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Met hod of manufacturing crystalline silicon solar
cells using co diffusion of Boron and Phosphorus The

w@e@seatiss nventi on rel ates to the manufacture BET/AL2008/050724

solar cell using a crystalline silicon (Si) substrate.
An exanpl e of such a sol ar cqll IS a Boron-em tter
n- base solar cells with a back side field resulting

from a Phosypbes@usmddthetsiing eryiBine siMeok koids ek
di ffusi on processes SBor on and Phosphorous) are

required, the hiighes difsioacdBoren wekipspidtusi on step
is usually processed before the | ower tenperature
Phosphorous-di ffusion step, see for exanple T.Buck et
al ., TRe pesediingsitioh rddtss tobilie apaafacfihod by alliraict uSak ar

P ASTEY R ET) A ——

MESHL 6518 1R REH PbacRlsRiafd fé@ulkiﬂ%/ Sont £PROPRErous-diffusion.
Phosphorous fromdiffusing into the Boron-diffused

side during the time of the Phosphorous diffusion

ste Somet i,ne oron.di ffuses out from.th )
cor VBRI i prof @SS Biott fitPosSsrou grs rgavired
Ql@aoﬂligh&derﬁﬁérﬁtuké"sofoﬂicﬁffﬁﬁ@@ steg by WBublRUHRecsdéd bAT6FBRS Bywer
of the sheet resistance of the emtter which | eads to

éﬂnpmtn@a%@snlﬁor@uﬁedi%sip_wtep essedorgremplt T.Buek sodlaPrecsdings
%gg &‘{t %‘r%{eﬁﬁ' phaLoNeR éE‘l‘aISEHJrQ v %%ﬁfer&gé {(5‘-% B eHibe 2006,
a ITI Oon process s%eps are ¥eqU|re O renove { e

wreddea! Gyenanfy £112640126 N Sublph brrksspeqiace temired a §geeial

protective | a%]gr are conpramsed if it is retained on

orecasiveil sk tablsl Phesehemogs fremedifiang Hyo PesBeroadilbred sige
1 - ref ' i . N . ifq

B LA 3R PO R PN RO g8

BomothedBdrburdifbned tagpy; totthis pRitegpedayeu sadlisfdeplead ehdihe

nust. be_protected.from Boron, duri ng the_.Boron )
ARG Eﬁlsgwﬁ.s AT ALIE $heohrsLs ?85@816 teryghich leads

RE &Y Blt@de stthb LSRRt iMard b Mt dofdt SbiMehah a8t dithrough this
Bor on-si de during the Phosphorous-diffusion because it

paonesst. Ihetheasircyadddmmehprated steps Beroquircddad ramareahé protective
Ifhosph rourﬁ. iqﬁ eff%sed fromt hte Phosphor ous- di.f&u€i§d

R ErOT &S QNG RRPSHLE OF i O PR BaY S AT S PRSI Fd ARG IS
r818ied 0h ehe STNOSPROERMUS (fof ettinhf161SE ?)ais@sgl@l'bﬁ Qhd Whii-RefBefien
into the surface of the Boron-diffused layer. This

lsa#pes obt ai ni ng good properties of the Boron-doped
E’hm.ots S (r)trh% 5121%%%@?10 g]i‘ﬂéén p%(?sﬁg(?ﬂo{lg hﬁfﬁls%oin%tc‘e'p i Bleocessed before the
Boron diffusion step, the Phosphorous-diffused side must be protected from Boron
during the Boron diffusion step. Additionally, Phosphorous must be prevented
sufficiently from diffusing into the Boron-side during the Phosphorous-diffusion
because it cannot be easily compensated by Boron. Additionally, Phosphorous is
effused from the Phosphorous-diffused layer at the temperature of the Boron
diffusion and, therefore, Phosphorous is diffused together with Boron into the
surface of the Boron-diffused layer. This hampers obtaining good properties of the
Boron-doped emitter. Because of these difficulties, the Phosphorous diffusion prior

to the Boron diffusion has hardly been attempted, or, when attempted, has not been

successful in manufacturing a solar cell.
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to the Boron diffusion has hardly been attenpted, or,
when attenpted, has not been successful in

worewaheaszri ng a solar cell. A though it is posBCbNE208050724

form both Boron and Phosphorous diffusions at the sane
time by sonme nethods, such as pQ nting each diffusion
source on one side prior to the“diffusion process,
such mthwegInRGs p@SBId B fbrin BottiBaREMNaRd PRIApRéroBOAIGRSIdNS at the
Phosphorous at | east at the edge of the Bor on- si de,
seBa UgE PHegsHBeBed, sichfag PEgting sachdion sougsy en one side prior
l.LGO r:
g h%gil% ﬁé ﬁocés?,r% Islaglgeetﬁ(gﬁ%g\%l% iff a%%ﬁ{gh%(saﬁ8£’8{e§81%‘h%§/
@hbiphsranat feast aBdreO:Idga nﬂtthBIB@hGndadRcarse Phsqﬁloronstdlifﬁises
fers placed %ﬁg g@ﬁ |rs I des of t

P T RORCOLTHCH e ek thsrqf%fﬁ °fHi rﬁ%‘éﬁeflﬁ%Fe oron.
Pr ot @b &Indh QU0 A fhdisd Awhilh amté i ffuls it f&rft?orsﬁ Rl ens
of conpensation of Boron by Phosphorous, and vice
Phpsphoraus atehv@eéol‘gmh phaldrhplavelf tegaherl-ﬂo\pemro rde fidesaddges

th sybs uent be cut
St Siefieger hr R R e ot SaubalitbBR. s win
@Bn@ﬁb%@ﬂﬂ&ﬁsbh&nﬂ&ﬁ&ﬁﬁhdﬂB&%ﬁb@Ph&@h&bﬁybﬁ@vﬁemﬁkﬁqgﬂw
of manufacturing a solar cell out of a Si substrate
gdgnel hewai@pribrweret tirhestash of ths wilérs paisbsubsenuanibebe et off,
| east . of .. t 0 above is sol ved.
?ﬁ%ao%?@%fMH§1H§ﬁ&kgggggéxqﬁﬁé (ngof manuf acturing a

crystek ki 08jc8l d{itEOPres@lt &iveaigdd to robigequitidd/ol manufacturing a
conpri si ng: providing a crystalline silicon

SOBE eqbgwl O A ﬁ@bsgawemsglg bothBoroRgng P@@wﬁww%wn in which
QPRASIGHE 8§ FH g)rf)ol&ﬁg m%hﬁ@ned agggcelg%bf\fea sing Phosphorus

into sal si de of sai strate to render a
Ph o s ﬂlhle pbgpctisfathised Hyay micthod vl ngnafaciuning aatystiptasilieon solar

b g sa d first side of said substrate; - exposing
%’BWHXﬁQ¥¥Qﬁm%ald substrate to a Boron

d 'pfré\}i@lhgﬁ SRUGER siicdh@@bie Btk $HRSLakLRd § 9coRd side
certain period of tine and to a certain tenperature so

apposatedhidffustesid®pr on i nt o sai d second side of said
subst

Sneehi e st Mg SR S RS AR s

IPRY MR RN TN¢AlI MRS htiadbh iniidldepmd reduci ng the
effﬁg%d Phosphoﬁgﬁs |ﬁ?the atnogg ere during the Boron

diblgcligigonidoiiiscudsof s9id gibraiei ng t he

- exposing said second side of said substrate to a Boron diffusion source;

- heating said substrate for a certain period of time and to a certain temperature so as
to diffuse Boron into said second side of said substrate and to simultaneously diffuse
said Phosphorus further into said substrate.

The present invention involves stabilizing and reducing the effused
Phosphorous in the atmosphere during the Boron diffusion process, by diffusing the
Phosphorous already to some extent into the surface prior to the Boron diffusion.
This enables to remove the Phosphorous diffusion source before the Boron
diffusion. The amount of the effused Phosphorous from the diffusion source is larger
and more fluctuating than that from the Silicon surface where Phosphorous is

already diffused-in. Therefore, this process improves the quality and reproducibility



10

15

20

25

30

Phosphorous already to sonme extent into the surface
prior to the Boron diffusion. This enables to renove

wo bmoBbagphor ous di f fusi on source before the BeCDNL2008/050724

di ffusion. The anount of the effused Phosphorous from
the di ffusion source is |arger and nore fluctuating
than that fromthe Silicon surface where Phosphorous

0% t1e B@aalMifisktl yagpt tmitted Neiled S ods thBicfealeO6€88n-type edge on
i mproves the quality and reproducibili tgof t he

Bt Borogidifiucd gids-ang élaer@fﬁret avoids shuntipesef the salgscetlhe

f
ona- thal affetthelintctbn ARATAA: PR QI iR Bl O
aspest destditeed abveant i on aI SO reI ates to a solar ceI I

manuf actured by the t hod .descr.i bed above. Furt
advaﬁflggg§déiﬁﬁa%9§ 4nd chapsistisics obtheresp BERKion will Become

IRUEBE MDAl lok a Q@&ﬁgﬁoﬁ‘ b?@ﬁuﬂ‘mett Jf%n%ﬁfn%n@sf mawhlch reference
description of a nunber of enbodi nments, 1 n which

nemedetoctbe ammdctédnawutgsemazpipemded drawi ngs, in which:
Fi gur

el | TR BRaCEU b SRR nE bt “eOhRS bBOH

RhethdBadcMdaTY foQR;enfiod Hhéht 3f BRAMEnABRL her exanpl e | n
whi ch a substrate of p-type Silicon; Figures 3A-3D

di ag rFm?- iskas gnoé,lmﬁwxm@l@ és wihinh astubpiate of pﬁm@ e
Pdi f gs L@ég 1 %l‘all%ﬁ%‘[l%lﬁ sh%f ogelé?%g s%i;g for %912\%?5 P-

4A- 4 agr amma essin

all e adyicy & dﬂetsttmd)ffa@nbmm;f acturl ng a P- dl ffused
| ayer at one side of a substrate; Figure 5A-5D

di agrignien %ﬁﬁdyagéﬁawamaéb/é@gww@@%& stepy ofpngdiediabye
RS %g o?gfa ﬁhngﬂrﬁlﬁl‘%&é& 0& o Bfe g&g bééyﬁﬁgaﬂeayer at

one si bstrate; gures oWs’ two
possiFiduec GARTD glagmmmz{tssaﬂp shdw pﬂjcesrsglgmn@sstb]dzepmlbﬂdwthlrd

subst e Bo usi on step e 7
@9@%&&1&}1 éF ugmgn%é%ﬁf%s La%atwae ﬁlde&ﬁfhe sHa'on
d ur i mgy ReEk OB HolsusbHsshie Qonffg&é’tﬁ&s o lﬂoéklﬁlg 8RMside of the
showi ng the measured efficiency of solar cel
pubﬁdnatﬁe@rmg atBaomdithotnastepor di ng to the i nventl on as
. st at e- of - th -art Iar
Shovd gife 2 mapapk et § eS8 ek so Bl Htithe  Boron
mqm;mﬁfegelby a nethod according to an enbodi nent of the

invention. A solar cell 10 conprises a nta/
Figure 8 is a graph showing the measured efficiency of solar cells produced by

the method according to the invention as compared to state-of-the-art solar cells.

Figure 1 shows an example of the structure of a solar cell produced by a
method according to an embodiment of the invention. A solar cell 10 comprises a n-
type Silicon substrate 11 having a Boron-diffused layer 12 at one side and a
Phosphorus-diffused layer 13 at the other side. It is noted that a practical solar cell
structure also has metal contacts and an anti-reflection coating, but those
components are not shown in the Figures. Figure 2 shows another example in which
a substrate 21 of p-type Silicon is processed so as to produce a Phosphorus-diffused
layer 22 at one side and a Boron-diffused layer 23 at the other side. The solar cell of

Figure 1 is the preferred embodiment because its device performance is better than
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Silicon substrate 1 1 having a Boron-diffused | ayer 12
at one side and a Phosphorus-diffused | ayer 13 at the

wotdencdszle. It is noted that a practical sol apCTaL2008/050724

structure also has netal contacts and an
anti-reflection coating, but thq‘se conmponents are not
shown in the Figures. Figure 2 shows anot her exanple

ithe ¥ $THFigurs QbEi thatiescAplo®bel Bw! daBodBinkhts @ tHeSmanufacturing
processed so as to produce a Phosphorus-diffused Iayer

opethad ofribe sqlarecclirigown By F gHred] flfeugébpq wperatorgdispyecd
ot herThl§ 'fﬁjﬁ s‘hé rbg 19 L)%[Pb %1% tnaﬁfn gffﬁlsg'd gelI ®ne side of the
preferred e ecause evi ce or nance

kebdtare. radidlig toae etibofingul,@ sabstfanfe 38 Hdesa at RH0~900° C for
bel ow, enbodi nents of the manufacturing nethod of the

Sob@miggty inghamospheis igelnéing a(@». and Ok ypjeors e, pldse)faces of

[ d. The fi.rst this. method Ki
e ieaa" oo ailtoh et e doPhalisTCRs gl
A0 oP NI ThIQ SAD, eI BE of Bie SutREhicaBnddxiySerN@ad B is
at 800- 900 C for 5-50 mnutes in an atnosphere

RN RATRIGY 4o thoa RP-HPER3 b apbihe intprgee of] |Sﬂl<r§@r3f3a?@é§h%$102 P05

Sy B P Bty RS A BTl Bt A\t 30 oo
fcbﬁﬁ?ﬁln Rizgurta BB) antbist de@tlﬁoﬁDO BridD puy Fans fagnbe EZIQRQS)S film 31
SR ST - ror G At S S 0.

'i\?éi’(v‘%ﬁéﬂs tfgopﬁﬁﬂ‘%l sfé:'n{d‘v\é&% dhgﬁﬂg thPg 15&%% }?f 1ntahle~50° HF

substrate see core I n” Flgure SB until a
¢blufiof forlabox OdWIOTmumtefsamr exphengSiheaubPaaEe 30 tomm BE Vapcojr ar

ffused | ayer 32 e for at ace, of .
Eifing f R St PhclTe: Sabieut e Nexp BT oy 2 i
lefchb® BRY 8k fofl bR LG Ushe Stbel kaluBoB0r | 1808, HFSRUF-50%
solution for about 0.5-10 minutes, or eXEOSI ng the

éﬂ&@r,roaf:@h@@ it mﬁuzg_ 1eECtivgpon ethmge®c¢1$1dg cfe 1ng9$ m;smble by
oS e G F Y SRR L ooy s

cet

iﬂodﬁmg theisstatd B (X@dths @blutibRNA 94 relulS Qfe kﬁs&ﬁl@ 30 .nbwbd¥aprises
or etching it using reactive ion etching. One
§|Pdélf@ts‘€4ﬁaﬁ‘§ 325 aperessidh. sCpRiguEa- ng the other side of

the SUPSthliee A Br Al BhGTHRL 0Pk RRGK! ALl oRYsibiHSta

floatlngt e's trate on t utlon
relssilate, is bh[ﬁamacﬂ)whthatkre?olﬁe nobigeex-UE eBirs, dedidefafskdsurface

| ayer one Fi gure 3D. [ ter atlv
ﬁzﬁﬁalastr@@r%ﬁa%t mf .eﬁgerffdiq&} pade gr Ig‘ély‘@rW]élf’ des P,0s

Sethgj 8i%f ik Mﬁ% StHed of @beﬁﬁ% thflcb 8! 81’ iﬁﬁltfn see
Fi gure 4A-AF. ﬁ%t onegi)gﬂl1 0 %ﬁeysurf g
sFu@se FlBt Téheﬂf@thelssm:asalf dlek substhate couldbe opatbd qmvell,l tmaﬁnsedoes not
196 Ah g,h nﬁ:l udes. P205

Ahmifce the endtesall of s manufacturmg method. Next, the coating 41 is heated
at 250~500 °C. The solvent evaporates or burns out when it includes organic matter.
The P,0Os and SiO; remain in the coating, see Figure 4C showing a coating 41°.
Then in a further heating step, the substrate 40 is heated at 800~900° C for 2~50
minutes. As a result, all the surfaces are covered with Si0,:P,0s, see Figure 4D.
Oxygen from the atmosphere, and P,Os from the first coating film 41° which goes

out into the atmosphere. The P diffuses into the Si core just like in Figure 3B, and a

Si0,:P,0s film 42 and a P-diffused layer 43 are formed at all the surfaces of silicon
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and SiQ2 fine particles by either of spin-coating,
spray-coating, or printing, see Figure 4B. The ot her

wek@eme4B3 t he substrate coul d be coated as wel PCT/NUL008/050724

this does not influence the end result of this

manuf act uri ng nethod. Next, the coating 4 1 is heated

at 250-500 OC. The sol vent evaporates or burns out
Whistratd 40. Nolwt @SS 10, P20k GlraR iiemol B@usiRER 1850V, ST Bolution or
remain in the coating, see Figure 4C showi ng a coatin
sqme otfes knowin giethodt e Pwlalhysed an§f Betchep uk gheapt Hiesidegrstly
i - 108 | NUHES: ult
gP?tQ(?’ﬁ%ﬁ%u@?(g% g@ug%ogov%r%?\%g fi hIESI lSi%ggo: %5@ &slé%%% fon
fetahirge OAPsidOxyhary it posviilh by atahing phesther stdecw PR Gchfbl @i
the.first coating film4 1' which gges out .into the.
seHestidre logee Beghpyigliern ‘ihﬁts%l}lflﬂ%Q@ﬁe rEgeS pligyn ynj figure
4 iGN H@pi&@theasﬂgst&tesh@éﬁgg Pfdiff{ﬁeﬂlaa}%? d43¢ Fhliidd used

| ayer 43 'are forned at all the surfaces of

si | i dopesaibst thatlenetiiod fMowmant fastuBn@eheF2Qi ffiskadiagr atone side of

renmoved using,a 1-50% HF sol ution or t her., known

B RS e Pl DO a0 F 4tk Sheloduet OB adsRe he
shskerafd 3051 IoYock et SRl 2 UETRED N1 ¥@&EhSRY e dniheQidel s@ Wb difing
and 0.1-50% HNO , or reactive ion etching. One side

dayeh P hgltiesblodkdrg lbyer Hycasdglfpmepdiysingatiferensprgecsagst listed
%%ﬁ)r‘;v-,bl ock coating or just floating the substrate on

the solution. The result is shown in Figure 4F which

depb atcat tHReuSbRSkItRERhAQ Ihavd, Pesta drudi #hidh aetllRY SiOAd TiO,
at one side. A possible third nethod for manufacturing

t he Pr@nythingeshitlagess net dghisc giteSilispn bhiepicdosting pespray-

S e o Qo BEERRC R OB Hon g FRED

bl ocldvagorh@yer on one side, see blocking |ayer 51. The

bl ocking layer 5 1 can be formed using different

pr oCé@@gﬂlel subttede Hoptp0 ~ BOHC ithe Og gF PatidGptoppspherp or 0.5 ~
a liqui I ' i-ngl. [ . T

anyt Arvge RS, s h R PRl iOigtP BamottsRh jy ol on
Spi n-thoalriasgs. oRcrB@reay€ Gah iongusd bnPsida by dippirndetht stbverate 50 in
coat i nﬁ at 200~700C, then the sol vent evaporates.

Heat % hdU<uBssPlfignso at 850 ~ HODC in a 2 or R+H20

at ng r .56 : 2 S iLm

i SR DR OFUES, o PL T sl RS R i
sur f abemicaReapoy dejidsgioni | m on j ust one side by di pping
the substrate 50 in a 1-10% HF sol uti on.

In a next step, P is diffused into a Si core 54 using the method as described
with reference to Figure 3B or 4D. A Si0,:P,0s layer 52 is formed and P diffuses in,
but the blocking layer 51 prevents the P form diffusing into the Si core 54 at one
side, see Figure 5C. Then, the Si0,:P,0s layer 52 and the blocking layer 51 are
removed by dipping the substrate 50 in a 1%~50% HF solution.

According to another embodiment, the diffusion of P on just one side of the
substrate is achieved using a back-to-back diffusion method in which two substrates
are contacting each other at their surface.

After the pre-diffusion of Phosphorus into the first side of the substrate, which was

described above, that same first side of the substrate is blocked before the substrate
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Deposit >0.1 mmthick SiQ2 or SiN or Ti Q2 or anything
i ke that using chem cal vapor deposition. In a next

wae@p/ 64283 s diffused into a Si core 54 using tPeT/NeL2d08/0d50724

as described with reference to Figure 3B or 4D. A SiQ2
P20 |l ayer 52 is forned and P diffuses in, but the
bl ocki ng | ayer 51 prevents the formdiffusing into

ti6utSh af 0V én fof fidthc® PocBisdRy, I@tcdb@limentde fiHhaide 616S the
S|02 P20 | ayer 52 and the blocking layer 5 1 are

Py Olckpd Aga (% SkiSStal aneihgosubHraic b3 BBop I substrate
t
ZQMSO{%%“ 1905 BRI S QTSI B, TR oy dKBlocking is
acthired edhsimrkgo-dadka Oke bb tHeakardades w$ b backvet-ball configuration is
V\f??ié?h two substra es are contacti Hg EE’CE ot her at
§5S SRACE ALeduirgd g lhg RIS EOIPRECE S i lﬁﬁ%i‘rﬁ’éﬁr%
1ﬁH191d¥1£1Fy i fRérmRrd Qh@éseﬁﬁ%%@%ﬂoﬂs@ro%&ﬂsm&e 61 is most

descri bed above, that sane first side of the substrate
|e§fettll®¢>k1adv¢m¢cblv®ausl‘¢ehs {ostgrsabgiate plae hashigin ploesphorfuer

furth nmbodi t,, the first. si 6
PORtenmitL GERTa abtpotur BRearBrin priwcobfliate byt
P HoRBranSUBELIiI A B WBich TRAubQFNEF0 KUHISIEADS aFBYstRE: @ that is
simlarly processed substrate, see Figure 6A. This way

apt plopeskechirti(se. adtash selptnaty).as back-t o- back. One of the
adva% 9% eg,fthgs&%ﬁif s@g oP ﬁi%lguﬁs%%fté g%&f%s‘eg h 5% f I?la&lfﬁiswn
| I'n"the oven as" conpar ed to

| ess space I's Fequire

kb@eki Tis Bawh dUlssd eduecd Mgy Wi dugdduy sodrt dheedming sodrbe In
escape of phosphorus fromthe first side 6 1 is npst

s een;thesupsispte dehrated foee aeren pereod ofdimgyand et Gegpin
%%%ﬁgertﬁﬁ f 4y A ANARE %%E&?mfo%g%&ha% d% (B LS BRBLo

orus concentration In better con |t|on Igure 6
Imlkiomzsm&ly @iffues thatHhmqahomsvﬂmtheh ihfoesasidnbitrat 6. eG(Deelpsr than

Cked ubstr 5.t hat not proce sed

3G Jahud SbRettarefts nive tog aglyeYrd Wika SeEBh Pof rce
Q(f)r thBQifAKRA BRio®, hSpERO8&EriH R rPo BAAMbodihEdi$d @Rcribed with
source. This Boron diffusion source may be a vapour

sciiareoee tﬁrFlgur@cYatTwrg substratee 70,11 arbputdaeck-te-hecksintysthe aven and

SRl & FFNSAABSHRGn P alrhSBbRS ns e p n and
BOPREpE] WRicRimdyiRo1e8 by adadirdnd, theoush B AGAUSHHEr liquid

di ffuse the Phosphorus further into said substrate
sputees efdgren like B lsegitepniathl barptegapalip be Sgediastead pf BBrs.

A BRI IFER-ALY BRI A0, PRIGRIARLSRViGS, o
éninordi wisioh inctudde BeDi (eckayikt, 8102 B,03). At the interface of Si cores 70,
71 and the Si0,:B,0; film 72, B diffuses into Si until the depth of 0.01~1.0 pm to
render B-diffused layers 73, 74. Part of the B,Os may sneak into the slight gap
between the substrates 70, 71, but the impact is very small because of the existence
of heavily diffused P at those areas. Simultaneously, the P present in the P-diffused
layers 76, 77 also diffuses further into the respective Si cores 70, 71 driven by the
heat used. This will result in P-diffused layers that are deeper than their original
depth.

The Boron diffusion of the example of Figure 7 used vapor source diffusion, it

will be clear to the skilled person that this method is also effective in the case of a
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reference to Figure 7. Two substrates 70, 7 1 are put
back-to-back into the oven and heated at 900- 1000 0OC

wo 200988+1820 m nutes in an at nosphere i ncl udi ngPEINC2m@8/050724

B O vapor, which may produced by | eading N through BBr
liquid. Oher liquid sources of Boron Iike BO or
trenet hyl borate can al so be used instead O BBr3. Then,

tchaimpxdeasRdifiuidrakiesddstried ih iRsghdsptadruddi€usioh skh € Fadhes
arer%overed wth a SSOfilm?72 V\hl%lﬁil ncl udes Bg eﬁ]}

Heteafter, Si2:B2B) . At the interface of Si cores

(it 1 sERGnklifn S Ererifsibh bPSpholl Ml dyRion
Idaylﬂg sheKdnulfahcolraditfugibn bB8oBRCRHdFhysigeals, leltﬂsototalmlar cell

bhet ween the suybstrates 70, 71 but
gtve%sgpwérWO@ﬁaqu AR DG SeCTp oM Tag g B FigHEees %h@ws a graph

%@@Mhﬂ é/elldéfﬁ&Hé&é’s x%h?efs AHRARIIEREpe R 'c%y@ﬁﬁﬁié%hﬁstratt&e
P present in the P-diffused | ayers 76, I'so

aising Ulseise W uwthn)dr(as pttasrntdtﬂdler@gpé ¢he stgse Si- tlpearemelt@d (Feelfor

d t t i i It |
S e o Gy Blop it oL 24 Elhsopenh ERStokelie Sotog Frsrey
@%ﬂf@enc@ﬁ@-ég%%i‘n&'rﬁﬁ@@ 'Iﬁ@sdéfl G%a%?ﬁgghm ‘PQ675' gure 7

used vapor source diffusion, it wl clear to the
ski | Ved: qeasespanactrithe misufaetitiogimethod |dseeribed abevey Bhosphorous

1?81{%1@6%3 n O(Ieeﬁ OrCEﬁl}l H?nf I ! éﬁorgltlsf 1fs lél%flf 2 |1rll i&l%lwqg%cﬂtx'r_(ggtﬂﬁ a

rus

@ﬁﬂﬁlta;ﬁaéusanff@s‘lorawmh@dioﬁ)f Wdieh rmsmg ﬂEéﬂmsahmmpw Phwvphbroas

further diffusion duri ng the sjimultaneous diffusion of

BORGHIAYRN PHBS pHsHagat 0padp denth can Bymare hian [10G,Hiyjeh figher
ties, as can be seen from Figure 8.

E%IyutP%%gg%mgﬁg gr aph of solar cell efficiencies

val udms tlfeahesth@cha@drdmg to-thy perentudrt, iIPhosphstaak nlayealso diffuse into

sub rates u new nmet ho as r ented her.g)
SHing 68 Hleié%gnts & DEFAUSGR P é‘e clh sif@ﬁ%Sémﬁ cffuse

E‘o%&‘ﬂié BlosfHoro R EEB8AhOGSH Rite 4ds t.EHANRBA diffused s1de)
Phot ovol tai ¢ Sol ar Energy Conference (4-8 Septenbe

2006 veios shieBoroGeidea the)anpun P 6¢the PEFyphorsts dlfﬁ@ﬁ@ﬂq u@nta@er

b TSR TR A B GR R R Ky sty e
@mpb@{@@@mlfgr @l?.ftf;pé\?@(ﬁtth{] i ndi vi dual |y (not in a
Si mul t aneous di ffusion with Boron). \Wen using the

i nvedtr emount @b Phespberout ditksed-ireis soh largertth@ the background
%l.ldgﬁlé o?ftlﬁ asﬂl%§tga§$ T;@Igl%géﬁ& dcé%{lﬁggen%{lgn lltw ilno(%e%) 'nll'ﬁgfsoe more
than 100 times higher than that at 5 ym deep.

The invention enables the manufacturing of a Boron doping profile which
satisfies the required conditions for an emitter, without allowing Phosphorous of
larger quantity than Boron to diffuse into the Boron-diffused side and without
allowing Boron of larger quantity than Phosphorous to diffuse into the Phosphorous-
diffused side.

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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In the nethod according to the invention, Phosphorous
may al so diffuse into the Silicon on the Boron-side

whewanedsa smal |l anount of Phosphorous w || ef PCESLE008NF0724

t he Phosphorous-side to the opposite side (i.e. the

Boron-di ffused side). However, t he Boron-side, the
anount of the Phosphorous diffused-in is smaller than
tdhaimof the Boron diffused-in, and the diffused | ayer
can easily satisfy the proper conditions for a p-type
emtter. The amount of the Phosphorous diffused-in is

Jubs Y AFOG BTG PRTEABN PR M pleopety

demprisimy: be nore than 100 tines higher than that at 5
nm deg.p. The i .ven{,i on Snabl s .t he _manuf act uri ng of a
BEFORTIAS Fichs g TieonmPie hping ¢ 86t pide apd g §7Goad side

%ﬁf)@sii&isgiasﬁrgt%d@n emtter, without allow ng
Phosphorous of larger quantity than Boron to diffuse

i- prediffusinBdthosphairisf inwewdidshidesidaaf said substrataltd eniderg

ron of |.arger quant.ity than Phosphorous to diffuse
Fhoghens BLHimms G0 Mo eaeRBE T i1 be
uniRkaicoaf filkedidyar datdubstrb] occur to those skilled
in the art on reading the above text. Those variants

arcapeienad! segond sdept faichsubheats top Bogin CiifféSiDﬁv@ﬁW;onf as
d b . | aj .
ﬁg%%t;ﬂgcst%gdr éluﬁattrﬂg fo%%p%gtlgll%.dpe%oa !O?Eing A4 15 tl,ertawﬁﬂe!ﬁ?p%rﬁure SO as

a crys i‘ne"sitrcon solar ce
$6! BT RAE Botdnyin@OARY de8bmbside o Plady sibsige and toySinalthnddesly diffuse
silicon substrate having a first side and a second
spiddhephosys furthey igtorsapdstubsiate: - pre-di f f usi ng
Phosphorus into said first side of said substrate to
render a Phosphorus diffused |ayer having an initial
@ept Methodhwokdimgtosdaioh F,iwlsteis sadé pof-dishking Phbsthoatsanto-a
gxgos}ﬁénog S@i d second side of said substrate to a Boron

testisi B s shbLrie COmpISEs ng sai d substrate for a

CeEhfHgkaRENbAEOn Ad AodPHErd &cﬁldﬁ%r(g?édal 1‘2@}?8 5.@?0351’6(11%2% a

as to diffuse Boron into said second side of sai
SlibsongrisingrfdOr andsPa6| srahwoinsinyedipfefArosptwaisdliffused layer on
Pﬂos ho%us f r%he_r into said substrate.

all sides of said substrate;

- removing said Si0,:P,Os film from all sides of said substrate;

- etching out said a Phosphorus diffused layer except for said first side.

3. Method according to claim 1, wherein said pre-diffusing Phosphorus into a
first side of said substrate comprises:

- forming a coating on said first side using a screen-printed method, a single side
spin-on method, or a single side spray-on method, said coating comprising P,Os and
Si0;;

- heating said substrate so as to produce a film comprising SiO, and P»Os, and an
intermediate Phosphorus diffused layer on all sides of said substrate;

- removing said Si0,:P,Os film from all sides of said substrate;

- etching out said a Phosphorus diffused layer except for said first side.
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2. Method according to claim1, wherein said
pre-di ffusing Phosphorus into a first side of said

waemshedAsE conpri ses: - heating said substrat ePCTINRZN0S/050724

at nosphere including O and P206 so as to produce a
filmconprising Si O and P205, and an internediate
Phosphorus diffused | ayer on all” sides of said
substMa@h&d accof | MO mS Bivihefi 1P Bee-8i ffuls inmPho giRoals into a
sides of said substrate; - etching out sald a

Py Sptecr gaid grbsiaieePriRgisey: except for said first side.

3. . I: . ' , Wherein said

pr (led-%gl{n %%lscﬁs%g&kﬂ%&;%%%%&ggu% gé;a first side of said

s hbstitgadail wbrpdte eat atmobitend ingluaingodd amdgP,0n ss as o prodsde a

side using a.screen-printed nethod, singl e side
‘é@r?—"&]?“ﬁ%%dé? ang Prfdsgq nelngquaécﬁéfﬁr@vsnm%ﬁec{l?fwd layer gn

aAaldc0ar GATREHsRhRg P20 and Si @2; - heating said
substrate so as to produce a filmconprising SiO2 and

P2&noviageaid 8101R£)srfdoh fadre aPsakplhbsaid sabsfrhitesed | ayer on
all sides of said substrate; - renoving said Si Q2: P2q
5filmfromall sides of said substrate; - etching out

sai d MethhipsRbRmsStodilfifius Q&helrea?{ 84id PXCEPlusin@ PhePnisl ihta

side.4. Method according to claim1, wherein said

pired-sglerfigaid sybsrabsgrmantisssi nto a first side of said

sybs te. | S@S’ - . [(ng said second side of

§§?O§E(£n%b8§%d‘r:%?§;{d Sﬁg%%fastall&g%l%gtg%tg substrate in an

At R & BatinpCInudi dlrsCyiad gsif2 8créén-piSntt @ nRHRAUS €indle side

filmconprising SiOand P25, and an internedi ate

PRsEHBehed.dirfarsirgdeside jiray-on ngthods paid soagmesgmprising P,Os and
Hstrate; - renmoving said SSOP Ofilmfromall sides

of "Said substrate. 5. Method according to claim1,

wheateigsagbiuthstpate saaf foysodige Rdsypdoarpusingr§io, and P13t and a

i de of sajd bstrate conprises: - blocking said
iéemwiﬁ%uﬁﬁ@grang KT af wid SUBSERRi ng a coating on
sabfodihg 8did SLOEPMRIMS Fors 611 8RIs B dald &fhsiREh0d, a

single side spin-on nethod, or a single side spray-on
nmet hod, said coating conprising P20 and Si 2;

6.  Method according to claims 4 or 5, wherein said second side of said substrate

is blocked by way of forming a diffusion blocking layer on said second side.

7. Method according to claims 4 or 5, wherein said second side of said substrate

is blocked by another substrate.

8. Method according to any of the preceding claims, wherein said first side of

said substrate is blocked by a first side of another substrate.

9. Method according to claim 8, wherein said other substrate comprises a
processed substrate which is at the time of said blocking, similarly processed as said

substrate.
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- heating said substrate so as to produce a film
conprising Si2 and P20, and a Phosphorus diffused

wo agencass al | sides of said substrate; - renpvPEDNE2I08/050724

SS2 P20 filmfromall sides of said substrate. 6.

Met hod according to clains 4 or @, wherei n said second
side of said substrate is blocké by way of formng a
diof f usdtBed Rcorkhd® dngYEEhcOdaifiRi 1d7 SEeeEd sgiddRst side of said

Met hod according to clains 4 or_ 5, wherein said second

5

shbraragsyis dlackedsbibwey af eovesingsyd Kisgt sislp oinaidivabstrate with a

. 8. Method according to any of the preceding
%pgﬁﬁé@§§herein said first side of said substrate is
bl ocked by a first side of another substrate. 9.
Vet hod according to claimS8, erei.n sajd othe X
Jibs Methed eissts ey o aueesdine i, Rherc e ypesiae of
R T T e R B R R L Gl
baid subdtetetioransaindshieresinclsdide (hfand -3 substrate i s
bl ocked by way of covering said first side of said
substrate with a coating layer. 11. Method according
t10. anyetRéd Adeerdii £oediiROl IChalcPSn s 8RN p&Rddh fAHROBENY
of said second side of said substrate to a Boron
detfagsidOnl 2§auingtes.conpri ses exposi ng sai d substrate to
an atnosphere including Oand B O. 12. Mthod
according to claim 11, wherein said certain period of
t13Me Méteed hebenNtodDaid?0l 68 IV Sreinlshid datao dnaeemirdilieg
to claim1l or 12, wherein said certain tenperature
Ibevecep SOREEOA0 800- 1000 0C. 14. Met hod according to
claim1l or 12, wherein said B Ois produced by
| eading N2 through a BBr3 liquid. 15. A sol ar cel
renuiMahetd sdoliingtondditmodl @ck2 mdierein $add BRY; Bfprédduecd by leading

REARSINT BB 2R,

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

claims.
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