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BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates generally to solar cefis, and more
15 particularly but not exclusively to back side contact solar cell structures and

A

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
20  semiconductor processing technology. Generally speaking, a solar cell may be
fabricated by forming P-type and N-type active diffusion regions in a silicon
su_bstrate. 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
-1



15 particularly but not exclusively to back side
contact solar cell structures and fabrication
processes. 2. Description of the Background Art Sol ar
cells are well known devices for converting sol ar
radiation to electrical energy. They nmay be

abricated on a semcon t or
a%'g?nde‘ﬁmﬁmcqeawnar EmetaF i s H&Iﬁ%} 21q g the back side
ki ng, a_solar cell may be fabrlc y. farm ng
Ofpng §9|@r sall Rbe Mal&qqs\,qglo&{ an gxiesl qrgwtato be coupled
silicon substrate. Solar radiation inpinging on the
tosanchbecrawered dat de splastoedns Baald didg eontaghsolar giedis care also
to the active diffusion regions, thereby creating
disadbsemlg én dUS. e PatdrnitaNesbdi, 0820838 handic4,B2é,7d0f fwkicbnare both

regions. In a back side contact solar cell, both the
inésthbietedihéreiishprefé @ace s thaideritinetymet al  gri ds coupl ed
to themare on the back side of the solar cell. The

metal grids, allow an external eI ectrical
e &HigeRay {soaRnRost aﬁmgﬁ@& Bl Hf 3 stoar E%lﬁas 8 directly

side contact solar cells are also disclosed in U S
refatace i theosplascelbs capapilifli do gegemate powehhiAdsoktiRglpotaghniques

i ncorporated herein by reference in their entirety.
foEhtieastgctpei efficiancynpbsolanteltshancagenaraliyt desitgblen d4dthods and

cell as it is directly related to the solar cell's
sticafunds fartigwéringiheasaat ef pranefactukingosalamepllg, are eddindegieble as

for increasing the efficiency of solar cells are
thél%ﬁ?nhgé lcandes baasdE onNBtdupdamengl Sheusredemsinbefition discloses

| onering the cost of manufacturing solar cells are

m@lrcﬁféd%%krs”}% Soffact R8I SRVERSSs SR fg’&ud%ﬁ%ﬁ §50885<eR that aliow

onsurmer s e present I'nventl on di scl oses | nproved
(W
for gt isBe L v cpafldrtinl i3 pPerkiBel Sy e,
cost conpared to conventlonal sol ar cells. SUMVARY:
In a first aspect of the invention, there is provided
a nethod of formng active diffusion regions in a
_igﬁ&éiéide contact solar cell, the method conpri sing:
S ng a wafer. to be processed into a solar cell
a front side of the wafer being configured to face

theps lénﬁgti s HELt NI B ineaftiont isteal drb@ds@laametidd of forming
sel ectively depositing P-type dopant sources and

achﬁé ME@CEH gfon§ QH'LESICH a8 cBRGHEL §bl§?cé’lf th8 Fr‘né’(%& rcompnsmg

bel ng opp03|te the front 'side of
d
o3 <3 BEPsEhR AR R0 e
configured to face the sun during normal operation of the solar cell; selectively
depositing P-type dopant sources and N-type dopant sources on a 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 selectively deposited by directly printing them



in a single pass of a printing process on the back
side of the wafer; and performng a diffusion step to
di ffuse dopants fromthe P-type dopant sources to
form P-type active diffusion regions of the solar
ceII and dopant s fron1the N-type dopant sources to

N-type active diffusion re n t
in Ziqale B8 8 A Bfafind, RISEER.LR bR Atk sldfon b, wafer, and
there is provided a nethod of formn c
pediorming H'fﬁ@lﬂf‘oﬁp it déf% Usgdorantreiredt gﬁi‘i‘“@&l dgpangspurces to
the met hod conprising: providing a wafer to be
forn Gelype e v aGusiosgRaionahe S0Rr gl 4% depantotiosn the N-type
waf er being configured to face the sun during nornma
doppeft sdliroes tof forrh dN-fyplesactive ldiffuséa egidnsaifyheleplasceli.ng a
first set of dopant sour ces doped mﬁth a first dopant
t he maf

on_ a
o b I ArketpRd it FgnBRghoF & o ahpr s féming
set of dopant saqurces bein veI eposi t L
achye Qa‘@asgpnprﬁamnﬁﬁg a sk PHe 9998?%92 aépei ‘gF mﬂ@oaépﬁpﬂsmg
- formng a second set of dopant sources doped Wi
prewdinad waleate be ysecassed dnterit s9laberll adrant ﬁ&e ta‘dbamafer being
side on the back side of the wafer, the first and
copigwnd tedhse tie dupatwringooross obe'raiignfcofrthed?.dlaf cell; selectively
single pass of a printing press; and perfornmng a
degoéifing iaofirss$etoftdppdint Soisreesl dopad withr @ first kiepant ypeset a back
of dopant sources to forma first set of active

siddl &fftHE Wtifed, B84 BASK Sidetiith$OpPdsiteahé fdRbsideas sblaparll, the
the second set of dopant sources to forma second set

flrslq e?SHA Jﬂi%ﬁi‘é%b% ﬁél@&ﬁ/eﬂf ddRiteQ o9 i@l printing them on

aspec Invention, there is’ provided

o A TR0 YV AR B e o
segihd i, s WSt Fout B M Ry by EHCAE of o

waf er aV|n a front Sld confl ure ace the
Waé%rr 'T?g Irsh RHhEFCopE PalS: er#e nf ﬁ% I$BF P'”& ormedg I’féa € pass
si de being opposite the front side;- selective
of @epbyingi prgss; St oREOHBING M difBISIaN isf&pstetdlfﬂﬂsead@a@ﬂts from the-
sources over the-first set of dopant sources, the
firs eeboiddarent eburdepsmforsvaficy sebef adiive aliféisidrvesigjons of the solar
deposited in a first set of openings through the
cell andtdopahtsofiorddhasiecend setef dopent tsburadsstetfonh adsgamnt set of
sources being selectively deposited in a second set
acffe GFSIOAGEgIbAE BRI $d¥er ddir st set of dopant sources,
the-first set of dopant sources being forned thlcker
than the second set of dopant sources and the third )
set Ilop tHisp aspedlonh thesinvealian theregisapravided s Aiptheq pf feyming
di ffuse dopants fromthe first set of dopant sources
aciive fiffiuaion regioss isat bastk side icostagt solascelh the ginethed spmprising:
the solar cell, dopants fromthe second set of dopant
foreing ad@st setfafrdopans soomds et a dacksidevef alivwafersioome processed
regions of the solar cell, and dopants fromthe third
int6 lsofr odfipmatwarer hawag aofrérisecdriigutbdstetfacé tracéunyduring
di ffusion regions of the solar cell; and exposing
what are left of the first, second, and third sets of
dopant sources after the diffusion step to an etchant
to renove portions of what are left of the third and
second sets of dopant sourcgs in a self-aligned etch
process to form contact openings to the second and
third sets of active diffusion regions wthout
conpl etely renoving what are left of the first set of
dopant sources. In one enbodi nent, active
di ffusion junctions of a solar cell are forned by
di ffusi ng dopants from dopant sources sel ectively
deposited on the back side of a wafer. The dopant
sources may be selectively deposited using a printing



FIG 2, which consists of FIG 2A and FIG 2B
illustrates the fabrication of active diffusion
regi ons of a back side contact solar cell using
adj acent sel ectively deposited dopant sources in
accordance wi th an enbodi nent of the present

i nventi on. FIG 3, which consists of FIGS.

no'frﬁ%afgperialhbh'%f ItRé %%Iatrrt%llf & baak ispié BéingWppesite the front side;

usi on regi ons of a back side contact solar cell
selexitingly alepokiting i angesariceset ard y thindossttafdlapaphsources over the
sources in accordance with an

firghr e&f AitdapapE AOYIGRS. the secqap@et?quq%magﬁ segwgpgq%n%iselectlvely
de gﬁsed H3G 4B off éjelﬁﬂr%aﬁféuaérﬂ ﬁ’i%f g@ﬁbf 88p&Xt soyrces, the

ve drftusion r e contact so

thie® | det UsHi B&)aﬁﬂa%ﬂcéﬁt%@ﬁg \S@[ébtnd@l[.ioaeﬁdsﬁedomaat second set of
sources in accordance with an enbodi nrent of the

openisgerthraughdhe ifisst. set\ub depent ssarses pbe/ivs erig) glppepy sources

g tostesBEkeT BN bR 1 SBaB S Reh P ST ST M fhe third set of |
dorggﬁec ) 3%; yﬁggﬁﬁiﬁgs‘d gm’ggi%ﬂts‘?éﬁ toGate Bgﬂ)imté'f?ﬂoﬂgthe first set of

postted dopant 'sources W th varying

dopani 8gurcey &b fofm adicxr it nuf eactive Hdifusiembegibnerdf thé sde cell,
present invention. 5FIG 6, which consists of FIGS
dO@AﬂtSnEﬂorBBhelselcgad rS@t @§ d@ﬁ@ﬂh%‘?“ﬁﬂ% te forfy @nﬁ’%-‘@"ﬂc%ﬁt\iﬁ active

dld.ga{[f usréélglé%te tf ? zdoog) fsoﬁ'é héc' Cﬂll s%?%f dopant
so\ﬁ?.r’g)é fbgfcﬂﬁp'angmheg@t' §f 'a%tz@&%@ﬁ%lﬁ?edibh@ cﬂnthe solar cell; and
diment of the present invention. FIG 7, which
exposiag Miat afe EfIGH théAirsi7 Becaid], asddhirdsets omm sourdes 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.

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 7
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 acfive
diffusion regions may be fabricated to optifnize 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 sourceé using a texturing process that minimizes

removal of wafer material. Openings to allow metal gridlines to be connected to

2b



10 fabrication of active diffusion regions of a back

side contact solar cell using spin coated dopant
~sources in accordance with an enbodi nent 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
thecattiveldiffurgorajunatibns atdydre fofmes usiigez sel-aligigsbsentaetropening

and ot her deposition processes in accordance with an
etabyockseetntmioimizr dhe eleelftof MHsAIBAMERIS-FI G 9, whi ch

consists of FIGS. 9.4, 98, 9C, and 9D, illustrates

t heThady i it i@heoffeaititésy efdekdrupieoemimgiroastsofwilh teaokadily
- side contact solar cell using dopant sources that .
apphieotvtd persans alffordinagnhekill dotherart wsenhraaging B¢ prigelysaf this
~in 20 accordance wth an enbodi nent of rtécgle- r esent
discloperg, méich includes 1§, aCeRIRPRAYIRGErANARgS 3 8'@§H%e | abel

in different drawi ngs indicates the sane or I|ike

conponents. Draw ngs are not necessarily to scale

unl ess otherwi se noted. WO

DESH RS RIGPSHRIBF0M 948607 DETAI LED DESCRI PTI ON

Fesen sclosure, nunerous specific details

L FREY o pBIS Y RS B 163 Al Seheffftcally shows

fab provi de a’'thoro
cross-sections of a substrate undergoing a texturing process in accordance with

an embodiment of the present invention.

FIG. 2, which consists of FIG. 2A and FIG. 2B, iliustrates the fabrication of
active diffusion regions of a back side contact solar cell using adjacentlselectively

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

- "d‘iffusion' regions of a back side qohtact solar cell u‘sing overlapping selectively

".dépOéited' dopant sources in accordance with an embodiment of the present

invention.

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 in accordance with an embodiment of the present

invention.



5 under standi ng of enbodi nents of the invention.
Persons of ordinary skill in the art will recogni ze,
however, that the invention can be practiced w thout

ne or nmore of the specific details. In other
Wﬁﬁ%“f@%&, vel | - known details are not shown%gfmjs2006"““8607

descri bed to avoid obscuring aspects of the

i nvention. The present disclosure relates to the
fabrication of solar cells. Solar cell 10 fabrication
processes are also disclosed in the foll ow ng

comonFiF a2viyrk goasists A FESs SAwmnd ABaillusirates the fatirisation of
herein by reference in their entirety: U S. '
ABAY HBignXBgiong of e bagisidepentarksplan eglt using ssleictively

Cel | and Met hod of Manufacture," filed on April 10,
28eresited denank serrcesyith vanminaManing levels iauatzondanice, with an
Thomas_  Pass, David Smith, Neil Kam nar, Keith
METRPgERentigha presenhiventipnSwanson; U.S. Publ i cation

No. 2004/ 0200520 (application no. 10/412,711),

entit | ps, "dvRitith coRdiastof PIGEC Bl #hd 68, i
Met hod OF Manuf act urle, 0 filed on Ap?i 1 @%@tﬁ%@bﬁh&?%&ny of

Vibriniradtivelifflision fegibhs BREIbadk sfatdgbmta Solarldd :
Pass, David Smith, Ia%%d Ri chard M Swanson; A {,@%‘9 selectively

Riggoitetiaiopanb 98urd8s withSkfifing liopid lavels iRl accdfidhck Wth an

manuf acture of solar cells, It nay be desirable to

tembodiendritef tHeopresthfimvehtién., the side facing the sun
during normal operation) of the solar cell wth

Col | oot b Sy Py RUGE 2R 7P moR 4L ysyates the
ﬁ%&%%%ﬁag%ﬁ%%% 7 %E;ggg ggdaesgclml%gg:thgo?arroc)giIduesing spin
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 celt 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 uniess

otherwise noted.
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I sopropyl al cohol. The back side (i.e., the side
opposite the front side) of the solar cell nay be
covered by a protective layer of silicon dioxide to

wBrzgot:ﬁﬁ)Qfsﬂt from bei ng danmaged by the texturi

process. Wile effective for the nost part, Pt?%’éﬁsjz%ogltﬁ‘mm7
descri bed texturing process nmay be inproved by
performng it prior to 5 processing the back side of
the solar cell to mnimze the anmount of materi al
removed fromthe wafer prior to texturing as

described in FIGS. 1A-1D. FIG 1, which

consists of FIGS. 1A 1B, 1C, and 1D, schenmatically
sPETRAILEDBESERIPPIBNOf a substrate undergoing a
texturing process I n accordance with an enbodi nent of

P OB B k0B S B B o, sch o
e v i RS Ss nonh
R At P 0l o SRR s e
OSSR e SR AL B o
TR g TR -
el o SISO A2 e

100 are thinned to renove sonme, but not all, of the
damagelheppieseshdistiosurd relates te thmfibrieation absslar ddlisDSolar cell
are renoved fromeach side of the wafer 100 using a
vigbrieation pipeessns wemise disclpspdtindis fol@ihdyetnmdntieagsigned
sQdi um hydr oxi de. In FIG 1C, both sides of
tiRclapres. whigh are ineotponatett heredn py sefesandehiatthair satirety: U.S.
renmpves all of the remaining damaged portions 102. In
dinpligatinniNee A0/4 12438, sntied Bimprbeedvdbiar Qdlarat Blethod of
textured with random pyram ds using a wet etch
Mayndacturs nfledamap ot & 2003 nhWhiliami ReMatidan sidjphapy .
%! cohol . The texturing -

udzinovic, Thomas Pass, David Smith, Neil Kaminar, Keith Mcintosh, 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 Richa@ 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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WO 2007/ 081510PCT/ US2006/ 048607 process nay renove
about 10 pmof material from both sides of the wafer
100, thus renmoving all of the remaining danaged

Wﬁgg&%gﬁ.}o 102. The textured front side of th%c\ﬁﬁ}sgﬁoﬁmssm
e ack

I'S how | abel ed as 103-1, while the textur
side of the wafer 100 is |abeled as 103-2. 5In FIG 1
D, the back side of the wafer 100 is polished and
cl eaned, resulting in a polished surface 104. The
front side 103-1 faces the sun to collect solar
rigeprepyoaicaoeli Tdenkadieside ie- atheside ppposita thedrensside) of the
apparent bel ow, active diffusion regions will be )
fesareeelfmambemevissrk by iaduotsictive: avgs Pé pilicom digxidesto prevent it
opposite the front side 103-1. The steps of partially
rfegro\nising damaged bydheiteduring piaressn Whitthefeelve for thepmost part,
wafer 100 (FIG 1B), texturing both sides of the
vibe dustigscabed tdwinghpracess mabeimproyaadyqe foming i prior to
102 at the sane time (FIG 1C), and polishing the )
eressirg Hie bark sideaf theosclangebte pintimizethe amount of material
singl e processing tool where the wafer 100 is noved
fregraveddram dpe walenrriarde fextyeng a8 idererikRecdn FigS. 1A-1D.
backsi de of the wafer 100 may be perforned by 15

Si ngl &8, qeWHRIC Bbrikistelof FGSbask18| de; afi®h DEsaR@h8tically shows
the single sided etching of the back side may be

RP6EQEEBIGrI b SR8 uRbHeRIHE R teXtufing Prédk iMBBESrdance with
wafers are horizontally transported on a conveyor

QPEmbadintert AT iR E'ké&rﬂriﬂéinﬂgn.s M Bhé eitbodiment, ¥ siBdtrate
be configured such that only the back side of the

ingsrideS driiNCQPé dnfconvidTef 160 PRI N A ahe W8 168 RO
sided etching may al so be 20 acconplished by reactive

i HprééSdicBtaridhas PlsRBE8N féddivetDirom thBavaret Vemddtbrehanufacturing
the backside of the wafer by single sided etching

fraght. | AcorginghyD BROWaRr 108t tAIN2is thrAfge AbbARBS AR (i.e., 102-1,

i mproves the reconbi nation properties of the backside
cigARsaleng with #Bulik, Gndafagkbieomeden 01L0Thartarieged portions 102
subsequent|ly processed to conplete the solar cell as

Tavk ltgpiBally 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 ym are removed from
each side of the wafer 100 tising 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-
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WD 2007/ 081510PCT/ US2006/ 048607 FIGS. 2-9
schematically show cross-sections of a back side
contact solar cell being manufactured in accordance

wiabioshpdi ments of the present invention.

= _
are expl ai ned using the wafer 100 from FI G ﬂfgﬁysié’“’%“s““"

mentioned, the wafer 100 may conprise an N-type

silicon wafer. The polarity of 5 the dopants and the

di ffusion regions in the bel ow exanpl es nay be

changed to acconmpdate a P-tfype wafer. In general,

s RIYESFAA R abputdlG ymeofdapisial ey kel sidgs of the wafer 100,
i pcl ude boron ile suitabl e dopants for N-type
aBiinferaying 8l ohite Temaae damAgsbPRRIoNE1E2. A heaKiered front
consists of FIG 2A and FIG 2B, illustrates the

f §5Fi 9'}&5? yiafe 10Qs paw ipbelad 2314 Parl. mitiedhe textuseddeadk side of the
side copntact solar cell using adjacent selectively

d\@’ﬁg%ril dSRRE 28JW3c®s. The dopant sources 201-204

are selectively deposited in that they are not forned

by bl akEIG.deppthe bauk died lop wrowhserPRICH S polistked Ay EleGned.
2A, dopant sources 201-204 are selectively deposited.

bresditingch laypglishat isagfabb 8040 TH Rotaside 30981 Ricel ¥ sun to collect
waf er 100, which is opposite the 15 front side 103-1.

Toaladcpiatiorsduiregasordtsl opefatitry  Rewill b8 nfste Ripparent below, active
i ndustrial inkjet printing or screen printing. For

ediffopiba, regiach will bddpandd FrotT BRshaklsidd 4f theywhrer, which is
di scharged by different print heads or different

gPrpgsitedhe front bieie 13- h@heasi@p bf partiap fbmddliig daRYed portions

sources 201-204 may be printed in one pass or

N2 opbetipsises of e wateradDONEIG. PB), texioaag Hoth Qikits F the wafer
2 and follow ng enbodi nents of the present invention,

sl abd eemmeviegitad sefhaningdaeiagetiptiiidits o2 dofREame time (FIG.
sources may i ncl ude appropriately doped conbi nati on

ofC)s andeafisiiingrthe batkside of B watsrgrOOmaly IbeXsetform@adn @ single
catalyst, while suitable materials -for screen

Eroeessing tiol sdesa thes aafacdMisymoved frde ondstep to another.
2007/ 081510PCT/ U520061048607

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 horizdntal etcher, i.e. a tool where wafers
are horizontally transported on a conveyor ovér 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 subseguent 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.



appropriately doped conbi nati on of solvent, organo
sil oxane, catalyst and fillers such as Al 203, Ti 02,
orSi 2 particles. An addi tional |ayer (not

Wé%‘%é spf a protective material, such as si lpic§RR2006/048607
204

di oxi de, may be fornmed on the dopant sources 201-
to provide electrical 5 isolation, reduce

reconbi nation at the silicon interface, or to prevent
dopant cross-contan nati on, as needed. The dopant

sources _201 and 202.ma%/ hog“ se an N-tyge dopant ,

such ddGshdspRehematiGRlys CrespEREliQRPLR bag Slﬁéq?g‘tact solar

:ﬁigﬂht |y doped(%N—) and the dopant source 202 belglg
wed)m aFﬁ@%ﬁﬁM‘“b%‘UP@%%"%% chihe aent

conprl se a P-ty dopant, such as baron,

tl%\@ﬂi@ﬁarﬁ'% @re @f%ép'smeﬁ'gp%m%ﬂﬁ yatgs 3O f(‘F‘“)F’Qn aD As

t he dopant source 204 being heavily doped (P+)

6“%“%9% fhreyrafer 10 '&épié’ﬁf"%ﬁr‘%@"‘m Sﬁ'e‘ﬂ" H‘ﬁ&fe% eThe polarity of

rinted to a thickness of about 5 mcr

5 If'i'%adOEB"tstEHE‘ bgfjitesign regiens Ehthesb";‘if"é(é%'"@mme% "?%r%‘é'éanged to
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16

20

and subjected_to high terrperat resiag? di ffuse dgpants
A6 HB FtYRD s ID@ene & departs fgf Brtype dopant

100. Diffusion of dopants fromd ources 201-204
SOUTHERTRY TS BPTRLL, vae aBle aPats TaThkorpe depask sources
211- 214 res tively, in the wafer 100. The

away s ‘g'i? ¥1 G 2B and enbodi nents di scl osed

bel ow may be a single step drive-in of dopants into

t he wéier 2 1@hichecuisists oF FIG apRahd TG, 285 illhsiratdseha fabrication of
formed prior to the diffusion step. The single step

cictive diffusiayregfiors of 2bhck sidlel gon?4ctaoldreiiasintpadjacent

di ffused dopants to form active diffusion regions.

tedtivgizniepsiied eopanflsande20Thawlpphat sogkts PodAtddare
such that the resulting diffusion regions 211 and

AbRctivelypiepbisited yn tH teenarcasotFormed py dilarkad diepasifion followed
ohni sq, . for exanple. The dopant sources 202 and 204

g \p tieriiagy ilh FIGoRAJ deparit soluated P@1-204 dré iselpctively deposited by
di ffusion regions 212 and 214, respectively, have a
Wﬁ%ﬁhﬂ%ﬂ@lﬁﬁfﬁh‘ﬁhéi&@@ldﬂeﬂﬁé wafer 100, which is opposrte the
front side 103-1. The dopant sources 201-204 may be printed by industrial 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
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resistivity of about 10 ohnfsq, for exanple. The
dopant sources 201-204 have been rel abeled with
doubl e prines (Le., 201 "-204") to reflect that their

Wg%m;cqg%%(have been driven into the wafer 100 .SQ&61048607
the diffu gas

sion step. Presence of phosphorus-ric
in the fumace while the wafer 100 is subjected to
high 5 tenperatures diffuses phosphorus into the
front side 103-1 to forman Ntype region 206.
Addi tionally, oxygen _may be introduced into the
f aPRBPEately fiopad £ombingtan efgainent..graane glloxans, cgtalystand fillers
front side 103-1. The formation of the N-type region
28¥Ch A8 Al#tds. THerPEISiIOrPalliqIR8 er 207 on the front side
103-1 may be forned at the sane tinme and in-situ with

t he bapk sddiroridi idyes (06t sHoh) ok atdietetBve waatBlial, 8lich as silicon
FIG 2B and ot her enbodi nents expl ai ned bel ow. From

F xax;d&}magf IRAEHATEY B B 86paTR)soRifceReZd RO do bPovide! BleRtrical
metal grid lines to the heavily doped diffusion

I ROlARK, Akilicanecddrbinatiotatahd aliken thtefass v tBp¥event dopant
conprise formati on of an anti-reflective coating on

t bskroviitarfindtioa0ds heeliéd NThe Aopaht Souress 20l JWSI0L May
form contact openings on the back side, a 15 contact

etompeite antN-hi dopdie, EGEH as bhogishuragswith edeparitisource 201
the contact mask, and plating gridlines to respective
dbéihgdigatly degéa IN-Y dndighddgimt €80icRCI0DPSIAG HisavilydePed (N+).
a backend process may al so be perforned to couple

NEhaldopahtidsuress Lo3dind 264 piayrcophize a P-9pB&Iopant, such as boron,
enbodi nents di scl osed bel ow. O her suitabl e backend

pwitls ¢iss depamtysairse 208 bedesl gt dpedP-Nahe the dppamtisburce 204
of FIGS_3A-3C, illustrates the fabrication of active
being heavily doped (P+). In one embodiment, the dopant sources 201-204 may

be printed to a thickness of about 5 microns.

In FIG. 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 beiow 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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di ffusion regions of a back side contact solar cell
usi ng overl appi ng sel ectively deposited dopant
sources_ In FIG 3A, dopant sources 304 are

Wﬁg%ﬁB%Y‘?' y deposited on the back side of t%m@&&%mmﬁm

Ich is opposite the front side 103-1.
dopant sources 304 nay be doped with a P-type dopant
and WD 2007/ 081510PCT/ US20061048607 sel ectively
deposited to a thickness of about 5 mcrons. In FIG

3B, .the dpopant ces 302 are selectjively deposited
iy GREB ThenBRa. 18 eErine” dBelaRrrE poties 201-204 have
o Rl SRt oh I BEER 8- A oP#IaN et tht their dopants
ortions qf the dgpant _saources. 304 agyantageo 5
i Son duwrnl £y 95 Hers b Sings e aRha Mo dtibesace of
302 less sensitive_ to_alignnent variations. The .
ATl ER Go5 05 ity MRact R TS O ppBSatssLiR i
nd sel ecti deposited to t hi ckness, of about 5
Beiratira A8 Rhosem s Sedne Jat 36k 16y felom an N-type
B 0 KRB sk ) 5 B g 0 to o a
rformed. after sitiogn of 10 e he, dopant .
BtirDaES4S ayR G700 i B frontoiag 33| EG DEon of the N-type
IR 2D it MR RaPEIer? e U Fplionn T8¢ ey be
r I .0 the diffusion of P-t dppant s..from t he.
JBRtee e EBedinie i Fat il MEGe RN Frpdiaieh e
i ffusio LQns 4. and the diffusion of N -type
s ¥ FiG 2R PheCafinr Skt xR Boei o Y 00
form N+ active 15diffusion regions 312. FI G
4, whifolentBHWsi 28 sa backen@rotéssniaydie pelfbused ot esipid enetal grid
fabrication of active diffusion regions.of a back
dings te dine heaviyodepeccdifflisioniragiongR1€darskR t4t Sueh yp backend
deposi ted dopant sources. Leaving a gap between
Jebeess el cotup s fosvatiop ahan swtirretiectiveycaatipg@ndhe front side
solar cell efficiency in applications where butting
o031 tfppuation afid dantagh enasdit tovfermicohtasit openiogs onghe back side, a
introduces a large reconbination current In FIG 4A
dopdant etdustepstofonn ieicatiachereninis remnyalotibpeontad mask, and
on the back side of the wafer 100 by inkjet printing
drating gediingsitatrespectivadiffesiomregions twoud theapehtagiiopenings.
may be sel ectively deposited to a thickness of about

suahce bagkend arosiepg Imayise bef perfgrmas: torepupleometad gridines to

exanpl e. The dopant sources 402 may be
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
- 40 -
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- 11 - WD 2007/ 081510PCT/ H52006/ 048607 doped wi th an
N-type dopant, while the dopant sources 404 nmay be
doped with a P-type dopant. A gap about 3 microns or

ng{) msgﬁ&t ated by the alignnment tol erance OfP(%‘@%é%OP/MSGM

erning techni que, may be present between
sources 402 and 404. In FIG 4B, a diffusion step is
performed to di ffuse dopants from5 the dopant
sources 402 and 404 to the wafer 100. The diffusion

st di ffuses N-type dopants fromthe dopant sources

239 hitely SROTIRAP 2 BurHAGSS Of APRIL BETieBS iR FGi 9, the dopant
regi ons 612. Simlarly, the diffusion step diffuses

FSRYIRRS 307 ahe selectvely ierasiteh on ooriansof Aba bagk sideneot covered
\Agfﬁ{%%oo to formactive diffusion regions 414. The

d?P¥ FArd sePreassif4 and pverwerns pafionsdqithe dopapt sgrrces 304.

ﬁg4 transforn.ng to a 10 dielectric |ayer 416, which

SIeEHYR ArRESIUTT PUGHPYTiges of the dopan sotcesr ik adeiagpously
of sglar cell, metal gridlines are forned to nake

JBAkes e tegEie AR P dpPOhEowEeE SRAdets semsitive to
saolar cell to external devices. This results in both
Al yarigiensy TR EoRaD wRHrass PUR ey begpeRd Wisi #pN-type
i o SO L Bk alt micons. Thecopans
e, Bof S TR e LBl AR o8 BV PR Printing or scree
recombi pati on Yel citjies under silicon/dielectric .
RGBS EPle o A RHINa RIRPPES BBy bie priiamas aitermpsition of

SR DTN PRI A0E) b, 3 AL i perfomee
B e i e S e S 4o i rrroo. The
Sy QR B o S ol ik Bpant sources
SR AT 8P R s R ituson o
g‘% Iﬁlcele%o g)‘i‘ﬁg ﬁ%l‘nnﬁxtel 8gpar%ioﬁrhcers%ct%3thg%fg? 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
f-_'- IG. 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

- 11 -
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WD 20071081510PCT/ U52006/ 048607 I'n accordance
W th an enbodi nent of the present invention, a higher
ef ficiency back side contact solar cell can be nade

wpég@agﬁdﬂg active diffusion regions of varyil;&q,l&g&idagsﬁm

such as opaque diffusions under the _ _
silicon/netal interfaces and |ight, |ow reconbination
di ffusions under 5 silicon/dielectric interfaces,
whi ch do not need to be shiel ded as nmuch. Selective

d ) v .allo for cost-effective )
135680 Wi i oééﬁﬁgﬁib%gggﬁﬁﬁzww ‘3@‘5"1?:2 doped with
I : WA S, e sking an at t.erni ,
L RYEOps R e ST ittt 8“1?‘33/‘5‘}3@6&151 Bl Rfanment
d e | varyi.n opi n eve wou
CSHBPARB B P BR oEEeie opsource
1 . e sel ecti.ve deposi
oroF SB830%, haier BB dinysich S PeroRBRLin o pelogaris rom
' : opan rees (P-). .
§%¢3M§‘"§QF€%€?3‘?§%&%¢’T’ ﬁ%ﬁﬁ%ﬁffé?ﬁ@% e %Fvileg Stpmdiffuses N-
j i ectric.i aces; .
SR P AL ST L R g s
P L ti Mol Si r.egl ons. .under
SIS RS 5, SR R B AEGE R e g o
. ow rec [ . .

NP oispaRPHbGEey f‘*#"%*u'g%ﬁfhe&@%?%)ﬂéz I & Vﬁéﬁﬁ'fls'?n rogions 414

' i C d ; eavi 0 . -
i uEloh 1k Reqtsiin g B8eailsel @%%%FE?%M Fiping to 2

i - i . . . al, inter .
LB UL b Ly 2o
illustrates the fabrication of 20 active diffusion
regi o8 e faprisatien of asclsrmelicnetaligridiives araimgd to make
sel ectively depCsjted dopant sources with varying _
Foprasy te agkvesdiffiupiopfegensdaicesnect the seldryeti ép esternal devices.
dr%@gant sources are formed over portions of t hg waf er
106 Rseiits inbpthBed?-tynssanth Newge ativevdiffusitontegidnsabeing under

t al {5@1 e., under contact openings), and WO

gﬁ'@?? Isgipendudicravmets dueriacest Siiconpedadotefaces are
sources are formed over the other portions of the _
WwaRXpidable 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.

-12.



In FIG 5A, dopant sources 5011 503, 521, and 523 are
sel ectively deposited on the back side of the wafer
100, which is opposite the front side 5 103-1. The

ng‘g)?)aglsﬁ]our ces 501, 503, 521, and 523 nay b%cgmszgwmssm
con sting

Irgured to have light or heavy doping by adju
their chem cal conposition or thickness. For exanple,

- the dopant sources 501 may be nade thicker or have
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20

hi gher dopant concentration than the dopant sources
2o P A R el N o
ISR B BB s i e 5 R s
A M O .
e B VS 508 i R o SRS M B

S OB ETRRH-SR, S B A 65 SR . Solctve
e SN P T SR
R R, 54 Yo I5RI31 18 et gops
B8 Fiva o kR Ao SR P3Raph BB
T AL MR RN T e
SRR 6 b S080h RS By k2 SBBBS v
SR 8B DesR” L gyt PP baofgh Siiprasn - for
AT PRSBSP40 ol AEhiCas Pebipl e
TSN s TE R RE R0 SRAEETRALP it bR ap e 15 ror

R in CbaiPe ELoke AR TR g NELBter el i frbfteces:
Y Ao LDR SopBrESRticRe (RUer RiMn AL tomtingign N-vpe

. | i dl e ct iV
BN ARt B il SR d ARG adets B (B gdiy doped
Negh8 Wopartsources (N+) for forming opaque N-type active diffusion regions

under silicon/metatl 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-
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In some applications, it may be desirable to form
three, rather than four, different sets of active
di ffusion regions. For exanple, one of the lightly

Wg?{ﬂ)ﬁnﬂﬁgﬁéi ve diffusion regions of FIG 5 ma)i’cqﬁisawg“%m-

d as now described with reference to
10FI G 6, which consists of FIGS. 6A and 6B,
illustrates another way of form ng active diffusion
regi ons of a back side contact solar cell using

selectivel y. deposited dopant sources with varyin

TN FaPEgapang Ropftes 2R IomesL AYSTdRe AtaT RAgESnBkihe water
aﬂ§0604 are selectively deposited on the back side of

t ‘waf er 100, which is opposite the front side

103-1. The dopant sources 602 may 15 be heavily doped

wi th ain NG ppe ddppatsourtee 500p503, Sy and $2800e Baledidely
lightly doped with a P-type dopant, and the dopant

sdepasited @dvthetbadieside af/iheywaliap 4 00Vwhithds Bpbygite the front side
dopant, for exanple. Selective deposition of dopant

ste6-d e § heldopamd s60rbesel0 1) S0BLER O ArRiS2 N rtayf e SdnflRReéd to have
of a printing process, followed by selective

dight sr hieavy dbpinlgebydadjastngtheiratentiod dompositgomchikaess. For
of the printing 20 process. In FIG 6B, a

dixdrole pthesdapanit soperesGtetiay bedinhfie siciklkanaiavelHigter dopant
t he dopant sources 602, 603, and 604 into the wafer
l@mceitratioh famsiherdaptasb soesests2 1. rSitrilarig) thewipant eburces 503
N-type dopants fromthe dopant sources 602 to form N+

aoay be rdadé thitker ordgivertigle&Xjopdirtt coatantratfonRhay ffee dopant
dopants fromthe dopant sources 603 to -15-

sources 523. The dopant sources 501 may be heavily doped with an N-type

dopant , the dopant sources 521 may be lightly doped with an N-type dopant, the
dopant sources 503 may be heavily doped with a P-type dopant, and the dopant
sources 523 may be lightly doped with a P-type dopant, for example. Seléctive
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—t}}pe 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+ acﬁve diffusion regions 534, and

diffusion of P-type dopants from the dopant sources 523 to form P- active

- 14 -
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WD 2007/ 081510PCT/ TIS2006/ 048607 form P- active
di ffusion regions 633, and diffusion of P-type
dopants fromthe dopant sources 604 to form P+ active

W%@"]é”t@fg‘g regions 634. Diffusion of dopants 2&)8/8%607

results in dopant sources 602, 60
transform ng into an undoped dielectric Iayer 635.
Cont act openings 636 are formed through the 5
dielectric layer 635 to allow netal gridlines to
contact the N+ _active diffusion reglons 632 and the
PALSIONBSINE 3G JATHEgN A EiopgRts o the waek 19 gasults in dopant
sel ecti de 03|t|on and cheni cal vapor deposition
(&%Fes gﬁ 24 h§nesdranstemning deforan ynrponedfialectric layer

S For exanpl e, appropriately doped spin
JPaE<Ce oy onaymgg ﬁ@@rg?fgrrge@ e udhihedielasirialiapanb3s to allow

sour }Oas in 7, which consists

oets géic IReS twnt?@it thsr{*&rr 2ptive #lﬁuwnaﬁa@nﬁh@% and the P+ active

gg‘r i cation of active diffusion regions of a back
usipgAedions $3far cel | using spin coated dopant

sources. In FIG 7A, a dopant source 704 is spin

coat ednayorivd) appidations £X ARBLsk SESiFN8 tOTork@IrdRGKtnEr §8an four,
of wafer 100, which is opposite to the 15 front side

Idifedent $bts cfeptive difusiore reidnsTaly oEQXEMpbIBEoRSt ﬂ@angﬂty doped
doped with a P-type dopant and spun to a thickness o

adctive dRffukion esfiond of FEX 28ty bd 8lithingted Bs nblved<eABad with
source 704 is patterned to expose portions of the

breferencaléo BIGt&e wafer 100 where the ot her dopant
source is to be forned. In FIG 7C, a dopant source

102 0RO Sy e B g iﬁl'és;t‘*w%\% w3 o
SR e O e g o
R g i vé%op'aﬁ?%% dapnt
(#2)?" {Uses {L%dsoahg% an r%rﬁe}g qug%pgd %{J%@gﬁ?g}@%%ye of the

& 3@?5){)@'&% é@g%%r%/ %\%Bfg%ryglﬁ hh¥S. HE dop ¥Rt 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 F1G. 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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diffusion regions 712. Simlarly, the diffusion step
di ffuses P-type dopants fromthe dopant source 704
into the wafer 100 to form active diffusion regions

W(él{ﬁmogsfof usi on of dopants to the wafer 100 @%%J;}ﬂs&tﬁjﬁfbﬁﬁm
opa

nt sources 702 and 704 transformng into a
undoped dielectric layer 716. 5FIG 8, which consists
of FIGS. 8A, 8B, and 8C, illustrates the fabrication
of active diffusion regions of a back side contact

sel ectjve

I L ing a_canbi i on, of

2@5’3‘%’?{: ?e?}?eﬁﬁ“%f’ﬂ Erdes B35, Ao gﬁygg&%fd 2ot fom the
S are,_selec i d 0O

R et Bnpminf af @%umaﬁ&gis%%ao;@n uSipp of dopants
front si 3-1.. The dopant sources may. be .
by SRt PR LR B8 0 o Fersagmin
A ORI SR o5 ReBbRponl b AR G v e
B By SRl 4 Pt g Bes & BpniacE e mgtve diftusion
e g B B s ol ior i "o Ot e over
t he sanpl e’ of FIG 15 8A. The dopant source 802 may.
conpr i BesidéSsleative depagitiah and ichamida vaper depasitiorafGV/D), spin
spun to a thickness of about 2 mcrons on top of the
desding mayalsedes0sied fofonexdosing sodiaes. tHoakbxaripls tippeopriately
deposition of the dopant sources 804 advant ageously
gapssisspimen giasn(SQG) May [890sed ab @-typerand Wity dopant sources
havi g% to pattern the dopant source 804. Depending on

t#eindp@- i7cat i on, the dopant source 20 802 nay al so be
appl i ed by bl anket deposition using a roll on,

spray-me, 7,Swhﬁﬁﬁf:cg{éi§t§ Iof 68! 7ANFR e?c?éﬁc!“rg)l?ﬁlgre,tnraet&sttge

process. In FIG a diffusion step’is p

b 10055 | OO R 3 i o
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 diffusién step diffuses N-type

dopants from the dopant source 702 into the wafer 100 to form N+ active

-16 -
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dopants fromthe diffusion source 802 into the wafer
100 to form N+ active -17- WO
2007/ 081510PCT/ US2006/ 048607 di ffusi on regi ons 812.

W??@}#"?ﬁw’ the diffusion step diffuses P-t)l/g,g:,rﬁg&g@g{u%m,,

e dopant source 804 into the wafer
P+ active diffusion regions 814. Diffusion of dopants
to the wafer 100 results in dopant sources 802 and
804 transform ng into an undoped di el ectric |ayer
g‘gd?f S5FIG. 9, .\which consists_of FIGS: 9A, 9B, 9C, and
fusion fegipas 442y imilady, the giffusion step diffusesdy tyrg depants from
regi ons of a back side contact solar cell using .
(BB RPach 8Pise AtPtoa e dRIen 00 T . aptve:ugien regions 714.
olsgpi %tch ;r)‘rocess. In FIG 9A _dopant sources 903
AP BUBIRIFlopANth L M@l 40 prsultidn dapant smpcesrP2 gnd 704
i S oggosjte the front side 103-1. In one enbodi nent,
t FRNISTARE Ile apyR glegfic IpyehEtF-such that the
there will be openings 906 only over where heavily

doped Ri@.igy ahiH Eorwiigts of EPBSNBAVBB] ake 8EQ NEHafcEqRe fabrication
922 and 924 in FIG 9C). As will be nore apparent

beefl amtive tfifusicn Adgiord of 4 backsidenantact ul¢ @l Mg L&Mbination of
for a self-aligned process as the openings 906 define

tdudedtiveatdpositioh arandther depesitiotg prdceese3m FIG.BAGdopBht sources
to the active diffusion regions. The
804 are seiectively deposited on the back side of the wafer 100, which is
opposite the front side 103-1. The dopant sources 804 may be directly printed
on the back side of the wafer 100 to a thickness of about 5 microns, for example.
The dopant sources 804 may be heavily doped with a P-type dopant. Selective

deposition of dopant sources 804 may be performed in a singie pass of a printing

process (e.g., inkjét printing or screen printing).

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 fo a thickness of about 2 microns on top of the dopant sources
804, for example. Note that selective depaosition of thé dopant sources 804
advantageousiy allows the dopant source 802 to be spun without having to
patiern 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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15 dopant sources 903 may be sel ectively deposited on
the back side of the wafer 100. Preferably, the
dopant sources 903 are formed on the back side of the

W&’%o%slé QP by blanket deposition (e.g., by cheqheal, oo

vapor deposition or spin coating) follomed by

patterning to formthe openings 906. Bl anket

deposition foll owed by patterning advant ageously

prevents print abI e dopants from touching 20 each

ot her . I n one enbodi ment, the dopant sources
offusioRgEeves @12 e%'ffl*liaé'w ihgriiffysigp siap Q\hfft!ﬁquPttyp% dopants from
dopants. The conposition and thickness of the dopant

g\?r r@ggu inte the water 1004e fagm B+ %ptmegj,\ffuswn regions 814,

Sr&peratur dlfoSI on step, the resultln?

aPiiuserpidapanshita i v wshter PPty inglanap a@w@QS@QZ@nd 804
ut. 250 -18- WD 2007/ 081510PCT/ T. TS2006/ 048607

&ﬂ‘?%‘%mlé'ﬁdn\ﬂiqr! upderedeielactiic @xer 8. r econbi nati on

(e.g., about 25fA/cnR of emtter saturation current

densi tFIG. BMhith eofEIPRNBT FIGY, 0RS oBOBCALAdI9Y, alistates the
thick (e.g., about 2000 Angstroms) conpared to

stabsiestitandd activerdifasion pegibns ofia tRek ke 6rita80<bi4S&S! using
FIG 913); 5In FIG 96, dopant sources 902 and 904

adepdnt soartea\that Allvay trRaséi-angHabeorRldt spshind bithiditcess.
openi ngs 906. The dopant sources 902 and 904 are for

uner o haer Ohr eprhERSPet SHa 38 et U5t et et the waler
dbrosie %ﬂ&%ﬁﬁ? 3t B! T2 dn BB Fhukimbgp e dopant

Séd#ﬁcé)éz 96@ gré’\@trﬁ{edl&%h tﬁg{ the there will be openings 906 only over where

heavily doped active diffusion regions will be formed (see 922 and 924 in FIG.
8C). As will be more apparent below, the relatively thick dopant sources 903
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 seleétively déposited 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) foliowed by patierning to form the openings 906. Blanket deposition
followed by patterning advantageously prevents pﬁntable 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 afier a high temperature diffusion step, the

resulting P-type active diffusion regions will be lightly doped (e.g., about 250
-18 -
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10 exanpl e, the dopant sources 902 and 904 may be
sel ectively deposited by screen printing or inkjet
printing in one pass or multiple passes. The dopant

902 and 904 may al so be forned by bl
%gﬁﬁéﬁéan (e.g., by chem cal vapor depositﬁgﬁhg%mwmman
spin coating) followed by patterning, but may require
an additional etch stop layer. 15l n one enbodi nent,
t he dopant sources 902 conprise dielectric heavily

daope th an N-type dopant, while the dopant sources
9@5@%&&&%@"&@%@%‘% GRERGH TepoRYRation; (€10-salmut g§gA/cm2 of

do t. The _conposition_and thickness of the dopant
~TOES SaB3tiom BUeat A5 itsb ansEeSIFERNt Raitrcas 6B ae relatively

Lgh tenperatuyre diffusion step, (a) the dopant
g%‘ S99 RIS FampRgdite pubsgruenty formegpdopant
i ffusion regions in the wafer 100,

about 1 ni.s d
(ﬁﬂur?‘?ﬁegegégﬁtg%o@%éﬂGS)gg)gamd 904 are relatively
thin (e.g., about 500 Angstrons) conpared to dopant .

sour cela FIG3 965 depahiGoi€es 9erenti@od die brfidd bl&dthe dopant
di ffusion regions are opaque (i.e., the carrier

reeemods 903 bod intbdhe egehingseadi Thal@bBant'seirédtso0d hhd 904 are
not be significantly affected by the condition of the

dot faroning attivef diffasiah rédions ih Geaivafersioo wHdre m¥@i gridlines will be
2007/ 081510PCT/ US2006/ 048607 The thi cknesSes

afonnizetedio P dspantceairQ30UD aRa00d dre préferaiip sblectively
sources 902 and 904 are preferably made such that a

sidposiied by Idjireptly pantimgithenn beset thepeadkngde bE thePkrae®390. For
will etch the dopant sources 902 and 904 all the way

texxatripde bt atopabDs eicos @0RENAIBPANTayIHIsSiesiRI3desésited by
conpletely renoved. 5 This advantageously allows for

scpnf pantirgnedinkjen pantingjreona gass ohmultipte pasHRs ansedopant
t he dopant sources 902 and 904 not only provide the
Gopeasts YBnind §04 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 (;lielectric heavily
doped with an N-type dopant, while the dopant sources 804 comprise diglectric
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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for the active diffusion regions, but also align the
| ocati on of the contact openings. Curing steps or
protection | ayer depositions may be perforned

[ on the particulars of the solar
W(g?(%\%%ébga diffusion step is perfornmed to dfl‘JF#NUSé&k/&%M

dopants fromthe dopant sources 902, 903, and 904 to
the wafer 100. The diffusion step diffuses N-type
dopants fromthe diffusion sources 902 into the wafer

100 t orm N+ active diffusion regions 922. The
i 1 usTon EeRig=srs ot e o Pl & Semparad Ghe depant

ant g&#l s 904 i nt %ge wafer 100 to form P+

a Hfﬁ%s W arg i?f@% ¥ naade g ﬁ“qt?p?é‘bééﬁblﬁ'?tb' performed
the do ant sources 903 into the wafer 100

f?ﬂ’m"g ORgEYg, Bleh; FFPE%%‘H‘ | edeh Hrrdopant Sﬁuﬁ%sP%a@ﬂ 904 all the
gﬁgap §1§zt %}he gj)? esults in dopant sources

Y 1 G 188 pefoy F—‘ RESPwess 20 i%ﬁ@emnl%telv removed.
layer 935. That , after the diffusion step
(i ﬁé’?’aB"S‘BPPBﬂg i1 asel eUhed Contpehpastg eidl Rrocess
l.eft of S ant sougggs 903 and the thinner
&ﬁﬁﬂuaﬁgh% OpRit SpuPes PIY and $ldotgnly preyideihe dapent sources

rces 902 a [
dpr PEAG e tto8 r2opaibytialte glian e Igoatoncs] fap cntact openings,
enrra tro uced.lntot furnace durin

ST B8 Rreteglon MR dEPGHIONE (YYD PYolE S apRnding on the
tQ ide layer on the front side
ﬁ%g‘ilga%%"‘n %&?ﬁoswmpcw 1JS2006/ 048607 N-type
di ffusion and the thernal oxide on the front side
103- 1 Ihélif. e€dadciiffusion stEpiatperfonoeditt eliffueset dorethtsSfrée the
of the solar cell. In FIG 9D, the sanple of
Flogang epurses §I0Re 808 dand 984 tette whfegri®@d. CTivd dfusion step diffuses
openi ng etch step to renove portions of the
N-blrecdopants fiper tH3diffasien sbliecaac®0 mto the wafer 100 to form N+
active diffusion regions 922. The diffusion step also diffuses P-type dopants .
from the dOpént 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 913. Diffusion of dopants to the wafer 100
results in dopant sources 902, 903, and 904 transforming into a dielectric layer
835. 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 info 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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5 diffusion regions 922 and 924. The contact opening
etch step forns contact openings 936 through the
previ ously descri bed contact openings 906 (see FIG

W(?%E?ﬂ}’{ﬁ%gﬁ' contact opening etch step may be dg,g'gg]:g%g?/ﬁ%GO,,

own portions of the dielectric |ayer
contact openings 906 to formthe contact openings
936. Because the dopant sources 902 and 904 were nade
thi nner than the 10 dopant sources 903, the contact
openi ng_etch step thins the thicker portions of the
INévRe fiftueianayst thegbenniel GuipPetier jronbreeddd: hbelp reduce
thinner portions of the dielectric |ayer 935. Metal
JerampHEdionsn he tegiupedrside ofitee solar&8ll- openi ngs 936
to electrically connect to the active diffusion

regi ong F&2 9p) thed 24mpldlof S eXPRAEUBRNted td8 seRHIighéd contact
openi ng etch step conprises a tined wet 15 etch

RS pHaSS etchQite ¥ Fath6ve pBRIOASIYF #td dRISINIO thyeF 9B5 BVEPthe active
may be perfornmed by subjecting the back side (i.e.,

tdifusion régishy 0ed Hidded4 Ofhd BenBriBphEniAg cdHsteBFoin®s adntact

HF-rich etchant (liquid or vapor) during a controlled

APEHgd36 tHBugh hapRicisly describbalmtadt bplnitgs|o06 (see FIG.
produce a controllable etch rate of the dielectric

|y rTisB oMyt GeenifgetcH stepPidy B8 deai»erhs tisinidownsSportions of
i mpractical to etch on one- 20 side only, an

atdididloctat 1ayertoms invRe lcoyeit bpanibgs $OBAS FbidltiR cdritdct openings
textured front side 103-1 to protect it during the

aRE. aBécanenthegiopiaeh sodrcph 0mrel e vef@phaddeIRinNPer than the
used to etch the back side of the wafer 100 wi t hout

efopanh gotifces fa0an thes caletadOdbehing bichpdias mine thedhthigkes peftions of -
may be integrated with a subsequent netal sputter

she plidlectrit dayarBBsnmitadongieidly re@soves thBehiaast poitions of the

openi ngs 936. For - 21 - WO

28208 1ay£EH5EH. Udedd @ridisédmay be formed in the contact openings 936

to electrically connect to the acfive diffusion regio.ns 922 and 924,

In one embodiment, the contact opening etch step comprises a timed wet
etch process. Fon;example, the contact opening eich 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 étcher 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 2 subsequent metal

sputter step for forming metal gridlines in the contact openings 936. For

-21-



10

exanple, a cluster tool may have a first chanber for
performng the plasm etch step and anot her chanber
for formng the nmetal gridlines. In an alternative

nt, the relatively thin dopant sour
ﬁgaﬁﬁ%gﬁ he active diffusions may be forned$??gégﬁw%maw
foll owed by the thicker dopant 5 sources. For
exanpl e, the thicker dopant sources 903 nmay be forned
over the back side of the wafer 100 after the thinner
dopant sources 902 and 904._ However, the enbodi nent
Fxamuate, a glustem tpal rpRE hava Bl fustyehaaker fof parfprieaftae plasma etch
true self-aligned process and prevents m xi ng of
pﬁtemﬁama@%nﬂmhﬁ@bamplrf@"@ﬂ@cﬂﬁﬁr@ef@haﬁfah%nt s of the
present invention have been provided, 10 it is to be

under Shepthitdrdtiid @eBoiinal] etbRhtites thP dopant sources for
illustration purposes and not limting. Many

FathingaRa lacevd aRfusRINsSMEY bl fBen&P PRt SBllowed P§ItA® BsickEr dopant
ordinary skill in the art reading this disclosure.

otrdds. Mbradxdnsplel mermibkewoﬁant&omm%nafym&ﬁdn@ed over the
active diffusion regions in back side contact sol ar
ARddk.sidd8f 1melvagier @ ORIHeS tlﬂgthmner dopant sources 902 and 904.
However, the embodiment of FIGS. 9A-9D is preferable because it allows for a

true self-aligned process and prevents mixing of printable dopants.

While specific embodiments of the present invention have been provided,
it is o 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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5providing a wafer to be processed into a solar cell,
a front side of the wafer being configured to face
the sun during normal operation of the solar cell;

| ectively depositing P-type dopant sources and
tiéj-wdopant sources on a back side of the wafer,
t he back side being opposite the front side of the 10

I . the P-type and N-type dopant sources

gg*%dsge "jgggi'%}el y deposited by directly printing them
in a single pass of a printing process on the back
4i de &f metmmdeafffermingraktive diffusion pegidog in adpaek side contact solar
di ffusion step to diffuse dopants fromthe P-type
depant ns@nba’Sniptisiry:m P-type active diffusion
regions of the solar cell and dopants from 15 the
N-type dopant sources to form N-type active diffusion
r egi oREOWIng lrewalsr 40 bedirpcessed imteea selanogll.oa fronbside of the
wherein the front side of the wafer is textured prior
wafdrdseing gohfigurBe tty faceathed Nt ghpenglnpamidl cpaattasof the.solar cell;
The nethod of claim2 wherein the front side of the
wafer is textured using a texturing process
conprising: 20thinning the front side and the back
side of the wafer to partially renove damaged
por t i sdlectvely Hepasifing Rotyperdofant souedanand-typeedbpaiit sources
si de; ‘
on a 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 selectively deposited by
directly printing them in a single pass of a printing process 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

dam.aged por’tions of the wafer on the front side and the back side;
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texturing the front side and the back side of the
waf er to renove renmai ni ng damaged portions on the
front side and the back side of the wafer; and

pol i shi t he back side of the wafer to renove the

t ext uﬁ%@i%th@ﬁ@'ﬁé&e andéhepach gidgafdpe wajer tpygmove -

nmet hod of claim 1l wherein the P-type and N-type
typainingsdameged podians ethevkont side andl thel bbgk sidg eftthe wafer;
printing. 5. The nethod of claim21 further

andpri si ng: sel ectively depositing P- dopant
sources and N- dopant sources by 10 directly printing
them on the back side of the wafer prior to

per f oPRSNG i Rt wide o tae Walerdademove thedexturing Ay the back

the diffusion step to diffuse dopants fronmthe P-type
sidpa:'ﬁtthgmallferes to formthe P-type active diffusion
regions of the solar cell, dopants fromthe N-type

P SRR of Sl Ty AR A L BRI soures aro

dopant sources to form P- active diffusion regions of
selectiinderesited Ryninkied PAIREIBIf r om t he N dopant
sources to form N active diffusion regions of the

501 arvfighlenobor AR RAAL cbafpg: act i ve di ffusi on

fegions in de “con cell, the nethod
conpri si ng:

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 dopént |
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 diffuéion regions of the solar
cell, dopan"ts 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.

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

cell, the method comprising:
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providing a wafer to be processed into a solar cell,
a front side of the wafer being configured to face
the sun during normal operation of the solar cell;
sel ectively depositing a first set of dopant sources
doped PFPYiting & Wlaiqr tabisaprocesssd vl a splasicel adropt sidgeof the
waf er, the back side being opposite the front 5side
Waferhteeisglcanfig@ﬂeld,totfaee the sun deting hotoplaoperation oéthe solar cell;
bei ng selectively deposited by directly printing them
on the pack side of. the fer; formng a segon
Set ' opclhiel Ehottiog HEBLaCSdPrant SOES dpR T pars
different fromthe first dopant side on the back side
gppanklyRafosra bagle siderafithe wafek dom bagke sisledieiag panesite the front
sources being fornmed in a single pass of a printing
pidesaf; thé Golandtell, the firpksdtafdopgnbsairtés ety stlegtiviely deposited
di ffuse dopants fromthe first set of dopant sources
bg directy Qnﬁllrﬁgffheﬁﬁantﬁe aeick erdedbf thesivgfar;r egi ons of

e solar cell and dopants fromthe second set of
dopant sources to forma second set of active
di f f ufarenng agiespsdset phdopantgougeas dopex Wlthfh’iesﬁfc‘élnﬁcﬁppan'f type
of claim6 wherein the second set of dopant sources
d #fefremtrfea dine firet dopakt siddeomthetbeckwgade of the walen, the first and
coating. 8The nethod of claim®6 wherein the front

seeshdPéetste dOBRAT sbircb S BRI M a single pass of a printing press;

and

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.

7. The method of claim 6 wherein the second set of dopant sources is

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

8 The method of claim 6 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 formng the first and second set of dopant sources
using a texturing process conprising: 20thinning the
front side and the back side of the wafer to
partially renove dama ortions of the wafer on the
f ront Poliglaing ilde baek @&Ofsfﬂ@e'vafef to remeue thei tayturing on the back
front side and the back side of the wafer to renove
seteaofthegvafanaged portions on the front side and the
back side of the wafer; and pol i shing the

to re ve t he text#rlng on the .

de of th ,
%ack h&énetmﬂrfg‘ R\%ﬁb whergidhgserand et ef dppaTy sources is

wherein the second set of dopant sources is printed

- gRinfaseon thekbagkisidefof the wadgrer . 510. The et hod of

claim9 further conprising: depositing a third set of
pan n,t.he kS|de of the wafer prior to
rf omﬁ%ﬂ‘éé&ﬁg 0301' ?g crg)mqrf.isénq hird set of
dppant sources being lightly doped relative to the
first depbsifihg AaARDIset BEHEBANT SMWces on the back side of the wafer prior
to performing the diffusion step, the third set of dopant sources being lightly

doped relative to the first set of dopant sources; and

performing the diffusion step to .diffuse dopants from the first set of dopant
sources to form thé first set of active diffusion regions of the solar cell, dopants
from the second set of dopant sources fo form the second set of active diffusion
regions of the solar cell, and dopénts from the_third set of dopant sources to form

a third set of active diffusion regions of the solar cell.
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performng the diffusion step to diffuse dopants from

the first set of dopant 10sources to formthe first

set of active diffusion regions of the solar cell

dopants fromthe second set of dopant sources to form

tHe sdtpthedef orming activediffusion spoipaginadask sidrecontact solar
sol ar cell, and dopants fromthe third set of dopant

selly ihegnethrotoramrprisingr d set of active diffusion

regions of the solar cell. «cell, the nethod

conpri.si ng: formng a first set of dopant

sour cASTHHG 2 sk ROLGAPENT SOUEPS PN DB BiS Al uafer to be
into a solar cell, the wafer having a front side

Fsesassaf datorpselac eel Hee svafehhaning adrotd sids copiguaed enface the

.of the solar cell, the back side being opposite the
-Buoruriegdermal operatieharftthe sblar depdbethacy sidessbeiogdppesite the

and a third set of dopant sources over the first set
@onedlgi@ant sources, the second set of dopant sources
bei ng sel ectively deposited in a first set of

openi ngs through the first set of dopant 10 sources, :
t he t Belegtively depogiipara seeandczel apgi angﬂrsies@af idppagt sources over
deposited in a second set of openings through the
the Bist set ofcdopdmd @ptircesy theese cdnldesdt iof sibpaet smfrce® peainy
sources being forned thicker than the second set of

deraiielf depbsitediiifa fifg sebbf Sp&fihg®threagR e ARYEEESF dopant
sources, the third set of dbpant 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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performng a diffusion step to diffuse dopants from
the first set of dopant sources to forma first set
of active diffusion regions of the solar cell,

do Bants 5 fromthe second dopant sources to

OHIREE %@@M&e&th&keamawﬁl%ﬁe% iS5 Of €gPaRissQircehand the

sol ar cell, and dopants fromthe third set of dopant
$hitd sefsoftdwpfant Aparcesi rd set of active diffusion
regions of the solar cell; and exposi ng what are |eft

o o Gl AR 329 h el BBP R etoet of dopant

renmove portions of what are Ieft 10 of the third and
seuweg tedern arfirgiosriraf ashve difision wainsofdhegatar callcopants

process to formcontact openings to the second and
fiom thessroondfsedof depadi $durseés to fargi anscond kel active diffusion
conpl etely renoving what are left of the first set of

gagiond o e isr cell, ahd. dopadtsrRbhotheahirg lset 8 ddpaMiaotirdes to form
exposi ng what are left of the first, second, and

ta*lh?&‘ sé%ﬁa@[ veQﬂﬁ@éﬁbn $Qg':bﬁ§%f ke %a?&élhaéﬁd are

performed using a tined etch 15step 13. The met hod
of claim 11l wherein form ng the flrst set of dopant
sour cexposing mdhab ack left dietheffirsh sevarfic rardotingdiseés of dopant
perform ng a bl anket deposition to formthe first set

gburdeniffer #fdiERSiontstep 20 At dtenantite remeviipostiorsedt what are left
dopant sources to formthe first and second set

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.

12. The method of claim 11 wherein exposing what are left of the first, second,
and third sets of dopaht sources to an etchant are performed using a timed etch

step.

13.  The method of claim 11 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.

14.  The method of claim 13 wherein the blanket deposition is by spin coating.
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of openings through the first set of dopant sources.

14. The method of claim 13 wherein the bl anket

deposition is by spin coating. 15.The nethod of

claiml1l wherejn the front sjde of the waf IS

Bkt ur e stheyl af ¢lain 0 ivwhergindbedton sids OfttBe waler is textured
selectively formng the first set of- dopant sources
aisthgaitextuting pedeassipriryo gelsstivaly hforming the fist detiabidopant
third sets of dopant sources, the texturing process

aRUpcdssamd prior to seleétmemdémaﬁlm fhecsicopiddehdaingdtsess of dopant
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