢leaning agent
{hereinafter referred to as “solvent”); CO; within the c¢ylinder
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
CC;. 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 Py of the gas



pressure within the pipe 13 is equal to the pressure PO of the gas 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 pipe 13. The C®2 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 nmediumas an object to be cleaned, which is rotated
by a spindle 20. Reference nuneral 18 denotes a nozzle, which is disposed
with a predetermined gap d fromthe object to be cleaned 19. The nozzle 18
is a double pipe type, in which the gas CO2 lead into the pipe 13 is

passed through_ .an iLnper pipe, and N2 gas | assed through_an outer pipe.
Ref erence n éPHZETgengFggrﬁﬂc? nf‘?’lﬁ‘?gﬁl h%gt‘%f@t\ﬂ‘?i (':"_hlﬁﬁgt glfﬁ:ér'_ d%ct to
be cl eaned 12 rcRehekteneare AUMFalcRdrdendt &S racpUt J€e RIS e, f LA ¥biEh i he N2
gas is injected. In Fig. 5 the pressure gauge 14 neasures the pressure

Wit hin the pgihsm d8: aghachdbthedeepide?13i sThefO: glviléddso, tthatliteef prtessur e
within the pipe_ 1 n be constant.. Si the CO2 |iquid _and the CO2 gas
coexi st in tHE 2851 FARET 1 CPoPREpYALERIrE BS S0P FRRSHhS S 680 Forrdds 25

corresponds sHgwnaigakugats on 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, and hence if the heater 12

controls the tenpgrature 01;1 t he iil u'ed c’scecti grél{# tIQe . saturaaté]gn vapor

pressure i.e. the pressire™ W thin ?h‘% Bipe al% aH B CHHT BF 128  Ht

exanpl e, if ddBeldigdhdd} empehatdufStdSed by a spindle 20. Reference numeral
18 denotes a nozzle, which is disposed with a predetermined gap
d from the object to be cleaned 19. The nozzle 18 is a double pipe
type, in which the gas C0O; lead into the pipe 13 is passed through
an inner pipe, and N; gas is passed through an outer pipe.
Reference numeral 21 denotes an infrared heater, which heats the
cbject to be cleaned 19. Reference numeral 22 denotes a purge pipe
from which the N; gas is injected. In 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 ligquid
section 111. The 1liguid temperature and the saturation vapor
pressure have a one-on-one relationship, and hence if the heater
12 controls the temperature of the liquid secticen 111, the
saturation vapor pressure i.e. the pressure within the pipe 13
can be controlled. For example, if the liquid temperature is

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

According to the above construction, particles such as dusts
are remeved by subjecting gas of the solvent (C0;} to filtering
by the line filter, injected from the nozzle to be changed into

solid particles or droplets, which are then injected to the object



controlled to 22C, the saturation vapor pressure is 6.0 Ma. According to

t he above construction, particles such as dusts are renoved by subjecting
gas of the solvent (C02) to filtering by the line filter, injected from
the nozzle to be changed into solid particles or droplets, which are then
injected to the object 3 to be cleaned, so that particles or organic

subst ances can be renoved. Further, since the solvent can be changed into
solid particles or droplets by controllgng the gap between the nozzle and
the object to be cleaned, it is possible to select the optimum state of
the solvent according to the degree of dirt. Further since particles such
as dusts in th soI ent gan be easi ved Db lterin there i.s no

necessity of‘h ﬁ88§ eﬁ??&@a§n8a%5f% °IAVER anhﬁd“?ﬁt DEEFUSES Funni ng

cost. PfOb'%&ﬁmb%dbeEﬁngEQ bylﬁ£§thﬂy%%Hb@HtTBQnQﬁ?%ﬁm%%%@rhﬁ@@ &eani ng
apparatus, however, has prob ens as lows. 1) Particles such as dusts

are gener at awh ftrigdes her idropared bmmﬁozllmlm beat setyrerolihecthoz i she
cleaned 19 to redet erm rature. 2) The end of t noz le 18 is
api dly cool B GHE 0 S5 ThAE C o B anst o BRI ot W SEAPEE AR D . and
| i quef acti onsQGQRULE + Nk t%l@eﬁt%e@?&ﬁﬁﬂ%oa%&h&ecﬁl%@%rfaw{-@ d?ﬁf@@éﬁs As
a result, the generation of dry ice cannot be controlled. To avoid thls

t he i nfrar edsinegt pariclesnt @l 9stdis ttsehpdahat splverfucan e eapider aenevedf CO2

may be unst %b}; %1Js.{:erclengt,hghere 1%rr?<§ lflllégeg:];ltﬁp%f 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 ¢f CQ,, and liquefaction occurs
within a CO; passage as the temperature decreases. As a result,
the generation of dry ice cannot be controlled. To aveid 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 is 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.



nozzle 18 is not independently controlled. It is therefore an object of the
present invention to provide a cleaning apparatus which enabl es nore
satisfactory cleaning by reducing dust sources, and preventing dew
condensation of an object to be cleaned due to CO2 sprayed thereto, and
the condensation of CO2 within pipes. 4 Means for Solving the Problens To
attain the above object, according to the invention of claiml, there is
provided a cleaning apparatus that cleang an object to be cleaned by
injecting a cleaning agent froma nozzle, conprising gas injecting nmeans
for injecting heated gas to a surface of the object to be cleaned, wherein

the injectin nea% i.s.confi red £$ nove on the object to be cleaned when
cl eani ng §%ﬁ@Ff PRredCl &P (&6 SECPLFBT t he object to be cl eaned when

cleaning i s not pepforaed, tﬁeda@&bé ra;lb%tcltona&s@mllntgyteftﬁéﬁn%awgn &as is
controll ed when cleaning is perforned and when cleaning is not perforned.

Accor di ng tocltdien ilnvehéreonofprovadad2s ¢yeariagchenaraigrs aq.lnpar steanacyor di ng
to claiml, the t|n ans, caonprises a.pluralit e Ies

and gas heaB4E G0 HY BUBTIhEHG I BiiRat (18 P4 o BN et F G PRELS:
plurality ofcdufrishahesasAciapicdicigqt R EBYeBﬁ O g Gle@b Bl 3gad Ned he

cl eaning apparatus according to claim1 or e gas injecting neans has

one end ther&uﬁfan@ppéﬂﬂedObyeatsmppor¢laqpadenﬁb¢rewnjths M ssed 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 injection quantity of the heated
gas is controlled when cleaning is performed and when cleaning

is not performed.

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

holes.

According to the invention of claim 3, in the cleaning
apparatus according to claim 1 or 2, the gas injecting means has
one end thereof supported by a supporting member and is disposed
at a predetermined interval on the surface of the object to be
cleaned, such that gas is injected toward the surface of the object

to be cleaned.

According to the invention of claim 4, in the cleaning
apparatus according to any of claims 1 to 3, wherein the jet holes
of the gas injecting means are at a predetermined angle with

respect to the surface of the object to be cleaned.

According to the invention of claim 5, in the cleaning



at a predetermned interval on the surface of the object to be cleaned,
such that gas is injected toward the surface of the object to be cleaned.
According to the invention of claim4, in the cleaning apparatus according
to any of clains 1 to 3, wherein the jet holes of the gas injecting neans
are at a predetermned angle with respect to the surface of the object to
be cl eaned. According to the invention of claimb5, in the cleaning 5
apparatus according to claim4, the gas knjecting neans is disposed
between a center and a circunference of the object to be cleaned, and the
jet holes are fornmed in at least two directions: a direction vertical to

th f f the object to be cl nf tial
i oot | on_ o EERBUERr S PERRPerShi T ALt L oot Cond e A CBIBP R G LTl o

i nvention ofqiGalsBlboetedhe ckBaBENGNd BPRANRUNE e BECEY HMNEhEOoBHYcOft £ ai s
1to 5, thereis provided a filter for cleaning the gas. According to the

i nventi on ofpecthbganct, #md the J@Itémilertﬁgar%épammi a8 adckarsdi bee tié)r‘aﬂ’yl@fs ¢l ai ns

3 to 6, the suppor the | ter

neati ng t he DaaTare B sitage O RE R CaRS vl TrEnaRbETe R BE Gl Dt he
i nvention ofarfd ai a8, | ndde cl earthiiEe raPRRL AL USi ALBAIE NGrt OaANyofexc| ai Ns
3to 7, at least one of the supporting nmenber or the filter conprises a

t enper at ur e FgWPdrrenbihhriismction.

According to the invention of claim 6, in the cleaning
apparatus according to any of claims 1 to 5, there is provided

a filter for cleaning the gas.

According to the invention of claim 7, in the cleaning
apparatus according to any of claims 3 to 6, 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 any of claims 3 to 7, at least one of the
supporting member or the filter comprises a temperature control

mechanism.

According te¢ the invention of claim 9, in the cleaning
apparatus according to any of claims 3 to 8, at least two gas
injecting means supported by the supporting member are disposed
on the surface of the cobject to be cleaned across the center

thereof.

According to the invention of claim 10, in the cleaning
apparatus according to claim 9, gas from one gas source is flown

into the at least two gas injecting means.



According to the invention of claim9, in the cleaning apparatus according
to any of clains 3 to 8, at least two gas injecting neans supported by the
supporting nmenber are disposed on the surface of the object to be cleaned
across the center thereof. According to the invention of claim10, in the
cl eaning apparatus according to claim9, gas fromone gas source is flown
into the at |l east two gas injecting nmeans. According to the invention of
claiml1l, in the cleaning apparatus accgrding to any of claims 2 to 10,
there is provided solvent injecting nmeans nounted in vicinity of a center
of the at least two gas injecting neans supported by the supporting

, Wh inth i Nj i . | t i.nj i :
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cleaning app=abissagcasAing to any oFf cthams® kot 00 1lshdhe isopyenided
injecting neans conprises tenperature control neans for controlling a
sol vent to &HEPEr ableet EgLAICaPs BPURtfham VRASANAL YW p?oicﬁfl?:eAc%%r%%g to
the inventi f aim1 i1, .c| eani S,.ac di of
claim 1 1o e egSt bl ay oeeBifbrahl GRBRREELESHRoEAL THUgO D
on an out er nedamGyfieseniae thofgas nazateifps meatdedand thBesslarantng &¢eiid ng
means. According to the invention of claim 14, in the cleaning apparatus
accordi ng t &S 6Fecfhiv> Pt §n13ntedEakdiVeént injecting nmeans is
rod- shaped, and is fornmed with a wedge-shaped gradient in a |ongitudinal
direction thereof and in opposed relation to

According to the invention of claim 12, in the cleaning

apparatus according to any of claims 1 to 11, the solvent injecting
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 any of claims 1 to 12, gas jetting holes
through which gas is jetted are formed on an outer circumference

of a nozzle provided in the solvent injecting means.

According to the invention of claim 14, in the cleaning
apparatus according to any of claims 1 to 13, the solvent injecting
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.

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 injecting

means according to an embodiment of the present invention.



the surface of the object to be cleaned. Brief Description of the Draw ngs
Fig. 1 is a view show ng the construction of essential parts of an exanple
of a cleaning apparatus according to an enbodi mrent of the present
invention. Fig. 2 is a view show ng an exanple of a solvent injecting

means according to an enbodi ment of the present invention. 7 Fig. 3 is a

vi ew show ng an exanple of solvent injecting neans according to another
enbodi ment of the present invention. Figy 4 is a view showing the flow of
dry ice (C02) using the solvent injecting neans according to the present
invention. Fig. 5 is a view showing the construction of a cleaning
appar at us accordi art. Enbodi me nvent i on

t
present inventionegﬁ el rlgaﬁgsﬁ??Yﬁﬂplﬁ? 3@?3?? mf{wFOHESPEréﬂ%%FE%?q:he

acconpanyi ngnéyn%%eg@@hwt@gaﬁéﬁ&r eBodenbRdidrrhs phayeef inféfkidnis 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

bt ovent _exehange 6oneat i A H S Ael PE SIS roF &iHen I Hoel PG oreer i al
not shown. The vde@epn ng@ém@ar@a(ﬁrs éc@@f’&ﬁhd‘stcﬂtm%abeés&{@cﬂ’iwéntﬂofll|ter 3,
and a supporting nenber 2. Reference nuneral 1 denotes pipes as gas

i njecting nmeans, which have one ends thereof closed and the other

Fig. 5 is a view showing the construction of a cleaning

apparatus according to a prior art.

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 heat with
the outside using 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
injecting 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.

Each of the pipes 1 is formed with holes la and 1lb in two



ends thereof fixed to the supporting nenber (manifold) 2. Al though 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
mai nly prevent dew condensation of the object to be cleaned 19. However,

at least one pipe 1 suffices insofar as dew condensati on can be prevented.
Each of the pipes 1 is fornmed with holesgla and Ib in tw 8 series in the

| ongi tudi nal direction thereof. These holes la and |Ib are forned at
regular intervals and at a predetermned angle wth respect to the surface
of the object t.o be cleaned 19...Specifically, the I la are forned,in a
i rection VRt 55 e EB o 16 o AT b B0 S« he
hol es 2a ar e argedodhedntaRgh€1Hf HrerRadsdhieGd anpididniied sefler of
the object to be cleaned 19. The supporting nenber 2 is forned with a
branched holWwtharesapdtthe Bicheurédnds of thr abiecpi pesbd &eangdr 1fightly
fixed to both ends of the branched hole 2a. A pipe 3a, which is connected
to the outlet of the filter 3, is connected to a predeterm ned |ocation of

the branched hol esgacifi e, 4achavhhehekeatts NZeg&srmeiiSigoANAEEEE 16 t he
inlet of the heater block 4, and a pipe 4b, which is connected to the
inlet of thesyticad 8o ke cowhAeceedr ttde rhdephttetbeorleteehddepnd| Pk 4.

The pipe 4a Me%hzé_e&des £ gésaé S’ H&igucrﬁg%su%‘ & B3N 5,938k 8End 1
fromtwo directions; a small quantity’o gas’is
center of the object to be cleaned 19.

The supporting member 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 hole 2a. A pipe 3a, which is connected
to the cutlet of the filter 3, is 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 gquantity of N; gas flows
into the pipe 4a from an in-injection lead-in pipe 6b via an air

operate valve 5 during cleaning.

Reference numeral 8 denotes a rod-shaped C0O, injecting
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, injecting
means has one end thereof fixed to the supporting member 2, and
has the cther end thereof formed with a nozzle 8b which is provided

with a jet hole of about 0.3 mm, for example.



constantly flown into the pipe 4a fromthe inlet of a constant |ead-in
pi pe 6a, while a relatively large quantity of N2 gas flows into the pipe
4a froman in-injection lead-in pipe 6b via an air operate valve 5 during
cl eaning. Reference nuneral 8 denotes a rod-shaped CO2 injecting neans,
which is formed of a high thermal capacity nmetal block 8a which is e.g. 50
mmin length and 15 mmon a side. The CQ2 injecting neans has one end
thereof fixed to the supporting nenber 29 and has the other end thereof
formed with a nozzle 8b which is provided wth a jet hole of about 0.3 nm
for exanple. 9 Figs. 2 (a) to 2 (c) illustrate an exanple of the CO2
injecting neans 8 according to an enbodi nent, in which Fig. 2(a) is a
sectional view, Fig. 2 (b) is a side view, and Fig. 2 (c) is an enl arged

sectional view of pkig. 226P)to (vc)Fh%us@f@ee LR e%@ﬁ%yler&fﬁiéeaéglﬂg@@ﬂﬁ{g 8¢

denotes a CO2 passage in which C02 as a solvent flows, and reference
nuneral 8d T hEnGt &s a@;nONQlemsSag@n rerpictimeN® ,gas fdhdwd. FLE . | 3 (xonfd g:ured

The nozzl e B TRBAIZhe T P H by T ATEY Y 2 Odpdr a1 parth SRR 1| xed

to an end cﬁsgdyaoﬂagabl@&qgkga@ by (pyess-fitting, welding, or the Iike.
Ref erence nuneral 8e denotes a tenperature control neans which has a

tenperature sensor and a tenperature control circuit incorporated therein

al t hough they are Lho |II rated, Fig a) to 3(c | ust ate an xanpl e
of the InjeCtlng % %ﬁ E 2(cy, refe& %c uéegal b 3eno a CSZ

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 Bb 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 injecting
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 C0O; as a sclvent
flows, and reference numeral B8e denotes a temperature control
means which has a temperature sensor and a temperature control

circuit incorporated therein although they are not illustrated.

The CO; injecting means 8 in Fig. 3 differs from the CO,
injecting means 8 in Fig. 2 in that the N; passage 8d for N, gas
injection (refer to Fig. 2) is not provided, and a wedge-shaped

part 9 and a relief part 10 are provided on a surface opposed to



means 8 according to another 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
CO2 passage in which CO2 as a solvent flows, and reference nuneral 8e
denotes a tenperature control means which has a tenperature sensor and a
tenperature control circuit incorporated therein although they are not
illustrated. The CO2 injecting neans 8 iy Fig. 3 differs fromthe CO2
injecting neans 8 in Fig. 2 in that the N2 passage 8d for N2 gas injection
(refer to Fig. 2) is not provided, and a wedge-shaped part 9 and a relief

part 10 are provided on urface opposed to 10 e surface of the object
to be cleaned®1§ TERGS % at)%et(? 3?81)? ??Isthestcrlftaélefihigflow of C02 in the case
where CO2 is injected using the CO2 injecting neans 8 (netal block 8a) in

Fig. 3. Fig. 4 (a) is a front view, Fig. 4 (b) is a side view, and a Fig.
4(c) is a perspecfige ¥l®wtoad (F§ apbartamtef tom Flgs.of £O2a)nt bhel gase | CO2
jetted fromthe nozzle .8h snmoqthl.y f Wit hout . reboundin e t he
oss1 6 8b At ot a1t Heo R g Pt BF ol g inp SR b kR SRR g

menber 2, they) fhleigr 3, Fhe. heal ers blreektdridl)er (&2 4i(p) act & ng deeainsy, 8, and
the pipes 1, all of which are provided in the keep-warm chanber A
encl osed by anseachid n 4delbl e adasheredtiive, vage. dbs vienaPpeeRtaltirym™ W3t each

other. In cl [ t he obj ect, to be cleane h -war h@g@; A
noves in a dqleégcﬁgc?n(cl hd’lP (%:Za?%%tebdygﬁﬂméér%re o%vgz#ésggasgﬂﬁogﬁgge% rQe‘%%) jeg{ to

be cl eaned L®bAndihg BHERE4n theb@ozzle 8b and the metal block 8a.

Referring again to Fig. 1, the supporting member 2, the
filter 3, the heater block 4, the C0O; injecting 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. In 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, C0; is injected from the nozzle 8b. In
synchronism with timing of the CO,; injection, the air operate
valve 5 is opened, so that a large quantity of N; gas jets from

the in-injection 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 1s jetted into the pipes 1 so that the pipes 1 can be kept

at a predetermined temperature.

During cleaning, N; gas from the jet holes la vertical to



cleaned 19 is sought, CO2 is injected fromthe nozzle 8b. In synchronism
with timng of the CO2 injection, the air operate valve 5 is opened, so
that a large quantity of N2 gas jets from the in-injection |lead-in pipe
6b. When cleaning is conpl eted, the keep-warm chanber A retracts in a
direction indicated by an arrow C so as to attach/renove the object to be
cl eaned 19. Even when the keep-warm chanber A retracts, a small quantity
of N2 gas which has been heated to a prgdeternined tenperature via the
constant |l ead-in pipe 6a, the heater block 4, the filter 3, and the
supporting nmenber 2 in this order is jetted into the pipes 1 so that the

i 1 kept . at det er.nj ned ture, i | eani N2
et r om 1 eer T e eoy B BAFEREEI O 1 PHBCH oRt 2 BEn ol B ai e o
i ntended to Jdmithky ohgatt the reuichagged 0f o I hei@biHAly,t 0, bR Clreanedhd %et

Simlarly, N2 gas fromthe jet holes Ib forned inward at an angle of 45 is
i ntended t o lMesl yb Pewred Hawahd| at @reangliet he 45oj éot intensiedciceaseenlng. |t
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filter 3. AsddesCthded,pfaviousdntrdingaetd lal psddaiathinBdRidasHeratand py3 are
used as CO2 injecting neans; the CO2 injecting neans in Fig. 2 emts a jet

of CO2 gas fyagpehévCoxXPHgPdguedes Pravitdednoy the h@&embil pek thendCphe
i njecting ”%?Q%Jg“3Fig- 3 jets N2 gas through holes forned in the
peri phery of th€ ‘nozzl e 8b.

As described previously, those illustrated in Figs. 2 and
3 are used as CO, injecting means; the CO; injecting means in Fig.
2 emits a jet of CO, gas from the CO, passage 8c wvia the nozzle
8b, while the CO0; injecting means in Fig. 3 jets N; 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 injected from the nozzle Bb 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, C0; gas liquefies
in a pipe section of the nozzle block, and is injected as liguid.
As a result, the amount of generation of dry ice is unstable, or

it is impossible to control the generation of dry ice.

To prevent this phenomenon, the temperature control means

8e controls the temperatures of CO; and N, gas.

According to the embodiment in Fig. 3, the CO, injecting

means 8 omits injection of N> gas, and has the nozzle 8b simplified



The reason why N2 gas is jetted fromthe periphery of the nozzle 8b is as
follows. CO2 gas injected fromthe nozzle 8b is cooled by adiabatic
expansion to |l ower the tenperature around the periphery of the nozzle 8b.
Therefore, the tenperature of the entire nozzle block becones |ower than
the liquefying tenperature of CO2 gas (22C when the jet pressure is 6 Ma)
, and consequently, CO2 gas liquefies in a pipe section of the nozzle
block, and is injected as liquid. As a ygsult, the amount of generation of
dry ice is unstable, or it is inpossible to control the generation of dry
ice. To prevent this phenorrenon the tenperature control neans 8e control S

the tenperatures of C02 a 5:\# gas. Accordi 81% to the enhodinent in Fig
the C02 inj e‘é’t?‘?betﬁ’r’é’é:r’r?nS JHFHSTPREEEPE B FOBF TR MGAES &rﬂfaﬁasst}t%%mﬁd’zezl e 8b

sinplified }24nnrGapak{ U&éﬂéﬁltﬂﬁ@t&@”}]&’%é& Wae seoRhL ol s fRARS LBekbgat S the
entire high thermal capacity netal block 8a so that it can be kept at a

t enper at ur e 2geapetatwre kigghértd banhidted thaefyliangiteapeirst tespepd t1GER.
Accordi ng toéﬁl s arrangenment, N2 gas for purging as showmn in Fig. 2 is
unnecessary, &2hence filters and valves used for it can be onitted, so
that the entire systemcan be reduced in size and weight. Further, it is
unnecessary to forma joint by the nozzle 8b, and therefore it is possible
to fabricate the hogeféinglyo hhas simppingemant, dhsges fwaypufgirches, showrt he
present e”b%g{gﬁgt Hﬁ?u%%%ggggagg,tt1d E nce filters and valves used for

it can be omitted, so that the entire system can be reduced in

size and weight. Furthex, 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,
injecting 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; injecting means 8 in Fig. 2.

Although the present invention has been described in some
detail by way of specific preferred embodiments for purpcses 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 C0, injecting means is
rectangular, and the pipes are used as the N; injecting means, but

they may be arbitrarily shaped.

Further, in the above described embodiments, the

temperature control means for heating is provided in both the



i njecting neans, which is opposed to the object to be cleaned 19, is
wedge-shaped. As a result, dry ice jetted fromthe nozzle 8b never
rebounds between the nozzle 8b and the netal block 8a, so that the object
to be cleaned 19 can be snmoothly cleaned. It should be noted that the
wedge- shaped part 9 may also be forned in the CO2 injecting neans 8 in
Fig. 2. Although the present invention has been described in sone detai

by way of specific preferred enbodi nentsj§or purposes of explanation and
illustration, it will be apparent to a person skilled in the art that
certain changes and nodifications nmay be practiced within the scope of the

clainms. For npl e, in the, above. descrjbed enbodj nents,. the.C02 injecting
neans is re%tx‘%ﬁﬁusaf?da% t}}?é‘l%ﬁirpggo‘é eJ'uz’él& 48Yt A quﬁjegc%?n‘@n%éafﬁs,
but they mashdae arfitheadl il t58apRde faddNed fbddigreaay ey desehiishekq
enbodi nents, the tenperature control neans for heating is provided in both

the 13 filtefo3 hgadintie betatdry bliockr4theutikeaypayebprovddled i n one of
them Further, in the above described enbodi ments, N2 gas is used for
heating, but dry air or the like nmay be used. The scope of the present

invention definedTh¥ ddheSe@pPendiorecbat Mndit ibat @i RRACBYPASESBSope of
nodi fications and variations wthin the scope of the present invention.

Advant ageouscIEfiftsctiprofratieat] mpespmpansas impdgigrehens r and heaabeyeons
descri ption, Iheﬁf%hlomjn R §gﬁ§9ts can Qe.obt%h%%d according to the

. W%thl e Sco & present inven
present | nventi on.
Advantageous Effects of the Invention

As is apparent from the above description, the following

effects can be cobtained 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
injecting a cleaning agent from a nozzle, comprising gas injecting
means for injecting heated gas to a surface of the object to be
cleaned, wherein the injecting 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
injection 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 injecting
means comprises a plurality of jet holes from which gas heated
to a predetermined temperature is injected, and is disposed at
a predetermined interval on the surface 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



According to the invention of claim1l, there is provided a cleaning
apparatus that cleans an object to be cleaned by injecting a cleaning
agent froma nozzle, conprising gas injecting neans for injecting heated
gas to a surface of the object to be cleaned, wherein the injecting neans
is configured to nove 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 injection quantity ofi4 he heated gas is controlled when
cleaning is performed and when cleaning is not performed. Therefore, the
cl eani ng apparatus can performnore satisfactory cleaning by reducing dust

sources and preventing dew condensation caused b) jetted_ontg .the
S et AT o PHE e RISAE S R e OPH mee2 78 80 iHe gas

object to b eaned. Accordi ng

injecting rEaRemEerPht S5 @ xRl shit Yhetefote Nalessfpoyniwhiechogasadieat ed
to a predetermned tenperature is injected, and is disposed at a
pr edet er mi nddaraedr vdaromat Aé ther fatkaewt ofhidhobpaett tte be cleaagdediend t he

j et holes a&%é%%hgﬁg i pat | east two dl{eCIIDnS: a direction vertical to

rature irre rities. . . .
t he surface “of €0 jech?o e °clréaned 14 4nd "an i nner circunferential

direction or an outer <circunferential direction. Therefore, it is possible
to enable thernal cleaning of the surface of the object to be cleaned
whi |l e preventi ngAFenpelsd uice tber épuearian &f cAeé®r i N are thePFavEHd on of

C'aiU‘61 th%i%ii%eP&ijgﬁgIugt%élgﬁ?: f %r%%%ggsjhhf SQESigTSQ%;?£§?O%§ s
possi ble to 1 nprove  thé object to be cléane fromb com ng unclean due to
injection the object to be cleaned from becoming unclean due to injection

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 injecting means.

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

the entire construction of the cleaning apparatus.

According to the invention of claim 12, the solwvent
injecting means for injecting a solvent comprises temperature
control means for controlling the solwvent to a temperature equal

to or higher than a dew point. It is therefore possible to more



of heated gas. According to the invention of clainms 7 and 8, the supporting
menber and the filter as well as a heater for heating the gas are disposed
wi thin a keep-warm chanber, and at | east one of the supporting nenber or
the filter conprises a tenperature control nmechanism Therefore, it is
possible to accurately control the tenperature of N2 gas which is sent to
the gas injecting neans. According to the invention of clains 9, 10, and
11, at least two gas injecting neans supported by the supporting nember
are disposed on the surface of the object to be cleaned across the center
t hereof, gas fromone gas source is flown into the at |east two gas

i njecting neans, and sol vent. injecting nmeans i.s unted in vicinity of a
center of tﬁggﬁfaﬁg gtC?%ﬁ“ﬂa§%%n%8@PgﬁﬁUH§%ﬁg cggpported by the supporting
means, and is driven integrally with the gas injecting neans. Therefore,

it is possible to sinplify the entire construction of the cleaning

appar at us. Accor dRagerdinhda aArentivsmtdonchli main 18hegzdlieemtingimglest i ng
means for i 'ectiﬁgwﬁ& ol vent congrises t erature control

f
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point. It is4her QTdeer?ﬁcLMc%dt AnmMhe b213eaHr #hedyr GRNWRhst hert is
tenperature of C02 According to the invention of claim 13, gas jetting

hol es t hr oudierfificeh RRESikd &) ee edearecrtrdd opnarploghertamiperanficeerice  of
a nozzle prQ%jded in the solvent injecting neans. It is therefore possible
to nore accurdtely control the tenperature of

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

block.



CO2 . According to the invention of claim 14, the solvent injecting neans
is rod-shaped, and is forned with a wedge-shaped gradient in a

| ongi tudi nal direction thereof and in opposed relation to the surface of
the object to be cleaned. It is therefore possible to snoothly clean the
object to be cleaned since injected dry ice never rebounds between the
nozzle and a netal block. 16 Cains 1. A cleaning apparatus that cleans an
object to be cleaned by injecting a clegpi ng agent froma nozzl e,
conprising gas injecting neans for injecting heated gas to a surface of
the object to be cleaned, wherein said injecting neans is configured to
nove on the.ohject to be cleaned when cleaning is performed, and retract
fromthe objec o be cl eaned when cleaning is not performed, and an
injection quantity of the heated gas is controlled when cleaning is
perfornmed and when cleaning is not Eerforned. 2. A cl eani ng appar at us
according to clai 12 cAepPeny apprgatygashal etedmy aredhs Cohplissesegned

I lit f..j el €S, t t s me '
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accordi ng t anedrad ol OfijestiMiehebted SRl t@as s sdd B tRansjkas oocend

t hereof supported by a supporting nenber and is disposed at a
pr edet er mi Nt 93EEr vEPEBRLD 1 s APPaERIRA N SoBFeEPP R WE L [F€aReBS Fuch

that gas is sl %Bﬁggt to be cleaned when cleaning is performed, and retract
from the object to be cleaned when cleaning is not performed, and
an injection quantity of the heated gas is controlled when cleaning

is performed and when cleaning is not performed.

2. A cleaning apparatus according to claim 1, wherein said
gas injecting means comprises a plurality of jet holes, and gas
heated to a predetermined temperature is injected from said

plurality of jet holes.

3. A cleaning apparatus according to claim 1 or 2, wherein
said gas injecting means has one end thereof supported by a
supporting member and is disposed at a predetermined interval on
the surface of the object to be cleaned, such that gas is injected

toward the surface of the object to be cleaned.

4. A cleaning apparatus according to any of claims 1 to 3,
wherein said jet holes of said gas injecting means are at a
predetermined angle with respect to the surface of the object to

be cleaned.

5. A cleaning apparatus according to claim 4, wherein saild
gas injecting means 1is dlsposed between a center and a
circumference of the object to be cleaned, and the jet hecles are

formed in at least two directions: a direction vertical to the



toward the surface of the object to be cleaned. 4. A cleaning apparatus
according to any of clains 1 to 3, wherein said jet holes of said gas
injecting nmeans are at a predeterm ned angle with respect to the surface
of the object to be cleaned. 5. A cleaning apparatus according to claim4,
wherein said gas injecting neans is disposed between a center and a
circunference of the object to be cleaned, and the jet holes are fornmed in
at least two directions: a direction verfjical to the 17 surface of the
object to be cleaned and an inner circunferential direction or an outer
circunferential direction. 6. A cleaning apparatus according to any of
clainms 1 to 5,

f th
appar at us ac,sél&faf:ﬁgg{&%ﬂ iﬁwtlclt e’ﬁ% etaBeéam élrjeﬁ(?%eqrsgllacglﬂﬁ?)ﬁrﬁ glng

nmenber and sairdchibhebr asn WRltlerasi ac iR &t ifar aheatéfwn t he gas are
di sposed within a keep-warm chanber. 8. A cl eaning apparatus according to

any of clains 3 to 7, wherein at |east one of said supporting menber or
said filter conp 5,8 t enperature contr ol anism _9. g
Sppar at us. accor o Ro S ERPIER ATPATRE S PHe S TG iy BE TR Sk s
injecting NMeRRHrIYPAGTL e erSaLd csepPd ivHe geeber are disposed on the
surface of the object to be cleaned across the center thereof. 10. A

cl eani ng apparatus according to claim9, wherein gas fromone gas source

I's flown into Sa'?.aﬁ éf%%%gnévgﬁ ratusjggééréing to any of claims 1 to 6,

wherein said supporting member and said filter as well as a heater

for heating the gas are disposed within a keep-warm chamber.

8. A cleaning apparatus according to any of claims 3 to 7,
wherein at least one of said supporting member or said filter

comprises a temperature control mechanism.

9. A cleaning apparatus according to any of claims 3 to 8,
wherein at least two gas injecting means supported by said
supporting member are disposed on the surface ¢of the object to

be cleaned across the center thereof.

10. A cleaning apparatus according to claim 9, wherein gas
from one gas source is flown into said at least two gas injecting

means.

11. A cleaning apparatus according to any of claims 2 to
10, comprising solvent injecting means mounted in vicinity of a
center of said at least two gas injecting means supported by said
supporting means, wherein said solvent injecting means is driven

integrally with said gas injecting means.

12. A cleaning apparatus according to any of claims 1 to

11, wherein said solvent injecting means comprises temperature



means. 11. A cleaning apparatus according to any of clainms 2 to 10,
conprising solvent injecting neans nounted in vicinity of a center of said
at | east two gas injecting neans supported by said supporting neans,
wherein said solvent injecting neans is driven integrally with said gas
injecting neans. 12. A cleaning apparatus according to any of clains 1 to
11, wherein said solvent injecting nmeans conprises tenperature 18 contro
means for controlling a solvent to a tenggrature equal to or higher than a
dew point. 13. A cleaning apparatus according to any of clains 1 to 12,
wherein gas jetting holes through which gas is jetted are formed on an

outer circunference of a zIe rovided in_said  solvent |n ectin ans.
14, A ¢l eani I EopaPatTe Hie GRAFAGL Ay BHLVERK FR A HFPFITIRRI B sai d

sol vent inqu;bqghg§3g§ ¢§m{ggdgna9ggmtand is formed wth a wedge-shaped
gradient in a longifudinal direction thereof and in opposed relation to

the surface of the object to be cleaned.

13. A cleaning apparatus according te any of claims 1 to
12, wherein gas jetting holes through which gas is jetted are
formed on an outer circumference of a nozzle provided in said

solvent injecting means.

14. A cleaning apparatus according to any of claims 1 to
13, wherein said solvent injecting 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.



