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Met hod of manufacturing n-type nmulticrystalline
silicon solar cells The invention relates to the

woreovabassur e of solar cells. It nore particul aPdHNL2006/050242

relates to a nethod of manufacturing solar cells using
an n-type multicrystalline siliicon substrate.
Mul ticrystalline silicon (nc-Si) solar cells are

usual | y maBped of mpndfyqeristhsigeanaltibes@aume sifcoh kslat enger
di ffusion length of the mnority carrier than

n-type's. The silicon feedstock for the solar cell

I ndusgyr Xn\létﬁ%gr? t%at?@[?%@?&aﬁ@a&tplee Jf%?_%f E&fsk 1tfR8re %Q@icg%arly relates

I ntegrate r beca

the nl‘mlmdf aahatuéacafringi solat oel]s dsivey dn Iglfypquﬁllltltrystﬁlmb Silicon
reserved for the 1C industry, and the lesser quality
Sibsi3ters the feedstock for the solar cell industry.

Due ﬁ\@ulﬁcr’&@tﬁﬁﬁ% sABh tlﬁg-%l)osfolél‘ Q@llé"ﬁ@ |u§ue§ly| Ih&%rbf g-type substrate

f eedst ock, is desirabl’e to utilize the n-t
feemist ofits hmg@ &ffieat lengthyof thaymaudity caoner thad wtyrméd l's

3?% ggfcz)? Egedgtréelﬁ g%g%’ 39 etlrecgllgﬁ% fﬁs%eg?f \é]gp%@g glré itl?er feedstock for the

?[tafe@t@%mt*{@@)%i&@st@f ThREs b&laadd éf@lhé’mbﬁﬁﬁ&ﬁre'dffsﬁicbﬂﬁhe high
he mnorit carrier in nt@&h 'll. However, t he rmst
8

élﬂﬂ]et(Ytsll veeresarygicon the 1anigdwrdiyus 4SAY Ry §0m@rth§ feedstock
%ngt)ﬁg § lnféetlll 1%5%%1{)' P 3 [})ea f?'elcleﬁtc ﬁ(r)]rtﬁc' %l Fth V%ilélg sdicsn %eteldgtlock, it is
subj set™ especrally cgoncer ni'ng £he

ore

Jdegieableotd ltibizEeel rofvpe Fesdsiotinglote effacsivéaly) Inneldgion] &04r cells made
sqgl ar cell nmade of n-type substrate, the so-called HT
CHBt R DYDSIEES BAY RYHaVASYRSHIST BIOPRTLSS pageinpared (o fhpsgrisade of p-

"éﬂrcé %F%paqésegec%ﬂge ot H@r F{Exdeé% g@lyl‘?feﬂﬁ%fﬂ{eorﬁﬁr Fi&f?agiéﬂn n-

stfucture, type thin
dgnxﬁal Hedewn, thhendst eﬁﬁecns'e slteuc(tlhne ghd manafademing prabess and-type

hl ed. n-type thin filmjs deposited on .the back.
%?tg@%g ?W@P%g/‘@?ﬁﬁf‘pélaﬁ sl sy JePfctaﬁesgafﬁ t $SRpallyrgpucerning the

tﬁﬂc‘ﬁofl b rRGbRT FBOLiR18 cARRIALRiIHRASIAL 6511 ﬁ‘iﬁd@of n—type substrate,
reI atively | ow tenperature | ess than

dppdoyéatigd tHE (BHateeo-umchen witk Iotninsig ITthurelrayslt) atrucptme was proposed
bGP 50 b P00 R B
Him'is défforREPEH MFraaik sidd slight BERhaHO\RIdt@ Ty doped n-type thin
fg&g% g!ﬁ;ossg%iagno @1;%221? glge ofL g is(l(relgl%uc?yns’.?alhvrllesstﬂa:con suggtlra?e The thin films
for both sides are deposited at a relatively low temperature less than 250°C. When
applying the same technique on multicrystalline silicon substrates, it was found that the
solar cell properties were unsatisfying, see “M. Taguchi, et al.”, Proceedings of 31st
IEEE Photovoltaic Specialists Conference (Lake Buena Vista, Florida, 2005) p. 866-
871.

Nowadays, to improve the bulk property of multicrystalline silicon substrates, a
gettering process by way of phosphorus diffusion is used. This process gets rid of
impurities like iron included at the process of casting the multicrystalline ingot.
Hydrogen passivation by annealing after depositing the film which includes hydrogen
also has an effect to improve the bulk property of multicrystalline silicon substrates.

Both these processes have already been used at the manufacture of solar cells made of

p-type multicrystalline substrates. However, there has been no proper solution for
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Nowadays, to inprove the bul k property of
multicrystalline silicon substrates, a gettering

w@emcosssbyway of phosphorus diffusion i s usedPCI/NL306/050242

process gets rid of inpurities like iron included at
the process of casting the muliticrystalline ingot.
Hydr ogen passivati on by anneaelng after depositing the

ﬁmkg’ﬁamg flasd e prdesshyiioase maahBeuiag ofn HeT kegétutedn an n-type
nprove the bulk property of multicrystalline silicon

wﬁg@%ﬂl@@e siBgph sylslaie. Bhis éschosauseribg @irpfing lergr dapepited on the
léﬁl?s?rlagetf cd % @glgu%gpggﬁmﬁﬂg{ ﬁg)'etaﬁ% Q&:e d 111Peb18 nﬁmrus

mdﬁm@p@fhyﬁ@dgehlpamxfaabn.nt egrating these tvvo pr ocesses
into the manufacturing of a HI'T structure in an n-type
multicrystalline silicon substrate. This is because

the ghisninf ddjep lom%r pﬂége@@weﬁ@o@fb fhfuEURRT L 8518 cHBRAAg 2 HIT
mai nt ai n |ts quality wth high tenperature process

Istrkeumhmmglfm odypk frfulisirpstalbne hl;lﬂdom getstrp@ssharaini tha depasited thin
isfﬁ ﬁg) .ect 6\3 gz) rtesent i nvention to manufacture a

gy 1P ngy, eﬁé? Her PPoeatg ¥eRisi ng an n-t ype
nul t iTgEsysjd id RRicsed b @ McPhHASE TSR ARG Nsoldi@ell, comprising:
deposited thin filmq uallté is not effected by other

prevedist Ag-typepeilticTyitglinhjiden jubstsrihhewiegia Bipnasideanbaback
%I manufacturing a solar cell, conprising: - providing
a n:type multicrystalline silicon substrate having a

f peditidiaj dphasphotushRisic Bger intotheoBadk ¢ & thb osRiaeUsnd then
diffusion |ayer into the back side of the substrate,

anaPasHE & p-a@ssdicon dyn dilm-anthe frepg sidon thin fil mon
t hemﬁgz%'ltdlr% tgeche 1%97&9[[0‘?1' tfu‘ﬂ Jﬂ&f é‘[&&]ﬁlﬂ&ﬂl(ﬁﬂ? ff&jﬂf‘edta?t'epthe

fil etergjunction iIs ter usi on
$1ifﬁ|&;10nT§nq1 dthore¢ore Neating gletﬁq@ppsﬂhymetlﬂ;n filne @nhighdrnethp ératures

er tenperatures than its deposjtio erature
é 15 CROYHALITMPSINE 527 E%aYﬁ}é ?ﬁthFHBQ]bt p-type silicon

$hihi8@Ns Widlathéd mis maintained. In a preferred
enbodi nent, after the step of diffusing phosphorus the

met hda a portprédsesh odimdepalsirtthangemoiddiéugog phesphptumthe method
cggjggiisessi: ng hydrogen onto the diffusion |layer at the

- depositing a dielectric film comprising hydrogen onto the diffusion layer at the back
side,

- annealing.

The dielectric film is deposited on the phosphorus-diffused layer. With the
dielectric film, the inside reflection at the back side is improved and the current of the
solar cell is increased. Due to the annealing, a hydrogen passivation is carried out. This
passivation step is carried out prior to the formation of the thin film heterojunction.
Therefore, heating the p-type silicon thin film at higher temperatures than its deposition
temperature can be avoided, and so the quality of the p-type silicon thin film is
maintained.

Preferably, the dielectric comprises SiN. If silicon nitride (SiN) is adopted for the
dielectric film, the SiN can protect the phosphorus-diffused layer from a NaOH
solution and a dilute fluoric acid which may be used for the pre-treatment of the

formation of the thin film heterojunction.
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side, - annealing. The dielectric filmis deposited on
t he phosphorus-di ffused |ayer. Wth the dielectric

wo 2domo438BE | nside refl ection at the back side PGI/NL2006/050242

i nproved and the current of the solar cell is
i ncreased. Due to the annealing, a hydrogen
passivation is carried out. This passivation step is

car r imd pRodphpfus @i ffiisPort Rgerf 0 (HEEHacRBidefof tHRG&ubditalke il B provided
het erojunction. Therefore, heating the p-type silj|con

tpvithstrdiffysiag Phasgheps méorpethatdss o5 thersabstiatestogeslss pdifGpion layer
t : i ded y

SFTREOR SRR YR AR P08 PR e o
tshie. di el ectric conprises SIN. If silicon nitride (SiN)

is adopted for the dielectric film the SiN ca )

pr ot 33? I RlYh YIS FROMES O T Set maay Beturedohy the Rhigyg mentioned
S$dipdd on and a dilute fluoric acid which maybe used

for the pre-treatnent of the formation of the thin
filmheterojunction. The phosphorus diffusion | ayer at

t he ck side of th ubstr.at e be provided by.fjrst

it OB s B e iad FARECHSE TSR G tupYil hidhme clear
R th€BEEY ofa didchiPeodPBl 4 ANRbeOSr dibdiment, if ivileciaRderefice is made
t he back side, and then renoving the diffusion |ayer

4 therpppendsa drayyiggs, imwéichhvention al so relates to a
solar cell manufactured by the above nenti oned nethod.
Furt her advantages and characteristics of the present

I nverigiees Whl1H #esoifec:ahipid olihe e tibaSbendfonaf a first embodiment
description of a nunber of enbodi nents, in which
r ef eEHERINVENtiRRde to the appended drawi ngs, in which:

Fi guﬁé‘één é;)?ﬂogfs]:c’zb %Wvﬁ&r%g%mltﬁ%rﬁfg Jtl.{ﬂﬁ}goﬁt%%gscﬂrreﬁponding to the

f or mat I rst enbodi nen s inventlo
Fi guteniatishofsigarct law iEhart of a manufacturing process

corr %?51%] glsﬂgwst 2(1) ﬂE)\r)]vechfarc‘g %?gtsglgp ce lfmzlrll ggt&r?nglﬁ:o%eHs;s according to the
state of the art;
Figure 4 shows the resulting solar cell of the manufacturing process of figure 3;
Figure 5 shows a flow chart of a solar cell manufacturing process according to a
second embodiment of the invention;
Figure 6 shows the resulting solar cell of the manufacturing process of figure 5;
Figure 7 shows a flow chart of a manufacturing process according to a third
embodiment of the invention;
Figure 8 shows a flow chart of a manufacturing process according to a fourth

embodiment of the invention.

Figures 1A-1H show an example of a practical formation of a solar cell according
to an embodiment of the invention, and figure 2 shows a corresponding flow chart of
the manufacturing process. In a first step, a multicrystalline silicon substrate of n-type
is provided, see figure 1A and step 201 of figure 2. Then in a step 202, on both sides of
the substrate 1, phosphorus diffusion layers 2, 2’ are formed in for example a mixed
atmosphere of N2/02/POCI3 at temperature between for example 800 — 880°C. The

result is shown in figure 1B. This diffusion may also be carried out at N2 atmosphere
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Figure 3 shows a flow chart of a solar cell
manuf acturing process according to the state of the

wa@edo7/0ksgure 4 shows the resulting solar cell BPET/NDhBE06/050242

manuf acturing process of figure 3; Figure 5 shows a
flow chart of a solar cell maquf acturing process
according to a second enbodi nent of the invention;

RitgtiE R tifg D PUSsphbes re@sb phitaOTiRal &Y a §ep R0®fa §ilieon nitride film 3 is
manuf act uri n% process o fi%ure 5; Figure 7 shows a
fdeprtitehanttheback mep of dee stisHatcph vHas Plaspaomdnprgdichenical vapor
third. j invention; Flg .
AP BT A0 MR aa B SuPaRIENe iy v of

fpRashdahme hppiRhblef stdnelika\ieaét prRsmiiviith @araliét pHts hawrowave
an exanple of a practical formation of a solar cell
aemeiedipgna withuaps dabarerpansiing Hermavlasma gsingrige discharge, ete.
fr cRLT in 0 f .
HORIE CPIALS sl B oBFRABE. P slre ™Mol Rilds Y hitfiod, hydrogen is
fimdldidedriy sticadili¢anenigidel fdon3 swithsthe adrecrafof Bevcyfdeeicentages. The result

provi ded, see fiqgure |A apnd step 201 of figure 2. Then .
ioh sigp <P fs FePM 1B g WA e filonion @ g Ahigongitride T in step

DU0SARRc, | VSR ey S UTBESO i

tdepgrétraat temg chatrovesen sfepr20dx Ahp bhenc@l0g ma830Cexdafinde be patformed at

is shown in fi .~ Thi s diffusion | so he .
PR s B dhe Fadt cetcReTG @?e?eraﬁ_ya the anncaling
RARSRRAFUSocd hassSkcBaB E 0°d NQskt, inf FepSiBP tiRGhosphoisl diesed layer
nitride film3 is deposited on the back side of the
SUbdt g dront sglenyy pinacyied esitgadele gxahplai ¢ al0% dpypH solution at a
epositio P 300:500C Wi t h.mi X ses. of . .
SRRSO, s TRIR Sl ot T, JF ST miveice im 3
ek backeiddi ik egtlypdtelssarb ywihe N4 ablugibn pdck&yuenil € FRVWEH6Sphorus-
renote plasma with quartz tube, expandi glg t her nal

giAusd layst Ay the Rackisslenapigecciest kom it OB olisianahfigr g removal
O AR i UL S e TS ] 060 3
daiditent bypinskarenahodlekcendtagasn ctithiegr esul t of step 203

1 ADR in e o %&pﬁ&%@ké@&?ﬁ%& S pang Spg-called
?ﬁan -%:ﬁgmﬁg” for SEAREhAIMewRich TR Guds IR RERGI BHRB&T of NH,OH/
H,0,/H,0 at about 60 °C, HF dip, HCI/H>0,/H,O at about 70°C, and then HF dip again.
This cleaning method can be more simplified, or other methods like plasma cleaning
could be used.

Next in step 207, a thin film silicon layer of p-type 4, see also figure 1E, is
deposited on the front surface using PECVD at a temperature between 150-250°C with
mixed gases of Hy/SiH4/B,Hg. The thin film silicon layer 4 may comprise
microcrystalline silicon (pc-Si) or amorphous silicon (a-Si). Also, the thin film silicon
layer 4 may comprise either a single p-type layer or multiple layers of p-type silicon
and intrinsic layers. The deposition temperature may be even higher than 250°C as long
as it is lower than that of the annealing process, see step 204. The deposition method
may be other like hotwire CVD.

In a step 208, an indium tin oxide (ITO) layer 5, see figure 1F, is deposited on the

front surface with sputtering at temperatures between 150-250°C with mixed gases of
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deposition tenperature, see step 204. The anneal i ng
may for exanple be perforned at tenperatures between

wOoo@m78e8s0C for about several seconds. Prefer abtNL2d0&050242

anneal i ng tenperature does not exceed 10000C. Next, in
a step 205, the phosphorus-diffused layer 2' on the
front side is renoved using fgr exanple a 10% NaCH

90/ dndrndlT Cetat RIURA&LdéhEsiQdn Altiets B9 Ge uIdiesuck aslcuum
shown in figure ID. The silicon nitride film3 at the

[sxEner & emetiogsy Adlernativelpeanofier e ald@psrasing eonshyctive film can be
%g@%ﬁeeﬁtén%/ e & (ge 4 Q?%fn&gﬁa%?‘ﬁ%g_@ ezayﬁn[he %'ﬂtl %1{1:1218 lfayer 3

roanm/bdckcsfdet h@ng)fmepdnﬁplua ﬁhayﬂnth(%raplmdmosm fsae ¢igoryl bend step
NaOH. or

textuyred b chem cal solution |.ike 3% b
&ﬁ OhBEISR ﬁi@maflx@yf CERN BN HSiBg eﬂpﬁéle eyghing P%yes(msluct of
208G ck kit Al rC%@ﬁl %?rcfaf’?%@ uSdd b rl‘ﬁak%lél%ﬁ@al}ﬁ{(ﬁes' iR tl?e! &R hitride layer 3.

using a so-cal RCA- cl eani ng" for sem conduct or,
\Elmad_lty mmCSte:;d%l:O tiloet odngavisc@hndbask essta@h RrOfdrmet2 @2t oen
bout

6 HF_di 1/ H2OR/ O bout 700C,
Db i A it 6 Reh S shi a3 e R, RS ing! Spperature of
lleaw@mdféﬂaslglo@émﬁmmm I'i ke plasma cl eaning
coul d be used. "Next in step 207, a thin filmsilicon

| ayerT he orqsesspentipned abovgl sswplyi rgpricsenisonly enelegoile egd spme

05 LR 65e Bl CER e ARSI SR R o

fdifitusirsd pHosplibriames bath Ridgs 60D Kiilseratd aﬁlﬂaﬁérmhﬁlvirﬂgrtﬁe diffusion
silicon (nc-Si) or anorphous silicon (a-Si Al so, the

f#Cch ak the gy &1% s Pﬁyépssablﬁﬁydlé%lﬁ%?mg@ném silediyplecting

P08 T B LR ] LAY L S

eﬁennhmgher than 25Q0C as long as it is |ower than

e anpeal.in rocess, see step 204.
3323% RS SPROASST Bo T ERsn RrRGSHORaPae U Prastisa
$kgRpkP8, an indiumtin oxide (1TO layer 5, see
flgure IF, is deposited on the front surface with
sput ten |la’og>raa®ryt Hpenruwids a tetlueenbad &0er2BI-D40 o témprising a n-

d fAr.[q 2and . TO.t t. Oh
G0 &7 S nle ol 00D g el Sy heBhmed. These wafers

AP ARl IoQNfromtdne @quaré\bélaﬁlaawtn/mbsélzemﬁiﬂlﬂ ahd e ¢1f125 x125
tngn%n%v%?ghev%s gu(t) r(l)gtu f%(tnln\grele fcllslter?l 1%22‘[ bTehe wafers were numbered #1 to #240
according to the position in the original ingot. They were divided into six groups
wherein every sixth wafer was placed in a specific group. Each group had 40 wafers.
Hereatfter, the groups are referred to as group B, group C, group D, group E, group F,
group G wherein:

Group B: #1, #7, #13, ...., #235

Group C: #2, #8, #14, ..., #236

Group D: #3, #9, #15, ..., #237

Group E: #4, #10, #16, ..., #238

Group F: #5, #11,#17, ..., #239

Group G: #6, #12, #18, ..., #240.

[Group B]
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used, such as zinc oxide. Next, contact holes are
formed in the silicon nitride |layer 3 on the back

W@ e@e/04388i ng for exanple a photolithographic pPODEERN06/050242

see figure 1G and step 209 of figure 2. Alternatively,
screen printing using printable etching paste (product
of Merck KGaA, Cermany) can bg used to nmake cont act

ltbesBii a&?ﬁcaﬁ kekdrB§18 ontHelih @@itibAY Ehe SolafFdeNakirystureh@wn in figure
step 210 ont contacts 6 and back contacts 7 are
fl&k wé%brwawﬁ thropgleheprogesichghawn i sgurg &r Thaspesificprecess

e ﬁﬁc‘ﬂ libn %@eaﬁﬂﬁ%e%&t sz?% Fdll'a'wsThe firing tenperature of

e s ower than that of step 207.
'Eha@ 2;02 OElﬁsphdmmﬂlfﬁumbd aﬂﬂl&\tanpemmmloff -8 S@at witlo physphoras glass
exanpl e, and some parts can be substituted or enhanced
69”8Eher known processing techni ques. |nstead of

e%fz‘@%' DGcrBRAFPRAIMS lhﬁhé’wl?tﬁtqﬂaﬁi fags anhettQﬁpe?h‘tQ?et 6fa$t59~400°c

t hen renovi ng the diffusion layer at the front
stepé,04l Anngling 3bthp¢®$pebdtteretaf 6dDF7UB€ foni~20oacdrids. back

| d tecti th t d t b te 1
SePOSUNBH Biiiod M Ra PR oG of gt ENPRRS Y Sodiaver.
Qfepr@BDY@ace BRhaAW: with 4R¢ AelcanPanation of the
Invention is nmade using sonme other practical exanples.

Istepat O albrtipatiniripsic249 depestien with thepartict kiaesplaes- w@@nced CVD
%993.?5?. i %Pt@? 'Eédﬁﬂ‘f:?%m% JONR% mfth%ﬁlxé&*gasé%&t‘ %ﬁé‘ﬂsﬁéyhzi“—lé.

resistiv hmcmvmre @)

Wehe08: MREetfni spaderigtoTOMt ditetemguange 602007 Wi th t he
si ze §MAdth and depth) of 125 x| 25 m®, which was cut
étﬁ) 20P o Hae p@ﬁ@mw Wlﬁlg srceEliRgRsng PiskblorRisiBe Besier

g%lﬁ2$gre@ﬁ | VI@ 1R At bPodche ori gi nal

hey I'Nnto sSI X groups wherein every
SIXth waf er mas placed in a specific group. Each group
E d 40 wafers. Hereafter, the groups are referred to

'GPk B, group C, group D, group E, group F, group

#Zwlzg%ﬁ a T QRe %m@]’wn}#z cotvkRtional HIT sffgé}{ﬁrecﬁl&ibooﬁ

conventional process A flow chart of this fabricating process is shown in figure 3.
First in a step 301, a n-type multicrystalline silicon substrate is provided. Then a
cleaning step 306 follows which is the same as step 206 of figure 2. Next, a step 307
follows in which a p-type silicon thin film is deposited as was done in step 207 of
figure 2. Next, in a step 307°, a n-type/intrinsic a-Si deposition by way of a parallel
plate plasma-enhanced CVD using 13.56 MHz at a temperature of 200°C with mixed
gases of SiH./H,/PHj is performed. Next in a step 308, an ITO layer is deposited on
both sides of the substrate. Finally, electrodes or formed on both sides, see step 310.

Figure 4 shows the result of the processing steps of figure 3. The solar cell
comprises a n-type multicrystalline silicon substrate 401. At the front side of the
substrate, a thin film silicon layer of p-type 404 is fabricated. On top of the thin film
silicon layer 404, an indium tin oxide (ITO) layer 405 is fabricated. On top of the ITO
layer 405, front contact 406 are formed. At the back side of the substrate, a n-
type/intrinsic a-Si thin film deposition layer 414 is fabricated. On the n-type silicon thin
film deposition layer 414 an ITO layer is deposited, see layer 415.
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Goup D #3, #9, #15, ..., #237 Goup E #4, #10, #16,
., #238 Goup F. #5, # 11, #17, ..., #239 Goup G

W(#éﬂ07m4;{881 #18, ..., #240. [Goup B] Goup B is BCT/N¥pR&h50242

exanpl e of the invention. The solar cells structure
shown in figure IHIis fabrlcaged t hrough the processes
shown in figure 2. The specific process condition at
gaﬁhlpmpcess step is as follows: step 202: Phosphorus

i ffusion at the tenperature of 830~850C wi th
SHEYR ROP aLriPaafsotan sellsdgbricetedpeogdingip ap sWRpEinkskpthere the

gé%ﬁ Q%IS@ trg)tt gy\aerz%l%ckiﬁﬁ esgfcoh I?l?trlhg ﬁlp]rﬁ ’flfleufagrrlge{tllrjlg é)r%cfess is shown

G OguleGC Thos pl‘be&@ isempied $hansthz&p)f ﬂ&&nami‘ﬁhrﬂmﬁ@@mt@d of group B
after t he reanaI of the fron

f
R e de UL ATy B 51X pBis 30l s 3hiscopifgent sars
V&w/ﬂhha 540 CInSARELRIn n- t%@Iﬁuﬁgyystaﬂllﬂé/ﬂ%dn@%ﬁﬁsﬁﬁie% r@%l\?d Ina

ep05|t|on with the parall pl ate pl asma- enhanc
ofep182 &'pﬁomhpnatdlffhmon kawmraaft forreeddn BODGTewiof thersuligchte. Next, in

AR SalPer e o ARl B BOODE Gtef sS08) ot agran

ré&qlhﬁgrrﬁetﬁgd Vhihprisied BRRoMiAGf tRObALK st With Rhadli®e photo resist,
etchin ME?Ste step 210: Screen printing of silver

;sa@t i GME §3 (vl 000G Y0 (QBtayelingy. doiovesdssiha eiching of
§&‘ﬁ%&[% Rl Qol%é&&leér?{‘ %‘Zﬁﬁc%ﬁi 1! Tfo? adabd bPaBRET minute.

conven char

fF&ttulllyCalblOMRISS OCRERVES uﬁﬁ@@ﬂ\/IRlﬁeﬁlb@éﬂ(Eol%zo Oka B;bgycﬂlna) Next, a
step. 301, a n-type multicrystalline silicon subst

|C£ea1@m6\ﬁre@é&)6 1Srh‘°erfpraleé ieatr#do serg080Bs HFP w@llmﬂf&hy ﬁt§p 507
;l ﬁzih e% lﬁﬁ n 408 b id H f‘?ed2as vl/\%)ﬁon? ?IT sStE}I? EO% Qe figure 2.
ows I

mhlc p-type | |con
d@Xqu stepdb (8sis ‘pasfordmie)vhich stiémti20[Ao afepfA0§ UF @ally, eNebddes are
a st 307', a lggpellntr|n3|c a-Si deposition by

We&fo Qiinpigps sfe ste

It is noted that instead of forming a phosphorus diffusion layers on both sides of
the substrate, it is possible to form the phosphor diffusion layer at only the back side,
using e.g. a front-to-front configuration during the diffusion step. The front side
diffusion layer will then not be formed and does not need to be removed. A cleaning
step in this case is not necessary.

The resulting solar cell structure is shown in figure 6. The solar cell comprises a
n-type multicrystalline substrate 601. At the back side a phosphorus diffusion layers
602 is formed. At the front side, a thin film silicon layer of p-type 604 is deposited
forming the heterojunction. An indium tin oxide (ITO) layer 605 is deposited on the
thin film silicon layer 604 at the front side. The solar cell further comprises front

contacts 606 and back contacts 607.

[Group E]

For group E, the hydrogen content in the SiN film 3 is less than 0.3 at%, while that of
group B is between 5-10 at%. The hydrogen content in the SiN film 3 was determined
by measuring the absorption of infrared light by Si-H and N-H bonds in the SiN film 3

using a Fourier Transform Infrared Spectrometer. A flow chart of the fabricating
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pl ate pl asma-enhanced CVD using 13.56 Miz at a
tenperature of 2000C with m xed gases O SiHVH ZPH is

w@eooosased. Next in a step 308, an I TO | ayer iBCT/NL2006/050242

deposited on both sides of the substrate. Finally,

el ectrodes or fornmed on both sides, see step 310.

Figure 4 shows the result of the processing steps of
fpr@dELis Show g S@Irar. TR $pcCiPidRid&esin@stBpd ¥ARis embodiment are the
mul ticrystalline silicon substrate 401. At the front )
spme apthopmel grawe By srediguae Lrxaertifoms sep 7@b#nd Hiferln gtep 703, SiN

- . i ri-Gat hin-fid :
% RSN PSR C IR R e R & 00 X2 i hidd fhes pfsinie
INH3.dbricpdDéthn @mchabiye ap isherfo:d ayetendBiaturé bemicen 850-900°C
contact 406 are fornmed, At the back side of the

defspsriod ,et‘%eeﬁt%]%%?%%@sri nsic a-Si thin film

deposition layer 414 is fabricated. On the n-type

silicon thin filmdeposition |ayer 414 an I TO |l ayer is
depowpilled, see | ayer 415.[Goup D] Goup Dis a group

sol ar. cells fabricated rdin 0 an,.enbodi it
Foe Bup i, e Ao en ERHSH s ot bebieed Do Tasy, Mt hat of
kdup Blevak bbiReed Bel Of AR TR LRGaRIOGBESS [sSths BAMAad that used for
igure 5. This process is sinpler than that of the

ot B exespt fy thy drpesion fempesaipreBt Bectengstietel the SiN film, see
rel ati vely ive SiN. SS.1.S i m : Thi 0
o Seriin SRR R GRS B0 LB ARl P SRR TS B B0 1700
mul ticrystalline silicone substrate is provided. In a

step 502 phosphorus diffusion |layers are forned on
BOtHP<GHes of the substrate. Next, in a step 505, the

f [ i fEUS fhd & - - Thi s j

ST S W T B SNSRI ST ai g 4 g charof
cloatabricptioh préesbackosn defigurt 8. & sweggtarodao pivoflow chat sf figure 2,

suc S 85 .(avai labl e_from Tok Cka olnc.), .
ﬁtﬂ%@éﬁ%ﬂﬁﬁe- Sidnello ob 0 e RS Gt Ay R 20 relpectively
solution conprising HNO ZHF=IO 1 for a period of

about 1 mnute. Finally, the OVR85 is renpbved using
RRultehover (Tokyo Cka Kogyo Inc.). Next, a cleaning

506 i f d.id i cal t 206. Thi
TRy sl RS CuPiegons* TG AP Rl nErprhtish TR
fpkdddting ddeRDel IEE@E0MAS THBRE Jhows tiRPavéfhbe vaRes Hff @b cell
5. Next, a step 508 is perforned which is identical to

Prenstre®f chrgpyy Whereie dscod i shed cireviferent Yoest ih the open circuit
%floﬂggse’ and®FF %st P Fﬁﬂ'ﬁactor.

Hydrogen ]
o Amneal Jsc Voc Efficiency
Group Remark in SiN ) FF [%]
SiN [°C] | [mA/cm?] [mV] [%]
[at%]
Typical 650 —
B 7 32.6 613 77.2 15.4
example 750
Conventional
C - - 29.6 595 77.4 13.6
HIT
Without back
D - - 30.5 605 77.1 14.2
SiN
Low H content 850 —
E <0.3 31.8 608 77.1 14.9
SiN 900
F High H content 22 650 — 31.7 608 77.2 14.9
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It is noted that instead of form ng a phosphorus
diffusion | ayers on both sides of the substrate, it is
w@omgiokdsel t o form t he phosphor diffusion | ayerPeL/NDZI0y/050242

the back side, using e.g. a front-to-front

configuration during the diff§si on step. The front

side diffusion layer will then not be forned and does
not né¢ed tiNbe rlenoved. |A cbe®aning stegp I1n this case

o Nt nacracoar Tha v ool + 1 el ar laal | oy it g A

pe) LILAYA Wi&]blﬁa n%al_y. ic 1 cpoulr tril QU Al \V g I | . Syl ot Uy ©
schown I'n Tfigure 6 The sol ar| celd clonpei se¢s7a2 14.7
n-type mJISt’Iﬂcryst alline substrate 601.| At theg back
de phosphorus di ffusion rayers 602 15 fornmed. A
the front side, a thin filmsilicon |ayer of p-type

604 iVéhalepogiatieg gfapr mgthtdreurh€f ¢ slogwintbat tbe shoinciraudicurment Jsc

tinoxide (ITO |a 605. i s de it.ed on the thin
B ARSI ik byt Slos 2 et GRts TS mesl coRAI o the
‘f)?ésktncfel-ﬂftﬂlfkeﬁacﬁ@[Hé@h%?p?wﬁs%ﬁpeﬁ RSB 8RR ANtk Pakkhorus

contacts 607. [Goup For "group E, the hydrogen
@luﬁﬁusecm pnopﬁsshs@e SieN202 o 181111652 ire’ onthrainap ot peesent imiicicested

t of we O at % The h
ifere R ey Ry St n P s BB e e
tqh@h bsmigbian of infrared |ight by S| -H and N-H bonds
inthe SINfilm3 using a Fourier Transform Infrared
SpectW]éﬁ*i*EQO@?PaﬂAg £rowy @ MathtD.gf canthe seaibiat epreighhy b€ dsgnproved.
f c
TSR RE A PHE Badk dOSIERRT ' iof (RURERTSTIOSLPHDaRes the
ﬁ]il@h:l IfﬁleZtio@XﬁtﬁBﬁncﬁdHht Hglst Ele A efdt ddbe dxpeated pith@Bher
|ted Wt ther a t enper at ur.e of
%Yél%g‘ (P b Eégpa srcmrﬂqﬁm% Torpxappls tigmitmgide.
anne%ﬁéﬂgco%{ g% (Hl?rﬁ %tﬁ@ Faﬁn(?Gt ﬁr@ﬁéﬁ't‘[hﬁt%oﬁlee{nv‘%)gfb riate
850- 9000C for a period betweeén 5-20 seconds I'P
fydrogemomtént andhen lalylmhabgg step doltosning thev SBNNepodiomagl cause a

etween 20-25 atQ B.was be

36T Shofs Ve s 2 Vo, ThRs Bt OlR pS iRy PEBYSRG im 3
%@s@vafté%rtha 498 115t&&%ﬁ%atés%hén%n@'ﬁ&9ﬁﬂ1de’r APprbFHRE tAtdiHishs.
at the deposition of the SINfilm see also step 203

in figure 2. The deposition tenperature at group F is
bet VWaRE 1%‘1xsfeont10n%gov1des a method of manufacturing a HIT structure for

multicrystalline silicon substrate made of n-type multicrystalline silicon substrates.
Through the process of the phosphorus diffusion, impurities like iron included during
the ingot-casting are gettered and the bulk property is improved. The phosphorus-
diffused layer also serves as a back surface field to raise the voltage and a back contact
with low resistivity. Preferably, the hydrogen content of the dielectric film described
above is between 0.5 -15%. When the dielectric film is annealed at a temperature
which is more than 50°C higher than the deposition temperature, the hydrogen in the
dielectric film is emitted and penetrates in the substrate. In this way the multicrystalline

silicon inside the bulk is passivated and the solar cell properties are improved.

As described above, the high temperature processes of the phosphorus diffusion,
dielectric film deposition, and hydrogen passivation are carried out prior to the
formation of thin film heterojunction. Therefore, heating the thin film at higher than its

deposition temperature after the deposition can be avoided, and the quality of the thin
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[Goup G For group G the annealing step after the
Si N deposition is elimnated. A flow chart of the

wo adorioemsi on process is shown in figure 8. As PONNR2IOG050242

to the flow chart of figure 2, step 204 is elim nated.
Steps 802 to 810 are identicai to steps 202 to 210,
respectively. [Results] The current-voltage

ghalriaetaaiiaiféd. CBlofdovEh & stiuvRInekigd (Sidl) lisadupicd fORS Widéttric film,
with a procedure described in | EC 60904, Table | shows

£ cawy BroiRsé theanthaarhosys-diNasedelpyergiasp Slafifbsolgfongaadlilute fluoric
SRS IGE it PEBURY GLIGHLEUAE M YR
Pﬁatet@gundt%anlewmllygthg;rmu@tﬁn\mndkbs gposyibl€to cdmisihovig high

that the short circ t cur rent c and the open
CFPRUMUTARIP L Wt rf%rmmrl&ééiwteml%ﬁaog most

cert &y YdsHGe ttlﬂe hb&Rhesen n&gro‘%m%ﬁ‘t%fwlf 8%50@% in the conversion
phosphor us- dope |'ayer 2. Because of the phosphorus
gifidiesyean pe oxpsed cs)expaﬁdep tiR0@npéntiongludH' Qruciurenf n-type
on éannn@. %P‘@§ sent in the casted wafers is gettered
YOS EE PR gﬁgrus atons and as a consequence the
su bS‘Itr RIS ckdidod thal VERTaAN &Il JB@N0GRIRAKIIRE i iRURt & reading
wth D, it can be seen that especially Jsc is
|tlirma1tswedextﬂ£h@,se| wrigaisrirg deeracd b liqavithar khesicdpe sf thefinyvention as
r l | ayer enhances the inner
gUJQ% ?p%ﬁkdlngﬁ%ent l'ight. The sanme effect can
be expected with other dielectric filnms that have
simlar optical properties like for exanple titanium
oxi de. When conparing group Bwith E, F, and G it is
cl ear that both an appropriate hydrogen content and an
anneal ing step following the SiN deposition will cause
a further inprovenent of Jsc and Voc. This is because
the hydrogen in the SiN film 3 passivates the defect
in the substrates when anneal ed under appropriate
conditions. This invention provides a nethod of
manufacturing a HI T structure for nulticrystalline
silicon substrate made of n-type multicrystalline
silicon substrates. Through the process of the
phosphorus diffusion, inpurities Iike iron included
duri ng
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the ingot-casting are gettered and the bul k property
is inproved. The phosphorusdiffused | ayer al so serves

w@sooa/okseek surface field to raise the voltage BCTINR2006/050242

back contact with low resistivity. Preferably, the

hydr ogen content of the dieleffric filmdescribed

above is between 0.5 -15% Wen the dielectric filmis
anygaied at a tenperature which is nore than 50C

hi gher than the deposition tenperature, the hydrogen

in the dielectric filmis emtted and penetrates in

the ol e Lerystalline

é,l il %ﬁﬁ%c{%‘@%@fﬁ%ﬁ%ﬂﬁ igglj% %Qs%wefﬁsé ‘and the sol ar
cekdviging pertyp e multiceystatiinosiBebn sidstaas bavibead fi@hoside addweback
hi gh tenperature processes of the phosphorus

dt%f usion, dielectric filmdeposition, and hydrogen
RARSViNiAL b PRoHhSrc i friiEch BYLr REhiQHabIOsHOBE {04 FRsirAR, £ then
thin fimheterojunction. Therefore, heating the thin
f-ideposatingrd ity sillvan thindildeposid from sidenper at ure after

t he deposition can be avoided, and the quality of the
thinfilmis maintai ned. Moreover, if silicon nitride

0Si NMdtBoPalRBidsh folaitlhE velietdi@altéd the Et'eff) @p@vmﬁﬁhid phosphorus
protect the phosphorus-diffused [ayer from Na o
slefitepiorolayerribic acthgt €ompisgsi depeagilag phictastricsiilneepmpresing yydrogen
t re-treat t.. of t fo ion.of the thin film

R R BRI Ao BEr PR SR vent 1 on makes |
possi bl e to conbine the high tenperature processes

with the formation of a heterojunction. Wth adoptin

Bhe iMRreed 1GAdinge qlaipr bwdivsin 28¢r the glep 0Bdgnositing gaiﬁ dfclcctric
%@%’&gqmgﬁ&igméﬁﬁ%ﬁ |B0LY, can be expected conpared to

t he’ conventi on strutture of n-type
multicrystalline-Si substrate. It wll be understood

that variants will occ to those skilled.ip the art .
dn réi?i(“?@a“tc%h BV er S HHsEEn vaR iR flen getaRis SIN.
tolie within the scope of the invention as descri bed

in the appended clains. CLAIM5 1. Method of N
danuMahot aqegrdngiol aay of ¢hd preadmer dlaimsgwhereiprsaid Hypg sdicon

-type nmulticrystalline silico strate having a
2@8%ﬁ“§?3@x§H3¥Q‘b@gweg?ﬂgPn&“g?gggding a phosp%orus

di ffusion | ayer at said back side of said substrate,
and t hen
6.  Method according to any of the claims 2-5, wherein a hydrogen content of the

dielectric film is between 0.5 -15 atomic %.

7. Method according to any of the claims 2-6, wherein the annealing step is carried
out at a temperature which is more than 50°C higher than the temperature at the

dielectric film deposition step.

8. Method according to any of the claims 2-7, said method further comprising:
- ITO deposition on said front side;
- patterning said dielectric film for electrode contact;

- forming electrodes on both sides.

9. Method according to any of the preceding claims, wherein the step of providing a



- depositing a p-type silicon thin filmon said front
side. 2. Method according to claim1l, wherein after
wo bw7813p1 of provi di ng sai d phosphorus diffusi BCT/NRY®6/050242

the net hod conprises depositing a dielectric film

conpri sing hydrogen onto said ?hosphorus di ffusi on

| ayer at said back side. 3. NE hod according to claim
hodher eI diffadi dreTayéhe ssitl ®clodideepasd §ibd@ats @bshprises:
ielectric film _ the nethod conprises annealin

: ! . . 4.

sl fesin gaphosplfirpgingobath sides of swid Sibsipie ferendera @?fuswn layer on

J,-ql | ' ri LN Net hod according to
g%@i§$ﬁ§ﬁ§a%$éggﬁﬁﬁ§1%%2?&??”&%@%%?% said p-type
sirémevng tdid diffusion lagerde pod foadsidt. a t enper at ure under

250C. 6. Method according to any of the clainms 2-5,
wherein a hydrogen content of the dielectric filmis

het Weeth 1R il ntauB AR Eb Y4 nfethdHBicBadiRG6 Ahg bR el PeRBg claims.
of the clainms 2-6, wherein the annealing Step is
carried out at a tenperature which is nore than 50C

hi gher than the tenperatuyte. .at. the.dielectric film
deposition step. 8. Method according to any of the

clainms 2-7, said nethod further conprising: - ITO
deposition on said front side; - patterning said
dielectric filmfor electrode contact; - formng

el ectrodes on both sides. 9. Method according to any
of the preceding clains, wherein the step of providing
aphosphorus di ffusion |ayer at said back side of said
substrate conprises: - diffusing phosphorus into both
sides of said substrate to render a diffusion |layer on
said front side and a diffusion |ayer on said back
side; - renoving said diffusion [ayer at said front
side. 10. A solar cell manufactured by a nethod
according to any of the preceding clains.



