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3‘1 DESCRI PTI ON VACUUM DEPGCSI TI ON APPARATUS AND METHOD AND SOLAR CELL
MATERI AL Technical Field The present inyention relates to vacuum
deposition apparatus and nmethod and solar cell material. Background Art
Known as vacuum deposition apparatuses for heating substrates to deposit
thin filnms thereon are | ow pressure CVD and plasma CVD appar at uses and
the like, using the technique of DESBIRIBTIONpor deposition (CVvD), and
vacuum evaporation, spattering, ionization deposition apparatuses and
the like, using the techni que of physical vapor deposition (PVD). In the
CVD usi ng apparatuses anong these apparatuses, substrates heated to a

predet er gheodM YRGS ¥ ONAAD PARIBISCAND N METIRP AN D 0§oﬁﬂﬁ"‘?ﬁi’LLkept at a
vacuum and source gas including elenents which constitute film materi al

is fed oghogeRigsubstrates, whereby desired thin filnms are deposited on
t he substrates &he to CVD by chemcal reactions in the vapor phase and on
the substrates. In such CVD, tenperature of the substrates 2

Technical Field
The present invention relates to wvacuum 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 f£ilm
material is fed onto the substrates, whereby desired thin
films are deposited on the substrates due to CVD by
chemlcal reactions in the vapor phase and on the

substrates. In such CVD, temperature of the substrates
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for deposition often has closer relationship with film property than PVD
“and reactions in higher tenperature tensl to be required. Therefore, it is
especially inportant in CVD to uniformy and quickly elevate tenperature
of the substrates. Recently, in the plasma CVD anong the CVD net hods, to
deposit filnms on a nunber of |arge-area substrates has increased

i nport anferi depukist ionl ofifeini des orbkosébovelationdlvi pewasiht Films on

gl ass substrates has occupied an inportant position in applications.

A ass supsbpairay tivén PUDbandaddot donBged Wighdietemperatiate heega
uneven in- plane tenperature distributions; to quickly and inexpensively

el evate t8MpQY i Plal 2 PR AEEBrIULSIY 3 £Se sPbbhalUG) RRPOEERN LI AYO! Ves
technique with higher level of difficulty. Thus, conventional vacuum

deposi ti a I € o nlan eyR=Tals e d [ W th
only oneegP Qlt%\?o'ﬁ}s%%(g’??a e ng't %%Jnicée‘% oeggﬁgﬁ%r é%;“fl{?’?%g evw%tqeI h 1gt}}%ree or
nor e substga;es Qy such apparatuses would result in extrenme increase in
size of PHE® ﬁ&ﬁfﬁUses. In a conventionally proposed vacuum deposition

apparatus of this kind conprjses, as shown for exanple_in JP 2001-187332
A, a heating BRESLY orihelbenglagng (GYRsamgpgydhe YR srethrds. to

tenperature, a load | ock chanber and a deposition chanber for depositing
thin fi| 88rgsifth&£ilms 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-
pPlane temperature distributions; to guickly and
ilnexpensively 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 films on the
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1; substrates, the chanbers being airtightly connected in the order naned
“via gate valves, the substrates being hgated by forced convection in the
heati ng chanber, the gas passing through the heat source being fed in a
circulating manner by an air blower, whereby hot gas is fed to the
substrates to heat the sane. Furthernore, as shown in JP Patent 3211356,

an i nli sebsjpm i asnth€Vbhamierd Use bRy adapriighet byn cahmesest iin hewsi ng
furnace for prelimnarily heating a substrate, a |oad chanber for heating

in a vacgr@erh@amadstiat gaite ratduesd, f tAD Bud AlrpsPhepbs ngUHArEd0 2
predeterm ned tenperature, a reaction chanber for depositing filmon the

substr at sga%x%w%&ﬁ#eef&a@?mﬁ Ofhe Cﬂeawagt R SMPSE ! atRe i Turnace

and the chanmbers being arranged in series. According fo the

above: MeRhLAASY MWhAR 1 8ASndue JOGRBLURRL S AL URTI A 5y g0 DO

concurre w t'hout™ 1 ncreasing Stze O P

thereby _substantially_ LnptqQving th roductivity in th peration of
deposi t i RGP %NP?h%lgub;ﬂﬂﬁkﬁaw ﬁﬁsgrkoﬁniéﬁcF%Pfﬁgo O1dRdo A it
is difficult to heat the whole surfaces of the substrates to an uniform
t enper at §PE@stTatesobe heat. thsr S&Rcifically, in JP 2001-187332 A

heat ed hot gas is fluidized between the
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 vacuum the
substrate introduced from the atmospheric furnace to a
predetermined temperature, a reaction chamber for
depositing film on the substrate and an unload chamber for
coecling 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,
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substrates to heat the substrates by forced convection, the hot gas
flowwng in lamnar flowin parallel with the surfaces of the substrates.
Heati ng through such laminar flow nay eventually obtain substantially
uniformtenperature In the direction of the surfaces when elevation in
tenperature of the substrates is conpleted; however, during the process
of el evathen hat tgapefddudag iubkdmbhasl faowunid gfataylen wWaMerehar e
tends to occur. During the process of elevation In tenperature by heating

with | anseafadew NdtAk SRS Edd simba@inghehmgﬂ O¥achh@amidfart he
gas flowng closer to the objects to be heate Is transmtted to the

obj ect s, ewer Gl tdPeRPLBENY b fin h@&&ﬁgaggﬁﬂeia& e\g%%egrr] he gas is

cool ed. Thus cooled gas refmains to be't m nar” f flows

dounst HBARLHCROUR AL BRI Sl UGN L1 oo

robs heat gas fl'owng a ®fhe objects to
be heated,.(that, is,, heat is replenished to the gas) and is heated_ again.

Thus re- RESVEAHIPR %%igﬁgpefﬁgp afﬂ?esﬁpﬁqéitéﬁméFrE&MHﬁﬁﬁﬁﬂé to be
heated. _For these_reasons, the tenperature of the gas closer to the

obj ect s PEVWEY eFeat I {BIgitheuAUAresHhePEdedevErtd Qfusin | EOWP AR e eam To
this end, the heating by the downstreamlamnar flowls slower in

t enper at anbsélantka bnnonhaid formity imetepperatmmmetener booscwhen t he

objects to be heated are nade from material such as gl ass
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 1s 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 1s gradually lowered as the gas
flows downstream. To thils 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
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fragile to tenperature gradient, they may be damaged 5 during tenperature
el evation due to thermal deformation. ®s 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 [|am nar flow
However, heat transfer in a direction perpendicular to the gas flowin

t he | am darihgowempepaterece leywadi fdusdoa and theamed Dr@e £ & rmad\i om.
velocity. As a result, the rate of tenperature el evati on downstream of

the objects tasbmemaictedcatsve) heduréhenskeveredm Wica §hag Ret gas
wide in wwdth (or in the formof slit) is fluidized along the substrates

to heat H81%AWHs PNy AELBR itheddbfdOVsT abeplen nd A dWi £8 Fhleed LN tends
to occur, which disadvantageously prolongs the tine period necessary for

terrperateissslkfe téﬂwfhsgeawg%%tog}&f iR ¢he *ik%g%fgn 8?;'}1%%14{9%(1%1{5(’

t enper at ur e; e tenperatur gradient 1I's remar enperat ure
el evatio t hermml defqQrnmation | sadvant agepusl y damage. t he objects
to be heg?%%paﬁ;giﬁ%fJ %%ﬁ%ﬁf’gg§f%5,rqqﬁ£§ﬁbgpr§tg'§?$k%fﬁd in the
vacuum to the predeterni ned tenperature throu%h radi ant _heati ng using

| anp heaP®FReNGd GULAT | t0; they gag tflqwnini hhRed@MIPaF tFLPUNdP and t akes

much tine for heating. Mreover, novenent of the substrate is effected
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
cccur, 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 i1s 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
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by a stainless chain conveyor so that concurrent heating of the plural
substrates is difficult to carry out angd S 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 perfundamegdiaklyi ttvehne benchedited baly oner wyoome, oflea@inn to
di oxi de generated per unit calorific value; by contrast, JP Patent

3211356 hasgyt podae ptegbEtevargl.gy because of heating in the vacuum and
therefore may be said to be a heating nethod with greater environnental

burden. In theshgalidardy,6¢-ha7aeal ersns "RV tis egr]]&ﬁéfféct%gl}ftg%

used is near infrared radiation with high energy S!tK ﬁn1hte

hi gh-t t e C unce | ener

d:a%si t;@gﬁ.g%gg@;} Q%g%rg?ec\aé%a&rﬁyoﬁs?ﬁggo%%eé’teﬁ%m %%uﬁggt 3‘(‘? d‘fij%/%r S

I I d | | | th | i.bjlity of _greater tenperature

ng:lgﬁi ?o&?nnsfy%%r%ot%een%li‘?égf:h%ni&?‘%zﬁh}a‘é% ﬁﬁﬁnl @&Fpl‘é??'énggf: & der at ure
el evation. _ For exanple, when the thermal capacity of a_holder holding the

obj ect t92b8TifdS Sflue sARfl VAAEh Magplevert dmednie fEdcAEROMar ger

thermal capacity, the tenperature of the hol der may be
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 known, radiating and reflectance ratios to

near infrared radiation substantially vary depending upon
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abnormal Iy i ncreased when the object to be heated is raised in
tenperature to a desired tenperature. Mpreover, as generally known,

radi ating and reflectance ratios to near infrared radiation substantially
vary depending upon i 7 kind of material and upon surface status.
Therefore, when there is difference or change in surface status to

i nfraredkiadi aifi omvétrbad ahé sipdmceupfatbe salitens. | taedferboehe whral ed
or between the object to be heated and the holder, uniformheating with

good repeneli lid \iCRPEPbnke oIXRAd®Ee iR !'u@fa@‘e theapRQVeo the
I nvention has its object to carry out in a short period of tine and with

high efiheir@nen heaiiagigh Wﬁ{grﬁtﬁ?eaé RELC Y BN e OhpYRE Tt sers

dep05|t|on fOI’ mat i on thereon; uni OI’I’T'ISUI’ ace tenpera ure I'S re

f of h at| nDreo t he
SFLLQP tggs Fats g%ﬁégil8€0§§3F%b%fqﬂﬁ%g§?i c?otghﬁﬁh ) %GuTh Qﬁ?(ﬁ
t i k The | nvention e invention
To o r ocbBAER - LA gg&%:iﬁ%oﬁ’iﬂb 998 TEPea AN LLLE FRPES et ed by

a substrate heater are introduced to a deposition chanmber for film
deposi ti 9¥PeCcL&dt substrate heater conprising a heating chanmber,

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
1s 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 like.

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
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flattened plate nozzles arranged in the heating chanber so as to be
spaced apart from surfaces of the substgates introduced into said heating
chanber by required spacing, each of said plate nozzl es being provided
with a gas intake, and a heating gas induction device for guiding 8
heating gas to the gas intakes of said plate nozzles, a face plate of
each of beadimatgarsokel thef @asngntwkesoofespddiplatebabeatiedeiag
formed with a plurality of gas spout holes so as to heat the substrate

through faopi pliate jef ekchhefhealidoplate hBLT 1 OsELAG ke he
I nvention, the heating gas is discharged through the gas spout hol es on

the pl at gorpespdird S19g a5ubg thadle W SyPEbEALES wti*trrpuaahp%ti%ajﬂmﬁ%flg

jet, whereby heating efficiency is enhanced to shorten eatingtime for

the subshggt ggouqeq%%éysaps%kiebg1hmntfgaeg%bis%%%e%a£ﬁgsﬁug@ ect for

| mpi ngenent, gas | et ow condi tions nmay beé classi e order of
proximty t s spput hol es, bpt otential core, transition and
develope%mpgaa%%g ﬁ%%eﬂgiﬁéeu<ﬁ#ﬁ%ﬁ§%ﬁ%ﬁ‘region the substrate to be
heated |Is |located, heat transfer rate thereof may_ vary. 3¥ arrangi ng the
substrate up t8YSne ARSRTLIHRE Fagitde ddurenthenyr the tieatingi 985 Hisgher

heat transfer rate may be obtained. To the contrary, when the substrate
i s 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 is
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.



positioned far away from gas spout holes, no higher heat transfer rate
may be obtained. The gas jet flow condgtions nmay 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. 9 Shape of the gas spout holes such as square or circle may be
sel ect ed depeftiapg unthiesggs sequitr anelés; suphoasdesjideé ar circle
representative size of the spout holes is B, it is preferable that there

is a relpayobshisedctéB8 depdddigigwepoh hissBgandaxpacdendisst ance) H
between the respective gas spout holes to each other. The representative

size B i prol/Qaed AW €, adrapd@ ¥ntth SHE! 81 2WNF QLI HPSuW H&lsefwa{se

shape are selected; It Iis a dianeter when round openi ngs are sel ected

Mb qel | d
\or e 9CTB1 kY 1o e EP Ei‘é?,b%?#éeﬁlfow RERRT: &b R O e
t H I th 20 heat t t whi ch
ndust r1 801 JetHRRRAATAE 1D o nﬁ}ra"e’héﬂg%?%&%l‘fca gt REFHEEAy B
effected is | ocal heatlngaaround stagnation point at a front of t he gas

spout hoF&SPESEAVehIRSi ABALL dodGiferke caash PiheTy

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 1s 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 pecint 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
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~transfer on the substrate, resulting in tenperature increase of the
substrate as a whole and thermal equaljipzati on of the substrate. Wth

mat erial such as glass which may be damaged due to steep |ocal increase
of tenperature, great care is to be taken in this respect when heating
I's made through inpinging jet. Provided that glass has enough thickness,
t hen it stransifare heasub6tanddsflely i greabssanttihadt ynomenal feantitat in
nonuni formty in glass in-plane tenperature becones snall er;

al ternat glelsy, in-pIsensi tgmperaruxienseétymet shtalgosr ﬁpasutehmlaaﬁwyy
reduce nonuniformty. In order to prevent the glass from being danaged

provi dedihbale ddith & UbShbaLe alesme@yssow thet Gasknigout ROTest hayl stance

between the respective gas spout holes to each other is r, thén it Is

preferabkgdh%éuﬁgh#ﬁffogﬁhq onship r/t < 20. Moreover, face pl ates on
both sides o ate noz I'e may have gas spout parts substrat es being

arranged to face t | at e bot h_sides of .t te_nozzl e.
Furthernore, plrate %ﬁ sp ?V&R& ?%ﬁ) ??%|§ «géano ABAIRCh t he
substrate between may have %as i nt akes at81803|t|ons such_t hat

non- uni f BFAVEEh HhARL shBat SahGHRatRiels B8s Wirtd v BickRess F arh of

the plate nozzles may be balanced out. The plate nozzles may be conb-type
nozz| es 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 amcunt 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
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which are arranged in plural in the formof conb with the substrates
bei ng arranged t herebetween. The substnates may be introduced while
supported by a carriage, the heating gas fromthe plate nozzl es being

i ntroduced through said carriage into the heating gas induction device.
Since the plate nozzles are arranged oppositely to each other with the
subst r at wibbt gaen mtakee prtopicded idnsi shchashatt akesunal £fpasiittiyonisn such
that nonuniformty in gas spout anmpunt generated in each of the plate

nozzl es gdsge sp@ul eanoiRt ggadieadt emyiheehehandediuitplabe nolidsait e can
be heated by nore uniformsurface tenperature. Since the heating gas is

circul at adet ioOytte d Hgre Cairaldadn ¢ MmiPeplephilas b dwelycthan device after
it have heated the substrate, stabilized are fluidization of the heating

gas and BERkitaG 1 ddie SEPRLLAR Ot%)fdféfgeﬁni%ﬁﬂ flridgel nvention 1s a

vacuum deposition nethod which ¢ rises arranging a substrate heater to
be conneggeg t%j%uggposition chanber, introducing substrates into the
substrat 6°l gfér, Ihj ecting heating gas from gas spout holes on face

pl ates of plgte nozzl es mhiih are spaced, apart fromthe substrates by

required spac Fl&cené'?h? ntbeﬂ:l ng,g&s a'itseScjolg,gulated 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 i1s a vacuum
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,
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jet heating, and introducing the substrates into the deposition chanber
for filmdeposition after the substratigs are heated to a uniform
tenperature. The deposition nethod may be a plasma CVD nethod. A stil
further aspect of the invention is solar cell material produced by the
above. Thus, according to the invention, the heating gas is introduced by
t he gas spothatolhsatbngedfdd cllenqgy atan hezeindsarereid t be shlogtteat es are
heated by the inpinging jet, 12 so that heating efficiency can be enhanced
t o shortheatiieqj ithigné i ferf ahet Ravssbsatases. Accordingly, solar cell
material may be produced highly efficiently. Brief Description of

Drawi ngs Fi g. abdor @ B¢ EbEap! ¥ 1M GNa S8PYRNI mdYy BErgtbdukbayout of a
vacuum deposi ti on apparatus according to the invention;”"Fig. 2 is a

sectionah i FhARL o8 £W:-PERYHYY an enbodi ment of a substrate heater in the
vacuum deposi t'ion apparatls according to the invention; Fig. 3 is a side
view of a carriage; Fig. 4 is a perspective view partly show ng the
carriage and rails; Fig. 5 is an enlarged sectional view show ng a part

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 vacuum deposition
apparatus according to the invention;

Fig. 3 1s 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 1s a partial sectional view showing a still
further embodiment of the plate nozzles for heating the

substrates;



of a plate nozzle shown in Fig. 2; Fig. 6 is a perspective view for

expl anation of gas spout holes fornedign a face plate of the plate
nozzle; Fig. 7 is a partial sectional view showi ng a further enbodi nent
of the plate nozzles for heating the substrates; Fig. 8 is a partial
sectional view showing a still further enbodi nent of the plate nozzles
for heating tRdg.sdbsks adesecitlofial plas wlewcshonalngl tihevpdatehow ng
the plate nozzles which are arranged oppositely to each other with a

subst r at robeflwsewiaich hare gasanyekesphosite 19N tappesthcothRds wingi eaf ;
and Fig. 10 is a diagram showi ng rel ationship of passage of tinme with

change ofubgHRtH WEtWEeBURRY Haérd Ngas EAFRRESS HHARLHEER beRd 0 Of
substrate by inpinging jet according to the invention and heating of

substrat g,R% qﬁg}gﬁ%jogﬁh | am nar flow. Best Mdde for Carrying Qut the
| nventi on Enbodi nent's’ of the invention will be described in conjunction

with the draw.ngs. F g, 1 ig,a.schematic. plan yi shqw ng_an_over al

| ayout of a ﬁfégma%ﬁﬁ?%p%a§$?8§qmﬁgbfﬂ%£ n?gésggqﬂﬁﬁ!%fogtRgsﬁﬁﬁﬁﬂn

deposition 200a" U4h ASK3h 5" Lenpera¥SlL 3% substrate in a
comparison between heating of substrate by impinging jet

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, 15¢, 154 and 15e denote gate valves closable for



The plasma CVD apparatus conprises a substrate applied part 1, a substrate
heater 3 with plate nozzles 33, a |oadijgl ock chanber 6 with heat
equal i zers 4 and an evacuation device 5, a deposition chanber 11 with

i nductive coupling electrodes 7, an evacuation device 8, a source gas
feeder 9 and a tenperature controller 10, an unload |ock chanber 13 with
an anbi ealr&ilghtmenke; 2andd 18n evarawtiagedadiapted 2t @nble amdwlest i Ele

di scharge part 14. Reference numerals 15a, 15b, 15c, 15d and 15e denote

gat e val vegtdlceaat esippoi4iaig td qmmﬁélsit?ndflfsutas@ﬁéféagq761dapt ed to be
noved while vertically supporting a plurality of substrates 17. A

deposi ti on opgr Al O dhe I 7 p t | 6 is
carried out in thﬂ‘%ol | ow naﬁﬁ%ﬁ%&?ﬁ?ﬁ#};lﬁﬁbgtﬁrbgﬁzgrsa%s a?g %gp?ioggﬁdly

support eg0 h L ageq 16 b a QQE!i . 1n the
enbodineﬁ 2#&&?%%?%%%& 1? gfx%éjs ?%tééElggare:ﬂﬁﬁkﬁﬁggnénqﬁ9 er.
carriage,l6. The carriage. 16 with the supstrates 17 supported is admtted
iIHC)theTﬁ8a58$%§Rﬂﬁ?§tﬁg GﬁFe“ﬁﬂR&FﬂggybEPHQOQREie 1 Fhencantlafgt e
val ve 15a is closed and the substrates 17 are unifornmly heated to a

predet er hPnd® SRS LFatEy aPRd 18D i RATBf 1t helPl dhe RO @EMEBE Then

the gate valve 15b is opened, and the carriage 16 is noved to the | oad
| ock chaghewnginTdekg. t he gégesubstrates 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 l15a 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 1s opened, and the carriage
16 is moved to the load lock chamber 6. Then, the gate
valve 15b 1s 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 15¢ 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



val ve 15b is closed, and the |load | ock chanber 6 is evacuated by the
evacuation device 5 to a negative preggure sane as that of the deposition
chanber 11, the tenperature of the substrates 17 being naintained to the
above-nenti oned predeterm ned tenperature by the heat equalizer 4.
Thereafter, the gate valve 15c is opened and the substrates 17 are noved
to the dépdmist ican Wanbebstratemhel] bhethet ectdlore dfcthe dindesdtinel t he
source gas is supplied by the source gas feeder 9 to deposit silicon 15

filnms oncbhpliwhsteéesraddely 7t helactppadeterhd nagdiucs gy eiveoylddure
el ectrodes 7, the predeterm ned negative pressure being nmaintained by the

evacuat i paifeV i b &0de ANBy! YL AECaPLohNAURA rfit 88l {h2ei NY
mai ntai ned to said predeterm ned tenperature by the tenperature

Contr0||Eémé@&ﬁfgfé”%fogﬁhe%Uﬂ$ﬂgaﬁ€ﬁei5LHEQQ 5ﬂ§iéﬁb?ﬂehh%és dgates

17, the gat al ve 15d i s opened and ubst rates are noved to the

| oad | r h int.eri or. of i gh _has_been evacuated.b e
ovhcant | BReaBITAnGS, FaRp i nf | tHE oS RERRer KRERSE BY 10°
deposition ch er 11. After the substrates 17 are discharged out to the
unFozh :ock ng%&a’QEEP}ﬁEiaatgf\ﬁﬁ%/ hHy ferppdddpn 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 i1s 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 1l5e 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
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Then, the anbient-air intake 2 is opened to raise the pressure of the

unl oad | ock chanber 13 to the atnosphengc pressure and the gate valve 15e
is opened to guide the carriage 16 outside. The carriage 16 is noved to
the substrate discharge part 14 and the substrates 17 with filns
deposited thereon and supported by the carriage 16 are taken out.

Accor di ngare iage Vb ucan dbposionaur cepbl gt heatledvand dépgsitedeatiimg of
the substrates 17 and silicon deposition on the heated substrates 17 can

be condustiedcosulist bt | athg riebys etedNLei n§o fukathay ashichh¥eldy can be
enhanced and the plural substrates 17 supported on the 16 carriage 16 can

be concu§fgaudkﬂu¥§fd and deposited with silicon filmnms, thereby
attaining further anced productivity. In the above- nentioned plasna

CVD appar at u |chh:? Sandyp-RBRIIDHA 5 ashid® UIPLBLEAREY 4 1be

descri bed eats t substrate ern1ned %enp ratdre
in a short ri of t and so A8 t o hav |f urfagce t ature.
First ofngﬁﬁ %PEPFIES Rqﬁfsﬁﬁgﬁ?§t§ ﬁiiis? geﬁﬁgigﬁilage 16
will be described. The carria 16 conprises, as, shown in Figs. 2-4, a
rectanngBi s Yﬁﬁesﬁésﬁﬁﬁﬁﬂ%a%Tatﬂh@ep§@ﬂ?§ﬁFW%PP§ 18a and 18b

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
opposlitely 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°
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arranged on an inner bottom of a heating chanber 23 which constitutes the
substrate heater 3. Front and rear sidqgy 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
ot her. ThHéffthontarmhds ixth-jesitmailt dnalve 2twol efft riisd subkitgatéean? the
posts 21 and 21' second- leftnost in Fig. 4 support at their right and

| eft si deppswiddanslat £onshtipyelnespdet 5483y at eauk’ Ui EREPEAkFidYe the
two substrates 17 being arranged oppositely. Simlarly, the front and

rear posig,2knang 'sifi'ﬁf ¢hrddf pd OME 1 Sr! 8L BOH AW RS eEE0Nly Yk 1 ear

posts 21 and 21 fift and sixth-leftnost have two of the substrates

17 in ogpgéggéaﬂggfp?égéﬂgrrespectiver. Thus, on the carriage 16, the

opposing t pairs o X substrates 17 are arranged vertically. The
support base has..a longi tudinal Ly extendin rack 24 on jts | ower
surface, sai d%ggcﬁugp%{](ﬁgaﬁﬁ sﬁyasvvi? hf%nggﬁpgﬁ%l%c%r?ﬁ‘tanwng shaf t
26 whi ch _extends through the heating chamber 23 to be connected to an
outer dFRGE ZA OfhuktSt hevEr FATLAGR. (PR8N TESK AhtReiRe 1 mesih 25

which in turn can nove the carriage 16 via the rack 24 along the rails
18a and 48b6h g mdnior 28 Farrded 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 wvalves 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) 1in 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



and 18b are cut off for arrangenent of the gate valves 15a, 15b, 15c¢, 15d
and 15e, the drive 27 and pinion 25 arqg arranged for each of the chanbers
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
chanber 23 has in its interior an upper partition plate 28 which divides
of f the gappdistaribwtioche cthei agppbitarblase skdeofartitid i oarplage 1%9

whi ch divides off one side (right side) in the travel direction of the

carri agewhficht baippsiet pathiet isubgiird€e 291 7beisng drimeddl Wi tht gagoper end to
t he upper partition plate 28 and extending at its |lower end adjacent to

the suppgabsalese ¥ sdhgs! t@hardv 488 héak&dﬁ“bé@!”?Hichmfiéﬁym

| adder as shown in Fig. 4 so as to provide openings 30 for 18 gas

di stribughQR. p éé‘ﬂ?pgflte. hats 20a Ohst B C%i@ﬂgwlgpg%ﬁwéﬁgahg‘ggﬂ}g

substrates 17 is fornmed with gas passageés SO as

gas, whi flo 0 be en the substrates 17, to flow through

downvar dryas Tkl TR RSB chiehoes T o8 a% koo LR aPPoR AbRATR e
31 is prgviged whi ch ggnnuni ates between the substrates 17 on the

carri age®6lsh &Y 1R CHP?P§g€9ﬂﬂu94%%FQFORQFW%ﬁQkﬁQﬁ pHEs&Tates
partition plate 29 and right-upper side of the upper partition plates 28
and whi ch7c8Rsttihaut@arpiaggr d bof bedpwmtthy gasriladetl on vighde 3wer

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.



Fixed to a bottom of the upper partition plate 28 at positions between
the oppositely supported substrates 171gon 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,

t he upper ends of the plate nozzles 33 constituting gas intakes 34 for
communi cat i onEpefwearce hplghe Gidacuwttlosn f£passdagy-FhHhedeplbeeupper
partition plate 28 and interiors of the plate nozzles 33. Thus, the plate

nozzl es R8zalle i38 thecingmae dairdagsnainh sud0asaténiakes Fhhrido
provided at their tops. In Fig. 2, the three plate nozzles 33 are

ar r angedyi B oy | dikSwh OLARFIQE . O, ts*ﬂg?H&pGr, F&argg%fﬁ?ﬁ?g%% $0 as to

correspond to gaps each between each the thr al rs 0of Opposi ng

S0 8ehE pAGR [ B oA, AR 0

33 facing the correspondi ng Subst

Figs. 2,5 d_g§,,.a plurality of s spout. holes 35 for injecting and
ihg?ngihﬁefﬁgcﬁg%ﬁrékﬁg s£v§r§ﬂé§%§ﬁd§§iﬁ§? sudFtate ol 7o ndhesish¥ at e
17, thereb roviding a gas spout part A Any arrangenent of the gas
spout hoPEévég%qgtqﬂééﬁagPQHGUQQQ%tA¢\vﬁqy FBrppgeneant afatheespsrature

distribution of the substrates 17 becones practically uniform therefore,
the gas 2Peut heles Ay BB 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,
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regularly arranged to have for exanple rectangular or staggered
arrangenent; alternatively, they may beg irregularly arranged to have
constant area density. The heating gas |Induction device 32 has a partition
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
ext end. €amblestiore, cyhindegsd mast ieenathanped iin agth&7gasd the rail 18b
with the openings 30 in the gas circul ati on passage 31 are gas heaters

40 for hearcngatfidhepgasaghagn @o tde 88Shehealttdles d¥s SPAYBUgh Fi 9. 2
conprises a heat transfer tube 41 arranged in the gas circulation passage

31 be'OWthBUSQﬂHHHGE'Pﬁeﬁa&ns%héﬁﬁ6hgﬁéiibha fi %QPE ;43 nbeiyg  ed

via a control valve 42 with hot fluid so as to héa gas through heat

exchangeqaby Pty of 10528 11 088 bl %m,;hghge%tﬁn{t;;g fPA144bg3 41

for exanple I on c i'nder s nay BE Sar?

circul at a e 31 so_as,tq heat g conbustion of fue
in the C%ﬁﬂ Et ii‘r?gclwl??l’aepgrtii%itorﬂ @Jt'?:‘ég glgf' uéIEneF'quova’? aPEOVLAesh & ol | ed
by the control val ve 42. Above the upper partition plate 28, there is

provi dedfL1tem By @EFf%?ghlﬁﬁmﬂﬁﬁﬁﬁ%E%re A tenperature detector 44 is

arranged to sense gas tenperature in the heating chanber 23 or preferably
gas 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
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



tenperature just above the upper partition plate 28. Also arranged is a
tenperature controller 45 which receivag input fromthe tenperature
detector 44 to control the control valve 42 so that the detected
tenperature may be nmaintained 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 fabhe pleattisn@3gasnibotinjEadesd Hromhéhel afas negate B3 lese IDroed
with the gas spout parts A including the gas spout holes 35, and the

subst r at esntarradet By rRegedbloa agte tHerfasespP 19 t SubstWadiehy; only
one surface of each of the substrates 17 may be heated; alternatively, as

shown in Fig. ag stitfRnfan SPRYL Rk AN Sispfﬂ¥' Q%‘ét&'ﬂﬁ’a ng18 ah the Aace

plates 33a of the plate nozzle 33, whereby only one sur of eac

gas spoullpirE KarE sl Zﬁﬁt h# 18588, %‘Ek%’sié%afﬁc’*-“%ofa% fid Eﬂi
| ate noz 1 S _i.nj ected fronlthe as spout
ﬁol es 357 ﬂig ﬁwcmﬁlfe%%ﬁ(?% egt ?fg gﬁaf b@é"g‘ the 986sSPAYF 17. As
shown in Fi 9 which is the sectlonaJ%flan view, in the Elate nozzl es 33
arrangedpﬁﬁgésﬁxﬁgl?QP%ECH“SFﬁﬁeSvﬁﬁ ReethgpSubgtratendivedt

havi ng t he gas spout parts A at their surfaces facing the substrate 17,
it is pPERERTADIQ Hehaththgl alatwAvezles RIvdays Jasakptakes 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. 1In 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 cne 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
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at positions such that nonuniformty in gas spout anobunts due to the
pressure gradients in the respective plgate nozzles 33 may be bal anced
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 nmutually (vertically or laterally) opposite ends. In Fig.
9, (leftiiranernofbyt hehel dréveosdl d¢o BBubdizehehpaggast bhethé tgys on t he
paper or figure while the other (right) plate nozzle 33 has the gas

| ntake 3dirkaliatmen passpaReB3IOEfdUbELowhits dUtHdiedhides hatht#nguged
fromthe one gas intake 34 into the one plate nozzle 33 and that

i ntroduced E@amttdﬂecmé hﬁéaﬁa?tfa'ﬂsaé@r 3fubbBt A1t R olferg ﬁka & 1044 €463

are nmutually opp05|te y | ui di zed to be injected throug e respective

as spou e perati a e
geschbe F e str%%gurg%%g EBQ i?gt %égg?cg H§?§§Qn§§£§ew% %ﬁnven
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rom bel © above
of the gas heaters 40 to_heat the gas. The hot gas heated by t he gas
heaterngBr gquQfQthﬂEd them s olh $Eaduged, Viie the ( 8assdntakes

purification, and then is |ntroduced 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 value;
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
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34 into the respective plate nozzles 33 where it is blown perpendicularly
agai nst the surfaces of the substrates?237 in an inpinging manner via the
pl ural 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
blowmn to the substrates 17 to heat the sanme fl ows down between the
confront hegtestsst4®i eshé7clawa lfd toad amwonstr efmtihe dugattihg gas passages
36 of the support base 20, and introduced again into the gas heater 40

via the ehebuylds tHe otitbalaaiionl8han The maypdertddet£onied ey 45 to
whi ch the detected tenperature by the detector 44 above the upper

partitiogonithdiie tife | RehBRRl QeritdChte! Be thw s SrPhtkhehot fluid
by the control valves 42, thereby controlling the tenperature of the

neat, 19 97 | Bar SHGRY Lite1be B8P o087g) i3 gl IS 07

predet er mi ned constant val ue; thus, are a

surely hgated, to .the targeted_or edeterm ned temerature. In place of
controllﬁgawfﬁe%ﬂQﬁ?F%Pg 8Fstﬁ§5é§c?f%¥dapg st ¢ egggrggqaﬁu%ﬁg 40,
t he circglated anmount of the heatin as, through the circulation fan 39
may be cbRBr SUPEFRILERohdr dP Bk nginge TrehBPughe thfbst r at es

17. As shown in Figs. 5 7 and 8, the glate nozzles 33 blow the heating
gas vertFeaPeytdgs rdast fRoufr s o35 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 (solid 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 1s qualitatively shown when the substrate is heated to
a target range, using the same heating gas flow rate.

As 1s 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
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the substrates 17 in an |Inpinging manner through the respective gas spout
hol es 35 of the gas spouts A so that gsghe substrates 17 are heated with
hi gh efficiency through the inpinging jet produced by the Inpinge of the
heating gas. Fig. 10 shows relationship of passage of tine with change
In tenperature of the substrate in a conparison between a case (solid

| i ne) whéselids lsitomh by Ehes inpingimgdij8t akedmaPindotgathies vertically
bl own agai nst the surface of the substrate 17 in an i npinging manner to

thereby brgenthiemubiHetersheoughenhaHdéat Mgl elimdi t6apg (dotted
line) where the substrate is heated by the heating gas in creeping or

| am nar gLeWtiehdd &4 | ' b agFidl t hQr own in
said JP 2001F 1§$§§gﬁAﬁé?ﬁﬁégg;Egg?ﬁ%éﬁ%%?gﬁﬁr§1€ﬁ3h3§u§§i?hg§g&g§?rate

17 1S qulitaniely SHOD YReT e SHDS L3S L IGALRY 0oL g8l range,

usi ng the sanme~heati ng gas ow rate. s clea or der

to attaip the_ target tenperature range, the heatin dotted Iine) in the
| ami nar ?PSﬁe\ﬁsﬁ ﬁbqﬂ??‘rérgflgnéfé’rse‘ri ¥¢he ﬁiaf'aﬁ‘é yd (%BFPdgl)rPﬁé;) by
the inmpinging jet according to the invention. Therefore, when the heating

time is #PBOPRt SfohedetngnInsadlang itheeshbpitrate | by makpsl ytof the

heati ng gas must be increased substantially, leading to
urther 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
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I ncrease in running cost. Mreover, flow ng of such great anount of
heating gas along the substrate 17 nmakeg it further difficult to adjust
uniformw dthwi se flow rate of the substrate 17, disadvantageously
resulting in further tendency toward nonuniform surface tenperature of
the substrates 17. As nentioned above, the gas spout holes 35 of the gas
spout paekpeXimente, f thelipl dtieanedBer oB whe pledt eeandze | Bsmm3ankl avhé he
heati ng gas perpendicul arly agai nst the surfaces of the substrates 17 in

t he i npi spaednrhase Sweehhahe Faceibslaates3h/ aie fwat sdbbridie 17
i mpinging jet, whereby the substrates 17 can be heated in a short tinme

period apdswisleh N3 @f fhinGi ERRY1eMIHROET amé BEr IBS wHOWo kol 85 ¢35 tle, t he
gas spouts A on the face plates 33a are 1 n an arrangenent SU|tabIe for

untof m bgakag 9 4de SHBRUER 9 T Pabls B 9% 5SRO Y LS

surface t can be unrfornty con wth

h d f h nbod f.th t th
cpout - npouede e YA ot il RERESEATHER EditA @bnoher SERS YRS

experinmepts, fheir dianeter B was set to be 3 nmand the spacing
beltoween }fzue féﬁe aprgs s, 2R SHRE tapidiah ghange wassdteen ‘!s@)chnthWn l e

the diameter B was constant, 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,
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spacing H was changed in a range of 15 mmto 150 mmso as to neasure the
rate in tenperature rise of the substrage 17. As a result, no substanti al
change was seen with the spacing of 15 mmto 20 nm Wth the spacing of
15 mmto 30 nm once the rate of tenperature rise was increased to have
a maxi mumvale; then with the spacing of nore than 30 mm tenperature

ri sing rekpewdmdmneredreV\eflf edtred patthgthel g@s mpodhehbdrgserds ur e
rising rate was lowered to 60% of the maxi mum Simlar experinents were

carri ed naviwnig lthé hei deanet &f s tle A8 ap@anded ebn 38glaireg 2 nm then,
with the spacing of nore than 40 nm tenperature rising rate was

viol ent | Yrirawejeitbnt | §Eageneiall Yewptknbbat owhean nlﬂ@aswﬂgl seld 66d ed by
| mpi ngi ng Jet heat transfer coefficient is conpl exly varied dependi ng

upon spagi,Rg tiha (i AMEY eF ﬁ?m{ol;#wt escrﬁbfpfdeiggcu §3s°mddi-0gat transfer

coefficient cannot be wever, ese experinments
reveal ed hat ustrl a ca I |t|ons s h as flow ate
e adaehekiE e %ﬁﬁaﬂmt o7 it Ahethh 2aontren Fhe Fansohe
can be s dy elevated in enper at ure. Nbreover according_to the present
enbodineﬁ?i rPﬂ%ﬁFs ﬂg%@%ﬁ?e%¥%ﬂ RPPhQﬂﬁeiR&unggﬂquﬂ%ﬂ 35

havi ng the pItCh r of 35 mm and arra.ged I n square
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
prcebability 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 alsc deduced
that when thickness of the glass substrate 1s reduced to
less than 2 mm, then in-plane thermal transfer of the
glass 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



»

arrangenment, glass with thickness of 4 mm being used as substrates 17.
Tenperature difference was neasured begween the stagnation point at the
front of the gas spout hole 35 and point farthest fromthe gas spout hole
35. Wien the heating was carried out with the main conditions of the
experinments, the maxi numtenperature difference between the respective
poi nt s bvazrat3GOC bietwegn ttdeparnper candsiloyer tpdwss betheem@at eyl y
known that gl ass substrate has higher probability of being danaged when

i n- pl aneghsmamrcaint einjjéteedndadretipof 1oweeedmbUout TABles t35\afay
confirnmed that there is substantially no probability of being damaged in

the prespat sgiiodi FETE 81 veHRee e hda¥Rigl guRd MMbud Pak refetHd gpdeh of
the gas spout holes 35 is increased to nore than 60 mm then the gl ass

substrat sﬁsvvislﬂo,_pte ﬁ@i@gegsdugg Q tg}ﬁéli:n- Qh%%sgﬁ%?p?%aaur e di fference.

Moreover; It Was also deducéd tha en thic e gl ass substrate

' d l.ess.than, 2 t.hen in; plane_thermal transfer of the

|g|sa;§ gﬁggﬁsg‘tbeils ¢ ?Er Egﬁ'ﬁé}rﬁ&"}%e da eagf’ita%élogﬂ a%%gwgﬁﬂstt?’aﬁ P W t h
respect to.the heatin s introduced jnto the | ate nozzle fromthe gas
infgke 33ng; W%p%? gﬁﬂ g sttlﬁa%%tglghap‘éﬂwﬁ’gf-e Ady A28 1he¥qFse of

pressure i 27
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, 1t 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
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vari ati on between the upper and | ower parts, the heating gas anount
injected fromthe | ower gas spout hol egg35 may be small relative to the
heati ng gas anount fromthe upper gas spout holes 35; as a result, there
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
t enper at anbsdad s oranahebbheahdibt tot unl Fyrm eempedatbee specifically,
in order to nmke substantially equal the gas spout anount of the upper

gas spout hol ehe3ButgtthHoesoll 7t e dtwert§aenerpHedi &dminaa ahd S
effective to mnimze pressure difference between upstrean1and downst r eam

si des Of yh€ oAl FPZEL € t edpe et il SbENTheP Y RS Qgh{eg% g dozzle

33 to have greater space volune, the gas spout anoun upg%ream

and downgbnealrald!onave JaUe SUIMANLLA! Ly Shualoqd hecepy substantal ly

renovi ng the tenperature wan

nozzl es aLan ed osite to each other with the substrate 17

bet ween %ave ds rﬂ%é%% %& w%ﬁ&?%ﬁ?¢%ﬁ?aﬁ@eHQ%Hqﬁﬁq?d BBpdsie draddes

t hereof, the_pressure agradients in the plate nozzles 33 are nutually
rever sel §9 Bﬁ}gmﬁﬁiﬁﬂufhﬂ%P bﬁpﬁnﬁg@%ﬁﬁat%% }hapreuhndiradecedatntg gas
spout ampunts fromthe left and right plate nozzles 33 arranged

opposi t eFjet §epad tkarr chamkernd 1s tex rdepost thomwesh $$1liconf drims

longitudinally (vertically in Fig. 9), whereby the
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

plate nozzles may be varied variously. Any heating gas
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28 substrates can be heated to uniformtenperature. The substrates 17
heated to the predeterm ned and wunifomrm surface tenperature by the
substrate heater 3 as nentioned above are introduced to the |oad | ock
chanber 6 in Fig. 1 where its tenperature is maintained by the heat
equal i zer 4. Then, the substrates 17 are introduced into the deposition
chanber indugitidepodevioe oftheid itdoin fthat shiowre ihethgbabbatess 17 are
mai ntai ned to said predeterm ned tenperature by the tenperature controller

10 in thenddpesd ambédamear hbhy M Sempheysid.icon filns are deposited
on the substrates 17 with their uniforn1sur?ace t enper ature being

mai nt ai negauge Al Sphieanhinlis, of good quality are deposited on the
substrates 17. Thus, according to the above-nentioned vacuum deposition

appar at us, solar teri 00 i e produced with high
efficiency. R e L N L G S
t he above_enbodi,nents apd that vayious c$anges and nodifications may be

made wi t RBEETEETAF NP rgﬁFPH@iaﬁﬁﬂEQB ORhETAARMRN b FbPeexanpl e, it

may be applicable to any vacuum deposition apparatuses other than the

pl asma irpdestuscabcheastfpatiad i by appheaitudineceeriodyasst ati on

apparatus or ionization deposition apparatus which require heating of the
Substrat@éthgﬁ%ﬁ@(ﬁffh@iency: 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

efficlency.
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pIate nozzles may be varied variously. Any heating gas 29 induction device
ot her than that shown in the above- nenpi oned enbodi ment may be enpl oyed.

I ndustrial Applicability Heating of substrates, which is effected as
pretreatment of vacuum deposition treatnment on the substrates, can be
effected in a short tinme period and wth high efficiency; during the
tenperature rising and after conpl eCLAIMSf heating, uniform surface
tenperature can be obtained; noreover, the plural substrates can be

heat ed concurrently, whereby a product such as solar cell material of
good quality can be produced with high efficiency. 30 CLAIMS 1. A vacuum

deposi ti @n appamaliim Wes&s it $HRS pfait forﬁfa«fﬁéghxn féﬁ&sheater are

|ntroduced into a deposition cha eposi tion, aracterized

A T A St o3 %%H’Eéz?e%ré UL SIETPRE o ALt ened

pl ate nozz es ar eat n anber SSaced apart

d h hanmb
e f§&5§§§%.i%&§nh2%€$§t =R AL 55 1t Yok mHaTar Hed LA 1P gas

i nt ake, and a heati n nductlon deV|ce for quidin
th said s&hgtrate heater comprises % heaé&ng 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 gas 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.

2. The vacuum deposition apparatus as claimed in claim 1,
characterized in that, provided that a representative size
of sajid gas spout holes i1s B, there is a relationship of

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

3. The vacuum deposition apparatus as claimed in claim 1,

characterized in that, provided that said substrates are
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_heating gas to the gas intakes of the plate nozzles, each of said plate
nozzl es having face plates facing saidj3isubstrates, a face plate of each
of said plate nozzles facing the correspondi ng substrate being forned
with a plurality of gas spout holes so as to heat the substrates through
inmpinging jet of the heating gas. 2. The vacuum deposition apparatus as
cl ai ned inadel @fmdlasshwlatt ahiizechesst haapdpmatiukell dbhataaceebetseaent i ve
size of said gas spout holes is B, there is a relationship of HB < 20
bet ween bhid Hamdspont hedeis ad sPACtREnHth3relhis VaCHEThEARATHIEN
apparatus as clainmed in claim1l, characterized in that, provided that said
substrat ggtare xpl, made of glass with thickness t and nutual distance
between said gas spout holes is r, then there is a relationship r/t <
20. 4. The vacuum deposition apparatus as clainmed in claim1,
characterized in that, provided that a typical size of said gas spout

hol es is,B, i lationship of H 20 b i d ,sai d
roqui r eatepabing TAckl 'FPBLPRIARY oo d 8 PR clhagdodP diass
ith thick t_and_nutual dist id t holesisr,
then t hoPBARECE AT 2R A ohEnFhat T IEGLABH FAEL, o iN LEROSPERSh Hopar at ub

as clainmed in claiml, characterized in that each of said plate nozzles
has said gas spout holes is B, there 1s a relationship of H/B

{ 20 between this B and said required spacing H angd,
provided that said substrates 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.

5. 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,
sald substrates being arranged to face the opposite face

plates of each of the plate nozzles.

6. 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 balanced out.



opposite face plates each of which has gas spout holes, said substrates
being arranged to face the opposite fage plates of each of the plate
nozzl es. 6. The vacuum deposition apparatus as clained in claiml,
characterized in that the plate nozzles arranged oppositely to each other
with the substrate between have gas intakes at positions where

nonuni f o t Yhien vgasiwpodéepoainbiens appatat ps easukcd adimeed ebh scilairhd ,
respective plate nozzles nmay be balanced out. i 32 7. The vacuum

deposi t i ehagaeaiext isedsinl ahrd san &l platé, nozhAeEt&Fézedmbt 1tihad sai d

pl ate nozzles are conb-li ke nozzles arranged in conb formation between

the subshpatQes SrddRg¥aC MRSt $iRAt BRIt &9 ‘e‘hé' RGdirLias M 1,
characterized in that said substrates are introduced whil supported on

the carriage, the heating gas injected from said plate nozzles bei ng
I ntroduced into said heating gas induction device through said carriage.

9. A h d b

neat er L8 bet BBnRAREHR (S BORAp5ER Pt five s ARG +f & SEsifnlri

' h b h h f t_h

into the gu strate eater, gg ect%hé] eat| ngégas rom gas spout_ hal es on

face pl aPB8Tagtefiiged nd2zt FRPEPREEE S RRe +RbRPANCES Wt es

by required spacing, heating the substrates by inpinging jet, and
i nt r oducPREPORE e ik r thes cAxTdagR. the heating gas injected from

said plate nozzles being introduced into said heating gas

inducticen device through sald carriage.

9. 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, and introducing the substrates into the
deposition chamber for film deposition after the

substrates are heated to a uniform temperature.
10. The vacuum deposition method as claimed in claim 9,
characterized in that sailid deposition method is a plasma

CVD method.

ll. Solar cell material produced by the vacuum deposition
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deposition chanber for filmdeposition after the substrates are heated to
a uniformtenperature. 10. The vacuum ggposition nethod as clained in
claim9, characterized in that said deposition nmethod is a plasma CVD
met hod. 11. Solar cell material produced by the vacuum deposition 33
method as clained in claim9. 12. Solar cell material produced by the
vacuum depthiod as arabnddainclaidms ¢ n cl ai m 10.

12. Solar cell material produced by the vacuum deposition

method as claimed in claim 10.
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