1 Method of manufacturing n-type nmulticrystalline
silicon solar cells Enbodinents of the invention
relate to the manufacture of solar cells. It nore
particularly relates to a nmethod of manufacturing
solar cells using an n-type multicrystalline silicon
substrate. Multicrystalline silicon (nc-Si) solar
cells are usually made of p-ltype substrate because
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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

muliicrystalline substrates. However, there has been no proper solution for
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In example embodiments, there 1s prowded a method of manufacturing a solar cell,

comprising:
- providing a n-type multicrystalline silicon substrate having a front side and a back side;
- providing a phosphorus diffusion layér into the back side of the substrate, and then
- depositing a p-type silicon thin film on the front side.

According {o the invention, the thin film heterojunction is formed after the diffusion
step. 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.



conprising: - providing a n-type multicrystalline
silicon substrate having a front side and a back
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Enbodi ments of the invention also relate to a sol ar
cell manufactured by the above nentioned nethod.

Furt her advantages and characteristics of the present .
invention will becone clear on the basis of a
description of a nunber of enbodi ments, in which
reference is made to the appended draw ngs, in
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Figure 5 shows a flow chart of a solar cell manufacturing process according to a
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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 cérresponding flow chart of the
manufacuiring process. In a first step, a multicrystalline silicon substrate of n-type is
provided, sec 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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after coating of phosphorus gl ass paste. Then, in a
step 203, a silicon nitride film3 is deposited on
the back side of the substrate 1 using plasna
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deposited on the froni surface using PECVD at a temperature between 150-250°C with
mixed gases of Hy/SiH4/BoHs. The thin film silicon layer 4 may comprise
microcrystalline silicon (uc-Si} or amorphous silicon (2-Si). Also, the thin fiim silicon
iayer 4 may comprise either a single p-type tayer 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 3, see figure 1F, is deposited on the
front surface with spuitering at temperatures between 150-250°C with mixed gases of
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and intrinsic |ayers. The deposition tenperature may-
be even higher than 250C as long 30 as it is |ower
than that of the annealing process, see step 204. The
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wherein évery sixth wafer was placed in a specific group. Each group had 40 wafers.
Hereafier, the grouﬁs are referred to as group B, group C, group D, group E; group F,
group G wherein: 7
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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according to the position in the original ingot. They
were divided into six groups wherein every sixth
waf er was placed in a specific group. Each group had

wo A 7)0adsst S Hereafter, the groups are refemcahibovedsozaz
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Screen pr|nt|ng of silver paste and flrlng at 200C.

15
[Group C]

Group C was a reference group with a conventional HIT structure made by &

“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 étep 207 of
figure 2. Next, in a step 307°, a n-type/inirinsic a-Si deposition by way of a parallel
plate piasma—enhanced CVD using 13.56 MHz at a temperature of 200°C with mixed
oases of SiHo/H2/PH; 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 C Goup Cwas a reference group with a
conventional H T structure nmade by a conventi onal
process. A flow chart of this fabricating process is

woShesskn figure 3. First in a step 301, a paTiNiRevs/130242

mul ticrystalline silicon substrate is provided. Then
a 20 cleaning step 306 foIIqu which is the sane as
step 206 of figure 2. Next, ‘a step 307 follows in

hpop p-type silicon thin filmis deposited as was
[gﬁie i? step 207 of fiqure 2. Next, in a step 307",
Group Dyip e erapcf pedprccells Bbrigpdpfbacepidaig o Grodmer, where the
SBAF Blils&l noPhAEE b%l?ﬁg%%%%arﬂﬁﬁg N Orieshtaie HBed% shown

at a tenperature o with mxed gases of

isifiedretS2 /Thi3proespssimriergbian tRatal thamanudaceping egrcessrefigrop B
| ayer ..i s .deposited.on.. foede

e e e R b

vaill0a steg-b @)Uk evidclsdnawspt heniticegstdilineofilidohe siybsoare sgirongded. In a

t fofi 3. Th I || ' - t .
Fan B2 epgwbath FEasion Reers fees o boRoHs oftEs pibsfyg i in
S5 081 the MRnt SELEFHALSIayar i Rinfovlell | ThiSis htlderd bayes odhn
p-type 404 is fabricated. On top of the thin film |
ssghineceethpdgaarpriog, thaspating Pl DTk 36 W  1oge)ivq Rl resist,
s?l%&é SR (2 CAtBE - TLER Ofa g?oll-ﬁrg, 1oy Bk tlfeoe%chtjxhgeof

ront contact 406 are farned. e back side of .
thaifrentrsideayithen splutiopremiprising FEYQ/BEi0: 1t for @ perigdt about 1 minute.

i ti-Ql 414 i s f [ . t -
PSS AR XS D OMALERL 01 B0, IR MY o«

deniepasisne ik pesoentdidertiticdll . stdpR0B 0d¢ 84888dllowed by step 507

S LR R s P S AR AT

N Eidph 8 iSpdrRrme@vhhdoidamicah@ve:p2 0B atikalBj electrodes are
silicon nitride film The fabricating process is

fomesaren hawn fifleguses sivp SHi s process is sinpler than that
of 4e 0RAWRGMEL egfop;h%g%sp%oafhoaﬁ QbR:sBn IayRRCAUSRE §iBS of

relatively expensive SiN'process is elimnated. This,
therpbdirate it is possittisto fpimn thegphosphor GiGtusion laypr at Rnkyribgmback sie,
nulticrystal line siti L@ | OV ol a
B SHEBRss St yFRRE SHRE MRl h RoP T sl
difftdiorsiaghe svib fihehhet baifusted biel ddde xot, netdito ta reme@dSAS]eaning
the front side diffusion |layer is renoved. This is
SE@HF@W%E%B?WEV’CS?W% et chi ng met hod conprising the

coatyihe gesftink RelabatistS e WilidwitinTREAL. Toe Riatd@ll comprises a
resi st
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. Ar 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 Iess than 0.3 at%, while that of
group B is between 5-10 at%. The hydrogen content in the SiN film 3 was determinéd
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



10 such as OVR 85 (avail able from Tokyo Cka Kogyo
Inc.), followed by the etching of the front. side
with a solution conprising HNO3/ HF=10: 1 for a period
woGhe7Alagt 1 minute. Finally, the OVRB5 is reApMehe/eso242
using OVR-renmover (Tokyo Cka Kogyo Inc.). Next, a
cleaning step 506 is perforned identical to step 206.
This step is foll owed by st 507 in which a p-type

ﬁbé&&i@@h&ﬂﬁﬁgﬁm ITShe@ | fr66ks@fg FWSerhPoEheR are the
207, see figure 2. 15 xt, a step 508 is perforned

s @ those @fc%ﬁ‘tﬂ Bagee ﬁ"lgur§t2e@ﬁ02msfor F$tﬁh793;ﬂﬂd€péc¥13r%%@3 SiN
@Egaosgtéﬁrmlélgﬁ?ﬁ@\h) & efjl@ﬁi 8%@"(55%5%%%&1&& 230 L eghra/
nstead of formng ar p osp orus usli o l'ayers
i3 Jotstep SNéles oincalingstepuibpirfamed] af & teingerpiusslichientss 0-900°C
5 ffra emlaﬁ) R%eengr%}rse ffu3| on layer at only the back
g 4@ S ront to-front configuration
during the diffusion step. The front side 20
E':ff%ai on layer will then not be fornmed and, does not
0o be renpved. A cleaning step in this case is

W rddg T2 8 My Hrogdh Sorli@S W $INNBImSWAsHetve@h 200G Whik: thét of
shown in figure 6. The solar cell conprises a _ n-t

: ype
Fionn B org beraeen frd 0 atipsthedplaicating pragess kdhg e asithae vegd for
10 g“gﬁ@t Q%{e Stof hfetc%? 65‘&?311] téﬁg&ﬁh%egﬁ ztre' &gés@%dfﬂecqp *tltldﬁgﬂe\]t fﬂﬁl, see
al sthpPOS it éguiﬁa flbe Mepryitioh eeniper s jabigroty Bns bemeanriépdr?ﬁ"c-
tin oxide (I TO layer 605 is deposited on the thin
filmsilicon |layer 604 at the front side. The sol ar
[Geddp Gurt her conprises front contacts 606 and back

cont acts 607. u O_For gr.aup.
R BB (O A G ity B PO DR isrplighaped 9y hoye g of
15 th@ﬁbn@efuon@f&léﬁ 1§S}io$vntlﬁtﬂgﬁ1%r8 K sl@ndfapld td I‘:t@ ftb)ﬁdét@ﬁ%@ figure 2,

content in the SiNfilm3 was determnm ned

stap28ans elgnippfed abispy i to 81O prejidamiign! doistEpspve t%9105FeSchﬁvely

and N-H bonds in the SiNfilm3 wusing a Fourier

TransformInfrared Spectroneter. A flow chart of the

[Redmtislcat i ng WO 2007/ 043881 PCP/ NL2006/ 050242 8

“@[e%%xgrg’no fVIO?.P#S h Y ep stgc‘!s%? Ehgrcg Ecge% c%ﬁsrer‘gyla £ oIk uggcgwﬁ | LN9g
20 mocdire Bescaibed inj I@(Ir&ﬂ%&} "Eameepthom theeavstagpvalOS3 cdiick cED4.

I { 70 th th
e B GRG Or OSSR () S0t TULEEL Sops e Sborbircui

voltage and FF 1s the Fill Factor.

Hydrogen ' ]
Apneat Jsc Voc Efficiency
Group Remark m SiN . FE [%]
SIN[°C] | [mA/em?] fmV] 9]
fat%] :
Typical 650 —
B . 7 32.6 613 772 154
exampie 750
Conventional
C - - 29.6 595 774 13.6
HIT .
Without back
D - - 305 605 771 142
SiN :
-1 Low H content 850 —
E <0.3 31.8 608 77.1 149
SiN 900
F High H content 22 630 — 317 608 77.2 14.9
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NH3: In step 704, an annealing step is perforned at a
t enper ature between 850-900C 5 for a period between
5-20 seconds. [Goup F] For group F, the hydrogen

woGhRleRk: in SiN filmwas bet ween 20-25 at % pehini2odshadzaz

of group B was bet ween 5-10 at% The fabricating
process is the sane as that used for 10 group B
except for the deposition teqrrperature at the
0ep05|t| csENor he SIN fiTm See al sgd step 03 11
g Ut TITO HUQI T WIl C CII}J I Al Ul At T u l_ o
be@\/\/ee\e“rqﬁilgf)mia’]] C. 9[Goup -G Fom.grcups(ﬁu th’gz 14.7
anneal i ndMtepjafter the Si N depositjiion is
eimnated. A flow chart of 1b the fabrication
process is shown in figure S. As-conpared to the flow
charWhasf coipgumeerpup Dsvidpezon G ¥ S@Wﬁ?ﬁé@@@m%@ﬁéﬂ‘f‘%@% Jsc
4 t§el eﬁr(:]_efflil eC@‘Lxl: o) uﬁff_ﬁvgéd 9% it Hlogtjcgrtaml due to the
respect i ts e current-vol g
mbmn@oafelna Is:t:k gige phoslph@’usdngzﬂddam ?-c%etf:h@ewétl’@ piresdomned
a pr bed | EC. 60904

it rrE s g R TR o Qap i Gy g hR Gec
RHAER igFRd bylietisbd pH(S;@hdrrﬁS ithes aftbasta cohgequidrice Giersubstate
Voc i.s . the gpen circuit voltage and FF is the Fill
‘F‘&Efyd?’*mﬂrfﬁﬁdogen Anneal Jsc Voc Efficiency G oup
RemayrKed dd %gro{l%@w@ﬂ {tGin ’Bé@%&fmﬂ esbéﬁﬂlly[i% 1s Hl’l roved
at %4 Typ| cal 0 .6 613 77,2 15. exanp

ihigerainlygag to tes back sy ENHig 37 veezﬁgls@ Bl THS@WP&'&?@FCS e

i%%eﬂectmn of the incident light. The same effect can be expected with other

dielectric films that have similar optical properties like for example titanium oxide.
When comparing group B with E, F, and G, it is clear that both an appropriate

hydrogen content and an annealing step following the SiN deposition will cause a

further improvement of Js¢c and Voc. This is because the hydrogen in the SiN film 3

passivates the defect in the substrates when annealed under appropriate conditions,

This invention provides a method of manufacturing 2 HIT structure for
multicrystaﬂihe 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 getiered and the bulk property 1s 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
dieleciric 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 afier the deposition can be avoided, and the quality of the thin



D- - 30.5605 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 WD 2007/ 043881
WOB%’ONS@QO6/ 050242 9 SIN 750 W thout annealcranSoosns0242
31.4 607 77.2 14.7 SIN Wien conparing group D with
group C, it shows that the i ort circuit current Jsc
and the open circuit voltage Voc are inproved. This

filsh RRSRnEREE Al1Ble¥vd Usilifor! RideRSEE ¢ ueRpRf f&rhﬁe dgiektric fitm,
si de phosphorus-doped | ayer 2. Because of th

&JN@@@ henteps e p&}psphgelﬁ@rfﬁﬁ%@é@rsﬁor% a0k sofitio zmb#ﬂute fluoric

et d
L BroliQR SO ARARAATARERERb G R
I‘r:w:re}un@mse@msﬁﬂemﬂﬁ ¢his uh'smtrfmimakeq ttabssibje foscombnediekigh

When co t can be seen that
> EORIA mceﬁ%eg ‘g@qﬁiﬁ‘%}%{"/ &-° roJumtmnl nly due to
t he Wwake kdcq;indg thSi ilNrehiibuptid mﬁﬁ@eﬁle@ﬂﬂf@ 6LHS paimssn |t}&ycenve'>rsi0n
enhances é 10 i nner % ection. oﬁégg nCIqﬁ
qLGRRCY OFh BC SHITE SR FPTBRAC QA D P RIHORRI Y L §P RS 4 &rtype

Igmﬁbggﬁﬂﬁﬁgﬁgﬁﬁﬁmghat have simlar optical properties
't ke for exanple titanium oxide. Wen coT?arln
£

gr odpwi! b wislerstoort thes yariagts Will paguiciodgse skiled b 2k g reading
r..at : C [

10 R B e e e P B 2B e iy eution as
&m@ﬁmd&n@nﬁm@ﬁddédmamd Voc. This is because the
hydrogen in the SiN film 3 15 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. '
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Thr ough the process of the phosphorus diffusion,

inpurities like iron included during 20 the

i ngot-casting are gettered and the bul k property is

i mproved. The phosphorus- diffused | ayer also serves

as a back surface field to fpise the voltage and a

back contact wth lowresistivity. Preferably, the
Cllvidi®gen content of the dielectric filmdescribed

above is between 0.5 -15% Wen the dielectric film

is anneal ed at a tenperature which is nore than 50C

1. h' Q{mﬁjé 4 SERadh IS e RO lsélhp&utf%maﬁlatwé Bl dresthias sesh

25 dielectritc filmis emttéd and penetrates

_mmmmmhemﬁmHQMﬁé&e1nsﬁythﬁs way the nulticrystalline

si l.i..co i de t e bu a d and
- Riqing Posbies Suitli e sTishR SRRl R A B R
s1cié' G foppas B&Mg%d’lﬁglﬁmt @tiet he phosphor us
fusion, dielectric f|In1depOS|t|on and hydr ogen

dpféwgfmqsmrm Jéltftb@thusedﬁs afisaighpybsirate do f%ée%Ph%Ph%FP% n
f n film t|
il P el G AP ep b TIs3Mton RFE ALid Bk sice
- d@?@sﬁﬁngt eh@ielée@@ﬂltﬂ @miaingieydeogeindad saidhphdsporge diffusion layer
~the thin WD 2007/ 043881 PCTI NL2006/ 050242 10 film
atﬁ%dh@ﬁkrﬁl%el;ned. Moreover, if silicon nitride (SiN) is
) A hQ ek Gkdd Gydd dt Rid fronfsigan protect the
%ﬂgﬁéﬁ%?ggﬁﬁﬁﬁﬁﬁgﬁgﬁﬁg%%% beINaOH sélutlon and
- tadithningsaid fromtistde @fciad] wiitedic,iadter thguémedil obpaid phosphorous
) eatne1% of the formation of the thin film
di ﬂh%ﬁ ' Consequently, this invention makes it

- de efsﬂi&h&ﬁmtmﬁl & g ﬁoﬁt%ﬁ%@fdtﬁﬁn%ﬁ REBRF@Rtion,

h t e f rmation of a heterojunction adopti ng
whetmn wfierdhe stop of demsitingrseidedidactriofilp, gudiptdoro fhstformation of

ot B RN Ui s RS BARRE SRSl fuBomBR:
didetthié ElY shd@pédei@tedhe BYMSEERINEs thetsubitlate, b&lew‘ilﬂﬂfesihﬂ@ﬂmc step
that variants will occur to those skilled in the art

is carie@outiang tempmuuee whishés mese thar hg§ehigher then & tegpnerature at the
(T%qgneg tg- e. mn%hln the scope of the invention as
idedie filR GVﬁﬁFﬁb Hhpended clains. 11 CLAI MS 1.
Met hod of manufacturing a solar cell froma n-type
nultlcr stalline silicon ) o
Methogl according to claim I, wherein said annealing is done between 700 and

800°C.

3. Method according to claim 2, wherein the annealing temperature does not exceed

1000°C.

4,  Method according to claim 3, wherein said front side of said substrate

is textured by a chemical solution.
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substrate, characterised by in sequence: 5 -
providing the n-type nmulticrystalline silicon
substrate having a front side and a back side, the
front side being the Iight incident side; - diffusing
phosphorus into both sides g said substrate to
render a phosphorous diffusion |ayer on said front
side and a phosphorous diffusion |layer on said back

. Side; Ui dielectric. fil 0
sy dnehensoarere B fahbosioros T TR oy g
sofificl back side; - renoving said phosphorous diffusion

layer at said front side; - texturing said front side
of said substrate, after the renoval of said

o BMSORBRLRLEsufl 9%, WRARyaFhd DRPoRESHI L 00

p&ﬂﬁﬁﬁdmygmpgfﬁ%@ﬁwﬁ@hkgmﬁ%,15 wherein after the step
of depositing said dielectric film and prior to the
formati on of the heterojunction, the nethod
co i i 1t.. 1 Jq J .
7. G P Rec BTl el £, Sl (RERINA OB AR oy at said
fread bige nateamoved eftei said simealineal ing step is carried out
at a tenperature which is nore than 50C hi gher than a
tenperature at the dielectric filmdeposition step.

520 HephELIAAEC oY, boSlaliddushigiondonity S

according to claim2, wherein the annealing

t t d ..25 1000C. 4. Methad ..
e RN I N L
th%%%&{sﬁfggosiﬂeﬁ al £¥eeduirechwprcal sol ution. 30 12

according to claim4, wherein said chem ca
solution is a 3% NaCH solution. 5 6. Mthod

[ to.claim3, ' ' id f t
10;0 gﬁétg%)g g%ﬁogdlg% %g‘%]}yaqféﬁg gfaﬁtlasn 8_5?%%&%{&1%3[5 (I)gen dontent of the
dielectric film is between 0.5 -15 atomic %.




performed by way of reactive ion etching. 7. Method
according to claiml1l, wherein the phosphorous
diffusion layer at said front side is renoved after
said annealing. 10 8. Method according to claim1,
wherein said dielectric filgconprises SiN. 9. Method
according to any of the preceding clains, wherein
said p-type silicon thin- filn1is deposited at a

ey%gaéar : lgg?éalg’s‘% WJ*} % 1&%8@8&@%&?89{{1%%1@:

—I*Tb%e é1ﬁl)1?8ﬁ§é1§f§oh’t§lﬁé3 between 0.5 -15 atomc %
F\)/E according to any of the clai ms 8- 10, sald

pﬁ‘é@rhm Mdlhbcmdiimrfpwlngrode—conw deposition on said
5 frant % ge' - gﬁ%ﬁernlng said dielectric filmfor
- 1MUERE £S5 m%@ﬁ? g form ng el ectrodes on both

si des.



