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SCLAR CELL FABRI CATI ON W TH FACETI NG AND | ON

| MPLANTATI ON Rel at ed Applications This application
wa@b@ons23pF i ority under 35 U.S.C.  119(e) of thBCT/US2009/047090

co-pending U. S. provisional patent applications,

Serial No. 61/131,687, filed June 11, 2008, and titled
SOk @EIGE IFlA BRI A TRON ONTEHI FIC ETPNENA ND TN IMBSEARITATION

No. 61/131,688, filed June 11, 2008, and titled

" Appl i cation Specific I mpl ant System for Use in Sol ar

I : ations" Serial No. 61/131,698, filed June
Relatﬁ&’?ﬁg%% §nd titl ed "Formation of Solar Cell

Sﬁhfs(ﬁl.'pbli&tﬁmc}aﬁmﬁ ptﬂsmryg}ntl:am?gams @n§i 1 Alw)e@ thé\/aﬁ badimg U.S.

Serial No. 61 ile

provigioral gefent: aealwwe@ SneﬂﬁblHP idats I@tﬁgw kﬁ Jria% éh%@%ﬂﬂé titled “Solar
er I d r

Cell FygRt B i B, SN2 g Pt SR LIk 3720 &l ed

“Appl@ayish Sbkdifie Irﬁp]laatrS}%ni foFdbe i 8o ian@sll Fetriwadotis”"aBéria No.

o13500F 1o Bune 2R, Be B bRt IS piter Using

Implaﬁeéﬁt&ﬁl&mmeos%m@rmw GBS ﬁ@eradjuﬁ@tzm 98 O4nd titled, “Solar
fabricating them Mre speci f’l cally, this invention

Cell Rabtiegtion with hasctiegisndolinplaraticnd xamlgSeml Np 210544, fited March 20,

2009 élgﬁ,?glgﬂ a%gYa&gecL%Sgg}eg% igl Bel%g}lf Fyéya&]érfeloéq}?{%f ]fn%lrlcatlons Method,” all

of whidhaRs fnebiportged bydtertrte@n He@tdnkirdticeur rent . The
efficiency of solar cells is limted in part by ohmc

| osses, which are affected by the dopant diffusion and
en printing used to fabricate the sol ar
Fleld%?me%tvﬁégulr?e 1 shows a prior art solar cell 100. The
S @harincation T€lMtes anseatit nducghtiedtasiakd ng:thpdie tod fabeic sty them.

regi. 5.0nits top surf o.electric curr,

More mcef?faﬁaﬁﬁ dnYRE pflEiEe B pehads %fgfta frigane i o ayiticefiyced

ohmidf@&etNcl udes an n-type emtter |ayer 115 overlying a
p-type substrate 110, thereby defining a p-n junction
111 The em'tter | ayer 115 contains highly doped

Backd d itélf t formgridlines and can be covered

ackgropifd of the, qveP PYective coating (ARC) 120. Metallic

f ise@edonddsr I8 EIY B Pknb@i 18F trhﬁ%rﬁnﬂ%hélﬁ idtd %1&:91(: current.
couple the n-wells to a busbar 130. Th usbar i's

The eﬁfmmce of sdar gedls MSdaaltqcsm pagiiychngia lqsafrswﬁlg:h@mﬂtﬁf@@dtby the
dopan??t.ﬁllsl InCan %1@ tscree %n&ﬁl%us%ﬁlié Ifa%%c%te tlllehgol c%ﬁ§ rate

&em’ os ng the

s Whsirs atkowslOptior At Stdifcel 100. Mhé yper deﬁr1$Jo cw@n lidhesiriking
diffuse into a_top surface of the base 100. The dopi ng
photorjpeﬂpfupf% regionsHa S ©g|itgfop: girfacq g@o Rlgsiric SUEERY which can be transmitted

to a IFHAY0 2GRS S(j):lhlr &t 109 éﬁ%ﬁ&ésrﬁ% Qb elﬁft%fr ﬁal{)%rp[ ﬁiswetrg gnal aps-type

excess un-activate opant s surfa

substﬂahael ltﬂomambs daﬁmng aipviejunictidrol t IheTHeudnkittof laydrd 18 ubsﬂa'maﬂ@hly
doped1 n- Wells i"?th%t 0%(1:1tgr1d 1?1(ejssand can be covered with an anti-reflective coating
(ARC) 120. Metallic fingers 125 are formed on top of the n-wells 117 to couple the n-wells
to a busbar 130. The busbar 130 is coupled to the load 150, which in turn is coupled to a
metallic contact 140 on a backside of the substrate 110.

The emitter layer 115 is formed by exposing the substrate 110 to a source of n-type
ions, which then diffuse into a top surface of the base 100. The doping profile of the solar

cell 100 has several drawbacks.
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varying levels of |ight absorption, the creation of
el ectron-hol e pairs, and unwanted reconbi nati on of
webk@ensses hol e pairs. This is known as "dead |BYEUS2009/647090
ue light i.s not absorbedco the to
st rfap@alifing v bl OB RROS b il a8 gsflng v
surfac®f astthe dbpals Ao ptineh inev@k bakast thdqubstitk a6@, This effect leads to
el ectron-hol e pairs created in the dead | ayer quickly

varyingdewihpinleghth abserriianh &g ceention eh eleglren-belg peiiy. padunyiged

i e u s :
econFRRRLA e B SHEE L AE AR O R i e o
not absotbeé tlose Heth o ngh, sudiabd oisthe phéte&b\wpqu@ﬂcguﬁled% OBt@iuse af the high

nventiognal profjle are not optinmal for he formation
dopingfeve sk fhe\ﬁ@rfgeﬁp Flﬁﬁt%afﬂsm@lrmeﬁteg g BYE qrigiy recombine
i
tod B84 4,0 DU SRERRL] K1, PROSI ot Sl B
reflectedtfadm giel soboell h¢feref1aca&sgena1m0h backsi de net al | | zat i on.

ird, ect erla tal on the s
¢ ShEs A STk SRR e i PO R Gprop e Rot optinial for
the fohﬁatﬁfnf&fsele@@&éw%mgt Ilagloﬁsvmﬁcatuoﬁfogfeh&g% r%aéuafsdpﬂok@recepme
emtter |ayer To better match the work functions
reglorb@td/\lewnreastmmﬂegmﬁfcwgrldhmﬁ @Méaaﬂéipe@rSéNSb@@nnetslomcon
mterfs?cr' or %5 s1cf 2chnl ﬂggg nelt the contacts 125 to forma
8?08 %llf he Yace. While form ng a suicide may
hahpd} ditdcobvdring otickal bu igd de@fiSandiibief EantresulSini chfferent work
undesirabl e ohm c | osses and the potential of al
functigpg #tthggterfrcp hptwpen thercopdyctive Singerg A2 @n%fhe@@pﬁﬁtlgyer 115. To
better%%?ﬁﬁle QNOSH kﬁﬁic'ﬁgﬁ étézﬁ&ef&%’[a[‘ gorgécg fahc? Hletdoﬁgd Ml@orl, sOfe prior art
s and wa nesses are decrea .
techniGaenmtit tlescontacsdlRano 6ehl a gicidt anéds uaeréaoex N@lﬁteeﬁbrﬁlmg a silicide

may Kol R YRk iRl thop syl SadirisaHE SR toagS and I potenial
Ofme{aeﬁgmugges are ill equipped to fabri cate devices with

such smal | displacenents. Mreover, as wafers are
gé&iallyglagva positipming of depants acadss aubstatech ba¢dniing dghicdhab the

ine GRS TR BT i S B rsSmea ot Esut ol ¢ B aes e

expectdl tb Hréd RorhABHWCBDeRickys S §C his@birs, Bh@Ritdtdo dRIPAIES sPalidt.
| aterally, across |ayers of the under | yi ng substrate,

Presemisscgenipriagng rebnigies aserllkeasipred do Sbpsate dpwces with peckrmmall
dlsplagérlg O:F[E r l@lcotreeoqre} Qs fla ?e% Srle I%%ﬁ];\élfg d[dtgglgl T %eﬁ%&baé?\%é%c%%@smn and

wel I ar eas

screergpﬂildlﬂgﬂjﬁﬁomByxﬁrﬁhélyﬂifﬁGulpar amst ers, an atom c dopant
profile is sinmultaneously matched to provide
el ectrical junctions at appropriate depths using

Sumlﬁ{}@ﬂ@{tﬁgﬂ%ﬁ%ﬁubstrate doping levels and to provide

resistivity required for the formati on of contacts
atin adverdaubs tvith embsdinfeacse solSuciils aredehecateiily mocisalpplacsg
s.Iln.a first

dopargiath Srrai SRroBnld ks S At et ing uitlepien BT Rlp 8 bulk of the

substrat! T8¢ Bednftddre dlrected to create heavily doped areas that form gridlines, as well as
lightly doped areas between the gridlines. By tailoring parameters, an atomic dopant profile
is simultaneously matched to provide electrical junctions at appropriate depths using
predetermined substrate doping levels and to provide the resistivity required for the
formation of contacts at the substrate surface. Such independent control is unique to

implantation methods.



10

15

20

25

30

35

contains textured regions doped with a dopant to a
first doping |l evel and non-textured regions formng
w@eiodh$azes and doped vvith the dopant to a secom:lrlﬁsmiimgm%

| evel. | a t han t

€T PR PR Gah G BN oSt e e ha
contaifp RRGirt@rdeye dopdtewiR AldepalUs b GiFst daymg @cvieNgd didStextured regions

conductive fingers coupled to the lines and a

formipggridinepand denedevrigh the dopan e eseqond dopreg dvel lerges Hiag dlpe first
doping RS TAAMILLERETS LUBE or e, FXIAPEH S SOLIBFHAE wpe. The
semicbrductoreldvice gichries cocluotdes imgerd ¢qm1lptedttextteugr&ﬂmest grenb&iom

. such as pyram dal el enments having < 111> flanes
portiog Sl iserapled tepapRidtS COlaactéﬁytagv%vnmﬁ@m al MigxEFgdsiegigns are

hotoH f@%{é structures that reduce the anount of
P OOI%% # Pg%ted fromthe photoreceptive regions. The

dBprafﬁabllyneaeh@Iﬁ theftexthednegivnpinelutlesanuitiptt tekt@melrtl eméras such as

for hi ckness or .a thickn ss t hat .va .
pyranii) s Tot@e g e e aned YISEIES rona pihindifating
(risin@akhaffn ? Beudedsd thaefdh&ahe Q&ohﬁt STRMES f%@lewea RomNhe photo-

anti-reflective coating. The dopants in the
receplingricgiens.ur ed reglons are |nterspersed with a netalllc
cies. .In a, 0 abrlc
SBRE SRt 1 v R PR R WP RIE s A cith ARy Rncss or
a thickhes¢thhaeRic0floag Shtbbésaifehd@vinbgisnon- t ext ured and
textured regions. Dopants are inplanted into the
t ExpRg @ab Q@QP@n%achtOf thertpxtyreddegiant i carded with appati-reflective

coatin hg’ﬂ# | dr%g)tﬁﬁtg% {h%Qfoﬁntgxt edQ‘e%&?sgzPI nggtgﬁér‘%éﬁ With teﬁn,ag)emes

ensity orm nes |nes
c tupbednd aspeotnt mﬁthddl Ofgfebmatlhgl aQolar &lﬁhﬁdludﬁrttlrectdn@a uniform

textured regiqn nclude nmul tiple |nd|V|duaI t ext ured
ion beametpipy f surf %‘%&% aéglb “glﬂﬁV no@rigxEFRdand Apttwicd 4¢§1Qmst yPopants are

1mp1af1‘ré§ iy itd @J(t%réd%ﬁﬂfl@gt LHRMBRAL Ty MEinfEME 1SRRG L ke fgl(;l;ﬁed‘[ a
beam can be shaped to inplant dopants into each o

second dxnsuy dat gel thare thiedirstrignsiiyda dbiny godlinest dha ggdlangs agf coupled to
¢ tgxtured el enents simultaneously. Either the beam the
contadk }iNgFSat e, or both is rotated so that the beamis

S wbsi AdthbtiyntP &k ReNGicg lﬂégﬁkﬁnshﬁclﬁ@@ﬁﬁlt@)ﬂe Rabiduaf tedkhged
multiple textured el enents. The beam can al so be

clemesisasnsads aprepudal cleancatsy fAltcsnatiychnicapyltiplepedmnied cleaents are
BRSSP A P S B 08l

elemeagrihdiridabily otiapea gdoap whtblxelraf cltients ybafltaat@isand any
textured features on the surface. In one enbodi nent

r E8net B bearpfthe ﬁé)saaﬁa%bq%wtrﬂ@teﬁléﬁ tha i@%‘?eéal I.Sé@b%fﬁglaﬂy
perpe hfic @R &R oP BRI e @gﬂ%ieetext‘ﬁ% @?nrl@tﬁé S Me%gpéantyﬁ) be

opant 1n the texture gions 1s [ess than about
scanned across the surface to thereby implant the dopants into the textured and non-textured

regions.

In one embodiment, a cloud of ion plasma is used to conformally dope the whole of
the substrate and any textured features on the surface.

In one embodiment, a resistance of the dopant in the non-textured regions is about 20
ohms per square, and a resistance of the dopant in the textured regions is less than about 100
ohms per square. A junction between the dopant in the textured region and the textured
region is graded, a junction between the dopant in the non-textured region and the non-

textured region is graded, or both.
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ohnms per square. Ajunction between the dopant in the
textured region and the textured region is graded, a
W(j)mme/tl’szsﬁﬁ bet ween t he dopant in the non-text urBdr/ISW0VOM7090

ont ext ur e n.is ded th. Th
i o R e e AR et kRS T s contact
fingerd bh@bdupting e onbrt GRFEAGLa HisBger s and coupling the
contact fingers to a busbar. In a third aspect, a

mit hEUrdorspent meter g lakrissingra wircell mdlusigs stcBingt tap serface of
a substt%% tg lfélfgggeg{u(?%de fi’t}ozg ?%ctﬁ@ﬁ'\;e e %ng ?anaé El)ré{el%{lr rggions 'I:F1h6 textured
regloﬁseﬁdludeep&rmﬁgiabﬂ&pedtelletmdﬁtsptha medaid advapelddel dreetitgan ion beam
he net hod al so .i ncl udes directing an |§n beam ont o

onto ttl?] oSy aesy Hheaghy, mp 1@5901?%‘1 ik thi dextgpareonsit g firyi density
and mtt(F g{eﬁfar f@%@dn@ N8 a &coftd libds g&éﬂﬁéﬁhaﬁ/ h@@st'd@ﬁﬁ%‘[g?%rgl gridlines.

regions at a secon Si ty arger t
A resi[stanea ofdbeidoant tnothé omxtorgd regionseslessAhre $0@ blams peroijuarheand a

resistIgR oL s baim ap P HTGE foi i ot I RS phmgp (e Method also

mcludek @wmlg%%easmg%rs&@% griflinefims per square. The met hod
al so includes coupling contact fingers to the

g g lf@uﬁé@smqh, aaSOﬂamctl ttncagt@e etsubsarateiaimgoeiop layee amﬁebotwm

bstr avi ng. a | ayer an abott ayer.
layer TRy tiog aé’Fr Eas as gf ?"f’ ac%mlcrzl rptyra%n}]llg%lg 1§}rr1sa %{p&%lv&ylﬁl a ﬁiocpant to a first

dopingd Q@%ﬁaﬁlﬁ §u|Bstantﬁdel§)'6pMnat Eegdorfsifoigiing QAT NMEEs 28N @.bpéﬂ’kdlth the dopant to
subst ant i aI ly planar r esgl ons form n% gridlines and
a secopd gepingilevel tanger denmdhe fif daplge &oisH AdipFg onesyadithg plpgasregions
are legsh[ﬂcrth gd']ﬁuérbﬁ e[ép g[oﬁ' nhﬁf( are é&g,tp?e%letgtmé?ﬂﬁ§ ﬁﬁ%erg ﬁlﬁ silicide
|'anar regi on are ss m crons apar
elemeg‘fsl, giid nestahcentam umct(mpletdao ﬁ&tt&itﬂonclajzernger s by suicide

ele and a net antact | s uIe to the bott
| ift/n??t |aﬁpe§tﬁsyftﬁméab@g’?catalg§§’l§fé sigglu %ﬁ‘%&eufh 1o ucmg

ions, $0¢AT siPkd, Snd REbHARRT. aTﬁé’b@aﬁ?slfa@ér RFfLAUHAG dRARSnin& the ions
beam shapér, and a control beam shaper directs

onto aasubeizate.c bt armmotigr dihestd thabeamslmpar suthst & ex@redihoto-receptive

._control.l dlre am shaper so that .a textured
regionf b Syisfaistt (&gt 3ngRE Bhns LD Bl Pl Rbe A ERf or tne
substiictdefih}@ d @TBink & @nplanisd wiRMisd ibds ANHscBom] @Mmaity [2@&r @hn the

of the substrate defining a gridline is inplanted with
first demsdtyi ons to a second density larger than the first

d [ Th I 8ar rec

S?@% %%tgollgé glr%&%g{hie% sg%&ae]r ;?0 gtg%plt%%e%%z%nnfdj\%&giﬂy 181p1ant
textured erRBRhS ih ﬂletﬂiﬁtqofe@émwreeegpﬁ | YRe e@giotier aldh@taied) tifto| dr@fanslates

also rotates, tilts, or transl ates t he substrate or
the subpate OBy eambiRatimM Qfihess mRStonsn¥hen ihe heanhis diessiediogto the
substHLr ected onto the substrate. The controller directs

e beam shaper and a duration of the inplants so that
a Thesosttdlee diredts thedephohaper encéptlinacon efjihe rimb]smtsesssthat a
0.ohns er s%are and a resistance of t

res1stemcgﬁ£aho rpélatoorﬁc RUVE gegon 15 A¢8s A, hﬁrésrpeg ameéande a resistance of

the planar region is less than 20 ohms per square.

Brief Description of the Drawings

Figure 1 shows a prior art solar cell coupled to a load.

Figure 2 is a side cross-sectional view of a portion of a solar cell in accordance with
one embodiment.

Figure 3 is a top view of a pyramidal facet of the solar cell of Figure 2.

4
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Brief Description of the Drawings Figure 1 shows a
prior art solar cell coupled to a load. Figure 2 is a
WG 2@e/15365s- secti onal view of a portion of a sSECEHUSE047090

i n.accordanc e IS ato

PR SRRl Qi B Eof Bz it 5 e i iriPror me
solar (261155@%@64 is a graph of doping concentration versus

depth for the planar region of the solar cell of

=3 W%S % a ghiaply pedpingcacgEabien yrsud gemiy fardhe o-planardiextured)

. f e non-planar (textured) region of

regm%ﬁftﬁ lgf&gl&fﬁ%’fréz igure 2. Figures 6A and B show

S @cgmmtéﬁahrhq/B ishl aeduiengallyoingpldnting lorsith bh emitice gegion amtifacet

facet reg| ons of a solar cell in accordance with one
reglong b gapideRt!! Inpicgeiancy V&lﬂb%e anbidhldal facet of a

Selite § Shdws NN RARIALUB 0N A8, M FORGEALEA U BR! N

accordance w one e i ment. Figuré&s 8A-C sh
concenmcﬁcmnmang)rdms wﬂhtcmefwdaetienbmt egions of a solar ceII

I n.acc i fferent odi nent s F

i T O e Sl TR b6 et g agordance
with di@rchQinbda@mens am dal facets in accordance with one

enbodi nent. Figure 10 is a flow chart of steps for

f HiguresRA-H gshawgoslow cgéfringseguerdiat Eabtieatigntstepg er forming

di ure.l1 is | ock diagram of a system

pyran}@q??cgg% %ﬁorﬁi] CSWH Ar ¢ 6031 Emlleﬁltaccor dance with one

erhed nenta ﬂcDeEHdIJ[ Sk ERIF faptitRiMgQfsotafeell MV:RDbd@ce with one

Enbodi ments of the present invention are directed to
embogigicibds of fabricating a solar cell by heavily doping

[ t

P PR Gl of o3 E (PR RDA g o i ok PR ance
with ameleadbdingeneni tt er regi on and the photo-receptive

regions are forned in the sane processing step. For

t he best performance of a solar cell, the
Detalﬁh%&cﬁgﬁ@ﬂbfﬂ{% mSehess are lightly d0ped to provide a
honbgeneous hi sheet resistance. A nore heavily

d dpedddmegitonl thﬂ presers esvenhen atisaiiceted o micthotds ohtahotaging a solar

e o BRI S SRR LI B, i
regiorAC 4R kSRR ERbYM i hiknRNMAL dé1BBRfcomittiia cBiot QRE thel VRS- re@&ptiv'é fegions

phot o-receptive regions of the solar cell is lightly
are fopagrbidt the sgmopogesslgstiPet resi stance of between 80 and

g?gg fr?]llg :Bg%‘t%ggfgftﬁ%%g%f a Q(l;lglt gerll‘?E{eyph%%-reggﬂmeggéloésoalfg T@hﬂy doped
to provide a homogeneous high sheet resistance. A more heavily doped region increases the
chance of electron-hole recombination and thus decreases the efficiency of converting
photons into electrical power. In accordance with embodiments, the n-doped layer of the
photo-receptive regions of the solar cell is lightly doped to provide a sheet resistance of
between 80 and 160 ohms per square, preferably 100 ohms per square, or an ion doping of
around 1E+19 cm™. Preferably, the gridlines, over which the conductive finger contacts are
formed, are more heavily doped to couple the generated charge to the finger contacts. To
provide the desired resistance, the selective emitter regions are doped to a sheet resistance of
10-40 ohms per square, preferably 25 ohms per square, or an ion doping of around 1E+20
cm”. Preferably, the back surface of the solar cell is doped with a p-type layer to have a

resistance between 30 and 70 ohms per square.
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around 1E+19 cm 3 . Preferably, the gridlines, over
whi ch the conductive finger contacts are for msd are

WOrR0e/ 1503657 qr@boelafﬁ s vy e andierligbhean dME e TES2009/04709018
the 1 4t 5ce§§) glé@d PR, LEI&I% hed daRiatesher pr duct1V1‘%y These
esi sta e sel ective e tter regions are doped
beamshadf wllucaf éﬁlastoant:@f mﬁwﬁ&d&@pa{hﬂm the lfabmaad dpvice.

efer 25 ohns per square, .0or an, ion f.. )
DB eyt eian oF Srapgielity if herdagn v 8 Bl dupgiment, wih
a light R@ANSABImfRlihg b® a‘ﬂﬁ@t%‘}m\!@phbe fogfort Y38 A QYRR afl hd @M ResAthe
resi stance between 30 and ohns per square.the
same |afypll rgfersitoi they sq@n@d@msntttbr@eh@m npheselar cw&irQé)Oq:gn@msw rahue

subsifle 10RO R BRE Lt bt PLER ot R B e ayer

215. URY kubRtratt2g0iesn Be SI0AYSryStaPietdr diulGfer@tadiohedilicr), thiGbn
i n accordance with one enbodinent, with a |ight beam

deposgigbsiigqsl. 0 RBHOB BAEHYS §59dde dpricpts solgicelis @thh%ewcmductor
devic@l | the figures, the sanme |abel refers to the sane
el enent throughout. The solar cell 200 contains a
pThy peci$ade detvadea tﬁellﬁlt@a rdbd el thetdween-tgpelratittontayee ab forms
cont ac 205 and an n-type em.tter layer 215. The
a p-n Bpen 23 %h@gﬁreﬁ%ptmgﬁgglel? ;é§ %ﬂ)qt:iuﬂ%o%ﬁ or more faceted regions.
By dlﬂ&'ﬂlﬁg i tﬂ%@Jo‘ulcﬂ%rﬁfah&ﬁQ%ﬂeHéH@wfa&lf fﬁ@%ﬂali &4l 200 back onto
l'i'con, or any other materials use fabricate
the soiay lcalt 2@@Ithesfaactdd otgiver 2 25atvicra s tlod amoum‘wuf belst. lotpe reflection,

thorety o s TG £ 1SRy of To'Ratef Bt 20E o' FfEin e sheficqpg rsion

225 1smw&véﬁq%9tah%ﬁt1fr@ﬂéc%}e &ghingont ai ns one or nore
faceted regions. By directing light that would

ndheraelpycablel A0 Joecomesinsanagp timegir a2 Os(gridlinese havingg substantially
plana1b t%§ léur%]cteocot ﬂ%d% ln%{ tll‘fc 40' a%pﬁnilgeir 8,J aceted region 225

by reflection,

t ﬁ%hﬁhﬂy,l SOk edls d’(bgtaﬁrhﬁloﬁef fabétb@ﬂs!g}bn@fand kel afmﬁﬁh than that
In one empodi nent, the faceted region 225 is _also

showra: kaég‘éf@ ZoyFige Arhipwh eRly e 4sgicd segiph &Onmﬁén& Gregls 28@fvjand
| d|
230Bﬁ9@| dgﬂ Gh &1@1&@} {égl alrﬁ&@fé/‘i f?{z‘ﬁm%@Qwagf i dl i nes)

stan top surfaCe coupled to
i ﬂielendaodmnetrﬁof Figureg: itise ﬁdﬂs 28hendl3OB asahdividoel fosr-sided
i e .facet ed rﬁﬁlos and selective emtters

contain
pyran}lﬁagﬁ?ef%fs é‘l‘wvd%e’fﬂ?s?—dr 6 angsi gure 2 shows only one
f @Fg%tr@g i £@hav{ R &R Bﬁa&?&ﬂa%e@% er@é’b@ﬁ)th@mﬂght of the

onl'y one emtter region nerely to sinplif
facet Z&Oawsri s thad lt)hn@w@nmmhtm hasedfaVIﬁuggmoelparabtdw‘eldﬁlachse skilled in

yLam da
the aﬁwﬂﬁ@ﬁ?@l 06 B St 13084 BHESh BTSN s el as
other §i@iped &ﬁﬁﬂeﬂ‘écttﬁﬁghﬂf)a(ﬂ(hﬁitd)ﬁhé @ﬂ?fﬂ%'ofﬁl@&@‘lar%@@éoo As one other
Pr ef er abhé,O the hei ght of the facet 230A is | ess that

examplle, the facehs30Anistdeny sbaResd. havi ng a conparabl e wi dt h.

T%g%ﬁ#p? ? gﬁA\*sgeg %éagligg(ithgg #)110 at(mec c}(ég(?é?lg%ﬁoﬁ O&gust (ﬂ:%th from a top

ary ave nmensi on

surfacegln angstr@h et tishapledotitiathe Ipﬁlfnhlemgldns QPJ(D Dhe grapllﬂBOO §Hoevs

surface of the solar cell ]2 A%l one of her o
concentrations for a first implant stage 301 closest to the top sur ace, a second (main) implant
stage 302, a third implant stage 303 closest to the PN junction 213, and the total
concentration 310.

Figure 5 shows a graph 400 that plots atomic concentration versus depth from a top

surface of the cell 200 (in angstroms) along the non-planar, textured (e.g., having an exposed

<111> surface) regions 225. The graph 400 shows concentrations for a first implant stage
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exanpl e, the facet 230A is done shaped. Figure 4 shows
a graph 300 that plots atom c concentrati on versus
walzpbhsBsoHm a top surface (in angstronms) of theECTES1009/047090

401 gt oy SRl 3ok P g eaht Tt UG T 45 ot Geee 405

closest @ thB®-it PRcEsH 11BCEnd B8 Qﬁﬂdbﬂtrﬁtﬁmi 0. I THS a%vlngp@gi@e @8dses the
athird inplant stage 303 closest to the PN junction

“deaddasr” elftt he total concentration 310. Figure 5 shows a
g : [
A0 AL B3 0 SMGETINSL BRI R
a umcﬁib angnit peoflenTid antice ateexd preetitddeo ghe m’qﬁam rbgaranhat is, directed
osed < 111> surface) regions 225 .

to the?ﬁ%ﬁ@% Plagfic BHE Fathe gRAMEEY chingss, &e 4%6&%@%%@%&6 <I11>plane
is 0. 5% o5he Hosta%e E{ﬂﬁht}aﬁ%b@%@%tedainﬁﬁﬁg Q@O(ﬁ L Amﬁluéﬂeﬂly, the

st age nt stage s est
angle pf mc;d@ncﬁ ¢hang®]f6r dlﬁﬁathntlgbabnte«b nkbeet, laadl thuﬂ tltlalpbnefﬁttl(m of ions
will V%qy%ﬁlat rgg]:f}lglc gﬁl)'l]tf %?lp%)r? 8 iﬁ%ﬁ er ctei? lflzgn%e can

vary fﬁﬁﬂ?féﬁd &ﬂgareoﬂah %& i kingar Jregds gos ;ﬁaﬂé% 9yg aﬁgsem from the
profil he surface area is presented to the inplant

SurfadseémeﬂﬁéPpl@e directed to the <100> pI ane Due to the

?‘on‘?ésr ng%ﬁ dt hi?l gl’(l)sa 10n ngh # T %I S1 113:.1- IOH

s S bRBeReagEns T AR LR &) el Binee

beam istliI@e 50F® dedif®zequbaig stepel dF iR bhbwstth@m@ﬂ@hﬁa sofirce 500 first
i nci dence changes for differently oriented planes, and

positigpdsibptrea pefrse OAtheoHbyrats Hl Implantingn-yyresiopants 7 the
substefnlt'lgﬁ§ @ﬁﬂa Ije:glbn 9%6‘“&'6%’ ag wh 1&%%§ng$@%urEQ$OO is pogitioned so
proj-ect ed T nge Che

can vary from angstrons
as to isipldraaeypd ddi}iaﬁts<Iﬂ1@01>ghp|l1ﬂ1ﬁbaﬂddeﬂ-918ndip@$1bn@ﬂﬁthé fazat zm. Both

urfac f the < 11 Iane es. 6A and B show
the leﬁo%ﬂdrf T han ﬁia@ﬁﬂsﬂgof%% Rt st b f@@ree% ?}mnrxr‘gi depsity and
proﬁlé Oﬂdbﬁﬁ‘i@eﬁ@ﬁ& GRodlng Hidld RE- Wﬁgﬁlﬂaﬁh SRR doe%'rf&'fé%lulre
hows™ t he i on beam source 500 first p03|t| oned

precisq kabgmnentsxﬁ tcaserasf>00 vathsaysfier gean@oyr therpdeandtinagrowly focused
on bl type dopants in the substantially planar region 220.
ON Pkt , as shown in Figure 6B, the source 500 is

pgﬁbﬁ h ORBGe $19th@9an%1@ df apRRLE and-th¥P@e dapanted atddlc@n be used to
i ght-hand and | eft-hand portions of the facet 230A

advan&geh Asnbe jregflant agglg devigies lipanthe @@ﬂnaldn@d@fcet the lateraledepth of the

dopani:t)’ rA d ed. %%R?%l} ?heaoegtrn g%r%{l(ﬂl}ve?% lgrgf:lsalr&}/ I%aﬁflé) {glg tl%lg angle.

ageous Y,

Thus, ey dldpaﬁsdcd;e €§reﬂ@dedr Squln V&1 ioa Chis Be atddgo protlucofegidm of high
source 500 with a wafer geonetry or the use of a

doping aplacemrﬁlt%&aé éaenebwnt%%ﬁ vese FCgonsd Aget; dopingecogsrgitigtions

o R he T rpl ant angl e devi ates from the
ndheratddduridenaes ptovelel dy ehafacd@BOA lob othveadiaptuges. i As one

examélgg %ﬁ]%éogi@}bllgﬁagg%@%gﬁ@ggﬁgﬁalég ar%g g;?rggds%{ee ﬂea‘%l gler?egzgteé by the

source 500, allowing for the use of higher density beams that increase productivity.

As shown in Figure 6A, the left portion has a base labeled 240. In one embodiment, a
diameter of the beam is much larger than the base 240, allowing a single beam to dope both
the left and right portions simultaneously. In other embodiments, the diameter of the beam is
large enough to implant multiple facets simultaneously. Those skilled in the art will

recognize that other beam diameters can be used. Furthermore, a whole encompassing

plasma beam can be used, such as to conformally dope the textured features on the surface.
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Thus, the dopant dose is reduced. Such variation can
be used to produce regions of high doping
w«z RIVQ/FI36 di 016t dethodRe 360 cjnitd GtbcAmSy ieths Ysme eRIDTIS2009/047090cr
ower doping concentrations and shal | ower junctions.
Seconﬁwhsla H’@§°§II9F PYR &s RasHiongd ewrdléﬁreswnﬁ R&0 pngk 230/ 3Bgeapsasthe
t

regio e P S Ber WD e 81 e b, rosuling
in thegsanerchargel bbmgtdhposstedl oee Heer akh owha geg’i«m 23(ethagen dfe region

Sit t hat creas uct.i vi As
220. SR B ionaal Ty o hedls Smed R fisdeion aada.
| ahehe ngécﬂmehf‘ tfN&e FAEBIM30 A% s AR FTa sﬂfcoh@ﬁbs?ﬁ%?é’@tched
is nuch larger than t ase 240, allowing a single
alonggbanl t o plope rdsottingtin éadeéﬁat:esﬁh@t harvg hn apgle f §hg° to the substrate
si mul taneously. In other enbodi nents, the dianeter of
“he beamis | ar ge enough to inplant nultlple facets

simglrtasR@IsHoyw thEesa sskict 5@Gindmpéendedlavb lthe slopmg (angled)
recog}gl ze that other beam di aneters can be used

face qt(ihe FeptrigPA. 1a thipairengsmephBiesiiping thicksess alsaammciagctZ80A

- f e the textured

1nme#%§ﬁ0m§§8gﬁﬁ%ﬁﬁﬁyﬁ8$§§gggéé% gpmhen t he source 500 is
P @&gire GdowoNehirrifpemiegin Gritci22 Beaan 0230750 iBpostiseed he
region 230A is angled to the_source, it provides a

perperlglrcgléf tostlye plopmedpess of gie faert 2p@amn &séjmttn%lgonzl ?ﬂ%d 550A), the

source 39§ i sﬁﬂk%egﬁlcgﬁfr ROHAEPPBick B HR Rt 830 AT Gethe @éc%ﬁd 'p8s1¥19§ (labeled
reglo A than 1n the region 220. Accordingly

SSOBD ekgﬁ oranP &Mir¢esis lpaupendhmghlt tp thkopglmt fadear! ththﬁactte?@ﬂén 230A

one e e exe Iar 230A i s
oin SHE PR elh B inels ool i bt Pos hoht B and
seconﬁ%’éﬂtfbh@@%ﬁ 4nd80BY;ak afothbadmitAvBeRscph@icteam sofrchs hie
the substrate surface Fi gures 6A-C show t he beam

simuléangeesdy BOdtionsdipegdupidindsbenndtpositines g1 bpi thg l(faagd eght-portions
facet 230A. In this arrangenment, the
zued%%ﬁCO&nFi ckness al ong the facet 230A increases from

t hﬁ ab@ﬁ@an@é whthenfRdRherd3 My dubstrdts 20(pexd orfd @ufi@e Torsb@nssources
an arrangenent in which a beam source 550 is

are meyed teladiye do prehsdisdiie difkerent grayhie dape Hhebstapieadlygylanap gegion 220

and tﬁeaﬁ%tedqge%gb n 330, bRl (511% SROSHbVR Fa% t%b?gA%‘ﬁg?}’)O%t he simplify
source 'S berpenlcu ar tot ace of "the

the dfaadess, Piglsks 8lAr-1Ctsh@W@et}/mlsingiesﬁaohtedmeglbmbm edls badB)amptidrdigure

beam source is perpendicular to the rjght face of the
A SHRSAPISIEOR, (g PeCTAn R HEREOUTES S| BTl dp the PR surfoce
of thS&BYeNt bad |y positioned in the first and second
positions (550A and 550B); in another enbodi nent,
s dp anatmbbdiarms oy ess 230A sid23(Bre oudvuplbysdapied g dciming an
t. and sec I ons s t hat the f.t-. and

fon by inatily A0Re SR OTuRaR AlTRERn betiars 2 ibyndRG

conciidnfly @B thic RN Rualt At S2A054 firad 23 0H) Onamid wa ethe dopME evel of cach
i on gean1sources are nmoved relative to each other in

facet @r gHoup ehfaceiyan boindopdual lyecosiipliadapiovaine y mora pasciseagil dmlored
dopir®4sfofile of the solar cell 200.

surfa

As shown by the vertical and circular lines under Figure 8B, the substrate 200 can be
translated vertically (along the x-axis), rotated (along the y-axis), tilted, or any combination
of these motions, relative to the one or more ion beam sources, so that the entire surface of
the substrate 200 is implanted with dopants. In the example shown in Figure 8C, the one or
more ion beam sources are directed so that the ions are directed substantially perpendicular to
the faces of the pyramidal facets. Again, the substrate 200 can be translated vertically,
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and the faceted region 230, which includes the
i ndi vi dual facets 230A and 230B. To sinplify the
rotmw, uuw raF éo@ﬂﬁﬁﬁwﬁ%’f@he@? %tl%ﬂé ¥el§t1v%' tﬁgﬂleeoﬁ mggsl%qp%)ﬂ?%
region As one exa Figure 8A shows 1ons from
sourcehi® 101pé1no therontiee suoﬁacdaeﬁuhe srdutm@swalm&ddq@ampe tatleedy the ion beam

can b b PRt OF oS inat SRR BhEaRes tox| el BRuris s s

partlcﬂlﬁb@l@%bé’nt B %@ﬂ%ﬂa@@sﬂ&ﬁm\ﬁl@ﬁ&héﬂ%ﬁmg’ﬂ@ﬂ MR Suf@ethas no
ternative separate parallel ion beans

umqug cgﬁ@mﬁtme pd @artdjemor@ an hmmm bolas alfdar@@ngalztém&océmféatz@@ fthat may
be ob(s)e%rv?c{]bcye g L gf-s%ﬁt (go % eV@uc@ so Prqlzlll 8%1ent§|\19151 \ﬂgowgg consistent

dopin@ifidepphdeit sLar3Hirhéd fe@m&si dopl ng profile of the sol ar
cell 200. As shown b¥l the vertical and circular Line
urastll pihgt fo‘reb@clameflﬁet g iysgant i dpggred aptoshe sybstae 2PRgo o that it

1mp1n;ég§ L a‘ﬁg lek Y)tl{e? l‘%ﬂ%eﬁd&ﬁ%@u@%@%aﬁ pk ?%If]}reg@ Q)ﬁé&ggnn&oglﬁ%r r;[g ’the faces
of ther fatas 2@ tiod 230B. Ofiecso bthepaeslésonn e almcsmined dasedom thehéftsired
.the entire surface of the substrate 200 s i
dopingiypiig Spahthe Pyt aPRlicaiph at Hongadr o w@ﬁ@gd Cepge is no
more AR B dFRE o HRrREGVBLH aFfé)% A Gbkieat edrre that the
ions are directed substantially perpendicular to the
f deagecofAihac pyle amsslatctioagletisws digaparfion hta sarbisomdicor device

00 can be ted v rt| al | sour ces to
00, fitnedRf RS bof bRieRlre s SR ienrasnSon ek SubfBhea!
Genetai§e£Eblart R coRRiR @AMy GARIdHE sibhilR G Hal sV PInFSSBePIA-F. The
ions that conformally dope these textured features.
portioprefdiguepnh and my othera ghaliavagecsely te ssmpiily theghawiaes.
S:égqsglgufa 610 néu?e ége f)?ﬁ)%tshggtra?@@ llglg L e}%f(écﬂ%ﬁh g%ﬁ ﬁ?eswt mélterlal
650, legvieg theangiohd Mimkncf €DBIxPssddn altherphytodesisd bsmerrwﬂa d5bis ptterned
l'i ne-of - &pgéct%rdop nt syst em Such  conf or nal

usmgvghp‘w b@prﬁﬁlgl%d@ﬁ@@a@ﬁpg gfc%é]ﬂyes known to
those%k'ﬂlfea‘ﬁ?th SR WiRSegibf bélBth the 9%%?1211 &350 QG FERL ?ﬁglilﬁbi%tak% be

beamis directed onto t strate 200 so
formddyi abgeisStto l@Aghiemnstvhée. Abmndipglypthn dirgeipamdtoes previde for the

| anar . regi.on qr .per dicular .to the faces .of the.
use o R hOGRNA ! FEE Erotyt eLpigP S8 e i o reduired for
seml&ﬁaﬁcrt@ﬂs%dlmsfﬁfér&{gao%t&&s' red doping profile to fit
the particular_application at hand. In one enbodi nent,

t Ii%exawg Iskows lmﬁgmr%B ttlhﬁati@p dgyerelthe dsviod 60(b1§rqtféﬂﬁdl it {eirarthe

facetedo rgglog,r %nsdgfl 1f181a|[J rla V\g olfS reanggvefitto g%ﬁos]% the su%stantlally planar

surfa@eefimc PReEbOY, ttfé&:‘lélﬁ@g @&@ an &ificng atkABnS EER; SsuEKD ks potassium
fabricating a solar cell in accordance with one

hydroxifsd iRt cxpoprihglly 1> alages Gextwedl regient af ts shstipte 601, which
contaglggt@él }gﬂﬁ%lfd a!c@trre 1%5 AE@ A & 8\6}33 dsg UEifigq ﬁﬁhg artmﬁ recogmze

gure no Ot ers 1s s

that thoregionp 603 A ahdil 6031 aai lﬁtgﬁ)rmé@uﬁhg)whlet t&clﬁngmﬁsﬁm@]ﬁdu@ optlcal
mechrﬁ)%l%:%lfﬁi? ¥ lfl%lsntigaﬂeechr?l(c)p]iesl SThr(T)%es slﬁ?ﬂqed il tne art W11 tal%g ?esclozﬁlze that the
regions 605A and 605B can be formed into shapes other than pyramids, such as half domes,
undulating waves, and other textured shapes.

Next, as shown in Figures 9C-E, the regions 605A, 603, and 605B are all implanted,
respectively, using a uniform beam of n-type dopants, directed substantially perpendicular to
the surface 603, thereby forming the regions 615A, 613, and 615B, respectively. As

explained above with respect to Figures 6A-C, because the regions 615A and 615B have
9
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650, |eaving the regions 655A and 655B exposed. The
photoresist material 650 is patterned using

ang W QBID/052363) Gl r3pid & 19 o84 RAAAE des@ bRl @e rRfyipd UbARCDS2009/047090
i nkj et printing technlques known to those skilled in

centimetes isglfger Irhée Feiprohl peibin the éegrm%ﬁrlﬁél ang% SBuieeerdingdy, the
sheet r%&&%lée%%%hea%gloﬁig 6?? fal% ?Pf% 18 1§r ﬁ tl?a@of fe 1‘9% e]{TF 1 O

the arge ¢ r|es provi
regiontéd isisleo fefferpéa’abals Itltdm@bﬂ'{ad‘lgmit@ﬁfﬁgl(mu es of | ower
precision relative to techni ques required for
s%lﬂvr@&rfothetivé e dgviqs &9 B‘%F‘ﬁ lafep Arogedtag ienss Dugagithesg steps (not

[ h f
oG b S OB oD e AL AYES ool REpde i 0
whwhmamemk@paﬁﬁﬂhMSnﬁdﬁnwedmtheﬁpgﬁé6ﬂhthuﬁ&ﬂanBKﬁDMymtoba&m

| ana urface 603.. Prefer t he etchln
match Sy i BRCIgRRT oD (b TRe SRn At SeeEEE et S P awes of
metal {omﬂ)o ifcRId@XRASL: Ginfitcd 14 athRAL 8luntifXh W Rfler, 88LANS)
of the substrate 601, which contains the pyranida

combifigitpatof rtl@gﬁ oRefeabn the de6oBE)0 Timisiies wkltiplesldngors @G@e alélcoupled
n t hat t egi
by a ot oh PRI i o 8 e RO AR S R i thsFide and
spaced@aidyiabalt 2-3nd1lphedt C Thodeakhridan f. arlfBRcSdfidd tBsk dtRer
the art will al so recognlze that the regions 605A and

W“hmﬁﬁglp@%mg%%eﬁb?ﬁ@ﬁﬂ1%to shapes ot her than pyram ds,

ekl A5 R GORRR 1o HAULRL PRS0 RASARL B faniqd o he

bottont efjihe nsbsﬁ@ﬁ/&mﬁﬂﬁrmr@’tﬁe 605&ian é3(alt1her¢:byph@md>\edg the conductivity

b f d
of subiip R Dl Bbe STt OSBRGSO G region
630 fofflBe trﬁ@tﬁ?&bﬁcgn%gﬁoﬁ %46 ha%taﬁl?ﬁﬂ' t8 Eﬁne@éﬁﬁck 6ili8 cofRd 683 5Bhe

respectlve y. As expl ained above with respect to
regionfitfuedscohe @orb éortigebetheen é@lHjnsh@IlEﬁ&Oamd tiga&Btact 645.

DR RN TG S B B e g T RisP et i il o

F, as wigSd1Btha peg c&f stéﬂweg@%@ S thisL SR catdtifd, AR msrelyaill@SFativBa8ome
that of the region 613. The region 613 is also

of the plgpseandy detstets othgestepy eatticpubeiited.end teayitens. cappg pegorgred in
differe%ﬂ%ﬁ%@s. 5 Oql% %&Bgogle%%{uee suh%tg St tR{ g&gé Sédbgls ﬁ gpeﬁ tA llaser

yer o

beam is @t B2 td ﬁ)rﬂnl’mé anisadtialnt glatd eeg@pms\umf:ad& ﬁfectl{?ﬁeemltter (603)
region 613, which is then topped with a netalli

is to bg gﬁﬂlﬁét iThe laseiksam welts thfrrﬁaéeﬁele Hhe Sielfﬁgveeqmlttﬁére,glqne thereby
f
melting it Sl B 60 Flce6 AR AhG BMIcACURE bisbepl 95E 6l and
other 68 diseassad mthhﬁstpeatrte Figitred 9@GHR ard then,petfamal. um
um n per r any.conbi nati on of ese.
%988@@@?9 el e RBie eI aElrl%at? Polgyesells and
other s@ﬁ@con@h&top@é’b@ée@% RdeoR1aRESRAR tK@hbNAW - AL BnOBEmM C})le dopants

enbodi ment, the fingers 660 are 50-100 m crons wi
are plagﬁqﬂ b}g pnpiemlrwrdepwummned Z)age mlql thengamadls anﬂmtbgg the substrate,

such a§ g § Qap bty MR GR it Pl tne o
thigge 108h8ivs HOLGB D APredeePTI0 Br FAbBCatin@NSsoddreell in accordance
with ong'grln%g&lglcén‘é n"lthoe Srlggess 700 starts in the step 701. In the step 703, the planar
region (e.g., element 613 in Figure 9C) and the non-planar regions (e.g., elements 615A and
615B in Figure 9C) are formed on a semiconductor substrate. Next, in the step 705, the
doping profiles (e.g., doping levels based on depth, such as shown in Figure 5) are
determined, based on the desired solar cell characteristics. Next, in the step 707, a next
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bottom of the substrate 601, form ng the P+ region
630 thereby i nproving the conductivity of
! CTBSANE047090
eleluculh\é I'% 533 Ull al’%% %gﬁoﬁ?%c%tﬁ(y l%rgi)'nf_ éidllggfgllcgggkaf)gtﬁ Eﬁa(iogéu umu? cul1
beam. SInI the stap 769 thepodEss datetmﬁieed/hbmeathnmnahndlhmelanm (e.g., anext
ct 6@11 The re io? 640 Bedu es t.he vvo k function
face) b 7% 13 LRGSR OPREA IR TG BUEED THogad the
proces’ Hbeﬂsechk B h88eB7H7 Md dn IRELRERE ERbbIRent, h@wﬁf&lcaeﬁ%ma is used,
steps described in Figures 9AF, as wth
ratherplmmcﬁewlrg apsen Hewu i thedtepry 11 ha plaSpe cmgulﬁ@ be@m 1sa1|sei to engulf

stralve onme of the ste ed,
the enfJiGrthed b MRNHES QTR esRt SRt e I 16 7
pstuB!itf@Q cdmbcdnfpl @i 0% demSer (ﬁ%td@@@t&ﬁt&ﬁ@ H@sareﬂ tdl@pmg profile.
entire surface of the device 600 is faceted. A |aser
As onpexample, intpdantigs édparormed m thies ssagestsaeh adillbsirgiedaaihe multiple
. [ R h the selective emtter (603) is to be
doPlnégl%f?% lh%%u%gser beam nelts the facets in the
Sﬁi e kicpe1 emotntaets (E: gg lﬁcngerst hebabyandeint backsidee opralk parof
e facets and f in the valleys between the

fonneéefslégwedrhvéth&éfﬁpnblSadeleﬁlhéhe sybepde giagperdek A pealing the
substrﬁtE.Slﬁ%ﬁég £Q Bl &au%cqeﬁ)@ﬁfelﬁ e RES AL 1 thRfke damaged by

skille |nth rt w recogni ze many other ways t
ion infpédntitoat eNesolimthecedpl A 7Tamey Imshprocs‘smg(smw act pnrfodmed c@hese

i n accordance with the enbadi nents. on exanE
POSUPEeSTIS S EP NPT BGIHYS I THBP HRE F‘%C‘Blrtalﬂ‘é‘ﬁ%té a%iéag any
protecPi@s b&at@Bs td (A8 FinfsAPA SUb4ARNERal 1D gmttﬁkestéﬁﬂ?ﬁg iR Foc &Y eflds.

as using a flash lanmp or |aser annealing to provide

g ehg miebqﬁi@perd, thapebsirateriagatignmant sivokess bhés surégps, wied o orient

r fabricating a solar cell in accordance

7
and“%?&ﬁ %ginel é‘HB% er%?ﬂthhe process 700 starts in the

staafilcABd step M1 T B&cHEb&MN10B8 bedrh Beipl aNBied f i€GH10Be §fprebiated that the
el ement 613 in Figure 9C) and the non-pl anar reé:;éons

substrptg, ggther &aéﬁ%b@ns tanbameved seeh 4 1Iiusjweé1 ig EygupeSh andrdd-
:’E ég% d%?ﬂh%%%r % 8%?%% faﬁhgatm'é'es)éfafr g%/l&l ih Qg 8?2{13%1% e 63 one
embodiﬁmhh Tlsawhteﬁs&)ﬁhﬁw{ldesm sEerngs &)hvaf}endﬁﬂe BOS, I’aﬁdon source 810,

sed on the deS| red _sol ar cell characterl stics. . Next
an acqeﬁr%t%fﬂée aSkeppr Begnpgganning, Mass fpalyyis. agd Heamsthapinggeodule

820, a%@asﬁfe‘ﬂ%% sndlebRrdTnnss et Qﬁd: a Eﬂgfeqoécﬁ @l@@ﬁd‘f%r handle the

el ement (e.g., a next facet) ope here is
substrae@One in adagineembotlimeenit ot Isb(azm)g te mmg@gasrdehtfep nodidle, 805 and

fon sofeg 8l Gr s REERDwhP AT MRS oSt R Bl Shafipe modute 820

is repla@édheﬁh b BFRa &l €RRINBGIAB thOULBEATCOM WitRAQ F14@ih teadl, @
pl asma engul fing beami's used to engulf the entire

s Lnr @@cfenlmdlmﬁ@, iyt yoares. 8 10tHae p s ott Hie almr@@te@sembodiments

the 1 10n rST% rce %’ﬁgmclollild%sn?uﬁlg%gz ]s'(g rcA a g’l: tfr ﬁéoaéi and na oW, Or
plasmd opiiig Phcoibh |s6urcé\81@p1®dﬁé’e’sfﬁéhrﬁ,cutr8ﬁlb apﬂt(b N@ i\ of all spec1es but

perfornmed in three stages, such as illustrated by

can benéiﬂdeqaquéo ASpieigsnseiss 1 @ tme. Flkgies saurcs R1Q e S@tnébg mpaﬂble
for eaaP e@ﬁ%c%)pgﬁca%on VhABLAEw 2 RARES with A% ¥ tABE K84 Source is

tacts
requlred the ion source 810 can be pulled out and replaced with a different one that meets

requirements (e.g., different dopant) of the next application. The ion source 810 has a beam
slot of less than 5 to 10 cm and a width of 1 to 2 mm. Alternatively, the ion source 810 is a
plasma source and can be configured to produce a broad beam. The length can be stretched

to cover one dimension of a 156 mm x 156 mm substrate or both dimensions of the substrate.
11



formed, followed by the step 715, in which the

substrate is anneal ed. Annealing the substrate-heating
WO 2000052363 enper at ur e bel ow nel ti ng-restores thECOUYRDHE047090

structure danaged by ion inplantation. Next, in the

step 717, any post-processing steps are perforned.

Thesl%rmﬁlt tli@fsﬂﬁgﬁeﬁgiisrt@lﬁéﬁﬁﬁoduﬁ@g(hﬂjﬁld(ibﬁ 3RIrBY8 10 ®EBMEM & ncrate
any contam nants from and addin protective

an ioncheam, wgichtip agaslergtpch by Hedicediergtor gf  citfpring| PG fashignion gulsed. In
one etﬁfﬂg Bmé the a'&é‘el@[f R)(f Rag eﬁ&gﬁO%Mh Jeictis %"98191% Qith 4 ltﬁ?nte energy
trat e has ar I'gnnen ers on 1ts su ace,
rangef sch s Bettveants sideb 0t e . Dieanhet whibodinidnes, Sthephﬁ'ut&d. energy ranges
VWhi|e the step 7 11 descri bes an_ i on beam bei ng nov

are uspq. g gne GHE’OQB’EJ‘?I%EP anghiheigaerey KrAudgRShts of ghe sysleneill n

acceletr'«ﬂgr @?aﬁees 8o ?atQQIy@s% 10@%’9’ 9r ohé L:Mﬁ&{lﬁlteﬁfj tﬂensugétﬂﬂé 6§50 is
8B and 8C. Fi shows a system 8

insertéchintd thats'ystgnsS@D aftelue hassbeen ewhc(bradahmm m Elgum@B

di ment 800 | ud | ngl e-
G SReRE LS i SRR v Y G e Bt Ty B Sl Mo
Analy%llé; arfl Y\’?%dg&ﬁﬁé‘}gﬁﬁﬁ‘ﬂﬁip%t tmgst{ﬁrﬂ@mos ls§ch mﬂo@ﬁ mlgures

pi ng 820, a Measurenent and Control nodul e
9C- D812>5 thaaﬂmhstwt@ POyl s ab slzdvil indki 2886 A oo Braand |7 fartihe substrate 200 of

rinn b3 596 B0 L A e RO IRC kO 2D Gl e
820 irfc@RlcaelRetrovdtit 2ad RloRE bMagic ©pti DG €0 forOg ot hapBg@Beam onto
Shap |n$ nodul e 820 is replaced with a spreader for
the subsfgate P9t gThatearyip Seriher acgpedprcheontiglled weng digdyleaspregipat and
ContrGfERIERE berbhtor o e el B ich R EsSnthe bfirate 600
The suhskrhic08 cambe seppaiea ffont of the bban nainmeantafopiite ad:oedmlg toa
naryow, or plasna. beags The |oq]source 10ﬁf£ ces
predetsEgiped @W%ﬂwlw 1iBgle Sermm etventhe ape thg gypsate 600.
The s@R8hcH00%ah Q158 bg 'r&gﬂeﬁ FRRAEES alﬁf tll%e sitdh R shdW€ il Pures 8A-C.
source 810 is also pl g-conpatl l'e for each specific
aff b ieltdaoncantieerbraadlesanaed.i atol oentimdiérs & diamicerethat provides

eam. source j,s requi.r.ed, ,th urce 810 can e
a congsft % SR RESs iR oings PR AR SuReRafRh REptane
of the BB tSitd 60U THRIBRBIS S ﬁﬁ*;f@ably@éefnh@d[ giin Hepant herdfs th@Blane of the
next application. e ion source 810 has a beam sl ot

substrgfe G08sacrosidhe entirp plroaicandpestes rapighth blic scaprngratprean be altered

N e

spread efngt began be stretched to cover one di nension of a
156 mm x 156 mm substrate or both di mensi ons of th

sUBsi¢mh@m Grupsdpear ivehhcaling. dhnyskovyHantBE Fyebsuses il wider
ion mﬁﬂl C ﬂflilﬂegﬁl Q%é’fgr ggrglﬁ?%etﬂ%elfse %ﬁraq{aﬁé)%r b&l&h bl%fﬂ le

I's acce erate acce er at or el ther I

passeD@ay as healad o repcit ﬁledeqdured@lnpmgmlbmdiynmrdl astsh@wn by the three

accel er tor as extraction and focusing elenments with
“mﬂ%¥ﬁWHﬁW~E9%$ Tgy range, such as between 15 and 150

k@}éfeﬂaawhla%aﬁlmgm MASss &ﬁeﬁ?z‘iné lafiy tsﬁ&blﬁgﬁ{oamersqu GeSudes
are use I n one enbo |rrent to |mt th ener gy

logic fasgapmgivebtistesfin a¢perdanse with So0mbdiémeants eAétcmabvelmbe logic is
conta@%@ jul %mgﬁléer %E}laépgotat?lg\é}(?ste]hg)QO(lf eyrefergbl n[ﬁe Fo%?co%clnﬁes d mterl?l%ry

containing machine-readable instructions for performing process steps (e.g., any one or more
of the steps 703, 705, 707, 709, 711, 713, 715, and 717 in Figure 10) and a processor for

executing those steps.
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inserted into the system 800 after it has been etched,
as shown in Figure 9B. Next, the resulting skewed beam
w0 20000523601 | ed usi ng the Beam Scanni ng, Mass APEE/Ygi0ng047090

and Shapi ng nodyl e 0.19.. nt t substrate 600, .
STERRCPARERT e R o RS E Pp k IRe MR it B0 i
capabf ofdFo &haMB whaferdd @ iBbnsidB, IaRlgerdat{vie@mbolnents, a wafer is
substrate 200 of Figure 2). In one enbodi nent, the
deplomslheiae dimbasg ovaB viRglafon. 9 onapiimSHapt et aisdinyeargggposed to
I,C el ectrostatic and el ectronagnetic optics used
meb%%%#ﬁﬂ%ﬁ?%r shape the beamonto the substrate 600. The
b&aalliy sthé procbsed siegleunedraaneDcie idrmoled €t nu gHersgstee’00 through
i asur? nt. and Control nodul e 825 before or at the
the singdertoad lofk 838 t he beam i npi nges on the substrate 600.
T N
TSR AR CBORRERRE Lk, B AR, o
exampgatthe empodisienty showianglype belzstmtcovidomen-tyfeensiitn lnyer. It will be

surface of the substrate 600. Th ubstrate 600 can ..
appregild THE of gromcuBoaRs HDABHPe SPU e TR dihe JuTCHbiR
accorddhcEWGUBSeBhsfimedide 1 On beam can be a broad beam

(e.g., 10s of centineters in dianeter) that provides a

cdhs fellnwing ax-pefdingpaicriappkentivhs epthaeievioeh tshacorporated by

ot RS0 Bk en SRR PE PSR BRI e
XX/XaK 8eeq flled fundarosed, el @l FAgicstiksUkiak émplBkation,” by
ross the entire planar and faceted re

acr os I glons. The _ )
Babaks dibhpphEdwird S Murps, fidthavieg AtpragniPeckst Var §§1A0100; Serial No.

R L e A S DR

Methddioa lUsz adSdiead tlhFabridatisns, ShyoBatsk axdibingnddadwdné Suskdrer, and

. W th a wder ionj tat|on. capni
having Ao e e 191 5RO Do gﬁ@iﬁﬁ%&%@@&éﬁ%@%ﬁq 2009,
titled, PEoREARRD (181 RAK ARG vE BRHIEATKIAO RN S I80 R Hn¥al MEGBd,” by
as shown by the three inplant steps in Figure 5

BabalpAdibe pbFgrwardHe M3gam SelanminggA tivagsDoekel Yoi HH;1-09360.

Shapi nmodul e. 820 i ncl udes, | ogi ¢ for  dopi .

BB B St AsB eI s et Rafifhgments can be used
for oth¥rtt@iel BF kBlcynduch? dePiges with m9 himbeesk dopidRbHRE. These

el ement of the system 800. Preferably, the |ogic

distribuiohyitebida grasial andabrpa distrytiens iheheasrhogdamdtions, as well as other
ol I Laps. f.or f or i 5 . Ssteps (e.g., any
distrityfi3hd 6] b0k Y it P oyl e P2 00 7 10’
7 Whileirbitatind in/ thé prior it gveebeka)issuded, ipwilCBsPpredigied that each
executing those steps.ln one enbodi ment, the substrate

embogigtyn} wilh By nehrskarly gobvapll Mg imilions s peme soBofignaipyapy golve
some iRl SGERT! &&r%‘%ﬁﬁﬁnéﬁ S ﬁgpg\%}[éjbﬂ@p&{ggns' I'n

al ternative enbodi nents, er 1's depl oyed before
t htewibldsemeadilyapparehing opk akidlind irothe @arteharothop neodwafaépss Ay be

a tray are exposed to the heamor .plaspa. Fipally, the
made f B SR TGN Ah @ Sei e TaoOnT PP BLant pER dfnbotas
definYL BELFRAdEDEIRHEN
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the single load lock 830. It wll appreciated that the
enbodi nents descri bed above are nerely exenpl ary. For

weEx@apsases t he enbodi nents show a p-type subst redEUSE0091047090
Clai

an n-type emtter layer. It will be appreciated that
Mn n-type substrate with a p-type emtter |ayer can
al so be fabricated in accordance wth the enbodi nents.
The foll ow ng co-pendi ng patent applications, each of

What glaimedds:i ncor porated by reference inits entirety,

10.

describe different ways of fabricating solar cells:
Serial No. XX/ XXX, XXX, filed June 11, 2009, titled

" odeati cdodli bioFdbiridecanipeisindsi ng | npl antation,” by Babak
Adi bi and Edward S. Murrer, and having Attorney Docket

N8 Sulsirgie. sy nec: sugaps Wet ¢aaniainsdexiusedirsdons (ored witfhadqpent to a
A it , . . A

Ve ol e oL AR AR pPRE g SRIARS iy At
Adopmnt andsdednddopifye lavik lneyer than thehangi dapindt keoelnayd Docket
No. C;ISTI-POZOO; an Serial No. XX/ XXX, XXX, filed June
1$ONBI5HY° [Rgart e Plodig g URCyf  Sol ar Cel | - Sel ecti ve

Em tter Using Inplant and Anneal Method," by Babak

Adi bi and Edward S. Murrer, and having Attorney Docket
Nd he sirmicondR00 deVige agplainh é, whireidi thetexBired-ecgiins erst @ta-o
sgkgrﬁ&ells, ot her enbodi nents can be used for other
tj%gg 0f semi conductor devices, with any nunber of
dopi ng profiles. These distributions include gradua

and abrupt distributions, such as box junctions, as )
wahe sepgicgrgpstordgicxice phelaing hsWherain casleoleihe taxiured mgipisicepprises
0 : ' i.ers. Wiile limtations in the prior
a%?l agk&gEQ%GI?%%%Ssed, it will be appreciated that
each enbodi nent will not necessarily solve all the
limtatjons. Some enhodj ments nmay sol sone :

| iTHF pepicaRdickigleich et claimody Fn‘Pseaﬁ%S?%/ BIGraurEq Rigpments is
og§§mﬂaaswgeh,be readily apparent to one skilled in

the art that other nodifications my be nmade to the
enbodi nents w thout departing fromthe spirit and

o8P SeRiepbi g oE M f bt P8 ead ofhE uRBER G Repts has o
deyi peplafépri sing: a substrate having a surface that

contains textured regi ons doped with a dopant to a
first doping | evel and non-textured regions formng

g %g lsérﬂl%ﬁn(ﬁﬂ:g 1‘%%91%? %I%Hn t3 h\%%éjrglplae%l’ll I‘)foth? te%(?&rgﬁ] gle%%ﬁfsqg dome
| evel " Targer Than the i st oping I evel; an

celpgat i ve fingers coupled to the gridlines. 2. The

sem conduct or device of claiml1l, wherein the

textured-regi ons are photoreceptive.
The semiconductor device of claim 3, wherein a thickness of the dopant on each of

the multiple textured elements is uniform.

The semiconductor device of claim 1, wherein each of the textured regions is covered

with an anti-reflective coating.

The semiconductor device of claim 1, wherein the dopants are n-type and the

substrate is p-type.

The semiconductor substrate of claim 1, wherein the dopants are p-type and the

substrate is n-type. 14
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

3. The sem conductor device of claim1, wherein each
of the textured regions conprises nultiple textured

wekeosstses 4. The sem conduct or device of cl ai MEBUS2009/047090

wherein each of the textured elenents is pyranm da
shaped. 5. The sem conduct or device of claim 4,

WTBE edhiicBadilkt@fdetide of einyl edh&biaMBNESalRSn thenohlidRtured regions
pl ane. 6. The sem conductor device of claim3, wherein
eaEtnisrspersed pathauptallisspesiett s i s dome shaped. 7. The
sem conduct or device of claim3, wherein a thickness

of the dopant on each of the nultiple textured
eTageahizonducwtide oiceofl Saind hewbasinabndibstrate hdey betmbortion
claiml, wherejn each of the textured regions is

c 68T eetog PRfablic cRtart GaBfalRiBg iRUEKSt i ng. 9. The

sem conduct or device of claim1, wherein the dopants
are n-type and the substrate is p-type. 10. The

s dmncthnd ot fabricstinigst soddrecbfompasing:1, wherei n t he

dopants are.p-type.and the substrate.is n- . 411, .
TREGUNS CHRHRED b SHaUTieangne AP od AR R frglons to ions,
d@RaHySindpMhntiRe dBRMtd Bt HE @Sk tli8@tQisnsak & fir ek $RnE 8o the
with a netallrc species. 12. The sem conductor “device
ohoedtexityred regigmeaé k seaohé densiytlargercthimthedirgiolens iy tpdemni gndlines;
cog&led to a netallic contact containing inpurities.

13,7 A nmethod of fabricating a solar cell conprising:
expaiinggontasiifecodhe giditest rat e havi ng non-textured
and textured regions to ions, thereby inplanting

dopants into the textured regions at a first density

a [ t t e [ - f:

e LRI B, BRSOk R Soghine i RANA TR
comxplredigleaentsact fingers to the gridlines. 14. The

nmet hod of claim 13, wherein the textured regi ons each
conprise multiple textured el enents. 15. The net hod of
Chrak Mckithd JELiS! 13, WsrefiHink hﬁil@ﬁ)l% eXq e dichlARBN PyrRial.
pyramdal. 16. The nmethod of claim 14, wherein e
multiple textured el enents are sem -spherical. 17. The

canprruRe P oy Bk PRI ARG bl Gapanbeicn

onto the surface.

The method of claim 13, wherein exposing the surface comprises directing an ion

beam containing the dopants onto the surface.

The method of claim 17, wherein the beam is shaped to implant dopants into each of

the multiple textured elements individually.

The method of claim 17, further comprising linearly scanning the beam across the

surface to thereby implant the dopants.

The method of claim 13, wherein exposing the surface comprises engulfing the

surface with a plasma beam.

The method of claim 13, wherein the textured regions are photo-receptive.
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22.

23.

24.

25.

26.

27.

28.

18. The nmethod of claim 17, wherein the beamis shaped
to inplant dopants into each of the nultiple textured

web@oesazes i ndi vi dual ly. 19. The net hod of cl ai meUS2009/047090

fuyrther, co i.si,ng.l j.nearly.scanning the be acr oss

¢ e Bihos el el e Rl Fmpiated Vi e g aHies o Dis o e
MeitRadicObr tdtbamhhBihe WesdRirdt i€ XPRENNGIY p&peifidid&Qo faces of each
conPrlses engul fing the surface with a plasnma beam
meIWH%MHB$H@ﬁw@ﬂegmﬁmWr13, wherein the textured

regions are photo-receptive.22. The nethod of claim

13, further conprising rotating a source of the ions,

t M sidisidratctqima3, hbtikirsordsiancd bithe dopao i the nbs-textured
substanti al |y perpendi cular to faces of each of the
wm&l@rﬁ|l%al’f‘%&¥9 PBASEAEtENt s. 23. The method of claim

13, wherein a resistance of the dopant in the
non-textured regions is about 20 ohns/square. 24. The
méhb otbthofd aflcim IB3whedeer eiesisancest he dojgmt of the hextepagpions is
in Hﬁj ﬁeﬁtg[ed regions i s about 100 ohns/square. 25.
TAROUWEPNGAMIPIYA S m 13, further conprising coupling

the gridlines to netallic contact fingers. 26. The

met hod of claim25, further conprising formng a _

sdihe pthadetfvekaem 3hEurder eimpresngeniipting themidbives toimgjeltis contact
2]h @ nmet hod of fabricating a solar cell conprising:

e cﬁ?ﬁg a top surface of a substrate to formtextured

phot o-receptive regi ons anong pl anar regions, wherein

the textured regi ons conprise pyram dal_shaped o
eilBprpthod inc}aél@?%Sn BrthsT pIRp opRing & nlcide petygen deeridlines
t Yol g dopants into the textured regions
a?ﬁgﬁ?f?ggaggﬁ%#?y and into the planar regions at a
second density larger than the first density to form

gr.idlines erein a resjstance of the dopant in the
té%anaf:h@@Of@gﬂsﬂglgiassqlaéggﬁfwaﬁr%@ ohns per square and

a efcﬁﬁlig‘;at O‘[@B ek JrAQuERRAND bt IRAIrR ﬁﬂﬁé-ré&gﬂi%gioﬁs among

about ~ohns per square; and coupling contact fingers
t planheregionglwheesn tiRgextarslob goncedmprese ppransilalghaged elements;

bstr at e .havi t I d bot I :
o Prig Pe? pRp b oatg e Pty e le fogs ino the
PydxairtdadgidmRat @ fisst dORET avl ihto ehclR@ tredionsdat hisk&nd density larger
dopi ng | evel and substantially planar regions formn

gihagithaBest densite dp Bamvgridines svhgenpmpresistange sbtheigpens p
lb?e%g(?lllreél %{g%ﬁlrs id f%?ﬁqtharb ?06 bhRs pgrosalug}% alng X%s‘ist«%c% to?ﬁl%ed%pant in the
et ween J acen
planar regions is about 20 ohms per square; and

coupling contact fingers to the gridlines.

A solar cell comprising:

a substrate having a top layer and a bottom layer, wherein the top layer has a surface
containing pyramidal regions doped with a dopant to a first doping level and
substantially planar regions forming gridlines and doped with the dopant to a second
doping level larger than the first doping level, distances between adjacent
substantially planar regions are less than 50 microns, and the substrate having a
thickness of less than 50 microns;

silicide elements coupling the gridlines to metallic fingers; and

a contact coupled to the bottom layer.
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29.

30.

31.

32.

33.

substantially planar regions are | ess than 50 m crons,
and the substrate having a thickness of |ess than 50

WOorR@peseses sui ci de el ements coupling the gridl i PEEUS09/047090

tallic.fingers: and contact coupled to the bottom
| Byapengor KPEGAiE s SIS Sol ar cel I's
CaRplics FatProducipUbee for producing ions; a beam shaper
to direct a beamcontaining the ions onto a substrate;
aAdeam shck &1 digget ppeyn spifa@ingdheljions entortheibpleren 4t o
t t r -re '
- ago Ry bRl BED d Bt e RS Rl RER st € gpgured
aphotoatcopans tdgyorasfdh@asyblsamalis inggaroed with theeiosstost fidt density and
defining a gridline is ipplanted with the ions to.a
s@PEHAT E8IREIATyhe abgerc drHHNE RTINS igaliaicdyyithape iqpdo a
SYshAEBLsiSIALE Bh HhRLIAsKhe contral ler Ts also
programmed’to~step the beam to individually inplant
textured elenents in the photo-receptive region. 31.

The system.of. claim 30, wherein the controller is als
ot B ETRAT EainbeT T SO el A PBTErPBE L (et I beam
t kd fldNGdua®y ifpRRABlcR{urQe1EhEntS HPSHE fFﬁst%-I%&%ﬁV& ieamis
directed onto the substrate. 32. The system of cl aim

30, wherein the controller is progranmed to direct the
beam so t hat. a sistance of .the phpto-receptive

r 357 sirtert BBty SEOURGARTR, Gl S BRO F S RBCL Coatpryony

CkainBindflon ¥hekinp, filfigg,cRMtahdhii@f the Sutdt@@raivsitte bem is directed
direct the beamso that a resistance of the planar
r 8Biodhe Fubsipisut 10 ohns per square.

The system of claim 30, wherein the controller is programmed to direct the beam so

that a resistance of the photo-receptive region is about 100 ohms per square.

The system of claim 30, wherein the controller is programmed to direct the beam so

that a resistance of the planar region is about 10 ohms per square.
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