DESCRIPTION FILM DEPOSITION APPARATUS HAVING HOLE-LIKE
ROTARY FILTER PLATE FOR CAPTURING FINE PARTICLES, AND
FILM DEPOSITION METHOD Technical Field The present invention
relates to deposition systems and methods for forming layers of various
materials, the layers being formed in such a manner that airborne fine

particles containing a thin filmsfeyaing e9mponent are generated by

energy beam irradiation or arc discharge and then attached to substrates.
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a filter for preventing droplets from adhering to a layer to enhance the
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filter. Background Art In a deposition method for forming a thin film made

of metal, semiconductor, or ceramic on a substrate by a laser ablation

T NRGESS; a:SpUitgring process, an arc discharge process, or another
process, fine particles (liquid cluster particles deposited in a thin film)

transforgned s¥e dropleise needtohel prevented frepvadhardlg i /thteems and
substrate. Known examples of a technique for preventing this problem

nefisidde aotechniguenio whidtettr indideatangle chatiasdradenm bppliddyers
to a target is_caontrolled to 43 degrees or less (Patent Document 1) and

PeBhrGHE R 18tafitg tarelltHigh SPEd TPARAE Bochikhts 2 2ntr )
T AL GUE 16 hG ke e of Mo aristaga. = ¢ befiadated by
energy beam irradiation or arc discharge and then attached to
substrates. The present invention particularly relates to a
deposition system including a filter for preventing droplets

from adhering to a layer to enhance the quality of the layer

and also relates to a deposition method using such a filter.

Background Art

In a deposition method for forming a thin film made of
metal, semiconductor, or ceramic on a substrate by a laser
ablation process, a sputtering process, an arc discharge
process, or another process, fine particles (liquid cluster
particles deposited in a thin film) transformed into droplets
need to be prevented from adhering to the substrate. Known
examples of a technique for preventing this problem include a
technique in which the incident angle of a laser beam applied
to a target is controlled to 43 degrees or less (Patent Document
1) and techniques for rotating targets at high speed (Patent
Documents 2 and 3).

In order to prevent surface properties of the thin film



the substrate, a technique for trapping the flying cluster particles is used.
Known examples of such a technique include a technique for attaching
high-mass cluster particles to a face of a passage area-controlling
member on which fine particle are incident and which have a large
number of gaps (Patent Document 4), a technique using a mechanical
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techniques using rotary disks which inclu serve aps
t hdneehanical €8ppperse i blepkingBight ok javd-apeedhatoms, (Rajept uster
Document 6, 7, and 8), and a technique using a deposition system
paindloding a sphlasality of ¥otawmnvaresuffbe examplecRateneDboument dhdhude
the former one, a laser needs to be synchronized with a filter because the
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the latter one, the vane rrgfﬁct fine %argicles becggsc%t e vanes actre
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severely constrained and it is difficult to arrange a large number of such
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direction of the fine particles. This leads to an increase in the distance
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is contaminated with the fine particles that have been trapped and then
andelgpsedn? a technigque using a deposition system including a
plurality of rotary vanes (for example, Patent Document 9).
In the former one, a laser needs to be synchronized with.
a filter because the laser beam is pulsed; hence, the range of
a selectable speed is limited. In the latter one, the vanes
reflect fine particles because the vanes are tilted; hence, the
vanes cannot completely trap low-speed fine particles. Since
the design of Vanés for trapping such low-speed fine particies
is severely constrained and it is difficult to arrange a large
number of such vanes in a filter, this filter needs to have a
large thickness in the flight direction of the fine particles.
This leads to an increase in the distance between a target and
a substrate, thereby causing a problem that high-quality layers
hardly formed or another problem. Furthermore, there are
problems in that the manufacture of the filter reguires
extremely high techniques, the manufacturing cost thereof is

high, and an obtained layer is contaminated with the fine

particles that have been trapped and then released.



The inventor has developed a deposition system and deposition method
for removing droplets using a high-speed rotary filter and has applied for
a patent thereof (Patent Document 10) . This filter has problems that it is
difficult to completely prevent the release of such droplets and the
manufacturing cost of this filter is high. Patent Document 1: Japanese
Unexanainegd RatentApplicatian Rublicatign iNg, 08:017237 Ratedh ang
Document 2: Japanese Unexamined Patent Application Publication No.
def¥s16633] Ratend DocumentBodapanesedgnexamioed RatentApplicatierd
Publication No. 2001-107225 Patent Document 4: Japanese Unexamined
rotrgtEnttAppiRatieRdP sk atior N @8 P26 805RAtent Dbbements: (Patent

Japanese Unexamined Patent Application Publication No. 04-202762
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Patent Application Publication No. 2001-192811 Patent Document 8:
maJapasess UngxawiedRatent Application Pubhicajipn No. 2003-277919

Patent Document 9: Japanese Unexamined Patent Application
PatmrpticRisNen0-D30169Rae AEDYoement 1o apess Uirxantadd-on
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Problems to be solved by the Invention it is an object of the present
invention to provide a deposition system and method for forming layers of
various materials using a filter, the layers being formed in such a manner
that airborne fine particles containing a thin film-forming component are
generated in a vacuum vessel and then attached to substrates. The filter

prdB BBARed 50155 g beeadily, maaufagiied ablow cost, can trap droplets,

and can securely prevent the release of trapped fine particles although

flat paneldilters earnot prevent ke pleasemtheienidn piipeiptes Meansifae a
Solving the Problems In order to solve the above problems, a rotary
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to th%eﬁresent, inventign has a configuration in which a disk has a large
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IIm-forming component to attach the airborne fine particles to a

£ 1 substsatei The dppesiton systegrinshigesdheratary-nous ilkerpkie, then
including a disk having a large number of perforations extending
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at high speed. The rotary porous filter plate is disposed between the
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Means for Solving the Problems

In order to solve the above problems, a rotary porous
filter plate, which is different from a known panel filter,
according to the present invention has a configuration in which
a disk has a large number of perforations.

The present invention provides a deposition system for
generating airborne fine particles containing a thin
film-forming component to attach the airborne fine particles
to a substrate. The deposition system includes the rotary
porous filter plate, including a disk having a large number of
perforations extending therethrough, rotated on a rotary shaft
connected to the center of the disk at high speed. The rotary
porous filter plate is disposed between the substrate and a
target such that the fine particles flying through the
perforations are deposited on the substrate but the fine
particles which fly low speed and which are transformed into

droplets are trapped in the perforations. The present



invention also provides a deposition method using the deposition system.
In the system of the present invention, the perforations each have end
portions and an intermediate portion having a diameter greater than
those of the end portions, the end portions being located close to surface
regions of the rotary porous filter plate. Therefore, the trapped fine

inWRAHGIE] Can sbe sentinedin the perorations suebhaithg dsappedfine
particles can be Securely prevented from being released, because the
dedtneiparbales yreppead in the perforations are gathered at center regions of
the perforations by the rotation of the rotary porous filter plate. According
to thésystemsafs tirpadsdiitenparticn) therfinerpartclestlying erfierat ions
perforations at a speed greater than or equal to a predetermined speed
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present invention, a filter can be manufactured In a manner that a
podargerumbengl nestorations aeformeslinmdisk iy by shemiealorrotary
mechanical processing. The filter, as well as a known panel filter, can
poneapsfibe gaeticlebadithoudhthedifter hastd simpireadigumatiora Thecles can
trapped fine particles can be confined in center regions of the
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without releasing the trapped-fine particles. 5
because the fine particles trapped in the perforations are
gathered at center regions of the perforations by the rotation
of the rotary porous filter plate._ According to the system of
the present invention, the fine particles flying in the
perforations at a speed greater than or equal to a predetermined

speed and the fine particles flying at a speed less than or equal

to a predetermined speed can be both trapped.

Advantages
According to the present invention, a filter can be

manufactured in such a manner that a large number of
perforations are formed in a disk only by chemical or mechanical
processing. The filter, as well as a known panel filter, can
trap fine particles although the filter has a simple
configuration. The trapped fine particles can be confined in
center reglons of the perforations by the rotation of the rotary
porous filter plate because the walls of the perforations are
curved; hence, deposition can be performed without releasing

the trapped fine particles.



For layers formed using flat panel filters, fine particles released from the
filters are observed on the layers. In contrast, for a layer formed using the
rotary porous filter plate of the present invention, no fine particles
released from the filter are observed on the layer; hence, the layer has
high quality. The rotary porous filter plate can be more precisely

mangfastured at boweycastas sorparad to thedlat panek diters. Best
Mode for Carrying Out the Invention Fig. 1 is a schematic view of an
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filter. With reference to Fig. 1, a laser beam 53 focused by a lens 52 is
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vac vessel whereby airborne fine particles 56 are generated fro
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preferably about 10 to 100 mm. The target 55 is irradiated with the laser
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film-forming component are generated and allowed to fly toward the
magbafaienss! A fotaMiFanet 58 FoPFaiig #e finé pdriicles Hedt fpadie L
fiJ[(%vgfc. eed and that are transformed into droplets is disposed between the
arget 55 and the substrate 58 and supported by a rotary shaft 59. The
rotary panel 51 is rotated at high speed such that the low-speed fine
particles are trapped by a portion of the rotary panel 51 that blocks the
Bedlightofitheffine particiesnin amethbed atooreing taithe 6

Fig.1jj;aschematicviewofenlexampleofealaserabiation
deposition system including a known rotary filter. With
reference to Fig. 1, a laser beam 53 focused by a lens 52 is
applied to a target 55 mounted on a rotatable target holder 54
disposed in a vacuum vessel, whereby airborne fine particles
56 are generated from the target 55 and then attached to a
substrate 58 mounted on a substrate holder 57. The distance
between the substrate 58 and the target 58 is preferably about
10 to 100 mm. The target 55 is irradiated with the laser beam
53, whereby the airborne fine particles 56 containing a thin
film-forming component are generated and allowed to fly toward
the substrate 58. A rotary panel 51 for trapping the fine
particles that fly at low speed and that are transformed into
droplets is disposed between the target 55 and the substrate
58 and supported by a rotary shaft 59. The rotary panel 51 is
rotated at high speed such that the low-speed fine particles
are trapped by a portion of the rotary panel 51 that blocks the

flight of the fine particles. In a method according to the



present invention, a rotary porous filter plate is used instead of the known
rotary filter. Fig. 2 is a schematic perspective view showing an exemplary
configuration of the rotary porous filter plate included in a system
according to the present invention. A large number of perforations 3 are
arranged such that the center lines thereof extend vertically between both
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the fine particles. In Fig. 2, the following faces are parallel to each other:
of afecelaidhe targetwhichig tet:shown (located below the figure), a face

of the substrate which is not shown (located above the figure) , and both

faced bftheZrotdry PorOURSIiRER plafe I SPRE Ebfiter iney oftewing an

erforations 3 extend in parallel to a rotary shaft connected to the rotary
ex%‘b‘?&&sf BfiltﬁPﬁé{g 1 N th Totdy poroutiter prate s i§ hot Sbtdted t©
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the perforations 3 to deposit on the Substrate. The fine part

1amjthmfase ofdheentanyr peratisdiltes platerk thaj daces thedagetadhetgnter
thereto. This reduces the deposition rate of the fine particles on the
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preferably large. When a face of the_rotary porous filter plate 1 is viewed,
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rate of a layer to be formed. The reduction in deposition rate due to the

to kse-af Jinentary poreussfiber plajecearybe estimalets not shown (located
below the figure), a face of the substrate which is not'shown
(located above the figure), and both faces of the rotary porous
filter plate 1. The center lines of the perforations 3 extend
in parallel to a rotary shaft connected to the rotary porous
filter plate 1. When the rotary porous filter plate 1 is not
rotated, the fine particles flying from the target toward the
substrate pass through the perforations 3 to deposit on the
substrate.

The fine particles colliding with a face of the rotary
porous filter plate 1 that faces the target adhere thereto.
This reduces the deposition rate of the fine particles on the
substrate; hence, the sum of the perforated areas of the
perforations 3 is preferably large. When a face of the rotary
porous filter plate 1 is viewed, the percentage of the sum of
the perforated areas of the perforations 3 in the surface area
of the rotary porous filter plate 1 defines the deposition rate
of a layer to be formed. The reduction in deposition rate due

to the use of the rotary porous filter plate can be estimated



7 from the deposition rate determined without using the rotary porous
filter plate and controlled using an equation below. Portions of the
perforations 3 that are located at faces of the rotary porous filter plate 1
are supposed to have the same diameter. (Deposition rate) = (Deposition
rate determined without using filter plate) x (Sum of perforated areas of
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determined without using th ter plate |§, or example, 100 mMm/min an
pothe percentage gf thesumdof toe areas) efdha portipnsofdhe perforationsow .
in the surface area of the filter plate is 50% or 90%, the deposition rate
Po ralcufetedfistdt ap 90 Tmmmtin ores pdthvely dnorbec &0 dormh lages thef the
percentage is preferably large. Furthermore, in order to reduce the weight
TOtt fe RitdrPlatet theFrcBitle s FreferghaadRd Therdiares idrstyame
di %\%ecse -the rotary porous filter plate 1, the term (Sum of perforated areas
of perforations / Surface area of filter plate) is preferably 80% or more
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perforating and in consideration of the mechanical strength of the filter
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the portions of the perforations is large, the fine particles flying at high
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at a constant speed.” A small number of cluster

filter plate is, for example, 100 nm/min and the percentage of
the sum of the aféas of the portions of the perforations>in the
surface area of the filter plate is 50% or 90%, the deposition
rate calculated is 50 or 90 nm/min, respectively. In order to
forma layer, the percentage is preferably large. Eurthermore,
in order to reduce the weight of the filter plate, the percentage
is preferably large. Therefore, for both faces of the rotary
porous filter plate 1, the term (Sum of perforated areas of
perforations / Surface area of filter plate) is preferably 80%
or more and more preferably 90%. In consideration of technical
constraints on perforating and in consideration of the
mechanical strength of the filter plate, the upper limit thereof
is about 95%.

When the sum of the areas of the portions of the
perforations is large, the fine particles flying at high speed
pass through the perforations but the fine particles flying at
lowspeedaretrappaﬂintheperforationswhilethefilterplate
is being rotated at a constant speed. A small number of cluster

particles adhere to regions of a face of the rotary plate on



particles adhere to regions of a face of the rotary plate on 8 which the fine
particles are incident, the regions being outside the perforations. The
following speed, length, and size need to be determined such that the
fine particles which fly at low speed and which are therefore transformed
into droplets can be securely trapped: the rotation speed of the filter
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maximum size obtalned by measuring each perforation in the
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cross section, the maximum size is equal to the diameter of the
to perfdrdtioniniWhdnsportiond af thd peffonatigresrd thatasevexposefilat at low
face 2 of the rotary porous filter plate | have a circular shape As shown in

sPaSH. 2Nthe axhiht speed Anae (Rihhidsdanty bfihe Paficfesan be
that can be trapped by the rotary parous filter plate 1 is_given by the
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Lerfiameter thereol R sepresents dhe distance bawsemihe.cepterfive of ate,

the rotary shaft 4 connected to the rotary porous filter plate 1 and the
theentedining ofione obtheiperfolayions=3; Urrepgesents theddngtht{iromir) the
of the perforations extending through the rotary porous filter plate 1 in the
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o {isaglansisecond) of the, rotation of the rotary porous fiter plate 4. The
PEhine" particles flying at a Speed exceeding The maximum speed Vihax

equPassdbrough the pederations to depgeit-gn the substrate but the fine
particles flying at a speed less than or equal to the

When portions of the perforations 3 that are expoéed at
a face 2 of the rotary porous filter plate 1 have a circular
shape As shown in Fig. 2, the maximum speed Vmax (in mm/second)
of the fine particles that can be trapped by the rotary porous
filter plate 1 is given by the equation Vmax = (1 / 2)ho / tan' (X
/ 2R), wherein X represents the diameter thereof, R represents
the distance between the centef line of the rotary shaft 4
connected to the rotary porous filter plate 1 and the center
line of one of the perforations 3, h represents the length (in
mm) of the perforations extending through the rotary porous
filter plate 1 in the flight direction of the fine particles,
and o represents the angular speed (in radians/second) of the
rotation of the rotary porous filter plate 1. The fine
particles flying at a speed exceeding thermaximum speed Vmax
pass through the perforations to deposit on the substrate but
the fine particles flying at a speed less than or equal to the
maximum speed Vmax are trapped in the perforations of the rotary

porous filter plate 1.



maximum speed Vmax are trapped in the perforations of the rotary
porous filter plate 1. 9 When the exit of each perforation has a diameter
less than that of the entrance thereof as shown in Fig. 3, fine particles
flying at a speed less than or equal to the speed given by the formula (1 /
2) hco / tan' (X / 2R) are trapped, wherein X represents the diameter of

the %@r?%%%‘%&?% yrthermare, f%@ﬁﬂ@%%“ﬂ'ﬂ L4 éﬁ%Qe@'ﬂéstsh%han
fine particles flying at a speed greater than or equal to the speed given by

thabesforandactl-Anes £ e dXe- Xl 8By are drapped,syhergi Yoarticles
represents the diameter of the exit thereof. In order to cause the
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the rotary shaft to agree with the maximum speed of the fine
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an that of the perforations close to t ge thereof. That is, the more

if elpse fa thpiadge of the rotary>porousitilter plate therperiarations age,fheing
larger diameters the perforations have. Trapping properties of the rotary

at porpesfilter pHdte 1 thabhe fexiblp vared ire ssphednganreer biyat e formula
diameter X and shape of th(laé)erforations 3 are varied depending on the
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th diltet Q}%%iGnrcr&%s gggtio??x i’r,& thc%tgjiv_cek&e.ss directio_n thereof._ One of _
perforations extending through the rotary porous filter plate is shown in

In order to cause the maximum speed of the fine particles
trapped in the perforations close to the rotary shaft to.agree
with the maximum speed of the fine particles trapped in the
perforations close to the edge of the rotary porous filter plate
1, the perforations close to the rotary shaft need to have
diameters less than that of the perforations close to the edge
thereof. That is, the more close to the edge of the rotary
porous filter plate the perforations are, the larger diameters
the perforations have. Trapping properties of the rotary
porous filter plate 1 can be flexibly varied in such a manner
that the diameter X and shape of the perforations 3 aﬁe varied
depending on the positions on the rotary porous filter plate
1.

Fig. 4 shows a rotary porous filter plate in cross section
in the thickness direction therecf. One of perforations
extending through the rotary porous filter plate is shown in
this figure. This perforation 3 is designed such that the
diameter X of an intermediate portion of this perforation 3 is

greater than those of end portions thereof. Therefore, thewall
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this figure. This perforation 3 is designed such that the diameter X of an
intermediate portion of this perforation 3 is greater than those of
endportions thereof. Therefore, the wall 10 of this perforation is curved.
Trapped fine particles are gathered in a wide center region of this
perforation 3 and thus are prevented from being released. Fig. 5 shows a

of rokary pesausiiltar plate ilsincrese ectivndp kel cifdurafesantial direstion e
of this rotary porous filter plate 1. One of perforations extending through
gatthpr astaiy poroLddiles plae I foshowa intthisSiguere £ Mhetcemes Mredofhus

thisgoerforation 3 is tilted in the circumferential direction of this rotary

H*pdtoas ﬁff&eﬂa@rfﬂhgﬁ’spﬁler ?&ﬁﬁgﬁ‘ai‘rectio_n thereof. The center line
of th@i%e_rfogag%%n%y extend straight in.the; gigeumigrential dirggtion. ¢

Alternafively, the center line of this'perforation 3 may be curved along the
sedgtitemierenee of this uetbsy plata.a thatiis <bisiperferation 3 mayhe gupsebus

If this perforation, as well as that perforation extending straight through
filhetr rothacporbus ftee piifterenicallyp tianen¢poaivhsahdtdrough this

intermediate portion having a diameter X greater than those of the end
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that a target is dispos ow this rotary porous filter plate 1, fine
di Ra¢tcles as ingident oo e loper dace of thisrotgnaperous filteeplaie 1, the

and this perforation 3 moves with the rotation of this rotary porous
rotation direction therecof. The center line of this
perforation 3 may extend straight in the circumferential
direction. Alternatively, the center line of this perforation
3 may be curved along the circumference of this rotary plate,
‘that is, this perforation 3 may be curved. If this perforation,
as well as that perforation extending straight through ﬁhat
rotary porous filter plate vertically, has end portions and an
intermediate portion having a diameter X greater than those of
the end portions, trapped fine particles are gathered in a wide
center region of this perforation and prevented from being
released.

In Fig. 5, suppose that a target is disposed below this
rotary porous filter plate 1, fine particles are incident on
the lower face of this rotary porous filter plate 1, and this
perforation 3 moves with the rotation of this rotary porous
filter plate 1 toward the left side. This perforation 3 needs
to extend diagonally from an incident face toward the upper
right. The following size and deviation are as definedvin this

figure: the maximum size X obtained by measuring the shape of
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filter plate 1 toward the left side. This perforation 3 needs to extend
diagonally from an incident face toward the upper right. The following size
and deviation are as defined in this figure: the maximum size X obtained
by measuring the shape of 11 this perforation 3 in the circumferential
direction of the filter plate, the shape being exposed at a face of this

thireta% RQreus filkar plate.theh faces thedarget andthe deviationofthe r the
difference between the right end of a lower hole and the left end of an

£ 1 lJupperdicde &), thenplasteagfprogeictions ginaf4bis pertortiar 3, xténdingotary
diagonally from the fine particle-incident face in the reverse rotation

POIfitettibh; RS theplahe dFprsjethcit Sihbe this ftforatei’a i 8icdprartot on
(tre r%ff‘i‘%’ffieae% Esr?é his rotary

rous filter plate 1, the fine patrticles flying at
& spee S 5 SUCRT RS PG She8 Vit Bfthe T8 Snd the

hirth
0 the minfmum spee ine

1eRARlgsIhal cangass vaudh these Retforations and{he dingnadicleS thi s
flying at a speed greater than or equal to the maximum speed Vmax of
petifie fiae particles that ead pags diregghathbge pestorationsicancbe both
trapped in this perforation 3, as described by the following equations:
Panfriple (i N2y LR E ¢ +Id)9 2RVATP VN2 {1 PR) Héneedniod 1n
/ 2@ : Wher%in h regresents the length of this perforation extending in this

thero%r?%%roous ﬁ?trecr)ib A& 1R the flight direction of the fine particles (in

mm)sw {eRresents Hae. apgulat spead:of theriaton phthis oty POFALS. of

filter plate 1 (in radians/second) ; R represents the distance between the
thtentert hneyopthi® perfatatioa 3 pnd the tenteidng Dia notary Sbatis flying
at a speed less than or equal to the minimum speed Vmin bf the
fine particles that can pass through those perforations and the
fine particles flying at a speed greater than or equal to the
maximum speed Vmax of the fine particles that can pass through
those perforations can be both trapped in thié perforation 3,
as described by the following equations: Vmin = (1 / 2)ho /
tan™ ((2X + d) / 2R) and Vmax = (1 / 2)he / tan™"(d / 2R), wherein
h represents the length of this perforation extending in this
rotary porous filter plate 1 in the flight direction of the fine
particles (in mm); ® represents the angular speed of the
rotation of this rotary porous filter plate 1 (in
radians/second); R represents the distance between the center
line of this perforation 3 and the center line of a rotary shaft
connected to a face of this rotary porous filter plate 1 that
faces the target; X'represents the maximum size obtained by
measuringtheéhapeofthisperforation3:Ulthecircumferential
direction of the filter plate, the shape being exposed at the

rotary porous filter plate face facing the target; and d
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connected to a face of this rotary porous filter plate 1 that faces the
target; X represents the maximum size obtained by measuring the shape
of this perforation 3 in the circumferential direction of the filter plate, the
shape being exposed at the rotary porous filter plate face facing the
target; and d 12 represents the deviation of this perforation 3, extending

reghagQnially from thefine pa iclerincidest facedn the feuerse r@ﬁ@ﬁ@ﬂding
direction, in the plane of projection. Since this perforation is diagonal to

didhenetaiyyfaoeoof this tary pamousdilterplate] this totarypotous: fikerplater se
serves as a band-pass filter that can trap both the fine particles flying at a

rofspebanyredted Hatror edunl I thePmaRm@h BFseiEstthetfine particles

that %anng%s%ﬁhlrm:ght ose perforations and thf g\e Iﬁ:ticles flying at a

speed 1BSEAR DESHUET FS e inimimasseddof e iie pahfifes fifte ©F

th L& Rass frgugh these perfqratiens, theimaximum spsed and M@igwg\late

speed being set for each perforation. If the deviation is adjusted in such a
semanes dhat & pardiopacf $his petioratidm thataxposeg abatace hbkthiSine

rotary porous filter plate 1 on which the fine particles incident and a
Papokiortsf tHiy iperafatof MFabIFEsErat hlfate v Bk tahPpobcuBdittépun

e e e e e e O 8 e
ve € t diameters, the maximum sp e fi rpalfﬁaeyiha
pe £28 R8s darouglythis perfgration can be vared. ;s described.above 06 14
fine particles are incident on the rotary faces of the rotary porous filter
or phataa 1perpendicutatlyitihe splasrifacest Howeves, iba fade-0kad that can
pass through those perforations, the maximum speed andlninimum
speed being set for each perforation. If the deviation is
adjusted in such a manner that a portion of this perforation
that exposed at a face of this rotary porous filter plate‘l on
which the fine particles incident and a portion of this
perforation that exposed at a face of this rotary porous filter
plate 1 from which the fine particles are released are formed
so as to have different diameters, the maximum speed of the fine
particles that can pass through this perforation can be varied.
As described above, the fine particles are incident on
the rotary faces of the rotary porous filter plates
perpendicularly to the rotary faces. However, if a face of a
target is not parallel to a face of a substrate but is diagonal
to the substrate face, the center line of each perforation may
be diagonal to a rotary shaft connected to a rotary porous filter
plate. Fig. 6 shows an example in which the direction of the

center line of the perforation shown in Fig. 2 is tilted such

that the incident direction of fine particles is tilted. Fig.

13



target is not parallel to a face of a substrate but is diagonal to the
substrate face, the center line of each perforation may be diagonal to a
rotary shaft connectedto a rotaryporous filter plate. Fig. 6 shows an
example in which the direction of the center line of the perforation shown
in Fig. 2 is tilted such that the incident direction of fine particles is tilted.
7 shigwd3ahshowsanexample itwhighetheditection of the carterdine of the, o
diagonal perforation shown in Fig. 5 is tilted so as to correspond to the
of ircientalirectianof fine patticles . dhfine particies.are inciddnttoscadidtess to
plate at an angle represented by ~ in the rotation direction of this filter
corpla L detiic dfpelSithRepdraiatRmts RaciE fo-be Pariddigs sfownlih fine
Fig. 7. In the above description me g%rfoiations are circul%r? in cross

paréce%%%ﬁ and ?héns(lszledgfnécagﬁl p‘;"eﬁora ion 1% &%?e%%e%fl &' dfafte& S TRB S

by Betfaratians pay have any,sNapeosueh asnaa eHiplicshape.arad the tilc
polygonal shape, in cross section. Therefore, if the perforations are not

angQiecd@r tharessesettion t thandaxiswds size obtaineddy neasusiag the Fig.

cross-sectional shape of each perforation in the circumferential direction

of a filter plate corresponds to the diameter of a perforation having a

circular Sha#)%i n crosg sectign. A method for mapufactyring a rota
Y

porolE T pHAE AW DEEdeSePbeH i TaTeTate (0 o, Fig g 2*
in lustatesaprosedie for,forming peFforatians inameial disk bY &ypressed

photoresist process. One of the perforations is shown in this figure.”A
as largeiausber-of thenperferations 8iasa preciselyave any shape, such as

7.

an elliptic shape or a polygonal shape, in cross section.
Therefore, if the perforations arenot circular in cross section,’
the maximum size obtained by measuring the cross-sectional
shape of each perforation in the circumferential direction of
a filter plate corresponds to the diameter of a perforation
having a circular shape in cross section.

A method for manufacturing a rotary porous filter plate
will now be described with reference to drawings. Fig. 8
illustrates a procedure for forming perforations in ametal disk
by a photoresist process. One of the perforations is shown in
thisfigure; A large number of the perforations 3 are precisely
formed in the disk by a photolithographic process such that the
perforations 3 are located at desired positions and have desired
diameters. 1In view of the reduction in the load on a rotary
system, the rotary porous filter plate is preferably made of
a low-density material such as titanium. Alternatively, the
rotary porous filter plate may be made of a metal material, such

as stainless steel or aluminum alloy, releasing a small amount
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formed in the disk by a photolithographic process such that the
perforations 3 are located at desired positions and have desired
diameters. In view of the reduction in the load on a rotary system, the
rotary porous filter plate is preferably made of a low-density material such
as titanium. Alternatively, the rotary porous filter plate may be made of a

of @ggal natgrigl, such, as stainless steel or aluminum alloy, releasing a
small amount 14 of gas in a vacuum. Both faces of the metal disk 11 are

coated wyithra qhwteresishagept k. Aftesithe phatasesishagant,12ds a
dried, photomasks 13 are arranged such that the perforations are formed
phoatdesired hegitorts bnd have dasitbe dibmeterssilightaigrmiafiénis tHened,
performed. After the resulting metal disk 11 is rinsed, the metal disk 11 is

Phofefad ittt AR AGRE bR "diRalif elthind s SRGdE WHeFédy exsoses formed

at REIlons, r‘;p%eﬂ%"ieéjnsa%ﬁ!ﬁ‘gﬂ%& Tf8£@§9§&°B{%ar&éQeeg"s‘?‘.”$ qfihg .
perforations™ aré gouged. In the etching operation, the perforations $'are

i rfemned syshithat the,psderationsB. extencdbreugh the metah diste 1 5 angh sk

each have end portions and an intermediate portion having a diameter
11 greatettis&dthoskofrtied ahd postions] Riralyy, the ghetotésistragent d2ds or
removed. This-provides the porous filter plate 1, in which the perforations

alkpdiRf®imbigh fRlmblaHisk 19T teR 1Re Aetd ekl hifagg D emoved.
sﬁainless steel tIhe et -4 Behferric cr}lorid .
EtC tfor Qf. the perrorations

ot TR LAc B e e SONRE SR i S
ardnbduigf 100 parts of hiydrochiorisacide 6 Srhants ef lereWiations 3 are
formed such that the perforations 3 extend through thebmetal
disk 11 and each have end portions and an intermediate portion
having a diameter greater than those of the end portions.
Finally, the photoresist agent 12 is removed. This provides
the porous filter plate 1, in which the perforations 3 extend
through the metal disk 11.

When the metal disk ismade of stainless steel, the etching
solution is usually a 38-42 Be ferric chloride solution; a
mixture of a ferric chloride soclution and nitric acid; or a
mixture of 100 parts of hydrochloric acid, 6.5 parts of mercuric
nitrate, and 100 parts of water. When the metal disk is made
of titanium, the etching solution is usually a mixture of one
part by volume of 40% hydrofluoric acid and nine parts by volume
of water (30-32°C) or a mixture of a persulfate and a fluoride.

Fig. 9 illustrates another procedure for forming
perforations in a metal disk 11 by drilling or laser etching.

One of these perforations is shown in this figure. These

perforations are formed in this metal disk 11 made of titanium
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nitrate, and 100 parts of water. When the metal disk is made of titanium,
the etching solution is usually a mixture of one part by volume of 40%
hydrofluoric acid and nine parts by volume of water (30-32C) or a mixture
of a persulfate and a fluoride. Fig. 9 illustrates another procedure for
forming perforations in a metal disk 11 by drilling or laser etching. One of

or Hesepedorationsds shoyyinsthis-figure. Ihesenpgdei@tions ke famed or
in this metal disk 11 made of titanium 15 or stainless steel using a drill, a
a bhighipowenkaskibeamon aldanking seapkinésush thatthese located at

perforations are located at desired positions and have desired diameters.
de siefoRCarid reasfarRs ol s rigal disk 14 e oared withhen ag@Rtoand

alkaline photpresist agent nd this metal disk 11 is immersed in an .
reaarci%%cr:%ﬁ(aﬁll SO ?}tllosn 9“ e%@:gb%%ﬁé WSLa Isaoﬁh((-57(sDt‘a_’llcpee(ifc‘)ﬂrja'}_igné51 aré's c%ﬁaa oF

a1 KHis allowsdhese pederatians 319 £agh haweRndRosians andian pnersed
intermediate portion having a diameter greater than those of the end

in portiersi After etdhiiagd s Sinishedethjs phetodsjsttagent a2 isrenfovete se
This provides this porous filter plate 1, in which these perforations 3

pe heaiid- tragg R Bishistatdisk ITimgaid NswWs @t examplonaningas 3 to
erforation structure, made by laminating three sheets. A rotary porous,

e g S s B R St Bk TR peing =

diddRies 93?&%@@%%%t@§?s®8@t%ﬁlé Rhiolithography, |a§§rt@§_p|%ieghing

drilling, blanking, or the like. The sheets A and C have holes having the
is shine diaawtertaridthehlaleg obthershepinA are alignedmwithd¢hase Dh the

sheet C. The sheet B has holes »
provides this porous filter plate 1, in which these perforations
3 extend through this metal disk 11.

Fig. 10 shows an example having a perforation structure
made by laminating three sheets. A rotary porous filter plate
1 is prepared by laminating a plurality of sheets A, B, and C.
Holes can be formed in these sheets by photolithography, laser
etching, drilling, blanking, or the like. The sheets A and C
have holes having the same diameter and the holes of the sheet
A are aligned with those of the sheet C. The sheet B has holes
having a diameter greater than that of the holes of the sheets
A and C and is sandwiched between the sheets A and C. The
diameter X2 of the holes of the sheet located at an inner region
of the filter plate is greater than the diameter X1 of the holes
of the sheets located at outer regions thereof, that is, each
perforation 3 has end portions and an intermediate portion
having a diameter greater than those of the end portions.

Example 1

The following example will now be described in detail:
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having a diameter greater than that of the holes of the sheets A and C
and is sandwiched between the sheets A and C. The diameter X2 of the
holes of the sheet located at an inner region of the filter plate is greater
than the diameter Xl of the holes of the sheets located at outer regions
thereof, that is, each perforation 3 has end portions and an intermediate

an ROIHRAR 1kaving Adiameteraregtarithan thoseafibe SRERPTIARS, droplets
Example 1 The following example will now he described in detail: 16 an

in exaysplenn which Yiae partities tsdrasforired ingo droplets anla sgstehlation
similar to that shown in Fig. 1, for a laser ablation process are trapped.

P OKiRsoTne fifie Padiid&s!were generated in such a manner that an ArF
excinAwer @g,gr be%r.ln %a wa\rlglen%hsof 193 nm, FWI—!tI\/(Ie dq 20 ns was

applle%lrto a §ietarg&, d?saposégl iy 8 vacuun? vessél -evacuadd 10 168N er

t hdhan or £arabio-] x0-7 Jogwith anturhomplecularRymp rat as ingidentynm

angle of 4 5 degrees, whereby a Si layer was deposited on a glass
= 28ubstrateaspaped fred the aSt fatget g¢ a didtasice 0 SO mm. Aarolary vessel
porous filter plate, similar to that shown in Fig. 2, rotatable at high speed,

evagha sk eethet®ednthé fargst &Adite Sbstrate SOch that Sometdt e

fine particles were trapped with the.rotary porous filter plate. The rotar
o e W o ARl 0 S SHEI ot 1B BARE g <Y

a direction ofifhe fineouticles 18 Qg0 agipewith e MAXMUP om the
speed of the fine particles trapped in perforations arranged close to the

Si eentget at a distance of 50 mm. A rotary porous filter plate,

similar to that shown in Fig. 2, rotatable at high speed, was

placed between the target and the substrate such that some of

the fine particles were trapped with the rotary porous filter

plate.

The rotary porous filter plate was connected to a rotary
shaft parallel to the flight direction of the fine particles
fly. 1In order to agree with the maximum speed of the fine
particles trapped in perforations arranged close to the center
-of the rotary porous filter plate with the maximum speed of the
fine particles trapped in perforations arranged far from the
center thereof, the perforations had such sizes that diameter
portions of the perforations that extended in the
circumferential direction made an internal angle of 3.6 degrees
with the rotary shaft. That is, X and R shown in Fig. 2 were
designed such that the equation 2tanﬂwx / 2R) = 180, i.e., the
equation X = 2.00R x 107 (in mm) held.

The following diameter and distance were designed such

that the equation X = 2.00R x 1072 (in mm) held: the diameter
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of the rotary porous filter plate with the maximum speed of the fine
particles trapped in perforations arranged far from the center thereof, the
perforations had such sizes that diameter portions of the perforations that
extended in the C4 rcumferential direCt4 on made an internal angle of 3. 6
degrees with the rotary shaft. That is, X and R shown in Fig. 2 were

(triesigred such dhatdhe egyation2tany KX [ 2R)-548Q, k8 £h8 gquation on)

X =2.COR x 10-2 (in mm) held. The following diameter and distance were
X afesigned suehf thad the equaticit Xd 2r00RX 4062 (ibmmh beld: thee fine
diameter 17 (the rotation direction, i.e., the circumferential direction) X of
PadgehRsfotation 16cateeoh hedidge andikich live iReophrRss Ware center
13 inci%en%fnd the_distance R be w%en the center, line of the perforation and
feCcel

¥ IR orthé roRR Bhart M PreTotey pordtisHitdf 5iate Wy shatt.
i ProRPElSing 8 flaniym diskchanas . damele 0200 AN & s ¢ 2

thickness h of 10 mm. The perforation had end portions and an

disntenmediate podticamearingat danetenabadt 40%greates shamthoselaf mm.
the end portions. Fig. 11 shows the relationship between the rotation .
Thepeediotthd tstanhperaerdilie? plateapdane maxikiliie speed agfehedineion

ticles that can be trapped wyith the rot filter plate. Th
e Ay R tAe GEA Sbcht S5 TR ForEeBgk P e &l oF ™

poPeliorated %’E?S of thepertorationsdn the suidage,atea gLihe @#}@%otation

porous filter plate. The fluence F of laser pulses was 4 J/cm2, the
spdepetitior: Heequensy was 10 iy, anttibe sibstratawasynaintaired@h speed

room temperature.

of the fine particles that can be trapped with the rotary porous
filter plate. The following percentage was about 90%: the
percentage of the sum of the perforated areas of the
perforations in the surface area of the rotary porous filter
plate. The fluence F of laser pulses was 4 J/cm?, the repetition
frequency was 10 Hz, and the substrate was maintained at room
temperature.

The fine particles attached to silicon layers prepared
as described above were observed with a scanning electron
microscope (SEM) . Figs. 12(a), 12(b), and 12{(c) are images of
the silicon layers prepared by rotating the rotary porous filter
plate at a speed of 1,000, 2,500, and 3,000 rpm, respectively.

This shows that the fine particles are completely trapped with

the rotary porous filter plate rotated at a speed of 3,000 rpm.

Industrial Applicability
An system and method according to the present invention

are useful in depositing a thin film made of metal,
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The fine particles attached to silicon layers prepared as described above
were observed with a scanning electron microscope (SEM) . Figs. 12(a),
12(b), and 12(c) are images of the silicon layers prepared by rotating the
rotary porous filter plate at a speed of 1,000, 2,500, and 3,000 rpm,
respectively. This shows that the fine particles are completely trapped

with the rotary parous filter plate, rotated.at a speed of 3, 00Q rpm.
e R TS A St oo Achor i 6 e prsche 25

ablinvenions ars-useful in dgpesitivgiathin il made ofimatal 18 scharge
semiconductor, ceramic, or the like on a substrate by a laser ablation
prqreecessraisplitering fadess) arrarcfdistharijegpeocaesistand Atso tigefubing
. in manufacturing a filter for trapping_fine particles at low cost.
£1ngmigtnmbfe Ahedy st aftithe nfetrdd 8re"assul iRRaRufRERTiRE the

igh-quality thin-film.to which.no droplets adhere and which is prevented
e B oA A UK SR o A C T Al i Lk ©o

wh{€leaged BugfiRescripling of th&Rramings [Rig. b1 &G deis @ $EMALi ng
view of an exemplary configuration of a laser ablation thin-film deposition

corappaiatas étludinly drotabefibetBig.2ldigrppadchematien released.
perspective view of a rotary porous filter plate included in a system
according to the present invention. [Fig. 3] Fig. 3 is a sectional view of a

Brlrotg%gc%rcoru?}é‘jclt% I%tlg, gﬁgwgg%@gnr%@lonshlp between the diameter
of a pertoration and the speéed of fine particles.

[Fig. 1] Fig. 1 is a schematic view of an exemplary
configuration of a laser ablation thin-film depositioh
apparatus including a rotary filter.

[Fig. 2] Fig. 2 is a schematic perspective view of a rotary
porous filter plate included in a system according to the
present invention.

[Fig. 3] Fig. 3 is a sectional view of a rotary porous filter
plate, showing the relationship between the diameter of a
perforation and the speed of fine particles.

[Fig. 4] Fig. 4 is a sectional view of the rotary porous filter
plate,showingtheshapeofeaperforationjjlthedepthdirection
of the pe;foration.

[Fig. 5] Fig. 5 is a sectional view of a rotary porous filter
plate having a diagonal perforation.

[Fig. 6] Fig. 6 is a sectional view showing an example in which
the direction of the center line of a perforation shown in Fig.
2 is tilted such that the incident direction of fine particles
is tilted.

[Fig. 7] Fig. 7 is a sectional view showing an example in which
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[Fig. 4] Fig. 4 is a sectional view of the rotary porous filter plate, showing
the shape of a perforation in the depth direction of the perforation. [Fig. 5]
Fig. 5 is a sectional view of a rotary porous filter plate having a diagonal
perforation. rFig. 6] Fig. 6 is a sectional view showing an example in which
the direction of the center line of a perforation shown in Fig. 2 is tilted

theSUeNbat thenngident directign.of fing, pagieles, is tliedidRig: 735904 58 on
sectional view showing an example in which 19 the direction of the center

shdife afntheidjagenalsperfaratian sshewn i Fig rrisditedsacas the incident
correspond to the incident direction of fine particles. [Fig. 8] Fig. 8 is an

dinpestisionasholing aprécedike $or manufacturing a rotary porous filter

plate obtained by processing a metal disk by a photoresist process. [Fig.
CEIG Fid 1o i€ 4 T trfoR Showitd BROCEUine R Aahufack R Pty o

marRPFQUS fillarplate by dulliog é% laser etehipg.[Fig. 101 Fig, 10 isan o
illustration showing a procedure for manufacturing a rotary porous fli t%r

prqtatedinlgminatingathres sshelets. dFighdtldrigs 1% is @ grapisshowing the
relationship between the rotation speed of a rotary porous filter plate

[Figeddn EXampld1ibndane Marximurpspesd shfind partielesthaechcse for

trapped with the rotary porous fiIterPlate. [Fig. 12] Fig. 12 includes
ma %iﬁaﬁﬁgmhgeaq&aggd%ﬁrous 1lter‘glate By drilling or laser

etching.
- [Fig. 10] Fig. 10 is an illustration showing a procedure for
manufacturing a rotary porous filter plate by laminating‘three
sheets.

[Fig. 11] Fig. 11 is a graph showing the relationship between
the rotation speed of a rotary porous filter plate used.in
Example 1 and the maximum speed of fine particles that can be
trapped with the rotary porous filter plate.

[Fig. 12] Fig. 12 includes photographs, used instead of
drawings showing SEM images of silicon layers prepared in
Example 1 using a silicon target: Figs.12(a),12(b),and12(c)
are images of the silicon layers prepared by rotating this
rotary porous filter plate at a speed of 1,000, 2,500, and 3,000

rpm, respectively.
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drawings showing SEM images of silicon layers prepared in Example 1
using a silicon target: Figs. 12 (a) , 12 (b) , and 12 (c) are images of the
silicon layers prepared by rotating this rotary porous filter plate at a speed
of 1, 000, 2, 500, and 3, 000 rpm, respectively. 20 CLAIMS 1. A
deposition system for generating airborne fine particles containing a thin
film-forming component to attachcﬂgﬁf,isaorne fine particles to a
substrate, comprising a rotary porous filter plate, including a disk having a
large number of perforations extending therethrough, rotated on a rotary
shaft connected to the center of the disk at high speed, wherein the
lrotaty penmoas fittepplaty stdispdsed bEineeathagubsirdterard aitarget
such that the fine particles flying through the perforations are deposited

ParnihtRILSHAtebOihe et hhftididd Wnfhiinw SSERPARE vhich afdach

rndransiprmed '@t{’ngrog're%jléﬁee%a Reg j's_”u%‘et%‘?{]éorat'é’é‘r%' %"%:}Lgng a rotary

deposition system according to Claim “wherein the sum o

poReHferaterthareasiefibe pertorationsys-80%-ar move of thel suipce, argaeef o
the rotary porous filter plate, the portions thereof being located at faces of

petife retanopereust dittel plgté h& rHighdepagition sy steat acoarding- tor@laihe £ £
1, wherein the perforations each have end portions and an intermediate

COTSRIP Pieliind BUIBRTEE g RaER&H s oNEHE e P BB RiorE) e Bhd:he
rotg%giéonpsopr%ieg located close tp surface regions of g  fOLAIYAOIOUS ILRr, o
and a target such that the fine particles flying through the
perforations are deposited on the substrate but the fine
particles which fly low speed and which are transformed into
droplets are trapped in the perforations.

2. The deposition system according to Claim 1, wherein the
sum of the perforated areas of the perforations is 80% or more
of the surface area of the rotary porous filter plate, the
portions thereof being located at faces of the rotary porous
filter plate.

3. The deposition system according to Claim 1, wherein the
perforations each have end portions and an intermediate portion
having a diameter greater than those of the end portions, the
end portions being located close to surface regions of the
rotary porous filter plate.

4. The deposition system according to Claim 1, wherein
portions of the perforations that are located at a face of the
rotary porous filter plate on which the fine particles are
incident has a diameter greater than that of portions thereof

that are located at a face of the rotary porous filter plate
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4. The deposition system according to Claim 1, wherein portions of the
perforations that are located at a face of the rotary porous filter plate on
which the fine particles are incident has a diameter greater than that of
portions thereof that are located at a face of the rotary porous filter plate
21 from which the fine particles are released. 5. The deposition system

£ rodcGerding te fdaim § cwharein thes perforations £laseqto the edge of the
filter plate have diameters greater than those of the perforations far from

5 the Tedgelthevedftsuch thasthenfirepartidtesdiying @l kimspeedheareher the

uniformly trapped over a face of the rotag/ porous filter. 6. The deposition

perdytdrh e srditP BEClaimth svivstem thé cdef ind<Sat théPepforatiths
a1 g naralelio the roa, shaft of the ofary porous flterplate. 7, The, .
eposition’system according 10 Claim 6, wheréein portions of eac
edgReTfRralian fhat e lepatediaidases of the-rotank poraus fiterplate ares peed
circular and the maximum speed (in mm/second) of the fine particles that
carchr be frappead Hy treppetdry porcu s filter platehis givea by therequatian ter .
Vmax = (1 /2) hw/tan-1 (X/2R), wherein Vmax represents the _
b maximtinsepesd thereot YR Feprese Rttt tiaimeter dfifie portidigsrein the
thereof,.R represents the distance between the center line of the rotar
Conieh A oty DEBUSTILS B SAd (18 CoRr TS (R pErErdigha ™Y
shd¥fensesents t%\%‘ﬁ#‘ (g pam)ofthe: perfpratiog extending in the rotary
porous filter plate in the flight direction of the fine particles, and w
Trepreésentsdbe sangidar speeide(in sadiansisecpnicy of thei rotatjonvbidthe in
rotar :
portio%s of each perforation that are located at faces of the

rotary porous filter plate are circular and the maximum speed

(inrmn/second) of the fine particles that can be trapped by the
rotary porous filter plate is given by the equation Vmax = (1
/ 2)ho / tan™ (X / 2R), wherein Vmax represents the maximum speed
thereof, X represents the diameter of the portions thereof, R
represents the distance between the center line of the rotary
shaft of the rotary porous filter plate and the center line of
the perforation, h represents the length (in mm) of the
perforation extending in the rotary porous filter plate in the
flight direction of the fine particles, and o represents the
angular speed (in radians/second) of the rotation of the rotary
porous filter plate.

8. The deposition system according to Claim 1, wherein the
center lines of the perforations are diagonal toc the rotary
shaft of the rotary porous filter plate.

9. The deposition system according to Claim 8, wherein the

minimum speed and maximum speed of the fine particles that can
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porous filter plate. 8. The deposition system according to Claim 1, wherein
the center lines of the perforations are diagonal to the rotary shaft of the
rotary porous filter plate. 9. The deposition system according to Claim 8,
wherein the minimum speed and maximum speed of the fine particles
that can 22 pass through the perforations are given by the equations Vmin

pasd 2hBeabtanche(R6E ) £ 2R) and \éq’@‘@i%ﬁz}})pcek{éa@%ﬂt?i@ns Vmin

respectively, wherein Vmin represents the minimum speed thereof, Vmax

= (fepresenis the mexXimaN spesd themrpf ah depresents the feagthoiny mmn ! (d
of each perforation extending in the rotary porous filter plate in the flight

/ 2BirectisBREEL Tifd paritiesea)yépréseherthe 3aiguftsread (iAmun speed

radiapns/second) of the rotation aof the rotary porous filter plate; R
e E R enid b (FEBHCE Bohhecthe CoEreBfe. FATdRian ahd the

refterline pfthe mtanyshaft cannegied f0,a face-of the ratary pPOLQUs;

filter plate that facesthe target; X representsthe maximum size obtaingg w
they preasyiripg the shape tefithe pertoration e tha. cigeitméere attal tirectignt he
of the filter plate, the shape being exposed at the rotary porous filter
finslateayeé fdERg the tarpateasd B Tepleseptothéadevinistof (the
erforation, extendin gonall from a face of the rotary porous filter

dia
rad ARG GHRAThe The PAcISs Sre FitidantiATha foverse RRERGT ©ilter
p1flirection.dn theplape of prajectian, 10y, Lhe, deposiion gysien a¢eding: ne

to Claim 1, wherein the center lines of the perforation are tilted in the
perforation and the center line of the rotary shaft connected
toeafaceoftherotaryporousfilterplatethatfacesthetérget;
X represents the maximum size obtained by measuring the shape
of the perforation in the Circumferential direction of the
filter plate, the shape being exposed at the rotary porous
filter plate face facing the target; and d represents the
deviation of the perforation, extending diagonally from a face
of the rotary porous filter plate on which the fine particles
are incident in the reverse rotation direction, in the plane
of projection.

10. The deposition system according to Claim 1, wherein the '
center lines of the perforation are tilted in the
circumferential direction of the rotary porous filter plate.

11. The deposition system according to Claim 1, wherein the
perforétions are formed in the disk made of metal by etching.

12. The deposition system according to Claim 1, wherein the
perforations are formed by laminating a plurality of disks

having through-holes with different diameters.

13. A deposition method using the system according to any
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circumferential direction of the rotary porous filter plate. 11. The

deposition system according to Claim 1, wherein the perforations are

formed in the disk made of metal by etching. 12. The deposition system

according to claim 1, wherein the perforations are formed by laminating a

plurality of disks having through-holes with different diameters. 13. A
onedepositicnmethod-using the system according to any 23 one of Claims 1

to 12. 14. The deposition method according to Claim 13, wherein fine

1 partidiBgraisping bdpertiestéieegicivrstiarestsr thexidtahy? pofveisdiiterf ine
late are adjusted on the basis of the diameter an% shape of the

Pa Xl Ao A5 THE dERssHion M ethot SEcording 1ot G fafifi £F orfis, rotary
poierein fhefing paricles fiying 4t a-speed grepten thanthe MaXIMiM et o ¢

speed of the fine particles that Can pass through the perforations and the
andinshpavécles flying alerspeectlesashan the minimum speed of the fine

particles that can pass through the perforations can be both trapped, the

Imaxifiugn e asidiminn sdduebeisy sacioneatk petfaiatioh3 16rTRd

N degp_osition method according to rly one of Claims 13 to 15, Whereirklla b
whex éfhﬁgﬁo iﬁﬁb@%ﬁgig qSo4Lying at a speed greater than the

maximum speed of the fine particles that can pass through the
perforations and the fine particles flying at a speed less than
the minimum speed of the fine particles that can pass through
the perforations can be both trapped, the maximum and minimum
speeds being set for each perforation.

16. The deposition method according to any one of Claims 13

to 15, wherein a laser ablation process is used.
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