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Vacuum Evapor ati on Apparatus for Solid Materials
Description The invention relates to a vacuum

wer@poi@ss on apparatus for solid material s as Bel/Ermds/059102

inclaiml. An inportant goml in nodern research in

energy is to find nethods to convert sunlight into

current, having only Iow costs. Thin filmsolar cells

prom se to have | ower costs conpared with conmon sol ar

cells. These thin films can, for instance, be produced

Mpacuurmdzyararatien pppakaids & $8)iddMaiesiels i on of sol i d

materials onto a substrate. A continuous vacuum

bespaptian on devi ce for nmetal has been described, where

a substrate to be coated noves within a vacuum chanber

(I'blS mveSﬁ@n%m)tes o deposurhi evapoedtemn @dpadratyseot soliccnfabenals as
q in a reservoir closed on its | owernost part

99ﬂ%P Fb?@qu cable links the plate to a val ve which

cl oses the supply opening of a crucible heated to a
ferpesiant goaldn reqdsspresedeh 4t epreyde e dinginagthods to convert

gﬁ@ Ht Mto dﬁrt‘éﬂ?trfag) mﬁf?ﬁlg‘?&fvl&'s%g TRin hlﬂ?%la%?llsugrotr%lse to have

romagnet al ate to piv and
mvesT dasés a@hparedAN'mhmntrirmqn eblapoelter falls into the
crucible, then the plate and the valve are returned to

Thesethindiths ican, fofirktamed) bl prodeced b sheputieging process or by
di mensi ons _small er than those of the deposi tion

RHERQrRHPN Qéﬁpﬁ'QI: madernigls opto 8 sybskhite- A ¢%\X@UQH§ é/agléwafevaporation
éggw% %Pﬁ]epﬁlh%s%e%%s%ﬂpﬁatwﬂ&%% bbb?ﬂj%tggb el Yated moves within

rate urthernore desc
apfeuahushdmberc(tts #1880:060)bAtdegiositionheatzrial Irheartlcle form is stored

bR Tesesvol %&Sﬁﬁ'ﬁf e OReERED Y bind BRLIA GAPIS 17KS T Blfte o a
SHRELIRES cldE Jle@ saéplg(b%p Jrfb) of a EPLR:lb?é $k8Rd ®a tem perature for

dlstrlbutlng urt e rises a line source, ereil
ehepdratien ©b threcdeporitiarhmatenialt Axoatrobgeiee nremgdat least one

Bohint: ofofy: Bt antalBid Bl BarlBRAl aavantiy o

b@%éﬁf@l@dnt@%hé@@@lbl@uﬂférﬁ/th@fpl@tekh”meth@fmv@hré fetitned to closed
evaporators has al so been described (FR 2 456 144).

wnélt@Upmsyreﬁn witle agnesiubeving dimensiens smaller tarmtheosetdishe

Hgﬁ%% : uragéﬁ%l véarrtlrﬂﬁg rl}l’?[ gérue%?é Qr%ws Bsgéaegde gﬂhg%aﬁor only on

subsequent deposition onto the substrate.

Furthermore, there is described an apparatus for coating a substrate, wherein the
apparatus comprises an evaporation source and a system for distributing the
evaporated material onto the substrate (DE 102 24 908 A1). The system for
distributing further comprises a line source, wherein the line source and the
substrate can be moved relatively to each other.

A method for depositing semiconductor layers on a substrate for evaporation in
vacuum and by dosed supply of a base product in N evaporators has also been
described (FR 2 456 144). The supply of the product is periodically. Each of the N
evaporators is, one after another, heated up to a temperature lower than the
boiling temperature of the base product and is loaded with a dose which is
necessary for the continuous coating of the active portion of the evaporator and
which is sufficient for a complete vaporisation during time T until the next loading.
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boiling tenperature of the base product and is | oaded
Wi th a dose which is necessary for the continuous

waeoaviongef the active portion of the evapor at PCT/BPIH08/059102

which is sufficient for a conplgte vaporisation during
time T until the next |oading.One problem however,

Eihe ORI R S IS S SouSR G 5Ba cu 6 RIAPSr ey s that the
é@%%]%ﬁon Eah %a‘r&lg%‘%’ﬂﬂﬁge& Therma’% & 3bcHags. ihis %%edéfu%e the

hi's needs s ore, It 1s an object
ofatetiel hasdeoaool piivedtthismeeassssne tirtee probl em
nmenti oned above. The problemis solved according to
Therdfer, itrie anadbjedtaf the preBeat inveatibn tmsoletied prablem mentioned
relates to an apparatus for evaporating solid
RBPVE:i al s, for instance, seleni um for coating a
substrate. The solid nmaterial is brought into a first
&_F‘Qcﬂr@Wém/iSeﬁoéque@Qﬁ%@mngrt@%featwetsm@'@ﬁu%| bl e the
material nelts at a tenperature which is preferably
§hegrm\ter3tionitga@fonerraiates -0 aalalppagatpafoﬁevapbeetm sadid materials, for

r%iqe I alée eq %ﬁg%’l ?Qﬂ%@tg aglétgsg égﬁ %%Ilcgﬁ’ia\)\%{él ds prought into a first

BRICiIE dla 8 Veangearoatl IrhtHiS BRRIAE e nfatamd mélaat a te?mperature
boiling point and is transported to a substrate.

whigdy istrseteraly shghtbwaisbeathasntspnehing reivie Jﬁesm@thn ma’ﬁ@r ial flows
iraeef f‘rfaﬁ]%(yrtl% el ReORS nﬁ ah&é‘%’m%fﬂ)létlﬁt% a ?cl‘:‘(ﬂ% bpu%l gv\hﬁgre the

or CO0 he mat er i ts ne poin

afatem@@i/apbratbe at aaemperawmghugeer than iy bdﬂllmgp peint aod nmg
devi ce %Ee mat eri al ln t he transgortl ng devi ce .can

HaBpRRItefbia BEYBIFREC: INSOsT {9 AYPIHRRvapRratiopavihig I@o\fqry short time

i v,
bleTFrah LI oPq ARests, tolridfci et [ kodlfig e materia
beyamkis Mtirmepeinals arr avgesf aiathearampodvmnme.dﬁdith this cooling
aratus for solid materi.als wth substr to be .
ARAEEINe FraySia TS e RS e Viner et b RODIPE Ao bgond its
ﬁ{gpm{ggb@,ﬁt #C& QM SHbri ®mEI 9. 1 without the substrate.
[ shows a cut B-B through the apparatus according

tI'l;;le Fhentibn i§sHowd i E}gér/‘ﬁg &e@?&[}rﬁF&fé)lﬁﬂga @"?/rths T&R:ﬂﬂ/ \fj\g "Hescription.

he apparatus ac

aﬁ) ﬁfob/\ésv % p% eercﬂ}/ yeﬁg'{a‘?f\negy }Sﬁfag ngg‘uﬁ a%fs%o%%tg{hzapparatus for

Jtlics ratdasdls alith 2sulsstehte o peavaitgd.ate, is noved

Fig. 2 shows a view in direction of A of the apparatus according to Fig. 1 without
the substrate.

Fig. 3 shows a cut B-B through the apparatus according to Fig. 1.
Fig. 4 shows a part of another embodiment of the apparatus according to Fig. 1.

Fig. 1 shows a perspective general view of a vacuum evaporation apparatus 1 for
solid materials and a substrate 2. This substrate 2, e.g. a glass plate, is moved
relatively to the apparatus 1 in the direction 7 or 8, respectively. The apparatus 1
comprises a housing 3 having feet for a safe standing. In Fig. 1 only the feet 4, 5,
6 can be seen.

On top of the housing 3 a charging device 9 is arranged which has an upper part

10, a middle part 11 and a lower part 12. The middle part 11 is vacuum sealed and
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relatively to the apparatus 1 in the direction 7 or 8,
respectively. The apparatus 1 conprises a housing 3

whaownsbeet for a safe st andi ng In Fig. 1 onP@T/EP®08/059102

feet 4, 5, 6 can be seen. 3% of the housing 3 a
charglng device 9 is arranged i ch has an upper part

pitivida ChaGRG e Ll D56 LBBeT RO MegovaRIgd 13 i
éﬂan%de Phs 98 1t%WB@%m89%& iftQe @pb@ﬁﬁgﬁqlo%els‘ ® t;e?'pr*o%lded with

arranged. This |li1d 13 can be renoved upper part

$0|id1atatemﬁlbf@rp‘rab&m@38|elenmm solid material, for

i nstance sel enium However, before the upper part 10

Hewlavkel dibfore thesaipdr patt 10 isefilledivath saidesolidInvatedidl, ﬂwvalve 14
I ooded wit

bgg?c?gd se% ngﬁﬁhé :&gaé ar\;l1§ %tﬂﬁpg S H98s, q]gtalr or nltrogen

p
PR b S99 8, R B ol 00t s
the It 09 iisiesmowachandénesoppet pat &0 iisaprovideadewith tis soliematerial.
lid 13 is replaced and fastened and the upper part 10
Aftepvardgahedid 3 ia replaped andFhstened mnBitbe ubpeﬂ'bartljlme revacuated
art 10 can ow serve ajha reservoifr. for the solid

@eqqr‘gp nop\p WP i Fighdr ﬁgugpgr\p@rtl g%nawaﬁﬁrygﬁs&reservow for

(Fl g?érla"i“ comng fromthe upper part 10 can be
regul ate so that only a defined quantity of solid

VWhetrh'eaéha‘? 3@64}?4 k@g‘guar&ﬂgbf %@’ud Rﬁfté’rr i dohgﬁg%ﬂ?ﬁue upper

I nt er| ousi n
partri€ctarbé pegulptentp semtemlwaajeamted kqe:aotutypofrwlldlﬁmateaal passes

that a vacuum can be created |n the housing 3. The
Ky 014 betie oiaReP heEiniencl oMHhe PRpSAat us. 1
conprises furthernore a first and a second nounti ng
Fhaﬁ“@@lsm 3 isrconnestech® @ pPBYl systemnada aftubeer wire 15)f80 that a

RgIRBAL WSE: I\ReRPRISs | T BRI erRAOhBhown in Fig. 1.

pi pe een. PIPp€ ser
Tharppardtusf @mm&emrtmdhere & figpt amlt@secdrmemnsahtmg ﬂange 16,
mountin e 17 a third npunt

as etc. Onto the
g YaQQéh?L@p%S%ﬁ ﬁ@ﬁggdhwag'rpfﬁw g‘@”%‘ﬁ%’\'ﬁfﬂ@r {Be iPhe ?515 b%arranged
|
2flalicP ofhen  Eaf et o ek St B B frfispart ot pooling medie,
bap \Aaatelolthiemgaldndygaseem by its owmn, which is fixed to
the hol ding device 2 1 of the nounting flange 19.
Omes ehé mouhtihg rﬂelgelevna:&ﬁrdfmoummgmém 19% anbhgedigihich holds

gmgg(aggsat%%lpqgé 2(2)3VIaI 3 hsbllqcmg dleglclé 2g1 for hotldhlr?g ?ﬁ/ea \(/)ar;?otrgﬁon pipe 20.
The evaporation pipe 20 itself has a holding device 22 by its own, which is fixed to
the holding device 21 of the mounting flange 19. These two holding devices form a
holder 23. Although only one holder 23 is shown in Fig. 1, the evaporation pipe 20
can be fixed to the mounting flange 13 by more than one holder 23. However, due

to the weight of the evaporation pipe 20, the holder 23 can be omitted.

This evaporation pipe 20 is arranged on a device 24 in which a crucible for
evaporating the material is arranged, which cannot be seen in Fig. 1. The
evaporation pipe 20 furthermore has a lid 25 which is connected to the
evaporation pipe 20 via a ring 26, which is fastened by a fastener 27, e.g. a screw.

As illustrated in Fig. 1, the evaporation pipe 20 is fixed to the device 24 by a ring
28 which also comprises a fastener 29. The evaporation pipe 20 is arranged to the
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can be fixed to the nounting flange 13 by nore than
one hol der 23. However, due to the weight of the
werapotEss on pi pe 20, the hol der 23 can be o PCEEP2008/059102
This evaporation pipe 20 is arrgnged on a device 24 in
which a crucible for evaporating the material is
rran ch ca not be seen n Fi
89\35@ e SHCp A RED G NaPRoNdNRAPE2D AN ST leaye f by 2
oRcylsRorh 1 RY BPASRELEM p eozoamaﬁéarﬁwdt'b@%e%% Fig. 1.
'S f);gstenedr?% pé;dfasl,ten 7, I a Screw. 0 Fig.
t e [
| Xé%\/ @ ?Aﬂls ég)erf\ffegged%tﬁ) {)efotﬁ}é%’rpﬁgyf grBte'lcfé ?%r %Idlng a crucible
whighr is Sesargetlansidadne ABusiMheS eaappupet(imn p| pe 20 is
arranged to thedevice 24 in such a way that the vapor

Fly. Ohghawse vy fredirédtioy dfeautthietagharatudi saeddringao F|g 1 without
system of the evaporation pipe 20 which cannot be s

e sukptrate 2THhBe grapew@tion nu@e Brheing adanged (ping rmgnbmg flange 19
0 |
RO Hnet débe o?év%:ef %3(;) 8E|8 rﬁ%étgﬁ\e/{]‘ g& It ngi tﬁé‘?@y&%%& ﬁ}e fastener 29.

arrange e the

§he\m/aponat@w pipe QOrcwupbrmesdfolé‘s 88 to B8 fapplagea Iumeat distribution
hout the substrate

SViat a9, Biusnyihis? e AQoBs4mcavE [n6 e REORYARTIR20 and can
HGRCBbR o QESIE TR e, %YbSﬁd S h SABIERRRate to form

to it e ring st ener
edmporation pi pe 20 conprises holes 33 to 38 formng a
l'inear distribution system 39, through which the vapor

Aﬁmtlaaz\»tlarduw thezﬁmpramhtusn #iqoeding éamb .Clais gnpweh md»?ngrBIsThere the
t e su trat ,Tent evapo (0] enses on S
SRy 66 S5 Antes P Kol dD G 1es PRLBOgH. dhe upper part 10

$ﬁﬂ‘?/%§aats“aS tJoréﬁé RESHh e & QoIngﬂwatéﬂéISfo? néé‘s&bﬁiur’rﬁ 0Beol?w the

ere the chargi ng device unted on a wa
thargimngudevige 9 a sfmmgequmnlr]mm IS @reegedsn dse hossing Sgeaving a

t
BERo Miradeh B e Boleil! eofind BgBe csatainAciive 0 pan get into
grnﬁ@mg @ru(ﬁb@h@, housing 3 having a pipe 42 through
he material com ng fromthe chargi ng device 9

i Ollgg?hé o > & t%ln’léghqué“s' t%%og)? stifetfre B ﬁJPﬁgl. Furthermore,

e cont he bo structure o
buynipe 2 dRdra fmdeoﬂe are amnramgedlﬂn dmal irderficrenfehe #Buaing 3. This feeder

t h ' 3 . Thi : :
FhcRetslanch b Srapahies act & 4005t sunphdng the,pipe 42 with
g6Nd Fiatérd cOHPRG YoRtHeGoRidRecHtaiel B1sol i d materi al
comng fromthe storage container 4 1.

The melting crucible 43 is arranged within the device 31 for holding the crucible
43. The crucible 43 can be heated by thermal oil which is kept between two walls
44, 45 in an intermediate room 46. Instead of heating the crucible 43 by thermal
oil, it can also be heated by a resistance heater or an induction coil. On top of the
crucible 43 a hood 47 is provided. But when the cooling process is started, this
intermediate room 46 acts as quick shut down device for cooling, as it serves as a

pathway for a cooling medium, for instance water.

Fig. 3 shows furthermore the pipe 32 with an inner pipe 49 in that preferably a
resistance heater is arranged. The resistance heater is not shown in Fig. 3,
however. This pipe 32 connects the crucible 43 with a crucible 50. This crucible 50

contains molten material 64. In this crucible 50 a heater is arranged, preferably a
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The nmelting crucible 43 is arranged within the device
3 1 for holding the crucible 43. The crucible 43 can

wheoohoaiesl by thermal oil which is kept betweePCT/®P2008/059102

wal |l s 44, 45 in an internedi ategroom 46. |nstead of
heating the crucible 43 by thermal oil, it can also be

L L A T e T
Hﬁ%aﬁc&in's@ oPéﬁ%%??obr?atéh?étb?@erérﬁl'ﬁ dr@*rﬁ;FHTPed "I*Ne‘%nﬁé’ﬂ%e 49 is

acts as quick down dévi ce as it
sewroersd@dsba awldv\aMtfdmwradewoe |5ﬁgn @i ofrplpeerfon eanlimgdbe molten

wat furth . pi 32 with
(Rl if s pBer Ty iV FOFR e hisyid Biackis S Sape. these
E@lcﬂ@hﬁﬂaéﬂn d%ds%t%%@ﬁ@thh%@tf@falh%aﬂﬁ% @émm erg thermal oil.
however. Thi s Pe 32 connects the crucible 43

Whersha't devidevises Toridosiiog he Flokeaanaleriebinrtbepine &8 is arranged
gﬁ g@legﬁbfﬂggppc?h%,&{ ible 50 a heater is arranged,
reter

ares ance ater The i nner p| pe 49, the
[ 32.a cru es 50 a n_copsi st
i Bafsgwmea%%ﬁfor Bl RaranSa s, i§ i AESioRS around
th@@utepgaﬁs@thescr@w@god@ﬂ tBl o tEBIHEYiCE izuthd#daw? the crucible 50
devi ce 1 in formof pipes for cooling the nol

e evapgraiion pipe 40 isearzangadowever, when the heating

process takes place, these quick shut down devices act

%isae\{mohaw pipe 20 tarapiises adicstumereige S5BHwaving thei distribution
1 for , coo

|
RURiEm 0. Soviing o {rcsids YyisP e Ryt Eafivesifie apgpratus 1. The
Hrh%r Pipd 5315 Qﬁrr&ﬂnde@w BEleasivtie ﬁgmugéevm FR). @2thtaq.ﬁner pipe 53 is

cooling is arranged al'so in form of pipes around
sutrewnged by twe hta ®irget H% IEh anarepgenenhis %@wrbbr instance

ﬁfFl hZ%& rfgél.hﬁg gt 'il'lg% rﬁég é)?pz%gg gﬁdﬁ% éfe@éé’g pfq% e?nperature

heatig dewiee S0r baam@m & hesidiapite ineiatdroso siysttteavapPor in the interior 56
showi ng to the side where the substrate 2 passes the

apiheriphespipe StheannehEPNEePEe-53 i s surrounded by at
| east one half pipe. In Fig. 3 the inner pipe 53 is
Yurigodritiew isyshown & dividipg pesl B3whigh. is sgoneetgd to the wall 44 of the

SHBRETRE o T i B E VAP SR b imdiefol b o the
liguig enaterin poh eridethedsrutive 48 @6 haveapl effedt bﬁ&héhﬁﬁ@rﬁrolled
heater, so that the vapor in the interior 56 of th

CRRIEYD ‘bf tB@ “Q*aldc@ﬁkﬁfta' doigdiegion anthﬁl'@“er(p't)ﬁélge-rhg bar 69 and the
ar\‘/ﬁﬁ"ﬁ‘%ﬁla‘ﬂ ﬁéﬁ‘@ol’f@étj ofdfe WMahf miaferf? B8&AE SRLIdiIe YA for instance

an appropriate metal, graphite or ceramics.

To control the temperature in the apparatus 1, temperature measuring devices can
be applied, so that the temperature of the material in the crucibles 43, 50, the pipe
49 and the interior of the pipe 20 can be controlled. The temperature can therefore

be adapted to the temperature needed at every stage of the process.

When a coating process is started, the upper part 10 of the charging device 9 is
filled with the material used for coating the substrate 2. If the material is selenium,
it preferably has the form of granules.

By opening the charging valve 14, the material gets into the storage container 41
without breaking the vacuum. The charging valve 14 will be closed and the
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crucible 43 via a bar 69. This dividing wall 68
prevents material falling into the liquid material 65

WO papadeosbhe cruci ble 43 to have an effect on tPEI/EP2008/059102

uncontrol |l ed cooling of the liquid material in the
region of the inner pipe 49. The bar 69 and the

di vidin 68 can consi.st , of e, sane terja
Taleta iRl BRaranzpof@h trBeaees it BisPaips 420 bea Sventually fall
ﬁftém“é ERicHle 98 RS erut®I€ QBttHleét@ﬁalt@WféHt %Heecr'u'&uble 43

t he appar at us 1, t enperature neasuri ng devi cés can
Appihgedienyeeratuae viteh isempeerathandheimeltieg painéof tie $01|d material. In

he cruci bl es 43 th i pe 49 and the interior
IEeterl By e Bmmer e e B B Srabir it insh its meting
poet ef ope°ge adapted to the tenperature needed at
every stage of the process. Wien a coating process is

?ﬁ?lqg%ﬂw){ﬁﬂnﬁ%%f faqﬁﬁ'{gtl gé)th%fc PB%I&E@"CQN& ﬁﬁw‘fﬂo‘ﬂ@d Qyithe feeder

e materi a used for coatin
é&bwh'mtctarﬂoe rlfn ahtemmadically,ado that eeflaeatlumrpf thte filling amplitude in the

B ey okt M P A B usilY R Hel Lo S charging

@@ﬂbé'g’l@éwﬂ? ilhé’\hd hgh thQﬂ‘ft' fHeré f@a\é@éb!é%cﬂlh‘rﬂ througlhout the
charging valve 14 will be ciosed and thematerial w

phote piesesst ed by the feeder 48 to the pipe 42, to
then eventually fall into the crucible 43. In this
¥vhen thecheBinghwonessisi sidried thavimad njl romsetreowgh theeshlﬂ down

| i ch i.s. higher th h
JVRES 4P, BRAREGT. drdBiTich S* SR e 8dmetnganeabinrne
hifeli@ NP e bichIONkL Y, 5@5na¢n B i handd Ehfé’até@@? that thermal
its melting point of 221 C. The quantity of naterial

Pl ling into the crucible 43 can be controlled by the

feeder 48, which can be run automatically, so that a

Qacedhe matefialtgm ifiiol thémgucsihipl43 ihclemiotie heo tral di dangzass the pipe
, 50 is I.n the h ing 3 as well

48 3 carostiBlo e SuEbRD I S oSt ingte et is much

Rfghiet in br*b%rr@o conders DI AtatEatdY PUY N9 Bhsébes #MI, €e. vapor.

%rocess When the heating process is started t her mal

his vapes risks diighine firdedonet abthe enapocatiorpipexOlanrtheayes said pipe

thermal. qjl. . eat | i The .. .
s 15 e bty B8 Tats S Bine e oVl L Wiarection of
treNsfodttd 2ah eidétotdemleratoer BEr of that PiRaeriding thatwibsahte 2
got into the crucible 43 it is nolten, so that it can
passes the gnngssatus 1. The heater arranged at the inner pipe 53 hinders the
vapor to condense at the surface of the inner pipe 53 or in the holes of the

distribution system 39.

When the process is stopped the heaters are shut off and the quick shut down
devices 51, 52 for cooling are switched on, so that the cooling media, e.g. water,
thermal oil, gas, runs through these shut down devices 46, 51, 52 for cooling in
order to cool the material down. For a quick cooling of the molten material 64 in
the crucible 50, it is important that the crucible 50 does not comprise too much
molten material 64. Thus the volume of the crucible 50 is kept quite small
compared to the volume of the crucible 43.

It is important to cool the material in the crucibles 43, 50 down to a temperature
which lays beyond the melting point. After the material is cooled down, the cooling
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49 and can get into the crucible 50. In this crucible
50 the tenperature i s nmuch higher in order to convert

wo b@oloiiges d material 64 into its gaseous form PCT/8P2008/059102

vapor. This vapor rises into the interior 56 of the
evaporation pipe 20 and | eaves said pipe 20 via the

IR ctaad TG SEUhGoVa e vESs S bpaae Lol Bl down
e84 ’51057 CARind eI aRodalf Rl 4 RbGt daPRAGTIEN much

apparatus 1. The heater arranged at “the 1 nner p
loweteosnpdred va peat of the codléngsmedia.t he surface of the

i nner pipe 53 or in the holes of the distribution

Syedramg 8 aperatushie gismefiorsless, dazppedhé beapeation pige 20 can be

shut off and the quick shut d evices 5.1, 52 fo
B85 R iendas G Taeos R Afdeinisdne Aghaiit G, 17 can be
Perﬁové@&@"thatttﬁérrﬁghi?@'ési'sc%gntortb{féssi&l@é.ough these shut

down devi ces 46, , 52 tor cooling in order to cool

oL . : _
THErr FidihielafRe of e Aptafls £ ROASI%AY HERG, Il BRvices
tbmpcisa;cilhbreeéft?r d{u&ﬁ cmtplingmére&)hrepmelﬂmﬂclzmldaeralso be
mat eri al, 64. Thus the volunme of the crucible 50 is
RERRaNgRc QAo S BAYRY P60 Lhe 2PRRCAHNS o2 PRW process can be
§a‘r‘f‘e‘dtlﬁs‘~?ngg§-ne'v& %hé g‘iﬁ&?@ﬁt‘rﬂBEerFa‘Pfd‘rQHé chﬁn%BF dsal in
the crucibles 43, 50 down to a tenperatur Ich I ays

: [ j AL L Ord [
B8 B A brof o S0 PGPl BBl Plogments
Omel afthose $egm2nioistdnedngedgustraboveaive vabrd t41hs skgnisht
can be filled with air again, having a heat capacity
RAMPASING ARG HRler conpared to that of the cooling
nedia. Cleaning the apparatus is also effortless,

hoe sheeging eresadise & steregityeclosing de Malvedd ayd vemingthe upper
' i | an
RN A5 A0 ek R0 Rl 400 5 3R fyios

shalged witretref suliel material. clereaft@fthehie Hpisaepladed andsthe upper part
al so easy because all devices comrise clutches for
4RI RVRBIRIEE RY.2 RYBP LIS SEOWAHR Fie\A- Adtes the Rreassiss has been

i i I - :
EaTEnestaRaeln 1 LBbe L T8 I HEF DBRCk PRt RIIG 3 again
treet ealvall 4faan béhepemed.i ng process. The chargi ng device
9 can conprise a star feeder with for instance four

Begumiig theQstar ffedeh dse gl alts thsowyH thiegsskring bf thieowsdve 14 so
the valve 14, the se_grrent _ _
that it can get into the crucible 43 via the storage container 41. Afterwards the

valve 14 is closed again.

The charging device 9 can also comprise a cup charger having at least one cup.
This at least one cup can be canted like a crucible.

After the device 9 is closed by the lid 13, the valve 14 is closed and the upper part
10 is vented. The lid 13 is removed again and the at least one cup is filled with a
material. The lid is put on top of the device 9 again and the valve 14 is opened
after that the device 9 has been evacuated. Then the at least one cup is canted
and the material falls through the opening of the valve 14 into the storage
container 41 of the housing 3. From there it runs through the pipe 42 to finally

reach the crucible 43.
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conprising no material. The charging procedure is
started by closing the valve 14 and venting the upper

w@arw/01368 The |id 13 is then renoved from t hePdPEPIOS/@59102

and the upper part 10 is charged with the solid
material. Thereafter the |lid 13 is replaced and the

R R A R BB ek B
hBRtiHERRAr Bﬁﬂta H&s@g- g@ﬁr HRM iCehatgansadiae housi ng 3

agai n; “the valve 14 ¢ opened By turning the star

g\grféj‘gfhf rﬁ@hj{rb@%sg @létgrt%ci] rtﬂ? 98 V%LLPA'C fréﬁ ﬁ@ﬂ{&&ev,ce 9is

t/eretedt ﬂihagievmrﬁ &l then Ilﬂedl andfgiestedrtd s gitie. Vaé vieargdhg sasket is
e P B oo R AR AR e e
rHS Ik r
gg%é&g@g@gpﬁﬁgglg? @@ cﬁeh}fé’? 9519 tHE h%ls%n\gﬁévag '{H@I%Sewce 9 is pivoted

overstbe vate 1handpben ppauporlthe mlveﬁﬂeah_euemda id tHeh ewacuated
one ¢ p |

d fill 14 h
AFTHE R BheB0) v o o R IR FetTn b3
G BenielBarCaetn bR By becfel Erdes

canted and the material falls through the openl ng
Fiee 4\/%1% apartaféhe WWQ@EOUBﬁt&ﬂQ@é@tU& 113Qﬁ0r‘€“ﬁ§ t0 Fig. 3

PR} e el SORTk' RSHBunG YRR LG el fPoes's?, se, 5o

BOrf@rfnmngﬂhe shomunswseleaucgcﬂz for neoll@arrgagemrvihegdance 24.On top

r ar 101 In ear a a istin ar wth a ) )

bl avignatentt Hparuchie %0131@9 ogag%%ei%oh istafranged. This pipe
e .

30053 AR 80 SSRARE 601268 3 i which

tﬁeavaﬂowg:abldekm these\l/anwamn plm 2(hathe trecibées &@is camduded to the

sket . fi Th t.
FURTHIEdaie aimst bin A9 Sttypruadad By Bie Bltes PG 32 Aiip, as can be
386n ﬂ'ﬁl“lgcﬂ 91é §|E§'4m§%@lrr@\ﬁﬁﬂea 'B)? tHé“SH@t é&wﬁ'@:@oﬁrﬂfﬂeﬂ@é 51. The

upon the valve 14. The device i$§ then evacuated
cmnb}elwemmpbnfeaep@"etedﬁiomtthe Qimlblﬂ ) by e gige 491lso‘ormed out of

bR st Shalefialas iy ke RuFT BF Thakis 88 ARNEYES g Blhe 40 anc

ﬁ]dO@fut:lbDéés 504 3 oh0BefBimhe®but BRdifforRMt atateridlsaTEO PP and the
to
crumblgs 50, 43 preferably consist of graphite, ceramics or an appropriate metal.

As shown in Fig. 3 there can be seen the dividing wall 68 connected to the crucible
43 by the bar 69. The dividing wall 68 and the bar 69 can consist of the same
material as the crucible 43.

Again the liquid material 70, 65, for example selenium, in the two crucibles 50, 43
has approximately the same altitude due to the circumstance that the quantity of
the solid material can be controlled automatically via a computer by the valve 14,
not shown in Fig. 4, and the feeder 48, not shown in Fig. 4 either. However, the
volume of the crucible 50 is much smaller compared to that of the crucible 43.

Instead of the quick shut down devices 46, 51, 52 it is possible to arrange a screen
above the crucible 50 to prevent the vapor from leaving the evaporation pipe 20.

However, especially in the case when selenium is used as a material, it is hard to



drawmn to a larger scale. It shows the crucible 50
surrounded by pipes 57, 58, 59, 60 form ng the shut
waoelomn/otres ce 52 for cooling arranged in the deRCT/EPRMS/059102
On top of the device 24 with thg crucible 50 the
evaporation pipe 20 is arranged. This pipe 20 has the
| i near dlstrl ution s em 39 h VI op q 1, 62,
BEEVER SEISH UMM BRSSY10% SCRRN HERUSE RE 18 WERLYaR: ghessure.
81,86 aAarraerienahlIE naleits HEARRG EbARbISOI RCcGIMEIRbE
via the 1 nner pipe 49 surrounded Dy the outer pipe
?Eere&gm the abutmwmdemees] 4on5Fi 92 arg praferred.pe 49 is
surrounded by the shut down cooling device 5 1. The
cruci ble 43 which is separated fromthe crucible 50 by
the pipe 49 is fornmed out of the same material as the
pi pe 49 and the cruci ble 50. However, the pipe 49 and
the crucibles 50, 43 can be forned out of different
materials. The pipe 49 and the crucibles 50, 43
preferably consist of graphite, ceramcs or an
appropriate netal. As shown in Fig. 3 there can be
seen the dividing wall 68 connected to the crucible 43
by the bar 69. The dividing wall 68 and the bar 69 can
consi st of the same material as the crucible 43. Again
the liquid material 70, 65, for exanple selenium in
the two crucibles 50, 43 has approximately the sane
altitude due to the circunstance that the quantity of
the solid material can be controlled automatically via
a conputer by the valve 14, not shown in Fig. 4, and
the feeder 48, not shown in Fig. 4 either. However,
the volune of the crucible 50 is nuch snmaller conpared
to that of the crucible 43. Instead of the quick shut
down devices 46, 5 1, 52 it is possible to arrange a
screen above the crucible 50 to prevent the vapor from
| eavi ng the evaporation pipe 20. However, especially
in the case when seleniumis used as a material, it is
hard toprevent sel eniumfrom passing the screen
because of its high vapor pressure. Such an
arrangenent woul d have to be very conplex inits
construction. Therefore, the shut down devices 46, 5
1, 52 are preferred.C ains 1. Vacuum evaporati on
apparatus ( 1) for solid naterials conprising a
cruci ble (50) for evaporating at | east one materia
and conprising a distribution system (39) for
distributing the at | east one evaporated material onto
a substrate (2), the apparatus ( 1) conprising at
| east one neans (46, 52, 5 1) for cooling the at | east
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one material beyond its nelting point, characterized
in that a charging device (9) is arranged in the

wappanaises ( 1) so that the crucible (43) can PET/EP2008/059102

provided with the at |east 1one solid material. 2 .
Vacuum evapor ati on apparatus ( 1) according to claim
é characterized in that the apparatus ( 1 ) conprises
13iMSst crucible (43) for melting the at | east one
mat erial and a second crucible (50) for evaporatin
fl h¥agumeyeporiionnarRaTals. (13 for sphd MateaalgRaMaRitRg a crucible (50)

FRREERT e ARSHE SR g R BT o) o

distriudingrtheidtlleast 90 eviaporatéd mastenartomg adsubstratd ¢9) thet
V&CUUH] vaporatlon appar at us

SPRATAS | Hirarar S PLEPa oo thaaysi kG S2raT HPPepdling the at least
?h%%%}bﬁﬁ&%{ ondSite RN eF?b"t“o the at |east one means

or codling the a east one material . . Vacuum

gﬁg% 3?&?& |ﬁ?ﬁ§tr é‘EH? I%tgl%iﬁ\%g @fjl's ratn lbﬁ'tﬂ% géo%‘?us (1) so

racteri ze con

tirat aing eclidilge (418) edn be psdvided withahs at lia’é)st bne soti® Inmatgrial.
the at | east one material. 6 . Vacuum evaporation

apvatalmsevapblatRecaisiralist(@) atédramgliotdain 1, characterlzed in that
characterized in that the transporting device (

e apraratuso() WQWISBE@sﬂrsbﬁfelctbé%(@)(fgflmﬂmth@cﬁiI|¢aﬁld one
Hb‘%er’i‘& el ?ari?ts_e& accor gé(%) fgr Fvé@&%i‘frﬁﬁ\é@gﬂ QH Sk materlal

apparatu t Acteri Zed

BefaedymaERBKianhy %ﬁ@fr?a el ol 5d€€?r@8t?rgaed in that

the firdBemI¢iDI€ (APOE FbhABcteB RS tidé Yecdndlerudfit® (50)n8a baransporting
claim7, characterized in that the transporting system

davice (49) conprises a feeder (48). 9 . Vacuum
evaporation apparatus ( 1) according to claim1,
dh¥eagyrordvapdrationt apparatus (dhacmrd@gdto\ﬂlaims( 9pnd 2, characterized

! Ltag ﬁis% %@%é&g@%g\(s? er\fzj?nél 4&9 %‘pen'ad I Ct (9”:% rRE3NSs (46) for cooling
Hrasaeher dierhdtéridihat the cruci bl e (50) conprises a
heater. 11. Vacuum evaporati on apparatus ( 1)

39996@{1rﬂ%@%o%tﬁin’%;?paréhu%r(@z%@éoré% tobiAiiR 1 bRE 2, characterized
cruci bl e ( conprises a heater.
in that the second crucible (50) is arranged to the at least one means (52) for

cooling the at least one material.

6. Vacuum evaporation apparatus (1) according to claims 1 to 3, characterized in
that the transporting device (49) is arranged to the at least one means (51) for

cooling the at least one material.

7. Vacuum evaporation apparatus (1) according to claim 1, characterized in that
a transporting system (41, 42) is arranged between the crucible (43) and the
charging device (9).

8. Vacuum evaporation apparatus (1) according to claim 7, characterized in that
the transporting system (41, 42) comprises a feeder (48).

9. Vacuum evaporation apparatus (1) according to claim 1, characterized in that
the charging device (9) comprises a charging valve (14).
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12 . Vacuum evaporation apparatus ( 1) according to
claim 3, characterized in that the transporting device

W@ 4@p/ot@spri ses a heater. 13 . Vacuum evapor at POIYEP2008/059102

apparatus ( 1) according taiclaiml, characterized in
that the neans (51 , 52) for cooling the at |east one
es at | east one

ol E3aParaton Shnpsein S poadoRB bRl 2: shatistapized in that
o @Eﬁf@ﬁécﬁrdoﬁ%ée%éhéétewe means (51 , 52) for

cooli ng t |'east one material is a pipe system 15

gﬂ?g%%@Bgrﬁbﬁ er| ?\ﬁ gﬁcéorgiqu ?:frﬁelFH[ (ﬁ |zed in that

Mcmhmle/%&e:ommr)selsw helater.control I i ng system for
keeping the variation of the filling anplitude in the

¢pughtlen evbpordiidh @iparatlisi{i rH6tordimg. to\GkeikB) characterized in that
evaporation apparatus ( 1) according to clains 10, 11

fredtranspariing devieei(48HCerAPiisRe ahrateieat er is a
resistance heater. 17 . Vacuum evaporation apparatus (
13. Macwrievgpomtionzpparatusdihhaecardingeclaim 1 hehanagterized in that

UBEkRarhIsT ) ek e B s TSR R RRRL B aterst one
E)/ip@t(wteo)crum ble (43) is heated by thermal oil. 19 .
acuum evaporation apparatus ( 1) according to claim

14, VBéﬁtﬂﬁte?/bbéﬁéildnrbﬁdﬁétu% ¢ Q&cdr@ﬁ%tto%rﬁmﬁ SHatacterized in

sel enfum 20. Vacuum evapora I on apparat us

thatdhdinmeanso(Sdl, a2jrfor, cooling Hia at heaetjonmrrta’a@tlaltme ape system.

| east one neans (46, 52, 5 1) for cooling the at | east
06eVautenieakpataionssgppaestua 1 )aaomdmgftorcldiiHMéB agdthehatacterized

I~ GyatBE deeeng sbbend Sevalve RATBERER Rodkbiine RN ot eeping the

Oﬁﬁé‘t%r{ AftheRingarhplitLBE it &R ERBILES (43! 150l a?B%lnﬂﬁM\H\

devi ces.
16. Vacuum evaporation apparatus (1) according to claims 10, 11 and 12,

characterized in that the heater is a resistance heater.

17. Vacuum evaporation apparatus (1) according to claim 11, characterized in

that the heater is an inductor.

18. Vacuum evaporation apparatus (1) according to claim 11, characterized in
that the crucible (43) is heated by thermal oil.

19. Vacuum evaporation apparatus (1) according to claim 1, characterized in that

the at least one material is selenium.

20. Vacuum evaporation apparatus (1) according to claim 1, characterized in that
the at least one means (46, 52, 51) for cooling the at least one material also

serves as a means for heating the at least one material.

21. Vacuum evaporation apparatus (1) according to claim 1, characterized in that

the means (46, 52, 51) for cooling are quick shut down devices.



