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1 POWDER SEALI NG DEVI CE OF POADER BEAM PROCESSI NG MACHI NE BACKGROURD ‘OF“"PHE'
| NVENTI ON The present invention relates to a powder sealing device of By ot
powder beam processing machine for processing a workpiece by jetting a ‘"
powder beamto the workpiece, nore concretely, by allow ng a solid/gas

t wo- phase flow containing a powder (fine particles) in a high speed gas
flowto collide wwth the workpiece. A variety of powder beam processing
machi nes have been known of a type in whiich a workpi ece nounted on a pallet

is processed by jetting a solid/gas two-phase flow containing a powder in a
hi gh speed gas fl ow e e C Lne includes, in a
processi ng chanber,P§%5$%%§%®Fﬁ§btggyéégagﬁg?égﬁéée nmounting pallet fixed
on the processing table; SSi ( e for jetting a solid/gas

t wo- phase flow to the mopggﬂe§§8éﬁéﬁ¥§%qgﬁﬁﬁ$¥rmﬂIet, wherein the

wor kpi ece is processed by setting a positional relationship between the

processi ng nozzle and the workpi ece nounted on the pallet by relative

novenent of the 8rocessin tabl e and the processing nozzl e,
BACKGROUND OF THE INVENTION

The present invention relates to a powder sealing
device of a powder beam processing machine for processing a
workpiece by jetting a powder beam to the workpiece, more
concretely, by allowing a solid/gas two-phase flow
containing a powder (fine particles) in a high speed gas
flow to collide with the workpiece.

A variety of powder beam processing machines have
been known of a type in which a workpiece mounted on a
pallet is processed by jetting a solid/gas two-phase flow
containing a powder in a high speed gas flow to the
workpiece. Such a machine includes, in a processing
chamber, a processing table; a workpiece mounting pallet
fixed on the processing table; and a processing nozzle for
jetting a solid/gas two-phase flow to the workpiece mounted
on the pallet, wherein the workpiece is processed by
setting a positional relationship between the processing
nozzle and the workpiece mounted on the pallet by relative
movement of the processing table and the processing nozzle,
and by jetting the solid/gas two-phase flow from the

processing nozzle t€o a suitable position on the surface of



and by jetting the solid/gas two-phase flow fromthe processing nozzle to a
suitabl e position on the surface of 2 the workpi ece. The above-descri bed
rel ati ve novenent of the processing table and the processing nozzle is

adj usted outside the processing chanmber via an operating shaft passing

t hrough the processing chanber. In such a machi ne, a powder sealing neans
I's provided for preventing the powder f%onlbeing | eaked to the outside from
a portion through which the operating shaft passes. Fig. 1 is a typical

vi ew showi ng one exanple of a powder sealing device of a related art powder

beam procqsyl gg.ARGRLRe. hfie! AbSvElGULEribEd i TRimeli! dgndi cates an
ace o aﬁ% r, 1 [

outer wall sur ~a processing c er; S a rectangul ar cylinder
Do et | UROs RO RRETROARTK' R’ BB RIT o Ruld 6P el 'S o
DT OeS ST U cBEELRARBUAI, Lo SR P L2 0 104 1

passing through the processing chamber. In such a machine,

a powder sealing means is provided for preventing the

powder from being leaked to the outside from a portion

through which the operating shaft passes.

Fig. 1 is a typical view showing one example of a

powder Sealing device of a related art powder beam

processing machine. In this figure, reference numerai 101

indicates an outer wall surface of a processing chamber;

102 is a rectangular cylinder body defining an opening

portion in the outer wall surface 101; 103 is an operating

shaft 103 extending from the outside to the inside of the

processing chamber while passing through the cylinder body

102; and 104 is a thin film cylinder member formed of a

flexible thin film material. With respect to the thin film

cylinder member 104, one end portion thereof is formed into

a rectangular shape and is air-tightly fixed around the

outer periphery of the opening portion of the cylinder body

102, and the other end portion thereof is air-tightly

mounted on the operating shaft 103 side. The thin film

cylinder member 104 is adapted to seal the opening portion

of the cylinder body 102 through which the operating shaft



flexible thin filmmterial. Wth respect to the thin filmcylinder nenber
104, one end portion thereof is fornmed into a rectangul ar shape and is
air-tightly fixed around the outer periphery of the opening portion of the
cylinder body 102, and the other end portion thereof is air-tightly nounted
on the operating shaft 103 side. The thin filmcylinder nenber 104 is
adapted to seal the opening portion of the cylinder body 102 t hrough which
t he operating shaft 3 103 passes. In & powder beam processing machi ne,
the thin filmcylinder menber 104 is generally drawn on the processing
chanber sigg3b¥aﬁsgggative pressure generated in the processing chanber;
however, since“the opening portion of the cylinder body 102 in the rel ated
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chamber side by a negative pressure generated in the
processing chamber; however, since the opening portion of
the cylinder body 102 in the related art powder beam
processing machine is formed in a rectangular shape, the
thin film cylinder member 104 becomes wrinkled by the
corners of the opening portion, and the wrinkled portions
are liable to be broken.

Since the related art powder beam processing
machine does not include any means for discharging the
powder having entered the thin film cylinder member 104
through the opening portion, the weight of the powder
having entered the thiﬁ film cylinder member 104 is applied
as a load to the thin film cylinder member 104, leading to
such an inconvenience that the thin film cylinder member
104 may be broken or a mounting portion may be loosened.

In such a powder beam processing machine, a powder
detecting sensor is provided near the thin film cylinder
member 104 for detecting, if the thin film cylinder member
104 is broken, the leakage of the powder from the thin film

cylinder member 104; however, since the powder detecting

sensor is provided‘in the atmospheric air, the powder
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Since the related art powder beam processi ng machi ne does not include any
means for discharging the powder having entered the thin filmcylinder
menber 104 through the opening portion, the weight of the powder having
entered the thin filmcylinder nmenber 104 is applied as a load to the thin
filmcylinder menber 104, |eading to such an inconvenience that the thin
filmcylinder nenber 104 may be broken or a nounting portion may be

| oosened. In such a powder beam processirfg machi ne, a powder detecting
sensor is provided near the thin filmcylinder nenber 104 for detecting, if

the thin fijldakeyl !j_ﬂdgpegg@g%p%g;ﬁsaﬂogffes_t‘%eiqe%ﬁgeai aglg[ powder from
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
powder sealing device of a powder beam processing machine,
which has a configuration capable of improving a sealing
performance.

To achieve the above object, according to the
present invention, there is provided a powder sealing
device of a powder beam processing machine including a
processing chamber for processing a workpiece by jetting
powder beams to the workpiece, including: a thin film
cylinder member for sealing a space between an operating
shaft passing thrdugh an opening portion formed in a
peripheral surface of the processing chamber and the
opening portion; and a substantially cylindrical mounting
bracket having a small chamber communicated to the
processing chamber and mounted to the opening portion;
wherein the thin film cylinder member is formed of a
flexible thin film material into a substantially conical
shape, the thin film cylinder member having one end mounted

to one end of the mounting bracket on the opening portion



An object of the present invention is to provide a powder sealing device of
a powder beam processi ng nmachi ne, which has a configuration capabl e of

i mproving a sealing perfornmance. To achi eve the above object, according to
t he present invention, there is provided a powder sealing device of a
powder beam processi ng machi ne including a processing chanber for
processi ng a workpi ece by jetting powder beans to the workpiece, including:
athin filmcylinder menber for sealing a space between an operating shaft
passing through an opening portion forned in a peripheral surface of the
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the thin film cylinder member is expandedly sucked inward
of the small chamber.

With this configuration in which the thin film
cylinder member is formed in a conical shape, when an
intermediate portion of the thin film cylinder member is
sucked on the processing chamber side, the thin film
cylinder member is held in the small chamber in an expanded
state without generation of any wrinkle. This makes it
possible to structurally eliminate generation of damages of
the thin film cylinder member, and hence to prolong the
service life of the powder sealing device. |

The above thin film cylinder member preferably has
a double cylinder structure in which an outer thin film
cylinder member is provided around an inner thin film
cylinder member with a gap put therebetween fof hdlding the
inner thin film cylinder member in a state being expendedly
sucked in the small chamber. With this configuration, only
the inner thin film cylinder member is expandedly sucked in
the small chamber by a negative pressure and the outer thin
film cylinder member is left as it is, so that it is

possible to improve the appearance characteristic, to



5 side and the other end nounted to the outer peripheral side of the
operating shaft; whereby when the processing chanber is in a negative
pressure state, an internmediate portion of the thin filmcylinder nenber is
expandedl y sucked inward of the small chamber. Wth this configuration in
which the thin filmcylinder menber is forned in a conical shape, when an

I ntermedi ate portion of the thin filmcylinder nmenber is sucked on the
processi ng chanber side, the thin filn10élinder menber is held in the small
chanber in an expanded state w thout generation of any winkle. This nakes
It possible to struc ura m na ratlo of dgmages.of the thin
filmcylindBFrRgfBef eaﬁ r%ﬁﬂ%% t E# & 1?%%2 gV *t he powder
seal i ng device. The above thin fj | mcylinder er preferably has a double
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around an inner thin filmcylinder menber with a gap put therebetween for
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sucked in the small chanmber. Wth this configuration, only the inner thin
f|In1cy||n&éiﬂnﬁh%@rCY%léﬂﬁﬁnU%mhgfs%ﬁﬁfkherinner thin film cylinder

member for detecting the powder having entered the gap
resulting from breakage of the inner thin film cylinder
member. With this configuration, before being diffused in
the air, the powder leaked in the gap can be detected by
the sensor, thereby making it possible to detect the powder
in a slight amount and hence to improve the detection
accuracy. In addition, when the inner thin film cylinder
member is broken, the powder is leaked not to the outside
of the outer thin film cylinder member but only in the gap,
so that it is possible to prevent contamination of the
inside of the entire facility.

The powder sealing device of the present invention
may further include a means for discharging the powder
having entered the small chamber. With this configuration,
the powder having entered the small chamber is sequentially
discharged through the discharge port. This prevents the
inner thin film cylinder member from being broken by the‘
weight of the accumulated powder, or prevents the mounting
portion from being rgmoved by the weight of the accumulated

powder, thereby improving reliability.



. the small chanber by a negative pressure and the outer thin filmcylinder
menber is left as it is, so that it is possible to inprove the appearance
characteristic, to 6 increase the strength, and to enhance the
reliability. The powder sealing device of the present invention nmay include
a sensor provided in the gap between the outer thin filmcylinder nenber
and the inner thin filmcylinder nenber for detecting the powder having
entered the gap resulting from breakage & the inner thin filmcylinder
menber. Wth this configuration, before being diffused in the air, the
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cylinder menber but only in the gap, so that it is possible to prevent
cont ani nat FERLEAM: K@lNRSFRErBFPPREIRME? A7 LPYTYINg range of the

operating shaft. With this configuration, it is possible
to minimize the amount flowing from the processing chamber
into the small chamber.

As described above, according to the present
invention, the sealing performance for a powder can be
improved with a simple structure, and the service life of a
sealing member can be improved; and further, even if a
powder is leaked, such a leakage is immediately detected,
so that the powder can be prevented from being leaked to

the outside, resulting in the enhanced reliability.

BRIEF DESCRIPTION OF THE INVENTION

The above and other objects, features and
advantages of the present invention will be apparent from
the following detailed description of the preferred
embodiments of the invention in conjunction with the
accompanying drawings, in which:

Fig. 1 is a schematic perspective view showing one
example of a related art powder sealing device;

Fig. 2 is a system diagram of one embodiment of a



The powder sealing device of the present invention may further include a
means for discharging the powder having entered the small chanber. Wth
this configuration, the powder having entered the small chanber is
sequential ly discharged through the discharge port. This prevents the inner
thin filmcylinder nenber from being broken by the weight of the

accunul ated powder, or prevents the nounting portion from being renoved by
t he wei ght of the accunul ated powder, théreby inproving reliability. 7
In the powder sealing device of the present invention, the size of the
openi ng portian y be set at ,a m ni num val ue ¢correspondi ng to an operating

range of t POWSSEr RERRyPIRSPES 1D RaghiRe :a¢Fehiing itvh the Ares§&sible to

m ni m ze the anouynt flowi ng fromthe processing chanber into the snmall
chanber. AINYEHEAPHEd above, according to the present invention, the

sealing performance for a powder can be inproved with a sinple structure,
and the service |ifFddgef 3ais an enlarged sectional view of essential

portions of one embodiment of a powder sealing device
according to the present invention; and

Fig. 4 is a schematic perspective view of the
essential portions of the powder sealing device shown in

Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 2 is a system diagram of one embodiment of a
powder beam processing machine according to the present
invention. With reference to this figure, the entire
configuration and the operation of the powder beam
processing machine will be described before the description
of a detailed structure of a powder sealing device of the
present invention.

The powder beam processing machine shown in Fig. 2,
in which a powder is jetted at a high speed to a workpiece,
is used for a variety of applications. One of the
applications is to accurately etch a hard and brittle
material such as ferrite, glass or ceramics at a high speed
by making use of a collision energy generated when the

powder collides with the target material.



seal i ng nenber can be inproved; and further, even if a powder is |eaked,
such a leakage is imedi ately detected, so that the powder can be prevented
frombeing |l eaked to the outside, resulting in the enhanced reliability.

BRI EF DESCRI PTI ON OF THE | NVENTI ON The above and ot her objects, features
and advant ages of the present invention wll be apparent fromthe foll ow ng
detail ed description of the preferred enbodi nents of the invention in
conjunction with the acconpanying drawings, in which: Fig. 1 is a schematic
per spective view show ng one exanple of a related art powder sealing

device; Fig. 2 1is st em di_agram of one enbodi pent _of a 8 powder beam

processi ng machi neIa'hzly@cﬁ'dirH”rg rte%reﬁ?é‘cﬁr Qélé'ﬁtrginger‘rflabﬁ?{"%?g?n3 is an

enl arged sectional view of essenti.al ﬁg{tiogs of one enbodineni_of a powder
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seal i ng devFRANEL&DHHIAR & FBAFIHIEDe i §APagAging a solid/

gas two-phase flow into a powder and an air. The exhauster
1 is divided into small chambers la, 1b by a filter 2. The
bottom portion of the small chamber la is connected to a
connection portion lc containing a butterfly valve 3 for
opening/closing the connection portion 1lc.

The small chamber la is also cbnnected to a powder
beam processing chamber 12 side by way of a path 16. A
solid/gas two-phase flow in which a powder is mixed with an
air is supplied from the processing chamber 12 to the
exhauster 1. The powder in the solid/gas two-phase flow
remains in the small chamber la by the filter 2, and it is
supplied on a reserve tank 5 side via the connection
portion lc. The air passing thought the filter 2 is
supplied on the processing chamber 12 side through the
small chamber 1b and a path 14, with part of the air
discharged to the outside. A detector 20 is mounted in the
path 14 at a position directly before the processing
chamber 12. When the inside of the processing chamber 12
becomes a positive pressure state, such a state is detected
by the detector 20.

The detector 20 includes a cylindrical portion 21

communicated to the processing chamber 12, a flexible



Fig. 4 is a schematic perspective view of the essential portions of the
powder seal ing device shown in Fig. 3. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Fig. 2 is a system di agram of one enbodi ment of a
powder beam processi ng machi ne according to the present invention. Wth
reference to this figure, the entire configuration and the operation of the
powder beam processi ng machine will be described before the description of
a detailed structure of a powder seallngl@eV|ce of the present invention.
The powder beam processing nmachine shown in Fig. 2, in which a powder is

' i . d f

Lo 2t oo BEEE R A BLERLBRE sl za%ﬁaaﬁ%m%geitp%g%ﬁgpdogm
brittle na rial h.as ferr Lass ceramcs, .a eed by
ki o ueothe BY23parifan’ Bhekish 2o indin T as cin, 34 vigriRade o

the target material . 9
adjacent to the outside of the bellows portion 22. When

the inside of the processing chamber 12 is in a negative
pressure state, the bellows portion 22 is contracted and
the microswitch 24 is turned on (or off). Besides, when
the inside of the processing chamber 12 becomes a positive
pressure state, the bellows portion 22 is expanded and the
microswitch 24 is turned off (or on). Accordingly, when
the inside of the processing chamber 12 becomes a positive
pressure state due to, for example, a failure of the
exhauster 1, such a state can be readily detected on the
basis of a signal from the detector 20.

The reserve tank 5 functions as a means for
te..porarily reserving the powder separated by the exhauster
1, and it contains a screw device 6.

The small chamber 1b of the exhauster 1 is
connected to the reserve tank 5 via a path 15 as a gas
introducing means containing a butterfly valve 4 as an
opening/closing valve. The path 15 can be opened/closed by
operating the butterfly valve 4. The opening of the path
15 allows a high pressure air to be supplied from the small
chamber 1b of the exhauster 1 into the reserve tank 5. The

screw device 6 can:supply thé powder reserved in the



In Fig. 2, reference nuneral 1 indicates an exhauster 1 as a separating
means for separating a solid/ gas two-phase flowinto a powder and an air.
The exhauster 1 is divided into small chanbers la, Ib by a filter 2. The
bottom portion of the small chanmber la is connected to a connection portion
lc containing a butterfly valve 3 for opening/closing the connection
portion Ic. The small chanber la is also connected to a powder beam
processi ng chanber 12 side by way of a pdth 16. A solid/gas two-phase flow
in which a powder is mxed with an air is supplied fromthe processing

hanber 12 he exh The_ powder i n, the solj d/ t wo-phage fl
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reserve tank 5 side via_the connection portjon Ic. The ajr passing thought
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before the processing chanber 12. Wen the inside of the processing chanber
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detector 20. o
in the mixing tank 8 can be accurately measured by an

electronic force balance 11. Namely, the electronic force
balance 11 can measure the weight of the powder reserved in
the mixing tank 8, and for example, if the measured value
of the electronic force balance 11 is 2 kg, it indicates
the amocunt of the powder capable of performing powder beam
processing for a period of time ranging from about 30 to 60
min.

The isolator 9 is provided to mechanically separate
the reserve tank 5 from the mixing tank 8 (floating line L)
for measuring the weight of the powder P in the mixing tank
8, and a passage 8b of the isolator 9 can positively supply
the powder from the reserve tank 5 to the mixing tank 8
side.

The mixing tank 8 has a triangular valve 17 as an
opening/closing valve in an upper opening portion of the
mixing tank 8. The powder P in the mixing tank 8 is blown
up in an upper path 8c by supply of an air with a specified
high pressure from bottom to top. The means for supplying

the air having the‘:specified high pressure will be



The detector 20 includes a cylindrical portion 21 conmunicated to the
processi ng chanber 12, a flexible 10 bel lows portion 22 branched from an
internediate portion of the cylindrical portion 21, and a mcroswitch 24
provi ded adjacent to the outside of the bellows portion 22. Wen the inside
of the processing chanber 12 is in a negative pressure state, the bellows
portion 22 is contracted and the mcroswitch 24 is turned on (or off).

Besi des, when the inside of the proce55|rkFchanber 12 becones a positive
pressure state, the bellows portion 22 is expanded and the mcrosw tch 24

I's turned q o) ) ordingly, when the inside of the processing
chanber 4%54 s(gtﬁgé i ve pressure state due to, for exanple, a failure

of the exhauster such a statg can be r adllgodetected on the basis of a

signal fromthe det‘écﬁ"cﬁplﬂo alf, Bd, dSoSYBPLARA 5Of AntPYRRSPREt IoMekhs for

rvin the omder separated by the exhauster 1, and it
Egﬁg{ ﬁ;l ;y%frcg'zw dlé\)g p by wgy of a d%y air unit 8e, a flow

rate sensor 8f, branch portion 8g, and a requlator 8h. The
dry air unit 8e is adapted to dry the supply air 8d, and
the flow rate sensor 8f is adapted to measure the flow rate
of the dried air. The branch portion 8g is adapted to
branch the high pressure air thus dried into the regulator
8h and a flow rate control unit 8j. The dried high
pressure air supplied to the flow rate control unit 8j is
supplied to an ejector 8k. The ejector 8k functions as a
means for mixing the dried high pressure air with a powder
blown up from the mixing tank 8 into the path 8c and
acceleratedly supplying the mixture into a jetting nozzle
12a. Namely, the solid/gas two-phase flow accelerated from
the ejector 8k is supplied into the jetting nozzle 12a in
the processing chamber 12 through a path 8m. In addition,
the pressure of the high pressure air supplied to the lower
portion 8i of the mixing tank 8 is in a range of, for
example, from 0.5 to 3.5 kg/cm?. The trianqular valve 17
is so configured as to be opened only for supplying the
powder from the reserve tank 5 to the mixing tank 8.

The operation of the above-described powder beam

processing machine will be described below. It is to be



The smal|l chanber Ib of the exhauster 1 is connected to the reserve tank 5
via a path 15 as a gas introducing neans containing a butterfly valve 4 as
an openi ng/closing val ve. The path 15 can be opened/cl osed by operating the
butterfly valve 4. The opening of the path 15 allows a high pressure air to
be supplied fromthe small chanber Ib of the exhauster 1 into the reserve
tank 5. The screw device 6 can supply the powder reserved in the reserve
tank 5 to the mxing tank 8 side via an }3o0l ator 9 by rotation of a screw
6a. The m xing tank 8 functions as a neans for mxing the powder supplied
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period of tine ranglng fromabout 30 to 60
substraté having a resist pattern, is set on a processing

table (not shown) positioned on an upper portion in the
processing chamber 12. On the other hand, a powder P in
the mixing tank 8 is supplied into the jetting nozzle 12a
via the ejector 8k and the path 8m. The jetting nozzle 12a
is mounted at the leading end of an operating shaft 30
extending from the outside from the inside of the
processing chamber 12 while passing through an opening
portion formed in the outer peripheral surface of the
processing chamber 12. After the jetting nozzle l2a is
moved with respect to the workpiece 13 (substrate) by
operation of the operating shaft 30, the air containing the
powder P is jetted on a desired position of the workpiece
13, so that the surface of the workpiece 13 is etched on
the basis of a resist pattern by powder beams.

The powder jetted on the workpiece 13 (substrate)
is dropped on the bottom portion of the processing dhamber
12, and is supplied onto the exhauster 1 side through the
path 16. The filter 2 separates the powder from the high
pressure air, and allows the powder P to remain in the

small chamber la. <‘The high pressure air is supplied into
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mn. The isolator 9 is provided to nechanically separate the reserve tank 5
fromthe mxing tank 8 (floating line L) for neasuring the weight of the
powder P in the mxing tank 8, and a passage 8b of the isolator 9 can
positively supply the powder fromthe reserve tank 5 to the m xing tank 8
side. The mxing tank 8 has a triangular valve 17 as an opening/cl osing

val ve in an upper opening portion of the m xing tank 8. The powder P in the
m xing tank 8 is blown up in an upper paidh 8c by supply of an air with a
specified high pressure frombottomto top. The neans for supplying the air
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reserve tank 5 through the connection portion lc in a state
that the butterfly valve 3 is opened and the butterfly
valve 4 is closed. 1In such a state, the screw device 6 is
stopped and the triangular valve 17 is also closed.

The reason why the butterfly valve 4 in the path 15
is thus closed when the powder P is supplied from the
exhauster 1 into the reserve tank 5, is that if the
butterfly valve 4 in the path 15 is opened, the air to the
small chamber 1b flows into both the reserve tank 5 and the
processing chamber 12 and thereby the sucked amount of the
high pressure air from the processing chamber 12 side is
reduced. Accordingly, in the case where the powder is
supplied from the exhauster 1 into the reserve tank 5, the
butterfly valve 4 is closed for preventing reduction in
recovery of the powder.

The powder P, which islreserved in the reserve tank
5, is prepared to be supplied from the reserve tank 5 into
the mixing tank 8. In such a preparation step, the
butterfly valve 3 is closed and the butterfly valve 4 is
opened, and the screw device 6 is stopped and the
triangular valve 17 is opened. Then, by rotation of the

screw device 6 of the reserve tank 5, the powder P in the



the flowrate sensor 8f is adapted to neasure the flow rate of the dried
air. The branch portion 8g is adapted to branch the high pressure air thus
dried into the regulator 8h and a flow rate control unit 8j. The dried high
pressure air supplied to the flowrate control unit 8§ is supplied to an

ej ector 8k. The ejector 8k functions as a nmeans for mxing the dried high
pressure air with a powder blown up fromthe mxing tank 8 into the path 8c
and accel eratedly supplying the nixturedi$to a jetting nozzle 12a. Nanely,
the solid/ gas two-phase fl ow accel erate romthe ejector 8k is supplied
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described bel ow l&hésoégh£§§ of the path 15 by the buttérfly valve 4
can prevent the following phenomenon. If the butterfly
valve 4 in the path 15 is closed, there occurs such a
phenomenon that the powder P in the reserve tank 5
couterflows to the exhauster 1 side through a small gap of
the butterfly valve 3 of the connection portion lc, and
particularly, the powder P couterflows to the outside
through the isolator 9 over the triangular valve 17 in the
mixing tank 8 or returns into the reserve tank 5. To cope
with such an inconvenience, the butterfly valve 4 in the
path 15 is opened so that the high pressure air from the
small chamber 1b of the exhauster 1 is positively
introduced into the reserve tank 5 for preventing the
powder from couterflowing through the gap of the butterfly
valve 3 or from counterflowing to the outside from the
isolator 9 of the mixing tank 8.
The solid/gas two-phase flow in which the powder is
mixed with the high pressure air is separated into the
powder and the air by means of the filter 2 of the

exhauster 1, and the separated powder P is positively

recovered into the mixing tank 8 through the reserve tank
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13 noted that the powder used in this enbodi nent has an average particle

si ze rangi
13, which

ng, for exanple, fromabout 3 to 11.5 [err]m First, a wor
is typically a substrate having a resist pattern, is set o

processing table (not shown) positioned on an upper portion in the
processi ng chanber 12. On the other hand, a powder P in the mxing t
I's supplied into the jetting nozzle 12a via the ejector 8k and the path 8m
The jetting nozzle 12a is nounted at the ll®adi ng end of an operating shaft
30 extending fromthe outside fromthe inside of the processing chamber 12
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sealing device at a portion where the operating shaft 30
for operating the jetting nozzle 12a is disposed, wherein
Fig. 3 is an enlarged sectional view showing essential
portions of the detailed structure, and Fig. 4 is a
schematic perspective view of the essential portions shown
in Fig. 3.

In Figs. 3 and 4, a cylinder body 33 defining an
opening portion 32 through which the operating shaft 30
passes is integrally formed on an outer wall surface 31 of
the processing chamber 12. The cylinder body 33 has a
minimum size corresponding to movement of the operating
shaft 30 in the X, Y directions for minimizing a powder
leaked to the outside of the processing chamber 12 through
the opening portion 32.

Reference numeral 34 in Fig. 4 indicates a mounting
bracket formed in a substantially short sized cylinder
shape and containing a small chamber 37. With respect to
the mounting bracket, one end thereof is air-tightly
mounted to the opening portion 32 of the cylinder body 33,

and the other end thereof is air-tightly mounted with a

kpi ece
n a

ank 8

r al

s noved
rating
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ed on

t he
cessi ng



path 16. The filter 2 separates the powder fromthe high pressure air, and
allows the powder P to remain in the small chanber |a. The high pressure *°
air is supplied into 14 the processing chanber 12 through the path 14. .
The powder remaining in the small chanber la is supplied into the reserve ,
tank 5 through the connection portion Ic in a state that the butterfly
valve 3 is opened and the butterfly valyg 4 is closed. In such a state, the
screw device 6 is stopped and the triangular valve 17 is also closed. The
reason why the butterfly valve 4 in the path 15 is thus cl osed when the

powder P i pplied fyomthe exhau r..1 int h rve.tank_5, is that

i f the but?%?#l@l |?/3é{h“n¢?ﬁ‘h%ﬁbea’i Hewia .‘"‘o&g‘ﬁé‘&% BBy 358" T8 i |
chanber I b_flows into poth the reserv ank..5 and the Qcessi ng _chanber 12
and ¢ her ebIITH Qe KERESHRRAT IRURL Rt LS EeteFe SnP AL PRELPHocess! ng
chanber 12 side is reduced. Accordingl in the case where the powder is

suppl i ed fiBREFRRSES HRREYESN the,MouHding hragketadd gnd; fhe flange

member 35. The lower side of the mounting bracket 34 has
at the center portion a discharge port~39 for discharging
the powder having entered the small chamber 37 and having
being sedimented or precipitated therein. A discharging
hose 40 is mounted at the leading end of the discharge port
39. In addition, the hose 40 has an opening/closing valve
(not shown) and is communicated to the small chamber 37
through the opening/closing valve.

| Reference numeral 41 indicates a cylindrical
bearing member for slidably holding the operating shaft 30,
and 42 is a cylindrical retainer mounted around the outer
periphery of the bearing member 41. The retainer 42 is
removably mounted on the bearing member 41 by means of a
nut 43 screwed with the end portion of the bearing member
41. The operating shaft 30 is slidably mounted in the
bearing member 41 while passing through the center of the
bearing member 41. The other end of the rotating shaft 30
positioned outside the processing chamber 12 is mounted
with a drive mechanism 44 for moving the operating shaft 30
together with the jetting nozzle 1l2a (see Fig. 2).

The thin film cylinder member 36 is composed of an
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butterfly valve 4 is closed for preventing reduction in recovery of the
powder. The powder P, which is reserved in the reserve tank 5, is prepared f‘
to be supplied fromthe reserve tank 5 into the mxing tank 8. In such a
preparation step, the butterfly valve 3 is closed and the butterfly valve 4,,
I s opened, and the screw device 6 is stopped and the triangular valve 17 is
opened. Then, by rotation of the screw device 6 of the reserve tank 5, the
powder P in the 15 reserve tank 5 is %upplied into the m xing tank 8
through the path 8b in the isolator 9. At this time, the butterfly valve 3

Is closed and the hutterfly valve 4 is opened. The opening of, the path 15

by the but COET thdi, &1 Sy 13ndeanmeRReLs 6k PR BIRHET RN (Tlme
butterfly valve 4 in the path 15 is closed, there occurs such a phenonmenon

that the p&¥ddmnder membper; 368 eachank whieht &5 fformed ©f e fbawiieer 1 side

through a snall gap of the butterfly valve 3 of the connection portion lc,
and thin film material into a substantially conical shape. One

end of the inner thin film cylinder member 36A is air-
tightly mounted around the outer periphery of the flange
member 35, and the other end thereof is air-tightly mounted
around the outer periphery of one end portion of the
retainer 42. The inner thin film cylinder member 36A is so
confiqured as to be loosened at the intermediate portion
thereof. 1In general, the processing chamber 12 is in a
negative pressure state by operation of the exhauster 1,
and the intermediate portion of the inner thin film
cylinder member 36A is expandedly sucked inward of the
small chamber 37 by the negative preséure as shown in Fig.
3. |

On the contrary, one end of the outer thin £ilm
cylinder member 36B is mounted around the outer periphery
of the flange member 35 and the other end thereof is
mounted around the outer periphery of the other end of the
retainer 42. A gap (space) 45 having a slight air-
tightness is formed between the inner thin film cylinder
member 36A and the outer thin film cylinder member 36B. A
sensor 46 for detecting the powder is disposed in the gap

45 in such a mannef as to be mounted on the outer periphery

»



particularly, the powder P couterflows to the outside through the isolator
9 over the triangular valve 17 in the mxing tank 8 or returns into the
reserve tank 5. To cope with such an inconveni ence, the butterfly valve 4
in the path 15 is opened so that the high pressure air fromthe snal
chanber | b of the exhauster 1 is positively introduced into the reserve
tank 5 for preventing the powder from couterflow ng through the gap of the
butterfly valve 3 or fromcounterflow ng 1% the outside fromthe isolator 9
of the mxing tank 8. The solid/gas tmo-phasg flom11ﬂ mhlag t he gorﬁer i's
m xed with the high pressure air . is separated intgo the powder an e air
by means of°theP§ ig’r'ef‘gq”f%ff%hepe spr fRF flﬁéeﬁ’ébaga@eﬂoﬁéﬁﬁir P |12
ositively recovered into the mxing tank 8 through the reserve tan
E. The po%/l\dje? ‘ﬁ‘?‘ileaﬁ)a? & FNSOP 465 APMeYe T nOEheke SRNRPRgSLERRLBrEesan be

jetted again onto the workpiece 13 using the jetting nozzle 12a in the
processinglyﬁéﬂg%rqug. In addition, reference numeral 47 indicates a

sealing O-ring interposed between the bearing member 41 and
the retainer 42.

In the powder sealing device or structure in this
embodiment, since the thin film cylinder member 36 is
formed in a substantially conical shape, when the inner
thin film cylinder member 36A is sucked on the processing
chamber 12 side in the small chamber 37 by a negative
pressure, it is held in the small chamber 37 in an expanded
(drawn) state without generation of wrinkles. This
structurally prevents generation of breakage of the inner
thin film cylinder member 36A, to thereby prolong the
service life of the powder sealing device. In addition,
even when the processing chamber 12 becomes the negative
pressure state, the outer thin film cylinder member 36B is
not drawn.

In this embodiment, the thin film cylinder member
36 can be composed of the inner thin film cylinder member
36A and the outer thin film cylinder member 36B which are
overlappingly disposed with a gap put therebetween, and
accordingly only the inner thin film cylinder member 36A is

expandedly sucked in the small chamber 37 by the negative



L)

Figs. 3 and 4 show a detail structure of the powder sealing device at a
portion where the operating shaft 30 for operating the jetting nozzle 12a

i s di sposed, wherein Fig. 3 is an enlarged sectional view show ng essenti al
portions of the detailed structure, and Fig. 4 is a schematic perspective
view of the essential portions shown in Fig. 3. In Figs. 3 and 4, a
cyl i nder body 33 defining an opening portion 32 through which the operating
shaft 30 passes is integrally formed on2an outer wall surface 31 of the
processi ng chanber 12. The cylinder body 33 has a nininun1size

correspogg shgeng % Etépegﬁgﬁrfii iﬁgﬂ# é“ﬁéﬂbéﬁ1 g directions

for mnintzing a po e ou he proceSS|ng chanber 12

mount P ng BEETKER 18 fa g %ﬂégsaﬁsﬁéﬁ%%ﬁ@ Wb, e idbmsrliene ona”
nd. Chor cOMSFECRPE S Chaﬁ??iff%aﬁ?sag?éeﬁ%?m Sy it ”"ctm“” A e

cyl i nder body 3 and .the other end thereof is air-tightly nounted with a
he reliability.

The powder sealiﬂg device in this embodiment can
further include the sensor 46 in the gap 45 between thé
outer thin film cylinder member 36B and the inner thin film
cylinder member 36A. With this configuration, when the
inner thin film cylinder member 36A is broken and the
powder permeates in the gap 45, the powder can be detected
by the sensor 46. Consequently, before being inadvertently
diffused, the powder leaked in the gap 45 can be positively
detected by a light receiving portion of the photosensor,
thereby making it possible to detect the powder in a slight
amount and hence to improve the detection accuracy. In
addition, when the inner thin film cylinder member 36A is
broken, the powder is leaked not to the outside of the
outer thin film cylinder member 36B but only in the gap 45,
so that it is possible to prevent contamination of the
inside of the entire facility.

The powder sealing device in this embodiment can
further include the discharge poft 39 for discharging the

powder having entered the small chamber 37. With this

configuration, the powder having entered the small chamber



17 thin filmcylinder menber 36 via a flange nenber 35. In addition,
reference nuneral 38 indicates a sealing Oring interposed between the
nounting bracket 34 and the flange nenber 35. The | ower side of the
mounting bracket 34 has at the center portion a discharge port 39 for

di schargi ng the powder having entered the small chanber 37 and havi ng bei ng
sedi nented or precipitated therein. A discharging hose 40 is nounted at the
| eadi ng end of the discharge port 39. In addition, the hose 40 has an
openi ng/ cl osi ng val ve (not shown) and is conmunicated to the small chanber

37 th h ;h [ k (, Iﬂﬂqu gl cat
cyl |t né??gae%bgggf)ﬁgl grrgﬁgéir}é#%?lg?#%%%?%%ﬁ 3}% e o%erdgljsldr%ql hgf Ssﬁg, and
42 | ' lgal [ t { . t
beari ng meBBer 43° TROPCPERYERESEhe PRS0 i YRR helrei g

nmb 41 f. 43 d w th d ti f the b [
member 41. J$Aa Eanl Beifg Brakén 367 EE, vedahe, o die Baiteted ng member
41 while p%%%%@%,tgiog gvgggscgﬂéeéoéﬁtiggfportion from being removed

by the weight of the accumulated powder, thereby improving
reliability. Moreover, in this embodiment, the shape of
the opening portion 32 can be formed in a minimum size
corresponding to the operating range of the operating shaft
30. With this configuration, the amount flowing out of the
processing chamber 12 to the small chamber 37 can be
minimized.

The air used in this embodiment may be replaced
with other gases. Although the detector 20 is provided in
the path 14, it may be provided on other portions, for
example, on the mounting bracket 34. 1In this case, an
opening portion éf the detector is formed on an outer
peripheral portion (for example, on the upper side) of the
mounting bracket, and it is sealingly stuck with a thin
rubber. The expanded state of the rubber is detected using
a micro limit switch (for example, a metal foil is detected
5y an overcurrent sensor), to thereby detect a positive
pressure state of the processing chamber 12.

While the preferred embodiments of the present

invention have been: described using specific terms, such



beari ng nenber 41. The other end of the rotating shaft 30 positioned

out side the processing chanber 12 is nmounted with a drive mechanism 44 for

novi ng the operating shaft together with the jetting nozzle 12a (see
ing th p ing shaft 30 togeth ith the j i ng le 12a (

Fig. 2). The thin filmcylinder nenber 36 is conposed of an 18 i nner

thin filmcylinder nmenber 36A and an outer thin filmcylinder nmenber 36B

each of which is fornmed of a flexible thin filmmterial into a

substantially conical shape. One end of BBe inner thin filmcylinder nenber

36A is air- tightly nmounted around the outer periphery of the flange nenber

35, and th e fadq ir-td I t ro .he.qufer

peri phery g?géggﬁggﬁgp%gtféﬁ %%fﬁ%&%ﬁ%&éﬁﬁﬁg&éﬁgﬁgTﬁgl'hngggt%?nlgi%§1

cyl i nder nber is.so configured as. ta be | oosened_at the.internediate
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pressure state by operation of fhe exhauster nd t internediate
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smal | chanber 37 by the negative pressure as shown in Fig. 3. On the

contrary,

one end of the outer thin filmcylinder nmenber 36B i s nounted

around the outer periphery of the flange nenber 35 and the other end

thereof is round the outer periphery of the other end of the
ret ai ner 4i"m!ﬂgﬁgl ﬂﬁfﬁu 45 having a slight air- tightness is forned

y ' cyl i nder nenber 36A and the outer thin film
sensor 46 for det2dting the powder is disposed in

bet ween t he =i
cyl i nder menber 36B. A

H

the gap 45 in such a nannet as to be nounted on the outer periphery

of the ret
sensor 46;
ref erence

beari ng nenber 41 and the retainer 42.

structure

I ner, 4%: A phot.osensor for detecting a powder is used as the
ﬁhﬂﬁmﬁﬁa,IQﬂﬂ%g?%ﬁénsor structures may be used. In addition,
nuneral 47 indicates a sealing Oring interposed between the

In the powder sealing device or
in this enbodiment, since the thin filmcylinder nmenber 36 is

1. A powder sealing device of a powder beam processing
machine including a processing chamber for processing a
workpiece by jetting powder beams to the workpiece,
comprising:

a thin film cylinder member for sealing.a space
between an operating shaft passing through an opening
portion formed in a peripheral surface of said processing
chamber and said opening portion; and

a substantially cylindrical mounting bracket having
a small chamber communicated to said processing chamber and
mounted to said opening portion;

wherein said thin film cylinder member is formed of
a flexible thin film material into a substantially conical
shape, said thin film cylinder member having one end
mounted to one end of said mounting bracket on the opening
portion side and the other end mounted to the outer
peripheral side of said operating shaft;

whereby when said processing chambéf is in a
negative pressure state, an intermediate portion of said
thin film cylinder member is expandedly sucked inward of
said small chamber.

2. A powder sealing device according to claim 1,

19
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formed in a substantially conical shape, when the inner thin filmcylinder
menber 36A is sucked on the processing chanber 12 side in the small chanber
37 by a negative pressure, it is held in the small chanber 37 in an

expande1| g ) H u {t hout generation of winkles. This structurally
prevents Mtlm rl mlm eakage of the inner thin filmcylinder nenber 36A,
to thereby groltond the service life of the powder sealing device. In

addi ti on, even when the processi ng chanBér 12 becones the negative pressure
state, the outer thin filmcylinder nmenber 36B is not drawn. In this

enbodi ment, . the.thin, fi cylinder nenper 36.can.be conposed of the inner
thin filnlgp?Fﬁﬁ%rs %b%ﬂl%6t%ihu9¥%ﬁ? gpmﬁﬁrhhﬁﬁlﬁ1§§Pﬁﬁ8er menber 36B
whi ch are overl ingly disposed with a gap put therehetween, .and

necor d gl SYSAPGBELACHinEREE DR G ah ke g ABACT L LB R ndedl y
sucked in the small chanber 37 by the negative . 20 pressure and the outer
thin fi|n]ggmpﬁge;sngﬁgg;dg@prgpnd an inner thin film cylinder

member with a gap put therebetween.

3. A powder sealing device according to claim 2,
further comprising a sensor provided in said gap between
said outer thin film cylinder member and said inner thin
film cylinder member for detecting the powder having
entered said gap resulting from breakage of said inner thin
film cylinder member.

4. A powder sealing device according to claim 1,
further comprising a means for discharging the powder
having entered said small chamber.

5. A powder sealing device according to claim 1,
wherein the size of said opening portion is set at a
minimum value corresponding to an operating range of said

operating shaft.
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left as it is. This is effective to inprove the appearance characteristic,
to increase the strength, and to enhance the reliability. The powder
sealing device in this enbodi nent canfurtirer-am he sensor 46 in the
gap 45 between the outer thin filmcylinder menber <8 and the inner thin
filmcylinder nmenber 36A. Wth this cbnflgﬂkatmon) when the inner thin film
cylinder nenber 36A is broken and the powder perneates in the gap 45, the
powder can be detected by the sensor 46.2%onsequently, before being

i nadvertently diffused, PONDEROBEALINGaREVICH ORcPQURERSBEAM be positively
detected by a light receiving poPROGESSINGhMAGHDNBsensor, thereby making it
possible to detect the powder in a slight anobunt and hence to inprove the
detection accuracy. In additi nner f|In1cyI|nder menber
36A i s broken, the powder isAgggwggﬁng%h&Hhtﬁ358%g§ ®E of the outer thin
filmcylinder menber 36B but only in the gap 45, so that it is possible to
prevent cont ani nat iZoPAaTH Seaddinge dgVicReOfndi PEWHGE| Pealy PIORESHiRtEr

seal ing device in this enbodi ment can further include the discharge port 39
for di scharmpaiyinednsdwddngay prgcessingdchpsbernfor cPEOER$SBTg aWth this

workpiece by jetting powder beams to the workpiece,
includes: a thin film cylinder member for sealing a space
between an operating shaft passing through an opening
portion formed in a peripheral surface of the processing
chamber and the opening portion; and a substantially
cylindrical mounting bracket having a small chamber
communicated to the processing chamber and mounted to the
opening portion. The thin film cylinder member is formed
of a flexible thin film material into a substantially
conical shape, and has one end mounted to one end of the
mounting bracket on the opening portion side and the other
end mounted to the outer peripheral side of the operating
shaft. When the processing chamber is in a negative
pressure state, an intermediate portion of the conical thin
film cylinder member is expandedly sucked inward of the
small chamber without generation of any wrinkie; so that it
is possible to structurally eliminate breakage of the thin
film cylinder member and hence to prolong the service life

of the powder sealing device.

This Sheet Has Been Replaced

Figure 2 LU




+ configuration, the powder having entered the small chanber 21 37 can be
sequentially di scharged through the discharge port 39. This prevents the
inner thin filmcylinder nenber 36A from being broken by the weight of the
accunul ated powder, or prevents the nounting portion from being renoved by
t he wei ght of the accunul ated powder, thereby inproving reliability.
Moreover, in this enbodi nent, the shape of the opening portion 32 can be
formed in a mninmum si ze correspondingl%o t he operating range of the
operating shaft 30. Wth this configuration, the anmount flow ng out of the
processi ng chanber 12 to the small chanber 37 can be mnimzed. The air
used in this enbodi nent may be replaced with ot her gases. Although the
detector 20 is provided in the path 14, it my be provi ded on ot her
portions, for exanple, on the nounting bracket 34. In this case, an opening
portion of the detector is forned on an outer peripheral portion (for
exanpl e, on the upper side) of the
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nounting bracket, and it is sealingly stuck with a thin rubber. The
expanded state of the rubber is detected using a mcro limt switch (for
exanple, a nmetal foil is detected by an overcurrent sensor), to thereby
detect a positive pressure state of the processing chanber 12. Wile the
preferred enbodi nents of the present invention have been described using
specific terms, such 22 descriptionis for illustrative purposes only,
and it is to be noted that changes and vay#ations may be made wi t hout
departing fromthe spirit or scope of the Tollow ng clains. 23 Wiat is
Clainmed is: 1. A powder sealing device of a powder beam processing
machi ne i ncludi ng a processi ng chanber for processing a workpi ece by
jetting powder beans to the workpiece,
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conprising: a thin filmcylinder nmenber for sealing a space between an
operating shaft passing through an opening portion fornmed in a peripheral
surface of said processing chanber and said opening portion; and a
substantially cylindrical nounting bracket having a small chanber

communi cated to said processing chanber and nounted to said opening
portion; wherein said thin filmcylinder nmenber is formed of a flexible
thin filmmterial into a substantially3ggnical shape, said thin film
cylinder menber having one end nmounted to one end of said nmounting bracket
on the opening portion side and the other end nounted to the outer

peri pheral side of said operating shaft; whereby when said processing
chanmber is in a negative_ pressure state. an intermediate portion of said
thin filmcylinder nenbef is expandedly sucked inhard of said smal

chanber. 2. A powdef sealing device according to claiml,
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24 wherein said thin filmcylinder nmenber has a double cylinder structure
in which an outer thin filmcylinder nenber is provided around an i nner
thin filmcylinder nenber with a gap put therebetween. 3. A powder
seal ing device according to claim2, further conprising a sensor provided
in said gap between said outer thin filmcylinder nenber and said inner
thin filmcylinder nmenber for detecting the powder having entered said gap

resulting from breakage of said inner thk24filn1cylinder menber. 4. A
powder sealing device according to claim1® further conprising a neans for
di schargi ng the powder having entered said small chanber. 5. A powder

seal ing device according to claim1l, wherein the size of said opening
portion is set at a m ninmum val ue corresponding to an operating range of
sai d operating shaft.
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TEXT OF THE ABSTRACT

POWDER SEALING DEVICE OF POWDER BEAM PROCESSING MACHINE

A powder sealing device of a powder beam processing machine including a processing
chamber (12) for processing a workpiece (13) by jetting powder beams to the workpiece (13),
includes: a thin film cylinder member (36) for sealing a space between an operating shaft (30}
passing through an opening portion (32) formed in a peripheral surface of the processing
chamber (12) and the opening portion (32); and a substantially cylindrical mounting bracket
(34) having a small chamber (37) communicated to the processing chamber (12) and mounted
to the opening portion (32). The thin film cylinder member (36) is of a flexible thin film
material and has one end mounted to one end of the mounting bracket (34) on the opening
portion (32) side and the other end mounted to the outer peripheral side of the operating shaft
(30). When the processing chamber (12) is in a negative pressure state, an intermediate
portion of the conical thin film cylinder member (36A) is expandedly sucked inward of the
small chamber without generation of any wrinkle, so that it is possible to structurally
eliminate breakage of the thin film cylinder member (36).

Fig.3
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