SYSTEM ARCHI TECTURE AND METHOD FOR SOLAR PANEL
FORMATI ON BACKGROUND OF THE | NVENTI ON Field of the
wo paoeniszen [ 0001] Enbodi nents of the present | POEDB200M066372
generally relate to substrate processi ng apparatuses
and met hods such as apparatuses and net hods for flat
panel display processing (i.e. LCD, OLED, and ot her
SYSEEMPARCHITECTUWREAND! METHOD FOR SOILARPANELEFORMATION
processi ng, and sol ar panel processing. Description of
the Related Art [0002] ln depositing on |large area
MQFTH, INVENT, | displays, solar cells,

. etc, ubstrate throughput can be a chall enge.
F'ﬁé’ﬁé”l’%i’é‘,"*@l‘%’?e is a need for an inproved apparat us

o1 ALY, A B b e, sobsr

proeppeingt apspdratusber mdgnstabds fuehehs dppanatusdopgti methods for flat
silicon, p-doped silicon, intrinsic anmorphous silicon

pang| Fispiay ineressng (iR riysPaALEe and atker ypra P f1atiRanad displays),
' t : | oad
sern e R et Ay, ERTBOIEP Bandl b EaNng . | “hen

multiple clusters are used, at |east one buffer
Destrption ofghelRelptextAnt bet ween the clusters. A
plurality of processing chanbers are attached to the
[0092] ans iR deppaitibgon lpogalea auksimtesrbiorli Helnpanel displayssrsolar cells,

t\0 t s disclo The :
och? S EPRER i Sal! 6L B nBE ARG, Yl 5 @ noca or an
improads bppaciasrhnd snethog. or nore buffer chambers coupl ed

bet ween adj acent si x-sided transfer chanbers, one or

nore p-doped silicon deposition chanbers coupled to
EHE &mﬁﬂé&ansfer chanbers, one or nore
SU i i on chanbers coupled to one of
e six-sided transfer chamhers, and a pluyrality, of
ool TEecbErPT LRI CRmmlars & Baickd afippparatus for
foring abidryp&ielsi fromi Hefbpcdanniten, phdsHwry silicbhe imwiAbier amorphous

~of Intrinsic silicon deposition chanbers is greater
siligaim ranch intrngip gpicspcrgstadipedsiicon dsing apelyster daok hdimgeelyster tool

cof 5 BUEBS R RBR el LA BRI P P ERGT B whon

muftipleTelustons e liedd) at ldasicdws bdffer chamber may be present between the

clusters. A plurality of processing chambers are attached to the transfer chamber.

[0004] In one embodiment, a cluster tool arrangement is disclosed. The cluster
tool arrangement comprises a plurality of six-sided transfer chambers, one or more
buffer chambers coupled between adjacent six-sided transfer chambers, one or
more p-doped silicon deposition chambers coupled to one of the six-sided transfer
chambers, one or more n-doped silicon deposition chambers coupled to one of the
six-sided transfer chambers, and a plurality of intrinsic silicon deposition chambers
coupled to the plurality of six-sided transfer chambers. The number of intrinsic
silicon deposition chambers is greater than the number of p-doped silicon deposition

chambers and the number of n-doped silicon deposition chambers combined.



The nethod conprises (a) disposing a first substrate
in a p-doped silicon deposition chanber and depositing
wa2@7dogeszl silicon |ayer on the first substrateCT/(83007/066372
transferring the first substrate to a first intrinsic
silicon deposition chanber and depositing an intrinsic
silicon |ayer on the p-doped silicon [ayer on the
[00bs]r st 1aUAsdthet emHodimehs RO FINGsttuG 8RO fshnfitidat matikbd & disclosed.
t he p-doped silicon dep05|t|on chanber and depositing
Thg ﬁédpomnrw@ér(a) agﬁ@psm 3 fiest sbstiatesiniss Pragred giligon deposition
r S f
chiihBBF 1B eBstE 5E0R0A SRS AU drtrE RIS ate. (B) gnefering
the fitstisubistrats to @ofirsh axylansmnsmdftm degogitidn sihaintlsey &y elepositing an
on. th se ond substrat e, 03|t|n i ntrinsi . .
'”t%”ff'?é ?Wé spaeﬁgt@og Y F'%‘yéfrst sHPstrle, ?C) disposing
a s%%%ﬁads%é%ié # %@P%ﬂéonglllééﬁndle 88t H%Hén%ér%ﬁd“%epositing a p-
deposition of the intrinsic sil a er on e
dope@lemedn dayearconthieasemondrsubstrate, r(d) transfemrag the sﬁ@)ond substrate to
a third substrate in the
a SaRBE B cioner R anc i ok 8L e i FBgie sicon fayer
n|tﬂée|5 depet Naliddw Iéi/e‘ilﬂ?ﬂﬁ@ts@coﬁtﬂ )su’b%ﬁfﬁﬁéC &hEI débdsltthg an intrinsic

hird substrate to a third intrinsic silicon
Slll@@pdgyeﬁ an dhanpeiopgdd Sdl@pnsiavehgorarthensewm cubistratep roccurring

R R N e

layen dnhehepfiekp pRbstratd, @) digpding®a tHiel bbbétf’atéuhsﬂwbab%oped silicon
occurring simul t aneous] y with the depositing

demﬁm%§h%m§pr PBEAapayEingon Prdepeg-silgeadiayer pe é!ne nfapdasubstrate (f)
& f
tra@%ﬁt’i}fgat e i npq %gBéﬁé{é ed s%rdgléﬁ Jfogglct% Poné%%&rf)on chamber and
demsit:m@mmumrlmglca sprcdgptayemd)m ctbe bacjwedogllbba fayer tdn the third
substr trans errln Irst substrate_to an
SUW?tFﬁS%’e esd?ﬂ%&lﬁ‘%%’bﬁﬁ?”ﬁ'%ﬁ ﬁ%\(ﬁr Qih@‘edé QE?WSH@C’QHaYer on the
third Qﬂﬁ?@%ébbét‘ﬁﬂﬂ |s"ﬁ¥ﬁftaﬁ’ébd§(}?(\ht§1ttﬁé'b%' sﬁlh tﬁantlrlﬁéfi%rsmcon layer
on the first su strate ran err
on f iner pkdtmﬂ:dstﬂla:be tayefhmfﬂ”lessecmtdlsu@stra’@l I(g)odlsposmg a fourth

o b AR S YN H s o
&Iléélbféyéabﬁ thB%Lﬁ% Qﬁ@QPétBTtrg\ﬂr%fJﬂﬁg %Wé‘ﬂ@%b[sﬂ'g&ﬁﬂo §‘P n-doped
that the manner in whi ch the above recited features of

siligare dgpesitian chamreriand daposiingisaen-sioped dilicoielager onadhe intrinsic

ané%nT%gg? ?B &ﬁgk@%} esqj%%grr egta{rﬁf gi) %§$$§Fr5@eﬁ8goyﬂh stL)er'sFrfa4ey to the first

intrirgio dilioem depositon cﬁémﬁér@md depositing an intrinsic silicon layer on the p-

doped silicon layer on the fourth substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.



are illustrated in the appended drawings. It is to be
not ed, however, that the appended drawings illustrate
wo@rioy/1182pt cal enbodi nents of this invention anBCHEIS2007/066372
therefore not to be considered limting of its scope,
for the invention may admt to other equally effective
enbodi nents. [0007] Figure 1 is a single cluster tool
[000f] t heFignrestist a simgéntiueter toHI0A3he brapsnt irdensioa. doubl e
cluster tool of the present invention. [0009] Figures

3-5 are triple ¢luster tools of.the present invention.
IOOP‘HOlO]Fe'g‘i" uf 52 gaukle %‘r’%eEFQ%PLFhG( ESENLNVEREOHr esent
i nvention. DETAILED DESCRI PTI ON [0011] The present

[oobgl?/entmg@re@%ss I @5pl8 cTR:EOBoRNGK tRERAE St Sndetiohor M ng

sol ar panels using a cluster tool. The cluster tool
conprises at | east one |oad | ock chanber and at [ east
[00#fe t rHades S Ahanyerclusipetpolnpt thel presenidoeentiai: e used,
at | east one buffer chanber may be present between the
clusters. A plurality of processing chanbers are

DEAAIRERSESEHIPSIONansf er chamber. As few as five and
Tmﬁﬂmn processi ng chanbers can be present
[ooM1t hi MMHAEregbHEieENiiGPHesdiRsSP hifthORBRH dPpvr&as oF BRHing solar
from n-doped silicon, EI_;?]-doped silicon, intrinsic
en

papgisr ytioa 2 slustenioolan clusieti loohicompiogst al lleast one load lock

cndgbbf Bl adedLot Bist R e - RURh Bubdf| ik are used, at
least Rpleebiffdt chambepmap! sy ppas@it. bdtieebhtBelusiés. a A plurality of
single |l oad | ock chanber 102 and a single transfer

pragggpiperchemersare alighad to ke transtarehamemefs dew a9 fiee and as
: : of
ma@&%sfgﬁﬁ%%oﬁmslfng élr%ﬁn?érg &ﬂ?bS'BhQQéW@?.ﬁl the l{SI'[%Ih ?ool. The

con ure 0 nmake a 'single j unc
soleacpanelooess lhaivbeed 1Gbnt an-dbpeds isiliceac hpldaped Gilicen, intrinsic

p-doped silicon, intrinsic siljcon, and n-doped
aQOqng’érﬁ".'quhaQ d‘?tﬁaﬁ'céﬁ%‘a@fﬁ%‘ﬁl“,”et%'tﬁo@l- uster tool

configured to neke a single PIN junction, one process
[ooﬁanb%glﬂi@41 HOWEEROSIhle! BRIsRsrdRBed 08! tHaf XA B¥&lised to form an

ree process chanbers~104 can deposit the intrinsic
amerphatsnsilicgresingienBIN iengiioncssiar panetbefha chamdber depas single load

ook el0 88 S S b Broa LS 1 S ol R RS ranster
cha&fBePARUBVE btdce8Bing draireb&tsN 04/Nfi bR chb@limianef the cluster tool
configured to make a single PIN junction, each process chamber 104 can deposit
each layer (i.e., p-doped silicon, intrinsic silicon, and n-doped silicon). In another
embodiment, the cluster tool configured to make a single PIN junction, one process
chamber 104 can deposit the p-doped silicon layer, three process chambers 104
can deposit the intrinsic silicon layer, and one process chamber 104 can deposit the
n-doped silicon layer. The single cluster tool can process about 18 substrates per

hour when forming an amorphous silicon single PIN junction solar panel.

[0013] In another embodiment, the single cluster tool 100 can be configured to
make crystalline silicon on glass. One process chamber 104 can be configured to

deposit the n-doped silicon layer and one process chambers 104 can be configured



[0013] In another enbodi ment, the single cluster too
100 can be configured to make crystalline silicon on
w@b@sa1828ne process chanmber 104 can be confi guP€mUSIN0O7/066372
deposit the n-doped silicon |layer and one process
chanbers 104 can be configuredto deposit the p-doped
silicon |ayer. Three process chanbers 104 can be used
to Uﬁgdﬁpﬂ&! b-ddpedSiileor] Ryer.. THI&d proddssadiirhiesrs 104 can be used to
enmbodi nent, the single cluster tool 100 can be
depegit theuP®b 12¥8f orm a doubl e PIN junction cell. In one
enbodi nent of the cluster tool 100 configured to nake
e d j j s :
0187 ORIt BE R, e sindié CloRe (6 108 Rt citfigured to
forrmta idusibte &bir phretisnscéll.com loage embadinerid opeties clustayntool 100

coufielitpcos e g TINLENE!S! RefluRath FoEsd champer 104 can

dePbSIEBaEN WRTES., PoRNSIHERP fyer ! iffindicaRRFHITS &ifson layer, and
ePayer, one procesias CFSI"?gﬁn%Ier 103&£aln :jebosit?kt)he n_dopnegyer an

n-dadeidcsilicaralager). dmanothesembatdimest ohtivedusten ol canfigured to make

deposi t ~tdhe intrinsic_ anmorphous silico ayer., [00
e8GR’ 5yl 3l BrGeREroTmbS2a8 R dghaeibie pdoped
silivs® dayer, bAe PrateTBNARBES 104 |dap0deBINAINY HdbEE silicon layer, and
junction. The cluster tool has two transfer chanbers

three processghtasmbers diMdcgamdepasd the dnrinsie amerpbpes silicon layer.
chanbers 212, a |l oad | ock chanmber 202, and an unl oad

ck e I i Lind 1
oo e, FBERCP s, 3 AORIE el S0d7208 Mt Edh BRTBIEH to form an
amaiphéusorsilicopr BHEBEN rtgaub‘h@r]'bﬂctiobnTheTlagdd:ItJi;tenitblol has ;tjwo transfer
rocessing ch er that would be used is |i y to be
Ch%’ﬁ‘ Pht ii‘ﬁs?cb@{’?rgr D%ers?(l"? OSHVRRIb &G ﬁriaaﬁlee ers 212, a load
onbh r j kage ;
oo By pOR Bl B bR 1S TRanId o3 O OR o i iR possible to
rerpevé dheruntpadhieckrah@esseri 2110 hedsreqlasecik withaan taglditonahgrocessing

ongRhe; e ARdifEEL PA s rimbeoinal s Be. Rk Rl to be an
intdfsic SHidrpHOGs 560 UBBbsitibAthhRIbet N THIRNralRl Zhe Bro@idintPchamber

an addi ti1onal chanber to deposit the sl|owest ]
thadeposid ireglacaydie loadstockt ehaabir oyouldy bise a qargeessing chamber

pe%fg%ﬁé ﬁ%gpf#é%eih {h%o:gﬁalggti](?J 6?5&2%%6%%%2“10%? tﬂﬁg.d b?ocessing

m cronor

ch&inbbro 2041 surethysoed of fite tdnsfcHamiise®) Zr2 bind| auditighal process
enbodi nent of the cluster tool 200 configured to make

chambersy BPP sugioupdriherstber trangigs ichampeassa12. By adding an additional
chamber to deposit the slowest depositing layer, substrate backlog may be reduced.

[0016] The cluster tool 200 of Figure 2 can be used to form a hybrid micromorph
cell or amorphous silicon/microcrystalline silicon tandem cell. In one embodiment of
the cluster tool 200 configured to make the hybrid or tandem cell, each process
chamber 204, 208 can deposit each layer (i.e., p-doped silicon layer, intrinsic
amorphous silicon layer, intrinsic microcrystalline silicon layer, and n-doped silicon
layer). In another embodiment of the cluster tool 200 configured to make the hybrid
or tandem cell, one process chamber 204 can deposit the p-doped silicon layer, one

process chamber 204 can deposit the n-doped silicon layer, two process chambers
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chanber 204, 208 can deposit each |layer (i.e., p-doped
silicon layer, intrinsic anorphous silicon |ayer,

WO paoritnRsz ni crocrystalline silicon |ayer, andrer/udsmetdose372
silicon layer). In another enbodi ment of the cluster
tool 200 configured to make the hybrid or tandem cell
one process chanber 204 can deposit the p-doped

204 ddrc @epbay ehe Pt eERGHhohadIRion2 e atndefposidr itk process
n-doped silicon |ayer, two process chanbers204 can

charepeks 208 pan deppsihBieciniisigRitrecysiallingnsilicgrelayeand
four or five process chanbers 208 can deposit the
jAtri nsy ' | dei Il : r E :
00 ik IR A B RMTR o b oI P NN il junction. the
dojilactluster tobkenmdyubaee chrest prddpeal sitregn epesitioneehambers, two n-
-doped silicon deposition ch ers, .two. ndoped -
dofeq RN qHeRETHorb nabrser 819 Anipa, Af detiojntitatls amorphous silicon
depdNition HanMBts Ph AN SasdthbE WmBEHATENE BRe CHRIBRBHS silitdh deposition
anot her enbodi ment, one p-doped silicon deposition o
charhbebepne onglopedopiidori depesitiate mheimbieyn artsasbergr aeven intrinsic
six or seven intri.nsic amyphous silicon deposjtio
amplis: STIEPD SPRAwHEn “HHNbRFo LR JUESFEr ¢ 0S afneviiehng for the
amdrphei@NsifEOPIPINSIN I RibIg fgidtieR wsihg® dodisleldigstel 64165 about 18
tool is about 18 substrates per hour. [0018] Figure 3

subsienigs aer hear triple cluster tool 300 that can be
used to deposit an anorphous silicon/mcrocrystalline

o0, o0 BTSN IAL S T 0Pl bR,y o copost

an lamackphoak s’ilﬁlﬂzn/mgmon%@eraumeasiﬁemn $?r4derurﬂ;]lle mtfblaljamction. By

. and any buffer chanmbers 306 are along t sane | i near

inegy e{usterigol. 300 By 15 Wfersigochies maan, M el GaR loparti2, transfer
h i1 -l 0SS I

e SHALOYRRA ol S1E0Shihey nde BOM AL A2o8 LPEbAS tre samo

lingarqdasas.i nigie: hlasterrtoolTAR0 dudi an onkladplock edwimizer Gkyiadthough it is

ook e S b SR 7 g3 o scens
processing! dnambée ATHRCaaaiibHaKc prsdeesinghatarBel thdteRb@ieiebe used is
the | oad | ock chanber woul d be a processi ng chanber

likehe ta benam dntrinsicpnistedrysiainensilieery depesitiom ghamiless Gererally, the

orefBSkinb! BrepfEP, 6 ORE BRAERSIE 0 | BPTLhAERE; gpauie be
prockssing aHanoleet b@lttdfrnﬂhﬁifh@rpr%ésé $n tite Bequentadiest 1ked the most
rocessi ng .chanber, the processi ng chamber

timge neeaintyngie migrqchystaline silierarlayenyistusugily, Qﬂeng%west layer to form.
Theretfore, if the unload lock chamber 312 is to be replaced by a processing
chamber, the processing chamber may generally be an intrinsic microcrystalline
silicon deposition chamber. By adding an additional chamber to deposit the slowest
depositing layer, substrate backlog may be reduced. The cluster tool, when in a
straight line form that is shown in Figures 3 and 4, may be about 22000 mm long
and about 11000 mm wide for a substrate that is 1950 mm x 2250 mm, in one

embodiment (See Figure 4).

[0019] Three transfer chambers 314 are present that are surrounded by

processing chambers 304, 308, 310. Two buffer chambers 306 are also present



silicon deposition chanber. By adding an additional

chanber to deposit the slowest depositing |ayer,
wanstiiase backl og may be reduced. The cl ust er P€DUB2007/066372

when in a straight line formthat is shown in Figures

3 and 4, may be about 22000 mm | ong and about 11000 mm

wi de for a substrate that is 1950 mm x 2250 mm in one

bevdeditie tudt&ee FA dsufferdgharhB8d Fo6T iy Q)%t\hé@(ﬂ&ﬁéfflrst and second
chanbers 314 are present .that are surrounded

cluptese.cans a§UlRRABRNESE3U6 isspresent betwrgs ersasontaneibird cluster.

306 are al so presentbetween the clusters. A buffer

[oogtﬂ el"hé@ﬁsl'e? t@&té’wgfoﬁ'@%ré Bl n BOY éﬁ GQRGng Iﬁ\‘ﬁ}b‘?fdsm icromorph

a buffer chanber 671's present etvveen t he "'sec
celhadaﬁimmmbusl $Jh¢cm/m|c§r00%1alﬂ'r‘rcesmbmtemdam)cbll 30 ooé embodiment of

d f ybrid h
theo Rl 156 300 FarfEEiod e Brks dna bk & Fandn foagépen process
ch&fibbr 308, 908, $T®edhPosti eddtelaGbHELEr pIdQﬂJed3§ﬂcon layer, intrinsic

configured to nmake the hybrid or tandem cell, each
amrmsmmnmersmnnsa@&mcmysiaMa eﬁplmnt Iaga[; randapetoped silicon

i SRR A S 300 BB nake e ybri

or fanidem call®ne- stopess shameen 303%eh) deddsitaRe phes CFed S|I|con layer, one
enbodi nent of the cluster tool 300 configured to nake

procges ighpmber $04 cateapesit the aropsdotiicon labariieio Iogsessshambers

30%8:%?\58% ) %ﬁﬁ Sérlg %Jsa iﬂf:on 9ﬁerpragﬁe§§hF I?)?'mﬁé process

can deposit Icon process

charhbeie308, 330 eandelspiisthe mtlmasicnhrdrmygtaﬂiﬂi@rsmiwmsla er.
silicon Iayer and ei ght or nine process chanbers 308,

310 c OSi trinsi ocrystal line si
007 dyer 1ecgbsier o 2B0ud Fiptic S can e e dtiogar BdaupleaN junction
celUSpAch® efn?dd'ﬁlﬁeﬁPHp}hee ahg'tér%flt 3@6‘ cofi éurehr{o §ke theLdouble PIN
enbodi ment of t cluster tool 300 configure

junctien aell:begchDMqasoadthamnbefeJ}M 308310 oaewpolamdwh layer (i.e., p-

304,..308, 310. h
dosd g Jayge, ntihig ERETbhafiS Siinad iiar pad in-aS5Rr Shigon taven.

andth8pP ResbSdineRP df | tA¥ eEllistel todNBbbeEorftieRst 18 haRé theedouble PIN
cluster tool 300 configured to nmake the double PIN

junpiiere cebnore Procassecharees 304 kanbde p&it4theaprdeppdsiiliconhlayer, one

progegg pcﬁ%r{?r#]ér' 5851 (!a"ﬁy% :I(s) ggrﬁg lrrg )‘(}igﬁgd ﬂ@d&?\er‘l‘ay%?‘l gﬁgvteelq or eleven
propess eﬁambbeenm 53039131 03(%1 déddsitahs ideipsii dmbipous silicon layer.
intrinsic anorphous silicon layer. [0022] Figure 4

shows triple cluster tool 400 that has a | oad | ock
[0022} arrbé:a guig# shows a tnp[e cluster tool 400 that has a load lock chamber 402,
process chambers 404, 408, 410, buffer chambers 406, transfer chambers 414, and

an unload lock chamber 412.

[0023] The cluster tool 400 of Figure 4 can be used to form a hybrid micromorph
cell or amorphous silicon/microcrystalline silicon tandem cell. In one embodiment of
the cluster tool 400 configured to make the hybrid or tandem cell, each process
chamber 404, 408, 410 can deposit each layer (i.e., p-doped silicon layer, intrinsic
amorphous silicon layer, intrinsic microcrystalline silicoh layer, and n-doped silicon
layer). In another embodiment of the cluster tool 400 configured to make the hybrid

or tandem cell, one process chamber 404 can deposit the p-doped silicon layer, one
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process chanbers 404, 408, 410, buffer chanbers 406,
transfer chanbers 414, and an unl oad | ock chanber 412.

wQ 0®23])823he cluster tool 400 of Figure 4 can beCT/ESZOT/@66372
forma hybrid mcronorph cell or anorphous
silicon/mcrocrystalline silicon tandemcell. In one
enbodi nent of the cluster tool 400 configured to nake

prdcees kvbisbr a4t @il eepsst the Bafpelr AR¥SIagBATAR! prddss chambers

408, 410 can deposit each layer (i.e., p- doped S|I|con
404 gpexr depogit thesindringisr ynemhalsl pideen llaygst andnelghhgrcmne process

on R 408 Al o g R Bl R AR ES o,

configured to nake the hybrid or tandemcell, one
[oomocesTmecﬂasﬂeetomMOQﬁangw@os can ttieajsedjt@uednsa meﬂe PIN junction

eprocess er 404 can depgosit the n-dope
Ce'L N 86% earra@gfmeﬂm Breoe'e%eraﬁa'n‘b%q sonfptred o dBpiR f"{)e gOUb'e PIN
junkfisn-icBilr &S Emﬁd@%%%ﬁbé‘ A04 0408 Ay caﬁ”b(ép%b@ Nachrlayer (ie., p-

ni ne process mbers 408, 410 can deposit
dope silingin dayarpmﬂrgvcsamdrpheuss siliconhayeryand r{dxm siliben layer). In
ust er

anGhiE EE e Puh e tenc st (Sl e lBuEsHh B kgl PIN junction
celf | dHd Bfock8®|chARbet A4 84t @ pbSit IR - G%Zé&@iﬁ@bﬁ lﬂé)" one process

junction cell, each process chanber 408, 410 can
charepes 404ceah deppsit the. e dOp@doplbdomlayeforaﬂdam or eleven process

ond54, AEDRASHR o 8 i R SR

configured to nmake the double PIN junction cell, one

[0025] O C e Shecthipieoelusth4osladandepesss abbat P4 dopettatis! archour in forming
| ayer, one process chanber 404 can deposit the n-doped
thesamoaahpqs&\%ison/aw OP%"%W”%ISQVQH @née%goehl&nb@paom@@lar panel.

ﬁ\%‘/%er %Bogao%gﬁoﬁlﬁoﬁ hlﬁ Pto‘ve{a5§h|8naﬁﬁa POQLs |r°|‘t'nh§i‘é°§lllcon layer

e trlple | uster tool can process
depdmitian, 1He shsbes ae purgeddor abbodtd306 sepanks. anor phous
silicon/mcrocrystalline silicon tandem doubl e

wotdlycr Faa TR dneaciins Abifdpel 0t L A3k 4R look chamber

50@'%@%& URBad b eharBer 512r Gl‘rféulb%%&@(:h%BHF 5@Q%nd unload lock
seconds. [002 GI%qure shows a linear triple cluster

charplpgr matawsmg obchayabletso ok sitgersiot cBambern s aighamber that has

on 2S5 BRRRRS 34353 BF Sy REREEy P Wlocessin

clustengéviingiert hignmbempirised Gm&mbafed&@bnfaﬁﬁedDMW@Hme processing
sl ot that opens to the processi ng cl uster environnent.
charplgens 4 $98,§10, transfer chambers 514, load lock chambers 502, 512, and

buffer chambers 506.

[0027] The buffer chambers 506 are dual slot chambers. Each slot opens to a
transfer chamber 514. The transfer robot that is contained within the transfer
chamber 514 is a dual arm vacuum robot or a single arm vacuum robot. The
transfer chamber 514 is under vacuum; therefore the robot is a vacuum robot. The
robot has two arms that are used to grasp and support the substrate as it is moved

from chamber to chamber.



cluster environnment is conprised of all areas

contained within the processi ng chanbers 504, 508,
woi®71i2ansf er chanbers 514, | oad | ock chanber BCB082007/066372

512, and buffer chanbers 506. [0027] The buffer

chanbers 506 are dual slot chanbers. Each sl ot opens

to a transfer chanber 514. The transfer robot that is

[oog@)Nt ai WaHinWhthiahstecHanathers 61 4¢ ivarhstiot Mdly ictate a?btﬁlt the center of
arm vacuum r obot or a single arm vacuum robot.

the, egraber dharpbpt 8mms ican mdend wédbmawmpba@heﬁ%to place and
rerﬁB\l?é)t Slb?tréﬁ%cu%ﬁdl'f)%?ttheTH%rﬁﬁ%%t hg éﬂ@ ﬁ{eﬁmfaisgétthe transfer
(0] or rate as

use grasp an e su s
chambed 51 4oerlaamb®Ueb03mbanbe)V[D LOb28tansfemcharhber 514 may operate
rotate about t

transfer chanbers 514, the robot
at @eﬁf"%‘? RIPSsHE e{]&beal@ RE- rS/MB?ng%ﬁsp'@&ﬁS%&Ee%th% is a PVD
chér‘ﬂ%eﬁdﬂpécﬁﬁﬁsféh%’%ﬁ{b%rt@i@'n@@f o@%ﬁatéeéioé eo%esg“b%tsh?é ®f about 1
ot that faces th

e chambers has a
mTaransTkee tnﬂmﬁtxeharﬁber 506ecan Heveeposlitt valwe i for Matiomao prevent

t.ransf.er rrber ma ate at .a base pres
coBTRABN GEWoSh eV P& U H AR LR 4ES BYb suftound the
clusharthaisfert Gﬁ’arﬁbéﬂﬂﬂr IBhadpen s'?tluéhﬂﬁ)’oﬁ@%ﬁ 3hE Aistérs would have
base pressure of about 1 nmflorr. The fer chanber 506

PV&hdem@oraasmetnqimrv\@oclldrha\@ocyﬂ dapwmm elfegntly CVD or only PVD

ARSI LR P G R B R SRB B Sl A eSent i e

buﬁé&&h@nﬁeﬁ 506. Qe BUTRerfhanfferad06s E & grcwwé dcﬁ@é’ﬁeﬁ’Mﬂb or cooling
deposi tion and_anot her woul d have deposition.

to dheyskkabraie. onle A phalas@epeW%r%u ape halign Hee substrate to
co h@ﬁ%&?ffbpgbtﬁsthég ;bo%ggﬁwl h |a¥?aﬂ%% uﬁgg @g@ﬂétrétg transferring.

Therroba;tdeagcttalveethb@anntyngo mtam)abomhearadmmmﬁbatm4 and extend
cha 506 .can al so align the substrate t

. h
intq d FHERT GOBOANG FEeCsSRinS BBaTPRES SOM SD8, 0. chhS sobg can also

o%ﬁh'&%%ldﬂ%kféﬁe transferring. The robot nmay have the
m ity to rolt ate about the transfer chanber 514 and

extend into the buffer 506 and processing chanbers
[00z9)4, HO® cleser tqlbidi(}(bofolfigceeﬁaia@obemeed iten fcormaa hybrid micromorph

celﬁgﬁa@g)?@iogt% ?Ih %g#rggﬁﬁ USt %{I(&ﬁt}rgfﬁﬂd%ﬁrg Frﬁ)gr% %mEDodimem of
theBRIEEI5| 5001 EsHigiivéd Q@Wék@lthé bt om&hde@m%m each process
chai:rrel{)er 562 g(r)lg 5?1[1;)0 ?:annc?enptos?t each layer (i.e., p- doped silicon layer, intrinsic
amorphous silicon layer, intrinsic microcrystalline silicon layer, and n-doped silicon
layer). In another embodiment of the cluster tool 500 configured to make the hybrid
or tandem cell, one process chamber 504 can deposit the p-doped silicon layer, one
process chamber 504 can deposit the n-doped silicon layer, two process chambers
504 can deposit the intrinsic amorphous silicon layer, and eight or nine process

chambers 508, 510 can deposit the intrinsic microcrystalline silicon layer.

[0030] The cluster tool 500 of Figure 5 can be used to form a double PIN junction
cell. In one embodiment of the cluster tool 500 configured to make the double PIN
junction cell, each process chamber 504, 508, 510 can deposit each layer (i.e., p-

doped silicon layer, intrinsic amorphous silicon layer, and n-doped silicon layer). In
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the cluster tool 500 configured to make the hybrid or
tandem cel |, each process chanber 504, 508, 510 can
walepadig2seach | ayer (i.e., p-doped silicon | ayreT/US2007/066372
intrinsic anmorphous silicon |ayer, intrinsic
m crocrystalline silicon |ayer, and n-doped silicon
| ayer). I n another enbodi nent of the cluster tool 500
an6ihBf iegntitiment hkRet dgstey hobld500 dantidared e@blmakd@ahe double PIN
process chanber 504 can de805|t t he p-doped silicon
Junpta%.ce"o%e Presassscharbeed s@m&ﬁp%tp@@. R-dpped siligepelayer, one
pro%ﬁ C&{érﬁ@éfeém LR, EE&SS?%&%[YB&& SfbrC eqeﬁﬂa'lten or eleven
t intrinsic anor S silicon Tayer, and’el
processe ghaatess Eﬂﬂarﬁnﬁ SH08an Edépasanth@emmnsnc trhnerocrystalllne silicon
intrinsic mcrocrystalline silicon [ayer. [0030] The
laygf-ust er tool 500 of Figure 5 can be used to forma

double PIN junction cell. In one enbodi ment of the
[00$1] USt §igdrB0BASR0 WS HdANEL Unb &Y ‘[‘f‘ﬁ!ﬂ@ élh§te¢%€| eBOB' B the present
junction cell, each process chanber 504, 50 can

inveleli@si t Tlachustay épol( 60@ . haspdojsed &dki cbambayeﬁoz an unload lock
us.,sil ndndoedS|I

chdriba BT2. oREL BRUSRYS BRAT 5bFY BT i BiBBRE i 614, and

twae e rpHaeshdre emgke t he double PIN junction cell, one
process chanber 504 can deposit the p-doped silicon

| ayer, one process chanber 504 can deposit the n-doped

[0033]| i c figyra B shawa a eanter fed dirlg Brgiee deol GMhbeInty soa load lock
64259 d t\%R/ é’&t‘?@%gh?ﬁ]@%@ Bhk| &8 680 §IL5 te%éhﬁ‘: Th&%oad lock 642
I hear

|con Igure §ho ano
is presmteatcﬂwasdeeitert closte8 00 hef lefthelugtee sontainsfies prasessiiyechambers

| uster tool 600 ha a load | ock chanber 602, an
64‘?1 #e di c‘ﬁ‘a\%é algq conNtRiRs e PRRGRRSING @Mmt@@% 650. Three

trar@ﬁ@r ﬁ%ﬁ@rstés"%‘éﬁé?f &Bﬁﬁ@?&ﬁarﬁgé 64la é@ﬁt@?réféené

ers 606 0032 Figure 6B s OWs a ce
triple cluster tool 640. Only one | oad | ock 642 and
[0033)e| vEiglTeEES Shays awangl@r@f&zlunham&r mtr@deecblsmetnol 680. One

load ok o652, fidyS, BrasdhiisSiim Bl BBacHe, et nahf dneoe, transfer

chamnigerishe92 la@éﬂ résart eOnﬁJ §ﬁeQQﬂfe@ld1f&rrﬁbéfr9683 %ﬁééé?ﬂ The three
chanbers 650. Three transfer chanmbers 652 and two

clugigrs are cratared sareund dhe buttas ¢iasslen so[tbatiile bufjer ehawber has

[ 686 triple cluster tool
thr%%%ﬁs&g%lfggég? éﬁggﬁgn%%%e processi ng chanbers
684, 688, 690, and three transfer
[0034] The cluster tools 600, 640, 680 of Figure 6A-6C can be used to form a

hybrid micromorph cell or amorphous silicon/microcrystalline silicon tandem cell. In
one embodiment of the cluster tools 600, 640, 680 configured to make the hybrid or
tandem cell, each process chamber 604, 608, 610, 644, 648, 650, 684, 688, 690 can
deposit each layer (i.e., p-doped silicon layer, intrinsic amorphous silicon layer,
intrinsic microcrystalline silicon layer, and n-doped silicon layer). In another
embodiment of the cluster tool 600, 640, 680 configured to make the hybrid or
tandem cell, one process chamber 604, 644, 684 can deposit the p-doped silicon
layer, one process chamber 604, 644, 684 can deposit the n-doped silicon layer, two

process chambers 604, 644, 684 can deposit the intrinsic amorphous silicon layer,



chanbers 692 are present. Only one buffer chanber 686
is present. The three clusters are centered around the
whoedo7ars2zshanber so that the buffer chanber hasPehusmo7/066372
slots, one for each transfer chanber. [0034] The
cluster tools 600, 640, 680 of Figure 6A-6C can be
used to forma hybrid m cronorph cell or anorphous
andi digigodY Ainer Srot¥sd ahhmbers b8 cer0,! 648168 Bd8, 690 EdIe deposit the
_enbodi nent of the cluster tools 600, 640, 680
intdRse nyarasdystallingRUCORYbri d or tandem cel |, each
process chanber 604, 608, 610, 644, 648, 650, 684,
o085, OAf ERRIGBOR! boB a6l 88 of Eiafio eRE0REN. B LEERTo form a
er, intrinsic anmorphous silicon’layer, I1ntrinsic
doubler Bt yjenetldni oell.silhi e dnsyelimeah df nhel apestesitdols 800, 640, 680

| ayer). I n anot he inent. of the cluster tool 600,
copfidietite Dokt o LubRoPIMIINGoB Sefbieandopast SRreDel 604, 608,
613!15443!648?%09 685688, EoH caﬁf‘&ep&ﬁﬂeé‘&ﬂagispeﬁggpzhbgiﬁ silicon layer,

~ p-doped silicon |ayer, one process chanber _
intdigsic @arorgbeigs silicem éayer dopka-dopedciiicondgyer). {manpihes esyodiment

ot H PRSI 4B3 o8 baC 0 SALEPERLS of h RGN fumtion ce,
onéhasbess chafhbeh 1604, 6644, @@4),caﬁs&ap&ﬁ@ﬂ?é“ﬁ)-?(g%égistli%ﬁgqayer, one

intrinsic mcrocrystalline silicon [ayer. [ )
pragegstahambsy 64 634, 634, capgdepasitiihgur-dopad adicoarlayer, and eight or

- US deaibl NPy tg I al .
i 88 e £ Yol 8356485, g B8 o0 can aoposi e
intkiogi¢ mgnorplotsiliedreldyee doubl e PIN junction cell, each

process chanber 604, 608, 610, 644, 648, 650, 684,

688, 0 can deposit each layer (i.e., p-doped silicon
[OOP%lyer,Q'gf?%P'ruﬁF%it O'dﬁd@ﬁ}ﬁgﬁeé‘%/'?'i toowse whep, foRingnsQiapeanels. The
td : gl t i [ t:s0 S{er :
clote) L SPVRE0 = (B S R o B TR R CIo e various
prgogssingachareher, connian ghiatesacasisanbir fofA INGllncti@®! Thea cluster tool

deposit the p-doped silicon |ayer, one process c er
aieBVidert Nooh RS Tkl & N e PR RS SBRER oan be
opfiitked IMhe @ ish4 'h?stpM&ﬁ%ﬁicﬁh?élﬁ%'ilﬁy,ﬁé)ﬁgrﬁ9§rti_cfé198rf§t414ance, and
- 648, 650, 684, 688, 690 can deposit the intrinsic ,
highnimeghdtirge diatween faiyrer (MTBIBB 6T heheatsiriad cest aodicast of operation

y._.benefi ci al S n formng spla anel s.,, Th

(Céﬁ]s?%r 3%‘80?""@ oj/_ﬁ%lr:eés?Sa\glfoé%pg?gé%oﬁlﬁgg\ﬁb% i on'y ﬁg? ?ngter tool
coifiyifratoricabl e for the various processing chanber

conbi nations necessary to formPIN junctions. The

cl uster tool . )
[0037] The solar panel substrates can be of varying size. For example, the
substrate can be 1950x2250 mm?. The throughput for the cluster tool systems is
about 20 substrates processed per hour. The cluster tool systems can have about 5

to about 13 processing chambers per system.

[0038] When forming a single PIN junction, a single cluster tool can be used.
The single cluster tool may have a single load lock chamber and five processing
chambers. Because the intrinsic silicon may deposit about 3 times slower than the
n-doped silicon layer and about three times slower than the p-doped silicon layer,
three processing chambers for depositing the intrinsic silicon layer are present and

only one n-doped silicon deposition chamber and one p-doped silicon deposition*
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al so provides a high throughput so that the process

chanber utilization can be optim zed. There is a high
woreo@ham2sal reliability, a high particle perfoPOBOISE)7/066372

and high nean tinme between failure (MIBF). The

material cost and cost of operation (COO) are also

| ow. There is a | ow process risk when using the

charhbsi &re prglent oMhe iirigié ichiser {000maly ﬁubeewha@umelto about 17.6
subst rat es can be of varying size. For exanp

sulgirdes Reehedh *@ecq@@@kﬂw ﬁ@ng|¢ﬁéamheéuf?gﬂ§ﬁﬂ Iiq éepqwea" layers
of fH PLI@ Uﬁ&% , Hﬁ%ghpuﬁﬁl&k}m &&H@brtﬁt%ﬁr%?%ﬁggates per

uste ool tens can have abou
hombout 13 processing chanbers per system [0038] Wen
formng a single PIN junction, a single cluster t oo
can b sed, The single cl ster
oofn g WSERR cerias *afd amdehinscaliStgianaeiute *Sifibn tandem
dof€ gus&id & UBlBleNQLiSted idr ithHIB é’l@é‘te?"%&sdatn %%bd3 When using a
times sl ower than the n- doped silicon |ayer and about

doylie eddusterdeols Ithaep-dopad slmrplet!/@pean%me codopesy silicon layer may

coddER SRR B8 SHSEERE o HRG5he08 HRFulBls PBig o aopec
silictaPRyet bad tﬁéfmb@;!ie@@iﬂc@rﬁl%yéf @?deﬁbélt &86ut eight times faster than
depositionchanber are present. The single cluster tool

thenigyringie saiswcaysdaling dayer oTaefﬁJ@reﬂoe@ay%éwaw -deppd silicon layers
are g%senlt Wnc t%ﬁﬁ&tur%%ﬁ' o‘g‘)eﬁhglﬂp(% I%zergsgl% g)ﬂesent in the

ayers nctiron hro

structumnhwo alepatat@ depositiabe dbr édchllasfeb&taryabm:rpe'mem’fure a single p-
an anorp

dotq] UbAN HERASHI AT PG MGk - donssbliaRRisieposition chamber, a
sm%l%nﬁﬁhﬁ’élc QFHI%'u% §||Ib’<2§) Ei{ﬁp%'élt h Ph&mPEH LR Réoﬁjeaéﬁln dand four

used n using a uster tool,
intrigisia dﬂm:rd)cayetallmed silivonn deppsitiosi tharohet ageer hmwresent In one

g 0si t n ot haf&hetjms of the.intri
emBR3y v s Aeyehols HICH: Aipsedsiid Ao e Pisgent. The
thréljghpﬁut ?’&Rﬂg RIUbIE MSIRYES| ARY bE PRE b.AAMLra®d IPér hour.

times faster than the intrinsic mcrocrystalline

| ayer. Therefore, because two p-doped silicon |ayers
[0040] ¢ pM¥BRMIUSING tthe teipleucluster ol the numbasedl dtringisnamorphous

sﬂﬂ(ﬁy %ref)ogﬁlgnp{:ﬁgrﬂ%rénrélntdh%eStr{dﬁ%éfr &t lﬁt}ﬁﬁsﬁeﬁ‘ﬁ&@cﬁlstallme silicon

trons may oOcCcur
dep&jslitg:lrechdmbeds #dreases dﬁkﬁlésthbl mbbambe#do;aecs siligb® and p-doped

n- doped silicon deposition chanber
silicon deposition chambers stays the same. The throughput for the triple cluster
tool is about 9.4 substrates per hour, just as the double cluster tool. In contrast, if a
single chamber is used to deposit the entire structure, about 2.2 to about 6.3

substrates per hour can be processed.

[0041] When forming an intrinsic amorphous silicon PINPIN double junction
structure, a single cluster tool can be used. The intrinsic amorphous silicon for the
first PIN junction may take about twice as long to deposit as the n-doped silicon and
the p-doped silicon layers. For the second PIN junction, the intrinsic amorphous
silicon may take anywhere from twice as long to four times as long to deposit as
compared to the p-doped silicon layer and the n-doped silicon layer. Therefore, a

single p-doped silicon deposition chamber and a single n-doped silicon deposition
11



single intrinsic anorphous silicon deposition chanber

can be present, and four intrinsic mcrocrystalline
wa@Rlo7amssdeposi ti on chanber can be present. | nPONES2007/066372

enmbodi nent, two intrinsic anorphous silicon processing

chanbers are present. The throughput for the double

cluster tool nmay be about 9.4 substrates per hour.

chdrdBdPhréMesdetsi Tyottbahtdd pltingid dRicRphé@Obilicéheeposiien chambers
of intrinsic anorphous silicon deposjition chanbers and

mayrke Rarted t%iformwmq H&rlres'@namthw gilicpRdospeihcBIN junctions of the
[
str%&ggase{ghg Iri l@ﬁBg{] gﬁ IC; q@étjotﬁo dﬂﬁgm%upé 3 to about 14.5
sutnrhaattbseper hbayslrt dsmwtmtrauhéﬁlna slhgleug;iamberhgmsbﬁeo ideppkie all of the
us ool is about 9.4 substrates per hour, just as
'aY?F?e a&l’BHbigec’ torakqut 1 42 svibstrates pRt E%E Cg” Le&”%?‘#gﬂe
chanber is used to deposit the entire structure, about
[0032(]2 t b tfindie SarmbRHOUS! Sificdifan@CiHe fitfindle rﬁfc?&@r?&‘éﬁme silicon
41] When form ng an intrinsic anorphous silicon
Iayerleakﬁ longe te qum.xsntu tban dhhe necdapay silicen yees enddhep-doped silicon
00 an b rinsic a ho i C
aypfiobe e BT FOROTY TS e e edre & wieatd fhRigess than
thed@fised biligsn 1dyers- dviesmdipHdLRNsiRdsh FiE e @@Peﬁitéd ht 886ut 50 nm
| ayers. For t'he second PI'N junction, the intrinsic
perIBRART e Nnyewchisjaling sillsepveasn befdenasitaicat akoutcHp nm per
mifft four tinmes as long to deposit as conpared to the
-‘a'oped silicon | ayer and the n-doped silicon |ayer.
Therefore, a single p-doped silicon deposition chanber
[0048)d a Wheg! éormitppad a’nidrpbousieahed;rt/homqui@ﬁn@reilicon PINPIN
Two to three intrinsic anorp ilicon

eeded. ? )
tanﬁsabg?wlsdueﬂ%@r ROREFSIE SeaEgRee 108”1‘ ﬁﬂ lowed. A double or triple
Uepo |
cuu§%*ér§sy§§érﬁ RAEDRNQde ST i ﬁ%guswst@% &y 'él,nkéfm 01>§g5$}§ tRé load lock

tructur The throug t for the single
charobér amy paes émiouheaa goped sbicoh depositenbshanabbes Pee flrst substrate

maydfeai eV § Fofohers olEgarayer et &agReHan,o foung deposition of
thesy%bbatﬁﬁcd?ﬂa)}é@ufhecﬂfstb@b@frﬁf@ﬁﬁe@ﬁbe[t%@érré_@% a first intrinsic
intrinsic anorphous silicon and the intrinsic

amgrirsisrsiinon depnpsitian ¢hanbeayers take | onger to deposit
than the n- doped silicon |ayers and the p-doped

[ooz?‘dl]l ' C‘Whllléa%ﬁ P&?@éf?aqetlg‘ﬁntbﬁnttrh'er]ﬁ{rﬁ\sf(%%@?)f%edt%yﬁf cgan deposition

deposi reater I ckKne
chanberc tarsécamelrwbsﬁ’aee &plapéd istoshé ipsdopeahgiliben dieposlltlbﬁ ¢hamber.

Folgwlﬁggﬁé é%%ogrgnoggéfoge? g&i%gggggh&en rﬁygr om%r é'@: saééc;nrgjesubstrate, the

second substrate is transferred to a second amorphous silicon deposition chamber.

[0045] While the intrinsic amorphous silicon layer is being deposited on the first
substrate and the second substrate (in separate intrinsic amorphous silicon
deposition chambers), a third substrate is placed in the p-doped silicon deposition
chamber for processing. A p-doped silicon layer is deposited on the third substrate
while an intrinsic amorphous silicon layer is deposited on the first and second

substrates.
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m nute. [0043] Wen form ng an anor phous
silicon/mcrocrystalline silicon PINPIN tandem doubl e

WO 00ctis2s2 a processi ng sequence can be fol | owedr/uge007/066372
doubl e or triple cluster systemmy be used. A first
substrate may enter through the |oad | ock chanber and
pass into the p-doped silicon deposition chanber. The

[oodd]r St FaUbGin@re dapositienofagen@inBictaRemhdukision! lay&ton the first
deposi ted thereon. Foll ow ng deposition of the p-doped

SUl@ﬁt[at% dhelfk§§/te?UbSEfﬁée fsi heved ip e Adepad)silisentdepesftion @tﬁmber and
et i Shb3bsl i Wi AARUABOYS) SR, afEPPRYY Bfoqn aopostion

chdrhbert. SFolldgahg tmmephsxuan sg lhe:n@o@ﬁﬂaﬁlldolndayé@m:ﬂﬂm‘ firstisubstrate,
secon substrate is Into the e Sl Ccon

thedférabwwt@tedﬁéﬁ%@ferm&b Rglopsd %&5&3@@%“% cha@ber, and the

sedd n%bsisct?éhéfébféﬁ t&@thd R&l %rl%oﬁlﬁée?gsgro% cﬁanﬁo

secon trate s transferr toas amor phous
silicon deposition chanber. [0045] Wile the i ntr| nsic _
[0047Tor phwliowsid thepdepasition iaf tbeimoddmgbped séliconhlayer on the first

subsiae BRSS! SUEHBNR i PRn B8 pBe e i B PETOUR the buffer
chdribéd fdbsheat pldcedplirmeedni nqthhﬁcpnﬁ@f@@ s$él|nh@0§illcon deposition
deposi ti on chanber for (ﬁroces& ng. A p- ﬁed silicon

chamber. iFollgwing the a-dopameilican raepsiion ap dhahseapnahsubstrate, the
sec#dﬁtdr %tﬁl‘?‘ét%ﬂg@rt%%@géq lth{SQHe[pgégé?é [%ﬁ &«{;1[50 %hoqpcﬁgr%ber The

second su

thirdepgisdtidtens okaridierredtfrornsine frsoripiiagR arddrpmué ajliebn odleposition
the first substrate, the first substrate is noved to

Chqmgelhtodbgé‘ddgpqeql §'Bﬁ°@é§6§$'f'?’éﬁh§'ﬁ‘§ﬁ‘ber and the third
substrate is noved into the first intrinsic anorphous

lic [ I e t
0B FRICGERL AL AUARGE ot PR RO SIESHRAR (0o sacond
sut!sl’meaté i thet seadrst slahmrate is rtearssferea do ttbe tdeeopd ddpstdr system to be

plafed it 3R PR S Ce T e Cad P EaRoERloging the deposition

of ﬂjﬁ@f&%fosﬂbﬂoﬁﬂthg%h@)%agsﬂl&fh 98Rasohi e @ird RRILERERY) Gthe third

p- doped silicon |layer on the first substrate, the
substr@é@ isstiassfewed 1o $ha paepkdrailinon dappsition eharabey. cl ust er
t hrough the buffer chanber and then placed into an

ool 85 AL SR 5okt (EHBRATREE b PR, R Rt e
thirdubshstedte, ist hansferred to the second cluster and placed into an intrinsic
microcrystalline silicon deposition chamber. Once the intrinsic microcrystalline
silicon layer is deposited onto the first substrate, the first substrate is transferred
back to the first cluster and placed in the n-doped silicon deposition chamber. Once
the n-doped silicon layer is deposited on the first substrate, the first substrate is
transferred to the load lock chamber and out of the system. Once the intrinsic
microcrystalline silicon layer is deposited onto the second substrate, the second
substrate is transferred back to the first cluster and placed in the n-doped silicon
deposition chamber. Once the n-doped silicon layer is deposited on the second
substrate, the second substrate is transferred to the load lock chamber and out of

the system.
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second substrate is transferred into the p-doped
silicon deposition chanber. The third substrate is

wo e@ndisesred fromthe first intrinsic anor phouBCEUB2000066372
deposi tion chanber to the n-doped silicon deposition
chanber. [0048] Follow ng the deposition of the
p-doped silicon |ayer on the second substrate, the

[oogqcond)mdoﬂid Mtendi6 nitRIEsYRaNRE silRohhayseieshdsitedtdtito the third
ystemto be placed in an intrinsic mcrocrystalline -

SUQ@@@! thedhird sabstrate lﬁdfﬂﬂﬁf@ﬁﬁ@d brek deustitst shustar angbplaced in the
gsénl clto(?lnd(%];;ostltﬁ1 0;9@ Id 6'n écit%] nI Lciore! é) ﬁcér{]%tyze)pﬁgeposned on

n-
supstra straelstr ns erred

theptiiapsubstidié Cthie tﬂﬁﬁoghbstmtle ¢hambeferrddftitHe Racklochehamber and
-doped silicon layer is deposited on the third

ou QfBQ?rsélﬁ'@mthe third substrate is transferred to the
second cluster and placed into an intrinsic

[00591CT OGAM 3hé idiBcsdd b@ﬁﬁ‘eﬁ’@eo‘a%béﬂlﬁéq SBBUD G as HBES &el% ribed with

intrinsic mcrocrystalline silicon layer is deposit
respetbta drdy thnestsubsbratasaitas to he Undesstoed bizatrastditiarsl substrate could

transferred irst Iust nd placed in p
be o se BB FRU aasb T 55 T2 SHBEF Ao BaY Hrcprocessed within
the"pideBssing ichaffers anarirdrsislea pbbRsbrthe B@ckssifg chambers without

substrate, the first substrate is transferred to the

thel peed Ite dkansfielere aﬁ@sﬁate%thwhﬁwesmcﬁmaroha@dbh@r process more

subgeibe Hhé Bl RELURERpsRd B ond Tl AEChulrBeled Fisithes 1o be

prdo@agéd avdyeitle lbaélédtupohhﬁeftiméthaﬂa@@l%tra’w(in@} BEgflotébsed within a
the n-doped silicon dep03|t|on chanber. Once the

givgn @ba@weguanﬂctbﬁ nuiyker ofchasmers eyailale farprosessing at any moment
m[ﬁHQstrate the second substrate is transferred to the

oad | ock chanber and out of the system [0050] Once

the intrinsic mcrocrystalline silicon layer is
[Oomiposiﬁoedherihtrirtsl'rce ntibiocdystailise rsilicen ddyoditiom, decause the intrinsic

substrate i nsferr d back to the first cluster and
miGPavatAle FHEoM aEaa BekPE BlLBIeR ek deRaHIIcoNes p-doped

siliede d-HenBHinsid hRRIMphAYLEilitn HPROSIHEGIE thdy Bebdi 'td’) qlemam in the
substrate, the third substrate is transferred to

intiinsiel misticrystaliner sikenn puecassindhehagdee fong@0 BN thllre the other
t he lBrocess seque ce d scri bed f\bove heas.tfeen intrinsi

ProgEs¥PPIpEIRRPER- r esPedbal oYy Ty eer il toy fgve; proyg intrinsic

midroclyetaiitie 6BitOR Hdguitiondehdrmbaal tHarb#id atifercerekdsdifg chambers.
processed sinultaneously. So | ong as the substrates

By hayingemere ddgasig micrefirystalliine silicon deposition chambers, the additional
substrates can be processed in the ‘quicker’ deposition chambers and placed in the

additional microcrystalline silicon deposition chambers. Ideally, the number of
intrinsic microcrystalline silicon deposition chambers may be chosen so that as soon
as one of the .intrinsic microcrystalline silicon deposition chambers finishes
processing, the substrate is removed and a new substrate is placed within the

processing chamber.

[0053] The same reasoning applies for the intrinsic amorphous silicon deposition
chambers. ldeally, the number of intrinsic amorphous silicon deposition chambers
may be chosen so that as soon as one of the intrinsic amorphous silicon deposition

chambers finishes processmg, the substrate is removed and a new substrate is
14



t he processing chanbers and transferred between the
processi ng chanbers wi thout the need to transfer nore
wanstiiases t han the robot can handl e or proceBET/IBI087/066372
substrates than can be processed at one tine, the
nunber of substrates to be processed nmay be based upon
the tinme that a substrate nay be processed wthin a
plagied eithih e procaBgingthanutsare rn @hcte GicRn@swvitRNHCH e intrinsic
processing at any nonent in tine. [0052] For the )
amaiphyss  tligenc reé@?/ yrRtfigsici pacricrysialling epiieen i dhiamberisagge deposit

i r i i
b A 6 YEhA Rl CEHAYREs KBgsaan. b o
whetHercansingle, tduaible)t oF ngple elustephoystesi Is eebesddrg.  Naturally, the
supstrate may need, to renmain in the intrinsic )
degisionRS %waﬁrheﬁ@ singleciynclion Oe SLRle iRaHE BtrugiHER s to be formed

A _ . :

i 8 Wkl d el RGeS SR SLATRCLE I 300lrhE) b noccea
m crocrystalline silicon deposition chanbers than the

[00Bdlher Arodessd rmficohadbpositiomBychaawiergmayr bavertatiouia 270 second

crocrystalline silicon deposition chanbers, .the
prefsiifs e Yo BeeeSfdn Heah o & R, Gefsifon chambers may
havélHb6#es 50020AH IHreRe & \HHab TaeRUdYRRRM. | Thd PRioped silicon layer
addi tional mcrocrystalline silicon deposition
mayhkerislepssiteditaial hickngras i dbout @0 nimt riTEgii@trinsic amorphous silicon

B 5L BB BELS P TAEEL A SEATFF v r-doee

silicore riagary shal bé ngesaditedoto depniskhésd ofhabd@r 20f himi. shElke intrinsic
_processing,..the substrate is renoved and a new

miggskystaliine siicq) lyeamayt e abewe33) Bvdbigkng chanber .
[ 0053] The sane reasoning applies for the intrinsic

[oos8]0" p'Wer #hd 'fc?r@gom%pigsdﬁ Ay §h AR oﬁmgh@.eaf e RF&%nt invention,
nunber of intrin&ic anorphous silicon depositio

otheh amidletusthen yenilzo ditmesitn of the iratentien snay bes devised fwithoait departing

intrinsic anorphous silicon depgsition ghanmher .
frof the LR SRORLESTSR), AR dekd diasertis cigated y the claims that
follB@W substrate isplaced within the processing chanber

In fact, the quickness with which the intrinsic

anmor phous silicon and intrinsic mcrocrystalline

silicon chanbers can deposit material hel ps determ ne

not only the nunber of chanbers necessary, but also
whet her a single, double, or triple cluster systemis

necessary. Naturally, the decision as to whether a

single junction or double junction structure is to be

f or med
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may al so determ ne whether a single or double or
triple cluster tool nmay be needed. [0054] A p-doped
wa@Rloramesdeposi ti on chanber nmay have about a 2FOT/BS8OTI0k6372
preheating prior to each deposition. Each of the other
deposi ti on chanbers may have about a 50 second preheat
prior to each deposition. The p-doped silicon |ayer
Wéaaipg: deposited to a thickness of about 20 nm The
intrinsic anorphous silicon |ayer may be deposited to
about 150 nmto about 300 nmthickness. The n-doped
silicon | ayer can be deposited to a thickness of about

1.20 Anflusteetaglariangrpmant.CGERRNAIRG | i ne silicon |ayer
im;ygb&u,%lﬂgﬁ(gf s:})ggi%@c}pé}{sqgrd{ %r]s Wil e the foregoing

i'rect to enbodi nents o e’ present invention,
ot heneamrdione thhdfer eshiamabhers ntcuptdd blebwéedry eidljacent reiy-sided transfer
deyi sed without departing fromthe basic scope
Ch?’ﬁ%’feé%f, and the scope thereof is deternined by the

cl appe drhdbrd Blddb‘é(d%li&lrﬁﬂ@boéﬁorﬁcﬁé%fb% cb@ﬂbg to one of the six-

~arrangenent, conprising: a plurality of six-sided
sideddrasfséer diamnlb@ss; one or nore buffer chanbers coupl ed
bet ween adj acent six-.sided transfer chanbers; e or :
mor 85 iR tlorg it e STt RABBRE EotiieddS e of the six
sidedardsfétehaprsrsdgfd t ransf er chanbers; one or nore
n- doped silicon deposition chanbers coupled to one of

t heaspldeliieaf inteansie siliconaderasitioragbiambpruceupled tofthe plurality of

N I RS i 1 eposi.t.i I 0,.1 he .
sixsHd FRrel cHeiber BB bk & VIREHE SR i Brambers is
greefter thani thei urebér ¢for-ddpea Silicon rdepdaidar chdnsbarseidethe number of

t han the nunber of p-doped silicon deposition chanbers
n-daped Fiican ggrasition ¢harabrig comMbigesh depositi on chanbers
conbi ned. 2. The arrangenent of claim 11, wherein the
one or nore p-doped silicon deposition chanbers and
2. t heThaeanangemenh-ofiogleitin s1,| whereidefhes ionieoor charder-doped silicon
are,.coupled to the sanme transfer ch%n‘oer. .
~ deposition chambers and the one or more n-doped silicon deposition chambers are

coupled to the same transfer chamber.

3. The arrangement of claim 1, wherein the one or more buffer chambers

comprise a slit valve.

4. The arrangement of claim 1, wherein the one or more p-doped silicon
deposition chambers and the one or more n-doped silicon deposition chambers are
coupled to a first six-sided transfer chamber of the plurality of six-sided transfer
chambers, and the plurality of intrinsic silicon deposition chambers are coupled to a

second six-sided transfer chamber of the plurality of transfer chambers.

5. The arrangement of claim 1, wherein the plurality of six-sided transfer
chambers comprises three six-sided transfer chambers, the one or more p-doped
silicon deposition chambers and the one or more n-doped silicon deposition

chambers are coupled to a first six-sided transfer chamber of the three six-sided

16



3. The arrangenment of claim 1, wherein the one or nore

buf fer chanbers conprise a slit valve. 4. The
waeooangesent of claim1l, wherein the one or nDPET/US2007/066372

p- doped silicon deposition chanbers and the one or

nore n-doped silicon deposition chanbers are coupl ed

to a first six-sided transfer chanber of the plurality

trafRbfe? ! cHaPhiSlid. hanfHee bIaRyL6S %tnﬁﬂg difi rP'déEBEhBM é}{ambers are

Intrinsic S|l|con deposi tion chanbers are coupl ed
coggednid sesorxd ded thiechshesidet amhesfenfchadbens wfathiet j,hree six-sided
t aﬁa Eer chanbers. 5. The arrangenent of claim1,
FANRES & ﬁmpﬁgsplurallty of six-sided transfer chanbers
conprises three six-sided transfer chanbers, the one
or nore p-doped silicon deposition chanbers and the
6. oneTbe amangemend péglagm| 1, dohercgumpisiog: chanbers are

CCUBLESAR B W AR LSBT B e o v

pluirdility ohsixcsidged transfedleparibdrgrarchanbers are coupl ed to
second and third six-sided transfer chanbers of the

L hr 680 giloas 9et ahaiiascro gl Aseocond BheSKrdiasien ghambor of
theoﬁluf'% @ém dix-¢f Sl | rS?ﬁsf‘éPHRér‘gﬁs traone | oad I ock chanber

to a SI X- S nsfer chanber of the
pl urallty of six-sided transfer chanbers; and one

unl gad | ock chamber, coupled to a second si x-sided .
7. ¢ 288 cATRRERBENT off (RN 4 qr?'nofth%.&ur@féaéqgf n-doped silicon
de% SIS %haﬁ%’f@%gﬁ thé nuﬁB@r Bf I Biic&f cfe#v%_hiﬁbﬁ’chambers and
erein the nunber of n-doped SI I con deposition
thec hamier sofairdringie silicdre depbsitiodoglrambelsi tagetiepésiegueh to twelve
ch nbers and the nunber of intrinsic silicon
ﬁ B ti on chanbers together is equal to twelve
chanbers. 8. The arrangement of claim1, wherein the

plurality of six-sided transfer chanbers conprises
8. t hr €be saxasgeypent radnslpbn thaviirseln dlorppletalibyo gt Rixrsided transfer

e f [
ondBEf oo e HBRaEREHeo, fantef BhiPRE Phlbis8 wfkfeP'n a non
linelrarkgigensdrd. t he nunber of p-doped silicon deposition
chanbers and
9. The arrangement of claim 1, wherein the number of n-doped silicon
deposition chambers and the number of p-doped silicon deposition chambers and

the number of intrinsic silicon deposition chambers together is equal to thirteen

chambers.

10. A PIN structure formation method, comprising:

(&)  disposing a first substrate in a p-doped silicon deposition chamber and
depositing a p-doped silicon layer on the first substrate;

(b)  transferring the first substrate to a first intrinsic silicon deposition
chamber and depositing an intrinsic silicon layer on the p-doped silicon layer on the
first substrate;

(c) disposing a second substrate in the p-doped silicon deposition

chamber and depositing a p-doped silicon layer on the second substrate;
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the nunber of intrinsic silicon deposition chanbers

together is equal to thirteen chanbers. 10. A PIN
wa@rtooaaisese formati on met hod, conprising: (a) dPEPUSiNY066372

a first substrate in a p-doped silicon deposition

chanber and depositing a p-doped silicon layer on the

first substrate; (b) transferring the first substrate

to gyfi rﬁhnéf@l?rfdg{‘sﬂh% Séédoﬁen IPBRald | 8N £N388Hd aRttinsic  silicon

depositing an intrinsic silicon |ayer on the p-doped
deposiicroshheper and depodiling ansobissicasiicon @yediapds pglaped silicon

ay§h Gb e SR e sheralcs 108 AR Al BRIHTE SLEb By g on the p-
do;s&ﬁcmmzoﬁumgterraére ;the) séécﬁritﬁfs@bétrﬁ’@ tob@uﬁe@oemn@w}@du@tye with the

to a second intrinsic silicon deposition chanber and
deprsilim of igeaintingie isigon Ever ch tﬁgy@doaﬁdmhcqn dygsqon the first
suB%ﬂ&ﬁon | ayer on the second substrate, the depositing
an intrinsic silicon layer on the pdoped silicon |ayer

on {d)e sedisposingubsiirdtabsiegiarinithg sdopéed aileonsdepositidn chamber
t he degositi on of the intrinsic sjilicon | ayer on the
angh dgBpIlng A1 R-deped glliepn davaripn hertbrd sybsiratgi e; (o)
di s sin & i e
deptlrt 1 Satetplircl 17 1 Rblidie 16 & (HRBRuHlai; SiBon deposition
chdraper awd depesiting rach imtrivssic aiileon ad})ertdrath@f [edoped siliven layer on the

third, subs raetoathlrdlntrn3|
iR e ansstirn e daiosie S Bk B8 &-dopelion layer
on|tﬂhéefhlr@ns&lbﬁrd}ed%’(ﬁﬁnﬁg'élﬁﬁ?ﬂah%ﬁél Oith et Béﬁé’smng the intrinsic
substrate, the depositing an intrinsic silicon |ayer
siliegon lalyer pn dlto@eeblcmdd sjtmm @yer onrhhe Becaord sdbsiaisl r at e

occurrin nul ta d t

el o dsBpe T Erohallalnat B RRY! e agsion chamber
an@ﬂebbﬁhﬁ@@%@ioﬁé@%ﬂ;b@hfPa dridh tﬁlb&@@ﬁh REbstrateyr t h

substrate in t - do ec?, silicon deposition chamber

and(ldepoksanstaging pthéoéléfé subsitate Itayan dhdeprd f gligem deposition
Chaﬁ’ﬂg‘%ﬁ é@ﬁ ?PPSQ&'”& A fd%@%b%l%)%ﬁ%&élr 8h éﬁé’ %hﬁé‘% %rl]lfé:ggﬁgyer on the

rcon ep03| ron c deposi
fIrSﬂSd@EﬂEﬂeSé_ﬂld con layer on the intrinsic si I i con |ayer
he first substrate; d
[ transferring the fourth substrate to the first intrinsic silicon deposition
chamber and depositing an intrinsic silicon layer on the p-doped silicon layer on the

fourth substrate.

11.  The method of claim 10, wherein (h) occurs before (g) and the first substrate
and the fourth substrate are the same substrate, further comprising:

repeating (b) — (h).

12. The method of claim 11, wherein the intrinsic silicon layers are intrinsic

amorphous silicon layers.

13. The method of claim 11, wherein one intrinsic silicon layer is intrinsic
amorphous silicon and another intrinsic silicon layer in intrinsic microcrystalline

silicon.
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(i) transferring the fourth substrate to the first

intrinsic silicon deposition chanber and depositing an
wo paoritnesz silicon | ayer on the p-doped silicopCT/agmn7/066372

on the fourth substrate. 11. The net hod of claim 10,

wherein (h) occurs before (g) and the first substrate

and the fourth substrate are the same substrate,

further conprising: repeating (b) - (h). 12. The

met hod of claim 11, wherein the intrinsic silicon S
14| aydhe methadhtofj ¢laint binowpasi el inddisic Bjlwos. laygrs |ye intrinsic

: laim 11, wherein one intrinsic silicon
”“$§§5§%ﬁ@&?§w$@ﬂéic anor phous silicon and anot her

intrinsic silicon layer in intrinsic mcrocrystalline

silicon.14. The method of claim 11, wherein the: L
15 nt fhasinethgd ioéd;{amy@, swWheeein dhei iwinsic silicon layers are intrinsic
arrmrﬁﬁ&fgyiﬁ%@r{ iab{@?s.Si licon. 15. The nethod of claim 10,

wher el n e lntrinsic silicon layers are intrinsic

anor phous silicon layers. 16. The nethod of clai m 10,

further c ri,sing:, {j,) ,disposing a fifth substrate in
164 heIrB@d“& gaﬁf P'%%n"ééé’&'%?rté)%ﬂpr Ha%ber and depositing
a p ')joDeQi_SESHtI@Oé‘ firRYSip<atd Re thé fd—@oﬁ%@%ﬂkgggéé%{dgtion chamber

transferrin e second substrate to the n-
andidepositind e@posioped silichaddyar amithedédibosiilistrade;an n- doped

oL 5t YAE ST Sl oI R i cpostr
ch&bet hAd /Ichosiing areaUdpedilidonsiagesbh it thtdR$ie SilldoRNayer on the

chanber and depositing an intrinsic silicon |ayer on
seqaryl pukpdiedel and i con | ayer on the fifth substrate, the

i T MEon PpePRd e fH BuBbiaibdp hEsehef hitig® SRR depositon

ch&nbut had eepskingidnmintdrssiclefiosh tayrg dnhiel prdopB&istlicon layer on the
_silicon layer on the r[‘l)-o_lop_ed_ silicon | ayer on the N

fifth substhateube dapasiting theialripsicnyicast layeaiom the, Pogped eilicon layer
on gﬁé&ggg§hg?ﬁr?%@]ccggﬁ'ggglwgtﬁﬂgﬁgﬁlggl\rnﬁw?ﬁé Jiéaﬂoeslt'ir{b lthté‘%ntnnsm silicon
layer on the p-doped silicon layer on the fourth substrate.

17.  The method of claim 16, further comprising:

(m) disposing a sixth substrate in the p-doped silicon deposition chamber
and depositing a p-doped silicon layer on the sixth substrate;

(n)  transferring the third substrate to the n-doped silicon deposition
chamber and depositing an n-doped silicon layer on the intrinsic silicon layer on the
third substrate; and

(o) transferring the sixth substrate to the third intrinsic silicon deposition
chamber and depositing an intrinsic silicon layer on the p-doped silicon layer on the
sixth substrate, the depositing the intrinsic silicon layer on the p-doped silicon layer
on the sixth substrate occurring simultaneously with the depositing the intrinsic

silicon layer on the p-doped silicon layer on the fifth substrate.
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and depositing a p-doped silicon layer on the sixth

substrate; (n) transferring the third substrate to the
wo2eepestssi | i con deposition chanber and deposi PCTIgSENT/066372

n-doped silicon layer on the intrinsic silicon |ayer

on the third substrate; and (o) transferring the sixth

substrate to the third intrinsic silicon deposition

18¢harheimamad &t R 1 NaviaeYeirtHe &t Sulsdtidts el BEBHd Fubstrate, the
the p-doped silicon l'ayer on the sixth substrate, the

th"&’eﬁ'@@ttatﬁgtheh@urﬁﬁ‘t slbsifade sthe; fdfﬂ’h substeateoandibe sixib pfedpstrate are
mﬁ%dﬁn Srgy r on the sixth substrate occurring
' SR GEGHE 'y with the depositing the intrinsic
silicon | ayer on the p-doped silicon |ayer on the
fifth substrate. 18. The nethod of claim 17, wherei
19¢ he Themeethodoet flaire 17 Hehareiviie BINstrusiwe st Singilg gunction PIN
sﬂﬁ&g rate, the fourth substrate, the fifth substrate,
the sixth substrate are different substrates. 19.
The nethod of claim 17, mherein the PIN structure is a

sin Pl N st ure. e met hod, of '
2047, ghﬁe#l“@r}?f)‘{ H’g R s1t r’uW g it é MNFHL‘IQ“H@U!?I 8 mem double
JunchBH"strGEtu?é.r ucture.
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