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BACK SI DE CONTACT SCOLAR CELL STRUCTURES AND
FABRI CATI ON PROCESSES | nventor: Denis De Ceuster,

w@edg8Bousi ns, Richard M Swanson, and Jane MOTURZP06/048607

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application clains the benefit of U S. Provisiona
Application No. 60/752,664, filed Decenber 2 1, 2005,
which is incorporated herein by reference inits

venti e Rg e TAG LR AR R LS SIRGTURIS AND

i clusively
solar cells, and HIFRBWQA'EL{PF\[ Bﬁﬁ&;l&@é&@

to back side contact s _ ures and

fabrication processes. 2. Description of the
Backgimeniorierts D Ceables, Beter\@dusikscRiRhERY Ve Swa¥on, and
converting solar radiation to ectrical energy. They

may be fabricated on a sen?@BRMRIUVPIwaf er using

sem conductor processing technol ogy. Generally

speaking, a solar cell may be fabricated by form ng

n ' di ffusi ions in a
Eigéi %‘?F%. u%%ﬁﬁtﬁ%i ng on the

sol ar cell creates electrons and holes that migrate to |
t he acThigeapplithticn erimedhebenctiner Y. BIRAIHAL N[?éﬂc%?iﬁn No.

differentials between the active diffusion regio
BHACE 6540 AlODESSILEPRA! 2665 whidflil iﬁ&?r@%fétés herein by reference
di ffusion regions and the nmetal grids coupledto e
anGts@htirdlg. back side of the solar cell. The netal

grids allow an external electrical circuit to be

coupl ed

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to solar cells, and more

particularly but not exclusively to back side contact solar cell structures and

fabrication processes.
2. Description of the Background Art

Solar cells are well known devices for converting solar radiation to
electrical energy. They may be fabricated on a semiconductor wafer using
semiconductor processing technology. Generally speaking, a solar cell may be
fabricated by forming P-type and N-type active diffusion regions in a silicon
substrate. Solar radiation impinging on the solar cell creates electrons and holes
that migrate to the active diffusion regions, thereby creating voltage differentials

between the active diffusion regions. In a back side contact solar cell, both the
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to and be powered by the solar cell. Back side contact
solar cells are also disclosed in U S. Patent Nos.

WG 20583688 and 4,927, 770, which are both i ncorpCr/asmde/043607

10

15

20

herein by reference in their entirety. Efficiency is
an inmportant characteristic of a solar cell as it is
directly related to the solar cell's capability to
generate power. Accordingly, techniques for i ncreasi ng
the,.effi ene desi r abl

ol | |
L P tadions, B the MetBLaRTR SOPRIE A IneET are on fhe back side

acturln solar cells are al so deS|rabIe as
sSE solanfethe ThedBetp 95Hs @llowear erigraal ‘?*ﬁét%aé%ﬁ't"t to be coupled
i nventi on dlscloses i mproved back side contact cel
siq and eRowREd By the aelrbrelr Baskside cpatachsplar celds are also
hi gher efficiency and | ower cost conpared to

cHipeiaradoindy . Sscﬁaienfchlpﬁé 0SOMMaGRamd 14, 948 7éRbwiicteans, both

active diffusion junctions of a solar cell are forned
binagirperatech hedeip oyt reféncone do ptheir eptitatges sel ecti vel y
deposited on the back side of a wafer. The dopant

sour ceqifﬁggnpi ,SS§ . bkﬁ?w %lf%rﬁg&ir <t ot P cBil agtlf  irectly

met hod ant sour ces

ePaEPé’aeﬁeve gq%'%é?%e ')c(;éﬁ%lslgw f[tﬁf#é)%rra?@ Fgwtc-ﬁr AtcgchY }1&9 techniques

dopi ng our
' : be fabricated t
o Bl Bl P R 2 st iR o6, SRt e &Fatige ethods and
f I f t.side_of th
¢ aitbighiegs fori '8?@@9?5? RGO ARG &Wfaae%e"as%ﬁﬁ% desirable as
t xtur|n8 prom e? tnlmzesre tion discl
& Frunds BB ese! af B SoRsH TSy 1 Riesetonggntion discloses
Conﬁ%z%}e?sj%% %ggza%tﬁlt%ﬂ% ! %P%%ggéjn%{?gggggggtpgﬂcesses that allow
process to mnimze the effects of m salignnments.

TiusHghrbeicirncyransd awes cost camAared énconrertinnal solar gells.

be readily apparent

SUMMARY

In one embodiment, active diffusion junctions of a solar cell are formed by
diffusing dopants from dopant sources selectively deposited on the back side of
a wafer. The dopant sources may be selectively deposited using a printing ‘
method, for example. Multiple dopant sources may be employed to form active
diffusion regions of varying doping levels. For example, three or four active
diffusion regions may be fabricated to optimize the silicon/dielectric, silicon/metal
or both interfaces of a solar cell. The front side of the wafer may be textured
prior to forming the dopant sources using a texturing process that minimizes

removal of wafer material. Openings to allow metal gridlines to be connected to
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to persons of ordinary skill in the art upon readi ng
the entirety of this disclosure, which includes the

wa@ewanpsnyi ng drawi ngs and cl ai ns. DESCRI PTI ONPCFUS4B6/048607
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DRAW NGS FI G 1, which consists of FIGS. 1A, 1B, 1C
and 1D, schematically shows cross-sections of a
substrate undergoi ng a texturing process in accordance
with an enbodi ment of the present invention. FIG 2,

ich consists aof FIG 2A and_FIG, 2B, illystrates the ,
et SHsprdupriiney B Bimadiong areiaidisd spet opening
contact solar cell usi adj acent sel ectively
d%‘ﬁbé?@é@sﬂgbﬁh'ﬂ'"%%F'%%gﬂﬁﬁésaﬂfdﬂﬁéﬁaﬁ@eﬂtﬁ-h an
enbodi ment of the present invention. FIG 3, which
consi stThesé and@thedfEatlres of tHfétdrégéﬁtkihbéntﬁ@\bWilfBé'tréﬁdily apparent

a bac

of active diffusion regions o si de contac

SR persefklof braRAnP YR iR B8 FRIEEAdR] hHeRGRIY Bfithis disclosure,

dopant sources in accordance with an enbodi nent” of the
hely¥e_thsQftcoR] iRgSs ARl Ghitnf FIGS. 4A

%’ﬁﬁﬁ'g CHaI\éﬁgt réat eg tq%enyfnago%cat Pon of actslg)ve

di ffusion regions of a back side contact solar cell

usi ng spaced sel ectively deposited dopant sources in

accordance wi th an enbodi nent of the present

ipggkgﬁr@@o@; ggbmméissts of FIGS. 5A and 5B
i ' active diffusion

regi ons of a back side contact solar cell using .

sel ect Flel §, whjshseansistd @ fhESs ddy, d&s W6 tand, 4Py algematically shows
doping levels in accordance with an enbodi nent of the
peroseraedtione mf izosubgitaBe ubdevgniog actenblirigsprafcebb BB acédrdance with
and 6B, illustrates another way of

an embodiment of the present invention.

FIG. 2, which consists of FIG. 2A and FIG. 2B, illustrates the fabrication of
active diffusion regions of a back side contact solar cell using adjacent
selectively deposited dopant sources in accordance with an embodiment of the

present invention.

FIG. 3, which consists of FIGS. 3A-3C, illustrates the fabrication of active
diffusion regions of a back side contact solar cell using overlapping selectively
deposited dopant sources in accordance with an embodiment of the present

invention.

FI1G. 4, which consists of FIGS. 4A and 4B, illustrates the fabrication of
active diffusion regions of a back side contact solar cell using spaced selectively
deposited dopant sources in accordance with an embodiment of the present

invention.



form ng active diffusion regions of a back side

contact solar cell using selectively deposited dopant
waowroesiw t h varyi ng doping |evels in accor dapCEUS2006/048607

an enbodi ment of the present invention. FIG 7, which

consists of FIGS. 7A, 7B, 7C, and 7D, illustrates the

fabrication of active diffusion regions of a back side

contact solar cell using spin coated dopant sources in

wccor dptecs W ERGREr A, Sh 47 s §i0aes e fapggation o
Sl M B30 o AR A P bt Bl By

C ination of selective deposition and ot her .

d‘g oé%glﬂ?eldoﬁo%?rgcsé)ég%%sw ﬁé’ IPEARINGISVRISIN BRERIdAREAWIth an
of h(ej. rese h invention. FIG 9, which consists of

FFE80 ﬁené‘ﬁﬁ gPresart 9Mention.ustrates the fabricati on

of active diffusion regions of a back side contact

sol ar EHBI6Ushieh cteRaS of FIGSEBALANY 6B! lIRMaMs 8nother way of
sel f-aligned contact opening etch process in

fee@irfpactvetiffusih @yi&% BEAbatk s‘iJ@cBﬁ%%Fgglar clerq using selectively

i nvention. The use of the sane reference

i b iRt d S S NitR &Va‘??nﬁ tg‘g)gilﬁfelvl%;s [H;)gcg%ogpgnce with an

conponents. Drawi ngs are no

%ﬁ@@irﬁéﬁ%f}%émrggé,ﬁqn%ﬂﬁ-ED DESCRI PTION I n the

present disclos nuner ous specific details are

provided, such as exanples of structures and _

fabri chl%.oh Whishsonsistppbti@S. At FB; 30gkandnfidy dtsinaiesghe

of enmbodi nents of the invention. Persons of ordinary
drbricatien phactive diffusion regioms afa backesis cobtaat sble cell using spin
i nvention can be practiced w thout one or

coated dopant sources in accordance with an embodiment of the present

invention.

FIG. 8, which consists of FIGS. 8A, 8B, and 8C, illustrates the fabrication
of active diffusion regions of a back side contact solar cell using a combination of

selective deposition and other deposition processes in accordance with an

embodiment of the present invention.

FIG. 9, which consists of FIGS. 9A, 9B, 9C, and 9D, illustrates the
fabrication of active diffusion regions of a back side contact solar cell using
dopant sources that allow for a self-aligned contact opening etch process in

accordance with an embodiment of the present invention.

The use of the same reference label in different drawings indicates the
same or like components. Drawings are not necessarily to scale unless

otherwise noted.
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nmore of the specific details. In other instances, _
wel | -known details are not shown or described to avoid

wobwcwsisng aspects of the invention. The presePCT/US2006/048607

disclosure relates to the fabrication of solar cells.
Sol ar cell fabrication processes are also disclosed in
the foll owi ng commonl y-assi gned discl osures, which are
i ncorporated herein by reference in their entirety:

U S. Application No. 10/412,638, entitled "I nproved
Solar Cell and Method of Manufacture," filed on Apri
10, 2003 b% WlliamP. Milligan, Mchael J.
AREFAMBEDDESGIMRTION s, David Smith, Neil Kaninar,
Keith Ml ntosh, and Richard M Swanson; U. S.

o7 412 AR SSgnf HRFIGERS Hin B, ot el are spyided, suoh as
SekenlR 4 A Rl SRR3R S mcblihe 85804

i3 ding SfRETasiBte REthednvenionsPresensio ardigay kil in the
Gt P rbae it it e itentap qan B prastisedwinout one or
RIS HF I SBeRIOR B AT or InBiAnGsPowebdinmwN dataisiase not shown
collectjon efficiency. The texturing process nay

cYrifrScsbed tReavaid oRspurig aspeetsaf the frxssitiom. hydr oxi de
andi sopropyl al cohol. The back side (i.e., the side

opposi TRe PhesdritNéclos G reMtel '?8; gﬁ%’ Ik%friéé?ilo . m&%e?eéls. Solar cell

covered by a protective |layer con di oxl

PaBM&atiorn %clﬁclféeé%g%lrg %lé@%&%@eﬁymttng fél?c?(vgihbic[%mf)ag/t-assigned

process. effective for the noSt par 3

ey I el BBty AR/l By BRI o freiopnieyy: Us.
P romerRan e o1t Bt shilied ikt 8 et Peland Hetiod of
Th&RRuratfiird,Miled on April 10, 2003 by William P. Mulligan, Michae! J.
Cudzinovic, Thomas Pass, David Smith, Neil Kaminar, Keith Mclntosh, and
Richard M. Swanson; U.S. Publication No. 2004/0200520 (application no.
10/412,711), entitled “Metal Contact Structure For Solar Cell And Method Of
Manufacture,” filed on April 10, 2003 by William P. Mulligan, Michael J.

Cudzinovic, Thomas Pass, David Smith, and Richard M. Swanson; and U.S.

Patent No. 6,998,288 issued to Smith et al.

In the manufacture of solar cells, it may be desirable to texture the front
side (i.e., the side facing the sun during normal operation) of the solar cell with
random pyramids for improved solar radiation collection efficiency. The texturing

process may comprise a wet etch process using potassium hydroxide and

-5.
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FIG 1, which consists of FIGS. 1A, 1B, 1C, and 1D,
schematically shows cross-sections of a substrate

waR@egsing a texturing process in accordance BET/HSZNNG6/048607

enbodi nent of the present invention. In one

enbodi nent, the substrate conprises an N-type silicon
wafer 100. In FfG 1A, the wafer 100 is unprocessed
and has just been received fromthe wafer vendor or

manuf act ur i n t he waf 10

TP BRHLEE “ﬁb“fh%ﬁ?écfi\@?%(fj Lt i€ B35 15 ranb ige) of the
with a bul k, undana ortion 1 .
R R R T A %W@%ﬁwon&? o 38&9§revem t
used to slice the wafer 100 fromits in The to
trRrelaaing damaged athe texringprasessr éﬂﬁﬂe sifgChve é‘?r the most part,
this stage. In FIG 1B, each of the damaged portions

tbe just described|toxiusingrrgcess may ke irgpravest ki pedorming it prior to
waf er 100 are thinned to renove sone, but not all, of
tpTocessing ¢de packisidss ofi the salar oelbteerinigline the ammint of gnaterial
mm are renoved from each side of the wafer 100 using a
wematechirgmatbessafes ppior $0 textping s ideschibdd ax iFd&Sorn A-1D.

sodi um hydroxide. In FIG 1C, both sides of the wafer

100 argd ef(tvyﬁl Héo?ls t&6f %é ﬁRa BaH&oahgnmes% nlta éally shows
s per e A

t he renglnlng por She enpot

d h
Afpasacions ﬁgaas%?faﬁ% uhdria ”” £ ﬁsﬁ#a%%a%%@%&ance with
A erbesioeabel F ﬁﬁpsﬁ‘w'v%ﬁ &31 A"T ‘%ﬁeée;% SRR EE Srostrate

t he waf er t hu; erral n )
rabEsean A b Sheo ket 298 I fler 08, e WaRi s

wafer 100 is now | abel ed as 103-1 vvhllethetextur ed

gy osesRe G and H’@S\AHFfe?eQ’OE?Q%V?%BQ%H‘%‘é’afﬁfye@ or Qr ma”UfaCtu“ng

FIG 1 D, the back side of the wafer 100 is polishe
Hlant| .ggqa@'@hngly, the wafer 100 still has damaged portions 102 (l e., 102-1,

102-2) along with a bulk, undamaged portion 101. The damaged portions 102
are typically due to the sawing process used to slice the wafer 100 from its ingot.

The total thickness of the wafer 100 may be around 200 pm at this stage.

In FIG. 1B, each of the damaged portions 102 is partially removed. That
is, both sides of the wafer 100 are thinned to remove some, but not all, of the
damaged portions 102. In one embodiment, about 10 pm are removed from
each side of the wafer 100 Lising a wet etch process comprising potassium

hydroxide or sodium hydroxide.

In FIG. 1C, both sides of the wafer 100 are textured in a process that also
removes all of the remaining damaged portions 102. In one embodiment, both
sides of the wafer 100 are textured with random pyramids using a wet etch

process comprising potassium hydroxide and isopropyl alcohol. The texturing
-6 -



resulting in a polished surface 104. The front side
103-1 faces the sun to collect solar radiation during

waooromasisoper ati on. As will be nore apparent bePOWUS2006/048607
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active diffusion regions will be forned fromthe back
side of the wafer, which is opposite the front side
103-1 . The steps of partially renoving danaged

porti ons 102 on both si des of the wafer 100 (FIG 1B),

0L et 468, ' 8 A B B TR P it 00,
é@uge%?rg?\ﬂgé aﬁ]rbfglg% r%rgmraﬁﬁrggs gf%qoqfﬁjgw%l&%% 19815 ée)¥tu red front
qﬁﬁg v%qsfeﬁésb%gbgljage%dsh 50&2}; gﬁ:h%entfw%ﬁd back side of the
ack side.
lgg’%' i lse%b?l?éig é:?'ez63| gég Ie?ghlong o? t he back side

may be performed in a horizontal etcher, i.e. a tool

wher e WaFeGS13,8h8 BEck ¥ bf the WaRSPRIG %dpd?&h%d and %Ieaned
conveyor over t'anks contai ni ng etching sol utions.

t ﬂ!é'ultmij’ P& p%ﬁé}fiécﬂgﬁﬁgcéqgti t B ¥idkMHR¢4cSd #R Qin to collect

the wafer is in contact with e etching solution.

SiHge radidedn %h?nhg%rm%\{ OBE?%J?'? AS ARk 'rﬁ??éj?ﬁéarent below, active

reactive 1on etching or asma etc

p@i‘fﬁ.l%h'lfﬂ%é;‘?rﬁné Il @@?&%éjc?frgﬁw {Hé b g*debtyf R r\}%f?r SUSER is

etchlng f [1tates subsequen erning OPeiﬁ I’ons
{ e
bac e$§e??ﬁ{§%%§ %%Fr om I%?p € B?B?hba{'\z(éﬁg}?’i%dﬁwged portions
b%? %f‘%%‘*%“ﬁ%%o%%ﬁéﬁqﬁ ARG BT ot inedSefiaits hine water
108 28BS i rifpsii AnFedse REHoRF et the same time (FIG.
f??é & 'c&ooﬁ%w"r%%@%pﬁ%ﬁ@@% Wit 190 Tthy Haperenperde a single

nN—t eS| on wafer, The polarity of
aproces too ere the wafer 100 i% moved ¥rom one step to another.

The polishing of the backside of the wafer 100 may be performed by
single sided etching of the back side. For example, the single sided etching of
the back side may be performed in a horizontal etcher, i.e. a tool where wafers
are horizontally transported on a conveyor over tanks containing etching
solutions. The tool may be configured such that only the back side of the wafer
is in contact with the etching solution. Singe sided etching may also be
accomplished by reactive ion etching (or “plasma etching”). The polishing of the
backside of the wafer by single sided etching facilitates subsequent patterning
operations and improves the recombination properties of the backside diffusions.

From FiG. 1D, the wafer 100 may be subsequently processed to complete the

solar cell as follows.
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t he dopants and the diffusion regions in the bel ow
exanpl es may be changed to accommopdate a P-type wafer.

wo poogesisi@l , sui tabl e dopants for P-type dopanPCEHUSZ00€843607

may i nclude boron, while suitable dopants for N-type
dopant sources may include phosphorus. FIG 2, which
consists of FIG 2A and FIG 2B, illustrates the
fabrication of active diffusion regions of a back side

o A Al S EEBAPES  Bo ot i

selectlv osited jn that th ar e
T 1eing GRaRidpUed ghareraRen i SRECARRERT of theresent
2A dopant sources 201-204 are selectlve osi t ed
2RI S o2, P01 204 A1 SEL S el JERORIA A s
waf er 100, which is opposite the front side 103-1
TReNteRRMithe svaTeed 00 gnay gampsiserrn Nrivaeddliqap wafer. The polarity of

i ndustrial inkjet printing or screen prlntln? For
dhagsipantsand tﬂiﬁ d@fgmw regiong &% theohelopoaxamplesemay be changed to
di scharged by different print heads or different

grasopynofiateoa H-typeoiatdie I8 gepemli atitatdadiopants fodatiwpe dopant
sources 201-204 may be printed in one pass or multiple

Essess ofayineluie manoa, philetsuitabsdopants|f@ N2typedlopant sources
foll ow ng enbodi nents of the present invention,

guay aidledephesphdrisf or i nkj et printing of dopant

sources may include appropriately doped conbi nati on of

cat al yEIC ZER Seatt B T °éﬂa”° s Q%@n@éﬁf%ﬁﬁﬁ?‘? fprication of
& d‘% PSRN SPIEORL T a0k R Pt cHhbaRGadiapRr

AR TIHLHSPagd AGRN SRS %hs%%rﬁ%@%%ﬁé%ﬁ%are

such as silicon dioxide, nay be formed on the dopan
Slectvelpdeprogited l@a@mqyearg ek fpormgp by blanket deposmon followed

by patterning. In FIG. 2A, dopant sources 201-204 are selectively deposited by
directly printing them on the back side of the wafer 100, which is opposite the
front side 103-1. The dopant sources 201-204 may be printed by indust.rial inkjet
printing or screen printing. For example, each of dopant sources 201-204 may
be discharged by different print heads or different groups of nozzles of the same
print head. The dopant sources 201-204 may be printed in one pass or multiple

passes of one or more print heads.

In FIG. 2 and following embodiments of the present invention, suitable
materials for inkjet printing of dopant sources may include appropriately doped
combination of solvent (for instance IPA), organo siloxane, and a catalyst, while

suitable materials for screen printing of dopant sources may include



i sol ation, reduce reconbination at the silicon
interface, or to prevent dopant cross-contam nation,

wa@sgooeededl. The dopant sources 201 and 202 mayPCDIRING@48607
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an N-type dopant, such as phosphorus, with the dopant
source 201 being lightly doped (N-) and the dopant
source 202 being heavily doped (N+). The dopant
sources 203 and 204 may conprise a P-type dopant, such

as_boron ant s urce 203 being, |ightl

dsseaop(ﬁ*ﬁ'valf?&etdﬂ%wﬂ@%gﬂm 3PRers ooroRR gt pitalyst and filers
% one OdIREP t he dopant sources

6 C—’ B g3 A éoﬁrf"hs BMig18%hi ckness of about 5

m crons. In FIG 2B, the sanple of FIG 2A is placed

in a f wnadditiensl iay@n@mtedoM)wafbrbmweahut@saltwch as silicon
di ffuse dopants fromthe dopant sources 201-204 into

t BRI, Shayt B8 foPhbl W B2 ddpaRRdFSed 2OMAbAPR Brovide electrical

sources 201-204 results in the formati on of active

disfoflé{ﬁﬂrp Rel G %&n@b%&tlgﬂ‘bt tl'i@?ﬁi@&ﬁ 'nYt@H%ce' Br H‘ﬁré%fn? Hopant
100. The diffusion step of enbodi ne

dj
ERSsOSSHa hﬁrllé{#er{r%f rg%ad?eds' f‘ﬂé% %ﬁpf’?uﬁ%%a%qh 8hd 202 may

dopants Into 100 becau sour ces

heaﬁp*?ésfhrf RL J?Fg cﬂfda% étR:r{ Qsepqibecﬂx‘éﬁugnrvﬁbetﬂe dT%}%nt source 201

e ste ve- | so electrica act
Sln I'H ecﬂa %%D nt) hfo s u?eﬁ £ g he 9| @S'ped (N+).
SOUT CES an ¥ Y De 119 "GEp
h
Jée 020%@%9?95%%%303 ﬁd @%ﬁ'sq"%ér? s?—%%za%% such as boron,
202 204

Al oo LR e

PG i LS Y SR st 201204 may

- 204 have been rel abel ed vvlth doubl e prines (i.

29? medfoedhwéﬂﬁé%f) £haut pFRICFoNfopant s have been
driven into the wafer 100 during the diffusion step.

Presengg Fo6. 2B, the sample of FIG. 2A is placed in a furnace and subjected to
high temperatures to diffuse dopants from the dopant sources 201-204 into the
wafer 100. Diffusion of dopants from dopant sources 201-204 results in the
formation of active diffusion regions 211-214, respectively, in the wafer 100. The
diffusion step of FIG. 2B and embodiments disclosed below may be a single step
drive-in of dopants into the wafer 100 because all dopant sources have been
formed prior to the diffusion step. The single step drive-in may also electrically

activate the diffused dopants to form active diffusion regions.

The dopant sources 201 and 203 may be lightly doped such that the
resulting diffusion regions 211 and 213, respectively, have a resistivity of about
250 ohm/sq, for example. The dopant sources 202 and 204 may be heavily

doped such that the resulting diffusion regions 212 and 214, respectively, have a
-9-
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phosphorus-rich gas in the furnace while the wafer 100
IS subjected to high tenperatures diffuses phosphorus

WO niog/0815¢0 f ront side 103-1 to forman N-type rBQI/U82006/048607

206. Additionally, oxygen may be introduced into the
furnace to forma thermal oxide |ayer 207 al so on the
front side 103-1. The formation of the N-type region
206 and the thernal oxide |layer 207 on the front side

- 1. t | -

CRe e BRolE TRhrsg! F SARpIL, Theithadt Shted b5 204 have
' | ai.ned L QW., R O El a

BoeeEhelebe SE30th SRR BeP I e 207 5205 o et Gt il dopants
l.ines, to the heavi dope i ffusion regions 212 _and
Fve e tn WVBH IR e EBE 08 Ao ip R EE BB rsiae ERSagnce of
an anti-ref] ective cogting on the front side 103-1 , .
RhSRREHS SR A R Be uirRLe Wae Bienvabi S04 Ropiipigd to high
on the back side, a contact etch step to formthe
denraratigpe AiffiRes phasRharusinte te font side H@dw todagm an N-type
platin ridlipes to respective diffusion regions
tm&mgoghé\%ﬁ'ﬁ%w, BRIRMERY ks irrad usggidietaither lverace to form a
may al so be perfornmed to cou&%e metal grid nes to
dinermal exdedgyemsO1 alsetorethectrpausident0s-di ddieofosmation of the N-type
bel ow. Ot her suitable backend processes may al so be
uegipn B0Gang thatthermaberddle tayeasf2(7 @sthe froBCside 103-1 may be
illustrates the fabrication of active diffusion
rfeginedsatdhe sabze kimei ald pesitaetithdbedrackeditie wiffusijon step in the
over | appi ng sel ectively deposited dopant sources. In

F@ample, ofddarB androtiesr &dbodineersts|eeqlaiviet \beleposi t ed
on the back side of the wafer 100, which is opposite

the front side 3-1 .. The dopant sources. 304 may be .

homed O TACR2H) BoaniehAP BRRES a0hS BT ronRed B aybie metal gria
.thickness of apout m.crons. In FlG ,, the dopan

Jiiebce et Lontu Ty Taaionsia Bt 24 (Surta ckend

t he back side not %overed ) ) ) )
process may comprise formation of an anti-reflective coating on the front side
103-1, formation of a contact mask to form contact openings on the back side, a
contact etch step to form the contact openings, removal of the contact mask, and
plating gridlines to respective diffusion regions through the contact openings.
Such a backend process may also be performed to couple metai gridlines to

diffusion regions in other embodiments disclosed below. Other suitable backend

processes may also be used.

FIG. 3, which consists of FIGS. 3A-3C, illustrates the fabrication of active
diffusion regions of a back side contact solar cell using overlapping selectively
deposited dopant sources. In FIG. 3A, dopant sources 304 are selectively
deposited on the back side of the wafer 100, which is opposite the front side

103-1. The dopant sources 304 may be doped with a P-type dopant and
-10 -
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by the dopant sources 304 and over sone portions of
t he dopant sources 304. Sel ective deposition over

w@ororiogrsso of t he dopant sources 304 advant ageoRGT/¥S2006/048607

makes the sel ective deposition of the dopant sources
302 |l ess sensitive to alignnent variations. The dopant
sources 302 may be doped with an N-type dopant and

sel ectively .deposited to a thickness of about 5

S@é{é&ﬂéleﬁgsag@é’@% aéﬂﬁ:f;ﬁ«??‘i?g%bguﬂﬁs 0érdiY B&IG. 3B, the dopant

ectl posite nt1ng or screen

[, Nk f i rocess be., .

N Peenan2 gt SIS oPaiilind G BRRiGES ol o tireapt covered
ng 304. 1n Fl 3C . a diffusion.step.js perfaorned

OO T ot e Spe A e rapith PR BLlrBBorant shuaces 304,

iato the wafer. 100. The . di ffusion step results in the

P PalSAeBPSion T agpiss of Meranrnteyines J0 Adkaniageously

304 to.the wafer 100 to form P+ active diffusion N

agkenhessglecting depestionrqidhe dapaniseyresdifralass sansitive to

t he dopant sources 302 to the wafer 100 form N+ active

Rlionmedvariadionss Thepdopand, saurcesg02 inay kei dapedwith an N-type

FIGS. 4A and 4B illustrates the fabrication of active

darand sk selgriively depasited ko sitbiskness af abedl amicedis. The dopant

usi ng spaced sel ectively deposited dopant sources.

|SuiFEeg) SR2 s B4 wanbe selantivell demtmitesi thyethkjietparittting or screen

sources may inprove solar cell efficiency in

dppitingafereerampler A lsutingpgocésPrtaytee pedoingy pfteacleposition of

di ffusion regions introduces a | arge reconbi nation

ceaahetie. ddparftisGurdds 302 @mat 3GhuhcEES 482, akidfulidn atep is performed
sel ectively deposited on the back side of the wafer

todithyse depahtspiromtthegiopant ebasiesB0Dbhd BO4TRE depaater 100. The
sources 402 and 404 nmay be selectively deposited to a

tdiffasioastepresiitilih thedifigion of P-§pel deh#htd F&m Bhe dopant sources
printing process, for exanple. The dopant sources 482

04 teethepesiad 100 @¥oht P acted aftusiol réfohd8140BAl the diffusion of
sources 404 may be doped with
N-type dopants from the dopant sources 302 to the wafer 100 form N+ active

diffusion regions 312.

FIG. 4, which consists of FIGS. 4A and 4B, illustrates the fabrication of
active diffusion regions of a back side contact solar cell using spaced selectively
deposited dopant sources. Leaving a gap between selectively deposited dopant
sources may improve solar cell efficiency in applications where butting of P-type
and N-type active diffusion regions introduces a large recombination current. In
FIG. 4A, dopant sources 402 and 404 are selectively deposited on the back side
of the wafer 100 by inkjet printing or screen printing. The dopant sources 402
and 404 may be selectively deposited to a thickness of about 5 microns in a

single pass of a printing process, for example. The dopant sources 402 may be
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a P-type dopant. A gap about 3 microns or nore, _
dictated by the alignnent tol erance of the patterning

wo e@hnsgue, may be present between dopant sour BEEUSDA6/048607

and 404. In FIG 4B, a diffusion step is perforned to
di ffuse dopants fromthe dopant sources 402 and 404 to
the wafer 100. The diffusion step diffuses Ntype

dopants fromthe dopant sources 402 into the wafer 100

t doped withtamal-type dbddritsivale HeIHBPaNntdGurcss 4%'3% be doped with
the diffusion step diffuses P-type dopants fromthe

dapafipes@spaas AQ4pidHdut BNRiIdEASbr Aile! 8ictRER l?"})t:ttgie?/aﬁignment

di ffusion regions 414. The diffusion step resu

t foferdPRAIYS tRE lﬂ)%ﬁ@ﬁ‘li fl*g ge@ﬂﬁ%ﬁgﬁ?g%g/?%s &L g?{v?%%hdopant sources

dielectric | ayer rise

4GS |§nd l4bd N £ I@rié:az-% .gﬁf‘#gﬁcfn &gﬁ)ﬁ%%{er@g}nlggttg%’%se dopants from

gridlines are fornmed e C

O ATRBLTOL  ETIEH obF d  so ous
SR e b SR SRR ST 1 o form s st

i L | interfaces are unavoi dabl e since contact

rsélﬁl%’g'{ég‘/’ %}a"g‘%‘g{%‘eéﬁnﬁ?@’ ﬁ‘? dgBsiom gtamdifiyses P-gyserdopants from
' rier recaonbination vel ocities under

s E?‘{S’Lﬁ%ﬁ%@pé‘&ﬁ%?@ f’ﬁ?é?? yeafer 360 to formmaetivendiffusian regions 414.
typically 10 cnis under a thermally grown oxide) but )
aﬁ‘gﬁ dl J vieRresHis infheedopant saurees #BRaind 404 traasfarming to a
Hi.gh surface reconbi nation velocity negatively inpacts
&ﬁ%ﬁeeeri%'ﬁmee AdRcyhichemay comeprissesilidd glasisons, whi ch
are also referred to as "opaque diffusions," reduce

Lhe | MG dbribidth 51 S8EF dACRIRANA PR SLIEHLESSo Make

shielding the interface fromt

RABAG 18 ddiivel fiRSsigh ‘7‘89%?3% %tpglaggg{g%gse@?lggéﬂ {d external devices.

carrier reconbination, ( g t of 1he

S‘t}gés gérsflﬂﬁ i\r/m'en tﬁgﬁé’ %%%S%’ﬁ Hjty%g active diffdsion ?‘eglons being under
silicon/dielectric and silicon/metal interfaces. Silicon/metal interfaces are
unavoidable since contact must be made between the silicon and the metal grid.
Minority carrier recombination velocities under silicon/dielectric interfaces can be
made low (e.g., typically 10 cm/s under a thermally grown oxide) but are always
very high under a silicon/metal interface. High surface recombination velocity
negatively impacts device efficiency. Heavy and deep diffusions, which are also
referred to as “opaque diffusions,” reduce the impact of high surface

recombination velocities by shielding the interface from the substrate. However,

opaque diffusions also generate a high minority carrier recombination, which

reduces device efficiency.
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efficiency back side contact solar cell can be nmade by
form ng active diffusion regi ons of varying doping

wo ewelogisisuch as opaque di ffusions under the PCT/US2006/048607

silicon/netal interfaces and |ight, |ow reconbination
di ffusions under silicon/dielectric interfaces, which
do not need to be shielded as nuch. Selective
deposi ti on advant ageously allows for cost-effective

deposi i acRbaldeP ith ér?@ﬁ%ﬁi%ﬁhoyﬁ{eyéﬂ&eﬂf’m\)&tion, a higher

| evel s; otherw se, the masking and patterning steps

tdraticpey bhcRaiGe Eeﬂﬁ%t E}S/{aﬁr}%%!]g: nie b@\iﬂ&d%ﬁﬁﬁﬁ Ira(i:}kive diffusion

dopant Sources wth var pl ng b

ki : f abr .
SB3lor SRy /G UL SRS B Ml 00 Gl

(RS Inlsiaiss 21 bgfrc B hrinEaieB attysigns Gpder
P PR R i e b g S Thien. setecive
heavi l‘tY doped P-type d‘f ant_sources (P+) for formng

oﬂg‘%?a?é P 8 b%ntas?w%'vcﬁ foriio Ropkgifestive dergesition of dopant sources

silicon/netal interfaces; (3) lightly doped N-type
J¥BnNEndRR AeRing IRvelss giherviss. fhe raasking énEi pattarping steps that
N-type active diffusion regions under silicon/

dveilgAavecto be peffarasd tafry faynireyeralydansnsoNrespwith varying
dopant sources (N+) for form ng opagque N-type active

daring lexels weulh be nesé prehibitive vt domplichée #e fabiriation

5, which consists of FIGS. 5A and 5B, illustrates the
fRIBEESXt Fonesample.isadectivief depasitioregiayrise emploped ko &irne4 different
contact solar cell using selectively deposited dopant

sets oédopanhsauncesn(d) dolightly deped B-type dopant sbariessft) for
heavi |l y doped dopant sources are fornmed over portions
dormning avidve reddibiniatioa Rtype/activd fifftisns egicnanuéd |

contact a netal (i.e., under contact openings),

asiicicngtiielectido prerfdeann(R) heavibedopsE PLYpeatbpR soufses (P+) for

ot her portions of the wafer

forming opaque P-type active diffusion regions under silicon/metal interfaces:; (3)
lightly doped N-type dopant sources (N-) for forming low recombination N-type
active diffusion regions under silicon/ dielectric interfaces; and (4) heavily doped

N-type dopant sources (N+) for forming opaque N-type active diffusion regions

under silicon/metal interfaces.

FIG. 5, which consists of FIGS. 5A and 5B, illustrates the fabrication of
active diffusion regions of a back side contact solar cell using selectively

deposited dopant sources with varying doping levels. In one embodiment,

heavily doped dopant sources are formed over portions of the wafer 100 where

active diffusion regions will contact a metal (i.e., under contact openings), and

-13-



100. In FIG 5A, dopant sources 501 , 503, 521 , and
523 are selectively deposited on the back side of the

wordens 500, which is opposite the front side 1PGFHLUS20061@48607
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dopant sources 501 , 503, 521 , and 523 nmay be
configured to have light or heavy doping by adjusting
their chem cal conposition or thickness. For exanple,
t he dopant sources 501 nmay be nmde thicker or have

ST SRR SR RIS o R oM e verr

ker or have h| gher dopant concentration than the
dopa’nt sources 523. The dopant sources 501 nmay be
heavily doped with an N-type dopant , the dopant

sour cel BIEA. Sk ydamantisgpiurcss 80peB03iG21, amd\623 pee selectively
dopant, the dopant sources 503 nay be heavily doped

vdepositeld dry tree Daclaside afithietvisfed apanivhiotLisaspspdsde theYront side
be lightly doped with a P-type dopant, for exanple.

Sed®at i Mes depast $6wrBeB0d0B8B! 530 UANEE28Playbe ftdiglifed to have
be perfornmed in a first pass of a printing process,

f dHt @redary o r@ggiby\éﬁj@ﬁﬁ@sﬂhbircﬁhé?ﬁlcéf&rﬂﬁgéﬁbPW%%ﬁﬁess For

523 in a second pass of the printing process,

byxHAbRS the Bof8RPSIeS 50 g b%omate tﬁi%RéF %? hé@é highe? dopant

third pass of the printing process.

t [ ff
g B B0 B 1 ETREIBcs 0
&gpant

Vﬁ\faﬁl_bel%d -Ehﬁ:k@'rfoi Hé\/@?‘\q@%ﬁ%& ctoﬁcéﬂtrgggrlmgr{ or dc

type opants rom sources

?’oﬂﬂ&é& 3d'1fi{%§b§£‘ntr 888 S%Q%ﬂgg fefﬁése{fv?lp rﬁocne a\&%{@ \%8 N-type

opants rom sources

S, P AR s ST SRR EN o copar, e

d&égaunstls%rﬂlréees%gg Smasf’ éé heaqmy doped with a P-type dopant, and the dopant
sources 523 may be lightly doped with a P-type dopant, for example. Selective

deposition of dopant sources 501 and 503 may be performed in a first pass of a

printing process, followed by selective deposition of the dopant sources 523 in a
second pass of the printing process, followed by selective deposition of the

dopant sources 521 in a third pass of the printing process.

In FIG. 5B, a diffusion step is performed to diffuse dopants from the
dopant sources 501, 503, 521, and 523 into the wafer 100. The diffusion step
results in the diffusion of N-type dopants from the dopant sources 501 to form
N+ active diffusion regions 532, diffusion of N-type dopants from the dopant
sources 521 to form N- active diffusion regions 531, diffusion of P-type dopants
from the dopant sources 503 to form P+ active diffusion regions 534, and

diffusion of P-type dopants from the dopant sources 523 to form P- active
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di ffusion of P-type dopants fromthe dopant sources
523 to form P- activediffusion regions 533. Diffusion

wotoodopEmi s to the wafer 100 results in dopant PEDURZIEE 048607

501 , 503, 521 , and 523 transformng into an undoped
dielectric layer 535. Contact openings 536 are forned
through the dielectric layer 535 to allow nmetal

gridlines to contact the N+ active diffusion regions

&@fugf&‘#l IIB%?OI% 535! 'Ijﬁ‘ﬁlx)gblﬁ \"%l' ggp{se Swg’r% A P&) N2 in dopant

appl 1 cat e desir orm

s S0 15 0 O 41 B v
B b LS B S 05 o
AR B SRR R ARG e s acie

c act sol eII usi ng sel ectively deposited dopant
@?Pﬁ'é@ "\ﬁﬂf‘ﬂ‘s\/ ‘§/| ng doping levels. In FIG 6A dopant
sources 602, 603, and 604 are selectively deposited on

the bagksshdey lcb’fiSné/VEl’f Payi0dedirani tgg%r‘?ﬁ@ﬁ’r%'et fathBf than four,

front side 103-1 . The opant sour ces

h@iesrdnt s‘é@@@ﬂa&‘ﬂﬁé‘d%sl&ﬁ ﬂé?ﬁor?’é) PRaE eﬁ&&%@j Q)‘?%n&f C}he Ilr%htly doped

sources 603 may be lightly doped wt

e Ttk B A G R

P-type dopant, epos|

h 602 and 604 may be perforned in a first
g%ggggfégagﬁﬁﬁ ng process, followed by selective

deposition of the dopant sources 603 in a second pass

of t heFl6s.iBtwhigh monsists of FHGE| GA 6R| 68, dlusfratistanathepway of

is perforned to diffuse dopants fromthe dopant

Jormingsa@tive, dif0sioranegicd ol aback Beleadetact &6lar ok using selectively
di ffusion step results

deposited dopant sources with varying doping levels. In FIG. 6A, dopant’
sources 602, 603, and 604 are selectively deposited on the back side of the
wafer 100, which is opposite the front side 103-1. The dopant sources 602 may
be heavily doped with an N-type dopant, the dopant sources 603 may be lightly
doped with a P-type dopant, and the dopant sources 604 may be heavily doped
with a P-type dopant, for example. Selective deposition of dopant sources 602
and 604 may be performed in a first pass of a printing process, followed by

selective deposition of the dopant sources 603 in a second pass of the printing

process.

In FIG. 6B, a diffusion step is performed to diffuse dopants from the
dopant sources 602, 603, and 604 into the wafer 100. The diffusion step results
in the diffusion of N-type dopants from the dopant sources 602 to form N+ active

diffusion regions 632, diffusion of P-type dopants from the dopant sources 603 to
-15 -
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in the diffusion of N-type dopants fromthe dopant
sources 602 to form N+ active diffusion regi ons 632,

walkdo7o8isom of P-type dopants fromthe dopant SPUF/TER06/048607

603 tof orm P- active diffusion regions 633, and

di ffusion of P-type dopants fromthe dopant sources
604 to form P+ active diffusion regions 634. D ffusion
of dopants to the wafer 100 results in dopant sources

6fFm ﬁo§cti\%{‘gi;:§|r@?oé% rrg@'ﬂ%gsoé%,ngnd BlRisfh gg%ggﬁg dopants from the

di el ectric ntact openi ngs

L 8594k rk&d?@egb@h%th%ljn‘? Iﬂ@{ﬁa\’a{&%\lfé%aiarl l ?g%snﬁé?g&)lifg%sgon of dopants

gridlines to contac theff ( uggz e
' ' ' [ 0 \ i de .
2B e et 8L BB B e
S PhaePB BRI IASTAS, ERmet i ieg b8 e Tome through the
SRk B35 Risw el gridifiBs 8 Sopradtine Nor Benesdiffusion
il he fabricati f
H5Gi<% 652 £, 15R P BPUYR BRSSO Ba%cont act sol ar
cell using spin coated dopant sources. In FIG 7A a
dopant Besides&seldidivesd St siticiPah8 hemicAs b 'r?fei%g%?fms(%ﬁl/m, spin

surface of the back side of wafer 100, whic

Ot Pal Qs & BefUsallt toForA deipdmt  9PH By, & iatel
704 magty ggnpri sg SOG ﬁeavi 'd,\]/&%oragguv% POt taypg . SPpropria ely

dmed séiﬂ?onrﬁ E%st(gﬁ% ﬁi §§e@fas¢b—we7%ﬂg}|\g-{ﬁé5doéﬂt sources

exanpl e. | G 7B, e “dopant sour .
P irPERSAy t 0 expose portions of the back side of the
waf er 100 where the other dopant source is to be
formed. In FIG 7C, a dopant source 702 is spin coated
over thES shmphishsonsists of BIGShE@AdFBarC, sodriia, Noraey the
conprise SOG heavily doped with an N-type dopant and
Spbricatiormof activendiffusish wegions ef aback sidooontaet solr ¢éll using spin
t he dopant source 704, for
coated dopant sources. In FIG. 7A, a dopant source 704 is spin coated on the
entire exposed surface of the back side of wafer 100, which is opposite to the
front side 103-1. The dopant source 704 may comprise SOG heavily doped with
a P-type dopant and spun to a thickness of about 2 microns, for example. In
FIG. 7B, the dopant source 704 is patterned to expose portions of the back side
of the wafer 100 where the other dopant source is to be formed. In FIG. 7C, a
dopant source 702 is spin coated over the sample of FIG. 7B. The dopant
source 702 may comprise SOG heavily doped with an N-type dopant and spun
to a thickness of about 2 microns on the top of the dopant source 704, for
example. In FIG. 7D, a diffusion étep is performed to diffuse dopants from the
dopant sources 704 and 702 to the wafer 100. The diffusion step diffuses N-type

dopants from the dopant source 702 into the wafer 100 to form N+ active
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exanple. In FIG 7D, a diffusion step is perforned to
di ffuse dopants fromthe dopant sources 704 and 702 to

wo b@7mefser 100. The di ffusion step diffuses N PEPES2006/048607

dopants fromthe dopant source 702 into the wafer 100
to form N+ activediffusion regions 712. Simlarly, the
di ffusion step diffuses P-type dopants fromthe dopant
source 704 into the wafer 100 to form active diffusion

r(ﬁﬂh%’lgﬁ r;éldonsDH Ug| ik A tl_d}%gﬁ‘gfns?‘prﬁig’fwgiﬁmég b-gy%% dopants from

results 1A dopant sourc ranstorm

S B BB Y85 T o, S B s 710

active diff)@'onrei a bac | de

: : ¢
SRSET LR nERs MR A Sl SPGES (1 8 704
i ti .and other d itj . InF :
dRorofg BESa8uaoapeaehreilels fbposi i ed on the

back side of the wafer 100, which is opposite the

front EiGles, MISich condizes dPPRBS. 8AUSBEANEBE, MAYsthfes the fabrication
directly printed on the back side of the wafer 100 to

oft AUt hfSsieh régi@% of db&EI0SIEle doMta@SIRY &l UfRg a combination of
dopant sources 804 may be heavily doped with a P-type

HEtHve GEpSiior BndVmRS! d&kifdn BRRARESOYA #96. 8R4 dBBYNt sources
be perforned in a single pass of "a printing process
(SoDare sBLAVI) fd'egbbg%%% tREHRRR Had BF 'tﬁla-g?/vaf%rrﬁ ) %hif;h is

e anple

B, a dopant sour I's spin coated over the s

8
;gepa{i\jdlsﬁi? tﬁé‘-fro \;%Mlctﬂf P8t .SfHé angﬂgs@%e HHA J’n%?ob%g‘rectly printed

ope an N-type dopan aP spun
303 e B 0603 B G 5 ons o vl

OFREobb sl BS RN oS A GV A 52 i gSotectve
SRR B30k alies BATRRLbR e RS Ben BBolifasear a printing
RGeS0 (S IRRSTplintitg 87 s8%ed frtnting) ™ SP" Y7 O™

In FIG. 8B, a dopant source 802 is spin coated over the sample of FIG.
8A. The dopant source 802 may comprise SOG heavily doped with an N-type
dopant and spun to a thickness of about 2 microns on top of the dopant sources
804, for example. Note that selective deposition of the dopant sources 804
advantageously allows the dopant source 802 to be spun without having to
pattern the dopant source 804. Depending on the application, the dopant source

802 may also be applied by blanket deposition using a roll on, spray-on, screen-

printing, or inkjet printing process.

In FIG. 8C, a diffusion step is performed to diffuse dopants from the
dopant sources 804 and 802 to the wafer 100. The diffusion step diffuses N-type

dopants from the diffusion source 802 into the wafer 100 to form N+ active
-17 -
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step diffuses N-type dopants fromthe diffusion source
802 into the wafer 100 to form N+ activedi ffusion
regions 812. Simlarly, the diffusion step diffuses
P-type dopants fromthe dopant source 804 into the

%@EIO}IOI%QH sf 8iM % ﬁgﬁ tﬁedd l?usnga%gep | O%é &—}fpe dopants from

usi on do ants
dﬁ%ﬁ%%oﬁr&“sé%i% %85 i 804 f‘g BPB Gt B fitfusian regions 814.
9 th
st Pgﬂba?n*’éé??b% "%ﬁqﬁf 7o srelish dﬁ@%}t S9URGRS 387 gud 804
Caa P iming i SEdane o @Veh Bibocese. in MG

9A dopant sources 903 are fornmed on the back side of

t he waFas. 40RhichddHidts APICS. ba ee dd AUHd §Ddﬁlu§9§te]s the

In one embodi ment, the dopant sources 903 are forned

.Sfé‘brﬁlchﬁéﬁ of '%%tl‘b@ @ffﬁjs%ﬂ FediEn®BEAIMIR 198 cBRtakt %‘6{3& cell using

where heavily doped active diffusion reg| ons W |

f 9bp% sf&ﬁ@e@@r?at ngl%ﬂ’ d Seif %\@ t%i:%ﬂn H’nn CotlR g‘?ocess

apparent bel ow, e relative urce

903 allow for a self al i gned process as the openi ngs

906 deln RS 9R. derantisswregs aegtaa@tfompngbe(t@@g «ids of the wafer
in FIG 9D) to the active diffusion regions. The

dbPRrwhichus opposite thefrobtsislel Hi-ilv dn preepubotiFdent thendopant
back side of the wafer 100. Preferably, the dopant

sseurces M3zararformed mathdhat the theck vwail He aertimgs 286 enly over where
100 by bl anket deposition (e.g., by chem cal vapor
depasiytdapedactiye diffusiatn regjorisowvliidve tbrimyed e 2P BgdtdP4 in FIG.
formthe openi ngs 906. Bl anket deposition followed by
paC).eAsiwif bedvant agparcsitbeisweyibiel ielgtivent titie ddpaainésurces 903

from touching
allow for a self-aligned process as the openings 906 define the location of
contact openings (see 936 in FIG. 9D) to the active diffusion regions. The
dopant sources 903 may be selectively deposited on the back side of the wafer
100. Preferably, the dopant sources 903 are formed on the back side of the
wafer 100 by blanket deposition (e.g., by chemical vapor deposition or spin
coating) followed by patterning to form the openings 906. Blanket deposition

followed by patterning advantageously prevents printable dopants from touching

each other.

In one embodiment, the dopant sources 903 comprise dielectric lightly
doped with P-type dopants. The composition and thickness of the dopant
sources 903 may be made such that after a high temperature diffusion step, the

resulting P-type active diffusion regions will be lightly doped (e.g., about 250
-18 -



each other. In one enbodi nent, the dopant sources 903
conprise dielectric lightly doped with P-type dopants.

wab@7osrsposi ti on and thi ckness of the dopant SPCTF/TER06/048607

903 may be made such that after a high tenperature

di ffusion step, the resulting P-type active diffusion
regions will be lightly doped (e.g., about 2500hni sq)
and will generate |ow carrier reconbination (e.qg.,
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connected. The dopant sources 902 and 904 are :

pr ef er AbFIG S8 eddpatftspuREROS02 aAdDOAhfeeRiinedidverth8Yopant
them over the back side of the wafer 100. For exanple,

tSeurdep OB FHAint® th&BeriRgs TH6. e B@Pﬁﬁ{ $61c68!902 and 904 are
deposited by screen printing or inkjet printing in one

Pfs Sorring 8l ctive ldRfRASS BSgion86n BRPARFerS A %%r@?t‘?etgpgri%lines will be
904 may al so be formed Dy bl anket deposition (e.g.7 Dy
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. . :
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it .hi . d . 9
R85 h800 L b SERERT rvane BRst BPERIGR Hegsr aihs dopant
sources 902 and 904 may also be formed by blanket deposition (e.g., by

chemical vapor deposition or spin coating) followed by patterning, but may

require an additional etch stop layer.

In one embodiment, the dopant sources 902 comprise dielectric heavily
doped with an N-type dopant, while the dopant sources 904 comprise dielectric
heavily doped with a P-type dopant. The composition and thickness of the
dopant sources 902 and 904 may be made such that after a high temperature
diffusion step, (a) the dopant sources 902 and 904 will form heavily doped (e.g.,
about 10 Ohm/sq) diffusion regions in the wafer 100, (b) the dopant sources 902
and 904 are relatively thin (e.g., about 500 Angstroms) compared to dopant
sources 903 (see FIG. 9B), and (c) the resulting diffusion regions are opaque
(i.e., the carrier recombination induced by the diffusion regions will not be

significantly affected by the condition of the silicon interface at those locations).
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di ffusion step, (a) the dopant sources 902 and 904
W ll formheavily doped (e.g., about 10 Chni sq)

waledo7asisom regi ons in the wafer 100, (b) the dPEEOBE2006/048607

sources 902 and 904 are relatively thin (e.g., about
500 Angstrons) conpared to dopant sources 903 (see
FIG 9B), and (c) the resulting diffusion regions are
opaque (i.e., the carrier reconbination induced by the

gi ffusigg tléﬁghg%%’%tt dr:le%qé?‘ﬁ s%iu?%ge ?@ggé%ﬁ%ﬁ g§iheed dopant

y the condition o € sl con

I ' A [ f_the dopant sources 9

EABELR S0P Al Qb8 S SR nbdE s IR A S ESucty performed
pref.erably .made such that. a subsequent erfqrned

T BRBos B e Peobdsboru 2 ShtTs SB58H Jbhn Joand 904 il the
sour ces 902 _an 4_all the way to the wafer 100

% 16 e B 100 Detsipdbe J99anh el ad 1e compisel removed.
Thi.s advantageously all ows for a self-aligned contact
ojﬁ@ﬁiq@a@m@we wp derg seifialignad santad anesirg steh process

and 904 not only provide the dopant sources for the
ReGamusefnerdpnaii sourres802 pod Hdsootonly provigeltbe aiopent sources
of the contact openings. Curing steps or protection

| Tay the asfie diffusien regions s atigh the Bwiting arthe lkentact openings.
particulars of the solar cell. In FIG 9C a diffusion

sGenng stens dopradectian iyef depositipasnsay be perfoendapdedending on the
sources 902, 903, and 904 to the wafer 100. The

didrtigglaos of thepsalaf talkes N-type dopants fromthe
di ffusi on sources 902 into the wafer 100 to form N+

L DTS eRR e § E8 B BB ne
B L NENE Y S T I -
508 A BT P e DS b Sk B R e
Sﬁc@ﬁ%&nﬁ’ﬁ%&ﬁi&g%%zs 929293,”12 rtlitijffugs(i)gn ts{eapngrsgrdrpﬁﬂge; E’t-tg'pg dopants
from the dopant sources 904 into the wafer 100 to form P+ active diffusion
regions 924 and P-type dopants from the dopant sources 903 into the wafer 100
to form P- active diffusion regions 813. Diffusion of dopants to the wafer 100
results in dopant sources 902, 803, and 904 transforming into a dielectric layer
935. That is, after the diffusion step, the thicker portions of the dielectric 935 are

what are left of the dopant sources 903 and the thinner portioné of the dielectric

935 are what are left of dopant sources 902 and 904.

During the diffusion step, a dopant-rich gas (e.g., POCI3) and some
oxygen may be introduced into the furnace during selected times to form a light

N-type diffusion and to grow a thermal oxide layer on the front side 103-1. The
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935. That is, after the diffusion step, the thicker
portions of the dielectric 935 are what are left of

wo b@7agysamt sour ces 903 and the thinner porti oPCT/UB20061€48607

dielectric 935 are what are left of dopant sources 902
and 904. During the diffusion step, a dopant-rich gas
(e.g., PQCI3) and sone oxygen nmay be introduced into
the furnace during selected tines to forma |ight

OB 53 885 4 o 6 P 1 S o e

h l. id he f i 103-1 I d
RS S e MR Bt e b el 1.
In FIG 9D, the sanple of FIG 9C is subjected to a

sel f - aln BI® D ciheasimpleedt FIG. GIC Is Sigected tbedye-aligned contact
portions of the dielectric |ayer 935 over the active

dbpéning @ich SIS ePTA/2PartBAS of The didBétRetia 3% 8ver the active
etch step fornms contact openings 936 through the

Pk RASeYicHSer2 BRE gzt Rkd cBRERIM BREnRfetcheleh k%?n;socontact

9C). The contact opening etch step may De designe

t&'béhiﬂgmsé%léd@ﬁth%f pl‘ek}ﬁ)tg'rl%ﬁb@ﬁrm& tEM8Et denih sgg;g (see FIG.

contact openings 906 to formthe contact opening

P Rnere (Ao RARRIRE M EReD el BE e & R Bown portions of
%@%i@%cﬁ?&{éﬁé?@gg@ e cBnroacE PE%K'I‘%%S%é {ooi%?‘ttwﬁ&et&%tact openings

_eI ectric | but _colnp e rem)vgs I
LS8 BeoBICA (A0 0Bhot D L Ao 4L HiRke VBl g tne

SHEFAN R8s SRR ol it et S R G ST 3F porions o
e B R385 b e £l of e
L7 SIS TP, A 0604 i et openings 36

HF-rich etchant (I clui d or vapor) during a controlled
delgetrigally cppnegtio the active diffusion regions 922 and 924.

In one embodiment, the contact opening etch step comprises a timed wet
etch process. For example, the contact opening etch step may be performed by
subjecting the back side (i.e., the non-textured side) of the sample of FIG. 9C to
an HF-rich etchant (liquid or vapor) during a controlled amount of time. In
general, any etchant that will produce a controllable etch rate of the dielectric
layer 935 may be used. In applications where it is impractical to etch on one-
side only, an additional protective layer may be deposited on the textured front
side 103-1 to protect it dufing the contact opening etch. A plasma etcher may
also be used to etch the back side of the wafer 100 without etching the front side
103-1. The plasma etching step may be integrated with a subsequent metal

sputter step for forming metal gridlines in the contact openings 936. For
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etch rate of the dielectric |ayer 935 may be used. In
wa@ppliogsto ons where it is inpractical to etch BOI/US2006/048607

onesi de only, an additional protective |layer may be

deposited on the textured front side 103-1 to protect

it during the contact opening etch. A plasnma etcher

may al so be used to etch the back side of the wafer

h
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have a first chanber for perform ng the plasnma etch
st ep andarannéheitive anbedinfent, ther rlatyehhthimebphlnt sources for
gridlines. In an alternative enbodi nent, the

rfetratng/@leyadtivendiffiogiant @y bedsrhed fitst fﬂlmem@y #d fhicker dopant
di ffusions may be formed first, fol | owed by the

tdHUFkES. PL@PéQén%wértﬁéihlcE@f déﬁé&m&mé@@%hﬁé %formed over the

dopant sources be fornmed over the bac i de of
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904. However, odi ment of FI
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enbodi nents are for i I | ustration purposes and not
i m t i Wilepegificdelinbodimaentedidbie peasentinvéntlven baymbean provided,
to persons of ordinary skill in the art reading this
dt sdodm=iupd&istdddbBtnAtdbess eaibadimadntssarelfor Alusiratiod pafrposes and
form ng active diffusion regions in a back side
austtliatiting 0 Muiny atidlitiohhembblimde nisnyitlice agparphoto gderspnd of
wafer to be processed into a sotar cell, a front side
ddrdiraey skill in the art reading this disclosure.
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back side of the wafer, the back side being opposite
the front side of the solar cell, the P-type and
N-type dopant sources being sel ectively deposited by
directly printing themon the back side of the wafer;
aggﬁﬂﬁgiorning a diffusion step to diffuse dopants
f P-type dopant sources to form P-type active
di ffusion regions of the solar cell and dopants from
t WehdtH$ glaemedpant sources to form N-type active
diffusion regions of the solar cell. 2. The nethod of
aim Si of the wafer .is, . :
t Xt ur f’?‘%fl °§ &"F‘é’?%?ﬁ 'S H ﬂgﬁ‘ﬁ I, Is9TARINNE PFSE Sifispgaptact solar
%L%E The nmethod of claim2 wherein the front
?’Fﬁ@oﬂdFE?p”§"9extured using a texturing
process conprising: thinning the front side and the
back spésvigihgta@ar@f ©rbd pravastedlihty 4 oY ecll2an@pdside of the
portions of the wafer on the front side and the back
svaes i sihy coReighhe fo Rk thé @QnM|@%m%®rQﬁo@Ef tHeesolar cell;
wafer to renove remai ni ng danaged portions on th
front side and the back side of the wafer; and
pol i shing the back side of the wafer to rennve the
texturing on the back side of the wafer.
met hod Sé%%’?’%‘b’rﬁ@%‘fé}%?ﬁyw dopap} peures Q{Ilq Wypa siepant sources
sources are sel ectively deposited by screen printing
5on ehaciesiHedfdhe avafemthe Reek side baingrorpgritedhe lefttﬂQﬁ of the
dopant sources are sel ectively deposited by inkjet
psolar ced. the P-type and N-type dopant sources being selectively deposited by

directly printing them on the back side of the wafer; and

performing a diffusion step to diffuse dopants from the P-type dopant
sources to form P-type active diffusion regions of the solar cell and dopants from

the N-type dopant sources to form N-type active diffusion regions of the solar cell.

2. The method of claim 1 wherein the front side of the wafer is textured prior

to forming the P-type and N-type dopant sources.

3. The method of claim 2 wherein the front side of the wafer is textured using

a texturing process comprising:

thinning the front side and the back side of the wafer to partially remove

damaged portions of the wafer on the front side and the back side;
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6. The nmethod of claim1l wherein the P-type and N-type
dopant sources are selectively deposited in a single

w@aws/08f51@ printing process. 7. The method of BCHUA2006/048607

further conprising: selectively depositing P- dopant
sources and N- dopant sources by directly printing
them on the back side of the wafer prior to performng
the diffusion step; and perform ng the diffusion step

For m R E AR 3] SRS A FE AR SR BT e PRIRCRTsRove
Cirenain el aor PRt O N Tl SRE a5 e Back BidCafThe warer

do[?(?nts fromthe P- dopant sources to formP- active
df'ff usi on regions of the solar cell, and dopants from
the N- dopant sources to form N active diffusion

regi ongolhifdehes Bhak skid of the wateined F@o0k thereitleing on the back
active diffusion regions in a back side contact solar

cghb.ofthe wéhod conprising: providing a wafer to be
processed into a solar cell, a front side of the wafer

bei ng configured to face the sun during normnal

dper at T Ba reethpdofhrigr 1 vdhereinskiecRttyre ppddivee dppgnbsources are
first set of dopant sources doped with a first dopant
tSglectively denerited by ssfeemperigif@r , t he back side being
opposite the front side of the solar cell, the first

set of Tdg F?ﬁ@hoa%r&ﬁ% b%ﬂ&eﬁweth%ciﬁitgﬁé &n@%ﬂgﬂeé %Pgﬁt sources are

directly printing themon the back Side of t

f%l&mégg§ﬁgg%§9g?lﬁégggm sources doped with a

second a romthe first dopant

side on the back side of the wafer; and performng a

db f f usiTba eelbpdiaf anint i yehatejpainesPityperanddNftyps tiopant sources are
of dopant

selectively deposited in a single pass of a printing process.

7. The method of claim 1 further comprising:

selectively depositing P- dopant sources and N- dopant sources by
directly printing them on the back side of the wafer prior to performing the

diffusion step; and

performing the diffusion step to diffuse dopants from the P-type dopant
sources to form the P-type active diffusion regions of the solar cell, dopants from
the N-type dopant sources to form the N-type active diffusion regions of the solar
cell, dopants from the P- dopant sources to form P- active diffusion regions of
the solar cell, and dopants from the N- dopant sources to form N- active diffusion

regions of the solar cell.

8. A method of forming active diffusion regions in a back side contact solar

cell, the method comprising:
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di ffusion regions of the solar cell. 9. The nethod of
claim8 wherein the second set of dopant sources is
formed on the back side of the wafer by spin coating.
10. The nmethod of claim8 wherein the front side of

the wafer .i.s textured prior to fornmng the first an
secondPEMdiBg Y g?ﬁetos%ﬂr@ggsﬁg‘? H§o2 sRlgf SF{"n@?rBPg%'g?sd the
conprising: thinni the front side and the back sjide )
ST RIBg SPNTGUR I TAPF % SHE SEir g ABR Fr A R ke solar cell
the wafer on the front side and the back side;

texturing the front side and the back side of the

waf er to renove remai ni ng damaged portions on the

front §él@%ti@é\? depshitfela it epbf iBBaMBé Slirces doped with a first
andpol i shing the back "side of the wafer to renove the

:g?%%lét' tg?e gﬁa% %%gt? %ﬁde% &t #e Whtdr e & sidl%eiﬂ_%gﬁ?osite the front

ein the second set of do

?ﬁgéﬁﬁﬂégogriﬁlgﬂwﬁqTﬁ P%tr ?ﬁtg?paﬁ:\t%u‘?éeé Bs‘“@ﬁ%%é?‘{% deposited

conpri Sing:
t hi . d .side of the
By ey Bl SRS RS ACsBR e R e
third set of dopant sources being lightly doped
rel at i farmiog teheeddndssetsdtdoplant spardessthaparbwjthansiecond dopant type
performng the diffusion step to diffuse dopants from
t digfefremtsfromahe dirstddgzartt sidriondbe backaide phihef wafdr; ged
of active diffusion regions of the solar cell, dopants

performing a diffusion step to diffuse dopants from the first set of dopant
sources to form a first set of active diffusion regions of the solar cell and dopants
from the second set of dopant sources to form a second set of active diffusion

regions of the solar cell.

9. The method of claim 8 wherein the second set of dopant sources is

formed on the back side of the wafer by spin coating.

10. The method of claim 8 wherein the front side of the wafer is textured prior
to forming the first and second set of dopant sources using a texturing process

comprising:

thinning the front side and the back side of the wafer to partially remove

damaged portions of the wafer on the front side and the back side;

texturing the front side and the back side of the wafer to remove
remaining damaged portions on the front side and the back side of the wafer;

and
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to forma third set of active diffusion regions of the
solar cell. 13. A nmethod of processing a sen conductor
wafer to fabricate a solar cell, the nethod
conprising: texturing a front side of the wafer, the

: hei . ]
ol ar PP sheERR st brthe Pared 18 rt BV NBr a8 flbp §H the back
form 9,2 fifrst set of dopant sources on a back side

ot IERd TR

opposite the front side after texturing
the front side of the wafer; and diffusing dopants

f 1om t Maefmettiodsstt claim gopasteirsthidg se&soridsétasfrddpdnit sdlrces is
set of active diffusion regions of the solar cell.14.

Thentedt dvo thedbask ide drahwhedfet.n texturing the front
side of the wafer conprises: thinning the front side

and the back side of the wafer to partially renove
ddfrage hﬁd'f‘?‘?n?ﬁ’s"fo?'a‘(‘?\y\x}éﬁﬁ‘?rWﬁ@'”ﬂﬁont si de and
the back side; texturing the front side and the back

si de oHepbsiting EihitdOsdtTRvPahesBiIfie8 britHEESck HBEIIFARS wafer prior
on the front side and the back side of the wafer; and

PR p&idngingBe Riedsish @?epgfthé RRry_EE6T &Qpér?g%(ﬁ}ﬁg Being lightly

texturing on the back side of the wafer.

186304 rObtif 8 Rel Aratlst B doddift ddursbs Sffq Of dopant

sources Is printed on ack side of the wafer. 16.
A nmethod of formng active diffusion regions in a back
si de cBeffagningolhgrdiffusion step to diffuse dopants from the first set of dopant

sources to form the first set of active diffusion regions of the solar cell, dopants
from the second set of dopant sources to form the second set of active diffusion
regions of the solar cell, and dopants from the third set of dopant sources to form

a third set of active diffusion regions of the solar cell.

13. A method of processing a semiconductor wafer to fabricate a solar cell,

the method comprising:

texturing a front side of the wafer, the front side being configured to face

the sun to collect solar radiation during normal operation;

selectively forming a first set of dopant sources on a back side of the

wafer opposite the front side after texturing the front side of the wafer; and

diffusing dopants from the first set of dopant sources to form a first set of

active diffusion regions of the solar cell.
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cell, the nethod conprising: formng a first set of
dopant sources on a back side of a wafer to be

woe@cessed i nto a solar cell, the wafer havi ngP@r/U82908/048607

side configured to face the sun during norna
operation of the solar cell, the back side being
opposite the front side; selectively depositing a
second set and a third set of dopant sources over the
fhpst {
ot cea e AL B et AR e FbpEpidfaH Ui warer
0 gﬁgﬁgg t hrough the flrst set of dopant sources, the
P of dopant sources being selectively

dep05|ted in a second set of openings through the
first $wnnog thedeoit sideiandshe baekfsidestf et wafer to partially remove
dopant sources being forned thicker than the second set
oflachzgedt pstions ef tendafdrcon tHe floatsidefardopibagiosibees;
performing a diffusion step to diffuse dopants from
the figst set . of dopan ces to forma first set of
act | veE?fft'I‘"f"ﬂl% Fl?ﬁ]frf’gg?'gﬁ§ r'tehtéa%?'gﬁ Qtdhe wafgpimiagnove
fromthe second set of dopant sources to forma second
s@mav"%aPV@g&ﬂm@%ﬁ °Pé5?c§ﬁ§‘t&ﬂdq fARd dlae Hack side obihe wafer;
dog&nts fromthe third set of dopant sources to forma

d set of active diffusion regions of the sol ar
cell; and exposing what are left of the first, second,
and t hbbﬁsﬁﬁ?%h@%a@@%ﬁﬁ oS Wwaferab r&fd K/EV\RQ t&iﬂd{?ihg%fn the back
step to an etchant to renove portions of t
ofidkhst th8iwsgfepnd second sets of dopant sources in a
sel f-aligned etch process to formcontact openings to
the second and third sets of active diffusion regions
wl ? houtl hednpihedericlaiand 3iwherainthedfitst sef of ddpantsdircas is printed
set of dopant sources. 17. The nmethod of claim 16
v the haéﬁ[ﬁiﬁﬁ efthehwafesire | eft of the first, second,

16. A method of forming active diffusion regions in a back side contact solar

cell, the method comprising:

forming a first set of dopant sources on a back side of a wafer to be
processed into a solar cell, the wafer having a front side configured to face the
sun during normal operation of the solar cell, the back side being opposite the

front side;

selectively depositing a second set and a third set of dopant sources over
the first set of dopant sources, the second set of dopant sources being
selectively deposited in a first set of openings through the first set of dopant
sources, the third set of dopant sources being selectively deposited in a second

set of openings through the first set of dopant sources, the first set of dopant
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sources on the back side of the wafer conprises:
performng a bl anket deposition to formthe first set
of dopant sources; and patterning the first set of
dopant sources to formthe first and second set of

RS eae st fotthed thiaks iien Eie, serer PRt dSRAR G e and the

is.b Spl n coating.20. The nethod of claim 16 wherein
t fdrdk sebf dOP@Et SPUTASS wafer is textured using a

texturing process prior to selectively form ng the

first Féﬁoﬁﬁl PR AtusION BEPStordifus depahts F6iedkifirel Yet of dopant
depositing the second and third sets of dopant

SQHU&%§ to 6P e HESNSK ﬁt%ﬁﬁﬁuﬁemé?ﬁng%f tﬁQ's%mrrthll dopants
he front side and the back side of The wafer

ﬂ'[)H fHd ééeeéogﬁpé’@[ Q{%&E@ gfc,te'so(BSfo%_é b&c R $ét &fbét dlffusmn

front si texturing t ront si

TEHE LI 340 SR 0 ST EREEAGHIR gowcs o o
¢8 i sEO R LGBl ohhe 2 B e bR A e et er
exposing what are left of the first, second, and third sets of dopant
sources after the diffusion step to an etchant to remove portions of what are left
of the third and second sets of dopant sources in a self-aligned etch process to
form contact openings to the second and third sets of active diffusion regions

without completely removing what are left of the first set of dopant sources.

17. The method of claim 16 wherein exposing what are left of the first, second,
and third sets of dopant sources to an etchant are performed using a timed etch

step.

18. The method of claim 16 wherein forming the first set of dopant sources on

the back side of the wafer comprises:

performing a blanket deposition to form the first set of dopant sources;

and

patterning the first set of dopant sources to form the first and second set

of openings through the first set of dopant sources.

19. The method of claim 18 wherein the blanket deposition is by spin coating.
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20.  The method of claim 16 wherein the front side of the wafer is textured
using a texturing process prior to selectively forming the first set of dopant
sources and prior to selectively depositing the second and third sets of dopant

sources, the texturing process comprising:

thinning the front side and the back side of the wafer to partially remove

damaged portions of the wafer on the front side and the back side;

texturing the front side and the back side of the wafer to remove
remaining damaged portions on the front side and the back side of the wafer;

and

polishing the back side of the wafer to remove the texturing on the back

side of the wafer.
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