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FIELD OF THE INVENTION

20 The present invention relates generally to the field of solar cells. More particularly,

the present invention relates to solar cell devices and methods of their formation.

BACKGROUND OF THE INVENTION

There are two major steps in making solar cells. The first step is to form a substrate
25 that is configured to generate electron-hole pairs upon the reception of light. One example of
such a substrate includes a p-n junction. The second step is to form conductive contacts on
the substrate that are configured to conduct the charge from the separated electrons so that the
charge can be conducted and carried away.
Currently, diffusion is used in the first step to form p-n junctions. A paste of dopant is
30 placed on the surface of the substrate. It is then heated up, driving the dopant into a particular
depth and forming the junction. Alternatively, a phosphorous dominant gas is introduced to
the substrate. Heating is then used to drive the phosphorous into the substrate. In the second

step, contact lines are screen printed onto the surface of the junction.
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SUMMARY OF THE INVENTION

25 The present invention provides methods for addressing the various ohmic losses
arising from the use of older processes of doping solar substrate. The present invention
involves modifying the resistance of the substrate, contacts, busbars and fingers, the contact
resistance of the metal-silicon interface, the resistance of backside metallization, and
achieving the desired resistivity under the grid contact and in between the fingers. Moreover,

30 the advantageous formation of a selective emitter and its ability to improve performance is
possible through the use of the present invention. The present invention is capable of being
applied to grown single or mono-crystalline silicon, poly or multi-crystalline silicon, as well

as very thin silicon or very thin film deposited silicon or other materials used for solar cell
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e\ ol Alar& gl's!) dieﬁoygd? Yfl cf%@iged. Al"his methodology provides a simple, effective and inexpensive
means for formation of a selective emitter and appropriate resistivity to enhance solar cells
efficiency performance.

The dopants can be activated through the use of a traditional furnace anneal with long
time anneal, the use of rapid annealing, such as rapid thermal anneal (RTA), or the use of
25 very rapid temperature rise and cool down methods, such as laser annealing, flash lamp
annealing, or employing a firing furnace at the end of the solar cell fabrication, which can
employ a lower temperature when used with the implantation of the present invention.
Controlled use of annealing time and temperature provides further enhancement of atomic
profile within the substrate. In the present invention, shorter time anneal is preferably used to
30 ensure that dopant placement is not altered, but that full or near full activation is achieved.
In one aspect of the invention, a method of forming a solar cell is provided. A
semiconducting wafer is provided having a pre-doped region. A first ion implantation of a
dopant into the semiconducting wafer is performed to form a first doped region over the pre-

doped region. The first ion implantation has a concentration-versus-depth profile. A second
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20 In some embodiments, the method further comprises the step of disposing metal
contact lines on the surface of the semiconducting wafer, wherein the metal contact lines are
configured to conduct electrical charge from at least one of the first and second doped
regions. In some embodiments, the pre-doped region is p-type doped and the first and second
doped regions are n-type doped. In some embodiments, the method further comprises the

25 step of performing an annealing process on the semiconducting wafer after at least one of the
ion implantation steps.

In another aspect of the invention, a method of forming a solar cell is provided. A
semiconducting wafer is provided having a pre-doped region. A homogeneously doped
region is formed in the semiconducting wafer over the pre-doped region by performing a first

30 ion implantation of a dopant into the semiconducting wafer, wherein a p-n junction is formed
between the pre-doped region and the homogeneously doped region and the homogeneously
doped region is configured to generate electron-hole pairs upon receiving light. A plurality of
selectively doped regions are formed in the semiconducting wafer over the homogeneously

doped region by performing a second ion implantation of a dopant into the semiconducting
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contact lines. In some embodiments, the metallic seed layer comprises a silicide. In some
embodiments, the step of forming the metallic seed layer comprises ion implanting at least
one material into the semiconducting wafer, wherein the at least one material is chosen from
the group consisting of: Ni, Ta, Ti, W, and Cu.

25 In some embodiments, the pre-doped region is p-type doped and the homogeneously
and selectively doped regions are n-type doped. In some embodiments, the method further
comprises the step of performing an annealing process on the semiconducting wafer after at
least one of the ion implantation steps. In some embodiments, the method further comprises
the step of forming an anti-reflective coating layer over the homogeneously doped region.

30 In some embodiments, the selectively doped regions are implanted in the
semiconducting wafer at predetermined locations using a mask, wherein the mask comprises
openings that are aligned with the predetermined location. In some embodiments, the mask is
a contact mask disposed on the surface of the semiconducting wafer during the second ion

implantation. In some embodiments, the mask is a physical mask disposed a predetermined
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al i gnedioo@ems/Aferd! Dhicmttay cdifiactedre dishyedondbp adface of tidsemidoadiid@inglwagant act s
are configured to conduct electrical charge fromthe plurality of

sel ect i andiage dighed ovegheplrality oksshctisply dapereiseions.t he Bstl egnaietieng wafer is
o1 1 CONBURLY Al 1eRUR EIBORLIRAL Bruhng FRIRGSTS ApLY RS T o0 or
In some embodiments, the semiconducting wafer is a silicon substrate. In some
embodiments, the homogeneously doped region formed by the first ion implantation has a
sheet resistance of approximately 100 Ohms/square. In some embodiments, each one of the
selectively doped regions formed by the second ion implantation has a sheet resistance of
25 approximately 25 Ohms/square.
In some embodiments, the solar cell further comprises a metallic seed layer disposed
over the selectively doped regions and under the metal contacts. In some embodiments, the
metallic seed layer comprises a silicide. In some embodiments, the metallic seed layer
comprises at least one material chosen from the group consisting of: Ni, Ta, Ti, W, and Cu.
30 In some embodiments, the pre-doped region is p-type doped and the homogeneously
and selectively doped regions are n-type doped. In some embodiments, the solar cell further
comprises an anti-reflective coating layer disposed over the homogeneously doped region. In

some embodiments, the selectively doped regions are laterally spaced apart from one another

a distance in the range of approximately 1 mm to approximately 3 mm.
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sheet resistance of approxinmately 100 Ohns/square. In sone enbodi nents,
each one of the selectively doped regions fornmed by the second ion
i npl ant atwonodvas2assheet resi stance of approximately 25pCnrusi@goaries | n

2 g her conprises a netallic seed | ayer
RFET tHe e ety egi ons and under the netal contacts.
In some embaqETRAL§a pldd& il bRbd niedeh @Y 8 sofP BOI iInSREo@afidiitiige | N some

enbodi ments, the netallic seed | ayer conprises at |east one naterial chosen
from t heingrpbespfelonsiesint myewfion. Ni, Ta, Ti, W and Cu. |In sone enbodi nents,

t he pre-dop regi.on is p-ty doped and the honobgeneously and sel ectively
doped r egi offg'Gaf iha Wﬁ%g%agﬁ.Slqeﬁl%ﬁgowm%%ﬁ%} 2Rk bl Brac Ry ¢ hor
C rise: nt.4 i tng | ayer disposed over the honpbgeneously
dgggd ?gg?gﬁ;E@Ebgggghgﬁﬁgﬁﬁ%ggggF%fhe sel ectively doped regions are

| ateral | y sddGed ilysamtes one ambodinenodfrremethod b foamdaes 4 soldrivell nmagerdahce

appr oxi ,t?Jy lmmto afproxinately 3 mm BRI EF DESCRPTI ON OF THE DRAW NGS

FI G | AVitlsths DEingiplssof licdiressAEIYAHIM: nent of a solar cell in accordance with
t he principl f i; i ' - = ' si de
vi ew of oneIgﬁbggﬁkgﬁFQ%ﬁégﬂs%lg¥ﬁg%FﬁRPﬁE%§%3#g%h%g%ﬂﬁﬁﬁ§%ﬁ%ﬁ%%%§gﬁ%les of
t he pr aBeptindipi¢eof thoprestiit@nveéatiohl ust r at es one enbodi nent of a nethod of
formng a salar cell in accordance with the principles of the present

i HWention. AIGS: 3A:G [lipstratgdadergiembog Brgienka BccHVh BRRIgABYLS FerpareCat i on
in accq&ﬂgﬂﬁﬁ)wkﬁﬂﬁ%@ﬁl r%&ﬁiﬂk&ﬁk)f the present invention. FIGS. 4A-C
illustrate different emdodi ments of a sel ective i npl antation in accordance
with the priHIG plidstafes bheepbediarht éfiwvemntacoseed Fhfanfatibh inusdcoatkes: wilk

enbodi nent of a contact seed inplantation in accordance with the principles
of the !¢ BERGIPICH ALBRPIGANL IRYBLOB | | | ustrates one enbodi nent of a neta
contact for I Q. A Aol of - 1 :

Cnventi on. R SqtidpREBAC AABGEmE ok L fRaPEE) Ryl of MEoRRERAM e | oce
comt i ngprinetpi@tdfaie piasadc ioeai@nce with the principles of the present
invention. FIG 8 illustrates gne enbodi ment of a profile tailoring graph

i n accor dand@0w tlhustraies gpe pappimenpel anpatigedective spraesopigg formation in

accordance with the principles of the present invention.

FIG. 8 illustrates one embodiment of a profile tailoring graph in accordance with the
principles of the present invention.

20 FIG. 9 is a graph illustrating the deficiencies in profile tailoring ability for solar cells
that are doped using diffusion.

FIGS. 10A-B are graphs illustrating the advantages in profile tailoring ability for solar
cells that are doped using ion implantation in accordance with the principles of the present
invention.

25
DETAILED DESCRIPTION OF THE INVENTION

The following description is presented to enable one of ordinary skill in the art to
make and use the invention and is provided in the context of a patent application and its
requirements. Various modifications to the described embodiments will be readily apparent to

30 those skilled in the art and the generic principles herein may be applied to other
embodiments. Thus, the present invention is not intended to be limited to the embodiment
shown but is to be accorded the widest scope consistent with the principles and features

described herein.



FIG 9 is a graph illustrating the deficiencies in profile tailoring
ability for solar cells that are doped using diffusion. FIGS. 10A-B are
graphs i |WOSZ'009aIt5i23”Vg t he advant ages in profile tail ori ngpraiuseaog/ofiTng sol ar

cells that d ed._using ion, inplantation i ccordance with the
o pl'as JriCisn DRIE B, o d B o A e b L ESEY B P epabeise AENTI O

The folft)gmtnﬁ %ﬁq&kgfeln%lﬂtsl&lr@’ﬁﬁ%&gam& enabl e one of ordinary skill in
the art to nake and use the invention and is provided in the context of a

pat ent appl ild&Si dA aaddBi 1ﬂsstra&£wphamvmv\t and Maos esstiomd s ide o atw, orspettoetyhe
arent to.those skilled in the art

d bed enmbod || di |
and t L@ef@élﬁsm%e'lg}eq%gf %V%Oé%r cﬁ@rléﬁ iy B TS g I cgpRBReoRsb eront s.
Thais, - UhehcRi@3Re haYERId B THRLsold LaNIGslodiflpRRs hiwlihiadof G L, enbodi ment

shown I's to be accor dest scope consistent wt principles
and f eatmbodéncleschd Weftr hed slanl%lm6 thi- dBr. i ]Pﬂeffsabiﬁttbe enfrodi rsrfosnaf ofa

solar cell .device, its characterl stics, and its tion, wiith |ike
el enentaSeREFHGuAgRBateaial sushas silipoadsingly on grplt- Bryswf trg? 33l OMPHIEA Rifew and a

Cr 05 SRR e pLARGYS B ERRIRSHYSLUpe Bp RS, BHESFLIPAL o Apcdiopl ar cel

100 dr wn to erent scales 1 n acc t he princi
pr esentregion @60 being dispescslaicar toaiclandBer. cMmat bmt anwalfzé)raréll’iﬁntedi rorsore

enmbodi nents, the wafer. 110 is a 156 x fer. Prefera Og{}/ t he wafer
119 i s qibsriviss fermed. oB thecwraeteighe wﬁff‘ér118| It 1%%}‘ienalélat§’ﬂlﬂil?’éé‘?? 4eglieesor

mul ¢ AL b B on AN GRTBEAAES: il dHESHAPRoTNeo Rl URLLORA S

formed froma p-type region an n-type doped reqi 60 being
di sposede nlex thsposedraﬁ tﬁmmirﬁzee of Metvadfercldot a:odollh&tnbseléélﬁc@lrohal@e |ﬁra>heﬂlus or
ot herwi se fornmed, on the surface of the wafer 11 is contenpl ated that

the corfioakect lifgiaad eamy ¢ gHt @) @&X%ﬂ%lé@%&lfho@ah @bﬁlﬁiﬁcﬂﬁ;@ thpgatachlingst her
than ”E%%etp ﬁ‘trd# wfv&h ings 1RP tﬁa@(l)r%]pmesﬁr?%%jarg??ptr&%nﬁ néﬁ&? of the

waf er ect ri ca rge rrom contact es and carry

i 15 out HovizaitaEXicering] it isadtendyldtbdthghother unt¥ers, ke shdjes cfthadiond, iangés ar e
represented as five vertical |ines 120 and the conductive fingers are
r epr esetitaggeradnts aothaspriaghd &0 and hegers ) canbejegplewdenpl at ed that ot her

nunbers, si Z@%gex%ﬂ&?%% ’115%) o%%ﬁﬁﬂo?ﬂégenﬁ@&tcﬁ%?ﬂﬁ?&@%ﬁtp@(xxarfé}el16%{%3@15 120

andflngers ‘be I'n” operati on conmes In
sem condelexyscd@ireict ako bétwebe thvabafaclilfds t D0 an@ingdre 1 B pois edmsutcd ane 140

bet ween the contact lines 120 and fingers 130, it is converted into

electron-hole pairs, typically within the n-type doped region 160. The electrons go one way,

20 getting attracted into the contacts 120, while the holes go the other way, towards the p-type
doped region 150. The more dopant there is within a particular region, the more the electron-
hole pairs are recaptured within that region, resulting in more lost electricity. Therefore, it is
beneficial to control the level of doping for different regions. In regions where the light is to
be converted into electron-hole pairs, the level of doping should be relatively low. In regions

25 where the charge is to go through the contact lines 120, the level of doping should be high. In
FIG. 1B, the shaded region within n-type doped region 160 represents a homogeneous emitter
region that has been homogeneously doped with a low level of n-type dopant. The patterned
regions 170 disposed beneath the contact lines 120 near the surface of the wafer 110 represent
selective emitter regions that have been selectively doped with a relatively high level of n-

30 type dopant.

As a result of minimizing the dopant concentration (thereby, maximizing the

resistivity) of the homogeneous emitter region and maximizing the dopant concentration
(thereby, minimizing the resistivity) of the selective emitter regions, the ability of the solar

cell to transfer the generated electrons from the homogeneous emitter region through the
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el ectron-hole pairs, typically within the n-type doped region 160. The
el ectrons go one way, getting attracted into the contacts 120, while the
hol es go wbeoeorises7sway, towards the p-type doped regionPEﬁﬂmzﬁhm4nm9e

dopant there is.within a particular region, ﬁl F el ectronhol e pairs
ar o ecHBEreEm T RS RalerCBPEH IS SOUFERS WIS GLOURE T TEY
Ther ef Qli&irohihol SpAAeREShEindliod R r@(ﬁf&& Ohddiftend1BY 8khRish @%@ep&)ﬂc‘[eﬁﬁ lifed da@r ent

regions. In regions where the light is to be converte nto el ectron-hole
pai rs, dohéudtewet clottridopithey dbobllodk h@rer legla fionebntertimhe kolar eagi andsbevxtger e the
charge is to go throug eéhe cont act nes 120, the | veI & $ % shoul d
be hi gwonverrt% o qlggirofiy %Hﬁlagezw@dh%ﬁowt mrﬁelﬁratt%@ [ GBI 60

r e?r es er@ 1%n &o %Q%ﬂ%%yﬁné% ”%1% tcSﬁtaétqgl'heQ Bard Mallﬁ%ﬁ n%%rﬂhlﬁﬁé@ﬂl%&?? 'dﬁbé&m%oloed

evel of n-type dopant e patter regions 170 di spose
beneat hntbﬂemghowtemw thd svds ckROwhidmimptroeng trefsakze colfs dbiletywafrensfddbe r epr esent
sel ective emtter reglons t hat. have been sel ectively doped wth a
rel at i VAGOR é‘ﬁml By siCcigen-Rely pair geRARNS 188108 19 B AoRtabt s ni i zi ng the dopant

concentrat i qf (Gf ghﬁ)@)ﬁmé@f kg %ﬁgz%gﬁ&%slﬁr%géd{ {dn¥id dgé]edttﬂ faflomugeneous.

emtter region and maximzing t opan ncetratl t hereby, m nim zi ng
t he restdtandetivh rm’igetdfapp[ekﬁﬁﬁtélyGSOQ)hrhst/ﬁ]’uafeagIapp‘tS)xlrhzhelyabO IOhinys/sgarche sol ar
cell to transfer the generated el ectrons fromthe honbgeneous emtter

r 8yi on Whiteoligpeledivsh %@9@1 rﬁel%aﬁ @peﬂé@h%\f?sa Sthsettrﬁestéwﬂa@trarrgerfés i s

| nor eassthb f\nhl &l ol BRIAGELBATORK Yokpe hSHEARTRAL AR

reconbi nation i gger contact lines can
conducthomugen&lugigtdoped tagjontibdypal tsolabé oslicenmsigtahegbt appraximetatyerong t he
solar cell and being converted into el ectrons. By maxi m zing the dopant

concentPR/ eaEs Whils tasyedsetively depgd fegions aigidonsd togve gisBeet SI¥NCE Pf nes, t he
cont act e made thinner, thereby allow ng nore Ilght to
a}pgf S at%%?(?ﬁrﬂ%(ﬁ/ Q

enter t ar “cel e inproving the solar cells ability to transfer

the el ectronss preoidutlhencationdd, dre-jir artpas bepanabttd again elghso vortfiputh@ne.ont act
lines. In sonme enbodi nents, the honogeneously doged regi on |s doped to have
a sheetInoedsr &e aghieycithess oF simglar éppaappqawtﬁﬁt@ayl ghe E’G]WI‘;S% &velsy gnd their

approx'a%@@]rﬁé %2319@{%/ @) ?ersgnn%{%n'u‘c?nre& log" bén‘ﬁ%h%g(ﬁ erglleﬁ? ons are

doped toO Tes stance Tn ar Ohms/ squar e

to apprlmpnmettehyuflﬂhemmeﬁuaﬂesedllmfemtr&gﬁmi@odl ments, the hormgeneousl y
doped region is doped to have a sheet resistance of apprOX|nater 100
Chns/square]ﬂﬁh?PQWWﬁ@S§é¢@@b@@éﬁ?t@op@dhpéép%ﬁ§bﬁW@&ﬁﬁ%@“ﬁBUhave a sheet

651 St ANCE A0l ARG AXLIALELY PR HIRLSAVANRY ASHRLEYERYS! shollRBhL ONed. the

prior ar been u ese contrirguratl ons.
embodiment of certain steps bemg performed in a certain order, it is contemplated that the

order of the steps can vary in other embodiments in accordance with the principles of the
present invention. Additionally, the use of the terms “first” and “second” along with the
terms “ion implantation” and “doped region” in the claims should not be interpreted to

25 represent a particular order unless the claims expressly state otherwise. The terms “first” and
“second” are merely used to reflect the independent nature of the implantations and regions.

At a step 210, a semiconducting wafer is provided. In some embodiments, the

semiconducting wafer is provided as a silicon substrate (having a mono- or poly-crystalline
structure). The semiconducting wafer is provided already having been doped. In some

30 embodiments, the semiconducting wafer is pre-doped with a p-type dopant, thereby creating a
p-type background region on which the other aspects of the solar cell can be formed. In other
embodiments, the semiconducting wafer is pre-doped with an n-type dopant, thereby creating

an-type background region on which the other aspects of the solar cell can be formed. In



In order to achieve these or simlar dopant concentration and sheet

resi stance levels, and their acconpanyi ng benefits, the present invention
enpl oys iwdependestsl y performed ion inplantations in thecrarseewioenoof these
different regiqns. FIG 2 jllustrates one enbodi t of met hod 200 of

f or m ngrOmeSGTeARE. U prElonr AiHAEErRe FPH L JOPFLIOTIANS * shodt FRoNBRESEH:

| nventi ghse il pliRHENaEl G GuiDANAARGERAAALERND GmGfLALN Steps bei ng
performed in a certain order, It is contenplated that the order of the

st eps can vaktya step 22(hdre enbadidoetintgswatiar mhoorogencoeslwidbped Wah prlowci pl es of
the present invention, Additjionally, the use of thﬁhterns "flrst” ﬁnd
" secondONSTHRYOMYA tlforrriusingandor impIPYASR PGRessa SO%%M@@% Si n t he

clains : [ ; I CHl.ar - ynl ess the
o1 51 o S S PR bR Al fioh SRRl e B i v el 'y
used t ovafef. |Gt 3 tilhethrd epe adbodinrat afracharfiogeheous il amilathidorsofadvgantes@isons. At
a step 210, a,senicondugtin wafer is praovided. In saonge eg&&?inents, t he
sen corB@c SeAYcandreler aleh s disgatarde walei 1P dp AT |15k ¢ Hais eonimmplantafion ¥sno- or

pol y- crygshal &HS%&E%E%FS éclié gg%gﬁ 3661 6O Q%ﬁfc%ﬁ&l&tmgfer 5f0 We?ﬂegfrg-i al ready

havi ng been doped. odi nent s, e sem conducti ng wa S

pr e- dop@edvdglivne3 J9- tHHpebldoahbmopdrepedimyar3®atis ognhfaumedity gendvae kipcoomd r egi on
on which the other aspects of the _solar cell can be formed. I n other

ehbodi rolR RaIrstas @ rewd A dhrrineidengy oldiedt This peaogriiseds WrerR o8mequiey pdoopant |

t hereb i - hac i I . Ot pects of
the. sol 5o S gk ol B B o S B Do ouna
regi on dasricdQped ot p-th@vdpanisik @eplanted ids¢ppinaethc Avadicrr3d0geloxf toapedioni doptngl y 30
Chns/sayare to approximately 70 Chns/square. At a step 220, the )

seni confRt ithgeRPepings JnpHogagaipsshy PEoiped Watgiah InciRmesmeRadiments.ahis| evel
of dop I an. i i i ) i his step
s ach i ? sl RhAThe RRCRP6REEen, bE pRORATIACH TR L

sefn condutigen@uibid@ped fdglon 3H0i IPrefsiabsl ¢ mpedopstiegionssd iop-typchiopageneous
ion inplantation of dopant 305 into a sem conductor wafer 310, simlar to
waf er Ml the pprogemgousty lepqdgpgipRg Pl Ht tabipe dopwh Hoy esr.otisep®seous! y doped

region(%gﬁg%gi&ﬂgnga@%ﬁgﬂgg§ %Qég%%%&wﬁgg?gﬁﬁ%'the pr edoped regi on 350.

Thi s blan onogeneous is confrguréd to generate el ectronhol e

pairs as a rgsuWdpaiifis ifielahtod baletheguidioh igfimed U sndnapgaRemMIcH al¥pth, 360
requires a low | evel of dopant (high resistivity) in order to not adversely
af f ect Suplbas grcaukindle reanuéacigercaaiFgmeits | Ingomgenpodipprnty disadepth andi lgylant ed

RN A e SRR
requirements. Various models can be used to pre-analyze and form a tailored atomic profile
for this purpose. The information can be fed into the implant and anneal systems to meet the
requirements.

The distance of the junction from the surface of the wafer is determined by the amount
25 of energy used in the ion beam during the ion implantation of the dopant. In some
embodiments, the amount of energy is in the range of 1 to 150 KeV, depending on the desired
specifications for the solar cell device. The dopant concentration, and consequently the sheet
resistance, of any of the regions being implanted with dopant, whether they be
homogeneously implanted or selectively implanted, can be determined by the beam current of
30 the ion implantation system. The species of the gas being ionized in the ion implantation
system for the ion beam determines whether the doping will be either n-type or p-type. For

example, phosphorous and arsenic each result in n-type doping, while boron results in p-type

doping.
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junction is a p-n junction fornmed at the junction between the pre-doped
regi on 350 and t he honbgeneously doped region 360. Preferably, the
pre- dopedNO&g@MﬁZﬁEO is p- type doped, while the honpgenecudlsgoodopadd r egi on

360 is n-ty e dope ot her. d confi |on are within the
Soope.of ¢ hat I KOBEHIP Y BT ien T RO S P PP AR S Tnct  on i s
formed ih Gl &l sotnPEBORTREM NASnEERT Ian 34 NoBEY ﬁ%%&'ye'ag 14 Soff@Nuf act ur er
requirenents. In some embodi ments, the depth and | evel of dopant is

det er m angebdbyertthansmekanfation Bystera |(nuxftahd>\un)ehavrr@| lsgh pradyctanty i uset foothe
requi repents.. Various nodels_can be ysed.to pre-analyze and forma tailored
at omi ¢ 9PBYE 9Ldhg diflcront gegmspég& R At b BT s et %fgcq ROGEne

| ! anty g AARGAL ARYGLERR SEAITEGRDG G, 3BT BRE D 1 h@oﬁ sliggre of the
junction fromthe surface of the [ eternlne e anount of

ener gy ‘USHRLICATIONSI SPEMEKIMBLEANG Sﬁ%TEMrF@W%MSO@AR)CELhe dopant. In

sone enbodi nents, the anount of energy is in the range of 1 50 KeV,
dependi @B%W%@h&%sw i§ here ﬂrk?afnoe%%db ??rﬁ%ceslautéﬁmér@m asaéwi"@t h The

dopant e ¢ aRY 2 SRS py of the
o0, ond Raf Nt Rl Ao B ERRSEE SRk blrk U SRR BEgh RUADE BBl
|nplank@dm@gesabﬁﬂhewaﬁyatmpkﬁnuadwxﬁanehﬁnﬂmkhnnnmedwﬁ@sphﬂxhean1current

of the ion inplantation system The %pe0|es of the gas belng ionized in the

i 6h i npl ant ati OHCRFEL dif YeBHCAHECtingnV HEhimsHlEEBiehi FRRS m@tah@g the doping will
be eit *E%hcé}mfa}ﬂ?ﬁl El & dopRi: usr%r GBI Lor Lﬁ‘?&%%f?'hﬁ REN &eﬁe@?h
result 1n n-type op|ng boron resdlts in ype oping. 1t

cont enpbahiad atbRttivedmidesregon dnnhé anteat Taa 1cﬁ1ylatp@[mmmarpr@@sm@d in thetslf@
present _invention. In some epbodi ments, plasma inplant technology is

enpl oyed0 15 Aredsakly éndsaendeahelsthe 1 inplniitoamrensssyssd diiherméd 29own) havi ng a
hi gh product t I I . Such an
ot ant at | orndbis¥elbar i lidedice 1R, ARRbAG:Uephne YobleB 1Y, EALEIR
Ap$)l i caddimm&e foif ahplhhindnerg y&hﬂlﬁéﬁ afSseldeiddad pdavid: viety hid@@Bparent i t | ed

" APPLI CATI ONS SPECI FI C | MPLANT SYSTEM FOR USE | N SOLAR CELL FABRI CATI ONS,
whi ch i ngRYaEen (lawgegaratyeat pycpicthe switecs of Hio substeye.j T i \9ara§e aqhieyeel forth

her ei n. It s used
to provP%%gﬁgﬁﬁu@ovegggégggmgﬁg Q§EK§3§@85%$%§Q%§%) IVI qngﬁﬁﬁhbthousand
or nor qarmﬁemalpﬂéd hodlre, wﬁich&wﬁlﬂ%ﬂhé’c&@sedtlﬂﬂﬁlrﬂi%ﬂﬂét@lmdbllﬁwVﬁ@l vahe&t td S

selectlve do ed with a high concentration |evel of dopant using a direct
and/ or g n i nplantation process, thereby

20 The purpose of the selective doping is to achieve the surface resistivity required for
the subsequent contact formation. As the requirements for the fabrications of the contact
migrates from screen printing to lithography or ink jet printing or other novel methods, the
surface resistivity can be adjusted to meet the requirements. Additionally, if any surface
passivation method is deployed, the implant conditions can be adopted to cope to such

25 variations.

The placement of dopant in the appropriate lateral position underneath the subsequent
grid lines and at the appropriate concentration level is extremely advantageous. The
formation of a plurality of highly doped regions in the semiconducting wafer over the
homogeneously doped region can be achieved through various methods. FIGS. 4A-C

30 illustrate different embodiments of a selective implantation in accordance with the principles

of the present invention.
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formng a selective emtter region on the wafer. The ion inplantation
process used in the step 230 is preferably independent of the ion
i npl ant atworzoprisesss used in the step 220. In this sel eeCus2aopiTgo st ep,

the approprigte depth and doping. | evel, through the adjustmnment of inplant
cner gy and i 4Aaeelioet SRopasrhtre Gy T bEOpAHE SBALERES at | on
(low regisbhvity) at or near the surface of the substrate. This can be
achi eved through multiple inplants at varying energi es and doses or as a
cont i nubenuef of\agrhiysiballmask layer gD witten the iraplaot sydtepr thht dcebesnhe cdyquuwed | be

di scussed. in further detajl below w th respect. .to FIGS. 8-1CB. The purpose
of t he BetBLsERnsdABORY- i et e gk l%méig%wfdéﬁpgsqde@rgﬁ?teﬁnppedr @P&‘ed_ for
Lhe subBeQUARLUGAN dGhe {AERduBling Rt BRI AABIRRRBAGAL (idiBn behn ket | ons

of the contact mgrates om screen printing to ogr aphy or | et

pri nti rig shapadt hieh ansh@in meflbod§€, int drdersunrifpoec irepliast ¢fficikeycycan be adj usted to
neet the requirenents. Additionally, if any surface passivation thod is
depl oyed, t%éGr ﬂ%uﬁulﬁra&eéﬁaf: W@ﬂ@@&h@@%@dﬁ%@ﬂ%@@%é% 5 RSteHhr i ati ons.
The plqﬁﬁﬁggt of dopant in the appropriate |ateral position underneath the
subsequent “grid lines and at the appropriate concentration level is

ext r enal gonadvantlageauy4 didpesddosmuat isaniacefof ahgdeutiednduytingf wateghly Theped
rﬁgions in the sem conducting wafer over the honogeneously doped. regi on can
b&0 achi@VEEt MATOlaYH A/4rnbusstihes e srauired arplantaegions ¢kt pgp@e gnrdingsits,

enbodi ' ' ' | | kGl pl es
of the o S nibsEELECHIR ARARRED Shoh el FEPERRAE I LONACRREMBELP; O
i mpl ant4dican b Barnicd theuglothvade bha bthgbraphie, stsengfrindingBiepiot athemglositiayer 472
within the inplant systemthat scribes the required inplant regions 470
only. THE RO PEICCHESK | ayer 472 is di sposed a predeternined distance

above the sujfage iflkie SLTREORING! RS H! Bh b34R-405 R AQIBASTGH gppt s, the

i on beam can bé shape such as shown I n er to Inprove

i ipl antthefdquitt@heyantirb&ondB70 dil deptic@idastimneatendoli Iehis ewbedendnighé on
i npl antation 405 is performed through a contact mask | ayer 474 di sposed on

t he surifpiat beam AR5 wdpiregshiguesat Hiy sk laie dmgnsiqmdherehit ody implantingiher 474

only scrj. uired inplant regions 470. In sonme enbodi nents, the
contacﬁégggé)kgﬁgﬁgﬁ74 is formed through a coating. For exanple, the

contact nmaskt isay@sd that in some embodiments, such as in FIGS. 4A-C, the selectively doped
regions extend down to the pre-doped region 350, while in some embodiments, such as in
20 FIG. 1B, the selectively doped regions do not extend all the way down to the pre-doped
region 150.
It is also noted that the implantation steps 220 and 230 can be repeated as many times
as necessary to achieve the desired results.
Optionally, at a step 235, a contact seed layer, preferably metallic, is implanted over
25 the selectively doped regions in order to create a transition layer between the semiconducting
wafer and the metal (or otherwise conductive) contact that will eventually be disposed on the
surface of the semiconducting wafer. The formation of this contact seed layer can serve to
affect the work function of the contact/semiconductor interface, to improve the electrical
contact between the semiconductor material and metal contact. FIG. 5 illustrates one
30 embodiment of a contact seed implantation 505 in accordance with the principles of the
present invention. A relatively high dose of metal implantation 580 at or very near the surface
and above the selectively doped regions 470 can form a silicided layer. Various metal
implantations can be used, including, but not limited to Ni, Ta, Ti, W, and Cu. Such band

gap engineering can improve the overall performance of the solar cell. A contact mask layer
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474 can be formed through the use of a |lithographic, screen printing step

or other deposition and renoval processes. FIG 4C illustrates one

enbodi nervowhers23i7ee i on beam 405 is tai I ored to dope omrcy/ush@9nenyud r ed

i npl ant_regi ons 470 on se uct'n r .310. t hi s. enbodi pent, the

o] antSTBEARPATE ' rROhRE Al el peiogy 18 Al 6 PRI ORGREBy ol y

| P! anthifiod{Wolvigh PIGS)4/0C (REELRSack Idhnia®t MRS ARkichbATRaPBDRCTENT S,

such as in FIGS. 4A-C, the selectively doped regi ons ‘extend down to the

pre- dopeqbrcvm@ycahgﬁ&ﬁn fortni thecomacs ocrel regbmdvmthd: s&;le@lure Iennt$er|reg1ﬁl Gr'hikB, the

sel ectiveliy. dﬁ) ed re i ons extend al l ty to tg élgre doped

regi on HAHIHOR eEStalP g net 8“tS IOIF]IRéOVer’I’EId& I‘?IBlﬁe”sI?f‘é 98¢ dRdM230 can be

' epeal e APl dRicATRBE ARABLNH S AEMCAHSAG%0 Atk eShLs

Opt i onalf at aa step§12035a a cont ac Qeﬂ%hll alyerr, p(r)e elra1 eij met gIt;

i npl antlea:kage/ emnd fon@asel et Seheltity doded M@@tomsmiaondnmﬂ@*rcohmctsra&apresemt in

transition | ayer between the se co,ndﬁctl ng wafer and the ggt al (or
o

ot her wi YENJIgWRNA Rigsle vics Archieding Hase i the PEHE uthayyrapBelfive SHEEES8n t he
surf aCESc(PIE)tt e}hﬁarﬁgpaﬁg;ﬁgl{ﬁﬁﬁlﬁgom&q{e erﬂéﬁt (grp{hg?hérﬁ&erqgtlcg Iaf Ciﬁ)t@ffg&t seed
Iayer can serve to arffect the work unctl on e cont act sem conduct or
i nt er f ddercfoe, comrodued arageheat of thalintertadeais bf batefie aninipheviagtieconduct or

material and netal contact. FIG 5 illustrates one enbodi nent of a contact
s&ed irﬁ?lrfeé?ﬁfl%}%qedﬁs@%cq]ﬁ accordance with the principles of the present

invention. Ayrelal bMehy teh' tﬂ&%‘se {onﬁg&ﬂv'e) LamRARnhatd gglax'?@cpoﬁhe%rfé(@er y nhear
the surface and ové the se ectively doped regions 4 can forma suicided
| ayer . ofalé mnsicasreimaﬂmg wpfeanhabheresntodimdas, setetal aaltacdiings arbédrnedtonl i m t ed
to N, Ta, T|, and Cu. Such band gap _ engi neering can mPr ove_ the overall
per f or thnswiase Olf H@ sspicondeding, wa&ercéuﬂ%a@ét by PHEKNE. 2y &P phetgHthoarapirand o

pr oper | atﬁIgmﬁo&Q% cgl?é %I%ﬁﬂ(lc%ﬁd tﬂa?ot{h@rcn%rgﬁ@sg 6 Gh b Eed RGREAH: ALl | gnirent

met hod physi ca contact mask, "and physi cal

bean cantds dﬂl&ﬁtﬂletsémp:bﬁcﬂlﬁﬁihg valférg FI@nelilfusfratct big: ﬁﬁﬂiﬁcﬁlﬁént&‘(ﬁadnd‘tﬂgl on over
the selective emtter gﬂq This transition |ayer step can even be used
to i npreoukact foéﬂé}ﬁ‘wfblﬁaﬁcc nacarithye pepelss of thepressnisingendion. ke matd| ant ed

regi on I e t
I egkage%g[napl?or ma h%# %&h a}/%& @\{e%he | ogfel& Orlgb%lgftioteg,- @é)r%hﬂ %‘gtbc%rlgcgnat acts
are presatict maskeyR imPhofoaNehhed gsedey iteacedihplahitgbr s ETHatohbet Piidsor art .

They can behave either as a Schottky barrier or as an Chm c cont act
dependdr0 ashcarHiguedddp sendict §1te¢tr:1§alc91ha1tgﬁé‘rqnhthé selgetevely doped regions 470.

20 Optionally, at a step 245, an anti-reflective coating layer is formed over the

is

homogeneously doped region. In some embodiments, the anti-reflective coating layer is
formed by depositing an anti-reflective coating material over the homogeneously doped
region. Materials that can be used to form the anti-reflective coating layer include, but are not
limited to, Si02 and Si3N4). In some embodiments, the already-formed anti-reflective
25 coating layer on the wafer can be enhanced by applying ion implantation to it. FIG. 7
illustrates one embodiment of an anti-reflective coating layer 795 formed over the
homogeneously doped region of the semiconducting wafer.
FIG. 7 also illustrates one embodiment of the spacing between the selectively doped
regions 470. In some embodiments, such as that shown in FIG. 7, the selectively doped
30 regions 470 are laterally spaced apart from one another a distance in the range of
approximately 1 mm to approximately 3 mm. However, it is contemplated that other spacing
dimensions are within the scope of the present invention.
At a step 250, an annealing process is performed on the wafer. In some embodiments,

the annealing step heats the semiconducting wafer to a temperature near, but below, its
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Therefore, control and managenent of this interface is of benefit in

i nproving the performance of solar cells. At a step 240, netal (or

ot her wi sewoanmmsnjme) contact lines are placed on the secfraseoof4tine
sem condﬁcti n I n sone enbodinents, the metal contact.lines are

f or med BHUPHE lé‘h?rfdgréétof?ﬁ demass B wenaid b ondhertyselacee githgr i nting, or
usi ng RRRQINLARGARBYIRNE aRY 8 thBSon inFINBYSIn stds. The aﬁﬁgaﬁggg@f) ggy t hat ot her

processes can be used to dispose the metal contacts onto e sem conducti ng
waf er . déh(ﬁnsﬁfurhdtasvsainnealmg Merrmnbd&; arrmmetraoﬁeaémgwr ﬁlhslnkampamhezﬂmgmam bon in

d th t | t Th t al t act
[ nes. 866¢ ectsidi Biighabnlias. cMaoplURL: Peyout Teenaciingay Mbed reg: ons
479 US'&Qfoﬁne@attﬁg&ncE@ﬁhe mbthodl A@Jm%lgpla@& Rk Hﬁsp SAntdiet 38Lhint.

i mpl ant'ation step cont act nes are cont I gure to conduct

el ect r ilkalexahplega sbnernttodirsalts chd armleg/hr@qned:sa; Esg]ecfnﬂnéﬂ?ﬁnm@jaﬁeb’nal ly, at a
step 245, an anti-reflective coati ng | ayer formed over the honpg neousl y
doped r¥BicsHent|ie anyaReaghghtcieminap! a@tﬁ%orhﬁws w8¥11= BRI eFeerelpdimeRys. s

forned eﬁ%eﬂﬁ%%ébée‘s@g ffoﬁﬂéd affe‘?fah of Fﬂe\{&% ﬁﬂﬁ%ﬁt@ﬂ%ﬂgeatrg EdibieRY qrhettﬂﬁgg of

honpgeneous oped region. Materia at” can be used to form
anti - r ght eotchlise poatdsngllinay glifedt fel sutdsquittisteps protedsing, bt ftedplaat oStk and
Si 3N4). _In sonme enbodi nents, the already-forned anti-reflective coating
| Yer JiV {ahsicHiEamestcRsan be enhanced by applying ion inplantation to it. FIG

7 illustrat %r%%e%m%qh&ﬁ@&é a%%v@g)r@\rf#lbn EPQ @gﬁftﬂa{{@n FAAL @l ayer 795 formed

over the honobgeneous oped reqgi conducting wafer. FIG 7
al so i Isensdondt@mgondeembpbié n®dtio afigh the fpationf batwee Thishan deheldtvedel y
doped regi ons 470, In sone enbodi nents, such as that shown in FIG 7, the

sel ect iRFBIyo Hspeg %@F@P@Vw@uw@thpa% #idep dgpesdanien hpsnebilite Al B8E Vanot her a

1o amS; AN ARs o FRRRS, IR R RoBRMEA B Fiike Rl bRE"er

t h@ pr agaRkt irline e picSdht Sﬁﬁloan@licﬁﬁ ré@fatn raaReddwigephecafisreh®npdof or med on
the wafer. In sonme enbodi ments, the annealing step heats t he sem conducti ng
waf er  tRIOEPVOKRS @PRKGHIENHIZE Ot 3 RITESILAY, SCPYEEREPgasbihKe 2 SPI¢ est or es

damage Eg&{rat%%né&f% l%hﬁfkeUpon the crystal structure of the sem conducting
waf er an Ion inplantation steps. The annealing step can

conpri se fur"H&Cdi)p&[grlﬁﬂlbt thg grifllines eat dlsebetailérel AaRral3Ndedimh Adowredidiash | anp
anneal i ng can be used in place of the furnace annealing. Al though FIG 2

shows tRgion s bypeiertipliydiragr Penralenban te copeckesiil lrest s aebod, it is
copt errpald@aﬁggeouggs (Laf %Iaucpe th@%%‘%‘eﬁ{lﬂe& e%%trﬁgylegl?agg from the grid lines to the rest

of the wafer. Such leakage can reduce the efficiency of cell performance. An adjustment of
the implant beam dimension or physical mask can provide such capability. The magnitude of
such leakage can be reduced or eliminated through the advantageous placement of dopant
laterally as well.
25 The tailoring of the atomic profile can further be enhanced by the use of additional
implants at various energies (depth) and dose (doping levels) to achieve the optimal profile
for best achievable cell performance. In some embodiments, such combination implants are a
series of lower dose and faster implants that can provide high productivity and tailored
profiles. Such methods can be extended to the formation of a box junction, providing a flat
30 top profile with an abrupt deep junction drop in atomic distribution. Alternatively the deep
junctions can be graded to provide a gentle transition from high to low doping regions, and
thus prevent the formation of electrical barriers.
Additional implants can also be used at the end of the PV fabrication process as a

remediation implant. This can be in the traditional sense of the retrograde implants as
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For exanple, in sone enbodi nents, the annealing process is perforned

i mredi atel y subsequent to any or each of the ion inplantation steps, while

i n ot her wolo@V1e3™8s, a si ngl e anneal i ng process i s perforrasdocaidsan al | of
ntati.ons are c lLete. The t t he .anpealin rocess

the ion, inpl i.mng, o :
w1 naleP R PE B e R OE AT Gise pe B AELER S ST BirEr T B her PV
fabri cafhQRustiePFornfabn SPIR sBffadeBaMRENRES FHPRVi8HviB &Vt HeOtha®Eofpletion

regi stration nmark on the sem conducting wafer naybe used to aligh the
f or mat i ddnhodellf febiticatios. Ifhicdl dvasindtement itheclvrend tegstingspecdichtiensi arpiraming hr ough

vari ous thods and.is dependent on the capability of the PV. nanufacturer
and t héMPlAbatd F QN SIRPLA Fé‘s?{’g‘f’ﬁ%r%&ﬁedp%é’%énqea ferRpPlyea very

regi st rl?%h]'% g&;igg LiRind M éag?go & tgi gae Nhe S&TH ONLHGH gFevreﬁ‘quﬁhéﬂEél&QeﬂP{h‘és:

However ui rements ovol fai ¢ applications are not "as stringent
as semfoohduti@stowsancdvbssefiecsi npl e regi stration mark will suffice. The

dopi ng under_the grid lines can also be tailored, laterally, to forma | ow
resistivity FMEGEHOYRER by ahe HessHbingRRECs @fynvlapﬁépde@ﬁné%ﬂ@wt HRRIANE he

cont aCtthHﬂl%glidﬁ igri}ﬁantim Senﬁ@‘l@%ﬁl% sﬁ%ﬁﬁ?&f‘:ﬂ?&%&&i ofife &%%8@?9%28&@!:; potenti al

of electri age fromthe gr Ines to the res wa . Such
| eakageaccadinead diteusetie pefférendce beieqafreraatts. Jpeid wersangepren addiadsjuneivin of t he
Lﬁglant beam di_nensi on. or physical nmask can_provide such capability, The

ni t JQEDSYT Profia) 25 amidsalabewit Jwiction ghe e tagt denth-nPHISE BT MRy atsiertayelling

advant I t\ad I t he
o ¢ Ao dh BERAL. R f RAREIALAOPUHA WaPRertld dgoll LEHOIRE RERGE LTS
var i oususenengyi @msfet deptytpealangstofitese a(stalpiwn deptieMolisyed by aghitvellinggrafiti mal
profile for best achievable cell§£erfornance. I n some enbodi nents, such

conmbi natl tha Wiahhe Bistbackgreund dopinge Safr.|thrse skidisd &n Bis@rithaye apt hegpprblste t hat
can prayj i uct Vit I - can be
ext e 5o ey RIUA teltlel b AR R AR PG ich P Son o BIE IR 220 e
Wi h am@hicypbfildeap jhanebédrnimit@poiasidpeiasds tisirtbutivenThdpicegnnat i vel y t he
deep junctions can be graded to provide a gentle transition fromhigh to

| ow dopP¥RitioB gresriaultinledndengadant dorant implants ayviag pedesrmisrd dffarel barri ers.

Al | gl TRLRILS,CO0:RbARIA% 368 Ltk PeSOh Sbul o RN iy Lhategn

process as a rene an IS Can De I n i onal sénse of

t he retdcogidagaoithglsant prefiseegekoyed i n sem conductor applications. It can
al so be used where an inplant is carried out subsequent to formation of the

surface and Id&ep illuates one pabpdipiopt eha prefilettadloring grapll SQbimpsceardgige with

20 the principles of the present invention. The graph 800 represents the atomic profile of a solar
cell with respect to dopant concentration (At./cm3) versus its dopant depth (Ang.). The total
atomic profile is represented by line 810. Through the use of multiple ion implants, each
having a different concentration-versus-depth profile, the dopant concentration (and thus the
resistivity) of the solar cell can be precisely adjusted and controlled across predetermined

25 depths by the user. Graph 800 shows three different implantation profiles 812, 814, and 816.
The combination of these three profiles results in the total profile 810 of the solar cell.

Although each individual implantation can be limited to a Gaussian or pseudo-
Gaussian distribution, the present invention combines them to effectively tailor the shape of
the total atomic profile. In controlling the total atomic profile through the use of multiple

30 independent implants, the present invention enables the user to effectively control the
junction depth 840, where the implanted dopant of one type (such as n-type dopant) meets the
dopant of the pre-doped background region 820 (such as p-type dopant). The user is also
enabled to also control the dopant concentration 830 at or near the surface of the solar cell.

The present invention allows the user to control the surface concentration 830 and the
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of the cell fabrication. If a cell does not nmeet the final testing
specifications, a trimmng inplant as a renedi ation step can be used to
i nprove uhezpmvﬁmnsance Al ternatively, a very light doptmgﬁmmmmmdoﬁhe

edges af the used to revent fuyther eaka

final UBRHIOR e ratfartyOF o SR RSt rupHERTEyhe ABTE bty B
'nVentH%ﬂn@ﬁ&ﬁ%k%&ﬂé%nhﬂ%ﬁﬂ?ﬂpﬁnhe @Bfmkﬂﬂhﬁﬁﬁﬁyéh[%ﬁ&%n&&ﬂso”p|antat'0n
enabl es the shaping 'of an atomc pro a solar cell device according

to thezmpﬂmnsMpbeTénemoesumsimeqmmpeﬂmdm&mﬁSdnﬂnmneqsoﬁhyspMeﬁﬂnohwhpxed

]UnCtIO or. box profile) s an i deal abrupt at a cert |n dept h.

Q her J %‘érf%‘f%o‘p‘%@?r@%onamt F 1Ag° p@r?m@a@fy&#ﬁét /gwgftaéepraéwt? 8 the

juacti EEp C d; a
4] Qf' Ah/cﬁgz fgheugdi Owﬂgﬂepr}%tﬁ@%agﬁ rﬁfé@;@ﬁle‘éﬁ@’ﬁf ta%%d% Gh&s

very pea y prof at a shal , gentle rolling profile
al |t haliffergnt jontthee deptisgnd suindacd @pneegtratsensf ar, t hose skilled in the art have
not been able to achi eve the advantage of being able to efficien and

ef fecti vel y TBORE P AhEicsHasEmat of Hig aé&%lmpéoflﬂ%& 1mée%\nlalqna%}%alge@h 9?3P mted

to a_simpleRuasidticlhal i MiaiiorDEsPIE Ta oid RURNELO. USRS Ml T Pl @

|ndepen ent pant |np ants having pre rm ne erent
concentdifftisiom- Héﬁ$h@eﬁhpmbmp®mﬁaﬂE@nmdmmﬁﬂkﬂnheomﬁp&bfnmhsebﬁﬂﬁﬁm@hmmlc
profile of the solar cell accordln%‘to t he user's preferences.

£

i 19 ust rdgpedh %ﬁ?@ll@?ﬁaﬁi%\ﬁ% eppreyent Beiupe o being ablege &M@pe@en'ilw%@é%@ance
with t %%rﬂa é{b‘h‘ t&%loﬁ égﬁﬁcﬁﬁg\j’atteﬁﬂh”%@tdsé}’ls 1&@&1% anfr G0Ri, etﬂéﬁ R s the

atom c profi a sol respect opant concent’rat
(At./ crea)p deeps by slrhlslydmaa’stngdmtdmcéﬁngmh andldepthadgdthert@lined [0 of inlabmgs
represented by line 810. Through the use of multiple ion inplants, each

havi ng te aiorﬁfl%? Eh%haeewerew FostGapIRE Wisy comserdspom apg 6tfnth1 tgethgplodisatio”
concenty dy%tds {:Fbu(a'lahgeethe%ﬁé tdg‘(lltleta%mf’cf egsggepﬁqs ectclﬁaﬁeasge%{'oﬂ% precisely

adj ust ed an con r 0ss ermn ser aph 800

shpws kmmﬁﬁlﬂbﬁkeﬂ@p&mnmhéamkﬁt|on profiles 812, 814, and 816. The
conmbi nation of these three profiles results in the total profile 810 of the

sol ar cel |. HGSh é%tB arg@anhs divstraing the geyantess ioprollefabering ahikitydor solay
Gaussi Il hap @Hg ﬁ)'ne} gan? 10ht?rlf'5 c%?chan&{]\%%tﬂrtﬁe a@‘MCJﬂI&V&QPé ﬁ%s&ﬂ?ﬁbl nes

themto e |ve ape om-c profi

control dwea@lohhen g@pﬁllom ONFIG. pom‘ the @tdnfic ptghe 1O ingernf ofdhédnphon-
i ndependent inplants, the present invention enables the user to effectively

c ont r ol Veris-depihds ilbﬁtrﬁ\‘éptf% agsobir colh &grencd waing ipion it e thpdpaRiereo thegrefiley pe
3 (gc h aﬁ) 16 1§ Pﬁ%ﬁ Pooz?%{h%le ?ﬁs&#{' ra?str%)tl?%?t mgli:mg htedlﬁfc(ﬁftq&ptﬁg ef%@&grgsr ound region

such as e user
p
generated in the electron-hole pair generating region to travel up to the contacts. The steep

slope of the profile 1010 reflects the significant increase in dopant concentration (and thus
resistivity) as the electrons travel towards conductive contacts at the surface of the wafer.
This steep slope can make it more difficult for the electrons to reach the contacts, thus

25 resulting in an undesirable loss of electricity.

In graph 1000' of FIG. 10B, the atomic profile 1010' in terms of concentration-versus-
depth is illustrated for a solar cell formed using the multiple ion implants of the present
invention. The profile 1010' can be shaped to form a more gradual (less steep) increase in
concentration as the electrons travel towards the contacts at the surface of the semiconducting

30 wafer. This tailoring of the atomic profile is made possible by the use of multiple ion
implants to independently control the junction depth and the surface concentration, as well as
everything in between.

In FIG. 8, the different implantations 812, 814, and 816 can determine different

aspects of the solar cell. For example, in some embodiments, line 812 (the mid-range
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enabl ed to al so control the dopant concentration 830 at or near the surface
of the solar cell. The present invention allows the user to control the
surface cwocemwrsai7’son 830 and thejunction depth 840 i ndepeniseomloy7i0§ one

anot her.. I n some enbodi ments, the atomc.profile is tailored to have the
nct | dirPLBEN R A Bges Br O b MEIET o0 Gy PamtEre i pocies |
appr oxiJrRtRbyyCnmp R Clo P EE fre sbRHREREPRIIAE MhSse ikpardliRm stepR@i bl e 1S
tailored to have the surface concentration i'n the range of approximtely
5El 8 Aferfoon® titheappbbxkemubityates, HERAutANy LoviBing, diohengh any snti-sflectnteenpl at ed
that the atomc profjile .can be tailored to have different.'utﬂct.i on dept hs

and surPYERNESrcant gt POHsOT A AHE Pmplors WY as Pk ke (Y 8fiSthe atomic
Profil i rdd BF {8 celTliBriclibn. 8n HAREe ?nlet@xﬂu ihg, -Bﬁ%félaﬂmt-slﬁ ﬂk%tdeghgpsa es in
profile tailoring ability flor solar cells that are oped Ugl ng di ffusion.
Her e, lddhereBddoniepsieteatentaur, atdtinic inpproféd the tartaa femiation c €rdph Seofuse of

di ffusign to, dope {Lhe sem conducéi ng wafer prevents the,ulf\%f from bei ng
abl e t d'1Ondshekustacy casmessl: uak ag theratidelntive Aerginseviakd dipasiinct i on

dept h. 86 chShd LA thed ei ther making the profile 910 deeper by
si mply ﬁﬁ%?@s?ﬁg ?ieﬁpcoﬁ:crelélsg'r ation and depth together to line 910" or

maki ng t he pxodisdss@lddosdianibodincrnnyofitee prasitigventien a@needinduitad fen and dept h
together to line 910", The user is.not able to change the shape of the
at®ni ¢ [phsiing selapcelkdeaiaes ohlee Ldlowine erpendingaragint épfg%cafrlwee@r%@é Whidhist he

ot her. o - L s i t i file
tailor |Hr§geq§6?%0?@§/r%egl:&sr%%%g@%% lksséﬁt%1 hegfﬁ%f?get oﬁ%g%@ﬁgﬁﬁgﬁwﬁﬁgm ation in
accor ddnegcating kolhhelpdevives:piSEd.A CERE. PABRREIMATION EISINGIMRIANTARHONO00 of
FIG 10A, the atom CEﬁrOfi | e 1010 in terns of concentrationversus- depth is

il ust riat Babak gydity agdEdvagkb) Mpgpidiedsnad 1 p3008r haying Ademenocke No; t he
hrot! quik?-f)@ldos “JAbgpeégﬁms’s?EEPélé Im@ﬁgﬁﬁl\ﬁ'yﬁﬁ ngqem;%% )ggel t

diffic or the ons generate ectron- nerating

r ef)i on CELL FABRICWIIONSE g, Baakaadibi. andhiwivalk&spMatendilaf Junbe 1p20w0i | e 1010
reflects the significant increase in o[g&int concentration (and thus
t

resi st iavingAtgrhendodics dior SHI-007dkand '8k ds CEbhduet -G ION BdTH at t he
sur f aCGF&é?Tﬁ?G‘Q@ﬁﬁEH\#PI%\ﬁE&TW”% %%Balggﬁib%(?Eh&/aW.?\/l & hféglJﬁne{ 9 the
acts,’ t e

el ectrons to reac e con us resulting rn an undesirabl 0ss of

el ect r i200Byhaviny glianby DAOKEt Nof SHITG04008It i§ bsht@hplaicd tiyt ahy bethd Gdddire N ter ns
of concentration- versusdepth is illustrated for a solar cell forned using
t he ruldep@ibedivakhin Hepapr-Bensking prerd pppligationsipapeileserporped pte thd mres0t 0’ can
bgoshaplg entu%nf orma nore gradual (less steep) increase in concentration as
the el ectrons travel towards the contacts at the surface of the

sem conduct i TH present invention has been described in terms of specific embodiments
incorporating details to facilitate the understanding of principles of construction and
operation of the invention. Such reference herein to specific embodiments and details thereof
is not intended to limit the scope of the claims appended hereto. It will be readily apparent to
25 one skilled in the art that other various modifications may be made in the embodiment chosen
for illustration without departing from the spirit and scope of the invention as defined by the

claims.

30
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wafer. This tailoring of the atomc profile is nmade possible by the use of
multiple ion inplants to independently control the junction depth and the
surface cwocemwrsai’son, as well as everything in betweenPCIrnsEdGo4809t he
differeggﬁhiglantations 812, 814, and 816 can determ ne different aspects
of the cell. For exanple, in sone enbodinents, line 8 12 (the

m d-r anggiipLanhdd det erm nes t he honobgeneous enitter, while lines 814 and
816 are added as a series of selective inplants to provide the selective
emtter region. These inplantation steps can be performed either on bl anket

Substrates, wt t any .coverin t hrough any anti-reflective covering
(e.g. |trﬁﬁ€wt i Z]%Pn&ﬁ§o%f%%¥q¥”?ﬂ% nggp%%mg as on surface texturing
t hat is required §.0%458!  Aents I SRR R.do &1 .of texturing, ion
i npl antation provi i des & eng ngﬁ ?%nce to the éurf onfour, and t hus

i nproves the con@&dbnﬁm@nnmﬂnmnnﬁphphﬁsﬁﬁfmﬂoﬁmﬁmﬁﬁﬂ&h@mﬁx&dﬂ&ﬂ@@wﬁﬂﬁting

850, such as the agtl-reflectlve coatin preV|oust di scu Esed This coating
can be any t'RifeRhesEst dagedfiegion Syeiths Bespdored fesen- egn&%e {HEOPBr esent

i nvention ar L devices. The follow ng
co- pendi ng 621enkﬁggg%%ggg%%ﬁg%ﬂggkﬁak(ﬂgﬁlch |§ ereby i ncor porated by
reference in |ts;em%nﬁe@yHQSmkfmﬁehphﬂmhhnbéaémnmtdm@ﬂwmb&kmaysa@@
fabricating solar cell devices: "SO.AR CELL FABRI CATI ON USI N

| MPLANTATI ONYafeilp faem aeoqar Wopethis sogerpaths praveioncd region. |Véhfr%ﬁle spgond09,

SvsTEm For U TR PrEu s T PP R gl ¢RETS

Murrer, fil ditstionémplhntado9, havi ng Attorney Docket No. SITI-00200, and

" SO_AR CELL FABRI CATI ON W TH FACETI NG AND_ | MPLANTATI ON, " by Babak Adi bi and
Edward S. Murrer ,Whareiggt legsteons of thedyst dq@a@r%gonp&qddhﬁwonﬁéw@ TRgon is

SI Tl - 00400. e escribed within

t hese co- peﬁJ%ﬁgaeggggﬁﬁpkggggg%?%ﬂ%ﬁggwﬂ%gl?%%%ﬁghg%&%%Plnto t he present

i nyention. The prwelseeih thaisdiddRchabioheapladasiofd fepetioricrin@epehdagipioaif i c
enbodi ments incorporating details to facilitate the understandi ng of

pri nci pl es gme@spder uct i on and operation of the invention. Such reference
herein to specific enbodiments and details thereof is not intended to limt
t he scope of the clains appended hereto. It will be readily apparent to one
skill ed.in the méthod bACIadh Newhyi@in Hps jiRdiohiic Airined SetfRyn iR predepdd t he

enbodi nent chosen for illustration without departing fromthe spirit and
scope of theeginyand thert tegsiguriohdip st daped region and the second doped region that
20 is configured to generate electron-hole pairs.
3. The method of Claim 1, wherein the semiconducting wafer is provided as a silicon
substrate.
25 4. The method of Claim 1, wherein the first doped region formed by the first ion

implantation has a sheet resistance in a range of approximately 80 Ohms/square to
approximately 160 Ohms/square.

5. The method of Claim 1, wherein the second doped region formed by the second ion
implantation has a sheet resistance in a range of approximately 10 Ohms/square to

30 approximately 40 Ohms/square.
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clainms. CLAIMS What is clainmed is: 1. A nethod of formng a solar cell, the
nmet hod conprising: providing a sem conducting wafer having a pre-doped

regi on; pwofoegmisezysa first ion inplantation of a dopant PCHiUS26¢09047109

sem con UCtLﬂ% mahe { foqn1% first doped region over the pre-doped

r egi on,% wher gfcmngt @Fn WOPHYPY ant at i on has a concentration-versus-depth

profile; and per figg fiNGofdieeRdomRA HyThL ARL & iRbiAlaRadaPaBhed N0 the
sem conducting wafer to fornma second doped regi on over the pre-doped

regi on, wherresistatdean seamuechfiapprokimutelpSatQtoms/fymsreato approximately 160
concentrati on- versus de&th profile different fromthat of the first ion
i mpl ant at i o, WHEFRIN28Y | east one of the first doped region and the second

doped region is (%Hé"gelhgﬂéﬁgpetd(}e BREEAA !tﬁ&éerceﬁq Ral; P%taﬁl%n%ewsﬁe%ge' vi ng

l'ight, and wherein t Irst a second”ion I nplantations are perforned

i ndependent |rysisthn@ne aanggchdrappdxinfdiey tdtOtoos/afua taiappbximvhielyddn a p-n
junction is formed between the pre-doped region and the at |east one of the
first doped PHYYeH%nd the second doped region that is configured to
generate el ectron-hole pairs. 3. The nethod of Claim1, wherein the

sem conducting wafer is provided as a silicon substrate. 4. The nethod of

G ai m Ij. wheTteimethb@of Claih 1dOpthdr cagpriving e segd dflispbeng hiesl coraact lines
|Wﬁsantat|on has a sheet resistance in a range of approxinmately 80

/ squar e ¥9 %ﬁ‘ﬂﬁf%?ﬁ|°|fr§teeﬂe9ll%’6'éu%‘7’%fafué{’rhérelfstheﬂf‘éalﬁéfl%‘dhf%?fi Ay aj m 1,
wherein the c%ﬁﬁg{ﬁ%d‘i’&%{&uléte&éc?ﬁcaﬁ eﬁgggfre%q&m&i%&ma {2t éﬂHPJe@&{da&dpQ@ has a

sheet resistancé in a range of approXi mate square t

appr oxi mat elrggidfls. Chns/ squar e. 6. The net hod of Claima1, mhereln. the first
doped region forned by the first ion inplantation has a sheet resistance in
a range of approximately 80 Chns/square to approximately 160 Chns/ square,

and the secofd (oRGHof 84LAN, LAELEANRYrd 8eatsatTid 2Bpt B A hORrAS @

sheet
15 and second doped regions are n-type doped.

9. The method of Claim 1, further comprising the step of performing an annealing

process on the semiconducting wafer after at least one of the ion implantation steps.

20 10. A method of forming a solar cell, the method comprising:
providing a semiconducting wafer having a pre-doped region;
forming a homogeneously doped region in the semiconducting wafer over the
pre-doped region by performing a first ion implantation of a dopant into the
semiconducting wafer, wherein a p-n junction is formed between the pre-doped region
25 and the homogeneously doped region and the homogeneously doped region is
configured to generate electron-hole pairs upon receiving light; and
forming a plurality of selectively doped regions in the semiconducting wafer
over the homogeneously doped region by performing a second ion implantation of a
dopant into the semiconducting wafer,
30 wherein the first and second ion implantations are performed independently of
one another, and
wherein the selectively doped regions have a higher concentration of dopant

than the homogeneously doped region.
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resistance in a range of approximtely 10 Ohns/square to approxi mately 40
Chns/ square. 7. The nmethod of Caiml1, further conprising the step of

di sposi ngvoeb@/15e378t act |ines on the surface of the senmpcon$eabionyonaf er,
wherein t he tal  con t lines are configured to conduct. el ectrj.cal charge
from at! It easticgnehf o (i oy hesfth LESHHAbEGRE Maff oritoviecd SrasiliEthod o
Caimil, wheggignid he pre-doped region is p-type doped and the first and
second doped regions are n-type doped. 9. The nmethod of Claim1, further
conprising the step of perform ng an annealing process on the

sem conducting wafe er at | east ope of the ion inplantatiqn steps. 10.

A met hod of rlﬁ‘?th%‘i a6 _rrarlgcwhr,emtth% %9%&0%369%@ Bisdy s o

segn conduct | g WRGEPIaNAKbA ot HoEr AOBGHcd 1FU RAe Jﬂggfoagnﬁe@%og_eneousl y
he e-dope

doped region 1 n the sem conducting warer over regi on by
perform ng &lims/squarcto apprixanitalyi 160 @fmssqhaant i nto the sem conducti ng
wafer, wherein a p-n junction is forned between the pre-doped region and
t he honogeneously doped regi on and the honbgeneously doped region is

configufed t r o= ol i i E .
orm g o pl LFaT o o CEfiaD: PRaPs! Gohaht Sl SeArEs Kbt o am iy,
waf er over tthesdrondganaplsitatioddped shegiraistdiye ped fapaohgpaoxdmatidl (0 on
imglantation of a dopant into the sem conducting wafer, wherein the first
ahdl second i @R MIRENCRPPEENAPY 9P B 8BRS ndependent | y of one anot her
and wherein the selectively doped regions have a higher concentration of
dopant than the honobgeneously doped region.1l1. The nethod of C ai m 10,
wher ei ni4t he BemechodlutClaig 10ahBereins provi ded as a silicon substrate. 12.
The nethod of C aim 10, wherein the homgeneous|y doped regi on fornmed by
the first ion inphaheapedsordydepedieapn fagied byiilisshion imglgtation has a

appr oxi mat el t i I / ! The
mothod of Qe e I A AR TP R bRt P i e do0,
fos med by t h@hiaeeqiaek, apd | npl antati on has a sheet resistance in a range of

approximately 10 . . .
each one of the selectively doped regions formed by the second ion

implantation has a sheet resistance in a range of approximately 10 Ohms/square to

approximately 40 Ohms/square.

20 15.  The method of Claim 10, further comprising the step of disposing metal contact lines
on the surface of the semiconducting wafer, wherein the metal contact lines are
aligned over the plurality of selectively doped regions and are configured to conduct

electrical charge from the plurality of selectively doped regions.

25 16. The method of Claim 15, further comprising the step of forming a metallic seed layer
near the surface of the semiconducting wafer, wherein the metallic seed layer is
configured to act as a transition layer between the selectively doped regions and the

metal contact lines.

30 17. The method of Claim 16, wherein the metallic seed layer comprises a silicide.

18.  The method of Claim 16, wherein the step of forming the metallic seed layer
comprises ion implanting at least one material into the semiconducting wafer, wherein

the at least one material is chosen from the group consisting of: Ni, Ta, Ti, W, and Cu.
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Ohns/ square to approximately 40 Chns/square. 14. The nethod of C aim 10,

wher ei n: the honogeneously doped region fornmed by the first ion

i npl ant atworrodars2zssheet resi stance in a range of appr oPCwALS2009/08009

Ohns/ square to approximately 160 Ohns/ square, and each one of the

sel ectively doped regions fornmed by the second ion inplantation has a sheet

resi stance I inkfhg6r OBl SHLERUAL rlfbpth REISHNYGpl GotRRRAXIATRL el y 40

Chns/ square. 15. The met hod of O aim %hrther conprising the step of

di sposi ng nﬁmakgemnqumnﬂmde&n@nz&hedsqy@aneenﬁnthkms@nlconductlng waf er,

wherein the nmetal contact |lines are aligned over the plurality of

sel ectively doped regions and are configured to conduct electrical charge

fr m t pl I i g€@£ Claim
9 fup$%eru@%&%&%%?ﬁgéﬁﬁgqgiggﬁﬁ% Qnﬁgﬁggﬁépgﬁgfc see %ggg?ﬁ%ear t he

surface of trreccseon dersdomidondgctingfveafer aftee nelicast bheofriat abd ingplaeacbn agpar 1 s

configured to act as a transition | ayer between the selectively doped

regions and the netal contact lines. 17. The nmethod of C aim 16, wherein

the matﬁl i GTh%%ﬁgth{? ?F@laﬁﬂq@r fu@ier & isﬁigdtﬁe stl:? of H}ﬁln{1§%%% r%hc&iv%' m 16,

wherein the step of fornmng the net ayer cohprises ion

i mpl anti ng amaﬁggmymﬁnermnmenm@hxmnmgdbhﬁhsgnmconduct|ng waf er, wherein the

at | east one material is chosen fromthe group consisting of: Ni, Ta, Ti,
Oand Cu.19. The method of Cl aim 10, wherein the pre-doped region is

t i : -1
honehs SoP° B MaRES S RETIFRNGH oSS o0 kel aloRai gglRaE e - tyee
perform ng aﬁm&mmmﬁUﬂquﬁmm@m@h@mmhhﬂlamnbmomwm;ﬁnmggwﬁﬁﬁﬂn&khamkat | east

one of the ion inplantation steps. 21, The nethod of C aim 10, further
conpri si ng t%@%ks%owl%ﬁhﬁtﬁ@aé\lﬂn%h‘fvlthﬁ@ﬂr@%@(t‘?%n@o@?aﬁw& | ayer over the

honogengousl A
selectP%EIyrﬂbggﬁﬁ&%gfgﬁgﬂggg%F%%ﬁgﬁgﬁ%' (gﬁ%enléiﬁﬁﬁﬁggégh%h%ere
ptedet er mi ned thowatiteisclirsy wgfeﬁdlmf&sgqhemmheml fntpRarit®@sda. conpri ses openi ngs
that are aligned with the predeterm ned | ocation. 23. The nmethod of C aim
22, wherein the mask is a contact nask di sposed on the surface of the

sem conguct i-fig Wah8d oFefatR92! MferBGROHabOR o SIRARAL ALk Wsposed a

predetermined distance above the surface of the semiconducting wafer during the

second ion implantation.
20
25.  The method of Claim 10, wherein the selectively doped regions are implanted in the
semiconducting wafer at predetermined locations using a shaped ion beam, wherein

the shaped ion beam is aligned with the predetermined locations.

25 26. The method of Claim 10, wherein the selectively doped regions are laterally spaced
apart from one another a distance in the range of approximately 1 mm to

approximately 3 mm.

27. A solar cell comprising:
30 a semiconducting wafer having a background doped region;
a homogeneously doped region formed in the semiconducting wafer over the
background doped region, wherein the homogeneously doped region has a sheet
resistance of between approximately 80 Ohms/square and approximately 160

Ohms/square and is formed by ion implanting a dopant into the semiconducting

21-



24. The nethod of Claim 22, wherein the mask is a physical mask di sposed a
predeterm ned di stance above the surface of the sem conducting wafer during
t he secomwoi2o00/isegrBant ati on. 25. The met hod of C ai m 10pCriuse@904tine

sel ectively doped regions are inplanted in the sem conducting wafer at

pr edet er m nef*'Focati ons using a shaped i on beam wherein the shaped ion
beamis aligned with: ] i : of Caim
10, wherein the 2@?2é%?@8?$ﬁg§ggﬁﬂ%§§?%%@ﬁgé%ﬂgi?gﬁgﬁfgg§%§§% a%art from
one anot her tackigretimhdepctimeditve r ange of approxi mately 1nmto approxi mately 3

mm 27. A solar cell co i Si ng: sem conducti ng fer. haying a hackground
doped region; a W&%B@@W%FW%&%@%PW@%W#’Bmﬁ%aleﬁgs‘%lﬁ’é‘o% e ting

er over t i er ekin Ldsr ¢ doped
\rAgggi on has a&gﬂ{eﬁgtql %%g?@gnggsg?dﬁgfto\%gg%pp%x|0n%?fepgg%%g%mg%are and
appr oxi mat elrggidbOhfSranshestqudstencrd betsveen npmdxinyatélpn 0 iOhphsasuaregnd dopant into
the sem conductingwafer; a p-n junction fornmed between the honogeneously

doped regi orfPRFRFIMAEIYFHERBME s eeiskia feragr iy lom ipplanting & Jorsnt 89 18t i vel v
doped regio : ] m conducti ng waf er over the honpbgeneously
doped regqi oﬁm\f}\ﬁéﬁ(ﬁ#g&%ﬁggﬁg of the selectively doped regions has a sheet
resi stance of betayienliappiaxan@helcy dposhinsd theyarfaccartdhagpticotduetgl y 40
Ohns/ square and is forned by iaon inplanting a dopant into the

s&hi conduct i Wfendeignedheves the Rlprling §f ssfecivglwfloredriegiens Wi dedlyalivhe
surface of t ] ' fer ' I ity of

sel ectively %%%@P g%?%ﬁi&#%ﬁ%ﬁ “the tp?‘hétgpffqgj 31/19%? frr?eh?@f%ll:dg%?t é{fs i's

confi gured tswlectondudbpeelregivni.cal charge fromthe plurality of selectively
doped regions. 28. The solar cell of Caim?27, wherein the sem conducting
wafer is a silicon substrate. 29. The solar cell of Caim27, wherein the
honoge usl ~onR . f,ar £ ] I .at a sheet
rosi ot nge. oneAanr ot BB Bty 29 REE AL Winlbidiyh e Qal R AR PBs0R o7
275 wherein each one of the selectively doped regions forned

29, The solar cell of Claim 27, wherein the homogeneously doped region formed by the

first ion implantation has a sheet resistance of approximately 100 Ohms/square.

30.  The solar cell of Claim 27, wherein each one of the selectively doped regions formed
20 by the second ion implantation has a sheet resistance of approximately 25
Ohms/square.
31.  The solar cell of Claim 27, further comprising a metallic seed layer disposed over the

selectively doped regions and under the metal contacts.

25
32.  The solar cell of Claim 31, wherein the metallic seed layer comprises a silicide.
33.  The solar cell of Claim 31, wherein the metallic seed layer comprises at least one
material chosen from the group consisting of: Ni, Ta, Ti, W, and Cu.
30

34.  The solar cell of Claim 27, wherein the pre-doped region is p-type doped and the

homogeneously and selectively doped regions are n-type doped.
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by the second ion inplantation has a sheet resistance of approximtely 25
OChns/ square. 31. The solar cell of Caim27, further conprising a netallic
seed | ayewodheypissEd over the sel ectively doped regions add/usmmmnlme nmet al
cont act 3 aim31, wherein. the metallic seed |ayer
compr b5 Weruedh 3hchine7cbrbe et B S rigict i Gisesn a1 c
seed | ayer qg,lgp{hlesh%ﬁl %Enéogggtdoﬁ cpRherial chosen fromthe group consisting
of: Ni, Ta, Ti, The“solar cell of Claim27, wherein the

pre- doped regi on |s p type doped and the honpgeneously and selectlvely

doped regi o ar n-ty do d. 35. . of . Caim27, furt
conpri 5316ng f%r C?@PF é wgaﬂnrf GFQ%%VGE@QB‘%%I%\?@FG lalsadllyona neousl y
doped reglo patt Gro p@eafah?e& faddncei romér?e%% Efn%lté] themsg! ectively doped

regi ons are Patera space apart |stance in the range
of appr oxi nmppfqmﬂmmiytbmappr oximately 3 mm

10
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