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Description of the Related Art

f0002] In depositing on large area substrates (i.e., flat panel displays, solar cells,
glc.), substrate throughput can be a challenge. Therefore, there is a need for an

improved apparatus-and method.

SUMMARY OF THE INVENTION

[0003]) The present invention generally comprises a method and an apparatus for
forming solar panels from n-doped silicon, p-doped silicon, intrinsic amorphous
s_ilicon, and intrinsic microcrystalline silicon using a cluster tool. The cluster tool
comprises at least one load lock chamber and at least one transfer chamber. When
mulltiple clusters are used, at least one buffer 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.
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[wa] Figure 2 is a double cluster tool of the present invention.
ganFigures 3-5 are triple cluster tools of the present invention.

[0010] Fi g - are cluster tools of the present i @% .
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amorphous silicon, and intrinsic microcrystalline silicon.

[0012] Figure 1 shows a single cluster tool 100 that can be used to form an
amorphous sificon single PIN junction solar panel. The chamber has a single load
lock chamber 102 and a single transfer chamber 106. Surrounding the transfer
chamber are five processing chambers 104. In one embodiment of 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 amotphous 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



to deposit the p-doped silicon layer. Three process chanbers 104 can
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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 celi. 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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doubl e cluster tool may have three p-doped silicon deposition
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[0022] Figure 4 shows a triple cluster tool 400 that has a | oad | ock
chanber 402, process chanbers 404, 408, 410, buffer chanbers 406,

transfer c,l%rgg 4, and an unload | ock chanmber 412. [g[()@h
cluster tool g;éﬁ% }Fi gure 4 can be used to forma hybr+ m c(;rl;}db(rzi%”zh
cell or anorphous silicon/mcrocrystalline silicon tandemcell. In
one enbodi nent of the cluster tool 400 configured to make the hybrid

or tandem&%’véen qﬁ&gbli%t?&;essA AP e f]i'?vr r S0t is BE %@rp tﬁ@gﬁs?tic%ﬂga&%ond

layer (i. I con | ayer, I nS1 ¢ anor phous 'Si
| ayer, i ntoiusiisnscami erhmﬁeysiharhberriﬂ)&lslpremnt Ibejvesen ﬂnedsenedd)ped tlird claster.
| ayer). In another enbodi nment of the cluster tool 400 configured to

make t he d I 404 can . Qsi t
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n- doped sudeilmraﬁicaymusl $imm:nm@c:rgstamae‘mmc:ﬁn4éizﬂdemnemepﬂ6mé eﬁ’iﬂlﬁdlnl’%ent of

ntrinsic _ano ous iLLrcon | a and el { Oor nine process chanpers
408, 410 6% iBSaiooT 0 TIBREE fo Rty X PhEndRr 68k saoprocess
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PIN junction cell. 1n one enbodi nent of the cluster tool

confi gur e@r@QJ’Ph@i@Slﬂ'?@ tRyeD| Birpsie igieeyetatioel E’rﬂlcoéla'ébiefpra@dé'sdoié%ﬁiﬂé@ﬂ
404, 408, Ci%rhrﬂﬁiﬁiéisérhb@&iﬁ%y B e c,( hstBr ioopgdeBﬁﬂf C%J é¢ £ Fiiai)k@fﬁé hybrid

intrinsic moT phous si |1 con n-do

anot her eimbdnhdmmtelbfomeimoceamiambwcﬂom degmeddhe p-dupled mlimendwebj ene
PIN juncti on cel | ne roces er 404 de OSI t he ed

i 11 bon | BREsS shanfiRg B35 Sartpalt i r-dote Lt BIRh v M thambers
silicon | 3parcaragdpdsinties ireihre;i(elmnhmph@i% sﬂibdﬂ‘ﬂ@ye& 404, cigBor Ak pRBess

deposit th trinsic anorphous. silicon_ |ayer 25] The triple
cl uster tGE?mBEW ?p%éég SEHW%@HW%’E‘E@%S‘R@U? Si"ﬁo'ﬁéﬁfyﬁfng the

anor phous silicon/ m crocrystal line silicon tandem doubl e junction
sol ar pangloe1]Bet Werrci@gaehtoet doPefiFRuld 8@an!RYedtelesh bi ubRNEINRFBtion

intrinsic SI l'i con | ayer deposition, the chanbers are purged for ‘about

300 secon@gll- In one embodiment of the cluster toof 300 configured to make the double PIN
junction cell, each process chamber 304, 308, 310 can deposit each layer {i.e., p-
doped silicon layer, intrinsic amorphous silicon layer, and n-doped silicon layer). In
another embodiment of the cluster tool 300 configured to make the double PIN
junction cell, one process chamber 304 can deposit the p-doped silicon layer, one
process chamber 304 can deposit the n-doped silicon layer, and ten or eleven

process chambers 304, 308, 310 can deposit the intrinsic amorphous silicon layer.

[0022] Figure 4 shows a triple cluster tool 400 that has a load lock chamber 402,
process chambers 404, 408, 410, buffer chambers 408, transfer chambers 414, and

an unload loeck 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 o 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 silicori 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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[ 0026] Figure 5 shows a linear triple cluster tool 500 that has a | oad
| ock chanmber 502 and an unl oad | ock chanber 512. The | oad | ock
chanber 5 pad | ock chanber 512 are single slot

single s|§%°@ﬂg%%§%9is a chanber that has only one slotP a '@%@ﬁgffo
t he processing cluster environment. The processing cluster
environment is conprised of all areas contained within the processing

chanbers 4 0 carkal ANS e 4. 10 k e
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chanber i selhy dNdDpcirasbehambbe 404 aasfdeposhahberddibl sitigoro fayegtaneaprogess
‘base pressyre. of out 1 mrorr,. The buffer chanber 506 can have a
STt valvEnmgper dBAckan, HePBSh ths dHEoRNCRPh AR G BB e CUNoanaro8oEs
processi nghahbekRest, 408! 4 VEAPHBFodINBe GhiHBéi6 antdrpNGdLsilicdaapst S514.

In such a situation, one of the clusters would have PVD deposition

and anot her woul d_ have D deposition. If only CVD or only PVD wil |l .
be per f or H8&lwi t Fie Wile Qe {607 e ProGeRE DALY 4f SO aﬁé@d’rwaomng
present i thd BMOAHJR' sifdtiiRRToG)&tallihB &silish! RhdeMaadbgsie ﬁQﬁ’c’[%nscﬂéPEhﬁ@.
active heating or cooling to the substrate. The buffer chanber 50

can al so Beiwgen ieack uprsioped esiiopnc Byge risositipor ardi pachatndrinsds isilicon layer
error tha : { g j The robot may
have t he g%ﬁﬁh{%?@é ?%{)‘é}ga@gﬁtﬁ Pq%tef%{ %gﬁ@%@r%ﬁgﬁggr 514 and extend

into the buffer 506 and processing chanbers 504, 508, 510. The robot
can al so %@ i n Figwse 2-shiowsa lingar e 2bjsErdoe 506 tbat hanh Igahlogk chamber

Figure 5 S r Ld M. cr
silicon/ mgg?gﬁrays %ﬂ?%él)legcgi({Hfagnodry%?demeclggwéﬁc%ﬁ.}éﬁeer%oﬁfgﬁn&éQFB(%? lock
t he cl ust eharhbed 5BDarecaind e glot etlatnbensa k& sifgte bipbchainber sanclemivsl that has
each process chanpbér 504, 508, .510 can _.deposit each |ayer (].e. .
- doped SPCHTE FLa)dpat PRATR fio 1 BFGEBHOALIGHPY BOHMNEGUR  The irhegeing
M crocr ystlakler Néhviohire@n is adhprisaid of -lopRMksS tbhiaMed MBI thd brocessing
anot her enbodj ment of the cluster tool 500 configured to make the
hybrid orchaRbrith X 508 M. franstas shambierep 140228 lockghisnahars B, 512, and
p- doped s #&UmaheeE s50ne process chanber 504 can deposit the
n- doped SITICOH ayer, two process chanbers 504 can deposit the
intrinsic anorphous silicon |ayer, and eight or nine process chanbers
508, 510 W8#7]depdbptbuffiee chambersbet @ire duat gist ahamherssi Eaeloslot apens to a
[P?&?’?Lmﬁr%‘rx]éféﬁ ShahBel 5140 el AHLEr Fo6AMHRE i SEthtdifed AUifid tHEUPAfster
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.



cell. In one enbodi nent of the cluster tool 500 configured to nake
the double PIN junction cell, each process chanber 504, 508, 510 can

deposi t ea@BZIU@%q%zsﬁi .e., p- doped silicon layer, intr iﬁ%ﬁ%%%@grs
an e I'ment o

silicon | ayer, n-doped silicon layer). In another
the cluster tool 500 configured to nmake the double PIN junction cell,
one process chanber 504 can deposit the p-doped silicon | ayer, one

El even pr QULE ¢ AnERedERRRL onahBols SRR e Tl ¥y oG apoffh'Bhect o
m cr ocr ystthé lchambst.| iTaenrobayatins £40 akiehtigntoeth6 Adiduens chaabber tol placaand

tripl | ust t ool , 600 of th sen i nvention. The cl uster tool
600" has. a TPERHe| & ALDERaleEash2b! T GHRGRETS Ber 4 isplel dases e Jasfer

chanbers 6BAmHP8146Wheih e Bepsaitsii BICEDaHEK Snsfdrchapitsbrisna BHY bekrate
chanbers 606. [0032] Figure 6B shows a center fed triple cluster’ toaol

640. Only &rit MesacPPeeNecaabpd | wEIe YWhebelisi Prycensin® ahamber is e & VD
650 are prcﬁéﬁﬁ;fer, tHeCtrhgdr tfﬂaﬂﬁbéfl%msmagg teddi éfl%ﬁe@fﬁgégr%'eb‘rflégﬁt 1

The left cluster contains five processi chanbers
cl ust er alnsboreonThé risutier \ahaprtsr eS86 wgnchaveber slitoEve Tor dsolatioansf erevent

charter s SRR B, USRS TSRS BB o svmpunc e
680. One lchster tearisféBeharhvel 81 pliveads angtuationpers ob ik closfers 6RRId Aavke
o pr esenP Vi HeboRaBacH apkics vl Bari GENCEPSRY.t KenbE Y br TchH D
s ﬁaLL‘Z? | t g1 BefgeformBariitin IRS clUst&erodl, Mhén nBdit ValveSREY bé PEISH in the
buffer chamber 506. The buffer chamber 506 can provide active heating or cooling
to the substrate. The buffer chamber 506 can also align the substrate to
compensate for substrate position error that can occur during substrate transferring.
The robot may have the ability to rotate about the transfer chamber 514 and extend
into the buffer 506 and processing chambers 504, 508, 510. The robot can also

move in the z-direction.

[0029] The cluster tool 500 of Figure 5 can be used to form a hybrid micromorph
cell or amorphous silicon/microcrystalline silicon tandem cell. In one embodiment of
the cluster tool 500 configured to make the hybrid or tandem cell, each process
chamber 504, 508, 510 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 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

8



[ 0034] The cluster tools 600, 640, 680 of Figure 6A-6C can be used to
forma hybrid mcronorph cell or anorphous silicon/mcrocrystalline

silicon t _. I n one enbodi nent of the cluster t 40,
PP i A% 8PS

680 confi 0 frake the hybrid or tandem cell, each pr
chanber 604, 608, 610, 644, 648, 650, 684, 688, 690 can deposit each
| ayer (Le., p-doped silicon |layer, intrinsic anorphous silicon |ayer,

intrinsic_m C L] )i 'eand - i) | r

I anot herneasoaEdinsh Br It fer BT GoogHRUIEF RE TR I ol by
make the lydatiod cefl, dee gpesvessldhambee S0dosesdepdtitntherp-60ded 6didon EB4r cone
deposit the p-doped silicon |ayer,.opne process .chanper 604, 644, 684
can depos Prodes SRS E e cierasflie PRl oD BHaHHRIS (§0pr Saven
684 can depasdst dHaenddn 508s 5082880 PAU8esddifl FRNINMSRT micreBR/sRIIN sifiton
ni ne process chanbers 608, 610, 648, 650, 688, 690 can deposit the

i ntrinsicla¥e&rocrystalline silicon layer. [0035] The cluster tools

600, 640, 680 of Figure 6A-6C can be used to forma double PIN

junction gkl | FiQie @Mvﬁ?%of%rﬂﬁ@a?'tHﬁbFﬁEluét@P'téoﬁ@@B GHhe BRI

ent
configured to nake the double PIN LUI’IC'[I on cell, each process chanber
604, 608, Irzeptions44The £Ldstegsipol &OP hasd leuh lasknchrpben 602aen talgad lock

(La. p-do G . R o i
- doped o CATBe! PESRBHE chirbors . M BB HTed b iBP shi@bBers, 8% and
600, 640, tvé@buifemdhamirezsl606. Nnake t he double PIN junction cell, one
process chanber 604, 644, 684 can deposit the p-doped silicon |ayer,

one proce ha 644, 684 .¢C eppsi,t .t he n.dop silicon
Cayer . Canioefign Paurd e st 2L RgdRRRR b Ll oD Dl iieciaa tock
FSO, ]68;1, 66|2&nd699lv941|ﬂo¢&ptr@i dhatd’itﬁiab r;smmui ?w,csmm'e\%res@}tsmﬁedoad Ital'rckeemz
0036] The, cl uster tool is ver epefi Gi to use. when form ng sol ar
panel s. TisePTERERk @ he &8Pf%ﬁ3¢ﬁ¥%res %e?q?bauﬁtﬁé Ceatﬁmsgfa{feareriosﬁsst"?&phﬁ@bers
configuraghg 4f R @ignfrdies BISBCEGREING MR HAETesSPBPLR@hbORS650. Three
necessary to formPIN junctions. The cluster tool also provides a

hi gh t hr olighgat camberabserandiwedusier shambers 642 aredsq pieseah be

optim zed. There is a high nechanical reliability, a high particle

per f or manggss;and Fid e sEESHbWS HRirdRS BeRsy ér@irrhwr%%w&%)cnusg@ftg%%@éﬁ @hne

cost and cost of oJperation (C00) "are also low. There is W process
ri sk whenlogdi lagkt 62, clwelee preeasisingo shamgberst B8hs 6880690] Bnd Hueartransfer

Do SSRHBLER GaaREpReaHe” Hlp LT A RHTRED llBoedllThe T 8o

about 20 slubtets atesepieoskasahdptite boffer. ciiémber swstheat the dbuifey sthember dmas

form ng_ anETRGPL. BRRITUAER BRET CPRBE ol ustor tos can be used.
[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 (ie., 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,



The single cluster tool may have a single |oad | ock chanber and five
processi ng chanbers. Because the intrinsic silicon nmay deposit about
3 tines sl the n-doped silicon | ayer and about

sl ower thaﬁMﬁ@gﬁ%ggoped silicon |layer, three proceSS|ng‘&Qﬁ%%%%%
depositing the intrinsic silicon |layer are present and only one

n- doped silicon deposition chanber and one p-doped silicon

dep05|t|on r e u fedg

about 10, £ SISBERF R {oBEEE Aimbe s, Bht ey, B3 ads) Boo Tk ARAe
si ngl e chanbimsici rsicusegstalbinelsiiosn tayal.l | ayers of the PIN junction, the
t hroughput is only about 9.9 to about 14 1 substrates per hour.

0039] Wh ' |

Landem | adatiib | uing bR AR R adof BB0rSrTrite SR bT 18 Wb torm =

be used. Wweibie! FINGuactbpUbbE ¢h Wheeembodimertt e bthetdmmh tdﬁ‘ ﬁdtdrl]s 6?0 Bauesso
I N apou a e I e

and the n-doped silicon |ayer may 0si t

the intri r%qngg'drlﬁ?rtﬁh@ﬁge & ﬂEWeI%M”CmC@1 &%B&’@F?ﬁ%@?ﬁm%@feﬁo‘hrﬁps
the n- dopeghgsighisce4s, Imeesmadego%bh o%EQéﬁ ckeOlel (iBED a@p%oeéméd?ﬂayer
the intrinsic ntcrocrystalllne ayer. erefore, because two

si | i con | dyteinsicameorpheyaiticomlayeie a@ﬂﬁu@QRﬂdeSIm layey)- nimmbersemb@oment
ayers ar iRhESilier Bobf\odk 648 68D Sonfidfei SBHAEHECRAML AN ullion et
each | ayer heref I con 0SI
chanber, oo pgjoessn aﬂlapfbcér A4, Gdd, G8dosart deposih dmdb prdopedssiligire layer, one

|ntr|n5|c ano us ,Si o e |t|o er can,b sent nd
Four |t v G A e ety BOZ prh 2BRSSEMECH eRfe Sk B ekund Blont or
present. Ifin®prcesdeHampsls, 6(I4WBOB NG 10, BIUC 64816850 683, 888,1690tan deposit the
processi ng chanbers are present. The throughput for the doubl e

cl uster td@F‘”ﬁ@;ﬂnwpa%%"@Wﬂaﬁ%strat es per hour. [ookmihen using
the triple cluster tool, the number of intrinsic anorphous silicon

deposi ti offpgabamberise arodtet hﬁ:trwb@rbéﬁeﬂbaat fd {P§é &hBh %mﬁahg%&tr dpahals The
silicon deposition chanbers incréases whil he nunb

silicon a ﬁberdtq%cprgwﬁ%(ﬂwflaéb@sp@nf&vr@mﬂ@*gm@y@um@ §orrrﬂ"le Vhdous
h h
throug puipr&%ssr]r@etéﬁ e gﬁbﬂ%ﬁhsh@?&sélaﬁy ﬁ‘gﬁ%as["ﬁ“.ﬁ?{%%r e cIGEr tool

hour , jUS as t e uster tool. a single
chanber | afastseobwdpsdaplmshtthtdn@hput B0 ghst thec prooess athanibe?. tmhzatlarboan be

6.3 substr e oces .0041] When rmng _an

Cher not c ORNTARGLNE o b RioB RBr R P letN & i B iR orgnce, and

si ngl e cl wggremdanolime detecru gitre TMTBFNt Mhasinateiab cpstoarsd 8osti sfaspdration

the first EEBjunct‘on may 1 ake about tw ce long to depg@nt as the

n- doped si($P %839h|§""b d %‘%uﬁ‘u%rpfpﬁﬁé's"ﬁﬂge't &inge Hish glustay too!

junction, si ¢ anorphous silicon nmay take anywhere from
cbhfgurBfiond)

twice as long to four tines as long to deposit as conpared to the
p- doped silicon layer and the n-doped silicon |ayer. Therefore,

singl e p- éR¥38d S|Thec§ﬁlaﬂé’p"6§t sHlFratom c88r ba s V&%P%gﬂ'@ n- thfp@ﬁ‘mP'e the
silicon d%BBﬁﬁ'&tb%n 8@4@@9*22%@%%‘;% tﬁt‘i@%h;ﬂtetggfe g‘%t Linbfet 'Péolcs stems is

anor phous silicon deposition cha rs may ormt
i ntrinsi c ahaul2heulstsites pionessad mﬁtttwupl The ghustardes systentgecan haﬂtﬂ abeut 5

The thr O“%‘B#&utf peP'%ESSS§TIId1191'a%Eé %ygt%enrmy be about 8.3 to about

14.5 substrates con a single chanber is used
to deposit all of the |ayers, about 5.9 to about 14.5 substrates per
hour can [®3%ir oc¥kenl.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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[ 0042] The intrinsic anorphous silicon and the intrinsic
mcrocrystalline silicon layers take longer to deposit than the

n- doped si%%&ﬂ grs and the p-doped silicon |ayers Pﬁ%ﬁ;ﬁ@ﬁo.}.% Egﬂz

intrinsic S|I|con ayers are deposited to a greater thickness
the doped silicon |layers. The anorphous silicon may be deposited at
about 50 nm per minute and the mcrocrystalline silicon can be

R

silicon/mcrocrystalline SI e juncti on,
pr ocessi ngubsitrieaper taur. ble doolrhsiwadien/a singlelabhamber is ydesl tol depbosit all layers

system may t subst r nter thrqu t.he | 0ad. |l ock
chanber " aph i E1R lyndion, 4, «TBpahe &1 dIBh aBRluCR oL Prbeth A subfpses Ber
first subgbpate may then have a p-doped silicon | ayer deposited

t her eon. FoI I ovvi ng deposition of the p-doped silicon layer, the first

substrate ansferred to a first infrinsic ano ous.Silicon
depos! 11 oioeHamb Ve OIS |47 HROTEYE SUBSE MG ECHSIENSHCPRe andem

intrinsic d@[]@l'éqhﬁétﬁ)rﬁ id H6GHe dRRGS & mptecaame ﬁooaebaﬁqsé) []Qe& UWﬁéraheingsa
placed into the -dpd silicon deposition chanber. | owi ng t

deposi t i ofogklet @Iéstsrd@@e@%mrdw pitigen layertans é‘tecarfu)p@db%hm @,vef feay
second SU%@%&{ nﬁ‘eér‘%LP 5%@351% eotttﬁe%ﬁ@%ﬁ%a%%%gﬁéoﬁidg{efo'?he -doped

deposi tion € I ntrinsic anor phous i con
i s being diiposizyedaod thene-dopeslts:lmhslayatmaaddpdmmm@fghtmmﬁtfaaneet?@m

separate ntrinsi.c _anor silicon,depositiaon ch er Lhir
Sohal P s M IR fPRORAR < ool OHrEREER, eBBust M Prddumctis it fvers
processi ngre Argsehrpiadibel biréaard apariwcs nctemal tigcbromayidhe dr8irdsent in the
substrate while an intrinsic anprphous silicon |ayer is deposited on
the first SHHHUE ABAFCRAINS F’EP%%“O”S\KBV QBW}%EBMWPUSE%? QiBea FPgle p-

I[ 283?] Eﬁ' Fﬁfg‘éd‘?}lﬁsﬂﬁ pRaRibh I Panter! A&indk M-Asdcd SRS BEMSsiRdd £8QAber, a
single intrinsic. amorphous silicon deposition chamber can be present, and four
intrinsic microcrystalline silicon deposition chamber can be present. In one
embodiment, two intrinsic amorphous silicon processing chambers are present. The

throughput for the double cluster tool may be about 9.4 substrates per hour.

[0040] When using the triple cluster tool, the number of intrinsic amorphous
silicon deposition chambers and the number of intrinsic microcrystalline silicon
deposition chambers increases while the number of n-doped silicon and p-doped
silicon deposition chambers stays the same. The throughput for the triple clusier
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 arhorphous 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



substrate, the first substrate is noved to the n-doped silicon
deposition chanber and the third substrate is noved into the first
intrinsic silicon deposition chanber. Foll ow

deposi ti onﬁg%mg%%% doped silicon |ayer on the first su]{)tg[{égalﬁ%’{%?ﬁze
first substrate is transferred to the p-doped silicon deposition
chanber, and the second substrate is transferred to the n-doped

i q S e S .
SE1con SSRaRl A ABGRAE" TwbAGHFRE:Ub Shnd Bo EREH] KRl Hmoers
subst r at e may be aesfled te dormthe intrimsicearogbholis silieon tfar lbath HP INhandtidrisest the

hanb t d int i nt.rinsi i talli ili
Gepos t i o uten nesrouahi iyl e HhuBui: PrlEidensurfitg o RbeRe45
second sulsbsidtes pehBoSe Citbndbs Whahea éiﬁﬁkr@mﬁtﬁrwdsé@t@déﬂtﬁsit all of the
p- doped silicon deposition chanber. The third substrate is

t r ansf er r &&Yers.chorha-Storabout .5 sybstratesmiepheuscan be Pmregeddsi ti on
chanber to the n-doped silicon deposition chanber. [0048] Fol | ow ng

the deposiggs®n OfTHN MtinSHORPSbIBRbIS QlichRYMT Bié Ikthsie HaBbcAMRHA R con
the second substrate is transferred to the second cluster systemto

be pl aced ldyeratekedengerspdapoek dwnibe-feped sibperslayesnanthliededoped silicon

Fol [ ow it ) o ) S

ayer on {HETs HEBARe inbhecARARTor' 48, Rpokifdl s SHPESF bR ghan

t he p- dopétk doped silicare faysid.i he a@haorpleous §ildeOimayde désogiied@hetbout 50 nm
il I s d ited the. thi.rd sub . th hird

Subst  at e PFE i BRcHRY e FsSneline o vt b Sepshed ababbit 1o am per

i ntri.nsi cpithgeocrystalline silicon deposition chanber. Once the

intrinsic mcrocrystalline silicon layer is deposited onto the first
substrate, the first substrate is transferred back to the first
cluster aligl acdliien BREIG dipeameihus nSleyTarPeNSERD SHicomn BUNPIN
t he n- dopethden dedle ljaydtion! & peRRSINgesk@BnES @ah ibeShllGHESt Aaddtibld Betriple
first substrate is transferred to the |oad | ock chanber and out of

t he syst eRlUsStgicysiame May Mendsed. nif fisdrSHbslipte maysentes dirough dhejlgad lock

deposi t ed, é\'@Bert 8% %Qﬁ% ﬂ'ﬁo ?I*rﬁ)ﬁlqroﬁreﬁ’silfc%ﬁ ﬁﬁgﬁﬂg%ﬁgﬁh{?@t ﬁ]’_hingggt  substrate

transferre ack to't Irst’ cluster an aced Int
si |l i con depysthendaveapbodnpedGilicont lagemdelmsitdd Sheieoon Felipwing deposition of

d ited t j NP
cepost Loty o RBesHRA RUBRAR R IR, PURRLR Bl o r it
2007/ 1182a@HdusXiliz6nAizpagifiopenamber.t he intrinsic mcrocrystalline
silicon layer is deposited onto the third substrate, the third

substrate_is_transf.erred. hac o the . first .cl.uster an | aced i,n the
o Soped. dopFIon SENBUE i ihslidiel e il f S EmiPleRs &ifch dBhdstie
deposi t edcigambére atdeicbad Subsiv4tatis pldcbe ihibithe psddisdd silicon depgosivsf dhahfsdr.
to the IoEd | ock ch%rrber. .and ,out of the system

ollowing the deposition of the p-doped silicon fayer on the second substrate, 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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[ 0051] Whi | e the process sequence descri bed above has been descri bed
with respect to only three substrates, it is to be understood that

addi ti onal rate could be processed sinultaneously.

t he subst r?@?@%@”ge processed within the processing &éﬁ%%ﬁ@ggﬁzz
transferred between the processing chanbers wi thout the need to
transfer nore substrates than the robot can handl e or process nore

b b . ime, th mh ,
subst r at o208 e PRI RO bt BB tST #hPrBHE SFkaf layer on the firs
subst r at e sobytrdte, pedirstssubdiratict ibinfovedgo e nalopetieflican diepbsition ehambef and

chanbers avai | abl e for. processing at any monent in tine. [0052]For ..
the intri 6h'FF§) SMBeiF3te: i) oyed d |g@na§éd6§'ﬂﬁ‘icoﬁ’]’°5¥wés ligqty, deposition

i ntrinsiccRhgbeE! Fsiciihg i ddsRRMA dfaNEh-dopebitiicbAllaydrdh Bk irgsubbRate,
n-doped silicon, the p-doped silicon, or the intrinsic anorphous

silicon, theefistisybstiate isdipnsleradite the pedapedrsiiaen denositisi dhamber, and the
m crocrys i g .} i 5 M L hin the
ot her pro%gééq&ngu%lﬂgﬁﬁﬁ??{sﬁ‘g%%ﬁhgﬁe ir:'ea 09,8"!0? H?}?pgéﬂgﬁic}élﬁgﬁ%ﬁ o have
more intrinsic mcrocrystalline silicon deposition chanbers than the
ot her proé®W4di ng Fellawhigr the dpasiionngf thersecond rp-deped silicen dayes tanl thienfirst

silicon deposl .é,otﬂe(mgt%rsﬁ e 0% Adfl fl40n lth%%%%‘é §hfiRti o e buffer
[e Bisgs PP G o RP S rad TR dhretispi

processed™in qui cker €posi 1T on Chahbers dan

addi t i onachamnbeocangs tthér | pleced | intborand dqidasici orcrobgstading. sllideal Hypoditien
nunber of jntrinsic mcrocrystalline silicon, deposition chanbers ma
be chosencBMPRA: FAUOWEG, ST GRESS FilcRE JSRASITRE! &1 dhe S6epdd suPrale: the
silicon dep&sid bqustia i aaRsfehBH SRBSthB La85S8d Rilicoh MRpoYkish chafhbe?. The
removed and a new substrate is Blaced within the processing chanber.

[ 0053] ThethiEhBubLEe s AgnaRsIadesomoihe; fitst iimripsiasarpomhorp HilippnsAepasiion
deposi ti OEhémBé‘Pt%rtﬁe H!a 'éflicoh@%gﬁgiﬁgﬁ%hg%bbpt rinsic anorphous

silicon deposition ¢ ers my sen so that as soon as one of
the intrinsic anorphous silicon deposition chanbers finishes
processi ni§oddlhe &elewing: the depesitioredfahe f-deprdsalicen dageri sn thieaseebnd

Wi thin t h@uﬁt&?ﬁ%%”&éq‘&ﬂﬂ%&tﬁ {Nis Aflste ke 1M E %gg@‘gﬁ Hu%{éér‘églqyjﬁfé(?% ?}9%9

i ntrinsic anorphous silicon intrinsic mcrocr _
chanber s planedapasiintrinsit enicaicnfstdiire deparitmmehamberoniFgliowirey thentepositfon

chanbers negessary,..but also et her..a single ubl e . or tripl .

cl ust er sﬁ}ﬁﬁ%q%ﬁﬁ'&%s%faw n%pﬁsaf"i'?ﬁn tlﬁ?%rd%'&ﬂg?owrgss‘ﬂ%ttwétﬁgr third
si ngl e | usgiistiare Eriratetdtel jolths -drpest dilibohWepokitioh @hbmbker med may al so
determ ne whether a single or double or triple cluster tool nay be

needed. [00541A Bd2PRd SidbbSSLiSRIT)S R aSHEATRS o Te NP sA0Mhe Bne
third substrate is transferred 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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preheating prior to each deposition. Each of the other deposition
chanbers may have about a 50 second preheat prior to each deposition.

The p-dop o%b'};fﬁ%zl ayer may be deposited to a thickn /ﬁ’%zo@ﬂﬁ% 20
nm The intrinsic anorphous silicon |layer may be deposited to a ou%

150 nmto about 300 nmthickness. The n-doped silicon |ayer can be
deposited to a thickness of about 20 nm The intrinsic

the for eqdttrgl 1's Ghbe SRR pllSe SR icHldeDih b ldpbsied e e thF
ot her and dubstrater thenthirdi substrateds tianefermderzickdo thafirsb eludierianeldlaeddialihe

departing fromihe basic sco t here d the scaope thereof, is .

dot o m nedBPacBTeqrEapRD AR hagttrasn, O apeBfiRed Scon By EEp siePegd on
an- angenenhe tEIRITBObSAE; the BirdsUblstriteofs thdnsfsitdtEth tHealdatigbcle BRaBES and
one or nore buffer chanmbers coupl ed between adjacent six-sided

transfer chhrb®esystem.  one or nore p-doped silicon deposition
chanbers coupled to one of the six-sided transfer chanbers; one

or nore nigRped Sivhilé Re %Q%St é&:{he?n@é%bﬁb@d)%b@& Ha@ 198%h BbsdritRed with
si x-si ded transfer chanbers; and a plurality of intrinsic

si | i con ddpspact foenlyiesaubstraigsl &is todea yrdesstapd that\adgitioprksidistrate could

chanber s 1% gpoaree TuRAREIoIE Sebhl 28! figSub LR 187 B thksoeq winin
chanber s ainel ptdvessinglvbambiersiand fredsferred hetwekrpthel priocessifolimemniers without
combi ned. the need to transfer more substrates than the robot can handle or process more
substrates than can be processed at one time, the number of substrates to be
processed may be based upon the time that a substrate may be processed within a
given chamber and the number of chambers available for processing at any moment

in time.

[0052] For the intrinsic microcrystalline silicon deposition, because the intrinsic
microcrystalline silicon layer is thicker than either the n-doped silicon, the p-doped
silicon, or the intrinsic amorphous silicon, the substrate may need to remain in the
intrinsic microcrystalline silicon processing chamber longer than within the other
processing chambers. For that reason, it is beneficial to have more intrinsic
microcrystalline silicon deposition chambers than the other processing chambers.
By having more intrinsic microcrystalline silicon depositioﬁ 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 processing, the substrate is removed and a new substrate is
' 14



2. The arrangenent of claim 1, wherein the one or nore p-doped
silicon deposition chanbers and the one or nore n-doped silicon

deposi ti ongghd fs,are coupled to the sane transfer Ch?d‘i‘?@%zooﬁ%&ﬁ?i n
g%gu%% 3. The

t he one or nor er chanbers conprise a slit valve.
arrangenment of claim 1, wherein the one or nore p-doped silicon
deposition chanbers and the one or nore n-doped silicon deposition

chanbers : i | X.-.Si I ..
pl ural i tya%%és%ﬁ&@lglﬁgg%%%gﬁgp @%hgﬁfgﬁger S, c%%@é‘?&@kg%?vg%@fthg?ntnnsrc
I ntrinsic andipbous delicesi eindn ingtirsih emicresrgstaliopl sificero coasdrersdcan deposit
The arrandRNEHE BFioS BRI ngt Sl HE imleingt ShAMBLE, pSRBRAR, g o
chanber coupdtiest tosiagle| rdpubl, Xors triphsl dustars bpstemhrhecesdfang.heNaturally, the

plurality of six-sided transfer chanpers; and . . one unl oad | ock
chamber ccﬂfeﬁlsw 2%t Wagthsha %mséeéwafé'&ntqrmgweﬁm\%ﬁruwret igdo be formed

plurality rRhy 8y detdifthd WABHERE HHTBRASUbIMR IR clBR r RtTRy 9 needed.

n- doped sili'con deposition chanbers and the nunber of p-dopéed silicon
deposition chanbers and the nunber of intrinsic silicon deposition
chanbers 1058k herA iRsdaRgrhisilican tdanositiopneliaseber, may haves agpria Ager wecend
claiml, Stgt HorRb W dapdtion. X ESEH A the sdrS &
conprii seswﬁ eeI gi IQﬁjsrl geda%h arPsf Ielr _cha§t ers tc'%)upl é’dﬂs%dﬁg%gtﬁeé@%b%‘rs may
non- | i neahage eargeasAtsecord prfead priantpesanht depostioni nite, p-dhped siticom&ayer
nunber of n[?é;}jBQ %%p%lsiltéuc f'a thickness of about 20 nm. The intrinsic amorphous silicon
layer may be deposited to about 150 nm to about 300 nm thickness. The n-doped
silicon layer can be deposited to a thickness of about 20 nm. The intrinsic

microcrystalline silicon layer may be about 300 nm thick.

[0055] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

foltow.
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deposition chanbers and the nunber of p-doped silicon deposition
chanbers and the nunber of intrinsic silicon deposition chanbers
‘together is equal to Thirteen chanbers. 7. A PIN structure fornmation
nmet hod, conprising: - (a) disposing a first substrate in a

p- doped silicon deposition chanber and depositing a p-doped silicon

| ayer on the first substrate; (b) 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 first substrate; (c) disposing a second substrate in the
p-doped siligQmg@posi tion chanber and depositing a p-doped silicon

| ayer on the second substrate; (d) transferring the second
substrate to a second intrinsic silicon deposition chanber and

deposi ting an | nirdiustérdocs etrarggemehiaya@nprsimgt he p- doped silicon |ayer on

t he second subst %%Lﬁ?ht{ﬁ%nm%bﬂgcrﬁﬁﬂe&t rinsic silicon |layer on

the p-doped sili on the seco substrate occurring
si nul t aneousl y wPbh of Borgehsier habess qoHpled etwaes; adiagent ét’f'ﬁ'qegyer on
the p-doped inkicfepbrimyger on the first substrate; (e) di sposi ng

athird substratelnthe - icon d ition. c r.and
depositing a p- deed ’E?rﬁpc‘{ﬂﬁegﬁ‘gﬂ“ Jﬁﬂc’ﬁ' c?ﬁmﬁ%rsggtboﬁ tgt()gs of fi (t
t ransf erri ngsit-diged thirstbrshbstiargt e to a third intrinsic silicon

deposi tion chambgr, and, dep cﬁ%é@ hﬁ&g%ﬂ%ﬁ&'cﬁﬁﬁe%%%ﬂgo RYBFthEN the

p-doped silicon T'ayer on 't rate siting an
ifitrinsic sﬁlﬂ*&ﬂdﬂﬁﬁﬂﬁ?fﬁfchﬁiﬂh%apd doped silicon layer on the third

substrate occurrj ngurakitpldit ARReYSdileom ddpoitieh dﬁmﬂﬁdré idagpledieni fakr i nsi c
silicon laye ont onlay ecand. s rate;
(g) di sposi rPE]"F%W cﬂjr?'ﬁ'%gﬁ‘gstﬁnﬁte ﬁmf’ﬁ'? SF'%I c)I? ﬁ gﬁe%g%lhtl on
chanber and depguitiintdhambersps grtapEdthsn Ithecmnnueayép-dmdtaﬂeom depasition
substrate; chambers and the number of n-doped silicon deposition chambers combined.

2. The arrangement of claim 1, wherein the one or more p-doped silicon
deposition chambers and the one or more rn-doped sificon deposition
chambers are coupled fo the same transfer chamber, wherein the one or
more buffer chambers comprise a slit valve.

3. The arrangement of claim 1, wherein the one or moré p-doped siticon
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.

4. The arrangement of claim 1, further comprising:

one load lock chamber coupled to a first six-sided transfer chamber of
the plurality of six-sided transfer chambers; and

one unload lock chamber coupled to 8 second six-sided fransfer
chamber of the plurality of six-sided transfer chambers, wherein the number of
n-doped silicon deposition chambers and the number of p-doped silicon
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(h) transferring the first substrate to an n-doped silicon deposition
chanber and depositing an n-doped silicon layer on the intrinsic
silicon layer on the first substrate; and (i) transferring
the fourth substrate to the first intrinsic silicon deposition
chanmber and depositing an intrinsic silicon |ayer on the p-doped
silicon layer on the fourth substrate. 8 The nethod of claim?7,

wherein (h) . f.Lrst . St & the~fourth
substrate arggpﬁgﬁéé‘%gﬁe su éﬂtgtg ggm%ﬁfﬁllgbﬁ%%ﬁp@ﬁgeﬁ% o?'gg'gatirr?g (b) -
(h), 9. Thelogetherdeiemsal totypive ghanilieéSein the intrinsic silicon layers
are intrinsic anorphous silicon |layers. 10. The nethod of claim7,

wherein one jntrinsic silicon |ayer is intrinsic amrpho si.l i con
and anot her #’nt r'iTﬁ% FEa'ﬁqeme%% q[ad%}/‘e{' Whﬁrﬁ'%'ﬁ"?ipﬂg?"@ %%—gg?#é?rglfqri ne
silicon. 1lchambersroetripdsksahreelsid-siled, traniafer efamielrecdupteditogstioersn &i con

layers are intninsic gloragrystalline silicon. 12. The nethod of
claim 10, further conpfising:

B. The amrangement 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 infrinsic silicon deposition chambers together is equal o
thirteen chambers.

7. A PIN structure formation method, comprising:

(a) disposing a first substrate Ih 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 pdoped silicon deposition
charnber and depositing a p-doped silicon layer on the second substrate;

{d}y transferring the second substrate to a second intrinsic silicon
depesition chamber and depositing an intrinsic silicon layer on the p-doped
silicon layer on the second substrate, the depositing an intrinsic silicon layer

, on the p-doped silicon layer on the second subsirate occurring simuitaneously
s with the depesition of the infrinsic silicon layer on the p-doped silicon [ayer on
the first substrate;

{e) disposing a third substrate in the p-doped silicon deposition
chamber and depositing a p-doped silicon layer on the third substrate;

(i  transfemring the third substrate to a third Intrinsic silicon
deposition chamber and depositing an intrinsic silicon fayer on the p-doped
silicon layer on the third substrate, the depositing an infrinsic silicon layer on
the p-doped silicon layer on the third substrate occurring simultaneously with
the depositing the intrinsic silicon layer on the p-doped silicon layer on the
second substrate;
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U)disposing a fifth substrate in the p-doped silicon deposition

chanber and depositing a p-doped silicon layer on the fifth
substrate; (k) transferring the second substrate to the n-doped

silicon deposition chanber and depositing an n-doped silicon | ayer on
the intrinsic silicon layer on the second substrate; and
(I')transferring the fifth substrate to the second intrinsic silicon

deposition chanb ang: gsqqﬁ)s | | OLrl RS L1icon |layer..on the
p- doped silicon F@{/er gi(})"ﬁ tl eéi ??Wh%ﬁ%és}% rfﬂé{aie, 8 -;[dﬁféeddgﬁc g %ﬁ’a’“%e
i ntrinsic si EN¥BRETIRRY EpPRSHing AE-drrad piliapndayer otha fduthenbsdrate;he fifth

bstr at . . . g1 o
substrate occurriRg Stransf HSrst svbdvte tohsh ﬁi_tgﬁgéqc %i‘#’?h&égg%bm“ nsic

silicon layer, on the p-doped silicon |ayer on fourth strate.
13. The net hoaha(gr{;rbeé Fay ﬁ?ﬁ”ﬁﬂmf’ GPiRAPed Stigan leysrgn the Intrinsic sHiporilaygiosi ng a
si xt h subst r an theifiret shisstptedapkd sili con deposition
()  transferring the fourth substrate to the first intrinsic silicon
deposition chamber and depositing an intrinsic silicon layer on the p-doped

sllicon layer on the fourth substrate.

8. The method of claim 7, wherein (h) occurs before (g) and the first
substrate and the fourth substrate are the same substrate, further comprising:
‘ repeating (b) — (h).

9. The method of claim 7, wherein the intrinsic silicon layers are intrinsic
amorphous silicon layers.

10.  The method of claim 7, wherein one intrinsic silicon layer is intrinsic
amorphous  silicon and another intrinsic silicon layer In intrinsic
microcrystalline silicon,

11.  The mathod of claim 7, wherein the intrinsic siicon layers are intrinsic
microcrystalline silicon.

) 12, The methed of claim 10, further comprising:
L () disposing a fifth subsirate in the p-doped silicon depasition
chamber and depositing a p-doped sllicon layer on the fifth substrate;

(k)  ftransferring the second substrate to the n-doped silicon
deposition chamber and depositing an n-doped silicon layer on the intrinsic
silicon layer on the second substrate; and

(1) fransferring the fifth substrate to the second inttinsic sificon
depuosition chamber and depositing an infrinsic silicon layer on the p-doped
silicon layer on the fifth substrate, the depositing the infrinsic silicon layer on
the p-doped silicon layer on the fifth substrate occurring simultaneously with
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chanmber and depositing a p-doped silicon |ayer on the sixth

substrat e; (n) transferring the third substrate to the n-doped
Silicon deposition chanber and depositing an n-doped silicon | ayer on
the intrinsic silicon layer on the third substrate; and (0)

transferring the sixth substrate to the third intrinsic silicon
deposition chanber and depositing an intrinsic silicon layer on the

doped silicon | a th th bst r at t th
Pnt r Pn5| c sithe @S?Pgtg’r?e‘fqufﬁ“’gﬁzéﬂﬁoﬂgﬁ'gﬁgg |r”FaEl' gﬁﬂpqﬁyg‘?gg%&[ IP?B ?xt(:a h

substrat e ogeutH dubgtraiemul t aneously with the depositing the intrinsic
silicon | ayer on the p-doped silicon layer on the fifth substrate.
14. The nethod of claim 13, wherein the first substrate, the second
substrate, tiBe tTFienethatstelaimd?, fulkertoupisn&ubstrate, the fifth

substrate, and t Sb?sb&;ﬁddassnmts@bﬁra?e & ft‘feeb-ﬁﬂéecﬁbhb&tnr &R8ition 15. The
met hod of claim t he structurﬁ_ﬁls a gle junction

PI N struct uFEB’BPerénﬁ’ldRPﬁ’W”IGle@@e? Sicon; ‘@rer 88 feSPth & s

(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 infringic silicon
deposition chamber and deposifing 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 subsirate occurring simultaneously with
the depositing the intrinsic sificon fayer on the p-doped silicon layer on the fifth
substrate.

14. The method of claim 13, wherein the first substrate, the second
subsirate, the third substrate, the fourth substrate, the fiith substrate, and the
sixth substrate are different substrates.

16,  The method of claim 13, wherein the PIN structure is a single junction
PIN structure or a FINPIN double junction structure,
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