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w®@2a000d5108 S t h CROSS- REFERENCE TO RELATED APPRCTZBI10@M042130

10

15

20

This application clainms the benefit of U S
Provi sional Application No. 61/060,921 , filed June
12, 200RENGHIPROCESS AINR 60 REIGTHRE FORBAGKSIDE

HEONTakT SoRAR GELLS Winkrblyslical po8Eb Recions

to solar cells, and nore particularly but not
exclusively to solar cell fabricatio ocesses and
structures. 2 . Descri E’l"leé‘FProbaﬁ’lﬁ’engE%round Art
Sol ar cells are well known devices for converting
solar radiation to electrical energy. They may be
fabricated on a sem conduct or waf er using

s ERQBHeREEF BRENGE d€3 REd ATEIN ARIRIACATIONOI ar cel |
i ncludes P-type and N-type doped regions. Sol ar

radi atLpn inpinging on the solar | _creates I

ci ect r 0B ancAlR Bafs e pEpeiorifS: REDGSRER Arnjicatian No.
thereby creating voltage differentials between the o
dBh 02, dited Jyne &&@185 Mdich: srineefposaied hesein by nefarence in its
t he doped regions and the interdigitated netal contact

f entiretys coupl ed to them are on thebacksi de of the

solar cell. The contact fingers allow an external
el ectrical circuit to be coupled to and be powered by
the solar cell. Efficiency is an inportant

characteristic of a solar cell as it is directly
rBh@i@thﬂJNle)ISQ*HEIN_e%#ﬁNTRDRaPab' lity to generate
pOWer . Accor di ngty, i ques

1. Field of the Invention

The present invention relates generally to solar cells, and more

particularly but not exclusively to solar cell fabrication processes and structures.

2. Description of the Background Art

Solar cells are well known devices for converting solar radiation to
eléctrical energy. They may be fabricated on a semiconductor wafer using
semiconductor processing technology. A solar cell includes P-type and N-type
doped regions. Solar radiation impinging on the solar cell creates electrons and
holes that migrate to the doped regions, thereby creating voltage differentials
between the doped regions. In a backside contact solar cell, both the doped

regions and the interdigitated metal contact fingers coupled to them are on the
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for increasing the efficiency of solar cells are
generally desirable. The present invention allows for

wopevwasmsesl sol ar cell efficiency by providi ng pPCDUSE®S®842130

for fabricating novel solar cell structures. SUVMARY

In one enbodi ment, a_solar cell includes polysilicon
Fbacysdeaqfdhwow@euoa@e qosacs fingers allavaar extesnalrelgctrical circuit
substrate, such as a silicon wafer. A trench structure
stepmemmed teead by povwdoed byrthgisolaricethm t he N-type

doped region. Each of the P- type and N-type doped

regio be forned, over dielectric, |ayer.,.

The. ¢ 1Ry i e IBonaR hadhciautc oA edink oikas s directy

for increased sol ar radiation collection. Anmobng other
delpied tythe salarcelksscapabiliy 4o ogbeiate power.eAseerdingly, techniques
efficiency by providing isolation between adjacent

Hot incecasiny the gfficiedop efisolagcelissaret deerally gesinadte.i fibe present
reconmbi nation in a space charge regi on where the doped

riegsmion alomsfob fipeisierssigr cdihemigienby b?td'r\é\ﬁdi‘ngaprbé@&es for
of the present invention will be readily apparent to

the art upon reading the
FEb RO oVl RbRP K SHCres! L ch | nl udes ¢ he
acconpanyi ng drawi ngs and cl ai ns. DESCRI PTI ON CF THE
DRAW NGSFI GS. 1 and 2 show a solar cell structure in
accordance wi th an enbodi nent of the present

|I\ehA.FIGSB4,56,7A8A78889and

rate the fabrication of a solar cell in
accordance with an enbodi nent of the present
i nvent
o ot S e B IR e

oped re‘al lon's%on & ba&KS &3 & squ rlgtearslu(eﬁta)g% ic ndn v%fer A trench

structure separates the P-type doped region from the N-type doped region.

Each of the P-type and N-type doped regions may be formed over a thin
dielectric layer. The trench structure may include a textured surface for
increased solar radiation collection. Among other advantages, the resulting
structure increases efficiency by providing isolation between adjacent P-type and
N-type doped regions, thereby preventing recombination in a space charge

region where the doped regions would have touched.

These and other features of the present invention will be readily apparent
to persons of ordinary skill in the art upon reading the entirety of this disclosure,

which includes the accompanying drawings and claims.

DESCRIPTION OF THE DRAWINGS
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the present invention. FIG 12 shows a fl ow di agram of
a nethod of fabricating a solar cell in accordance

woRdd/1arsoenbodi nent of the present invention. FOEUSE®9/042130

of the sane reference label in different figures

i ndicates the sane or |ike conponents. The figures are
not dri@®. tloard disbowsEsalar eell [N @eorgangeawith an
present disclosure, nunerous specific details are
perobodissent siithe preserbimpértiorof materi al s, process
paraneters, process steps, and structures, to provide

a thor under st andj f odi ments. of th o
venthIE. 3l Sofvs ot S eis. BB a1 Mustrieahe fabrigation of a
recogni ze, however, that the invention can be .

okt gelldn agrergdance avith an embodiroent ofdhe peesant invaatian] s.

In other instances, well knbvvn details are not shovvn or
I sol96 daryr W kA Hed BRRERRs ssrnBlfERL e

the supstrate, t P-type and N-type doped regi ons nmay.
@WSP&%’@'@P&H @ﬂﬁ%@a%%gr&eﬁatgat 'ﬁi'%&cﬁg 2hee ¥fih arrggbodiment of
i nventor discovered, however, that this is not true

vihe pressntiinvesdiandoped regi ons because reconbination in

the space charge region where the polysilicon doped

regio tquch is very high due to.th feti of .
char od 16 Predl & bt SR TeFa bkhi of fptFselRg §izotar cel i
That |s, the inventor discoyered that touching
FacoEanceomthap emntimeRtobigeresent Iayeriion. ef f i ci ency.
Enbodi nents of the present invention address this

For med iaaeno Reronte [eRgictapeRRRRtl e, e

shows a.sectional Vi a sol ar |l structure in
same or like’components. eIlﬁeoﬁgures aréhof drawn'to st Ee.

Q the
y

DETAILED DESCRIPTION

In the present disclosure, numerous specific details are provided, such as
examples of materials, process parameters, process steps, and structures, to
provide a thorough understanding of embodiments of the invention. Persons of
ordinary skill in the art will recognize, however, that the invention can be
practiced without one or more of the specific details. In other instances, well-
known details are not shown or described to avoid obscuring aspects of the

invention.

In solar cells with P-type and N-type doped regions in the substrate, the
P-type and N-type doped regions may be formed with separate or abutting

perimeters. The inventor discovered, however, that this is not true with
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accordance wi th an enbodi nent of the present
invention. In the exanple of FIG 1, the solar cell is

wa@2maakmsogle contact solar cell in that its dopedr/us2009/042130

regions 101 and 102 are on the backside 106 opposite

to the front side 105. The front side 105 faces the
sealysiican@enest regionspkecauserfecambingipadn theyspacse altarge fiegion
102 are forned on a thin dielectric layer 113. The
divie¢redheipolysiicen dop@dmeygidne tbochrisdvery high due kontheslifefimé of
Angstrons to 40 Angstrons. |In one enbodi nent, the

dirRirgs chiriers #Yie ﬁdl?sﬁdﬁmﬂiélfig%eﬁy lowe OTh &t |§Xﬂhéemventor discovered
thermal Iy grown on the surface of the substrate 103 to

g e
113 d ] f . .

EEbgshys O Bk ARERHC Ve fior §3areRE 1Y prd5iEm pssociated with

and 102 a Iles an electric field across the

Ryhqon ¢oneg ragionszand fareredragnadseqians in OEneed!s i er s

and accunul ates nmajority carriers at the dielectric
interf f
011 IGE 1 Sk e sdehnolip ' 400 bl e i
102 N-t hst

roiTs i W EmiEGnentdh e aresSitiRetione, ine xample of FIG.
can be appreci ated, the substrate 103 nay al so

cbribe selar gebis § packside contast selereell ithat itgidoRed regions 101 and

appropriate changes to the rest of the structure.
THEX arecorethedvanksideP! @6/ pppasite t-thg frond sjledt@iyi ©he front side 105
any given solar cell but only one of each is shown in

Hh€es thef sun @lidvig hyrmél dperatidr. aThe dopdd eegions d 0N eGIdOTeR are
101 and 102 may conpri se doped polysilicon fornmed to a

E‘Bterﬁn&(iz‘g Savfgﬁ% ra%rclél%f}l@ %Lgf&r%%elg%‘glcqa%pe f rig%?tobne formed to
D icHess B AGGRR i 4p ARSHERES WohB roditRy the ditectic

%g{/%p” 1S3ecomprises silicon dioxide thermally grown on the surface of the
substrate 103 to a thickness of 20 Angstroms. The dielectric layer 113 may also
comprise silicon nitride. The dielectric layer 113 advantageously allows for
surface passivation. The polysilicon of the doped regions 101 and 102 applies
an electric field across the dielectric layer 113, which repels minority carriers and

accumulates majority carriers at the dielectric interface.

In the example of FIG. 1, the doped region 101 is a P-type doped region,
while the doped region 102 is an N-type doped region. A substrate 103
comprises an N-type silicon wafer in this example. As can be appreciated, the
substrate 103 may also comprise a P-type silicon or other wafer with appropriate

changes to the rest of the structure. There are several P-type and N-type doped
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pol ysilicon doped with an N-type dopant (e.g.,
phosphorus). The polysilicon may be deposited over the

wo bono/1dises ectric | ayer 113 and then doped by dpéT/us2oo9042130

The polysilicon may al so be pre-doped prior to

deposition on the dielectric layer 113. Polysilicon is )
tMegionsdr @ny giveresalar egll bufronlyeng@beach dgyshewn ikl Gntifor clarity
102 for its conpatibility with high tenperature

pfoliesdraitiog, al | owi ng for increased thernmal budget. As
shown in FIG 1, the doped regions 101 and 102 are
separat.ed b trench 104, ich serves as a gap ..

ber weall fBerbiaoT AP bAgH 12 By ComprsenpRed dbisiicen formed
may be forned by | aser trenching or conventi onal
deehihirkness of akawip? @00 Angsirrme ki del msessure isBemiesi yapor

104 is about 100 mcrons wi de. The trench 104 may be
fdeposdiongLECY/ D). Hid doped edidrud Ddmay epmplise pdlysiison deped
pol ysilicon doped regions 101 and 102. If the trench

With & P-iyperdspab (@ be Hdrenarid thel dspedd RBiort 162 may comprise

passi vation region 112 may conprise an N-type

. : : ; . . o : N
BB SO S PRSI 18 TSI O Tl ysicon may
rogess.that nat only. forns, the ench, 104, but, .al .

M aesSs el Tvahye R RS vBE 15 B0 6An tiopel Bt dffusion. The
of the trench 104. The randomy textured surface 114
iRAYSINAOD eay flsole afe-sﬁp%prlebé dppasitiqn emihe dislesdig layer 113.
on the back of the solar cell, i.e. a bifacial

doiysilicaraisitbe prefemet matehiapion ths dopedpediens 40 p andsK2for its
hydr oxi de and i sopropyl al cohol may be used to form

tdoenpatidility withhigin erhpeitaturiedrecédeing Wilbadsy fok4navehded thermal
random pyram ds. The trench 104 may be forned to dig 1
Ifygh@tm crons (e.g., 3 mcrons) into the substrate
1037 A dielectric in the formof a silicon nitride 107
is deposited in the trench

As shown in FIG. 1, the doped regions 101 and 102 are separated by a

trench 104, which serves as a gap between the doped regions 101 and 102.

The trench 104 may be formed by laser trenching or conventional etching,
for examplé. In one embodiment, the trench 104 is about 100 microns wide.
The trench 104 may be formed beforé or after a diffusion step that dopes the
polysilicon doped regions 101 and 102. If the trench 104 is formed before the
diffusion step, the passivation region 112 may comprise an N-type passivation

region formed during the diffusion step.

In one embodiment, the trench 104 is formed using a process that not
only forms the trench 104 but also forms a randomly textured surface 114 on the

surface of the trench 104. The randomly textured surface 114 improves solar
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104. The silicon nitride 107 preferably has a
relatively large positive fixed charge density to

w@baoastshe silicon surface under the trench 10BCT/S2009/042130

accumul ati on and to provi de good surface passivation.

The positive fixed charge density of the silicon o
medigtiga colectian ofight ingidgnt encthe kacked the selaf gell, i.e. a bifacial
deposition process used to formthe silicon nitride
1&nfiguratione Aewied dianeproces$ eomplisingrpatassiimenytodxids and isopropyl
formed to a thickness of about 400 Angstrons by plasma
e41batis) ehaE b tised lto YerAPthededesH 1049 and EtkRlire thB&urface 114 with
resulting accunul ati on layer repels mnority carriers,

: J | . NN _
(PRARPRARL AR SLAH belEs, b Bryel J0/ Wmidths e
dev i Lot alysjlicon. Instead, the space
cﬁ&?@gﬁd@@é‘hgﬁgggﬁg@hﬁﬁsi ngle crystal sili conIO

underneath the P-type polysilicon. In this region,

l'i fetiAgidigcti®in thedfefRbf @Usliddh Sitrtie! BRI dgdsied iRffé trench
hence the parasitic reconbination is suppressed. A

PRI4. e Slichihiige 367 fcRFay ha8 IRIANRY sRIEPISHIE fxed charge
posi tiye charge in the silicon pitrid .reduces t.he
sl 16 P13 sliob, FortRos s E08r Biereach 10 i SERRGTANOR and to
narrowi ng the regi on, An exanple process flow for,
fFHBV'Fi@&‘JQQ’gSLt'T?@eSRﬁS&Wa@@N Toerppsitivedixed gharge 9eﬁﬁ‘§/y of the
include formng a thin dielectric layer 113 over a

lidoni nitrideut@7amayafatuiady oobgt aspart b the deposition process used to
undoped polysilicon |ayer over the thin dielectric

| fapratAd Silicom pitride t10Z. polbyigidmisedimeny ehe isilicon fittidg el 0rid formed
N-type doped regions 101 and 102, etching the doped

R8s/ #idkness o¥ aksit 460 Aﬁg&‘rérh@ b{y{fgﬁgﬂa Hhapped thémical vapor

textured surface 114, rmng passi vation region

oo YR 95 SRR M i
ﬁ%ﬁig@béﬁpqp@gg% hgltgggg ?\{eﬁ/ﬁg rbgg(qlggzagg %re%gﬁl 1%)9{2algg grevents
the space charge region from developing in the polysilicon. Instead, the space
charge develops in the single crystal silicon underneath the P-type polysilicon.
In this region, lifetime is not reduced due to grain boundaries, and hence the
parasitic redombination is suppressed. A portion of this space charge region
also intersects the surface of the wafer in the trench 104. The positive charge in
the silicon nitride 107 reduces the impact of this region of spacé charge region

as well narrowing the region.

An example process flow for fabricating the solar cell structure of FIG. 1
may include forming a thin dielectric layer 113 over a backside surface of the

substrate 103, forming an undoped polysilicon layer over the thin dielectric layer
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pol ysilicon on the dielectric |ayer 113 using
conventi onal deposition, nmasking, and etching

wo eaknsgoes. The silicon nitride 107 preferabl pchas2m9/042130

pl anar, as opposed to textured, surface. However, the
planarity of the silicon nitride 107 is not critical

ari®, Aepigdheinshusilicondayer it P-dype aag N-typgdaped. regigns 101 and

exanple, the planarity of the silicon nitride 107 may
1 22 stahimg thet dohedTpealysilieort lay@otb fomy the tfemcheld4banidbihe textured
or after doping of the doped regions 101 and 102.

Reirfaicei g, foinfimdthe’pasdivitRindiegidnat £ ametfalmingrthailicon nitride
fingers 108 and 109 may be forned through the silicon

M7 iQQﬁe HehchaparkeathBr giffﬁcdiffﬁéilé}%td;é@gﬁ%‘%ﬂ SR uheof)&? polysilicon

doped regions 101 and 1 resp y. Externa
o e ndL il O 4nd 302 DA BRI En pyisepeiing pre-

onnect tq and be powered by the solar cell. In the .
Slensgirohstiigencen the digleckria ayet b2 uendiconyentions] deagsigen
connected to a positive electrical termnal and the
reasking candhetchingrigehnigoes.mahesdicoprmiltidecd 7t preferably has a
negative electrical termnal. The trench structure of
foldharl agdpposed o texeurat oswfeand. | ldowevers theeplanalit ofrtbe tsidicon
pol ysilicon parasitic space charge reconbi nation

ShvigealoMRYSt chitida Hnd. nd A8ditiosa PlarddizatisR 3ted RshdedRd. For
doped regions 101 and 102 so they are not physically

e 35k oMy BF POl ARG RGP %026 4B e " P ronch
{Eney h-1Biiey belireica A6 Goplngiases dppdasions 101 and 102.
passivation. Thirdly, thetextured surface 114 in the

L rench Rédrindodaees, tbRfigifAéd MetaodHRactaimbeRN10d BR8109 may

advant ageously help increase solar cell efficiency.
FleProd MBS SRR P A B Bl Rpmecion to e
ecH)bp%%i rreTSEfns"fof zg]r?d %f,sr%gE)eci;thve?yr?t IiE)?trt]e'rnJI he?écﬁrigarlecir%uits may be
attached to the interdigitated metal contact fingers 108 and 109 to connect to
and be powered by the solar cell. In the example of FIG. 2, the metal contact

finger 108 may be connected to a positive electrical terminal and the metal '

contact finger 109 may be connected to a negative electrical terminal.

The trench structure of FIG. 1 addresses the aforementioned issues
relating to polysilicon parasitic space charge recombination several ways.
Firstly, the trench 104 separates the doped regions 101 and 102 so they are not
physically in contact. This prevents the space charge region from existing in
either polysilicon film. Secondly, the resulting accumulation layer under the

trench 104 repels minority carriers to improve surface passivation. Thirdly, the
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plurality of P-type doped regions and N-type doped
regions in a solar cell but only one of each is shown

w@sodoasrsgs f abri cated in the foll ow ng exanpl e POT/US2009/042130

clarity of illustration. The enbodi nent of FIGS. 3-10
begins with formation of a thin dielectric |ayer 313
dextareshswidace1 t4 iy thedresichal Q4 insreanes sotpy radiation zpllectian.
substrate 303 nay conprise an N-type silicon wafer,
fldrese>xativantagebluslydialp éndtrease balpecelBéficiemgcybe f or med to
a thickness of 5 Angstrons to 40 Angstrons (e.g., 20

Angstr - N one enbodi ment, the dielectric |ayer

215° cotpis sThushiw SRefionalrvs Iustating i Bhicaior gha solar cel

surface of the substrate 103. The dielectric lLayer 313
rtapcaprsignee mith areeribodipentafithe peesend inwsotiepl dhergare a

undoped polysilicon layer 322 is then formed on the

qiledadityt ofi R-typeeydopedl fEglionshang blHypeldoped regipes iBaZatarycell but

be formed to a thickness of about 2000 Angstrons by

LgRBhe bPEas & EH SN As %@P@f*fabhbéaté@ﬂn@hé%l@@\nﬁ ﬁ%mﬁ[@for clarity

is then fornmed over the ysilicon |layer 322 (FIG

LI icon dioxide Iayer 323 serves as a dopant
Aeh"u-g%{gr a subsequently forned doped region, which
Is a P-type doped region 301 in this exanple (see FI G
7A or 188 embbdinsertiof #ihGBL BxiMeediny evithIdfnatign dhashihalielectric
doped with a P-type dopant, such as boron. The doped

Sayercors @h %aéksuhewrfaéa%f iaSsubRtias BEd (1. B NHINe tRfkrate 303
an area of the polysilicon [ayer 322 vvhere the P-type

PRSP E D 2al ol TR T 0 47913 may
8 fopmad 40 ahEEhrtio S rics A}Pd‘@ﬁﬁﬁag’%%ézg go2LARGstroms).
the polysilicon |ayer 322 FI G 6). The silicon

dn exedgmbodiment tag oh@eatn@d@mr@%@nmem&ﬁ sificon dioxide thermally

subsequent|ly fornmed doped region, which is an N-type
grown on the surface of the substrate 103. The dielectric layer 313 may also

comprise silicon nitride, for example. An undoped polysilicon layer 322 is then
formed on the dielectric layer 313. The polysilicon layer 322 may be formed to
a thickness of about 2000 Angstroms by LPCVD, for example. A doped silicon
dioxide layer 323 is then formed over the polysilicon layer 322 (FIG. 4). The
silicon dioxide layer 323 serves as a dopant source for a subsequently formed
doped region, which is a P-type doped region 301 in this example (see FIG. 7A
or 8B). The silicon dioxide layer 323 may thus be doped with a P-type dopant,
such as boron. The doped silicon dioxide layer 323 is patterned to remain over
an area of the polysilicon layer 322 where the P-type doped region 301-is to be
formed (FIG. 5). The silicon dioxide layer 323 may be formed to a thickness of

about 1000 Angstroms by APCVD.
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doped region 302 in this exanple (see FIG 7A or 8B).
The silicon dioxide 324 may thus be doped with an

wokdmpaesisdopant, such as phosphorus. The sili coprcTius20g/e42130

324 may be fornmed to a thickness of about 2000

Angstrorrs by APCVD. The trench separating the dop

regi orfs deRgd isiicon diudde yer 824 dy fammegiovsr the, §III|@rpdu>X|de 323
regions in a first trench formation process or after
fanchiiel poly sificanhlayelodiz2l (F1€gi6p.n I hersilcosatioxide 32drsehves as a
formati on process. FIGS. 7A and 8A illustrate process

d t keurdelter hisubbeduigrtiTofragaaopea r |@ﬁeﬁﬁlch\4§"ah€|\l-t e
%ﬁ 7B and 8B |Iluqétra?g procesg stggps fo P

*@?@SQW 502 hELRRpIBT BEE Fia, PRI o) e“’r‘h‘é Jnﬁ&o'ﬁarﬁubﬁae 324

S may procee and ntlnue on

G .9 In the fi rench for proce

A s o AoESq wilbin, NfvPr dop8nt e és HrRshnos” The siicon

| i con _dioxides 323 and 324 to the underly ng

PYIde 326dRaY hpdermedio a kaipknsss ¢frahavg 2P0P yingstiems by APCVD.
N-type doped regions in the polysilicon |ayer 322,

Q’SHCZJN%‘%L%%% é2@?@%‘3?@?@%‘@2}ngrﬁ?*"%r*f“mam”

drlveln rfo heating t
S the dogd @ﬂ@%}@?@%‘ﬁ B Gadtlon afticeSfot gtegfafion of the
heavi | y doped e. greater than 1e20cni 3

Resl legians in @y‘iﬁcoﬂﬁéfeﬂcé‘ farmatipmPrasessg F¥G8. 7A@nd 8A illustrate
t hi ckness of the filmand has very little doping under
tarecers steps fardhe figstgrenabdfoerhation prodess swhitenh1G8 128 @ihg. 8B
The thernal drive-in step results in the polysilicon

likystratd procezdatepdfor shé seehdlirentitiforidBioh Protads. Both trench
P-type doped region 301 and polysilicon | ayer 322

ARGt LBOR A58 §56, £ B BRI 4R, S0
323, doped region 301 , doped region 302 and thin

di el ednhithe firsdyrencB fIGrmaatoneprokesss, taothieomal drive—bnstbpMSes
(FIG

dopants from the silicon dioxides 323 and 324 to the underlying polysilicon layer

r
FI
tA
Si
B8

322, thereby forming P-type and N-type doped regions in the polysilicon layer
322, which is accordingly relabeled as P-type doped region 301 and N-type
doped region 302 (FIG. 7A). The thermal drive-in step may be performed by
heating the sample of FIG. 6. The preferred drive conditions give a heavily
doped, e.g., greater than 1€2®cm™, polysilicon layer that is uniform throughout
the thickness of the film and has very little doping under the polysilicon, e.g.,
equal to or less than 1e'®m™. The thermal drive-in step results in the polysilicon
layer 322 under the silicon dioxide 323 forming the P-type doped region 301 and
polysilicon layer 322 under the silicon dioxide 324 forming the N-type doped

region 302.
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8A). The trench etch may conprise a nulti-step etch
process, with the last etch step stopping on the

wageoimstismbe 303. The trench 304 may be about 10BCTVIUSZ009Y842130

wi de, for exanple. However, there is no known limt to
the mni num w dt h as IongI as the P-type doped region

301 anbhexsiliger digxisien324 gilisenztioxide 3ﬁét deped raior a8, doped
other. The trench 304 may be fornmed by conventi onal
efeglim80 2 ramckethiedielectiaildyag3 by afastwhet te harim adrench 34e(FIG.
enbodi nent, the trench 304 has a textured surface 314

fam). | T méﬁéh efhahay adhiprises weltl-stepicth pfddees SRRY the Iast etch
one enbodi nent, a wet etch process conpri sing

fora%w¢xﬂﬁﬁé§gﬁstzésg 808P 30862 640D micons

ench to texture the su

", LAY POty e R T B ﬁﬁww =
th|n Iessthan 200 Angstromns, e. 100 Angstrons)
RELL) ,a%{h@ &ntypgydapedrgd I?@y3Q31ea'F% N‘r‘g’ﬂe&@PFHé egl&\nf?eQ?ed% pat

of the trench 304. The passivation |ayer 310 may
ccennpadtsachidthenl il brhce 304 enawpbé jorgreshby onnvem;lonal etching
surface 314 or deposited silicon nitride |ayer, for

egragpdses includirigisy Beepfrdnthingcin bae Baibcdimpnt tes renth 804 has
silicon dioxide 324, silicon dioxide 322, and thin

4 Rl stirfar¥ 14358 indprolBg s%Pd?%SlaﬂBn Ebﬁéct@naéfﬁmency In one

etched to formthe trench 304 (FIG ) Textured

Hhbasett s B et oo o8l i. apfdéft%%é i d*&ﬁdé Y
first t h, f i t hat t
Ao U AE S GBheh B et S8
solar cell.A thermal drive-in step is perforrredto
onaﬂdg%epmpmlﬂ sThe ench304imay extesidokicit0 migrens, 893 3 microns,

and 324 to the underlying polysilicon |ayer 322,
tihter thleysubstrate 303.

A thin (less than 200 Angstroms, e.g., 100 Angstroms) passivation layer
310 may be formed on the surface 314 of the trench 304. The passivation layer
310 may comprise silicon dioxide thermally grown on the surface 314 or

deposited silicon nitride layer, for example. .

In the second trench formation process, the silicon dioxide 324, silicon
dioxide 322, and thin dielectric layer 313 of the sample of FIG. 6 are etched to
form the trench 304 (FIG. 7B). Textured surface 314 may be formed on the
surface of the trench 304. The trench etch is essentially the same as in the first
trench formation process except that the trench is formed before formation of the

doped regions of the solar cell.
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form ng the doped regions 301 and 302 as in the first
trench formati on process (FIG 8B). In this case, in

wo bevgemsond trench formati on process, a passi VRECT/O82009/042130

region 315 is formed in the substrate 303 under the
trench 304 during the diffusion process. The -
passi Vathesmal dgvenin step isperieoonpd ite diftuserdepaataregdbe silicon
dopants. In one enbodi nent, the passivation region 315

i dioXide rapeerd B 2B retndod4 tonthe ROAeBly inghmalydilicanslagért 822, dhereby
oxide) in the diffusion furnace during the thermal

Foirditgi the dbpedRagidhy B01ahd 802 88 iPfHe et treAch ftnAWBR process
function as the passivation region 112 of FIG 1. In

| tqﬁﬁe@'t éﬁfcl‘;qi t@%t ca¥ad ir?‘ﬁ%%ohg RRAR fﬂfrﬂgﬁc%rpﬁro%gg,eé Pﬁ%sivation

ren 4"sefves as a gap physi y separat

t he. P- e doped.rgai o 0 m the, Ntype . .d .
afioh b5 e i B8 Sheligte, s 8 Mo BE i e S Huring e
fromeither FIG 8A or 8Bto-FIG 9. Continuing wth
mlifusion pEogass| dderpassivatiopdegionm By may Gomriise diffusadib-type
| ayer 307 is fornmed in the trench 304. In the exanple
alopRinG. I onchembiodinent, thet pastivdtapeeg®n3 15isdbgoed by
formed over the layers 323 and 324. The silicon

rnhtrodesing PCCI33PRogredras ahloyideasxide)rieltizd diffelsionl farrge during the
positive fixed charge density to place the silicon

SHefAAIIRART The phgﬁosﬂibrﬁ%%im 335 SuRldsAhk QAR flinklon as the
provi de good surface passivation. The positive fixed

ARG AP P30bY 2 ORIG bi “ pEGD procese, for |

exanple. In one enbodinment, the silicon nitride 307 is

f or redntootiatigirck ars seebn@rerth féithaivagirooassdsy tHaaMeh 304
The silicon nitride 307 preferably has a planar (e.g.,

o | _ _‘
SRS B P nic PephlatigiRe P oI fogfon 301 from the N

ﬁgé?c’ 'gﬁ%%éi g&ailgﬁ)é‘%%ﬁ. 3I;lr'toe ;gr%%gsgih&‘of %@ sSar Egl?cgr?t%sde\éq’wrﬂ Sither

FIG. 8A or 8B to FIG. 9.

Continuing with FIG. 9, a dielectric in the form of a silicon nitride layer 307
is formed in the trench 304. In the example of FIG. 9, the silicon nitride layer 307
is also formed over the layers 323 and 324. The silicon nitride layer 307
preferably has a relatively large positive fixed charge density to place the silicon
surface under the trench 304 in accumulation and to provide good surface
passivation. The positive fixed charge density on the silicon nitride layer 307
may naturally occur as part of a PECVD process, for example. In one
embodiment, the silicon nitride 307 is formed to a thickness of about 400
Angstroms by PECVD. The silicon nitride 307 preferably has a planar (e.g., as

deposited) surface. In FIGS. 9 and 10, the passivation region 312 represents
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FI G 8B) depending on the trench formati on process
used. Interdigitated netal contact fingers 308 and 309

woreapotiksos be forned t hrough the silicon nitri deCB0S2000042130

make an el ectrical connection to the doped regions 301

and 302 by way of layers 323 and 324, respectively,

(giiher theypassivatianlayees K {saecklG. @A) @iithe paggivaiion reégion 315 (see
attached to the interdigitated netal contact fingers

FHIS. BB) dependingaanthedrenal fardatien praeesedisey. t he sol ar

cell. In the exanple of FIG 10, the netal contact

finger, K 308. e coupled to a Ltiy | ectrica

ter o nitoidTeE MedeLortest BoRrS Sk and 68 ay Hgifbe formed
coupled to a negative electrical termnal. The

rtBEauahi thg silisoariizidel 307 levnake aniplectder! asanesiianstotherdaped
solar cell of FIG 1. FIG 11 shows dark I-V (i.e.,

aegioast30/0anch§e2 by wasesf lapensa3dhand B24 prespectivaiye 616K 18).
conventional solar cell to a solar cell that is in

Forefrs Bt Biramtsmag ben@tiched th e Mtérkgitated metal contact
invention. The |-V curves are "dark"” in that they were

Tfes 305 b CRrorEc it &P be BlBhed By i BBAEM Irfthe

bet ween silJ .a P- d ' "
SRR TG 103RephiaF &0 BB d08 e BRSuER B posivve
SRS 578 el SoBeca00 e S5hmE a negatve
diode. Plot 401 is the |-V curve for a conventi onal
sjeetricalderminal. nThe uesulting solay pell pravides hpsane henefite @s the

doped regions, plot 402 is the I1-V curve for a typical
SigroseirofIGpadr at i on A300(tn) solar cell, and plot 403

is for a solar cell having a trench between the P-type

and N-type doped regions as in FIGS. 1 and 9. Wilge

t he pl Fdé[-)zildzshoyvs\/@arg I G eWremwoltaga) cyrves ggmparing the
represented by the

performance of a conventional solar cell to a solar cell that is in accordance with

an embodiment of the present invention. The I-V curves are “dark” in that they

were measured with no direct solar radiation shining on the solar cells.

The I-V curves are for the diodes formed between an N-type silicon and a
P-type doped region. In the example of FIG. 11, the horizontal axis represents
voltage across the diode and the vertical axis represents the resuiting current
across the diode. Plot 401 is the |-V curve for a conventional solar cell with
touching P-type and N-type polysilicon doped regions, plot 402 is the |-V curve
for a typical Sunpower Corporation A300™ solar cell, and plot 403 is for a solar
cell having a trench between the P-type and N-type doped regions as in FIGS. 1
and 9. While the plot 402 is very close to the ideal |-V curve represented by the

plot 404, the plot 403 is even closer. The plot 405 represents a guide for the eye
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pl ot 404, the plot 403 is even closer. The plot 405
represents a guide for the eyeof an ideal diode |-V

webawvasises i stic, the slope of which is 60 m || PEDUER09/042130

per decade of current. Referri ng now to FIG 12, there
I's, shown a flow di agram of a nmethod 600 of fabrlcatlng

2013 ideatdiodeilyy gharactesistie. thPtS'P%ﬁ]OfeWblébl'%ﬂtrmHWOFﬁ per decade

present invention. In the nmethod 600, doped regions
a®fecurtanted in a polysilicon |ayer (step 601). The
doped regi ons may be formed by depositing doped

silic i oxide | a s, Qver an yndo silic

| ayer Ogﬁ% FB\NH‘P?@E’:‘ 181 ﬁeﬂgl ’gﬁ%ogﬂ/d% P?Pﬁﬁeth‘)d 600
pr e- doped S|I|con di oxi de | ayers, or dep05|t|ng an

L@fd‘ab@@ﬁtm 3 splar eelhin ageardarss wﬁb@ntﬁméwmmﬁpf the present

inplantation step, for exanple. The polysilicon | ayer

viheertiarhelndbe exkethed i660s daped fegiors arefprineden ahpalydilicon layer

forma trench separating the P-type doped region from

t (3eep\60 PP ETHIOPSSEd RidHS haly e RRARd bl deposfingvddped élhﬁ)n

trench is forned before t he doped regions are forned

T&]Sxﬂéié&??s SRRy éﬁ‘% Rbfyé Il%ﬁqia rafng rfo?ﬁwlr}ﬂ a dlffusmn step,

i ncrea sol ar "'ecti’o passi v

PR eaﬁbgﬁiaﬁ%gﬁé‘é%ré%gﬁy debop ﬁ&@hetﬁw%ped

mat er | al fro he hul k of the substrate (step 603).
drlysiligan layerfollpwed dya depantdmpianiation ﬁepd@nea@mplmy he
then be deposited in the trench (step 604).

| palysiliion lagerwherts thie dapedaegidnsrajeferned maydreeefched thform a
formed to electrically connect to the P-type and

Nrénobesepapating thel RMygod doped reditve fronl thedl-typhdé dopked region (step

| mproved sol ar cell fabrication processes and

B0 C NKehTativRKE thefBneh iClonped beflre! 1 V?@gggglons are formed.

enbodi ments of the present invention

gf Vidgdh aty |h<§lu rabtlgf(ﬂfagf %g{'flgég%férqﬁéregggé Solar radiation

odi nmen ar e

collection. A passivation region, such as passivation layer or a diffused region in
the substrate, may be formed to isolate trench material from the bulk of the
substrate (step 603). A dielectric in the form of a silicon nitride layer may then
be deposited in the trench (step 604). Interdigitated metal contact fingers may
thereafter be formed to electrically connect to the P-type and N-type doped

regions through the silicon nitride.

Improved solar cell fabrication processes and structures have been
disclosed. While specific embodiments of the present invention have been
provided, it is to be understood that these embodiments are for illustration

purposes and not limiting. Many additional embodiments will be apparent to

" persons of ordinary skill in the art reading this disclosure.
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pur poses and not limting. Many additional enbodi nents
w Il be apparent to persons of ordinary skill in the

w@edoongmos ng this disclosure. CLAIMS What is clBCTES2009042130

1. A solar cell structure conprising: a silicon
substrate having a front side configured to face the

i ng normal operation and a backsi de opposite
the front side; a P-type doped region and an N-type

|§Eﬂﬁ the P-type and N-type doped regions

conprising poFyS|I|con a first dielectric |layer over
the substrate and underneath each of the Ptype doped
regi oA 8okhr bk shiuttype compeaidingegi on; a trench
separating the P-type doped region fromthe N-type
doped region; and a second dielectric layer formed in
the t rébﬁlgﬁpn substrate $@ving @ Epnt side configwedrtodagg feysun during
wherein the first dielectric |layer conprises silicon
diarrial epemationcandoa hacksidé nppesiteethedeontsidey 40
Angstrons on a surface of the silicon substrate. 3.
The soIEr cel | structure of ai m lwherein t

h
has o 2 BRYEF dapatredibt e Bubed cphedieuPp: €8 AHPE dnd N-type

radi ati on incident on the backside of the solar cell.
mAopederegiangreorepnising palyslie@niof claim 1 further
conprising: a passivation |ayer between the second

di el ecf fjice dLeEFéQﬁﬁc ?eﬂ/% H)Sr WOS IHefife And Ehﬁeg‘@?@{ eﬁgrl\ b the P-

structure o urt er conpri sing
TR Rl R el R i i oncer the rener

a trench separating the P-type doped region from the N-type doped region;

and
a second dielectric layer formed in the trench.

2. The solar cell structure of claim 1 wherein the first dielectric layer
comprises silicon dioxide formed to a thickness between 5 to 40 Angstroms on a

surface of the silicon substrate.

3. The solar cell structure of claim 1wherein the trench has a textured
surface configured to absorb solar radiation incident on the backside of the solar

cell..
4. The solar cell structure of claim 1 further comprising:

a passivation layer between the second dielectric layer and the substrate.
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region is doped with an N-type dopant. 6 . The sol ar
cell structure of claim1 further conprising

w0 nioenshisgs t at ed netal contact fingers el ectri cedT/¥S2009/042130

coupled to the P-type and N-type doped regi ons through

t he second dielectric Iafy A et hod  of

fbri 9 Mabc%'bﬂ&l":tlé@ o C'@'fﬂﬂ ﬁ%’ﬁ'?ﬁfcpoé‘éﬂfbﬁ'n% ﬁrﬁﬂgffused
formng a first dielectric layer on a solar cell
ésstvatior regionrin Hie subrsttaie endepthe trengho wheneindhe Rasgigation
doped regi on on a backside of a solar cell substrate,

trbgioﬁ-iskdbfedlvﬂtri\hrﬁ Negpdapant.egi ons bei ng over the
first dielectric Iayer t he backsi de bei ng opposite a
front SI de of the solar cel] that faces the sun durin

rfor mal h?p@'ﬁ'f seJhstrygiaresefiaipyd éuréhﬁrpﬁqr%prtﬁgngamtwdﬂgﬁ?ée metal
silicon wafer; formng a trench separating the P-type

choméatt ﬁieémlanmicaﬂwcwplgqiéo trepBetype gnd iN-typeddoped regions
depositing a second dielectric layer in.the trench. 8.

Theougktthe@eebnd didleatric Wyirei n the trench is forned
before the P-type and N-type doped regions. 9. The
net hod of claim7 wherein the second dielectric |ayer
conpr iABetked ptiabrisating asolarcellTihe methesdcamprisingm 7
further conprising:electrically coupling a first netal

cont ag 0 the

backsi érrﬁlhp%eﬁSE g gl‘t?”g a&?\épgﬂ% %ﬁgr %@F%%t%ﬂ%’oupl ing a
second netal cont act finger to the N-type doped region

on t hdolmialys Baypé dbped $edish lantean N-type doped region on a backside
of a solar cell substrate, the P-type and N-type doped regions being over the first
dielectric layer, the backside being opposite a front side of the solar cell that

faces the sun during normal operation, the substrate comprising an N-type

silicon wafer;

forming a trench separating the P-type doped region and the N-type

doped region; and
depositing a second dielectric layer in the trench.

8. The method of claim 7 wherein the trench is formed before the P-type and

N-type doped regions.

9. The method of claim 7 wherein the second dielectric layer comprises

silicon nitride.

10.  The method of claim 7 further comprising:
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11. The nmethod of claim7 wherein the P-type doped
regi on conprises polysilicon that is pre-doped with a

wo2a09psisoopant prior to deposition over the fiP&L/US2009/042130

di el ectric layer and the N-type doped regi on conpri ses

ponS|I|con that IS predoped with an N-t
pri or alectfieallysequpling adfirst W@t‘?hqoé‘facé’f'ég% tf‘@ Ff &p@rdoped region

12. The nethod of claim7 wherein formng the P-type
dupthe basksicle afdhesubstsategand usi ng dopants from a
dopant source to a polysilicon Iayer t he dopant

pol ys airabre gRuPing s orRerbe R goRECE ngahtashaRbigp oped

t he, dopant source conprises a P- type doped silicon
degienddn theykackside ofthe sbstidle- of claim 7 furt her
conprising: randomy texturing a surface of the

tyenc :
Ly perenetfod s Gaint gt 6 1 fipkdiedichibn fomprses
?pgﬁf%lfp%gﬁgag ﬁé)orfgpcf(‘tml ] g’g E%It e thegqpqéﬂ&smon gver the first
pol ysilicon, each of the P-type and N-type doped

rdé@'ﬁ@iﬁ‘f} |%)é$frﬁ:[1¢ iberhidyrs deped tﬁ@%@t)mp@seapelys'hgﬁa dhat is pre-
trench structure separating the P-type doped region

atopedheitiNan Wty peogmmant egooto fotiatidhevet thecfirat dietgctric layer.
cl ai m 15 wherein the silicon substrate conprises an

P The el SraT ¢ finar2in oG tha frbing,Sorst Gl

comprises:

diffusing dopants from a dopant source to a polysilicon layer, the dopant

source being a layer of material formed over the polysilicon layer.

13.  The method of claim 12 wherein the dopant source comprises a P-type

doped silicon dioxide layer.

14.  The method of claim 7 further comprising:
randomly texturing a surface of the trench.

15. A solar cell structure comprising:

a P-type doped region and an N-type doped region formed on a backside
of a silicon substrate, the P-type doped region and the N-type doped region
comprising polysilicon, each of the P-type and N-type doped regions being

formed over a dielectric layer; and

16



18. The structure of claim 15 wherein the dielectric

| ayer conprises silicon dioxide fornmed to a thickness
wheioasrsod to 40 Angstrons. 19. The structure PET/TEBN0NMI42130

15 further conprising a passivation |ayer fornmed on a

surface of the trench structure. 20. The structure of

cl ai mateneh stideturnapparating the Bdyre dapedregiegiand the N-type

the substrate under the trench structure.

doped region.

16.  The structure of claim 15 wherein the silicon substrate comprises an N-

type silicon substrate.

17.  The structure of claim 15 wherein a surface of the trench is randomly

textured.

18.  The structure of claim 15 wherein the dielectric layer comprises silicon

dioxide formed to a thickness between 5 to 40 Angstroms.

19.  The structure of claim 15 further comprising a passivation layer formed on

a surface of the trench structure.

20.  The structure of claim 15 further comprising a passivation region in the

substrate under the trench structure.
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