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Met hod of manufacturing crystalline silicon solar
cells wth inproved surface passivation FIELD OF THE

wo bdENIJ0ON The present invention relates to theCT/NL2007/050459

manuf acture of solar cells. It nore particularly
relates to a nmethod of manufacturing crystalline
silicon solar cells conprising a silicon oxide

passi vati on Nigyed ofmdn@raétufhgelykiafing @aichn o laBAGKGROUND
Sol ar cells nade of single- or multi- crystalline

silicon are usual | i onrged Wﬁﬂpﬁ pasgiveli®ttri c coating
on a front side (i.e. the light incident side) in
order to lead the incident |ight effectively to the
SERLDADE TEIOINVEYEIONSuch a diel ectric coati ng i s
often referred to as anti-reflection coating

fi | mThepecspirpvan seaiss togthe mragplasrg of @14@@5% |1R/m0re

lpﬂft cﬂ qgla{%\é td ?ﬁle%a&lr é?lﬁlfa’%HRer teﬁﬁnéjglhcon solartCﬁlls

atlono t he to generated carriers at
|cntnpm§1ag a sﬂ&bm&emetﬁawmmm dordacd adiclayercoatiog.t he ARC
film Suppression of reconbination of the
phot ogenerated carriers is normally realized using
wWretkcr@abed surface passivation. As an ARC film for
multi-crystalline silicon solar cell, a silicon
ni t r iSoér cellsnmade @ﬁ‘ﬂi@ﬁe usemlltie@'aslsléine siliners arg ugmib' provided with

AhpOG FBRMERRCr B Sl BE Rp B LEIRN S &l Brindea e

flmldait Mgh €M $d19 kd th@%eﬁidoh@wﬁorﬂ@i]e&f Swehld diclk@fFic b&ing is often
sanme reason. Alternatlvi%é% a thermal oxide filmis

uelerred fp wrangreBegonpoptengef el filve surface passivation

nor il TABFELERs A Bl ARl Kb R TELY o fgpresion
fod etodnadioh iod thetiopegaictital @indae asthe appifac beateinythe

1000 0C) ich will deterigrate the efficiency of the

§6%c.0ng@4tq>r vl fh%fh%ﬁfﬁm PHRPTRSHnRL sy bipRiicR odfthe photo-
i

SRR A5, KL ey LS X e AR

sol arAsc}mI ARC fambfac muﬁucrfyatramnklsdiodn (88Fyell, aydicon gitride film is

TR RSB A A I U B2 SR AEY BB e et surface
passivation effect can be expected. It is also used for single crystalline silicon solar
cells for the same reason. Alternatively, a thermal oxide film is used in which case
more effective surface passivation can be expected than by silicon nitride.

Normally, a thermal oxide film with sufficient surface passivation requires a high
temperature process (approximately 1000 °C), which will deteriorate the efficiency of
the solar cells. Additionally, the refraction index of thermal oxide film (1.45) is too
low for the proper ARC for silicon solar cells.

In crystalline silicon solar cells, a back surface field (BSF) layer is usually
formed by coating and alloying by heat treatment of an aluminium paste on the back
side. The thickness of the crystalline silicon solar cell will most certainly decrease in
the future because of a shortage of the silicon feedstock. This will lead to a worse
effectiveness of the BSF layer since it will bend the thin substrate and will also lower
the internal reflection at the back side. Nowadays, in order to replace the BSF layer, a

dielectric film, such as a silicon nitride film, or a thermal silicon oxide film is adopted
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side. The thickness of the crystalline silicon solar
cell will nost certainly decrease in the future

whewmans®enf a shortage of the silicon feedst ockCT/Kh2m7/050459

will lead to a worse effectiveness of the BSF | ayer
since it will bend the thin subsztrate and will also
| ower the internal reflection at™ the back side.

Neavedgpdy réowiddeda foPbikidcedid@eBAR théP®hed @ove, a silicon
dielectric fi I{H such as a silicon nitride film_or a

rHEdpEIm s pravirleaygand rrpsivatios clgeind dvihemmad opide fily can be even
%%H&Y%‘&di%ﬁ@bf ‘ﬁ{esgﬁfeb:cgic | SRLRRARS theﬁﬁteﬁﬁﬁ] %f%@ﬁ(gn at the
above, a siliéon nitride IImcan provide a goo

pasissivadt o sehf edls aanomparc ey AamikxmdESH.i | m can be

even better. Additionally, these dielectric filns can
enhaRegurHBenih{Qrhdiclackd Bt deppsied PR& fsaHROlugigr sybstrate for a

PRI GR Hfrs gRPared to al um ni um BSF.
Requi renent s for a dielectric film deposited on a
sem c dowahudblaoat relatigdly &dve tdngrerawer yst al | i ne silicon
solar cell are; fornmable at relatively | ow

t enheighpassviigelesssi vati on ef f ect anti-reflection
eff?man%’ﬁ?gﬁ‘ec%i% gﬁgct%%hetﬂt}gﬁédoﬂtﬂ%esﬁgrﬁ si@nti-reflection
ef fect or enhancenent of e 1 nternal reflection when

f or srednatrefldtioh @€l ciSdrdrhai@meatioN it idliceda e&fdcCioh MhEh formed at
when used for optimal anti-reflection effect, the

r ef r adhq Ragkisiléex shoul d be | ower than that of silicon
(3.3) and higher than that of packaging resin or cover
glass ( 1.4-1 .6). Silicon nitride filmcan satisfy
nosForafucli bdictainds fiingrvehcahgy®for bptimal sntpadisttiat ¢ftwat, the
effect is inferior to that of a therpal oxide fjl A
trﬁfirf%?“f’ﬁé‘}dﬁﬁlsaw?‘ Be lovey thpw tha<dstlican b ighes g thet

Aol 8l lof Q8 R iofalsd A4~ 1L®). ScbS hikridint ERatil t of th
%gsca?i ed 1ak())ove, \%iat%glut r@duci ng erilt her o%?élaclaﬁl%os oL e
ebhditbnsofbosettivt ite phssvhiiomgelicct ishiaferioont thar ofenthemeil pgide film. A
internal reflection at e back in.spite of .low . . .
BT &5 G bf Tatigd BweRb Prrallieah phE 1R AT RE e, to sarsty
opxd EthditionSuMdctiBed dvie ClvRRSut $etuk AGRitRasSit¢at dfRRBt of anti-reflecting
regtlél res a high tenperature process (approxi mately
1o

fowy or euhaneinginternalercBedtionat éicttiaek af fpiteiod by raffactineindex
T e S AT LR e
ae€hiten d@ighoengeaant pRlcedsapieb¥intitdly 1000 1C), WhArh will deteriorate the
efficiency of the solar cells. However, forming a sufficiently thin (< 70 nm) thermal
oxide with a good surface passivation and under good control is very difficult. One
possibility is to provide a thermal oxide film on the silicon substrate and then to thin
the thermal oxide film by way of etching, but in that case it is impossible to create a
thermal oxide film with a uniform thickness. Even though thermal oxidation at lower
temperatures (around 800 °C) can form a thin oxide film to some extent, its surface

passivation effect is normally low and sometimes even inferior to that of a silicon

nitride film.
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possibility is to provide a thermal oxide filmon the
silicon substrate and then to thin the thernmal oxide

wao dostokpeay of etching, but in that case it iBCT/NL2007/050459

i npossible to create a thermal oxide filmwth a
uni formthi ckness. Even though thermal oxidation at
| ower tenperatures (around 800 OQ’C) can forma thin

oXi det if lah Bbfeet SANE pR¥&R MvienlidiBtoSptb¥iae @ nRAssd Mfaharifacturing a
effect is normally | ow and sonetines even inferior to

chatallire alieon sokgclh heving e sHicpprsubsippeary pitwp daygredatijueigre for
f
?rlféenu fac E&%Rﬂaﬁoﬁ %%P%ﬁﬁé &urRE ?Xff%?e g%;;gg}{bggye@ havi ng

ring a’crys ine SI I'con

a si [Tihe @bj esuib &t:hnatzai ngstosiding nathed ednahufactuting afcoystalline
the surface passivation, wherein the solar cell

é¥ FPEiS‘élﬁ’é‘iﬁll SOMRPYB%ed. The object is achi eved by

S:i ? gﬂngg c s@ﬁﬁ@?h&iﬂ éﬁﬁ&%@ﬁ&dﬂﬁg D¥ofk g ﬁféiai bdcR&ide;

n-solar cel nprising: = provid
crysiiag hitne sﬂlcbn opide fllmgmmﬂ&asthmm aft gheafrcbrrtcand tisi whek ardd by

ack si de: fo thin IlcnOX|def|Imonat
Redafe R e e bR S o S o8y Soar ng
L h@mﬁﬁg §tcl%lédtﬂ"@c§a'tlhg s &Qﬁéihﬁlﬁ&lﬁcéﬂqoﬁd@hﬁfﬁfbﬁ @l least one of the
solution; - formng a dielectric coating filmon the

tirinhan thi beek Bsté.de filmon at | east one of the front
gﬂg ogrrl] e rﬁleth%g I%I?C@Fdé%% t%lee td?rgn)lgnt?ai? 2 dlﬁg:gcoafni;ﬁ ﬁlm and a thin
sillcbs @Rridexil@ds fiahfifat®irdied tHea@bniraad oaht thh®adkr 9Md ofahél b@strate.
at the back side of the substrate. The thin SI licon

chhicdinfsilican |0§1dpcﬁlmeta faspned baiepgng He ceysjalling siligpn substrate in a
%héﬂl&gpsoﬁlﬂpﬁlt. L ol F}gg? ?&‘E scx%ll-é&ltwﬂhﬂ? and 1§ e‘?‘?@l’ﬁ%@g‘[ a

process 1s well-con e and 1's per ornE
relaate hoey ﬂeﬂipeﬁa&ﬂ@éi]&()lf@ $o<thb Qoriihg oSthist Iagerfvaitimongffedt the

this layer will not affect the sem conduct

ﬁ?@&@fl@lﬂ%%r REPPYrHes qféﬁ @i&@dya%%az SUDHIBAE rFeﬂr@leﬂnore the passivation
Reetihe ESEHfée?rablE he emaé@mag ﬁla%f@ﬁ{mh&l &&d‘so gﬁ&bbg uShe a

even better than that of a thermal oxi d

whem@ahsod:tttgm foabx@@haﬂ; poaryftbm mﬁodatsnlxmn oaide gayer t:zltti e formed.
uni f

AL NN A NRE TN R
0 e AL R L8 e
protected from being oxidised, for example by a silicon nitride or other film which
partly covers the surface.

Preferably, the dielectric coating film will be acting as anti-reflection coating
when on the front side, and it will be acting as anti-reflection or internal reflection
coating when formed on the back side, depending on whether the solar module is
bifacial or not, respectively.

In an embodiment the thin silicon oxide film is formed with a thickness of 0.5-10
nm. It is noted that on an unprotected silicon surface at room temperature a so-called
“native oxide” film will grow. This very thin film (approx. 0.5 nm thick) does not have
good passivation properties. Therefore, according to an embodiment, the native oxide

film is removed after which a new silicon oxide film is grown by soaking the

crystalline substrate in a chemical solution. The thin silicon oxide film will perform its
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protected from bei ng oxidised, for exanple by a
silicon nitride or other filmwhich partly covers the

wa@ oBas®e7 Pref erably, the dielectric coating frPeTNBRIOT/050459

be acting as anti-reflection coating when on the front
side, and it will be acting as qpti-reflection or
internal reflection coating when forned on the back

Phaskevatidf PARAWA /0 Be WARIPARt FdR@hSRLREN TR bR theSfront side of the
bi facial or not, respectively. In an enbodi nent the

spiahcdl- 1 i con oxide filmis formed with a thickness of

0. 5- - t .1 0 i lel,cO .
surf 437 Tnobdigleh, BT A0 PR ARREONRL AR R usaltne
fsillcom wihskragrin\the chiehScal eslvtidhatn inpena(uap prdex.150 °6. This low

t hi ck) does not have good passivation properties..
THErEtyrevibpogt g legesieanabid dhssaticondyglon grqpgrics. Preferably

]Et’,lrfe} epEiadfe iissaﬂé)ﬁ%\éﬁﬁtlen E&[urmiOQHath]ﬁﬁég%ﬁ?u%gt s B€achieved

mIs grown by soa the cryst ate In
aeghewilgal solution. The thin silicon oxide filmwll

perfgrmijts sivation task.and w |l be transparent .
Por "t chiRRATRL PingREY SR Re T aidsRAsoBR ARt Gopyphuric
Geld! hyercIﬁ&i@ﬁ@?&@zHﬁé’]tacetfcrh%icﬁ ibb 1@ Ry ¢ Qt%rﬁﬁlbﬁ'ihhlshydride ora
formed by treatnent of the crystalline silicon

sombinatipe of theshe chenmical solution at a tenperature

under, 150 0C, This | o e at ur i 1.l aveid :

docr 1T Sl Temar s REMBERT ob SstbasinfiBlySrfssd reaction.

Amey Ieisakd ydviah@gd enRandhg iR Jdxsdasibe tine DA RL bR eb@dedir&ion.

so that tenperature settings can_be achi eved very ) )

easi Iy an yRBo@REHT. ¢k diglertie icopfingaljincenpprisse hydreggre The dielectric
' 0X| Lphuric..aci ric

36k e (0K BELEIL o SRAE bt B AR O

haydipidas eilican catihle nadluding bfydibfase. The thin oxide film

may he formed by an el ectrochemi cal |l y- enhanced
r eact BAUrthe iegl%%%neph é‘%sH{Pélﬁﬁ%‘&]eOﬁLe F‘@Eﬁf&rﬂq@a{% film, the

. . . . . ;. .
gﬁ%g‘gf Hire rts'eg@mégﬁin%g. @hetah%hﬁgﬁﬁﬁ%%tﬁte thgreférle ore than 50 °C

, the dielectric co onpri ses
thygheo then theTdmposiiieh entparaucad thandelet trimcoatyngciolnp rlihssemétbpd

SHTEhS B o e neL o et 5Ry 28 o v
thin silicon oxide film reacting with the defect states present at the semiconductor
surface or in the silicon oxide film, thus enhancing the passivation effect of crystalline
silicon.

The dielectric coating film when acting as an anti-reflection coating film,
preferably has a refraction index between 1.8-3.0, since it should be lower than that of
silicon (3.3) and higher than that of packaging resin or cover glass (1.4~1.6).

In an aspect, the invention also relates to a solar cell manufactured by a method

described above.

BRIEF DESCRIPTION OF THE DRAWINGS
Further advantages and characteristics of the present invention will become clear
on the basis of a description of a number of embodiments, in which reference is made

to the appended drawings, in which:
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In a further enbodi ment, after formation of the
dielectric coating film the nmethod conprises

w@nosabiony. The anneal i ng tenperature is prefePebNy2007/050459

nore than 50 OC hi gher than the deposition tenperature
of the dielectric coating film This nmethod all ows
hydrogen fromsaid dielectric c&%ting | ayer to be

em t tFedirandhdws AL 6f 4 pRclidil Porilatibs 6N Qb 1Ifdckdrding to
reactlng with the defect states present at the

deastelewdthetast; surface or in the silicon oxide film

- . : : .
s R A e
aoirespoaflinged thersotoatli ofFikuteny; preferably has a

refraction i ndex between_ 1.8-3. since iit shoul d be

| ower 1§WaA Shewt arb?xa@?ﬁff e%éhpr(agt}@? fospatien ghat cbedimentf the
QfaPagkagi ng resin or cover glass ( 1.4-1 .6). In an
aspect, the invention also relates to a solar cel
manuffagired eboveya dowehhi df d@sssitlb ethnafaoweing BRICES according to the

TI ON OF THE DRAW NGS Furt her advantages and
Sk dbeis

stics of the present invention will becone

cl earriAfe RBoWAS NS wha@ 0§ Bt i@ g ProRsdWHEBRINDh an
enmbodi nents, in which reference is nmade to the

appeddeant df dwiimggstion.n whi ch: Figure 1 shows an exanpl e
of a practical formation of a solar cell according to
the state of the art; Figure 2 shows a flow chart of a

DELLRILHD DFSCRITPTION GREK AWM PIgA RYOEMBD BIMENTHOoNdi Ng
to the solar cell of Figure 1; Figure 3 shows an

exanph @réer o prridini bal bonetivvaeh e Bhertipre tiskuy eme ofamples are
td'@?cri%g{i Ar Gl éellF' QL 1 AoRh MGG hey u‘s"iggrthe Qrﬁetﬁoc% according to
e g°to the state

POSSI manuf act uri process accordin 0
e@mbolenat bf thel igusreiob. Bladus sdedttdivrahae praafica examples consist of a

manuf act uri ng, process according to an.enbodinment o
fieP§ witmﬂiyé I OEHIOR D)) BRasERIT LR TR R IBDARY: Om-em. The

EMBGOIMENTRced out from a casted ingot which was previously cut to 12.5 x 12.5
cn’. The wafers are divided in four groups, each group having 25 wafers. Hereafter,
the groups are named as group A, group B, group C, and group D.

Group A is the reference group of a conventional multi-crystalline silicon solar
cell whose surface passivation is provided by the silicon nitride anti-reflection coating
layer. The structure of the solar cells is shown in Figure 1 and its fabrication process
steps are shown in Figure 2. The solar cell 100 comprises a silicon substrate 101 having
a phosphorous diffused back layer 103 and a boron diffused front layer 102. On both
sides of the substrate 101, a silicon nitride film is formed; see back side silicon nitride
film 105 and front side silicon nitride film 104. At both sides electrodes 106, 107 are
manufactured. The specific process conditions at each process step are shown in Figure
2. In a first step 201 a n-type silicon substrate is provided, by way of for example
cutting a wafer from an ingot. Then in a step 202, a surface texturing is performed
using a chemical solution of NaOH. Next, in a step 203, boron is diffused into the
substrate at the front side, at a temperature of 900-950 °C. This can be done using for
example a back-to-back configuration wherein two substrates are placed with their back

side pressed together. Then in a step 204 phosphorous is diffusion on the back side, at a
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In order to explain the benefits of the invention,
bel ow sone exanpl es are descri bed of solar cells using

whpamsn3gwet hods and using the net hod accordi ng POT/NL2007/050459

enbodi ment of the invention. Wafers selected for these
practical exanples consist of a n- type
multi-crystalline silicon (Si) substrate with a

&@fphtiudl $H8IVESED B I B GRMCHvNt DAL Y@HEHS wheleth ﬁ;ird ﬁﬁb@trates are
out froma casted ingot which was previousl y cut

phacsd witipthgirciignt srql?epm&&eért@g%th@ Stopi Y¥disi vellpwad by 2 step 205 in
UL Fre &%gtji]atg i ldg)ggfli\fﬁ qgh)ﬁ% %r e?cgl 's_ﬁ{lﬁ("ﬂ{ 'irg brdek Eg remove the
groups are nane

gaoupotde ﬁ?oﬁutrhe/éulthcetﬂT&)r rt@ﬂﬁra&me[eﬂgct‘tmﬂaﬁér d’ﬂposmon Then, silicon
conventional multi-crystalline sili Eron soI ar cel |

WHEde (SUNX Hcdeppstied it pish 309) prothealiantyyide ising plasya enhanced
3}1&?}1 \%]%hr C(fﬁ{p})ﬁﬁ&'l ngm%} ng hay&po Ibe ﬁh{ gﬁﬁ&!& €gasses of

ar s I's shown in Figure 1 an
fSalg4/NFEY/ N nlnpr Mewmg;itqumasuhcsmnmnda in aBoglepesit2d omhies back side

Ry b oo ts e Gelimnieal FEJATATOR. Rifgtngat a siep 208,

Q%Eﬁ:@n diihfidsednd ﬁﬁ’iktd éﬂ%‘lee[nd]a@l?mmgin ey f%k fRsr& sdB@nd a silver

substratefi% a silicon nitride filmis forned; see
kpasilz fexi the ba¢k sidors parformeedas is| lmomao ahejslflﬂeihpersord @fter the screen

Pl b o B, RE B F BE o BEACERFBack pastes a

@&ﬁparammt@éemmmmmg&ﬁecstep are shown in Figure 2.
In a flrst step 201 a n-type silicon substrate is

pr ov iFdaue 3ishowiagn ofantndt oleknipl ‘@1103@9tap¢f§dlﬁg\kﬁf1@r5t3ft? phthe art.
QQPEG 1 %USQ é)'uﬁ](e g ottt SR I%Peger}c@ f ir"eﬁ%dgéltagﬁe&g) BSThe solar

per formsd Usi n Ren cal
acll Bep cafipsisdbarsdivoh SulshitiafeL3d Chalvﬁigm jiHoeplsindst chﬂh&dé’dack layer

t front t f 900- 95
égﬁ g@ﬁ?@%ﬁeﬁ gropglfaye "@ﬁpﬁé%ge%ﬁé% qfdhg ﬁtrate % 301 iticon
(fl?[ﬁﬁé ﬁﬁﬁ ﬁ‘ifo%em%é Bhdk gié(@ﬂﬁ&)@l%hﬁ‘ﬁ% Qﬁmaf@ aﬂh%ﬁgﬂ% EI'HCOH

their de presse toge hen in a step
pilogp ﬁhn 304. Aisbcdh filoséloctragias B@ﬁa 3l0écake wagdactated. As compared to

50 880 0O
ShrTRE b Er Bietim B RS M bers bl g Ray g fims 304,
13081 ih sftﬁﬂ{k&mﬁl &@d@rag&%dgtm%@ﬁfme@t ep 204 is
foll owed by a step 205 in which the substrate is

d| pp@@gurﬁ 4 zhpwyelp dowudhartofaohanudaituingopropess of @eeunt B. The specific
YV Cofnlﬁ%on%tt Ve c;}X|ecSiSe tfromstfhﬁov§urface prior to the

zgn?l-re R gy eF d%ﬁ% Sition. " rhen, silicon

Ricprdodesan® N)stdps20deposi ted (in step 206) on the front

side using plasma enhanced chem cal vapour deposition

CPPADD) sae BEGPSHB3- 0C wi t h ni xed gasses of

step 403: same as step 203.

step 404: same as step 204.

In step 405 a 20 nm silicon oxide film is grown using a thermal oxidation process by
heating the substrate in a tube furnace at a temperature between 850-900 °C.

step 406: same as step 206.

step 407: same as step 207.

step 408: same as step 208.
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Si H4/ NH3/N2. In a follow ng step 207, silicon nitride
is al so deposited on the back side using PECVD at

weo@shM6DC Wi th m xed gasses of Si HA/ NH3/ N2. PECTaLR0p7/050459

at a step 208, a screen printing using m xed silver
and al um ni um pastes for the fro7nt side and a silver
paste for the back side is perforned as is known to

the skblp edispae $Rical %&&ﬁﬁlet(ffethé GivRAToRI THY faBBcaion process is the
simultaneously firing (thernmal annealing) of the front

anac paEn thastonB Bagxcepirpelrthe sitieobexide 8imy 508, 388 apchqvan in Figure
. Fi s [ . )
SO g BRI AT TR Gy Rl yaRefr el OG5l o room

itempdratuedion diiratibn af 1 &henenc ahgrtbidkness of gicrgowh Gil@sn oxide is 1.4

G oup B. The solar cell 300 conprises a _sjlicon :
dihskigdice > 3912 HIQW ﬁéaré RV} 87 o%ém@fer PRy mpkaciEipgr process
. . r . .. .

P OB PP L SPRIIC OB R ph kel RO step s s

flolloved; see back side silicon nitride film 305 and

f[ogo_side silic nitride film304. At both sides

IR oHOE 286EP #B7 are manufactured. As conpared to

8 590! @imCRlsepafo2lFi gure 1, in between the substrate

301 and the silicon nitride filnms 304, 305, in situ

tshprdPal saond asestdpad8r s 308, 309 are formed. Figure 4

shao a flow ch of a manufacturing process of G oup

é.peplll}%é' %a&eca}sfsl?e@a{)&ré‘mess condition at each process step

isGepa®) 5T @nlcowsitept s, 401 sane as step 201. step 402:

sane as step 202. step 403: sane as step 203. ste )

4o stepShfrea sidicent epdo Gilm hapingtadhickpess of 2 GP i Bl Ey soaking the
iede - filmis i ..t her i ' C :

SIS i Bl R 0 8% Rl FETH! ol AR RS iRion of 15

tneiApes.at ure bet ween 850-900 OC. step 406: sane as step

206._step 407: same as step 207. step 408: sane as
S8 20¥Ms B HFPE%0s the typical exanple of the

itsﬁ,geg@tg@ e é'é"é?egfz%ﬁfi cation process is the same as for

group B except that the silicon oxide filns 308,
309 H9: sinwvas stap Fo8gur e

In another embodiment of the invention, the fabrication process is the same as for
the group B as shown in Figure 3, except that the silicon oxide film 308, 309 is grown
by soaking the wafers in a chemical solution of 68% nitric acid at a temperature of 120
°C for duration of 15 minutes. Solar cells resulting from this embodiment are referred

to as Group D.

The solar cell properties are characterized under the condition of IEC 60904 as
will be known to the skilled person. The averaged values of the solar cell parameters
are shown in table I for each of the above mentioned groups, wherein Jsc is the short

circuit current, Voc is the open circuit voltage and FF is the Fill Factor.

Passivation method of the Jse Voc FF Efficiency

Group Si surface [mA/cm?] [mV] [%%] [%%]

A SiN 32.4 577 69.7 13.0




10

15

3, are grown by soaking the wafers in a chem cal
solution of 68%nitric acid at roomtenperature for

walpwoanswnr? of 15 minutes. The thickness of the BEDWD2007/050459

silicon oxide is 1.4 nm Figure 5is a flow chart
showi ng an exanpl e of the manuf agcturi ng process
according to this enbodi nent. The specific process

conditijon at each procesp step Is ps tollows. step
5018 same syl egdIBN spep Ho2: shne 8% stlep74H2. 14.1

step 503 ——Sane S—step 5pd——Sanme [as Ste
X Che Yo ¥ ¥

St ep >
] ¢ grown at
204 sep, 2o Ak oy Sfep B05. In swep 506, 7ac | 148

gr ayn, |byhegdaker S af ers3in a phembgal |sobgti oh ofizo
68% nitlri c abd9%“AtiNr oom t enperaturke for durlati on of 15

cili end
SH+—-GO6+ H

m nutes. step 507: sane as step 206. step 508: sane as

step 207. step 509: .sane as. st 208. I n anoth

oo TG ERRE: M OR. SRED: PR Rt TR ErcaLd the pover

iceniddfo s MBcidfeyl A ihfpRoed0 WecRisd SofSINeVWRin §iliEdD 8kRle 3intermediate

except that the silicon oxide film 308, 309 is grown

taycs belvicar sl laen wisfids anti-reflgclerrearidegmieusiduetonsirfice @8gsoups C and
{tricC .d . a.. ture of, 120.0C for duration of.

't e B AL GBS iRy oo Uit efine e

at@nitaih fiohgtlotadilag o Cpldip gbherdibé cls@gar cel |l properties

are characterized under the condition of |EC 60904 as

wi || Geemersgusraup B wéthgrounsdgaikPseis. camsec Bigkbthggeas and the power
03 e : bt :

(Ao ARG GEL! 3 NELATE! 1S S5 ANENTL S B

ioxidelvenplhmdtwidi the whdrmalisxiéant, Voc is the open circuit

vol tage and FF js.the Fill Factaor.Conparin r ou :
i th Bf aﬂ@t@_géhﬁ H}ﬁ,e%ﬂbd%saﬂg%%wﬁa%? EHROVSRER Al (k-9 points
9@%%&%}Vc%h%@iﬁneeffﬁéigﬁc%nﬁyclcﬁi'é%d IPEQNSHed BeGRUSAVTtional solar

the thin silicon oxide I'nternediate
cell process of n-type multi-crystalline substrate.

It will be understood that variants will occur to those skilled in the art on reading
the above text. Those variants are deemed to lie within the scope of the invention as

described in the appended claims.
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| ayer between silicon nitride anti-reflection and
sem conduct or surface of groups C and D, the surface

w@amsiosasi on of the sem conductor is strongly eehanz®dos50459

reduci ng the reconbi nation probability of photo

gener ated charges. Conparing gr Qup B wth groups C and
D, one can see that the Voc and 'the power efficiency
i(Qafnty t her inproved as a result of better passivation
of the thin chem cal oxide conpared with the therma
oxi de. Wth adopting the invention described above, an
i mprqv t 0 C |.on
eff.g.gﬁ%@”fg%%%ﬁﬁgégﬁgg‘hgaahhg“Qa?b %gkgonvéﬁklgha
s pravidiag lalcrypudiissslian subtygdehanihg 4 fiontysdeddd fieack side;
substrate. 1t wll be underigpod that. variants w ||

odeining g thip sdisor Riide didmian at [rastpne of RaiF et il arebaglside by
$6ing ¢ % MBEd @idch ﬁ%&ﬂ@ﬁl@&le&;ﬂ 1s&uibh:hi n the

scope o e I nvention as descri in the appended
clfainmsg @Idaalemndcoalsthg hibd oofsamtethinf sélodon roixiny famconyatiedst omeeof said

|I|c S conprising: - providing a
P%P%?%E %ﬁﬁfcon substrate having a front side and

a back side; - formng a thin silicon oxide filmon at
| east one of said front and said back side by soaking
the er Whﬂdl acn@rdmgl tp sl dupdereat wid himsibpenexgdg film is formed

a dielectric coating filmon said
Wﬂin sﬁﬁhgﬁ g§¥%@g ilmon at |east one of said front

and said back side. 2. Method according to claiml,
wherein said thin silicon oxide filmis formed with a

t hi cRndpshagracgondinggo gy oBthe peecsdiag sbads.ovigein saidilinsflicon
fogﬁleqﬁﬁlc %Iﬂ% %e@ﬁnent%? Ezﬁ&l @P/@%gﬁlg sﬂ c%n%{ﬂ:) t&%&n%éﬂddcﬁemlcal

mis orne y treatnen crysta
sblutionat stehgleraaire undersld0dtCchem cal solution at a
tenperature under 150 0C. 4. Method according to claim
3, wherein said tenperature is roomtenperature. 5.

Met hod A ra@bﬂ‘aﬂg% %[b){m%f whiRiPL&E R ;’Eﬂm% Pm tem perature.

wherei n said chem-cal sol'Gtion conprises at |east o he
sol ution selected fromthe group consisting of:

5. Method according to any of the preceding claims, wherein said chemical

solution comprises at least one solution selected from the group consisting of:

A. asolution containing nitric acid,

B. asolution containing hydrogen peroxide,
a solution containing sulphuric acid,
a solution containing hydrochloric acid,
a solution containing ozone,
a solution containing acetic acid,

a solution containing boiling water,

= o mm oo

a solution containing ammonium hydride.

6. Method according to any of the preceding claims, wherein said thin oxide film

is formed by an electrochemically enhanced reaction.
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A. a solution containing nitric acid, B. a solution
cont ai ni ng hydrogen peroxide, C. a solution containing

wapdoplosgosT aci d, D. a sol uti on contai ni ng hydrepChND2G0C/050459

acid, E. a solution containing ozone, F. a solution
contai ning acetic acid, G a soh tion containing
boiling water, H a solution contai ning ammoni um

hydr i7d®ietifod dve&hﬁ@ ta@ﬁﬁ beihe@rdcedial ¥lahs, ieer§ih 85 diidIectric
clains, wherein said thin oxide frimis formed by an
ePgine gehermrraics fy&ngeinced reaction. 7. Met hod
according to any of the preceding clains, wherein said
di el ectric coating filmconprises hydrogen. 8. Mthod
ac codMuethddacasrdingfto e obthe pestiedig g ¢laansByhendia saidnlidaitde
dlelectrlc coating filmconprises silicon nitride
iCRRUNEH ﬁbcquﬂsg@ él%corbpltr E,lﬁgllglg hydrogeppr @agjopphpas silicon carbide

L nGhdEE RODB ogen. 9. Method according to any of the
6receg$réFc %{ns wherein after formation of said

dielectric coating film the nmethod conprises
anneal | od accordin l.Laim9, .wherein an
oo Miiodansutinials ang &F (setiind Bofo e g hafior fodpdion of
@@ﬁQﬁélEdtﬁ@ cORMRATIAL tHeSn@hodadifpiiliceh@fchlihg coati ng

Im 11. Method accordlng to any of the preceding

clalns, wherein said dielectric coating filmhas a

o BB R P PP SRR e
$Oe°taﬁglﬁdr¢ha@mddp6guﬁn tepedtulcaasiididicle@ae cdaiingtilans as
an anti-reflection coating film 13. Method according

to any of the clalns 1-1 1, wherein said dielectric

coat iyn ' i o .
oL Aoyl B RSt A e bAMES 90 e s it
mamu@aﬂhum&dnhﬁaauﬂﬁh&@d@ﬁwaﬂwﬂSBglto any of the
precedi ng cl ai s.

12. Method according to any of the preceding claims, wherein said dielectric

coating film, at least in use, functions as an anti-reflection coating film.

13. Method according to any of the claims 1-11, wherein said dielectric coating

film, at least in use, functions as an internal-reflection coating film.

14. A solar cell manufactured by a method according to any of the preceding

claims.



