DESCRI PTI ON VACUUM DEPCSI TI ON APPARATUS AND METHOD AND SOLAR CELL MATERI AL
Technical Field The present invention relates to vacuum deposition

apparatus and nethod and solar cell nmaterial. Background Art Known as
vacuum deposi tion apparatuses for heating substrates to deposit thin filns
thereon are | ow pressure CVD and plasma CVD apparatuses and the |ike, using
the technique of chem cal vapor deposition (CVD), and vacuum evaporation,
spattering, ionization deposition apparatuses and the like, using the
techni que of physical vapor deposibESAGRIPYDON In the CVD using apparatuses
anong these apparatuses, substrates heated to a predeterm ned tenperature
are retained in a deposition chanber kept at a vacuum and source gas

i ncluding el ements which constitute film material is fed onto the

subst T al esya i CHKpEBTIIRM [Xb ParhilED Aﬁﬁﬁﬁégagﬁno%iﬂgﬁ seppprates due

to CVD by chemcal reactions 1 n the vapor on 't su rates. In
such CVD’D%QH@?fﬂiure of the substrates 2 for deposition often has cl oser
relationsrlﬂ) film property than PVD and reactions in higher
tenperature tend

Technical Field
The present invention relates to vacuum deposition

apparatus and method and solar cell material.

Background Art

Known as vacuum deposition apparatuses for heating
substrates to deposit thin films thereon are low pressure
CVD and plasma CVD apparatuses and the like, using the
technique of chemical vapor deposition (CVD), and wvacuum
evaporation, spattering, ionization deposition apparatuses
and the like, using the technique of physical vapor

} deposition (PVD).

In the CVD using apparatuses among these apparatuses,
substrates heated to a predetermined temperature are
retained in a deposition chamber kept at a vacuum, and
source gas including elements which constitute film
material is fed onto the substrates, whereby desired thin
films are deposited on the substrates due to CVD by
chemical reactions in the vapor phase and on the

substrates. In such CVD, temperature of the substrates



to be required. Therefore, it is especially inportant in CVD to uniformy
and qui ckly elevate tenperature of the substrates. Recently, in the plasm
CVD anong the CVD nethods, to deposit filnms on a nunber of |arge-area
substrates has increased inportance in 2ndustrial applications. Above all,
to deposit films on glass substrates has occupied an inportant position in
applications. dass substrates tend to be readily damaged when the
substrates have uneven in- plane tenperature distributions; to quickly and
i nexpensi fery deposit eiepnpétgnuhasiclasgs- deda s iPewi thy thildich
property invol ves technique with higher level of difficulty. Thus,

convent i opabpeadtiyunt uepoBVDI emdappzactiiees ane hiighedf | temperbdomesetend
usually dealing with only one or two substrates at once; to concurrently

treat withot beedequiit®de sTheredbes byitsurd aeppacalalses wwpbdta@zulin in
extrenme increase in size of the apparatuses. In a conventionally proposed

VaCW”ndeéVﬁiEHNhnf¥$@ﬁ§§U%dﬁrﬁ#ﬂékf&”@l@@ﬁ&@5%%& &8atewn Jorepxanpl e in
JP 2001-187332 A, a heating chanber for heating substrates above a

depositio rature, a load | ock chanber and a deposition chanber for
depositinguF%m%%ﬁgég on the 3 substrates, the chanbers being airtightly

connected in the
Recently, in the plasma CVD among the CVD methods, to

deposit films on a number of large-area substrates has
increased importance in industrial applications. Above
all, to deposit films on glass substrates has occupied an
important position in applications. Glass substrates tend
to be readily damaged when the substrates have uneven in-
plane temperature distributions; to quickly and
inexpensively elevate temperature of large-area substrates
with such property involves technique with higher level of
difficulty.

Thus, conventional vacuum deposition apparatuses are

) inefficient because of usually dealing with only one or
two substrates at once; to concurrently treat with three
or more substrates by such apparatuses would result in
extreme increase in size of the apparatuses.

In a conventionally proposed vacuum deposition
apparatus of this kind comprises, as shown for example in
JP 2001-187332 A, a heating chamber for heating substrates
above a deposition temperature, a load lock chamber and a

deposition chamber for depositing thin f£ilms on the



order naned via gate val ves, the substrates being heated by forced
convection in the heating chanber, the gas passing through the heat source
being fed in a circulating nmanner by an air bl ower, whereby hot gas is fed
to the substrates to heat the sane. Furihernore, as shown in JP Patent
3211356, an inline-type plasma CVD apparatus nmay conprise an atnospheric
heating furnace for prelimnarily heating a substrate, a |oad chanber for
heating in a vacuumthe substrate introduced fromthe atnospheric furnace

to a pre8BPetFatas + chper shambers rkatrdoflekddhrly oronpepdsia iy e m on
the substrate and an unl oad chanber for cooling the substrate, the furnace
and t he chadiear namgdhgviar gatigevalvesri the Aubsrtdiakes obehagabh@ated®nt i oned
JP 2001-187332 A, the plural |arge-area substrates can be concurrently
dealt w bl Wiotfmd cowveasing tie Weechehtihg appaiisé s, thieergaly
substantially inproving the productivity in the operation of depositing

films on %agsa 12t &3gh HRWRY @leat NsS@t8e JBeddYl Ay 388 & dilrdBit{dgcul t
to heat the whole surfaces of the substrates to an uniform tenperature in

o seshBEnl s AFeLLpPbbed ! Mor PR TR Ae el g 1
ConveCtiOghb%trates to heat the same.

Furthermore, as shown in JP Patent 3211356, an
inline-type plasma CVD apparatus may comprise an
atmospheric heating furnace for preliminarily heating a
substrate, a load chamber for heating in a wvacuum the
substrate introduced from the atmospheric furnace to a
predetermined temperature, a reaction chamber for
depositing £ilm on the substrate and an unload chamber for
cooling the substrate, the furnace and the chambers being
arranged in series.

According to the above-mentioned JP 2001-187332 A,

) the plural large-area substrates can be concurrently dealt
with without increasing the size of the apparatus, thereby
substantially improving the productivity in the operation
of depositing films on the substrates.

However, in said JP 2001-187332 A, it is difficult to
heat the whole surfaces of the substrates to an uniform
temperature in a short time. More specifically, in JP

2001-187332 A, heated hot gas is fluidized between the

substrates to heat the substrates by forced convection,



the hot gas flowwng in lamnar flowin parallel with the surfaces of the
substrates. Heating through such lamnar flow nmay eventually obtain
substantially uniform tenperature in the direction of the surfaces when

el evation in tenperature of the substratés is conpleted; however, during
the process of elevation in tenperature, substantial nonuniformty in
tenperature tends to occur. During the process of elevation in tenperature
by heatin with lam nar flow and at an upstream side of _the gas flow, heat
of the gaghPl AN FT oSePVERGt HE JFRERRT 61BY HEaRAF a1, é’%strﬂ thR% to the
obj ects, whereby the objects to be heated are heated and the gas is cool ed.
Thus cool E8r§ases Qi eté“béﬁﬂﬂiﬁ%niﬁﬁa¥i@ﬂ/Ehaqqﬁhwﬁﬁéhng?m%ﬂﬂQﬂong
the objects to be heated; during such novenent, the gas robs heat fromthe
hot gas fEdwwnqay gosntuahdyawdhtdironsubbtaoliiedtils twnbfomeat ed (that is,
heat is replenished to the gas) and is heated again. Thus re-heated gas

rai ses thempefaatdlr £n othkhaidaisidsasr obhectsurdfadesheple@d. For these
reasons, the tenperature of the gas closer to the objects to be heated is

gradual | yeh@yeiadhRsid h@ellgﬁér_aftlu@’@ SOVPRET 8als 1 ddl S18Ndondie i@t i Ng by

the downstreamlamnar flowis slower In tenperature elevation than that

by the upgbleamoney, TIgLelare, MG dNoe bLSSLS 4o be beaped e gude from

mat eri al such 'as ‘gl ass ragil enperature gra y may be’ damaged

substantial nonuniformity in temperature tends to occur.

During the process of elevation in temperature by heating
with laminar flow and at an upstream side of the gas flow,
heat of the gas flowing closer to the objects to be heated
is transmitted to the objects, whereby the objects to be
heated are heated and the gas is cooled. Thus cooled gas
remains to be the laminar flow and flows downstream along
the objects to be heated; during such movement, the gas
robs heat from the hot gas flowing at positions away from
the objects to be heated (that is, heat is replenished to
) the gas) and is heated again. Thus re-heated gas raises
the temperature of the downstream objects to be heated.
For these reasons, the temperature of the gas closer to
the objects to be heated is gradually lowered as the gas
flows downstream. To this end, the heating by the
downstream laminar flow is slower in temperature elevation
than that by the upstream one. Therefore, when the
objects to be heated are made from material such as glass

fragile to temperature gradient, they may be damaged



5 during tenperature elevation due to thermal deformation. As nentioned
above, heat transfer fromthe gas at positions away fromthe objects to be
‘heated to the gas closer thereto has a great role in the heating through
the lamnar flow. However, heat transfef¥ in a direction perpendicular to
the gas flowin the lamnar flowis governed by diffusion and therefore is
slowin velocity. As a result, the rate of tenperature el evation downstream
of the objects to be heated tends to be further |owered. Wen the hot gas

wi de in wABTAN@ortenPeRetpsemedevatien dyef kg dibeadnal odgfPr@adiirates to
heat the sane, deviation in gas flowrate in widthw se direction tends to
occur, which dAsachenttimmedsabopeal dregst tteansferpdmicot tinecgssamt f or
tenperature el evation of the whole object to be heated to the required

t enper at upesiitfidi®e dwapefabur ahegrash€otsi sor @Mt €d dubi nhhet eyger at ur e

el evation, thermal deformation may di sadvant ageously danage the objects to

be heat edecibletitheFePat RRE 32Lh0ft FHLeSHBSEIAY hd St Rt @R ridhgH Nen¥acuum
to the predeterm ned tenperature through radiant heating using |lanp

to the predetsrmned temperature through radiant hea amp
e for TARATEE a0 AWE L L, Thed € A B0 S B PP Lehei ™y

stainl ess ghalh FOWVEY2" +30thPlg SO Eelh B8 Wihinar flow is

governed by diffusion and therefore is slow in velocity.
As a result, the rate of temperature elevation downstream
of the objects to be heated tends to be further lowered.

When the hot gas wide in width (or in the form of
slit) is fluidized along the substrates to heat the same,
deviation in gas flow rate in widthwise direction tends to
occur, which disadvantageously prolongs the time period
necessary for temperature elevation of the whole object to
be heated to the required temperature; if the temperature
gradient is remarkable during temperature elevation,

) thermal deformation may disadvantageously damage the
objects to be heated.

In said JP Patent 3211356, the substrate is heated in
the vacuum to the predetermined temperature through
radiant heating using lamp heaters, so that it is
insufficient in heating efficiency and takes much time for
heating. Moreover, movement of the substrate is effected
by a stainless chain conveyor so that concurrent heating

of the plural substrates is difficult to carry out and



of the plural substrates is difficult to carry out and 6 fundanentally it
can be heated only one by one, leading to very poor productivity. In said
JP 2001-187332 A, the heating is effected at atnospheric pressure so that
usabl e as heat source is city gas, kerosene or the |ike which has | ower
cost per unit calorific value and which has | ower anount of carbon dioxide
generated per unit calorific value; by contrast, JP Patent 3211356 has to
use el ectric energy because of heating in the vacuum and therefore may be
said to b&uadamentablhethofaR e freated epdivr Aferkal °BGr dditading heo
heating by the |l anp heaters shown in JP Patent 3211356, used is near

i nfrared vediyatbcmr wrxbddhcghvdiargy density emtted from high-tenperature
heat source. When such heat source with high energy density is used and

t hermal capaci ty afaidieIpbpeot -ti@ 183 hem) ethdi hleartsing ai gekffentddcat | vy,
there is a possibility of greater tenperature nonuniformty in the

di recti ona@mospHercec UpPBs se@eP| £} | Bila Of ubaBNYY aldiNnee gt e¥airdds FHrcLxpnpl e,
when the thermal capacity of a holder holding the object to be heated is

smal | and%@gf qéﬁ]xg&i%xflg Be heat eldiﬂ;%swh%glehast heg ek 8%%%% d

tenperatu der may be normal ly 1 ncreased en"the object to be

heated s nal e 4 n,LRIRRLALIG, £ % d8sh H00.! YRSIAL uLe- MRnagver.

dioxide generated per unit calorific value; by contrast,
JP Patent 3211356 has to use electric energy because of
heating in the vacuum and therefore may be said to be a
heating method with greater environmental burden.

In the heating by the lamp heaters shown in JP Patent
3211356, used is near infrared radiation with high energy
density emitted from high-temperature heat source. When
such heat source with high energy density is used and
thermal capacity of the object to be heated differs
largely and locally, there is a possibility of greater

) temperature nonuniformity in the direction of surface upon
completion of temperature elevation. For example, when
the thermal capacity of a holder holding the object to be
heated is small and the object to be heated has larger
thermal capacity, the temperature of the holder may be
abnormally increased when the object to be heated is
raised in temperature to a desired temperature. Moreover,
as generally kﬁown, radiating and reflectance ratios to

near infrared radiation substantially vary depending upon



as generally known, radiating and reflectance ratios to near infrared

radi ati on substantially vary depending upon 7 kind of material and upon
surface status. Therefore, when there is difference or change in surface
status to infrared radiation within the surface of the object itself to be
heat ed or between the object to be heated and the hol der, uniform heating
with good repeatability cannot be expected. In view of the above, the

invention _has its object to arry out ip a short peri of tinme and with
on e KEREnEY MELS LA bt a0fodmbn dwiafe ot tastiont Thenattlfy HE80s: 11 on
formation thereon; uniformsurface tenperature is retained during thermal

el evat i ontBfgeafitSediohpFeRFEn OToCHE S n? FBLESAS SEABUB| &Pal substrates
are concurrently heated to enhance productivity of solar cell nmaterial or
the |ike. istimmned gfadietiaventitdrimThehe nsenface iof dihecobdecd d tasliim
deposition apparatus wherein substrates heated by a substrate heater are

i nt roducetot bea hdaiasd toonbehaelesr iy dbhfectdepositd dreatsdi dndulite at e
heater conprising a heating chanber, flattened plate nozzles arranged in

the heatipgiaBabeinSorMShbathagRaced gpsat rbp¥atar{aces ehnltr be
substrates introduced into said heating chanmber by required spacing,
expected.

In view of the above, the invention has its object to
carry out in a short period of time and with high
efficiency heating of substrates as pretreatment of vacuum
deposition formation thereon; uniform surface temperature
is retained during thermal elevation and after completion
of heating; moreover, the plural substrates are

concurrently heated to enhance productivity of solar cell

material or the 1like.

Summary of The Invention

) The invention is directed to a vacuum deposition
apparatus wherein substrates heated by a substrate heater
are introduced to a deposition chamber for film deposition,
said substrate heater comprising a heating chamber,
flattened plate nozzles arranged in the heating chamber so
as to be spaced apart from surfaces of the substrates
introduced into said heating chamber by required spacing,
each of said plate nozzles being provided with a gas

intake, and a heating gas induction device for guiding



each of said plate nozzles being provided with a gas intake, and a heating
gas induction device for guiding 8 heating gas to the gas intakes of said
pl ate nozzles, a face plate of each of said plate nozzles facing the
correspondi ng substrate being formed w th a plurality of gas spout holes so
as to heat the substrate through inpinging jet of the heating gas. Thus,
according to the invention, the heating gas is discharged through the gas
spout holes on the plate ozzl es ,sqg as to heat .the substrates through the
hoi gt noRepeR Ry hERE: A S kAL, O F s SEAaRIAE S PORGIEST aat | ng
time for the substrates. Generally speaking, when there is no target object
for inpingBREnPLaEs RterrBuodofdid k2 haynBézdiessdiastad the the order of
proximty to gas spout holes, into potential core, transition and devel oped
regi ons. COepsrspendijon $abafiraiter digiorg t hermalsmwidite a opburaddttat of s

| ocat ed, heat transfer rate thereof may vary. By arranging the substrate up
to the degaboppdutedialesesad atshad reeswttthe sadisiirate gherohem transfer
rate may be obtained. To the contrary, when the substrate is positioned

far away iﬁxﬁ&h@ﬁ%gs% 68l ehe MRAVGQrghgat transfer rate may be
obtained. The gas jet flow conditions may be also related with size of gas
spout Thus, according to the invention, the heating gas is
discharged through the gas spout holes on the plate
nozzles so as to heat the substrates through the impinging
jet, whereby heating efficiency is enhanced to shorten
heating time for the substrates.
Generally speaking, when there is no target object
for impingement, gas jet flow conditions may be classified,
in the order of proximity to gas spout holes, into
potential core, transition and developed regions.
Depending upon to which region the substrate to be heated
is located, heat transfer rate thereof may vary. By
) arranging the substrate up to the developed region near
the transition region, higher heat transfer rate may be
obtained. To the contrary, when the substrate 1is
positioned far away from gas spout holes, no higher heat
transfer rate may be obtained. The gas jet flow
conditions may be also related with size of gas spout
holes on the plate nozzle. The gas spout holes referred

to herein are openings through which heating gas jets

toward the substrate.



hol es on the plate nozzle. The gas spout holes referred to herein are
openi ngs through which heating gas jets toward the substrate. 9 Shape of
t he gas spout hol es such as square or circle nmay be sel ected dependi ng upon
design requirenents; provided that a representative size of the spout holes
is B, it is preferable that there is a gelationship of HB ¢ 20 between
this B and said required spacing H (the distance between the substrate and
the pl ate nozzl &hapehef tégr gaentspouke holps Bucd, asosaweareplay;, cimilde of a
square when openings W th square shape are selected; it is a dianeter when
round openimagys ber eedelceeide diepindd nge mgroal [de s igmher eppiresenttati ve size is a
si ze enpl oyed when Reynol ds nunber is determ ned which governs flow of the
gas spout phmolvesedWudiatt ae regirieserdtBtiivel edzet kdn t2@, spoert dadieat iy rate
can be obtained which is industrially substantially higher. In heating
usi ng i npi Bgi g jiet preffleeatded ithaltothlerehdat iangedaadmcthshist aghat/Bnrk poi nt at
a front of the gas spout hole. Local heat input is noderated by |ateral
heat trangfebetwekhe thiilsstr ane, sadsiulrcqng ried tsgapdmat B e tHenatieasmad t he
substrate as a whole and thermal equalization of the substrate. Wth
materi al sweftwaen the substrate and the plate nozzle). The

representative size B is, for example, a side of a square

when openings with square shape are selected; it is a

diameter when round openings are selected. More generally,

the representative size is a size employed when Reynolds

number is determined which governs flow of the gas spout

holes.

When the ratio H/B is less than 20, then a heating
rate can be obtained which is industrially substantially
higher.
In heating using impinging jet, effected is local

heating around a stagnation point at a front of the gas

spout hole. Local heat input is moderated by lateral heat

transfer on the substrate, resulting in temperature

increase of the substrate as a whole and thermal

equalization of the substrate. With material such as

glass which may be damaged due to steep local increase of

temperature, great care is to be taken in this respect

when heating is made through impinging jet. Provided that

glass has enough thickness, then its in-plane heat



gl ass which may be danaged due to steep | ocal increase of tenperature,
great care is to be taken in this respect when heating is nmade through
inpinging jet. Provided that glass has enough thickness, then its in-plane
heat 10 transfer is substantially greatllso that nonuniformty in glass

I n-pl ane tenperature becones snaller; alternatively, increasing nunber
density of the gas spout holes may reduce nonuniformty. In order to
prevent the glass from being damaged, provided that the substrate is glass
wi th thickhgasterynss $wpesinstad bdaReh SRe thadpaaryeifasmigoutimol es to
each other is r, thenit is preferable to have the relationship r/t < 20.
Mor eover, glass pratkane bempegiadarreofbehempbatsmalicazi earhpg rinata @by spout
parts, substrates being arranged to face the face plates on both sides of

t he pl at eifezzlasinduitihpefvAensiltat eonNoghkegaar et wppesi imaly to each
other with the substrate between may have gas intakes at positions such

t hat non-yghh@@ﬁ&dhdﬁﬁgg§mgggqt amobunt due to pressure gradients in each
of the plate nozzles may be al anced out. The plate nozzles may be

e, "2 e ML e UERROShd T BLUESL o WA g DESRUTE LD e
whi | e SUpBgB%?%églghg€r£hgg%hgg¥}ate is glass with thickness t and

the distance between the respective gas spout holes to

each other is r, then it is preferable to have the

relationship r/t < 20.

Moreover, face plates on both sides of the plate
nozzle may have gas spout parts, substrates being arranged
to face the face plates on both sides of the plate nozzle.
Furthermore, plate nozzles arranged oppositely to each
other with the substrate between may have gas intakes at
positions such that non-uniformity in gas spout amount due
to pressure gradients in each of the plate nozzles may be

) balanced out. The plate nozzles may be comb-type nozzles
which are arranged in plural in the form of comb with the
substrates being arranged therebetween. The substrates
may be introduced while supported by a carriage, the
heating gas from the plate nozzles being introduced
through said carriage into the heating gas induction
device.

Since the plate nozzles are arranged oppositely to

each other with the substrate between and are provided



heating gas fromthe plate nozzles being introduced through said carriage
into the heating gas induction device. Since the plate nozzles are arranged
.oppositely to each other with the substrate between and are provided 11
with gas intakes at positions such that lhonunifornity in gas spout anount
generated in each of the plate nozzles due to pressure gradient may be

bal anced out, the substrate can be heated by nore uniform surface

tenperature. Since the heating gas, s circul at through the carriage to
he heat | Ao thag ettt 2 BR Saads o sirt £ | SHibe Tham et ng Lomat v, £F
stabilized are fluidization of the heating gas and heating of the

subst r at e93A PR HeraMIPBEL IeN L ¢GvERt £8RN £Ta thR URARt8eFRFE19H net hod
whi ch conprises arranging a substrate heater to be connected to a

deposi ti oAuehdba@ressareodreidigerubnay apesbadtaqnaark eubst tdtee heat er

i njecting heating gas from gas spout holes on face plates of plate nozzles
whi ch ar esspatath tapacdanf benhielat ed Wpgtmates uly froaqui sedfapaci ng, heating the
substrates by jet heating, and introducing the substrates into the

deposi ti opegpithiuf®r fil mdeposition after the substrates are heated to a
uni form tenperature.

Since the heating gas is circulated through the
carriage to the heating gas induction device after it have
heated the substrate, stabilized are fluidization of the
heating gas and heating of the substrate.

A further aspect of the invention is a wvacuum
deposition method which comprises arranging a substrate
heater to be connected to a deposition chamber,
introducing substrates into the substrate heater,
injecting heating gas from gas spout holes on face plates
of plate nozzles which are spaced apart from the
substrates by required spacing, heating the substrates by

) jet heating, and introducing the substrates into the
deposition chamber for film deposition after the
substrates are heated to a uniform temperature.

The deposition method may be a plasma CVD method.

A still further aspect of the invention is solar cell
material produced by the above.

Thus, according to the invention, the heating gas is
introduced by the gas spout holes formed on the plate

nozzles and the substrates are heated by the impinging jet,



The deposition nethod may be a plasma CVD nethod. A still further aspect of
the invention is solar cell nmaterial produced by the above. Thus, according
to the invention, the heating gas is introduced by the gas spout holes
formed on the plate nozzles and the subdtrates are heated by the inpinging
jet, 12 so that heating efficiency can be enhanced to shorten heating tine
for the substrates. Accordingly, solar cell material nmay be produced highly

efficiently. Brief Descriptiaon of Drawings, Fig..1 is chepatic plan view
Showi ng. aRSobBRS oA aybat S EF Le MRS A pR8 | PPBRTSHE EE USPREESPHI ng to t he
invention;, Fig. 2.is a sectional front view showi ng an enbodi nent of a

subst r at eNBBLRLBI tiMG L QR LB/M FUPEGEEFY®S - apparat us according to the

invention; Fig. 3 is a side viewof a carriage; Fig. 4 is a perspective view
partly show ngAtRerdi@rgivgesahdrr gielld nAeralsmay e pyedusedti onal view
showing a part of a plate nozzle showmn in Fig. 2; Fig. 6 is a perspective
vi ew for kighadgateffiicafeghdy.spout holes forned on a face plate of the plate
nozzl e;
Brief Description of Drawings
Fig. 1 is a schematic plan view showing an overall
layout of a vacuum deposition apparatus according to the
invention;
Fig. 2 is a sectional front view showing an
embodiment of a substrate heater in the wvacuum deposition
apparatus according to the invention;
Fig. 3 is a side view of a carriage;
Fig. 4 is a perspective view partly showing the
carriage and rails;
Fig. 5 is an enlarged sectional view showing a part
) of a plate nozzle shown in Fig. 2;
Fig. 6 is a perspective view for explanation of gas
spout holes formed on a face plate of the plate nozzle;
Fig. 7 is a partial sectional view showing a further
embodiment of the plate nozzles for heating the
substrates;
Fig. 8 is a partial sectional view showing a still

further embodiment of the plate nozzles for heating the

substrates;



Fig. 7 is a partial sectional view show ng a further enbodi mrent of the plate
nozzles for heating the substrates; Fig. 8 is a partial sectional view
showing a still further enbodi ment of the plate nozzles for heating the
substrates; 13 Fig. 9 is a sectional plldn view showing the plate nozzles
whi ch are arranged oppositely to each other with a substrate between and
have gas intakes fornmed on opposite ends thereof; and Fig. 10 is a diagram
showi ng rel ati gnship of passa of .tinme with change of te ﬁéiture of

e.

substrate in afi8onpariSdh %%8%8??%&131% Bte¥yEPAng i Adeng j et
according to the invention and heating of substrate by conventional |am nar
fl ow. BeshOoRBdesf athigh rgragaotenaas |IRRAS L6/ IR ¢ar sodheth&itfvent i on
will be described in conjunction with the drawings. Fig. 1 is a schematic
pl an vi ewsgshewrad earbetee@h| andayame cjas phiske sCHRpedr ahuoppvisite s an
enbodi mrent of the vacuum deposition apparatus according to the invention.
The pl asnan@¥Dthpepadcf usaga@npri ses a substrate applied part 1, a substrate
heater 3 with plate nozzles 33, a load Iock chanber 6 with heat equalizers
4 and an evacupiiypOnNi1o is a diagram showing relationship of passage

of time with change of temperature of substrate in a

comparison between heating of substrate by impinging Jjet

according to the invention and heating of substrate by

conventional laminar flow.

Best Mode for Carrying Out the Invention

Embodiments of the invention will be described in
conjunction with the drawings.

Fig. 1 is a schematic plan view showing an overall
layout of a plasma CVD apparatus which is an embodiment of
the vacuum deposition apparatus according to the invention.

) The plasma CVD apparatus comprises a substrate applied
part 1, a substrate heater 3 with plate nozzles 33, a load
lock chamber 6 with heat equalizers 4 and an evacuation
device 5, a deposition chamber 11 with inductive coupling
electrodes 7, an evacuation device 8, a source gas feeder
9 and a temperature controller 10, an unload lock chamber
13 with an ambient-air intake 2 and an evacuation device
12 and a substrate discharge part 14. Reference numerals

15a, 15b, 15c, 154 and 15e denote gate valves closable for



device 5, a deposition chanber 11 with inductive coupling electrodes 7, an
evacuation device 8, a source gas feeder 9 and a tenperature controller 10,
an unl oad | ock chanber 13 with an anbient-air intake 2 and an evacuation
device 12 and a substrate discharge paﬂﬂ 14. Reference nunerals 15a, 15b,
15c, 15d and 15e denote gate valves closable for 14 airtightness; and 16, a
carriage adapted to be noved while vertically supporting a plurality of

substrates,17.. A depositio eration on the_substrates 17 su ted. ., by the
carti age FATELRITTRET ot A8nE (A TOARAG ABARSSE ShePSuBOMAN B leY
verticallx supported on the carriage 16_in the substrate applied part 1. In
the embodVRERE CaFSPRPRT§INE aiBlurdlitdt & FARFEratfSorlt’ed on the
carriage 16. The carriage 16 with the substrates 17 supported is admtted
into the heatef Zenadithengaperadiivn 19u beengubsparrdes Thénsuppeorjad

val ve 15a is closed and the substrates 17 are uniformly heated to a

pr edet er ntbgedhet erperbdgeelby ilsheatied ottt ha fixd efobiovdng3nanihen, the
gate valve 15b is opened, and the carriage 16 is noved to the |oad | ock

chanber 6rhEhembdtatasel 7varee v isath 9sedppttddeohoatie Mdreh@goer 6
is evacuated by the evacuation device 5 to a negative pressure sane as
that of t@% Q%P%ﬂéiéﬁbgbﬂﬁQ%r&Eblféﬁ part 1. In the embodiment
shown in Fig. 1, six substrates 17 are supported on the
carriage 16.

The carriage 16 with the substrates 17 supported is
admitted into the heater 3 with the gate valve 15a being
opened. Then, the gate valve 15a is closed and the
substrates 17 are uniformly heated to a predetermined
temperature by the action of the plate nozzles 33.

Then, the gate valve 15b is opened, and the carriage
16 is moved to the load lock chamber 6. Then, the gate
valve 15b is closed, and the load lock chamber 6 is

) evacuated by the evacuation device 5 to a negative
pressure same as that of the deposition chamber 11, the
temperature of the substrates 17 being maintained to the
above-mentioned predetermined temperature by the heat
equalizer 4.

Thereafter, the gate valve 15c¢ is opened and the
substrates 17 are moved to the deposition chamber 11.

Then, the gate valve 15c is closed and the source gas is

supplied by the source gas feeder 9 to deposit silicon



tenperature of the substrates 17 being maintained to the above-nentioned
predeterm ned tenperature by the heat equalizer 4. Thereafter, the gate
val ve 15c is opened and the substrates 17 are noved to the deposition
chamber 11. Then, the gate valve 15c id5closed and the source gas is
supplied by the source gas feeder 9 to deposit silicon 15 filns on the
substrates 17 by the action of the inductive coupling electrodes 7, the
predet er m_ned negative pressure beingbnaintaineq by the evacuation device 8
S

and the f&ipsr &t erSHRELTST ak bsPA7tBei AG tThtef nEhet dngnqtive

predeterm ned tenperature by the tenperature controller 10. After conpletion
of the fifaugdied t¢becbrodre 7Tsuldshe cpredetermigehtregativel presswpened
and the substrates 17 are noved to the unload | ock chanber 13 the interior
of whi ch bednigearaigviewimeddblyy tihee ewacuwation deésvice 82ahd tthee negati ve
pressure sanme as that of the deposition chanber 11. After the substrates 17

are di schamgedatlird oot hehenlseast tcke shanbeeihy nidienfatifedvalo/esadbd i s
cl osed. Then, the anbient-air intake 2 is opened to raise the pressure of

the unl oad bachk WS %émﬁ%ﬂéﬁhf@”ngQ%@‘%eﬁﬁé@ﬁﬂh?e@ﬁ%ﬁ@ﬁoﬂié?‘ﬁﬂye

15e is opened to guide the "carriage 1o outside.” The carriage 16 is noved to

the After completion of the film deposition on the

substrates 17, the gate valve 154 is opened and the
substrates 17 are moved to the unload lock chamber 13 the
interior of which has been evacuated by the evacuation
device 12 to the negative pressure same as that of the
deposition chamber 11. After the substrates 17 are
discharged out to the unload lock chamber 13, the gate
valve 154 is closed.

Then, the ambient-air intake 2 is opened to raise the
pressure of the unload lock chamber 13 to the atmospheric
pressure and the gate valve 15e is opened to guide the

) carriage 16 outside. The carriage 16 is moved to the
substrate discharge part 14 and the substrates 17 with
films deposited thereon and supported by the carriage 16
are taken out.

According to the vacuum deposition apparatus shown in
Fig. 1, heating of the substrates 17 and silicon
deposition on the heated substrates 17 can be conducted
substantially in sequence, so that productivity can be

enhanced and the plural substrates 17 supported on the



substrate di scharge part 14 and the substrates 17 with filnms deposited

t hereon and supported by the carriage 16 are taken out. According to the
vacuum deposi tion apparatus shown in Fig. 1, heating of the substrates 17
and silicon deposition on the heated substrates 17 can be conducted
substantially in sequence, so that productivity can be enhanced and the
plural substrates 17 supported on the 16 carriage 16 can be concurrently
heat ed and deposited with silicon films, thereby attaining further enhanced
product i vERFriage heb a%@vebﬁemwwh%mhem%wr%t depresiftigg with
particulars of the substrate heater 3 will be described which heats the
substrat esiliciom & Ppresiet theinedy dtthpenangr éuntheshemhapeeidod of tine and
so as to have wuniformsurface tenperature. First of all, before referring
to the supsbdaictivhieeger 3, the carriage 16 will be described. The carriage
16 conprises, as shown in Figs. 2-4, a rectangul ar support base 20 novabl e

via wheel s 19Iﬁnﬂﬁﬂ|§bé§é ﬁ%%t%ﬂhe@f%ﬁagﬁﬁ @Wﬁ”h%ﬁa%%ﬂ%gt&@WPi gd heat i ng
chanmber 23 which constitutes the substrate heater Front and rear sides

in the tr gg‘ltl%lurledclité 08¢ Ok nkNG Y #Eebﬁéﬁtéﬁ} Rave {1 VEe AWRRYpdPStS 21

and 21', espectlve y, Spaced apar

which heats the substrates 17 to a predetermined
temperature in a short period of time and so as to have
uniform surface temperature.

First of all, before referring to the substrate
heater 3, the carriage 16 will be described. The carriage
16 comprises, as shown in Figs. 2-4, a rectangular support
base 20 movable via wheels 19 on rails 18a and 18b
arranged on an inner bottom of a heating chamber 23 which
constitutes the substrate heater 3. Front and rear sides
in the travel direction of the support base 20 have five
support posts 21 and 21', respectively, spaced apart from
each other by a required spacing in a lateral direction,
the posts 21 and 21’ extending vertically and being fixed
oppositely to each other. The front and rear posts 21 and
21’ leftmost in Fig. 4 and the posts 21 and 21’ second-
leftmost in Fig. 4 support at their right and left side
surfaces, respectively, the substrates 17 via supports 22,
the two substrates 17 being arranged oppositely.
Similarly, the front and rear posts 21 and 21’ third- and

fourth-leftmost and the front and rear posts 21 and 21°



each other by a required spacing in a lateral direction, the posts 21 and
21' extending vertically and being fixed oppositely to each other. The
front and rear posts 21 and 21' leftnost in Fig. 4 and the posts 21 and 21
second- leftnost in Fig. 4 support at théir right and left side surfaces,
respectively, the substrates 17 via supports 22, the two substrates 17
bei ng arranged oppositely. Simlarly, the front and rear posts 21 and 21

third- ang, urth-Jeftnpst _and the front and rear posts 21 and 21'_ 17
Fth anfteFBenand (HAATRnLG8 (g ot 4Te CUBsPEatale SAPALTAgSsead 1n

rel ati onship, respectively. Thus, on the carriage 16, the opposing three
pairs of ®PPSFRdsJisskaateRsh}Par £eSRGTHEERVer t TREEI Yy OTTHE Q UBRBFE AFEse 20
has a longitudinally extending rack 24 on its |lower surface, said rack 24
bei ng i n Aeshthgi ppopimyobh2zsecdadingl o arskdta PP skhrahesxtldndsre t hr ough
t he heating chanber 23 to be connected to an outer drive 27. Thus, the

drive 27 asrdnigeeh wexrtibtaldythe pinion 25 which in turn can nove the
carriage 16 via the rack 24 along the rails 18a and 18b. Since the rails

18a and 18b afgeCutupfdrt Obaser 2008@Nta Ofoh etAALiR Al YesxEoAainkPb, 15¢
15d and 15e, the drive 27 and pinion 25 are arranged for each of the

chaber s 6ack130%l3% A0 blEr GUIANE, 16a 085 thid M oM L1 eqks mdkip0 as to

run over t

with a pinion 25 carried by a shaft 26 which extends
through the heating chamber 23 to be connected to an outer
drive 27. Thus, the drive 27 is driven to rotate the
pinion 25 which in turn can move the carriage 16 via the
rack 24 along the rails 18a and 18b. Since the rails 18a
and 18b are cut off for arrangement of the gate valves 15a,
15b, 15c, 154 and 15e, the drive 27 and pinion 25 are
arranged for each of the chambers 6, 11 and 13 and the
carriage 16 has the plural wheels 19 so as to run over the
cuts of the rails 18a and 18b.

) As shown in Fig. 2, the heating chamber 23 has in its
interior an upper partition plate 28 which divides off the
upper part of the carriage 16 and a side partition plate
29 which divides off one side (right side) in the travel
direction of the carriage 16, the side partition plate 29
being fixed at its upper end to the upper partition plate
28 and extending at its lower end adjacent to the support
base 20. The right rail 18b is in the form of laid-down

ladder as shown in Fig. 4 so as to provide openings 30 for



cuts of t
has in it

he rails 18a and 18b. As shown in Fig. 2, the heating chanber
S interior an upper partition plate 28 which divides off the

.upper part of the carriage 16 and a side partition plate 29 which divi
of f one side (right side) in the travel 18direction of the carriage 16,

si de part

The ri ght

| 18b th f . 4
as to prof ghis agshimat Sgh rgr'}figm8313§)°§a'tsﬁmt?ha° T Sotflagh.ady o

the carri

passages 9%

23

des
t he

ition plate 29 being fixed at its upper end to the upper partition
plate 28 and extending at its lower end adjacent to the support base

as shown

age 16 mhlch sugﬁorts the substrates 17 is fornmed with gas
igh SIRRPEYS oW EhEURSHT L FaL? Wi JPTMehsW18BwIaFet ween t

20.

he
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substrates 17, to flow t hrough downwardly. Thus, in the heating chanber 23,
a gas cirpebskiges pHssageas3to algrawi tee WAREA NEbraAmi cehashhdthaes t he
substrates 17 on the carriage 16, below the carriage 16, right-lower s

of the si dewpanidtween pthke s2bsindateghtl7yppey £low tafrduyh ugppenwaardlist.i on

i de

pl ates 28 and which constitutes a part of a heating gas induction device

32. Fixedrh@sa het t1re ohehRenPRAamseE i 280Naplgaise 2Bratilakedhnt ipHss Hgéween
t he opp05|tely supported substrates 17

pl ate nozghes 33 &AM e HH 180 LAY Batbhabethrl | BRECEubS B { han

each of

17 on the carriage 16, below the carriage 16, right-lower
side of the side partition plate 29 and right-upper side
of the upper partition plates 28 and which constitutes a
part of a heating gas induction device 32.

Fixed to a bottom of the upper partition plate 28 at
positions between the oppositely supported substrates 17
on the carriage 16 are upper ends of plate nozzles 33 each
with a rectangular flat shape larger in area than each of
the substrates 17 and in parallel with the substrates 17,
the upper ends of the plate nozzles 33 constituting gas
intakes 34 for communication between the gas circulation
passage 31 above the upper partition plate 28 and
interiors of the plate nozzles 33. Thus, the plate
nozzles 33 are in the form of flat bags with the gas
intakes 34 being provided at their tops. In Fig. 2, the
three plate nozzles 33 are arranged in comb-like formation
on the upper partition plate 28 so as to correspond to
gaps each between each of the three pairs of opposing

substrates 17.

on the carriage 16 are upper ends of



the substrates 17 and in parallel with the substrates 17, the upper ends of
the plate nozzles 33 constituting gas intakes 34 for conmunication between
the gas circulation passage 31 above the upper partition plate 28 and
interiors of the plate nozzles 33. Thus,I%he plate nozzles 33 are in the
formof flat bags wwth the gas intakes 34 being provided at their tops. In
Fig. 2, the three plate nozzles 33 are arranged in conb-like formation on
t he upper partition plate 28 so as to correspond to aps each between each
of the three piRch dFatppBiahg 3Sdaf ke igatwagz PadePppd€e 33a of
the flat bag-shaped plate nozzle 33 facing the correspondi ng substrate 17 is
formed whPhzZlgs ShohwcingFitye correspdnding substirayeofl 7gds fopowedhol es
35 for injecting and inpinging the heating gas vertically against a surface
of the subithat @sl’shéwer ¢by Figrsovizlj n§ andas ,Spouilymealidy Afy gas angenent
of the gas spout holes 35 in this gas spout part Awll do provided that

t enper at UggoitStHdue | 99 ebrt He FadEingt 8841 ImpAGRESg PhacChie@ilng Ugas or m

therefore, the gas spout holes may be regularly arranged to have for

exanpl e T Get-angl fy 0dga$haW0F ¥4 AD0EEC RN Adirbbtchy, UiRkedBy be

irregularly arranged t ave constant area density. The heating gas
i”d“CtiO”pg%Wf§i§§3§aéa§ B%Uﬂéiﬁﬁkt A. Any arrangement of the gas
spout holes 35 in this gas spout part A will do provided
that temperature distribution of the substrates 17 becomes
practically uniform; therefore, the gas spout holes may be
regularly arranged to have for example rectangular or
staggered arrangement; alternatively, they may be
irregularly arranged to have constant area density.
The heating gas induction device 32 has a partition
37 intermediately of the gas circulation passage 31. The
partition 37 is formed with an opening into which a
circular fan 39 driven by a drive 38 extend. Furthermore,
) arranged between the partition 37 and the rail 18b with
the openings 30 in the gas circulation passage 31 are gas
heaters 40 for heating of the gas. Each of the gas
heaters 40 shown in Fig. 2 comprises a heat transfer tube
41 arranged in the gas circulation passage 31 below the
circulation fan 39, said heat transfer tube 41 being fed
via a control valve 42 with hot fluid so as to heat the

gas through heat exchange. In place of heating the gas

through the heat transfer tubes 41, for example,



37 internediately of the gas circul ation passage 31. The partition 37 is
formed with an opening into which a circular fan 39 driven by a drive 38
extend. Furthernore, arranged between the partition 37 and the rail 18b
with the openings 30 in the gas circul ai on passage 31 are gas heaters 40
for heating of the gas. Each of the gas heaters 40 shown in Fig. 2
conprises a heat transfer tube 41 arranged in the gas circul ati on passage
31 below the circulation fan 39, said heat transfer tube 41 being fed via
a control coalbus#omi thlhadefdsuinthobasarrahemid tire tlyasgtulr ough heat
exchange. In place of heating the gas through the heat transfer tubes 41,

for exanpkarciflatPdRUphs8Ragey |3 Ndes SagBy obderity aedghB the ddfh ,
circulation passage 31 so as to heat the gas through conbustion of fuel in

the Conbu%toirr%scﬁliciu'i‘dgfs'fuiﬁ'l 4 Sth&aESmbL‘é‘%'iolfrl ?Ye‘{r]'zgﬁﬁfﬁ;cﬁﬁ rgligd by the

control valve 42. Above the upper partition pla ere 1s provided a
filter 43 for high-tepperature. Ate rat.ure. detector 44 is arranged
sense. gas CBmeta by BLRY (bt | RIRERRIMST 25 of Ny i tip ] BIVE 47,
tenperature just above the upper partition plate 28. Also arranged is a

t enper at uPROVSHtERAE | @PPEE RIFTH FirRi RLatei 2fut theret he P&Efperdtdira

detector 44 to control the control valve 42 so that the detected
t enper at ufd lt@er b3 for high-temperature.

A temperature detector 44 is arranged to sense gas
temperature in the heating chamber 23 or preferably gas
temperature just above the upper partition plate 28. Also
arranged is a temperature controller 45 which receives
input from the temperature detector 44 to control the
control valve 42 so that the detected temperature may be
maintained to a predetermined constant value, whereby
heating of the gas by the gas heaters 40 may be controlled.

In Figs. 2 and 5, the face plates 33a on both sides
of the plate nozzle 33 are formed with the gas spout parts

j A including the gas spout holes 35, and the substrates 17
are arranged to face the gas spout parts A, whereby only
one surface of each of the substrates 17 may be heated;
alternatively, as shown in Fig. 7, the gas spout part A is
provided only one of the face plates 33a of the plate
nozzle 33, whereby only one surface of each of the
substrates 17 may be heated. Alternatively, as shown in
Fig. 8, the gas spout part A is provided on the face

plates 33a on both sides of the plate nozzle 33, whereby



A —
mai ntai ned to a predeterm ned constant val ue, whereby heating of the gas by
the gas heaters 40 may be controlled. In Figs. 2 and 5, the face plates 33a
on both sides of the plate nozzle 33 are forned with the gas spout parts A
including the gas spout holes 35, and thg substrates 17 are arranged to
face the gas spout parts A, whereby only one surface of each of the
substrates 17 may be heated; alternatively, as showmn in Fig. 7, the gas
spout part Ais provided only one of the face plates 33a of the plate
nozzl e 33, tnhefiedyingl yaenasuihgeetetl gawh afhd hgassepsiutaties1dé By the
heated. Alternatively, as shown in Fig. 8, the gas spout part A is provided

on the facknPhAFERLIFR HULPBOE! Hh8 ShrlfifdY ﬁ%fei?HéZ's%t;“@tréﬁ'ﬁér%Y 21

the heating gas is injected fromthe gas spout s 35 to concurrently
heat both the f of; t ubstr 17. sh in _Fi.g. 9 which is the
sectional pl ansz{:j/él e%vl,ggvs"fln “the pqs‘atée %@%gPe§SSA%§r rsgér{\\gtéﬁogf?&oﬁjtae? yvigwéach
other wth the su&strate 17 between and having the gas spout arts A at
Cheir sur ftetn® aBLRG S MORARR r 48 cB 17 Snged PRSI LPIBI &4 Herchnathek o
nozzl es 33 have gas intakes 34 at positions such that nonuniformty in gas
spout anoufith the sybsHEghkesklrbe§ragnemnsd hayhedr éige@asesppite
nozzl es 33 may be bal anced out. More specifically, the plate nozzles 33
arranged quuossta| gtt dhedoh suhfacest facing the substrate 17, it is

preferable that the plate nozzles 33 have gas intakes 34
at positions such that nonuniformity in gas spout amounts
due to the pressure gradients in the respective plate
nozzles 33 may be balanced out. More specifically, the
plate nozzles 33 arranged oppositely to each other with
the substrate 17 between may have the gas intakes 34 which
are arranged at mutually (vertically or laterally)
opposite ends. In Fig. 9, (left) one of the plate nozzles
33 has the gas intake 34 top on the paper or figure while
the other (right) plate nozzle 33 has the gas intake 34

; bottom on the paper or figure. Thus, the heat gas
introduced from the one gas intake 34 into the one plate
nozzle 33 and that introduced from the other gas intake 34
into the other plate nozzle 33 are mutually oppositely
fluidized to be injected through the respective gas spout
holes 35.

Mode of operation of the above embodiments will be

described.

In the structure of Fig. 2, the circulation fan 39 is



the substrate 17 between may have the gas intakes 34 which are arranged at
mutually (vertically or laterally) opposite ends. In Fig. 9, (left) one of
the plate nozzles 33 has the gas intake 34 top on the paper or figure while
the other (right) plate nozzle 33 has thm gas intake 34 bottom on the paper
or figure. Thus, the heat gas introduced fromthe one gas intake 34 into
the one plate nozzle 33 and that introduced fromthe other gas intake 34
into the other plate nozzle 33 are nutually oppositely fluidized to be

i nj ect ed tdrioweyh bhethespacive e3gatosfdutidiad esh&5gabbde dfhepgasati on of

t he above enbodiments will be described. In the structure of Fig. 2, the
circul ati @idfama0ios pasgHde/ el byrofepbdliowe B8 dvolbuntiize thet gasulia t he
gas circulation passage 31 from bel ow to above while hot fluid is fed to
the heat Ansiercbubge hbd {H2ngR8 NSRS AP of OtheAgddIhdageringohot
gas heated by the gas heaters 40 1s fed by the circulatiion fan 39 to the
filter 43 for rification, d.,then is introduced via the gas ,jntak 34
into the rteosﬁle% {Fjvjcefl(ﬁl o 'nog%%eshoshg %%rfelelafte’l SCQBT 01\:/\l;ll’le Bgﬁpg&ﬁ(ﬂtceuﬁ%r?@

agai nst the surfaces of the substrat e% 17 _in an inpinging manner via the
plural gadSpdit B8l Ehessinguigbigistapodds W oihenl 5@% 1 3tE_T33a of the
pl at e

purification, and then is introduced via the gas intakes

34 into the respective plate nozzles 33 where it is blown

perpendicularly against the surfaces of the substrates 17

in an impinging manner via the plural gas spout holes 35

of the gas spouts A on the face plates 33a of the plate

nozzles 33. Thus, the substrates 17 are heated.
The heating gas blown to the substrates 17 to heat

the same flows down between the confronting substrates 17

and flows downstream through the gas passages 36 of the

support base 20, and introduced again into the gas heater

40 via the openings 30 of the rail 18b.

) The temperature controller 45 to which the detected
temperature by the detector 44 above the upper partition
plate 28 is inputted controls the flow rate of the hot
fluid by the control valves 42, thereby controlling the
temperature of the heating gas introduced into the plate
nozzles 33 to be always to a predetermined constant wvalue;
thus, the substrates 17 are always and surely heated to
the targeted or predetermined temperature. In place of

controlling the flow rate of the hot fluid fed to the gas



nozzl es 33. Thus, the substrates 17 are heated. The heating gas blown to the
substrates 17 to heat the sane flows down between the confronting
substrates 17 and fl ows downstreamthrough the gas passages 36 of the
support base 20, and introduced again intp the gas heater 40 via the
openings 30 of the rail 18b. The tenperature controller 45 to which the
detected tenperature by the detector 44 above the upper partition plate 28
is inputted controls the flowrate of the hot fluid by the control valves
42, thereheaiosts ok Di, nghiehes it eupet atuaeonin it hef hehei hg agaisng ngasduced i nto
the plate nozzles 33 to be always to a predeterm ned constant value; thus,

the subst riaisudd @he alivaislattdosuEahy veaind 1 cbhe ricanagsd ego or
predeterm ned tenperature. In place of <controlling the flow rate of the hot

fluid fed écﬁuéP@lgﬁﬁJ%ea?ﬁaﬁgfr?erﬂ erbR@rd r&ﬂ'@ﬁ??sﬁ%‘{@aﬂis tpe heating

gas through the circulation Tan 39 nmay be controlled to control the

heating tenperatur t he bstrates,17, shqwn | 1gs. .. 5,7 a 8, the
pl ate nozzl es % %‘Pg{'/’vnt fe ?éllaqssi 'ngggag \e/uelrdﬁi%dapﬁle a%gflggt noﬁeleefﬁfgges of
the substrates 17 in andlitngpi ngi ng manner. t hrough the _respective gas spout
hol es 35 dF1eWhethyashepddtnd Aasoveridcaddy AgRtratesney ;;’rref?ﬂ%%?eﬂfvm th
hi gh efficiency through the inpinging jet produced by the inpinge of the
heating the substrates 17 in an impinging manner through the

respective gas spout holes 35 of the gas spouts A, so that
the substrates 17 are heated with high efficiency through
the impinging jet produced by the impinge of the heating
gas.

Fig. 10 shows relationship of passage of time with
change in temperature of the substrate in a comparison
between a case (so0lid line) where, as shown in Figs. 5, 7
and 8, the heating gas is vertically blown against the
surface of the substrate 17 in an impinging manner to
thereby heat the substrate through the impinging jet and a

] case (dotted line) where the substrate is heated by the
heating gas in creeping or laminar flow in parallel with
the substrate as in the prior art shown in said JP 2001-
187332 A. In Fig. 10, temperature change of the substrate
17 is qualitatively shown when the substrate is heated to
a target range, using the same heating gas flow rate.

As is clear from Fig. 10, in order to attain the
target temperature range, the heating (dotted line) in the

laminar flow will require longer time than the heating



gas. Fig. 10 shows rel ationship of passage of tinme with change in
tenperature of the substrate in a conparison between a case (solid |ine)
where, as shown in Figs. 5, 7 and 8, the heating gas is vertically bl own
agai nst the surface of the substrate 1724 n an inpinging manner to thereby
heat the substrate through the inpinging jet and a case (dotted line) where
the substrate is heated by the heating gas in creeping or lamnar flowin
parallel with the substrate as in the prior art shown in said JP 2001-
187332 A. (spH.d. 1ife )t dryperteet uimpthgigg gfett hecsobdingt o 1thes
qualitatively shown when the substrate is heated to a target range, using
the sanme hegatémgigas frpvrediode Aswhén CtRar hiefadidg otike, ilsn ty dgg to attain
the target tenperature range, the heating (dotted line) in the |am nar
flowwll Jiesut EfeboBICHdd (¥nd NaR the NeahidtE 210ksOlubdipcde bynkhe

I mpinging jet according to the i1nvention. Therefore, whén t’he heating tine
Is to be ed._Ln i | |_am | y. eating
gas nusttﬁ?%ﬁ%?gaggg gﬁ%ﬁeé?i%ﬁ?%ggfggﬁéﬁyiéégﬁ%gﬁg §e%é§?%ﬁ§iﬁg cost
Mor eover, flow ng of such great apount of heatin as alogg th%}subst ate
17 makes thnc’f%‘?gﬁef"ndirfufni 9 ©35hdj WEPTEAVEG'm ‘g‘t'mﬁsé’ f 15T 38%BF  the

substrate 17, disadvantageously resultin%lin further
amount of heating gas along the substrate 17 makes it

further difficult to adjust uniform widthwise flow rate of
the substrate 17, disadvantageously resulting in further
tendency toward nonuniform surface temperature of the
substrates 17.

As mentioned above, the gas spout holes 35 of the gas
spout parts A on the face plates 33a of the plate nozzles
33 blow the heating gas perpendicularly against the
surfaces of the substrates 17 in the impinging manner so
that the substrates 17 are heated by the impinging jet,
whereby the substrates 17 can be heated in a short time

) period and with high efficiency.

Moreover, the gas spout holes 35 of the gas spouts A
on the face plates 33a are in an arrangement suitable for
uniform heating of the substrate 17 in its surface
direction so that the surface temperature of the
substrates 17 can be uniformly controlled with high degree
of accuracy.

In the embodiments of the invention, the gas spout

holes 35 are round. Moreover, as main conditions of the



R

tendency toward nonuniform surface tenperature of the substrates 17. As
menti oned above, the gas spout holes 35 of the gas spout parts A on the
face plates 33a of the plate nozzles 33 blow the heating gas
perpendi cul arly agai nst the surfaces of fHe substrates 17 in the inpinging
manner so that the substrates 17 are heated by the inpinging jet, whereby
the substrates 17 can be heated in a short tinme period and with high

ef ficiency. Mreover, the gas spout holes 35 of the gas spouts A on the
face pl at ex33aimentsn dhedrr abhpjanehersB wad esdortoubef & mmmeandnghef t he
substrate 17 in its surface direction so that the surface tenperature of the
substr at esplactag Hebemnwledn yheofhcel paditw tIBHi ghddepeesumdtaateragy. In
t he enbodi nents of the invention, the gas spout holes 35 are round.

Moreover, ass n@éf €6Ndiot S GhiNe €Re EXBRARERNIS wdHebbnditATR er tieVas
set to be 3 nmand the spacing H between the face plate 33a and the

substrate Jphodfy Atk cifbWlaVih' g tangl PLE An'as YBIAR! so! B8

spacing H inar O fMm'so as ~to measure the

(e N LYRGALEL 15E et sURBiale LI Ao LE Ahsubsant Al

mm to 17. As a result, no substantial change was seen with the
spacing of 15 mm to 20 mm. With the spacing of 15 mm to
30 mm, once the rate of temperature rise was increased to
have a maximum vale; then with the spacing of more than 30
mm, temperature rising rate was lowered. With the spacing
of 60 mm, the temperature rising rate was lowered to 60%
of the maximum. Similar experiments were carried out with
the diameter of the gas spout holes 35 being 2 mm; then,
with the spacing of more than 40 mm, temperature rising
rate was violently lowered.

It is generally said that when heating is effected by
) impinging jet, heat transfer coefficient is complexly

varied depending upon spacing H, diameter B, flow rate and
the like so that heat transfer coefficient cannot be
uniformly described. However, these experiments revealed
that when industrially applicable conditions such as flow
rate are added and the ratio H/B is retained below 20,
then the substrates 17 can be speedy elevated in

temperature.

Moreover, according to the present embodiments,



30 nm once the rate of tenperature rise was increased to have a maxi num
vale; then with the spacing of nore than 30 mm tenperature rising rate was
| owered. Wth the spacing of 60 nm the tenperature rising rate was | owered
to 60% of the maximum Sinilar experinetgs were carried out with the

di aneter of the gas spout holes 35 being 2 nm then, wth the spacing of
nore than 40 mm tenperature rising rate was violently lowered. It is
generally said that when heating is effected by inpinging jet, heat
transfer cogidrimentsi vegund fkegtedawidd ddpengasgsppart dymkemg3bl, di aneter
B, flowrate and the like so that heat transfer coefficient cannot be
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farthest fromthe gas spout hol e 35.

hole 35 and point farthest from the gas spout hole 35.

When the heating was carried out with the main conditions
of the experiments, the maximum temperature difference
between the respective points became 30°C during
temperature rising. It has been empirically known that
glass substrate has higher probability of being damaged
when in-plane temperature difference thereof exceeds 50°C.
Thus, it was confirmed that there is substantially no
probability of being damaged in the present embodiments.
However, it was found out that when the pitch of the gas
spout holes 35 is increased to more than 60 mm, then the

) glass substrates will be damaged due to glass in-plane
temperature difference. Moreover, it was also deduced
that when thickness of the glass substrate is reduced to
less than 2 mm, then in-plane thermal transfer of the
gdlass substrate slows, resulting in damage of the glass
substrates.

With respect to the heating gas introduced into the

plate nozzle from the gas intake 34 at the upper end of

the bag-shaped plate nozzle 33, because of pressure



When the heating was carried out with the main conditions of the
experinents, the maxi numtenperature difference between the respective
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that gl ass substrate has higher probabidity of being damaged when in-plane
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may be a possibility of tenperature rise deviation between the top
and bottom of the substrate 17. However, in fact, it was
found out that such temperature deviation can be
substantially prevented. More specifically, in order to
make substantially equal the gas spout amount of the upper
gas spout holes 35 and that of the lower gas spout holes
35, it is effective to minimize pressure difference
between upstream and downstream sides of the plate nozzle
33; to this end, by designing the plate nozzle 33 to have
greater space volume, the gas spout amounts of the
upstream and downstream sides are made substantially equal,
thereby substantially removing the temperature deviation.

) As shown in Fig. 9, when the plate nozzles 33
arranged oppositely to each other with the substrate 17
between have gas intakes 34 which are arranged mutually
opposite ends thereof, the pressure gradients in the plate
nozzles 33 are mutually reversely oriented and are
balanced out, so that sum of the heating gas spout amounts
from the left and right plate nozzles 33 arranged

oppositely to each other with the substrate 17 between is

uniform longitudinally (vertically in Fig. 9), whereby the



and bottom of the substrate 17. However, in fact, it was found out that
such tenperature deviation can be substantially prevented. Mre
specifically, in order to nmake substantjally equal the gas spout anount of
t he upper gas spout holes 35 and that A8 t he | ower gas spout holes 35, it
Is effective to mnimze pressure di fference bet ween upstream and
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the deposition chamber 11 for deposition of silicon films
while the substrates 17 are maintained to said
predetermined temperature by the temperature controller 10
in the deposition chamber 11. Thus, the silicon films are
deposited on the substrates 17 with their uniform surface
temperature being maintained, so that silicon films of
good quality are deposited on the substrates 17.

Thus, according to the above-mentioned vacuum
deposition apparatus, solar cell material of good quality
can be produced with high efficiency.

) It is to be understood that the invention is not
limited to the above embodiments and that various changes
and modifications may be made without departing from the
scope of the invention. For example, it may be applicable
to any vacuum deposition apparatuses other than the plasma
CVD apparatus such as spattering apparatus, vacuum
evaporation apparatus or ionization deposition apparatus
which require heating of the substrates. Shape of the

pPlate nozzles may be varied variously. Any heating gas



in Fig. 1 where its tenperature is maintained by the heat equalizer 4.
Then, the substrates 17 are introduced into the deposition chanber 11 for
deposition of silicon filns while the substrates 17 are nmaintained to said
predet erm ned tenperature by the tenperallire controller 10 in the
deposition chanber 11. Thus, the silicon filnms are deposited on the
substrates 17 with their uniformsurface tenperature being maintained, so
that silicon filnms of good quality are deposited on the substrates 17.
Thus, accofiWgtient AeVass Q HRATI éh‘é@ atunghepodnt itdye ap@yatus, sol ar
cell material of good quality can be produced with high efficiency. It is
t o be underenbbdnelaembrelimemht ney be emtpldyedted to t he above enbodi nents
and that various changes and nodifications may be nade wi t hout departing
fromthe =eodpetoiathapgphMesdabodbitkor exanple, it may be applicable to any
vacuum deposi ti on apparatuses other than the plasma CVD apparatus such as
spattering appaiéit$ngVatuWlryeRtaki, ORnaRitarad Ust peci@id za i on deposition
apparatus which require heating of the substrates. Shape of the plate
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than that shown 1nt ove- nentio odi nrent may be enpl oyed.

Industrimsé%§4£g%gghi%%n be effected in a short time period and
with high efficiency; during the temperature rising and
after completion of heating, uniform surface temperature
can be obtained; moreover, the plural substrates can be
heated concurrently, whereby a product such as solar cell

material of good quality can be produced with high

efficiency.
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Heating of substrates, which is effected as pretreatnent of vacuum
deposition treatnent on the substrates, can be effected in a short tine
period and wth high efficiency; during the tenperature rising and after
conpl etion of heating, uniformsurface tenperature can be obtained;
noreover, the plural substrates can be ated concurrently, whereby a
product such as solar cell material of good quality can be produced with
high efficiency. 1 30 CLAIMS 1. A vacuprmglepositi on apparatus wherein
substrates heated by a substrate heater are introduced into a deposition
chanmber for filmdeposition, characterized in that said substrate heater
conprises a heating chanber, flattened plate nozzles arranged in the

e agcon TP B Yaftud o SROrG] ARSI LIOMSIL AT ea Bl L leag DSl T A s

i ntroduced Tnto sal requi red spacing, each of said

pl ate nozzl es bei provided with a gas intake, and heati ng gas i nduction
devi ce for }b‘?ﬁt(ﬁ‘#‘u(}gy H ot PR FRASE t ei‘lg%rg%’éeilrﬁ u%"?‘?tln%t‘ﬁl%tte nozzl es,

each of said plate nozzles having face plates facing said substrates, a
face pl at e FPeHEH 1 SRAOYT af @r norHN edePe it Hof t hehavreespbredngisubstrat e
being fornmed with a

that said substrate heater comprises a heating chamber,

flattened plate nozzles arranged in the heating chamber so
as to be spaced apart from surfaces of the substrates
introduced into said heating chamber by required spacing,
each of said plate nozzles being provided with a gas
intake, and a heating gas induction device for guiding
heating has to the gas intakes of the plate nozzles, each
of said plate nozzles having face plates facing said
substrates, a face plate of each of said plate nozzles
facing the corresponding substrate being formed with a
plurality of gas spout holes so as to heat the substrates
through impinging jet of the heating gas, said heating gas
being circulated through the heating gas induction device
after the heating gas injected from gas spout holes to heat

the substrates.

2. The vacuum deposition apparatus as claimed in claim 1,
characterized in that, provided that a representative size
of said gas spout holes is B, there is a relationship of

H/B < 20 between this B and said required spacing H.



plurality of gas spout holes so as to heat the substrates through inpinging
jet of the heating gas, said heating gas being circulated through the
heati ng gas induction device after the heating gas injected from gas spout
holes to heat the substrates. 2. The vacuum deposition apparatus as cl ai ned
inclaiml, characterized in that, prov%ped that a representative size of
said gas spout holes is B, there is a relationship of HB c 20 between this
B and said required spacing H 31 3. The vacuum deposition apparatus as
claimed in claim1, characterized in that, provided that a typical size of

said gas spput helesyd&uka &é&%%ﬂ%@ dSpatd Qs P Ofatth&y 201 hehween this

B and said required spacing provi ded that said substrates are nade

of ‘gl ass w B gkiss 1o b ruiual, st e belyGen. ofl dy gasospout ol es

is r, then ereis arela acuuni deposrti on

apparatus as clainmed in claiml1,. characterized in that each of said plate
nozzl es hass‘a’d{)pﬁ%? t??‘étceh%in%ﬁejsse%'cht TantTH h%%lﬁ%’so%%bhﬁ’ A5 24B said
substrates being arranged to face_the opposite face plates of each of the
pl at e nozzles?0 PeMREN dcdiiin Blepudi 33 bh EepakEedsSRAC NS Fe@dn claim 1,
characterized in that the plate nozzles arranged oppositely to each other
with the subrstvixded bdiateesridveubstrates are made of glass with

thickness t and mutual distance between said gas spout

holes is r, then there is a relationship r/t < 20.

4. The vacuum deposition apparatus as claimed in claim 1,
characterized in that each of said plate nozzles has
opposite face plates each of which has gas spout holes,
said substrates being arranged to face the opposite face

plates of each of the plate nozzles.

5. The vacuum deposition apparatus as claimed in claim 1,
characterized in that the plate nozzles arranged
oppositely to each other with the substrate between have
gas intakes at positions where nonuniformity in gas spout
amounts due to pressure gradients in the respective plate

nozzles may be balance out.

6. The vacuum deposition apparatus as claimed in claim 1,
characterized in that said plate nozzles are comb-like

nozzles arranged in comb formation between the substrates.
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gas intakes at positions where nonuniformty in gas spout anmounts due to
pressure gradients in the respective plate nozzles nmay be bal ance out. 6.
The vacuum deposition apparatus as clained in claiml, characterized in
that said plate nozzles are conb-like nozzles arranged in conb formation
between the substrates. 32 7. The vacuuyy deposition apparatus as clained in
claim1l1, characterized in that said substrates are introduced while
supported on the carriage, the heating gas injected from said plate nozzles
being introduced into said heating gas induction device through said

carriage. S A \@9@%&%@5&& &1 RS %@ p&PA @t e8| 28I R¥qaihapghng 12
substrate heater to be connec ed to a deposition chamber, introducing
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hol es on face e nozzle are spac apar rom
substrates b uired s aC|n heatin e substrates.b i ng jet
circul ating® 9@9#&3% %?5 Sth %?Fﬁﬁgd%§slhﬂﬁ%?F%H 889ch so as
to be heated after the heatlng gas heats _the_substrates, supplying the
heating gasSai® RIRLDIREZ RS PRINAntnt FRdeer@i Het® heasdbieatiBE 8Af0 the

deposition chanber for filmdeposition after the substrates are heated to a
uni form t enpedatiien @vite vacowph depbdicaoniagehod as clained in claims8,

8. A vacuum deposition method, characterized by arranging
a substrate heater to be connected to a deposition chamber,
introducing substrates into the substrate heater,

injecting heating gas from gas spout holes on face plates
of plate nozzles which are spaced apart from the

substrates by required spacing, heating the substrates by
impinging jet, circulating the heating gas through the
heating gas induction device so as to be heated after the
heating gas heats the substrates, supplying the heating gas
to the plate nozzle, and introducing the substrates into
the deposition chamber for film deposition after the

substrates are heated to a uniform temperature.

9. The vacuum deposition method as claimed in claim 8,
characterized in that said deposition method is a plasma

CVD method.



characterized in that said deposition nethod is a plasma CVD nethod. 33

10. Sol ar cell material produced by the vacuum deposition nethod as clained
inclaim8. 11. Solar cell material produced by the vacuum deposition

method as clained in claim?9.

33

10. Solar cell material produced by the vacuum deposition

method as claimed in claim 8.

11. Solar cell material produced by the vacuum deposition

methed as claimed in claim 9.





