PLASMA GRID IMPLANT SYSTEM FOR USE N SOLAR CELL FABRICATIONS
CROSS-REFERENCE TO RELATED APPLICATIONS This application claims priority to
co-pending U.S. Provisional Application Serial Number 6]/21,379, filed June 23, 2009, entitled

incorporated by 1eTSHLS TG ALTHety Ueh odr oH Wl PYELD OF P INVERTION ToThe

present invention relates generally to the field of solar cells and other large substrate implant

applications. Mgre pagticularly. the ti ign. relat . Solar cell devices and methods of their
formation. BA r?Cﬁb?i\i R\% i ' ] I Rgc;aditional beamline implantation of

wafers can provide highs ppvilerdensitynit hasisevecahdisadydntadgesy Fongxapppleticohiyiprovides a

single beamlet, Additi ol S a.lot of p inasmall b S uite hot.
As a result, prﬁaﬁ%‘tﬁi@ ?sql}gciﬁ\?(%sb%gwg%ﬁ Tﬁ@%@%\l@ﬁ 89‘5[%%’%%%@%%@2 present
invention, a plESmA! §HdNnBolanBHoR dyBtenRki€’ pronitied. Thelsysternbsomprisested pfasteacsource
configured to pr(i)tgign ipg%sim% %J%ﬁ?ﬁ}%&’r&]‘@te comprising a plurality of apertures configured to allow
ions from the [ﬂaéma In a plasma region to pass therethrough, wherein the first grid plate is configured
to be positively biased, either continuously in DC mode or in pulsed mode, by a power supply; a
second grid pl}@lt@ﬁg@prﬁ@g[@\pﬂ%ﬁin apertures configured to allow the ions to pass therethrough
subsequent tothe 10ns passing through the first grid plate, wherein the second grid plate is configured
to be ndyatively biasEl; righeH corrinigouslyiss B diaapdiset odgdls Byhogsvirstpply; and a
substrate hol%%&%l@%ﬁ%%ﬁmam SuisLralailn ARCsigRuhers e SOsURSTale 3dneplanted
with the ions subsequent to the ions passing through thé second grid plate In some embodiments,
the position oflgyieastignecstgiecfitsegrierpiatenthe second grid plate, and the substrate holder is
configured to be adjusted between a homogeneous implantation position and a selective implantation

position, the homo%eneous implantation _
BACKGROUND OF THE INVENTION

15 Although traditional beamline implantation of wafers can provide high power density,
it has several disadvantages. For example, it only provides a single beamlet. Additionally. it
uses a lot of power in a small beam spot, and the wafer gets quite hot. As a result,

productivily is low.

20 SUMMARY OF THE INVENTION

In one aspect of the present invention, a plasma grid implantation system is provided.
The system comprises: a plasma source configured to provide plasma; a first gnid plate
comprising a plurality of apertures configured to allow ions from the plasma in a plasma

region to pass therethrough, wherein the first grid plate 1s conligured to be positively biased,
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either continuously in DC mode orin pulsed mode, by a power supply: a second grid plate
comprising a plurality of apertures configured to allow the 1ons to pass therethrough
subsequent to the ions passing through the first grid plate, wherein the second grid plate 1s
configured to be negatively biased, either continuousty in DC mode or in pulsed mode, by a
nower supply: and a substrate holder configured to support a subsirate in a postiion where the
30 substrate is implanted with the lons subsequent to the ions passing through the second grid
plate.

In some embodiments. the position of at least one of the first grid plate, the second
grid plate, and the substrate holder is configured to be adjusted between a homogencous

implantation position and a selective implantation position, the homogeneous implantation
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position is configured to enable a single laterally-homogeneous ion implantation across the substrate
on the substrate holder, wherein the single laterally-homogeneous ion implantation is formed from a
combination of ions that have passed through different apertures of the second grid plate, and the
selective implantation position is configured to enable a plurality of laterally spaced-apart ion
implantationB5H {HE SUBREEEAAREAS RSH A6 HBRED WHBRAT the pIh AT 6 1Ak 5pAGec-apart
ion implantatignsrisfermediomions that haveipassed dhrnugh thedgiferashaperturgsmidhensecond
grid plate. . In some embodiments, th_e_syst%m furt_he‘r\cogw rises %}‘ﬁirg gridyg.)lage %is osed between
the second dritPHe 59d e SOBE SRSt FP A thaawT @Ffﬂlﬁﬁa SOMERSEE S 1 Ypltirality of
apertures cogfighiegitopillowsibienonddaipasapheretbropghistbhsesu@niréd therigrs pagsitigithrough
the segond gi)ridrg te. In some embodi[n(atn}s, the{,g ird r‘iidr late is gr gtn,otleg. In some embodiments,
the position SFAfIEa SHE BT THTE GHA piate’ and the Sipstrate nolder s Configured 1o be adjusted
between a hpmagenedus:iaiplantatibmposiiomand:a selestivenimiplantationtpaditionpiled
homogeneous implantation position configured to enahle, 15a single laterally-homogeneous ion
implantationlgz};c{?%é&s#}c Jlﬂ § lquS St %ﬁ)’f er’r}f%lv‘\'/herein the single laterally-homogeneous

e 'Substate on the substrate
ion implantation is farmed frohvdicombihatioswod ionsthatrhene: passed gthriopigle different apertures of
the second grid plate, and the selective implantation position canfigured to enable a plurality of
laterally spc':l%)é:Ei ﬁ%%??%&ﬁ‘i%lglaﬁt&%%‘ﬁs% ?ﬁ%e S%%B%#ét%aéﬁrfh%%sl%lstrla?e’:ﬁ((fl ‘er,cv(\:/ e{?ﬁh the plurality
of latéfally 29Bpaltedkapant iors implantationslisvotmenh fromasrisdhsiioave phssedthrotghiche

different apeggaie]m%wﬁlﬁ%@@&ﬁ{' LRRS AT BMRRMinCHis g AReHUIER oflgast one of
the first grid plate and the second grid plate are substantially cwcular.holes. In some embodiments, the
apertures of bt Jemsteormdhthetsirdegudiphatean i 1eose co it gridipiaterkiie aénbatalssides. In some

embodimentg, gach 9&%@%@@19I%%rﬁur&&c(afﬂyk%ﬁta%%egén@oﬂg%%ﬁ&eJ@J;%_ andthe second grid plate

comprises a top end and a bottom end, wherein the bottom end is closer to the substrate holder than
the top end, seFiNserenietielidnprsterbiliEabiHsa At JratRIBIYIR CreHEEs Bt top eHto the

bottogy end. , single laterallv-homogeneous ion implantation across the substrate on the substrate holder,
wherein the single laterally-homogencous ion implantation is formed {from a combination of
ions that have passed through different apertures of the second grid plate, and the seiective
implantation position configured to enable a plurality of laterally spaced-apart ion
implantations of the substrate on the substrate holder, wherein the plurality of laterally

20 spaced-apart ion implantations is formed from ions that have passed through the different
apertures of the second gnd plate.
In some embodiments, the apertures of at least one of the {irst grid plate and the

second grid plate are substantially circular holes. In some embodiments, the apertures of at

least one of the first grid plate and the second grid plate are elongated siots, In some

(e
h

embodiments, each one of the apertures of at least one of the first grid plate and the second
erid plaie comprises a top end and a bottom end, wherein the bottom end is closer io the
substratc holder than the top end, and wherein the diameter of cach aperture gradually
mereases from the top end to the bottom end.

In some embodiments. the {irst grid plate and the second grid plate comprise a
30 material chosen {rom the group consisting of: silicon, graphite. silicon carbide, and tungsten.
In some embodiments, the system further comprises a chamber defined by chamber walls,
wherein the plasma region, the first grid piate, and the second grid plate are housed within the

chamber. and whercin the chamber walls are configured to repel ions in the plasma region

3



In some embodiments, the first grid plate and the second grid plate comprise a 30material chosen
from the group consisting of silicon, graphite, silicon carbide, and tungsten. In some embodiments, the
system further comprises a chamber defined by chamber walls, wherein the plasma region, the first
grid plate, and the second grid plate are housed within the chamber, and wherein the chamber walls
are configured t FepBIEFIS e Jraiiis FEYIBHIREINg W T AGHEECRERF ISR SrSddfments, one or
more magnetsgig;,aupigd to the chamber walls. In another aspect of the present invention, a
method of ion implantation is provided. The method comprises; providing a plasma within a plasma
region of a chamber: PRSI BiESiniglE ArSEgH A S ROt A STETRCthR Pt W(@'E)‘I%ﬁgncﬁrﬂfﬁ?’é%‘éda
plurality of apertures@nd dsraispResesdnidfirstpesition;magasivelybiasing assecondgrd{laigy wherein
the second grid plate comprises a plurality of apertures and is disposed in-? firs};gosit_ion‘; flowing ions
from the’ plasni4 i éhe BiRl<hid FalioW DU hE PSR TR BOSRIVEN Eia s e APET G HA plate:
flowing at leasdigppertionofitheianiihatfowed tHuough theoaperiunesii) iherpositivelydbiased 10first
grid plate through the apggt_ure§ inlthe ne atively-bi .ecfj second Eiq late;. an implqnting substrate
with at least a POFiGH B S fohd st Aothsdt Lrg’o‘ltj'ﬁlgcﬁssthéS %Sé:r arés in tﬁcé‘”’irii*eoé]a |\%‘I§}1 iié’geé? Second
grid plate, whereipithe sithstralesia:disposetkin g finstqpositionin the lprsoimeyemodimmentsdalshadow

mask comprising a plurality of openin formec?%;h rethrough is disposed a predeteimined distance
away from thefﬁ;%ﬁg%ac%?dna }EHPUOH %ﬁ]& i(g)fsuir 1ﬁ{)Vde IH%U.._ H]C.cl}]]f)i,lg%nl'(.ﬁ Pﬂ?ﬁLp%(?%Hngl -niased

e 8 e me er comprises flowing at 1éast a lon of the ions that
flowed througHitkesapeitucebrinthehnegatively shidsed secchdhgpriddiaterth pouigh diseaagdenings in the
shadow mask before.implanting the. substrate. __.In sonic emb irﬁ nts, g Rhotores; sk
comprising a 6%?5?@ nﬁ%i?)utre})r'ﬁné% 5{rn1‘§?jctaf¥efrt&)r}6oung%?|s blg%iéﬁ%’l c%%%éé}t%]ﬁﬁ%t%ﬁeg sﬁé@raﬁ’e,ﬂ and the
method furtheticomprises flowinyseQatileadtrdnporivrrart the jomsrivaisfibwesthioudistiye apettures in

the negatively-biased second grid, plate. thraugh the opepings:inhe phateresisimask Aele

implanting the substrate.
therethrough 1s disposed a predetermined distance away from the substrate, and the method
15 further comprises {lowing at least a portion of the lons that flowed through the apertures in
the negatively-biased sccond grid plate through the openings in the shadow mask before
implanting the substrate.
In some embodiments, a photoresist mask comprising a piurality of openings formed
therethrough is placed in contact with the substrate, and the method further comprises [lowing
20 at least a portion of the ions that flowed through the apertures in the negatively-biased second
grid plate through the openings in the photoresist mask before implanting the substrate.
In some embeodiments. the method further comprises: adjusting the position of at least
one of the first grid plate, second grid plate, and the substrate holder to a second position:

providing a plasma within the plasma region subscquent to the adjustment to the second

2
LFe

position; {lowing 1ons from the plasma in the plasma region through the apertures in the
positively-biased first grid plate subsequent to adpustment to the second position: flowing at
least a portion of the lons that flowed through the apertures in the positively-biased first grid
plate through the apertures in the negatively-biased second grid plate subsequent to
adjustment to the second position; and implanting a substrate with at least a portion of the
30 jons that {lowed through the apertures in the negatively-biased second grid plate subsequent
to adjustment to the second position, wherein the implantation performed when the at least
one of the first grid plate, second grid plate, and the substrate holder was in the first posttion

forms a single laterally-homogeneous ion implantation across the substrate, wherein the



In some embodiments, the method further comprises: adjusting the position of at least one of the first
grid plate, second grid plate, and the substrate holder to a second position: providing a plasma within
the plasma region subsequent to the adjustment to the second position: flowing ions from the plasma
in the plasma region through the apertures in the positively-biased first grid plate subsequent to
adjustment tongle sevehn positishe floviingapledat enpbHIBHCEf el ibAertharfioweatitifolgh the
apertures infhe. positiyelysRiased sk apd-Rlate Mreugh e ARSI ihe - Badativalyrhiagsd second

grid plate subsequent to adjustment to the second position; and implanting a substrate with at least a
portion of th&JoAEPhIHeHEY HistigRthe! dbeRiites thriie regatienlbiake dsebsnabstidtplate

subsequent fg;adjustment Q406 $60NEPESIHON pmhﬁ{@ieﬁm@eimglaﬁaéé@apgﬁrfmmﬁmmﬁme at
least one of the first grid plate, second grid plate, and the substrate holder was in the first position

forms & singf¥ 1BgerAIN HonBgEHR LIS IIARIATON Rtk e SaBITAtET WHE e fiddingle
laterally-hompgengRusiaminplaniatiandsiermed framscombipationebignsithakhave passed through
different apertures of the second grid plate, and wherein the implantation performed when the at least
one of the first grid!PIERE SRR pidfr bR b disRre A TR R dtBh b &b forms
a plurality ofjatesaliy.spased-aparidominplantations 20ithe subsirate coherein thewpluraliy of laterally
spaced-apart ion implantations is formed from ions that have passed through the different apertures of
the second G Bt OGS oM BETIRIE i At EF it Bt RO S LS DRV @ e second
grid plate and e isubsteatadthedthing: grigplatecisidispased in-atirgtpasition ane comeprises a plurality

of apertures configured.to allow the ions to pass therethrough subsequent to the ions passing
othrough 16 B8 TG UFTE Bt O d R NG SHHERES LRhTA Dhid B oSt Shime
embodimentsysineiheitheddusthier-cbpipeisas tadiustihglihe posiion: bitatidcast one of¢hentirst grid plate,
second grid plate, the third, grd plate, and the substrate holder to g, seeond posiion; proyiding a
plasma within ’éozﬁ)@scr)ﬁ%\ lr‘ezgl A SU sequ]en t'the'a jLLTS ment to the second” OSl]tlon;(rowing ions

from the plasmarith thetplastha egionsthroudh: thesaperture slinh Stha positivedybiagedt first Bid plate

subs quenttgad'ufc,tn]e t.to,tcmg seco dkgosi jon; fIO\{V{'n Gatl ast rtion of the ipns.t at flowed
h YOS v -hiased st SUhse s tid the second pasition; Howing
throush the A50HCH I he Podively Biased st G PSIE tHough (e aparies e

neggtiveIy-bia@dtsammﬁdrgviﬁkmawssmms@wemm@@jubtmmnttt@ihelisgmﬂi@i‘pd)s-ibi'raﬁi;dl.ﬁwing at least a
portion of th%ﬁ%ﬁ&?ﬁ%%g‘&fﬁ%ﬁ&%& & ARGIIHIESN.henegativaly-hiased second.grid plate through

the aperture e ate subsequent to adjustment to the second position; and implanting
a substrate wihsanksése & pertior obthieciorilothat folved Hrotigh thehaperiuhesiintieg thirg grid plate
subsequent fp. adiystment &%M%aa%wgi&%a@%nwgﬁ@@a@&mﬁm@u(?%%&m&w@%me at
least one of the first grid plate, Ssecond grid plate, the third grid plate, and the substrate holder was in
the fifdt posititsteforpraaasingladatersin-inohfogerrebbRspimplatalieH et GaBsiFecsyBStPatei lvherein

the single latergliyshomagenraus: ighmniagiatiands fanned from aconhination stignsihat have
passed thromggh different apertures of the third grid plate, and wherein the implantation performed

when the at 14t BRY &t theshretgnassiate vdusondigrigprrettePHiIgrb e Paft a4 sibstrate
holder was igithe seang: pRsities:farmas @ik ality oflaterally.epasedhapastian prlantations of the
substrate, wherein the plurality of laterally 30spaced-apart ion implantations is formed from ions that

have passedthfSiigh tHE Biffehst dpERitesr hertnrd ght [igepiantation across the substrate,

25 wherein the single laterally-homogeneous ion implantation is formed from a combination of
ions that have passed through different apertures of the third gnd plate, and wherein the
implantation performed when the at least one of the first grid plate, second gnid plate, the
third grid plate, and the substrate holder was in the second position forms a plurality of
laterally spaced-apart ion implaniations of the substrate, wherein the plurality of laterally

30 spaced-apart 1on implantations ts formed {rom ions that have passed through the differem
apertures of the third grid plate.

in some embodimenis, the apertures of at least one of the first grid plate and the
second grid plate are substantially circular holes. In some embodiments, the apertures ol at

least one of the first grid plate and the second grid plate are elongated slots. In some
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In some embodiments, the apertures of at least one of the first grid plate and the second grid plate are
substantially circular holes. In some embodiments, the apertures of at least one of the first grid plate
and the second grid plate are elongated slots. In some embodiments, each one of the apertures of at
least one of the first grid plate and the second grid plate comprises a top end and a bottom end,
wherein the bGHEIFFERENS: CRSeD thb sabatrate Hatbisrthart e tepeha QR wRBTelT e Bameter of
each aperture graduallydngreasesifipmdhedan ansiedhebetamendiom isopesembagiments, the
first grid plate and the second grid plate comprise a material chosen from the group consisting of:

silicon, graphit&'P&lie6H darbidan Sdtargdiend s sntuine Rt the EER & ASYR. the first grid
plate, and the sgeeRe: grigiateara hevgrdbwithineachamber that is defined by chamber walls, and
wherein the chamber walls are configured to repel.ions in the plasma region using an, electric field.

10In some embodim&htS A& IS e S mpH SeL AR ST RS RYME 4 pUieBl Voitage to the
plasma. In somgemberinants the:meihochfiurther compsescthphsiepiitapplying apiisedsvaltage to

the substrate. In sonic embodiments, the pulsed voltage is directed towards a plurality of different
ocations on HE STEFAIE T ERma R BOMASHEL e TR ACH TP Lo aPeat] BHbn

OMpIrises: ’%dsglﬁlgcfﬁg substrate
through a 15firshplaralityinfdifferentiallypusiped stages priorddsthesuhsteatatbeingibeplaniedwith the

ions, wherein each stage in th?.first h:lt rali} egl stages comprises a lower

eured [o repel jons 17 th %/%O faq“i-ftegg nt%ia”)yéﬁ %Fp 1
pressure than the bl”e% ous tﬁgg‘e in'the TiFs “p]i]ura y of differen |aHy-pumped stages; passing the

substraité from the first pluralitytofldifterentialtye puh pethstagesrdive dity storarl” ipplantationl stage;
passing the subﬁgrate fr%rp tﬂgﬂir{p antation tg&g}dirgc% to ﬁl(s)g%)qg 20 Iuralityigf

differentially-pﬁ%ﬁ%%1&5555 su (Seaﬁgﬂltet%n & substra e'gé%ng |m|5 anted with the |cosrtlc;3 g.ll:ld passing
the substrate thrpyghe thpusedond: plutality ofidiffeie Nticibypempetistage siavhéralndacts stage in the
second plurality,of differeryially:-RUMPH,SHAAES, ERIIALISES 2 lagLprssure than the previous stage
in the second plurai'lty of ?]rlfgaréntla?llly-pumped stages, wherein the implantation stage comprises a
lower pressure than amycoftlerstdgesnin. the fishpduraliyr antipesonppiurality sfudiffdeahtiulhpumped
stages. 5 Inyef @QP&Q@&Q%HB@&QEM?/-BB%ﬁ%ﬁté&\égﬁﬂﬁ& f BlasmRQUA MR ARIGIAR BYSIRMJS
provided. The system comprises: a plasma source configured to provide plaSma; a grid assembly
comprising a plralifhotgridplatess whbedirrederignc platecsripisa sl skatity Ghapertires
configured to gliow; IgaslrRhiNGHRIBRMAI0 RASS NAISHEQHERIANT & AURSIAIR pumped stages;
passing the substrate from the first plurality of differentially-pumped stages directly 1o an
implantation stage; passing the substrate {rom the implantation stage directly to a second
20 plurality of differentially-pumped stages subsequent to the substrate being implanted with the
ions, and passing the substrate through the second plurality of differentially-pumped stages,
wherein each stage in the second plurality of differentiaily-pumped stages comprises a higher
pressure than the previous stage in the second plurality of differentially-pumped stages,
wherein the implantation stage comprises a lower pressure than any of the stages in the {irs
25 pluraiity and second plurality of differentialty-pumped stages.
In yet another aspect of the present invention, a plasma grid implantation system 1§
provided. The system comprises: a plasma source configured to provide plasma: a gnid
assembly comprising a plurality of grid plates, wherein cach grid plate comprises a plurality
of apertures configured to allow ions from the plasma to pass therethrough: and a substrate
30 holder configured 10 support a substrate in a position where the substrate 1s implanted with
the ions subsequent to the ions passing through the plurality of apertures of the grid plates.
wherein at least one of the substrate holder and the grid plates is configured to be adjusted
between a homogeneous implantation position and a selective implantation position, wherein

the homogencous implantation position 1s configured 10 enable a single laterally-



30holder configured to support a substrate in a position where the substrate is implanted with the ions
subsequent to the ions passing through the plurality of apertures of the grid plates, wherein at least
one of the substrate holder and the grid plates is configured to be adjusted between a homogeneous
implantation position and a selective implantation position, wherein the homogeneous implantation
position is configured to enable a single laterally- homogeneous ion implantation across the substrate
on the substrate holder, the single laterally-homogeneous ion implantation being formed from a
combination of ions that have passed through different apertures of the second grid plate, and wherein
the selective implantation position is configured to enable a plurality of laterally spaced-apart ion 5
mpiantations TR Cab Gt A B e T R P e o
implantations lisdalihetofrogeienssthat ihave: passed thy dogie thizodifferembapertudswobthie isecond grid
D of noSeETReCER(S, e A o oA Rlates omPrISeS, AR Ad.Rlale comprising &
plurality of apgrtures configured to atiow ions from the plasma in a plasma I()region to pass
therethrough; ianduatsecondsgria plate: Complising:hiplurddityliof apertrbs gonfirared torallow the ions to

pass therethroy 't ai. SSi _  the fi id plats leen iments,
e Tt pT B e . the

second grid plateiispéonfigeret torbehegativelyiabed: pyacgdwerguppiy isrsempcamboditients, the
plurality of grigcpgg]t@grg@]gqgltger comprises a third grid plate comprising a plurality of apertures
configured to allow the ions to pass therethrough subsequent to the ions passing through the second
grid plate. In some elnbodinseied thenthitdcgrdpliate sodmigorsariobeyolrndedd Mdeme
embod'mentsc&hﬁ)ﬁmgygmﬁ%y the zecond.grifupiate.andhesubsiair belder are alhgrnfigured to

have their positions adjusted. 70In yet another aspect of the present invention, a method of ion
implant8tion isqsrevideusTHE RBIMEH cOIt Brised hrodialng soprasr Wit plastartegion of a
chamber; providing,aQrid Assemehncomprsing.A Alyalingekafid Rlales: Wherainsaeh-giid plate
comprises a plurality of apertures; flowing a first set of ions from the plasma in the plasma region
through the apétt@red ht&adh w&aﬁaf?m&t@é» iR HE G GREE DRI W Ede R OP A YTl PIEYES is in
a first position; hemaagenegusly implantingsusHastale withat deast aprréamehihedirst set of ions that
flowed through the apertures in the grid plates while the substrate is supported in a first position by a
substrate holdéEARETEHY RShiKG BOSHgHENBkeral [HGHTORMEBEE folh IR PRI the substrate
from ajgombinatiaer ehthe-Hestaeteflons that hayapassedtmoughpifferent aprriurescafitbe same grid
plate; adjusting the position of the ¥Eubstrate or at least one of the 9”0 plates to gao_s_(;\{m?nd p_Psition;

pel

flowing a secdPtf 48PBYS SHEHBN e HIRPARS SIS AR TBGISH o UG e d SEHEIEE inBach of the

grid plates in some embodiments, the third grid plate 1s configured to be grounded. In some embodiments,
the first grid plate, the second grid plate, and the substrate holder are ali configured to have
their positions adjusted.

20 In yet another aspect of the present invenuon, a method of ion implantation is
provided. The method comprises: providing a plasma within a plasma region of a chamber:
providing a grid assembly comprising a plurality of grid plates, wherein cach grid plate
comprises a plurality of apertures: flowing a {irst set of 1ons [tom the plasma in the plasma
region through the apertures in each of the gnid plates in the grid assembly while cach of the

25 erid plates is in a first position: homogeneous!y implanting a substrate with at least a portion
of the first set of tons that flowed through the apertures in the grid plates while the substrate 1s
supported in a first position by a substrate holder. thereby forming a single iaterally-
homogeneous ion implantation across the substrate from a combination of the first set of tons
that have passed through different apertures of the same grid plate: adjusting the position of

30 the substrate or at least one of the grid plates to a second posiuon: flowing a second set of

ions from the plasma in the plasma region through the apertures in each of the grid plates in
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the grid assembly subsequent to the adjustment to the second position: selectively implanting the
substrate with at least a portion of the second set of ions that flowed through the apertures in the grid
plates subsequent to the adjustment to the second position, thereby forming a plurality of laterally
spaced-apart ion implantations on the substrate from a portion of the second set of ions that have
passed through different apertures of the same grid plate. In some embodiments, the adjusting
step comprises adjusting the position of the substrate. In some embodiments, adjusting the position of
the substrate comprises moving the substrate closer to the grid assembly. In some

embodiments,the adiusting Step.comprisenadinstingihs mesitionPhRgAl 10the.9rid Riatesmin some

embodiments, adjusting the position of one of the grid plates comprises moving one of the grid plates
closer to the dhpstteate with aidpal s peBdinedmhs stserplsehiity GRghie Prived Bomishishs 2peifstGrid
plate and a ngqm@gangQg%uM%Jﬂaxigsi%9'@4&9@1‘&9 muiygdxaa?égqoanq&ﬁsﬁﬁgmgﬁd plate

being negatively biased. In some embodiments, the plurality of grid plates further comprises a third
15grid plate tHAEE GOl IRE LY SPIRJPAHARaFREHEEEOTtHR (BFesEn 11/ SRR ROTHRHIAIST ion
implantation ispravidad, The methedcampsisas.proNiding a fitstsinatattyrenef dapaatdnaterial to a
plasma generator; the plasma generator breaking up the first single type of dopant material into a first
plurality of dopant spBéRIEe SHPTRHPIEHENG S S Efa R AMRESHrBRlas e PagHaR 2 Hecies.

In some embagdiments, the,aubstiatgiisdmplantednvith-the kst pluraliynof-depanbspeciasina single
implantation step. In some embodiments, each one of the &pant species is implanted into the

substrate at aBrreRsHE Heptenip dbrdidasgliients, the first single type of dopant material is
phosphine. In some grabedismanisnibedinstplyalibeol gopani-sreaigssabsonapiises PaRie BP,', P,

and P. In some embodiments, the first single type, of dop nt material js boron or arsenic. In some
embodithents!'% 8fhBiH&tof SPTFFE? ﬁ@éso?%ﬁﬁ%%?d{%ﬂaﬂ%oéé’ga 16 R SRR itfarent pluralities
of dopant specigsprigcsenpeiembediments;dheadiffeiant typessobclapant material can be provided in
precursor form as ga}gss.%lsﬁc*!ie gja.dc&Sdiga%!;iags?’t}% P 0 aﬁgmPiﬂ?&&?ﬁé@%ﬁ%ﬁ’;ﬁscs a first grid plate and a
second grid plate, the first grid plate being positively-biased, and the second grid plate being
negatively biased. In some embodiments, the plurality of grid plates further compnses a third
13 erid plate that is grounded,
In yet another aspect of the present invention, a method of 1on implantation is
provided. The method comprises: providing a first single type of dopant material to a plasma
generator; the plasma generator breaking up the first single type of dopant material into a first
plurality of dopant species: and implanting a substrate with the first plurality of dopant
26 species.
in some embodiments, the substrate 1s implanted with the first plurality of dopant
species in a single implantation step. In some embodiments, each one of the dopant species 18
implanted into the substrate at a different depth. In some embodiments, the first single type
of dopant material is phosphine. In some embodiments. the first plurality of dopant species
25 comprises P, PP P, PO and PO In some embodiments, the first single type of dopant
material 1s boron or arsenic.
In some embodiments, a combination ol different types of dopant matenal is used to
imptant different pluralities of dopant species. In some embodiments, the different types of
dopant material can be provided in precursor form as gasses, hiquids, solids, or any

30 cambination thercof.



In some embodiments second single type of dopant material is provided to the plasma generator, the
plasma generator breaks up the second single type of dopant material into a second plurality of dopant
species during the same period that the plasma generator breaks up the first single type of dopant
material into the first plurality of dopant species, and the second plurality of dopant species is
implanted into the substrate during the same period that the first plurality of dopant species is
implanted into the substrate. In some embodiments, the first single type of dopant material and the
second single type of dopant material are each a precursor gas. In some embodiments, the first single
type of dopant materjal is arsine and the second single type of dopant material is hine. 10 BRIEF
DESCRIPTION OF THE BRAWINEE 1 S’ﬁ%]%ﬁ‘l?% r%’%ﬁgsoéo‘%:“ alghitin Efﬁ‘é@gjvg&#%ne
embodiment oflashepogeneoustyptioped:soiaraeirialacrotdarrcenith ghetyrinoiplasuof thecprésent
vention. _iEICAAHILINPURE GItss ssciond 2iie vimts el Elent ways plasiasivel
implanting a solarcellin abcordance with the pnnmpfes of the present invention. FIG. 3 illustrates
a cross-sectiohaksideg viewiof ongle mbodimentoha solanoelliwith cohtaditg rbinestirrraterdaice with
the pringiples AL fle sERLINYSRIBRn: o B SHHRNRIER QNG AMARAIMANLAT A PRADGMpersion
implantation system in accordance with tHe principles of the present invention. FIG. 5 illustrates a
cross-sectionahsideeviewrotshe ehbodimaneot-é soRipeel Withthosmbgeneolissirmslant in accordance
with the principles af, g, PresentinMentian. of &b GIINAIRIRS A clessiasniianalzide yigw,of another
embodiment of a solar cell with homogeneous and selective implants in accordance with the principles
of the presentieiiawe cach FREccpHfisiatds soatdsalaukitishi: Siddviewrsicoecshbiiifient of a
plasma grid implantsystenninaeeardancs with the.prinainies: aldRepresaptipvention  FIG.8
illustrates a cross-sectional 3-dimensional perspective view of another embodiment of a plasma grid
implant $ystem in accordance with the principles of the present invention. 30FIG 9A-9B illustrate

cross-sectiongt gide viewsofpdiffeent-grigkpiate, @agrtires in accordance with the principles of the
present invention.

FIG. | illustrates a cross-sectional side view of one embodiment of a homogeneously
doped solar cell in accordance with the principles of the present invention,

FIGS. 2A-2C illustrate crogs-sectional side views of different ways of selectively

o
LN

implanting a sclar cell in accordance with the principles of the present invention.
F1G. 3 illustrates a cross-sectional side view of one embodiment of a solar ¢ell with
contact gridlines in accordance with the principles of the present invention.
FIG. 4 illustrates one embodiment of & plasma immersion implantation systent in
accordance with the principies of the present invention.
20 FIG. 5 illustrates a cross-sectional side view of one embodiment of a solar cell with a
homogencous implant in accordance with the principles of the present invention.

FIG. 6 illustrates a cross-sectional side view of another embodiment of a solar cell
with homogeneous and selective implants in accordance with the principles of the present
mvention.

25 FIG. 7 tlustrales a cross-sectional side view of one embodiment of a plasma gnd
implant system in accordance with the principles of the present inventton.

FIG. § illustrates a cross-sectional 3-dimensional perspective view of another
embodiment of a plasma grid implant system in accordance with the principles of the present
imvention.

30 FIGS. 9A-9B illustrate cross-sectional side views of different grid plate apertures in

accordance with the principies of the present invention.
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FIG. 10 illustrates a cross-sectional side view of one embodiment of plasma ions passing through grid
plates in accordance with the principles of the present invention. FIGS. | IA-11B illustrate plan
views of different grid plate apertures in accordance with the principles of the present invention. 5FIG.
12 illustrates a plan view of one embodiment of a load-locked implantation system in accordance with
the principles of the present invention. FIG. 13 illustrates a cross-sectional view of one
embodiment of a multi-stage differentially pumped implantation system in accordance with the
principles of the present invention. 10FIG. 14 iIIustrates a process flow diagram of one embodiment of

a method of ion imp'ﬁ‘lﬂ ay (?”HEL %%%dc@%” éhreaﬁ{é”\ﬁlp' o 8%“%%%?%”&”1 pﬁ%% ions F1G- 15

illustrates a process f lagram o anoth er embodiment of 2 metho lon implantation In
accordance wityding prineipbles b thes presemdimeentiointhe principl Gl theé ptasmatescatprocess flow

diagram of yet anothﬁk‘%mmd'm%nm%@amgmwl8 Jofonimplaptation, in, &%Q%EQ&MHM& _
principles of the present invention. DETAILED DESCRIPTION OF THE INVENTION The following

description is préséntpdnondabidionecstipfaiisanpskill in the art to make and use the invention and is
provided in the contextola patent aPplicalion.and iR reQuEments: Marews madificationpfo the

described embodiments will be readily apparent to those skilled in the art and the generic principles
herein may be&afplian aeretfmice with the principics of the present invention,

FIG, 13 illustrates a cross-sectional view of one embodiment of a multi-stage
differentially pumped implantation system in accordance with the principles of the present
invention.

10 FIG. 14 tllustrates a process [low diagram of one embodiment of a method of’ion
implantation in accordance with the principies of the present invention.

FIG. 15 illustrates a process {low diagram of another embodiment of a method of ion
implantation in accordance with the principles of the present invention.

FIG. 16 illustrates a process flow diagram of yet another embodiment of a method of

15 ion implantation in accordance with the principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The foliowing description is presented to enable one of ordinary skill in the art w©
make and use the invention and is provided in the context of a patent application and its
20 requirements. Various modifications to the deseribed embodiments will be readily apparent to
those skilled in the art and the generic principles herein may be applied 10 other
embodiments. Thus, the present imvention is not intended to be limited to the embodiment
shown but is to be accorded the widest scope consistent with the principles and features

escribed herein.

f
Lh

Furthermore, it is contemplated that any features {rom any embodiment can be
combined with any features from any other embodimeni. In this {ashion, hyvbnd
configurations of the illustrated embodiments are well within the scope of the present
invention,

Various aspects of the disclosure may be described through the use of flowcharts.
30 Often, a single instance of an aspect of the present disclosure may be shown., Asis

appreciated by those of ordinary skiil in the art, however, the protocols, processes, and

9.



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.
25Furthermorecontemplated that any features from any embodiment can be combined with any
features from any other embodiment. In this fashion, hybrid configurations of the illustrated
embodiments are well within the scope of the present invention. Various aspects of the
disclosure may be described through the use of flowcharts. 300ften, a single instance of an aspect of
the present disclosure may be shown. As is appreciated by those of ordinary skill in the art, however,
the protocols, processes,.and., pracedures described herein may be repeated continuoysly or as often
as necessary tBT%%%%EPﬁﬁé &’ﬁgg%ds Gescnbe ﬁé?B?ﬁ“" %8 .‘%u‘b”r%‘é’#y,%tofsdégr?i%%”m‘ﬁ|‘é‘%‘é‘a”tﬁé/ﬁ (rh)’eat 13of% steps
can be performedripcasdifferéntidrdemthadtheordenillustratecbin tHehfigorabpdniesscathierwise

disclosed ‘?Xp"@!:tflkfo%ﬁé@%"%'g‘ -‘fc‘r%eTnQ%r%E?%%”t Y %%%%ﬂi'%t%ﬁ%&%%%@ AR anmplant system thatis
not onIy tailored for the manu acturing of solar cells, but for semiconductor and other surface and

near-surface mbdjﬁmaﬁ@ﬂ;?éipplmetims ia‘slwel'l. The development of this system is based on the relaxed
spectiieations that solg el farifalians eG4 can a9 ACTIAIR AORINA ABLHRGuE Algmic

profile tailoring capability for solar cells (incorporating features from commonly- 10owned U.S. Patent
Application Nofar2/48R:0tZcantiteel SFORMATION OFSONAR (ORI 08B BOTVEE MFTERIUSING

IMPLANT AND, ANNEALME QRS flegddung dd. 293 and fiam Sommenly:awned Ut Rrovisional
Application No. 61/131,698, entitled

specifications that solar cell [abrications require. It can provide accurate doping and unique
atomic profile tailoring capability [or solar cells {incorporating features from commonly-
10 owned U.S. Paient Application No. 12/483,017, entitled “FORMATION OF SOLAR CELL-
SELECTIVE EMITTER USING IMPLANT AND ANNEAL METHOD.” filed June 11,
2009, and from commonly-owned U.S. Provistonal Application No. 61/131.,698, entitled
“FORMATION OF SOLAR CELL-SELECTIVE EMITTER USING IMPLANT AND
ANNEAL METHOD,” filed Junc 11, 2008, which are both hereby incorporated by reference
15 as if set forth herein), These include change in doping levels, resistance of contact, bus bar,
fingers, contact resistance of metal-silicon interface, resistance of backside metallization,
achieving the desired resistivity under the metal gnd contact (preferably 10 to 30 Ohms/Sq.)
and in between the fingers (preferably greater than 100 Ohms/Sq.) to meet higher efficiency
solar cells {incorporating features from commoniy-owned U.S. Patent Application No.
20 12/482,980, entitled "SOLAR CELL FABRICATION USING IMPLANTATION.,” filed June
i1, 2009, commonly-owned U.S. Provisional Application No. 61/131,687, entitled “SOLAR
CELL FABRICATION USING IMPLANTATION.” filed June 11, 2008, commoniy-owned
U.S. Patent Application No. 12/482,685, entitled "SOLAR CELL FABRICATION WITH
FACETING AND ION IMPLANTATION.” filed June 11, 2009, and commoniy-owned U.S.
Provisional Application No. 61/133,028, entitled "SOLAR CELL FABRICATION WITH
FACETING AND ION IMPLANTATION,” filed June 24, 2008, which are all hereby

b
i

incorporated by reference as if set forth herein). It also meets the demands of {uture
requirements for solar cell wafer thickness, as well as contact metal width and spacing.
Moreover, the advantageous formation of selective emitter and Back Surface Field
30 {BSF} and its ability to improve performance will be possible {incorporating features from

commonly-owned U.S. Patent Application No. 12/482,947, entitled "APPLICATION

-10-



"FORMATION OF SOLAR CELL-SELECTIVE EMITTER USING IMPLANT AND ANNEAL METHOD,"
filed June 11. 2008, which are both hereby incorporated by reference 1Sas if set forth herein). These
include change in doping levels, resistance of contact, bus bar, fingers, contact resistance of
metal-silicon interface, resistance of backside metallization, achieving the desired resistivity under the
metal grid contact (preferably 10 to 30 Ohms/Sq.) and in between the fingers (preferably greater than
100 Ohms/Sq.) to meet higher efficiency solar cells (incorporating features from commonly-owned
U.S. Patent Application No. 12/482,980, entitled "SOLAR CELL FABRICATION USING

IMPLANTATI " filed | I n No. 61/131,687,
entitled "SOL B S e b S e b b0s
commonly-ovieRUCS. TRarht Application Niv(12 2/482,)685 -entitled . '“EBDAR@EL“LDFR@R(IJ@ATION
WITH FACET)] R S.
75PI’OVISIOna E IQatlbn ’% #@X‘%%ﬁ%t g‘ %ggq i %éé%%?léﬁg%e g aniléql\Hly Vh\ﬂg}lﬂﬁg)&ETlNG
AND ION IMFNO@I\LT%I’]E)SIQHMQEHQE RABRO0OS, [hich afiécdllheréby2iftorporated by wafsrénte as if
set forth herejy, It 339 C;n,% demandiBLWbse dRguGRENs s saiar-eel wRfey thickness, as

well as contact meta WI spacing Moreover, the advantageous fommtion of selective

emitter and BEEKISUTCE @%ME(BASF)%IEOB@ ARIRFEI imPPOVE peHfONNAREE WIR DE pd Sdititd 20,

(incorporating fgatyras. fram commonlyowned.tl- 2 @%I&%&@P”@ﬂ@ﬂ N9 de/A82- Ay ARES
"APPLICATION SPECIFIC IMPLANT SYSTEM AND METHOD FOR USE IN SOLAR CELL

FABRICATIONISH flEBI GRS T YL CROOST dbmNErkbwR<dEULS PRRHsoh&lA phlidation-N6leE1/131,688,

entitled "APPLICATIONS, SPEGIEIC IMPLANT, SYSTEMANRMETHODFOR WSEIN SOLAR CELL
FABRICATIONS," filed June 11, 2008, commonly- owned U.S. Provisional Appllcatlon Serial Number

61/2100545, enviladnaDyANCED HIGH EFRCIERCY areds Tane g ol-ARIC Bl EPABRIBATION

METHOD," filed, Mareh, ZQm%QQ»%{&Q%ﬁ%W%MQW%ﬁM@ Ratent ArplisationNes 12/72§,105,
entitled "ADVANCED HIGH EFFICIENCY CRYSTALLINE SOLAR CELL FABRICATION METHOD,"

filed March 1902058}/ THE B SEAIIHGEABORF €N bel Bp B0 RSl 6 PRRLRE-A Ocrystalline,

poly or multi-grystalling;of glectricahgrade ormetaliigicahnarage pligoreasivelt asy\vemnethin silicon
wafers and very thin film deposited silicon, or other materials used for solar cell formation and other

applications. TREDIELSH: hRtaHER &l§6“198“§[?ﬁlf§81%%’ﬂfﬁpﬂﬂ% A HEACESMAHF Y8R5 extended
to atonc species plaggment:forany aheLmaterpdseskin dabricativodhitnctionsrpdometal

semiconductor interface enhancements.

with a homogeneous implant in accordance with the principles of the present mvention. Solar
cell 300 comprises a semiconducting wafer with a p-doped region 510 and an n-doped region
520. The n-doped region 520 is homogeneously doped 1o form a homogeneous emitter, An
anti-reflective coating 560 is disposed over the n-doped region 5320, The anti-reflective

20 coating 560 preferably has a thickness of between 70-80 nm. Metal contacts 550 are
deposited ento the wafer, preferably having a width 354 of between 3-200 microns and being
spaced apart by a width 532 of between 1-3 mm. A p-doped region 370 15 formed in the
waler on the opposite side from the n-doped regon 520, forming a homogeneous BSE. A
passivation layer 580 {¢.g.. Si;N, or ALO,) is disposed over the bottom surface of the p-doped

25 region 570, and a rear metal contact layer 590 (e.g., Ag) 1s disposed over the bottom surface
of the passivation layer 580.

FI(G. 6 iliustrates a cross-sectional side view solar cell 600, which is solar celi 500

with the addition of certain selective implants. These selective implants include n-doped
selective emitter regions 630, selective metallic seed implants 633, and selective BSE regions

30 675,



15FIG. 5 illustrates a cross-sectional side view of one embodiment of a solar cell 500 with a
homogeneous implant in accordance with the principles of the present invention. Solar cell 500
comprises a semiconducting wafer with a p-doped region 510 and an n-doped region 520. The
n-doped region 520 is homogeneously doped to form a homogeneous emitter. An anti-reflective
coating 560 is disposed over the n-doped region 520. The anti-reflective 70coating 560 preferably has
a thickness of between 70-80 nm. Metal contacts 550 are deposited onto the wafer, preferably having
a width 554 of between 3-200 microns and being spaced apart by a width 552 of between 1-3 mm. A

p-doped region 570 is formed in the wafer on the opposite side from the n-doped region 520, forming a
homogeneous BSF. k,R %Oé*é%wﬂé |%nn?3'3t/1é{% é%br ((Ce"an E‘%ﬁ??{ci)cr}%f}g?)&%ng}%ﬁacsg%lg}elseirntﬁes 6%%?6% surface
of the p-dopedh2biegiorn:b7Qcdndixredasmetalycontact icayen 590 bay .o Agris digpossd: bveththe bottom
surface of the passivation layer 580. . FIG. 6 illustrate ross-sectional side, view solar cell 600,
which is solarsggﬁ%'&o \Eﬁﬁ %Xaélﬂ‘aéﬁﬁ%‘ﬁ 5,(1)11; %necrctia}f]r%cgéf’égtﬁlﬁe%rﬁbIgmél.[nfﬁegelgtefélgﬁ{\}gtffn%'l%ants include
n-doped selectivdiemitie ofegionsiB30aselectviermetallid seadsidiplantd 6B andodalentivenB8F regions
30675. s Insome cropodin, E‘xgéy’ot &£§§§F&Hé@éﬁ?»té%l&%‘é%ef%ﬁ*}ﬁqH%%a?cfn'c%scs@;&??egléﬁﬁ‘%that
are accélerated to the substrate by the application of pulses of negative potential to the substrate. The
plasma is transitibmrestlirtovalskdepth migihesphoxiglitihofithe substiate, i sphplicationd wizpotential
cause acceleratipn afiong rgaident intheRla3MABRs MplAN e SUA FRIEMAIGeRIRG Of the
substrate can be utilized to form homogenous doped regions, as well as selectively doped regions
through the useréfca eaaskbristhersbabectivbanipldatatio threehsiguckAs theosalriv: e apeagdpant
profile can be failgred.tg.provide:iNdeRENAENL SHHAGR CARGRANRLIQNS, Share Of e Ricileand the
junction depth, through pulse shape and plasma component adjustments. Furthermore, through the
use of tHe dopae stsichivrabtie coratitidsd ratie Ginws Bk sdiedls hrecabpist plofiler st be
further enhancedh, Utilization:af therRulasiasing of theisubstrate wid Arssiblasybstiataacksurface
antenna or substrate movement can also provide the lateral positioning advantages required for

selective implaHERIBAHY. CPRE R ERHIMTSHTGH ROVt e S tatrarFeaarcHd hefdpehdent of the
substrate sizejpln.Andigslong as uniformity of plasma is conserved, then multiple pieces of substrate
can be implanted simultaneously. This feature allows productivities well in excess of 1000+ wph.

Additionally, the preseiitAFRERtBNBHENRES 2 Foh HETBHEIHE IR BHSH hEtSH B Y Ss able
to dope areashat ake cansiriciadiisuchiasihe exured surfacesiop inpit-gradessiliean thabmay have
hillocks and re-entrant features on the surface. Do?ing such surfaces is . .

implanted simultaneousty. This feature allows productivities well in excess of 1000+ wph.

Additionally, the present invention provides a non-line-of-sight impiantation method, and

thus, is able 1o dope arcas that are constricted. such as the textured surfaces of multi-grade

silicon that may have hillocks and re-entrant features on the surface. Doping such surfaces 1s

20 critical as absence of doping may cause metal shunting.
One application of the present invention 1§ to generate a homogencous implantation
for emitter and Back Surface Field {(BSF) doping. At this stage, independent control of
surface concentration, profile shape and junction depth can play a significant role In meeting

the light conversion properties of & solar cell. Such implant capabilities will avoid the

12
A

formation of a “dead layer” that is prevalent with mcumbent diffusion methods. These layers
are formed as a result of un-activated excess near-surface dopants that are accumulated as
diffusion is used 1o form the electrical junctions. Profile management achieved with the
present invention’s ion implantations can avoid such drawbacks.

FIG. 1 iilustrates a cross-sectional side view of one embodiment of a homogencously
30 doped solar cell 100 in accordance with the principles of the present invention. Solar cell 100
compiises a semi-conducting substrate 110, such as a silicon wafer, For the formation of the

_12.



70critical as absence of doping may cause metal shunting. One application of the present
invention is to generate a homogeneous implantation for emitter and Back Surface Field (BSF) doping.
At this stage, independent control of surface concentration, profile shape and junction depth can play a
significant role in meeting the light conversion properties of a solar cell. Such implant capabilities will
avoid the formation of a "dead layer" that is prevalent with incumbent diffusion methods. These layers
are formed as a result of un-activated excess near-surface dopants that are accumulated as diffusion
is used to form the electrical junctions. Profile management achieved with the present invention's ion
implantations can avgid such d”ra‘§(ﬁéik§" e FIG Lillustrates a cross- ignal-side.vi f one
embodiment 0f&’ Haér:ﬁ{oazhrgélﬁ%ﬁ/w oﬁ%n 1sact) ar %’e ka:LC ( ?nkgfzecﬁ%%%iné%%\rfl\ﬂaiggﬁg %Ig%llgipli\é@\gﬁhe
present invertiionsSqlas pelich@0. congprisels hisemissendopting substrateor 10 2soulsdsthcsilicon wafer.
For the formation of the region 120 where the cell 10 rates. th ron-hale paits,.doping levels
of at least 1080 r%lg)éaifd%g%nrs %]}%rgg’glll%]gcgﬁrgr%ﬁi{ﬁg%xﬁns%%gfgﬁgﬁ%ﬁaﬁi% %ts)gvgjgib%ﬁ%ng\gmpede the
generation anaptansport of suckhohabgecsalricbsrorhididopinepletypicalhprdowerenergydmipRint, such
as less;than 1508V, %Eﬁﬁrfﬁ'ﬁt?ﬁfg’%‘i’?&@%rﬁéd arRepicy antimeny,anshother sielasdopants. Such
implants are carried out at a light concentration. In a preferred embodiment, the concentration of these
implants is lessthdimeRISbmrTHETREIGUINE thertdokhe infifo it/ 67 ceverabe fodBRIPEEN for
applications are estimated . heMsen ie 0%, Simiia homegensitviseauiied indhaplasma
uniformity. It Is envisaged that each solar cell will be independently implanted, so as to attain the
benefits of th&isifigie watersysténmcarid oAt BroviHeEEgnicarm dapsBiiy RAcimoiaht sWhereby
tailoring the mqa%@%a&%aﬁtkvaﬁlgﬂﬂéa% dorant for gelsstiva.emitiesiaan pravenithe formation of
the traditional dead layer issues. FIGS. 2A-2C illustrate cross-sectional side views of different ways of

selectiVely imisrntNy % sotar seliom Wi sEleBup Bmitterhedls a8 P HEEBIRARE with the
15principles of.theRresenaysatian: e selanaal200 srmprisrsiasamincanduetiagisHbsieate 210,
which has been homogeneously doped to form a homogeneous emitter region 220, similar to

homogeneout&iittditegion 120 in FIG. 1.
FIGS. 2A-2C illustrate cross-sectional side views of different ways of selectively

implanting a sofar cell 200 to form sclective emitter regions 230 in accordance with the

o
Ln

principles of the present invention. The solar cell 200 comprises a semi-conducting substrate
210, which has been homogeneocusly doped to form a homogeneous emitter region 220,
similar to homogeneous emitter region 120 in F1G. [

FIG. 2A illustrates a shadow mask method used (o form selective emitter regions 230
in the seri-conducting substrate 210. In the shadow mask methed, a physical mask 242 15
20 used within the plasma implanier technologies system to define the beam 240 1o the exact
dimension required. The aspect ratio of the mask 242 is critical here, as it is estimated that
typical energetic plasma ions can easily penetrate a 1:10 aspect ratio, as has been
demonstrated by lower energy plasma deposition methods. The proximity of the mask 242 to
the substrate 210 can be adjusted to use potential beam {lare-out to the advantage of

construction of doped regions under the gridiines that are farger by approximately +/- 10 t0 30

b2
th

microns for a 100 micron wide gridline. This adjustment will allow for ease of subsequent
gridline printing and alignment, and will provide an overlapping region for minimization of
any potential electrical leakage. In a preferred embodiment, the material used for the shadow
mask 242 is innocuous to the processing, and is preferably conductive in order to not affect
30 the implantation method. Sputtering of such material will determine the lifetime and usage of

this mask 242, thus rendering it a consumable component with a regular replacement



FIG. 2A illustrates a shadow mask method used to form selective emitter regions 230 in the
semi-conducting substrate 210. In the shadow mask method, a physical mask 242 is used within the
plasma implanter technologies system to define the beam 240 to the exact dimension required. The
aspect ratio of the mask 242 is critical here, as it is estimated that typical energetic plasma ions can
easily penetrate a 1:10 aspect ratio, as has been demonstrated by lower energy plasma deposition
methods. The proximity of the mask 242 to the substrate 210 can be adjusted to use potential beam
flare-out to the advantage of construction of doped regions under the gridlines that are larger by
approximately, . 19,10 30.migrens for 2,400 micton wida aridinen s adiyamant ik allow for ease
of subsequeanrldilne printing’an ajllgnment, and wi provﬁe an overlapping region for minimization
of any potentiebelecincatdeskagerincal profetrediembodiment;dhenmateiadused for anghHadow mask
242 1S INNOCUQUS {Q t!ele%%q_zcz%% 199,800 rR/R(EIakbe CANANELNE I OTLE 19 ARt ARRELAOME e
implantation meﬁmo\. S uttering ot such material will determine the lifetime and usage of this mask
242, thus rendbrifyitsdoslmable component with a regular replacement provision. The shape of
the cutquts through which ghg,iap, heams 240.pass andisEaeeGrRIions ats:alse:efertical in

considerations to minimize contamination and sputtering rates. Typical shaping that is already
prevalent in tHbcinelustyrdartives udetideriHe fbicativitol #dssHatrvinmarre aoth the £ 2B

illustrates a wafer masi-methadusas to.form.selecliveamitter-regions 230 ntbesemineopddcting
substrate 210. Here, a mask 244 is placed in contact with the semiconducting wafer 210. Such mask

244 can be a Walfth SPRBA!FERKIREE oYaRe MatfePisHEK e it plardstepuathd Wife? HHGE R Fod can

be achieved thraugh these LllithegiarhinE QAR RIANG Qs MotahiRvalenisereenpanting steps. It
can also utilize the already 10masked and opened processing steps used for formation of contact

depositibn. THEGISFBRACH BN B GRS WHthiS SR REREH fd e A AR S uthBation of masking

materials that yersnog Ysedinhe pastimpianationmethedsAn-example sisushraaterals is the
use of resist that is used, traditionally, in circuit board fabrications and other low t?mperatureérasking
' 1

materials. 15RTLHES iRESTESTY 80eiTe i PSR RN Ch A5G FretHbE #5 R SUfIC IR EAN:

tter

regions 230 indhe: semircerndueting sulkstrate 101 Heareithe eguiredfuilsing aftbherbeam and an
envisaged back surface antenna can be made into a closed loop control so that plasma is directed

selectively int& BRI TR BIBHL S HE LB strate. In some embodiments, additional grid structures, such
as those discussed imifurthern detaicbelmwy; cadld henadedriafiuphem@optimiterthe lshapewofithe plasma

beam, whereby 2 voltage san be anplied, both pegative anglor ositve, 19 achieys, e shapipo. As
seen in FIG. 2C5tHe S%%e‘& i P«Sgﬁbﬁ%’ 30'%Fe iR Slignment with the Tocations where a voltage 246 is
directly appliednterthiesbatk:surfacacofathenna can be made into a closed loop control so that plasma is
directed selectively into certain regions of the substrate. In some embodiments, additional
grid structures, such as those discussed in further detail below, could be used to further
20 optimize the shape of the plasma beam, whereby a voltage can be applied, both negative
and/or positive. to achicve such shaping. As seen in FIG. 2C, the selected regions 230 are in
alignment with the locations where a voltage 246 is directly applied to the back surface of the
semiconducting wafer 210, This method may be more applicable for thinner wafers.
Alternatively. a combination of the pulsing of the plasma and possible positioning of the

substrate can be used to generate arcas of high and low doping, Overlapping of these regions

b
wh

can provide an optimized controlled flow of electron holes from the low-doped regions,
suited for light conversion. te the highly-doped selectively implanted regions. suited for
electrical contact gridlines. One could envisage regions of high and low doping overlaps as
the substrate, under precise controiled motions, moves beneath the ion beams. The different

30 regions will not have distinctive boundarics. and a gradual change of doping levels can



semiconducting wafer 210. This method may be more applicable for thinner wafers. Alternatively, a
combination of the pulsing of the plasma and possible positioning of the substrate can be used to
generate areas of high and low doping. Overlapping of these regions can provide an optimized
controlled flow of electron holes from the low-doped reons, suited for light conversion, to the
highly-doped selectively implanted regions, suited for electrical contact gridlines. One could envisage
regions of high and low doping overlaps as the substrate, under precise controlled motions, moves
beneath the ion beams. The different 30regions will not have distinctive boundaries, and a ;4-adual
change of doping Igvels can. AIOYIdE. an,Acaniadsin law ebchaioes wiiR e sybshale. Bych
variability in the lateral 3op|ng Tan enhance the operation of the cells. FIG. 3illustrates a
cross-sectionabpide viewrbfimrdhembpodimment dicaddiar cell 300 with contact gridlines 350 in

accordance with theirneipias ALIbe ArgsenhoNanian: [ palav-sall 300 cemaries aaafs. In some

embodiments, the water 110 Is a 156 x 156 mm wafer. Preferably, the wafer is formed of a
semiconductoritiateriat! sudhras sfiftoresingiesrwidlthe prsesinte o dhe BErmprisesdenn jUlction. The
p-n jungfion is formeq fiam arvRe;doned iRipR-3HamskaN 0s AaPad region320saging disposed

next to one another. Metal contact lines 350 are printed, or otherwise formed, on the surface of the
wafer. It is 10e@itenipritsth thabereateritdermeé 9 B5 0 BasP BiE BRTSItHaN FEhrE SHEGBINE BatErial
other than m%ﬂlitl&&%@@i&mQQQ@%@&%"&?H_%M&i@ﬂgqfi@c(ﬁ@jﬁh&%ﬁ)é@?@rﬁﬂé@@@%?@%ﬁ@&n the

surface of the wafer fo.collect the electrical charge from the contact lines and carry it out to an external
load. In operatioria§SigheeBmRbantiRE SepRibBHHICioR e I RSB SR theM88kposed

surface betwegp the icentacs lines380;, ks Gervartedinie slestran-hole-pairswtygicall within the
n-type doped region 320. The electrons go one way, getting attracted into the contacts 350, while the
holes g8 the dtPEFHR OWATHE HE Py Rr tidpber P P31V PR AR RS HISHRE tHERE Witin a
particular regignnth@more ibe elestranhele. paiisuane Jaaapiues withinthatlegitmrasultingdn more
lost electricity. Therefare, it is beneficial to control the level of dgping for different regions. In regions
where the lighti€ 467156 B6rvaRed rYseidirdrchis priFee e %FS‘Flaﬁgilﬁﬁﬁéﬂétﬁ%g%{r%%tiﬁ/é Y low.
In regions whekg:thel Gharge is to go through the contact lines 350, the level of doping should be high.
Regions 320 represent a hpmog'e‘rg%us‘ emitter re ion that as been hQ?czgfen\%grs;IYh%) ed with a low
level of n-type doparlf. BSHIBRAY 3300 8eEd BeNSati e SotAtlihes 380 near the surtace of the
wafer represestselettive.emitiercregionsthat hiave Been selectively dopedarith-adtelpdively high level

of n-type dopant. As a result of minimizing the dopant concentration g\theret{y. m xim{z!pg] the
; o N-{yne Ted 20 Mhe.electrons g0 one way, gciling aitracted mt
resistiy) of B R S e Fag oA AR S R 8 Botnt for e A AR

minimizing thehesistivity):66 théselbetive emitier sdgionsy.thevabilithoftheesblpeBOeaintd thankfer the

generated elegirong oM e omaaeneoya SmIeLRalAD JIRURb e RISV p.sTier regions to the

: m i .
contact lines is Incredsed, whilé the risk’o osing EFEC'[I'ICItyt
recaptured within that region, resulting in more lost electricity. Therefore, it is beneficial to
20 control the level of doping for different regions. I regions where the light is to be converted
into clectron-hele pairs, the level of doping should be relatively low. In regions where the
charge is lo go through the contact lines 350, the level of doping should be high. Regions 320
represent a homogeneous emitier region that has been homogeneously doped with a low level

of n-type dopant. Regions 330 disposed beneath the contact lines 350 near the surface of the

waler represent selective emitter regions that have been selectively doped with a relatively

o]
Ly

high level of n-type dopant.

As a result of minimizing the dopant concentration (thercby, maxinizing the
resistivity) of the homogeneous emitier region and maximizing the dopant concentration
(thereby, minimizing the resistivity} of the selective emitter regions, the ability of the solar

30 cell to transfer the generated clectrons from the homogeneous emitter region through the

selective emitter regions to the contact lines 1s increased, while the risk of losing electricity w
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electron-hole pair recombination is reduced. Additionally, although bigger contact lines can conduct
more electricity, they also block more light from entering the solar cell and being converted into
electrons. By maximizing the dopant concentration of the selective emitter regions near the contact
lines, the contact lines can actually be made thinner, thereby allowing more light to enter the solar cell,
while improving the solar cells ability to transfer the electrons from the electron-hole pair generating
region to the contact lines. In sonic embodiments, the homogeneously doped region is doped to
have a sheet resistance in a range of approximately 80 Ohms/square to approximately 160

Ohms/square, while é?‘:‘ selective!}/ doped regécdnts reé\(%gﬁleo% Iﬁ&h%}\{&%ﬁ%%&§j§é@&0ﬁn@%Z{ﬁinge of
: : . \ . Er 0 gl

10approximat(é1ﬁ/mi@n O}rclglislaﬁéa(froe 1[%‘%5’8?0%ma¥e y 4 ms/square. If so odiments, the

homogeneousiyndopedaegienistoped tdsedvech sheeti phsistancetofrapproxilrateyarddOtims/square

or areater, while (e seiecivelydoped iegions Aie HeREdI0 have.R ahselrasisiancs ol gpipximately

25 Ohms/squg?é“&r féss. In’'some embo Iments, ctively doped regions 330 arc laterally spaced
apart 15from ongeanothetia distanicdein.the ranget dinapproxirnatslypd mady 16 iapprobensaieia i,

Howevey, it is contemplated that other spacing dimensions,are within.tig 56ane-of-tae present

invention. Adcmlonalfy, or selective emitter applications, the solar cell industry is expected to require
the implanted @otitast §ridiifes: B850 dve@r widthammr 2D OHIcHSO 88N t6stess than 50 microns.

Plasma implantation;sysiems,ean;he tsed far the formation,and adiystment gt dhawarkdunction and

the band gap engineering for the contact deposition, through the formation of near-surface
metal-silicide. " Fhitigh @& verydight aosecimprintiohs saesdnienspetivd e thl4mes Tuete.) at
locations near,the. swirfage.al the dalgt.ametalisiligoncontact isdmpravedanarkegiy. Such seed

implants or work function adjustment implants can improve contact performance. FIG. 4 illustrates
one emBodimamrekislalsmi IHmErsisrc R RIEBH 8PsTER by Ak oftiee Wl te piindisles of
the present nyepijann i ysiean s cisclagscin . FravisiasalApplicajian SetalNumber
61/185,596, filed ;Tune 10, 2009, entitled "APPLICATION SPECIFIC PLASMA IMPLANT SYSTEM
FOR USE IN SOnaRier 9r SorSBRICA MORSH NP RSB EBYSiAEo PBrAd By FetlFShce in its
entirety as if sgifarh-beraifh-Jhmsysien 4R campiseseasvacuum chamber 410, a gas input system

420, a plasma , _ _ .
In some embodiments, the selectively doped regions 330 are laterally spaced apart

15 from one another a distance in the range of approximately 1 mm to approximatety 3 mm.
However, it is contemiplated that other spacing dimensions are within the scope of the present
invention. Additionally, for selective emitter applications, the solar cell industry 1s expected
to require the implanted contact gridlines 330 to have a width {from 200 microns down 1o less
than 50 microns.

20 Plasma implantation systems can be used for the formation and adjustment of the
work function and the band gap engincering for the contact deposition, threugh the formation
of near-surface metal-sificide. Through a very light dose implantation of a metallic species
(such as Ta, Ti, etc.) at locations near the surface of the wafer, a metal/silicon contact 1s
improved markedly. Such seed implants or work function adjustment implants can improve

25 contact performance.

FI1G. 4 illustrates one embodiment of a plasma immersion implantation sysiem 400 n
accordance with the principles of the present invention. This system is disclosed in U.S.
Provisional Application Serial Number 61/185,596, filed June 10, 2009, entitied
“APPLICATION SPECIFIC PLASMA IMPLANT SYSTEM FOR USE IN SOLAR CELL
30 FABRICATIONS,” which is herchy incorporated by reference in its entirety as if set forth

herein. The system 400 comprises a vacuum chamber 410, 2 gas input systern 420, a plasma
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generator 430, one or more vacuum pumps 450, and a high-voltage pulser 480. The gas input system
420, the plasma generator 430, and the vacuum pumps 450 work together to provide plasma 460
within the vacuum chamber 460 at a location near a target substrate 440. The high-voltage pulscr 480
is used to negatively bias the target substrate 440. Examples of pulsers that can be used include
hard-tubed pulsers, such as planar triode, power tetrode, and hobertron. It is contemplated that other
pulsers can be used as well. As a result of the high negative voltage pulse being applied to the target
substrate 440, a sheath between the plasma 460 and the target substrate 440 forms, and ions 470
from the plasma 460 ag accelerated into, the farget, sybstiale 44Q RIS PIASINEIMPRLSIONinpu
implantation &¢hRighe removes the need for 10 ny mass analysis. It provides acceptable power
density and excelierprddudtivity. sEhesmplantatiothsystennhpsunidoe wapabiitibe for wstafeell
applications. {p, orelefto.Meet the.Rreduelibitemand fbs solaL.cellindusis mulliple-pigce
S|multaneousp|mp antation 1s envisaged. For a typical four-piece substra%e of 156x156 mm
pseudo-squabighwithagtopal are Gf0128! toj peemiye sh e WilEpY SIEFEBIY tU Frieey ¥ tdtye plasma,

with a 15 height of 03 m and 8.sheath of Q.2 Mme 200 AdR1L ehampereihitob k. witbugeneration of

plasmaapeak currents up to 15 A. The system is useful in meeticr;qg1 the pulse energy demands of the
solar field, whichearenvaiabiendsrapbretbramigtlessuiar ssoRV sThesseLuppiediltoé Prug'gompatible
and, depending o the, §REC| s@%gsm?ﬁs%c% will provide dhasaquired depth-of prmRiEtoRa 20In

some embodiménts, the system is used for single species implantation, so as to avoid any cross

contaminatiod ¥ dobdintarktditionamiin Some BIRETHIMEHSHBCRETRAI OIS ERE EdRber 410
is clad with appropriate, matgriakso a5 (o minimize dReReReRtaLabmetalic and:ather urwaniet:

contamination.  “Preferably, components such as the vacuum chamber, multiple-pass load lock,
gas délivery gysterssard stitomativTidend TR RYRIsE e Ra ATiGUHEY MO With such an
application specific system@r-iadineswith-anbinical Righyvelwae selanaaltmapitaciuring system. In
preferred embodiments, the system operates with a productivity of O%.Q wafers per hour to match the

automation ofeHecgblas pEIrsHC SR HHbE! the solar el dngysTh RSt EaF HEMBERed through the

pulse shape agiMisHngah e Merhike 3Qtaileynareauintdbysatescell P fatricatiors:@reqmethod is to
use a passivation pulse- formingnetwork mechanism, The prafile can.furth?r be tailored b% the use of
%Eﬂ q ¢ 1 d

plasma conteMt!aajasthiesi ShichBaiisB Aekisved s tigh i SPudiarus & S Rictowave or RF
coupling, or apymudtinie af prevaleniplasmaformation téchnotegyeithoblasmeiso @s tonvodify the

e o s S bl 8L e s e e omet
of the solar field, which arc variable and preferably less than 150 kV. These supplies will be
nlug compatible and, depending on the species and mass used, will provide the required depth
of penetration.

20 In some embodiments, the sysiem is used for single species implantation, so as to
avoid any cross contamination of dopants. Additionally. in some embodiments, the internal
portien of the chamber 410 is clad with appropriate material so as to minimize the potential
of metallic and other unwanted contamination.

Preferably. components such as the vacuum chamber, multiple-pass load lock, gas

25 delivery system, and automation and factory interfaces are configured in-line with such an
application specific system or in-line with a typical high volume solar cell manufacturing
system. In preferred embodiments, the system operates with a productivity of 1000+ wafers
per hour to match the automation of the solar cell fabrication lines,

The dopant profile can be modified through the pulse shape adjustment to meet the

30 tailoring required by solar cell PV fabrications, One method 15 1o use & passivation pulse-

forming network mechanism. The profile can further be tailored by the use of plasma content
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5For example, for the use of solid phosphorous, its various components (such as P', P P' P2I, P,i, P.
etc.) can be used to ensure that near surface tailoring is achieved. Such tailoring can also be used for
other dopants, such as p-type Boron A direct side benefit of plasma implant technology is the
prevalence of hydrogen (e.g., if e source of the dopant is PH, or B2HH. The hydrogen will be
implanted simultaneously 10and at higher energies, helping to provide an auto-gettering effect that is
unigue and demanded for poorer quality solar cell materials. Variability of the energy during the
pulsing of the plasma, where it can be distinct or as a continuum, can also be employed to form the

required profile, and manage independent surface concentration, atomic profile ' junction
depths. This égﬁff’ %gnéigﬁ%%] &hd T5in Qﬁfg\@/yvﬁrs(?é‘bﬁs?g? &an E’%Eeugds%toﬁ%ﬁ%%%( {?oogr%?)%%gr@%gbgﬂses at
required energyytmﬁmipﬁ_nasﬁ;bhs'adesiqﬂakmmfdasaﬁchetmm«ggfdmﬁmlﬁedmwem&@ ofithis system
lends tself 0 Implaniatanalvel D WAIGIS (6. les IANAQMIRANR) andenaniesdnathicket
wafers remain at a temperature of less than 100 C throughout the process. Such distributed power
density allows wiillzatiomiofrvavioligh degamiasiinie (@gccrésistmaliarbds tharinsly horHdvE Been
considered before MiBEPIRDL WP AMAIYSblAR ISmeS it Ak Ae e Iplant, which
employs high average power density. Dep ndlhg on the desired PV ‘applications, the average
distributed powerrderisi_tmtXh@m@s@fﬁtirnvweﬁw@wwmtat@@waafd}scm&tﬁ@%d%ﬂw and
duration of pulses forhigh. (reaier.IhaR.AR0G)-and jaw,(ess dhan 100C) substrate temperature  No

subsequent diffusion Is required. Lower temperature anneal as low as 500 C can provide enough
activation and damagetptietddbetabricanomet EPNMeIE PRAs e As AP RIGTAG S AU EMY RECRiGHE -
productivity, carproyide highesdnses anddhys: if only a.pastian.ofthe dopantdsastivaieds.dhen the

desired resistivity and performance can be achieved. 30In some embodiments, various materials or
compoiinds afedisetiser providE SURREE pRESVHOH A SO SN $bHEativh PEr B&HPle, in some
embodiments ; SiNQESIQH d8orer quality solar cell materials.

Variability of the energy during the pulsing of the plasma. where it can be distinct or
as a continuum, can also be employed to form the required profile and manage independent
surface concentration, atomic profile shaping and junction depths. This could be distinet and

13 in known steps or can be as continuum (o appropriate pauses al required energy to contrast
the desired profiles.

The average distributed power density of this system lends itself to implantation of
very thin wafers (i.e., less than 20 microns} and ensures that thicker walers remain at a
temperature of less than 100° C throughout the process. Such distributed power density

20 allows utilization of various hard masking (c.g., resist) materials that may not have been
considered before with diffusion, which employs high temperature, and directed implant,
which employs high average power density. Depending on the desired PV applications, the
average distributed power density of the present invention can be modulated by adjusting the
frequency and duration of pulses for high (greater than 300°C) and low (less than100°C)

25 substrate temperature,

No subsequent diffusion is required. Lower temperature anneal as low as 5007 C can
provide enough activation and damage anneal for fabrication of a PV cell. Plasma
implantation, due to its high productivity, can provide higher doses, and thus, if only a portion
of the dopant is activated. then the desired resistivity and performance can be achieved.

30 In some embodiments, various materials or compounds are used to provide surface

passivation in solar ceil fabrication. For example, in some embodiments, SKN, or Si0; is
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deposited andlor grown at elevated temperatures or using pyrogenic growth methods. Such methods
are limited to prevalent chemistry and molecular make up cannot be changed. However, through the
use of the plasma implant technology of the present invention, the molecular make-up can be adjusted
for improvements of passivation properties. Formation of SiN, or introduction of excess nitrogen can
provide improvement of passivation properties of this film. Despite the advantages of the plasma
immersion implantation system discussed above, the present invention provides an even more
beneficial implantation system in the form of a plasma grid implantation system. The plasma grid
implantation system provides 10the beneficial power density of beamline implantation..while also
oroviding e S B i e By, o o SRR ATt SR e
view of one emibdditeent oihé&glasmavgridtimplantsystémal8din acéordarcewith thengridciples of the
resent invention. System 700 comprises a chamber. 710 that houses, a first grid pl 0, a second
Grid plate 755, SN A T o e s S AL W feren
materials, inclugiigylbutmabtimitedto adiraphiteyr sitiponcatbide! prrditangstenpBach dridmpiaen of

comprises a Phitelty Rl ARRAes conlayiRd fe AR NI HRgSEANBIERNT. A PIASHR AR CE
provides a plasma to a plasma region of th

e chamber 710. In FIG. 7, this plasma region is located
above the firstigtidhiplate 750. In some embodiments, the chamber walls are 70configured to repel ions

in the plasma regionysing.a.elaciic fieldr Farexample, same ambediments; one. almore magnets

790 are coupled to the wall of the chamber 710. The electric field is used to push the plasma off the
walls, therebyavrtipt&in P ey ap BEtweRiy thEE Hasie ard ThenehambBINGaIK Y Avdidiigany

sputtering off of the walk material intpiheAasha.A eroehaubstiate ipRasitionsd omthe paposite side
of the grid plates. In HG. 7, the 25target substrate is located below the third grid plate 757. As will be

discuss$d in fuieHmelesstl Petswd tha tapgeeaubet Hie i preteratn stipppisypy iy Atjiecasey
Substrate hoId@fpm%gwggggw,iﬁ]geyﬂg(ﬁ%@et substrate to be adjusted between a homogeneous implant
position 740a and a selective implant position 740b. The main feature of this system 700 is the use of
plasma ions that are HEtdlSistEa SotGhAEr RS THE 8¢ SiAss ety HoEHeRoN 8% B9 8Hfulsed
potential to thefisat@rickRIBten0 in accordance with the principles of the present invention. System 700
comprises a chamber 710 that houscs a first grid plate 750, a sccond gnid plate 755, and a
15 third grid piate 757. The grid plates can be formed from a variety of different materials,
including, but not limited to, graphite, siticon carbide, and tungsten. Each grid plate
comprises a plurality of apertures configured to allow lons to pass therethrough. A plasma
source provides a plasma (o a plasma region of the chamber 710. In FIG. 7, this plasma
region is located above the first grid plate 750, In some embodiments. the chamber walls are
20 configured to repel ions in the plasma region using an electric ficid. For example, m some
embodiments, one or more magnets 790 are coupled to the wall of the chamber 710, The
electric field is used to push the plasma oft the walls, thereby maintaining a gap between the
plasma and the chamber walls, and avoiding any sputtering off of the wall material into the

plasma. A target substrate is positioned on the opposite side of the grid plates. In FIG. 7, the

[
w4

larget substrate 1s located below the third grid plate 757, As will be discussed in further detail
below, the target substrate is preferably supported by an adjustable substrate holder, thereby
allowing the target substrate to be adjusted between a homogeneous implant position 740a
and a selective implant position 740b.

The main feature of this system 700 1s the use of plasma ions that are accelerated
30 towards the target substrate by application of a DC or pulsed potential to the first grid plate

750. These ions are implanted into the substrate. The deleterious effect of secondary
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750. These ions are implanted into the substrate. The deleterious effect of secondary electrons
resulting from the impingement of ions on the substrate and other materials is avoided through the use
of the second grid plate 755, which is negatively-biased with respect to the first grid plate 750. This
negatively-biased second grid plate 755 suppresses the electrons that come off of the substrate. In
some embodiments, the first grid plate 750 is biased to 80 kV and the second grid plate 755 is biased
to -2 kV. However, it is contemplated that other biasing voltages can be employed. The third grid plate
757 acts as a beam defining grid and is preferably grouned. It is positioned in contact with or very
close o the syifaee.of (e sbstale, In Qrderieaovids a ingl definiien.of InemilantyThis orid plate
757 can act as a beam detining mas and provide the critical alignment required, it a selective implant
is required. Theotkivd thridigidte 1&70¢amk beconniigdnddiin’ Atcotdentewith thky-Shsedw thaskoect
embodiment of Gy 2A, 06 the waler mask emRaAment PLLIG, 2Rdniordes i, aghicys gram-defining
selective implantation. Additionally, The third grid"plate 757 can be replaced or supplemented with any
form of beam&kepingithatdoes hof thgsitsamabkssuelkrakodiaprilsder Beararshabiag #rbodiment of
FIG. 2G 151t ig;contemplated. lhaldie g piatas cande spaced apatt ingwariety of Wavsnpneae

embodiment, the first grid plate 750 is separated from the second grid plate 755 by a distance of
approximately:p athsy, brrdnghecdieesneryia BTieyrS5 e dyat2red o fheadtirtd grigprats Hy e
distance of appreximalely. 3 AUR- fAQweyer: RthesMmeasirenenissandkeemplayed dp geneal; several

grid arrangements, such as triode, tetrode and others, can be 70envisaged, where the grid
arrangementsireubssg aonoptentl rEange ptBaols B dAT RIS Fortial chlE SPABIRGgEHoHS act
implantation, the, definingmaskean he renavedleprevidehamagenars coverage: of thewafer. The
position of the wafer for selective implantation, with shadow mask, and for homogenous implantation

can bé Altered® Behefit frofidne filtiple §russear detmitbrceaasamie or e Ydidttive
implantation, theswafeen{ 49 is. mavedné clese tadhemuliiplengidmiate Rsseroblyd 480 vEbeats7),
whereas, for the homogenous implantation, the wafer 740a is moved far_enough from the grid plate
assembly (756?%9??%‘??%%‘?89 SR OfhifS AN By AR S BB Y U SPERSEL Bharge
expansion of theheasm:lets K any is-grduelaieagsembly can he uspdrimfuriberdonus the heam-lets
776 into known §ha§§é onto hge ,supstrﬁt? sy h as by adjusting the position of the plates with respect
30to one anothE M tHERABY BIANHAIY thé Meat for any shadow masking or any other substrate masks.
This grid plate assembly:asrangemae ninigbies! thetsaobDGor putsedbiasafarthe ways. In one

embodiment, the first grid plate 750 is separated from the second grid plate 755 by a distance
of approximately 12 mm, and the second grid plate 755 is separated from the third grid plate
by a distance ol approximately 3 mm. However, other measurements can be employed.
In general, several grid arrangements, such as triode, tetrode and others, can be

20 envisaged, where the grid arrangements are used to optically control the ton beam-lets, For
the casc of homogenous implantation. the defining mask can be removed 1o provide
homogenous coverage of the wafer. The position of the wafer for selective implantation, with
shadow mask, and for homogenous implantation can be altered to benefit from the muluple

orids beam definition. For exampie. for the selective implantation, the wafter 740b is moved

12
(W3

close to the multiple grid plate assembly (750, 755, 757}, whereas. for the homogenous
tmplantation. the wafer 740a is moved far enough from the grid plate assembly (750, 735,
757} to provide a uniform beam, which is formed as a result of space charge expansion of the
beam-lets 776. This grid plate assembly can be used to further focus the beam-lets 776 into
known shapes onto the substrate, such as by adjusting the position of the plates with respect
30 to one another, thereby eliminating the need for any shadow masking or any other substrate

masks. This grid plate assembly arrangement enables the use of DC or pulsed bias for the
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acceleration of ions and minimizes the back streaming electrons that has hampered plasma immersion
technology by limiting the energy range and making the pulser/PSU cost prohibitive. This dramatically
simplifies the power supply needed. Additionally, by decotipling the plasma formation from the ion
acceleration, the present invention allows for independent methods to be used for the formation of the
plasma above the grid plates. The grid plates can provide some degree of beam definition. For
example, the extracted ion beam can be focused to a particular dimension of selective emitter
applications. In plasma grid implant system 700, the chamber 710 is configured to allow the plasma
10to form and expand. As previously discussed, t{hgf(fir_st_ rid pJ]ate 750 iis t'alpositi,ve pqtentjal with
respect to groafftt B3 SRS TATE BRaEaH-ghidl HHE™ ETSEEHey S m g T SR P the
meniscus 780ifanmethabave «achtaf lils idpgnBgscigns:ape axinealasband ppticatyl shaped. As
previously discussed, the secand grid plate 755, which is negatively hiased, IS suppresses the back
Cibétpitd s WABHST s confi

streaming eleSHE Fhe ARG Y BatS 7B Aethe

erit is configured as a shadow
mask or a wafer maskj¢iandad placee:atsiveny closerproximityidihe sedondgeidplate, 755 to utilize
the pattern definition by the riﬂ assc;mblg as shown |t(p h Posiéi(?n fsybstfrfa\te_ 7%1 b. At this

.. 3 . present imvenlion allows 107 hl’l égczl Cnt metnods O%" use (”‘ .{:.orrga 1.08 O6 Qe plasma
position; the igns extracted are in the’s ape of beam-lets that are well defined and implanted in
selective regionsin thegithstrate T40k:iTpé:20substratelcamalsogde: positiomedfuither away from the
first and second,grig plates. 159 8nd 758t aghieye a.ipmadeneys Andunifarm mplent elthir.pith or
without the usé of & Shadow mas , such as with substrate 740a. As seen with the positioning of
substrate 740apphiedieam-lets 776 have merged due to space charge expansion. Alternatively, one

position could be used for.poth homeagneals At selecliygdbaANALan WRre DR selRelye implant
is perforrned in the pregence 6f a shadow mask or a wafer mask in order o provide the selectivity
requiretf) & beamof ispsiéxitingpastualy aperteralishdiliergert ppits Hatore 2whidhis iseediide the
typical equilibruy alplasa,in GervexNBIAR whekearh aihachecausel NglLbke sleciipcharge
and they have randomly oriéntated vélocities due to thermal motion within the 30plasma. Therefore,
careful designadtthisengridqptatd Giseraredarrictiss plasmpeeBidiion ighesassedyig epntflboth the
emittance of igRg.apd system acceptance to the ion beam. The
As previousty discussed, the second grid plate 755, which is negatively biased,
15 suppresses the back streaming clectrons. The substrate and the third grid plate 757 (whether
it is configured as a shadow mask or a wafer mask) can be placed al a very close proximity to
the second grid plate 735 to utilize the pattern definition by the grid assembly, as shown with
the position of substrate 740b. At this position, the ions extracted are in the shape of beam-
lets that are well defined and implanted in sclective regions in the substrate 740b. The
20 substrate can also be positioned further away from the first and second grid plates 750 and
755 10 achicve a homogenous and uniform implant cither with or without the use of a shadow
mask. such as with substrate 740a. As scen with the positioning of substrate 740a, the beam-
lets 776 have merged due to space charge expansion. Alternatively, one position could be
used for both homogeneous and selective implantation, where the selective implant is
25 performed in the presence of a shadow mask or a wafer mask in order to provide the
selectivity required,
A beam of ions exiting past an aperture 1s divergent by its nature, which is because the
typical equilibrium of plasma is convex. The ions repel each other because of their like
electric charge and they have randomly orientated velocities due to thermal motion within the
34 plasma. Therefore, careful design of the grid plate apertures and the plasma condition 15
necessary to conirol both the emittance of ions and system acceptance to the won beam. The
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emittance is a measure of the beam quality. Typically, high quality beams have low =Mance, which
means minimal loss of ions during transmission. This has to be balanced against the system specific
phase-space boundary such that the beam fits within this boundary or has good acceptance. The
control of ion divergence in the system of the present invention is achieved primarily through adjusting
the shape of the ensuing meniscus 780 at the plasma boundary as it enters the first grid plate
electrode 750. Such shaping can be controlled by adjusting the voltage difference between various
electrodes, the shapes of the opening and spacing between various electrodes, the temperature of the

plasma, how much plasma gas is used, the density 100f tI xpggl a and the ion species and current
being extracte"“(‘j’.“lllti%&fﬁéQ gohcaveE g e dénpg”ig?“r%/‘elglo?fs%ﬁ%?% gﬁﬁé‘.{wfﬁ%“s%‘@gﬁé’ 'Orid plate 755
has to have agggative patentiakwitinirespeisoctherfirgtgnid tplate 250 afid thesptalsmaion diensity has
to be less than (he.plasma boundary. Atthoudh FIG, 7,shaws, menisens, 160 hayin fhe shapgof a

er shapes as well,

e € SYSieH) §) 1 1 L1115
dome, itis contempla ea)’t a% thDe meniscus can pe managed Iin theaForm oro

15including, butnetdimitecttpizacomplete inversion of the dome shape. The shape of the meniscus

780 can be used to %%%&le roeisultlgg,lon implantation be Whereas a dome-slgﬁ ed meniscus,

D . . cfeence 1 1RE SVslent 01 the preseil nvenion 15 4 Ve
such as’'meniscus 780 Shown in FIG. 7. wil typically result in an rrowed beam, an inverted

dor_ne-shgpedmﬁmniﬁcut_nwi@wdj@aﬂygéwihhmamf‘e})@pMing neayruF B0 8 illptstiaﬂteg ammxé?sese‘ctic_mgl
3 dimensional RSIRRRINE 5t ot Aneifist s0ombodicnt ofa PIaYLa.Alid Irlaal eEm00, similar

to system 700, in accordanceé wi e principles of the present invention. System 8 0 comprises a
chamber 810 théepoddBscadirstigridrpater850ceirodeonticotieppate (BS5pariekankistag ik plitec8s7. The
grid plates can be formed froma.varisty.of differentimaterials. ineiding. putnot imitad te. silicon,
graphite, silicon carbide, and tungsten. Each grid plate comprises a plurality of apertures configured to
allow ibths to pdsBethirathrodghe Aoplasmes sodrasTprobities G iplasthaltey A'pledivity Pelgion Biagheo!

chamber 810. Jn,F1G84this plasmanegioniseeaied aboye;the,first, &gﬂe&z&@%&n@me

embodiments, a plasma gas is fed into the plasma region through a gas’inlet 820. In some
embodimentsresRasttutbeis bl dtescthetintediSicorend c Rarfey 18 TostHroadis et Ve e IpBrRE830. In

some embodiments,an NSARTFRISIsARAseLaouRd he exterial.palaf the30chamber 810. In
some embodiments, the chamber walls are configured to repel ions in the Elasma region using an

electric field. A& By dementscus 780 can be managed in the form ol other shapes as well,
15 including, but not limited to, a complete inversion of the dome shape. The shape ol the

meniscus 780 can be used to shape the resuiting 1on implantation beam. Whereas a dome-
shaped meniscus, such as meniscus 780 shown in FIG. 7, will typically result in a narrowed
beam, an inverted dome-shaped meniscus will typically result in an expanding beam.
FIG. 8 illustrates a cross-sectional 3-dimensional perspective view of another

20 embodiment of a plasma grid implant system 800, similar 1o systern 700, in accordance with
the principles of the present invention, Systerm 800 comprises a chamber 810 that houses a
first grid plate 850, a second grid plate 855, and a third grid plate 857. The grid plates can be
formed {rom a variety of different materials, including. but not limited to, silicon, graphite,
silicon carbide, and tungsten, Each grid plate comprises a plurality of apertures configured to

25 allow ions 10 pass therethrough. A plasma source provides a plasma to a plasma region of the
chamber 810, In FIG. 8, this plasma region is located above the first grid plate 830, Insome
embodiments, a plasma gas is fed into the plasma region through a gas inlet 820. In some
embodiments, a vacuum is applied to the interior of the chamber 810 through a vacuum port
830. In some embodiments, an insulator 893 is disposed around the exterior wall of the

30 chamber 810, in some embodiments, the chamber walls are configured to repel 1ons in the
plasma region using an electric field, as discussed above,
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A target wafer 840 is positioned on the opposite side of the grid plates from the plasma region. In FIG.
8, the target wafer 840 is located below the third grid plate 857. As previously discussed, in some
embodiments, the target wafer 840 is supported by an adjustable substrate holder, thereby allowing
the target wafer 840 to be adjusted between a homogeneous implant position (closer to the grid
plates) and a selective implant position (farther away from the grid plates). Plasma ions are
accelerated towards the target wafer 840 by application of a DC or pulsed potential to the first grid
plate 850 in the form of ion beams 870. These ions are implanted into the wafer 840. The deleterious
effect of secondary elegtronsf‘r?suégng from the 'mpingement of ions _%the wafer 840 and other
materials is 10avoidét #RFOUYRA thE Uise BITHESE BT GrRT pilite 85 Wi g 4P g AtV hiased with
respect to thepinitiak geidoT his ARgativel-binsed sesands gsid plabe1 8oSIRUPAESSEsIthe wlectrans that
come off of the wafetia%o, In some emlquigents, the first grid pl(a_’taegg(?oﬁis biased to 80 kV and the
second grid pRite S5 T Bkt 1d™ MR CHOWAVEP St ESCaREmEIAted tHae GRS B14%iAY voltages can
be employed. athetiirdghdplate-Bb7. detetas.ddvaamidefiniagvgriet and d5is pheferablyrgeonnded. It is
positiongd in %o}gga}gg Xgithg}rﬁv?arx clogsg to,thg srulrf tcﬁeoo_f dth?a ts‘lé‘Pstpateq j{'l qr\g_er toi pr%)viq:e a final
definition of thé |n%|51ant(?ufhlspgrlc§ %(I’é eo§é“9l((:5§:n act a&'d Beam dé m‘lng‘“r%és I%‘Hdl%rgei&égfhe critical
alignment reqUireticifaseleotivee mplgntis reguived . dhenthixck giduplatev86ds chntheconfigurdd in
accordance wijth the.shadow | k embodiment of FIG. or the wafer mask embodiment of FIG. 23
i order to o A ke O s can
be replaced o dlipplenventedwithamy fdrmofbearisiipidgchatcdoesnot repiirec@mdask, such as
the pulsed beam. shaping, AMPRUIMANLALEIRNAG. or ionl I§, SONEMPlaled thatihe Aperies in the grid
plates can be configured in a’variety of different ways. FIGS. 9A-913 illustrate cross-sectional side
views of differevit gritiplene! 2B apertor e tmougrenthidiicié jonbearmsqgasse IntFiadonlyridiukite 950a
comprises an gnertye 9054 thatbas anifosmadi. When the.otesplate 9305 pesitivel:hjased, an
electric field is formed around it. This electric field is illustrated by electric field lines 951a and 953a,
which follow tieredatbor b thalgrit! plaliesosgamte dminis beam passbrlabr 600G i thiesapéptiPd 8654,
field lines 951a,angk. 9233, defins the path.aloogwhieh therdgnaiiavel Asa&ARIgsH! g plectric field

chokes the ions as they pass through the aperture 965a, thereby narrowing the width of the resulting

ion beam. In ﬁ’@i’%f@ﬁdﬂfﬂé{@ QSGW@@H‘?&riéé‘é’ gyrd grid platc 857 acts as a beam defining grid and

i5 is preferably grounded. It 15 positioned in contact with or very close to the surface of the
substrate in order to provide a final definition of the implant, This grid plate 857 can act as a
beam defining mask and provide (he critical alignment required, if a selective implant is
required. The third grid plate 857 can be configured in accordance with the shadow mask
embodiment of FIG. 2A or the wafer mask embodiment of FIG. 2B in order to achieve beam-

20 defining selective implantation. Additionally, The third grid plate 857 can be replaced or
suppiemented with any form of beam shaping that does not require a mask, such as the puised
beam shaping embodiment of FIG. 2C.

It is contemplated that the apertures in the grid plates can be configured in a variety of
different ways. FIGS. 9A-9B tllustrate cross-sectional side views of different grid plate

25 apertures through which the ion beams pass. In FIG. 9A, grid plate 950a comprises an
aperture 963z that has a untform width. When the gnd plate 950z is positively-biased, an
electric field 1s formed around it. This electric field is illustrated by electric field lines 951a
and 953a, which foliow the contour of the grid plate 950a. As an ton beam passes through the
aperture 963a, field lines 951a and 933a define the path along which the ions travel. Asa

30 result, the elecirie field chokes the ions as they pass through the aperture 9654, thereby

narrowing the width of the resulting ion beam. In FIG. 9B, grid plate 950b comprises an
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aperture 965b that has a width that expands from top to bottom. Similar to grid plate 950a in FIG. 9A,
when the grid plate 950b is positively-biased, an electric field is formed around it. This electric field is
illustrated by electric field lines 951b and 953b, which follow the contour of the grid plate 950b. As an
ion beam passes through the aperture 965b, field lines 951b and 953b define the path along which the
ions travel. Since the width of the opening 965b expands as from the point where the ions enter the
aperture 965b to the point where the ions exit the aperture 965Db, this aperture configuration provides a
resulting ion beam that can cover a larger surface area than the uniform configuration. FIG. 10

illustrates a cross-sectjonal side view.of one embodiment of plasma ions 10passing through grid plates
i accordance TNTR DUPUIEEArHE bIBC VBN AR, ST I g A LM T0SD s

provided abovElfirst andisachad-gric ptaieshli®posand 186, whieh drerpositiviely fand«degatively biased,
respectively, a preyiously diseussed, A meniscus 1980 1o farmed af the,plasma boundan as e

plasma ions enter aperture of the first gri %I% € ele e € ion beam passes through
the first grid plateheledtiptec ¥51050. and ithebethrough thiesetand gridplate Beatiddamd0%5 before

mplanting a tagagt subsirale dispnsed helpw (he.arid plets gssembly, The fop and bofjom surfaces of
igbred e th 167

the grid plates can bé configured to manage the ion beam In a variety of)%%%g or example, in
some embodiments;the bottom serfacsctOBR ofthenfirsthgrigiglate %05 camdbpoanglédrmandnin a

female configurafign. and.ie $eRSyHaLS. AR08 ﬁ‘&%-%ﬁ&?ﬁ t grdplate 1923 (ﬁ:ﬁﬂcﬁ?ﬁ Angleg, outward in

a male configuration so that the entrance to the aperture in the second grid plate 1055 can be brought
closer to the exitvor tHeraperturednitad Hirsthgridhhlate *0BHQuratio=|GS. 11A-11B illustrate plan views of

different grid plate apagures; i aceordanse. with4ng HQQGEQL?%PJJ@%%S&EFL%WNF#HB%'::é%- L1A

shows grid plate 1050a having a plurality of apertures 1165a formed therethrough. These apertures
1165a &Ye substantialiyr 28dirgudep ARG n AR shipowsgHidiplarent D50 hdvitee seplursiingof -apertures |

165b formed therelyoyfy;These anertesd 100k Atk suhsiantalivelongaied andieciangyly slots

In some embodiments, the elongated slots 1165b have dimensions of a few 100s of microns wide by
10's of centiméfdrsBieg aicarsparihy B N intottak tosnvaRimiye thectizdridroptse plasma

beam-lets and,greate hadmags-Rtiha finaliheamsaefining aid Jiewe Vel 3Qlarger-spasing.ceuld be
envisaged, whereby the space charge beam expansion is employed to get a uniform beam to provide

the coverage reEddcIt e uBfteifilatbarti ot R apEURSsE4prough the first grid plate clectrode

13 1050 and then through the second grid plate clectrode 1055 before implanting a target
substrate disposed below the grid plate assembly. The top and bottom surfaces of the gnd
plates can be configured to manage the ton beam 1070 in a variety of ways. For example, in
some embodiments, the bottom surface 1052 of the [irst grid plate 105 can be angled inward
in a female configuration and the top surface 1054 of the second grid plate 1035 can be

20 angled outward in a male configuration so that the entrance to the aperture in the second grid
piate 1055 can be brought closer to the exit of the aperture m the first grid plate 1056,

FIGS. 11A-118 illustrate plan views of different grd plate apertures in accordance
with the principles of the present invention. FIG. 11A shows gnd plate 10502 having a

plurality of apertures 1165a formed therethrough. These apertures 1 165a are substantially

-2
L3

circular. FI1G. 1B shows grid plate 1050b having a plurality of apertures 1163b formed
therethrough, These apertures 11635b are substantially clongated and rectangular slots, In
some embodiments, the elongated slots 11635b have dimensions of a few 100's of microns
wide by 10°s of centimeters long at a spacing of [-2 mm in order to maximize the utihization
of the plasma beam-lets and create the tmage of the final beam-defining grid. However,

30 larger spacing could be envisaged, whereby the space charge beam expansion is employed ©

get a uniform beam 1o provide the coverage needed. 1t 1s contemplated that the apertures can
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be formed in other shapes besides circular and rectangular. The shape and the dimensions of the
openings in the grid plates depend on the shape and dimension of the series of beam-lets required for
the particular implantation. Beam optics calculations and considerations, such as emittance and space
charge effects, define the shape of such openings and the materials utilized for the fabrication. The
opening in the first grid plate is particularly critical in order to maintain the shape of the resulting
meniscus, of plasma at the grid plate openings. The shape of this meniscus is critical for the
subsequent optical properties of the ion beam. The position, shape, and applied negative potential
field at the second ri(a Plat and its possibility of inter{)erence in the shape of the meniscus is critical to
56 Syt i

ensure passagé i’ BEai With LOYHRIE TSR OptitaIdtEet, Whilkii iof  inhibit
PESEATRith TOIMRTHENTTGH OITER e, WhilR bl Sufftient &) inhib
flow of electrons ispthenpeverse gieption. depedhencambination afthedwoo three e mare-gridiplates
simplifies the DC or plused power supply units for energizing the grid plates. For these applications, an
coeerating pOtHTED B TS A 50 e T 0Uhs G P & Ne A e S Snerg =
15approximatetyittidd aktiepgricdcplate sflfacingdetvéenttiie fifstighidiptate and the sacatdsgrid plate in
a reasonable vacuum.is preferably in the order. of a few centimeters,. while the spacing between the
cocond b1 P A G Biatd o B b oy s R R e TS
calculations angrdistamcds: ishwvacoliimecanheysed:fonthd pippliedvbitage plhegeeond dgrid plate

electrode can glsg.be gonnected o a gulse:{orming netwark 1o 700ptimize e extragted fon ualities,
such as increased density of desired ion species and ion en@rgy, n order to optimize the implanted
junction profilecthieplasma solipplindthezehanmoemoahialido:bd pudsed-biasebiosingi thesintiliry
pulse-forming iaars In nadylatenaiinnal.atihe regand qud Riale slegiioda,in grder g oajmize
the extracted ion qualities as mentioned in above. The system o t%e present invention provides a
simplifidt arramgementithiatierds ftself welb i#itd fsmgatidhcominplahtbohdmbersicasopposed to single
beam (including widepgd.heams) and scanning mechanisms that have made ion implantation systems
into complex multi-module systems. Such simple ion beam generation (via plasma) and ion
acceleration (via grid! piagerakseiily) dxnl e donswusted idd plaigieehisnibbe BEsemblatiat can be

30combined VYJHW@T%&@FEQLM@% bandlingLRlatigim, Rreh }%Pt'ﬁéﬁ@rﬁmp%ﬁi%%m LOPRrRIpeesses in

the fabrication lines, such as vacuum deposition, etching and metallization. FIG. 12 illustrates a plan
view of one ettt oA BatRIbEKSE fHptartdtioH sy st 1200 ecaofarmee with the principles

of the present jpventian.ithe fargetwafer pan belgadsdnte avacuumchambes 421Q yhets a robot
can then transfer the wafer to one of several |oad-locked chambers under vacuum. For example, the

wafer can be M8l I SHANGE ¥assps is preferably in the order of a few centimeters, while the spacing
between the sccond grid plate and the third grid plate 1s preferably in the order of a few

millimeters. Certain calculations and distances in vacuum can be used for the applied voltage.
The second grid plate electrode can also be connected to a pulse forming network (o

20 optimize the extracted 1on qualities, such as increased density of desired ion species and ion
energy, in order to optimize the implanted junction profile. The plasma source in the
chamber can also be pulsed-biased using the similar pulse-forming network in modulation
with that of the second grid plate electrode in order to optimize the extracted ion qualities as
mentioned in above.

25 The system of the present invention provides a simplified arrangement that lends iself
well into formation of implant chambers, as opposed 1o single beam {including widened
beams) and scanning mechanisms that have made ion implantation systems into complex
multi-module systems. Such simple ion beam generation (via plasma) and ion acceleration
(via grid plate assembly) can be constructed into a single chamber assembly that can be

30 combined with a general wafer handiing platform. Such a platform can support other
processes in the {abrication lines, such as vacuum deposition, etching and metallization. F1G.
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implantation systems 1220, such as system 700. The wafer can also be moved into a mtridization
chamber 1230 or an oxidation and anneal chamber 1240, such as an RTP anneal chamber.
Furthermore, such a platform can support a mu stage vacuum pumping scheme that denies the need
for specific load-locking mechanisms. FIG. 13 illustrates a cross-sectional 10view of one embodiment
of a multi-stage differentially pumped implantation system 1300 in accordance with the principles of
the present invention. In the system, the target wafer 1380 is moved through multiple stages before
and after reaching the implantation stage. In some embodiments, the wafer 1380 is moved via a
conveyor belt 1390. However, it is contempla e%that other transfer means can be employed. In FIG.
13, the wafer 11?%8 %‘6\3‘@3&]}% on C‘F‘Tgcﬂt%cl%%,gﬁ RGOl gH 8GR S 318 4G s 1328 A Y then
stage 1330, betoredeaching stagank34e; withcgaetrstage applying: a:sioRgEs: \RaMIM23tage:d 310
applies a small vacuum VI %e. . fesulting in a pressure of 0.1 millibars). Stage 1320 applies a larger
vacuum V2 thah-SEy & 31 r(gzé() rvgféhrﬁiﬁéoiwgcﬁ:‘ei §ﬂf518?1'ﬁélichﬁI{ba sj’.ngfgéé“f@gggﬁ plies an
even larger vaoukkd M3:than stage 1320n{e Doy kesuifingin: & plessurecohd@:millibars)o Finathy) Stage
1340 applies the largest vacyum W, Al siage 1340-Hie iRsmaygrid Implantation system discussed
above i5 used" eRpIoYIng the MuMtiple Jid plate éi?‘sembly%e.g?,'“gr? biates 13456804 1344). once the
implantation stagelisicompieted; tHe Wvafen ¢380:moves thnouigh stage 2360 ithem stagd 1 366;:4and
finally stage 1 Eglﬁca}_ch stage applying a smaller vacuum than the last stage. 75The vacuum chamber,
multiple pass load lock or multi-staged differentially-pumped pass-through, gas delivery system and
automation and factdryrinterfacesican alsdodme canfigured dmaline witle arcapplivatipnspdsific that
implantation SySim ¢ fANIENGHog NI ANpIEAL IR OlumE sdlaf cellmanufactuing system.
Preferably, the productivity of the system is 1000-j wafers per hour to match the automation of the
solar c&ll fabriggtiontlinesmbod Femhohoyeihotszniplantatioty foveneidtenine Hacksssciacsi fild (BSF)
doping, independent coniriah B SHARES LANGROTALION.iRYEMS Shaps A0d inGHD @ﬂ%ﬁbﬁ&%@ gya
significant role in meeting the light conversion properties of a solar cell. Such impfant capabilities will
avoid the formatien ef toeaghaydrriersavitteewhicd 18 prevaiang Wih imderrbentsdifasiorsenethods.
These layers aeformentasa tesultiakymacivated xcessieat syHace dapants agcumulated as

diffusion is used to form the electrical junctions. Profile management achieved with ion implantation
can avoid sucReatEMAKs I THEBSEBIdRt Bl Bebysat toyais pladdth&3prasertanEthBdref éluminum

metallization thatisigncunered.with-a.sedasof mismatchdssuesy The sentral.ior sch BSE
implantation will also provide key advantages in the formation of back contact. For the formation of the

regions wherd @i getiate e diR coh HerRBRIE HB PG AV 1Ko At sedst T oordrnisisal is
preferably usediclngenerals thesexsess afgepantsinithisnasien impedes the,gereratienand-tiansport
of such charge}garriers. This region is typically a lower ener im_@lant__, such as less than 150 keV for
boron, BF2, pHosPABIHS H5& - Attt MRy Sier Sirtiteriibibgr sty paeds pant<rslich #plants are
carried out at a.dpse ef lessithaw Irhecrile The requirements #ok thesunifemity efcewtsage for solar
cell ap%icatiorgs a[e tima&tfﬂ}to be

malty, Stage applies the largest vacuum V4. At stage 1340, the plasma grid

implantation system discussed above 18 used, employing the multipie grid plate assembly
(e.g., grid piates 1342 and 1344). Once the implantation stage is completed, the wafer 1380
moves through stage 1350, then stage 1360, and finally stage 1370, cach stage applying a

smaller vacuum than the last stage.

| o)
Lo

The vacuum chamber, muliple pass load Jock or multi-staged difTerentially-pumped
pass-through, gas delivery system and automation and factory interfaces can also be
configured in-line with an application specific implantation system or configure in-line with a
tvpical high volume solar cell manutacturing svstem. Preferably, the productivity of the
svstem 15 1000+ wafers per hour to match the automation of the solar cell fabrication lines.
30 For homogenous implantation for emitter and back surface field (BSF) doping,

mdependent control of surface concentration, profile shape and junction depth can play a
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15 between 5 to 10%. This requires similar homogeneity in the plasma uni comity. It is envisaged that
each solar cell will be independently implanted, so as to attain the benefits of the single wafer system,
which is a significant capability for implantation, whereby tailoring the placement and activation of the
dopant for the selective emitter regions can avoid the formation of the traditional dead layer issues. As
implantation is a single sided process, there will be no necessity 20for the edge etch or cutting of the
solar cells. This capability is achieved by positioning the target substrate underneath the grid
assembly electrodes only at a distance far enough where the beam-lets have converged due to space
charge expansion to a uniform beam. This positioning can be achieved through the use of an elevator
that moves the fFGEE R S8 66 Hisd ) FrORY SR A RECRSEE MBIV SPHE PTlsS L BIMERSIty variation
and variation ghfagipatential anithesecand grighplatel and, atdimes@nihe firshand phateialso provide
the uniformity of less than 5% (one sigma) in the beam. As mentioned, above, another application of
the present invaHHBRACTY (8 LS EAMESim’ BF hasking fo' eRiet 4t S8R/ Y HrPIAtet regidhe such
regions can bewfacpdtypedepandingonwhigthenitisfar a seleclive:eaniter enaiselectivgiBSF. It can

also be a series of 30interdigitated alternate doping (n/p/n/p...etc) regions for all back contact solar
colls. Foy this SPEHGAHGN L BAgel LIS AE SRS ALK A3 BERERE Gery EST e g
assembly, wherelbedeamigiaarermnpelemateldistiict antspacediApaitnAlternativelypone could rely

on the shadovx(rvmﬁgk at the wafer }ghprovid he impr)(l):ilr}t sele{l;té\g'%y _ q_%r{%pbggﬁi_(ji_mﬁgg{i)qp% g(f3 \'ghe grid

re
. 1N A sericy O msmatch 1ssucs, | cont OF SUC ] LEY,
plate openings can ma%csh the substrate mas qfor Ill)es'[ utilization Of“% e 1on beam. Al gn, his’is not

critical as presehceteddhe: nhaskrontihe watekwithensure selectivity. 5 In another embodiment, the

plasma grid implant system Pf thg. prese, t invention is used for the fowatf'on_anq a}dju,stmecpt of the
. T LN ormanon ol the reafons where tels Lenerae ¢ cleciron Noleparrs, doping
work function and the band gap engineering for the metal/semiconductor contact reg}ons. In this step,

f[h rough (metallicxfsp‘edietgldmp]ﬁﬁ@timm:’&q ,Itﬁqaﬁﬁm@iberymehrghe:ssdmfaoegmemw@iﬁmg io_oh'tgwisn
improved markedly, A gimilar ﬂi%ﬁ?g%ﬂ%ﬁagéeﬁéééﬁ e&%(%bL %ﬁ?m&é‘%a USAIe.09,the t%'féiﬁ%%fw%nts

.
after the selectlv% 8o_p|ng‘|mpfemts. Suc implants or'wo nction-adjust implants'can improve
contact perforgrangeimplaMhacontriobofthe! 4o pakt atdmio pidflerbasp bdsouberrsade throughy thed

prevalence of gl &L%i%ﬂ%cé?sﬁu%ﬁﬁﬂ% 2 aRlAs IR ASHRIASMA conditon.wi| hawe 2 ik glcharged

species at varying fractions. Such fractions can be controlled and are repeatable. Such mixed species
is of the desirethatsaisreragidenlas wmdorultipleccharg state lhacfopiesimeappilisaaeitage bias,

will have varyigg@@&r gigs) (oQr %ﬁ%_‘ﬁr& §i&9k§ %9%@&9:9@%5‘%{9 feial gﬁ%ggigr.owq&q]yps%p&asma
generator, where it is broken up into a plurality of dopant species. The target substrate is then
implanted with'iheprirafif SEdoplntspesrsedanty ekt §8iny e plasha e SticPhe B hine,

can provide diffgrent,iypes.ofimplanisyyith.eely g implantaionisien hecsuss &f the.difigrentgharges
and different masses of the resulting dopant species (P P.' P2-, PR., P.:, etc.) that are formed from the

phosphine beiRRfBHIREN UHOTHE dARGTNEGHBacH TopartEpeciss tne citsPetidhtdgataiaivetdthe
total ion beam)e@nheadjusted-hy adjustingthesanditians ghthecplasmas sheh asithenpawesised. In
this respect, a user can manage the break-up of the dopant and can tailor it as desired (e.g., 80% P",
10% P<0505 PIEBAIE S8 Y AL RETECRIANS HHISATEd into the wafer at a different depth because their

energies are differentifdigapability is achicved by positioning the target subsirate underncath the grid
assembly electrodes only at a distance far enough where the beam—lets have converged due to
space charge expansion to @ uniform beam. This positioning can be achieved through the use of
an elevator that moves the target substrate to and away from the gnd assembly. The plasma
25 intensity variation and varation of the potential on the second grid plate and, at times, on the first
grid plate also provide the uniformity of less than 3% (one sigmab in the beam.

As mentioned above, another application of the present invention 1s to use some form
of masking to generate selectively implanted regions. Such regions can be n or p-type
depending on whether it 15 for a selective emitier or a selective BSF. Tt can also be a series of

30 interdigitated alternate doping (n/p/n/p...etc) regions for all back contact solar cells. For this

application, the target substrate plus the mask could be held very close 1o the grid assembly,

7.



25 feature can be used for formation of multiple atomic profiles that net into the desired shape ideal for
the fabrication. The use of the grid plates of the present invention with limited openings between
the chamber region that contains the plasma and the chamber region that contains the substrate
ensures effective differentially-pumped regions In the plasma region, vacuum has to be controlled in
order to allow for the fcmnation of the plasma and minimize any other unwanted species presence.
However, a differentially-pumped substrate chamber is also critical because the vacuum can be
somewhat variable due to the impact of the substrate surface out-gassing and the load-locking burst of
gas. This grid assembly also provides protection against free radicals and other potential airborne
hydrocarbons tHATCHA B TR SURATE BPThe SRS FAtS RGO ARER. AlCTRE YR AR O thE Beam-lets
and their subseguenhexpaAnsigN.asavesull-qfbaluy al spagechakge-beasy expansien samhentilized
to provide lateral selective region implantation or homogenous implantation. As p\r?\fiousl discussed,
for the selectiVe THiSARE Hie RFYSES RS PAE AA Séf%&féf AL YHEPBPE SHAHBUP AR TS BE%bsitioned
very close to thaithixch giits plate ofiid-A sigitaspesition asdfoothedhentagennus irsplasti e minimum
distance for the subitﬂrate'%prox@i to tht%?r'd is determined by the v [l]ta e holding and ag)glie
potential to the grid 113 48SEMBT FHE ToTe b RHe Beaii-BeRitii G SHAUOW ThBSK 18'td Ensiive tidtty in
the positioningcoft Heelinmpldntethdegipnuildis sndskwaih benvseddod impsoving: thegligamentoofiliae
mask o the substiate, and.hus, ensures a hiahep dedree of puerlan beeen, selective Implanted
regions and the subsequent metafgrl lines that are 'Screen or je%ln printed on the'doir cail uch
conformal dopingiafrsubstrater dansbeagtilized:teiform bothdomogenodsaridds. sélectileremitier
regions through ise, of.g mask andiather,uniguis selerctive, doping IRchniguss. ALt same (e, the
dopant profile can be taiored to provide mgependént surfaceé concentration, shape bi the profilé and
the junidtion dépth, udugh DG voltage [expostrd thne)ramdssubstrate ynotiona pdeoneatirthe beam
e P S B ANy IR MR 6 B U536 LG SR SR MRt A and

ratio of molecular radicals present in t asma, t opant profile can be further enhanced. This
method does nut pEciodiectie alidaticrpoithe paibingoitkendilbstratid rvd possibliehsigsdtrpteirack

surface antenna of SHPSHAIE, MyeMenkig,prayide W6 lateralaasiiaping advaniages Jequired for

selective implantations. The system of the present invention can be configured independently of
the substrate 8i7&¢ Fartiarateres, Asioneidy aniformity ofhlashit i wsh seretsyng b plecds et

substrate Can@é@%im%@@kegy%!{%l&h@gﬁguﬁu,c';@%ﬁieyaas'!ngm,g&@ﬁ&ﬁﬂmm\mgﬂJnc%%%&9904

wph. Additionally, the present invention can provide a non-line-of-sight implantation method, and
thus, is able t&°dbpEEFé & RN e s tHidtRT OB RS e tRYHEY SUIFABEY SPIRIGHI-gFaBdarest

metallurgical silicqn thatipanhavadilloaks apdienenirantdealies ondhs syHRce ROPHgsUchareas
is critical, as absence of doping may cause metal shunting.‘ Pulsing of the target substrate 30can be
i

employed to direRtahBhoH ke St SRR HG Y Lraristypes of implants with only one implantation step

because of the different charges and different masses of the resulting dopant species (P, PP 7,

20 p.", P.7, P.7, eic.) that are formed {rom the phosphine being broken up. The amount of cach
dopant species (1.e., its percentage relative to the total ion beam) can be adjusted by adjusting the
conditions of the plasma, such as the power used. In this respect, a user can manage the break-up
of the dopant and can tailor it as desired {c.g., 80% P, 10% P, 5% P, 3% P.", cte.}. Each
species 1s implanted into the wafer at a ditferent depth because their energies are different. This

25 feature can be used for formation of multiple atomic profiles that net into the desired shape 1deal
for the fabrication.

The use of the grid plates of the present invention with limited openings between the
chamber region that contains the piasma and the chamber region that contams the substrate
ensurcs cffective differentialiv-pumped regions. In the plasma region, vacuum has w be

30 controtled m order 10 allow for the formation of the plasma and minimize any other unwanted

species presence. However, a differentially-pumped substrate chamber 1s also critical because

wd B



The implantation system of the present invention provides unique capabilities for solar cell
applications. In order to meet the productivity demand of the solar cell industry, multiple-piece
simultaneous homogenous implantation can be employed, followed by a masked and selective
implantation. However, such implantations can be in any order. For a typical four piece substrate of
156x156 mm pseudo-square, with a total area of 0.25 m2, such a system preferably comprises a
chamber with a dimension of 0.4 m in height by 1.2 m in width. This allows for plasma and grid
overflow regions to ensure uniformity of implantation on the substrate. Such a system can be used in
conjunction with a multi-stage differentially-pumped non-load locked arrangement, as previousl
discussed, wRBFEByUHB S ﬁﬁfécc‘féﬁ“b’é”ﬂ?‘g’l’fsﬁ‘é’rtédhf%ﬁaﬁ‘ééﬂiﬁe%ﬁé?i%ﬁﬁéﬁa‘f%wﬁsrﬁ%éh%nism
from an atmogphgerig.gide 10 Mackym side, andistNersR.whichisimplifies the whelgyatgm and
reduces the material cost. = The system of the present invention is expected to generate average
ion current déﬁ‘ﬁﬁ-%%"é’f’i@%%@§G‘.15bﬁﬂﬂﬂ:d‘rﬁ‘§"%ﬁa§€f’k§/”%ﬁ{ ﬁ@?{féﬁa}@% PEAL ORI R B the
following equation: TR Zenthish SR dnmTiMhare iassuming.a.typicahplasma.sysiams deser-jem-2]
pulse frequency [s] ii=pulse duration [us] Ip=peak current [A] implantation time [s] charge state electron

charge JA-s] y@ggg&@é&x@lé&%ﬁl@%% OR Egiapd o provide lateral selective region implantaton or

homogenous implantation. Aspreviously discussed, forthe selective implant, the target substrate
and a defining grid or a shadow mask can be positioned very closce 1o the third grid platc orin a
similar pesttion as for the homogenous implant. The minimum distance for the substrate’s
proximity to the gnd is determined by the voltage holding and appiied potential 1o the grid

10 assembly. The role of the beam-delining shadow mask 1s to ensure {idelity in the positioning of
the implanted region. This mask can be used for improving the alignment of the mask to the
substrate, and thus. ensures & higher degree of overlap between selective implanted regions and
the subsequent metal grid lines that are screen or jet ink printed on the solar cell.

Such conformal doping of substratc can be utilized to form bhoth homogenous and

,..‘
2

selective emitter regions through use of a mask and other unique selective doping techniques.
Atthe same time, the dopant profile can be tatiored to provide independent surface concentration,
shape of the profile and the junction depth, through DC voltage, exposure time. and substrate
motion underneath the beam and plasma components adjustments. Further more, by the use of
the dopant stoichiometric ratio and ratio of molecular radicals present in the plasma, the dopant
20 profile can be further enhanced. This method does not preciude the utilization of the pulsing of
the substrate and possibic substrate back surface antenna or substrate movement to provide the
lateral positioning advantages required for selective implantations.

The system of the present invention can be configured independently of the substrate

size. Furthermore, as long as uniformity of plasma s conserved, multipic pieces of substrate can

12
A

be implanted simultancously, thereby allowing productivity well in excess of 1000+ wph.
Additonally, the present invention can provide a non-line-of-sight implantation method.
and thus, 15 able to dope areas that are constricted, such as the textured surfaces of multi-grade
metallurgical siticon that may have hiltocks and re-entrant features on the surface. Doping such
arcas 1$ critical, as absence of doping may cause metal shunting. Pulsing ofthe target substrate

30 can be emploved to direct the ions these constricted areas.

=230



75Asurface area [cm] a=stoichiometric ratio of dopant molecular ratio of radical in plasma One
example provides a gas of PH" a dose of EI6 cm' a stoichiometric ratio of dopant of 0.25, and a
molecular ratio of radical in plasma of 0.3. The system of the present invention can be used for
multiple species. so as to avoid any cross contamination of dopants. Additionally, in some
embodiments, the internal walls of the chamber is clad with appropriate material so as to minimize the
potential of metallic contamination, and other unwanted contamination, and ease of cleaning, servicing
and replacement. Furthermore, as previously discussed, a confining field, such as an electric field, can
be added to the internal chamber walls in order to limit the interactions of the plasma or the ions from
the surrounding matersIEN S ebodphERTBIEHE & BEEH RIaN fise YR W R 18 Tnigfu®ield can
be applied so agtepnhallowitherassageahthedaauited shegiestalbestargel %%Qéﬁ@t,%umpllhe
profile of the solar cell can further he tailored by the present invention's use of plasma content

adjustment, wRIEFF CAFHE IR IET tEFE0GH HRR'UP@E tide R5f HIBIO frave! BRE RodpmigaitAslasma

so as to modify.thaiplasmainensityand emprate.ARdihusScontrehtig Break:up o5ithe four
constituents, as previously discussed. This adjustment can_affect stoichiometric ratio of dopant and the

molecular ratid '6f FatiiRAiE prdsEti the BRSO Far Exatibie? 161 hE Gst Sk st phtSphris s
various compgnerisisyehasRes, PdaRbate an de sseshterensuiedhaloneay surface tRiloinghs

achieved. This @djustgment can be use% for other dopants as well, such as n-type boron. 20Another
benefit of the PléSiria thiIAHT tetinidhy B HE prESeRt ivetigh igggmy of implantation on the

substrate. Such a system can be used in conjunction with a multi-stage differentially-pumped

non-load locked arrangement, as previously discussed, whereby the substrate can be transported

i0 on a conveyor or other iransport mechanism {rom an atmospheric side o a vacuum side, and visa
versa, which simplifies the whole system and reduces the material cost.

The system of the present invention is expected to generate average ion current density

of at least 0.3 mA/em® at 90 kV of high voltage bias, which is derived from the following

cquation:
D-Ze(l+ .04
I S 2 X ax b
s JAt-T
where, assuming a typical plasma system:
D = dose [em-2]
f = pulse frequency |s]
at = pulse duration [us]
20 l, = peak current [A]
T implantation time [s]
= charge state
e = electron charge [A-s]
vSE o= secondary electron emission cocfT.
25 A = surface arca [cm™]
a = stoichiometric ratio of dopant
b motecular ratio of radical in plasma



prevalence of hydrogen, if an appropriate source of the dopant is used, such as PH, or B2H,,. The
hydrogen will simultaneously implanted with the other dopant, and at higher energies, which will help
provide auto-gettering and surface passivation effects that are unique and useful for poorer quality
solar cell materials. A variable energy accelerating the plasma, either in distinct steps or as a
continuum, can also be employed to form the required profile and manage to generate an independent
surface concentration, atomic profile shaping and junction depths. This could be distinct and in known
steps, or can be as continuum to appropriate pauses at required energy to contrast the desired
profiles. 30,The average distributad power density pravided by the present invention lends itself to
implantation oPU&R* R ItE Heiedd thak ST TREROIfSY WhaetHeItHRY dFEs irdesEdget'aH mounted
on other substyatesnand.ensungsthat dhiskenwafersranoainat a temperature of less than 100 'V
throughout the process. The distributed power density also enables the processing of

., . g .
non-silicon-based subSirafe e a S EHFE NI E N SAR O 8GRI HRISSIPRES Swiich 1R GURE low
substrate tempgeyatuie apeiatianiowafaosanling andhaating nay:keRaGassalyLiniparticulanas the

wafer thjckness,gs] reduced, wt icp c.a}p‘be provided in the form of typical backside water cogling or gas
cooling or oth&f SIRTHRStHbHa¢ * 11 &RRERRII&HBIER D SWer ARGy AWty 4l Sh BFiifous hard
masking (e.g. gesist)imaterials thatayaotdavedsdencansidersd befeimwihaiffusion{high

temperature) anq directed implant (Thigh instantalne us power de situ).-l%notper advantage of the
. eplacement. Lsrﬁ?)crmo C, ¢ S&JﬁVIOUS M IS CHISACH COofl }{‘H 5 f.llcl. Sru% 48 411 © Jig]
present invention is that no Su sequént diffusion-is required, and thus, Tower temperature anneal as

low as 500C candoravide silodghtactivation danchblamat e iannéal ithaindahdie wseddor daldfication of a

PV cell. Plasm? rid impl‘antaﬁtipn d&je to.its h'gh produc iviii , can pr vige hig_he[ doseg. Therefore, if
. p i}%ﬁd 81 theons I.‘L){lx}. C SUITOUINQI S Mglerials, . SOIE, €1 NCIIS, the 1on ﬁ' 1 can, .
only a portionof the dopant IS activated, the desired resistivity and performance can still be achieved.

Auto-atihealingealsovSmay henemploye danwinerpptiel powen aiihelbeamdpused to eatithersdbstrate to
such a desired temperature so.th%z‘tself-annealing can take place. Furthermore, balancing the elevated
C1ES ST

temperature of'the su%st?’alt‘gg%gs s',aéchd grid assembly can be of major benefit in the general
operation, control andhmptvbllegy ticthdasysteoan Utiliringethel highhprdductivity oftineiemigue pfasma grid
implant systen, af INtGALAGH; (QMadule, Ak UL SGAQRILANR, SANIHEUR WL NGHRRAQRING, .
applications can be also
RF coupling with plasma so as to modify the plasma intensity and temperature, and thus
15 control the break-up of the constituents, as previously discussed. This adjustment can affect
stoichiometric ratio of dopant and the moiecular ratio of radicats present in the plasma. For
example, for the use of solid phosphorus, its various components such as P, P77, P77 P,
P;", P.", ete. can be used to ensure that near sur{ace tailoring is achieved. This adjustment can
be used for other dopants as weil, such as n-type boron.

20 Another benefit of the plasma implant technology of the present invention 1s the

prevalence of hvdrogen, if an appropriate source of the dopant is used, such as PH, or B.H,.
The hvdrogen will simultancously implanted with the other dopant, and at higher energics,
which will help provide auto-getiering and surface passivation effects that are unique and
useful for poorer quality solar cell materials,

25 A variable energy accelerating the plasma, either in distinet steps or as a continuumn.
can also be employed to form the reguired profile and manage to generate an independent
surface concentration, atomic profile shaping and junction depths. This could be distinct and
in known steps. or can be as continuum to appropriate pauses at required energy to contrast
the desired profiies.

kit The average distributed power density provided by the present invention lends itself (o

implantation of very thin wafers (e.g.. less than 20 nucrons} whether they are independent or



achieved without breaking the vacuum. The plasma grid implantation system of the present invention
can be used to achieve surface passivation. The difference between implantation and deposition is the
energy of the ions. The lower the energy, the more the ions stay on the surface. The present invention
enables the formation of a passivation layer, such as a nitride film, on the surface of the wafer through
the use of a very low energy implant. The technique currently used is a chemical process. The present
invention allows for the application of a passivation layer simply by bleeding a passivation gas, such as
silicon or nitrogen, into the plasma region of the chamber. FIG. 14 illustrates a process flow
diagram of one embodiment of a method 1400 of 30ion Implantation in accordance with the principles
of the presentTRVEHHONT Ab&tapP1AAl0s 3 plasmEes IFHONHAEE Withirt EEPraisis (SHIBRBFE Chifitioer. A
first grid plateapd @second gid.plate.re dispases wishindths.chamhar Mstgp 420, the second grid

plate is negatively biased. The second grid plate comprises a plurality of apertures and is disposed in
a first positionP At ST LA tHd HFRIGHY PR SLHAETY Blased Phaniratyibliie vditiptses a
plurality of apertinesc-anglisdispeseddn.a fstipesition Although-Eisidd.showsthensiepof the second
grid plate being negatively biased before the step of the first grid plate being positively biased, in some

embodiments tRE BIRSHG &7 I A GRd PIStnS ihtiate £ Buiore B St AneBULHy Wit théBiasing of
the second grid plgite: Adsiege:AQ; iopbritamdheplasma intbesplasmad@ginn are flown through the

apertures in the positively-biased first grid plate. At step.1450, at least a portion qf the ions that flowed
through the apertureé”ﬁ]t?}fét %’ﬁsgiﬂ%}eﬁf%%§%‘ "%‘E"’@}?Bﬁﬁ&{%”‘a? Kok 2@@%%5@&6&@?@@% the
negatively-biased:seicond grd patavAbsiepddblral suhstratehiginplant@cbwithatieast paportion of
the ions that f[ﬁ)we[q Jhrozgﬂ ép%hapegurgssin the ryegc?ti\(eéy-biased second grid plate, with the
substrate beindr |sf“p01§ép n a first IE)%‘%fi“tlo“r(i’.G lI’%1‘="30|f‘)}”rcoicecsnsSl 'a{h then be repeated with the positioning of
the gritkplates and/oa thehsulstiatecbeingagjtstednincotideridohachievdagilvhaliiogencousgandd,
selective ion implantation. . .. E1G 19 lustratas.a progess fow diagram,of another embgdiment of a
method 1500 of ion implanta lon'Ih accordance with the pnnmpl%s of the ;’)‘%’ésénlt invention. At step
1510, a plasmbisipreviad Withim dplasm@régiommoda chafvberi] AP steym 520 grick dssambly is
provided comprisin urality of arid plates. Each grid plate comprises a plurality. of apertures. At step
1530, 2 frt oot B g ke e Bt B ach o
the grid platesin thiedytics alsseedbly whiley eadhrofatneagridoplasel s irchidirst positiemnAtisteis®40, a
substrate is hgmogeneauslymplgnted évc.!wc%l‘%ﬂ‘%@amﬁtéq{%e%fLﬁbﬁeﬁ{%é%%[&ﬁ@%t&%ﬁi Iowed shrough
the apertures in the grid plates while the substrate Is supported in a first position by a substrate holder,
thereby formingrargitigle satdvsiip homegareeuddbn Naplaftation aciods tne s batrete ftotn a
combination qf.the. fifst.Set elians that havepasseddnieuah difierent ARgities afi the samggd plate.
At step 1550, the position of the substrate or at least one of the grid plates is adjusted to a second
position. At Stepr1BB0; ersEebA B HFlisn<ofrdin Wi plasma in the plasma region is flown through the
apertures in each of thg; grid BlafesHin e aricaasamblysrbsegrentiothe.adivsiment to.thg3Qsecond
position. At step 1570, the substrate is selectively implanted with at least a portion of the second set of
ions tht flowé‘ﬁoﬂﬂ‘r’@d‘éjﬁ?ﬁé FertliRSS It iU gt prate S B EH kGRS “Aei SR the second
position, thereRy;ferningra Rlvralith eflatesaliy-spaged:apartion inpianiations emthesupstiate from a
portion of the second set of ions that have passed thr_ough different apertures of the same grid plate.

invention can be used to achieve surface passivalion. The difference between implantation
and deposiion is the energy of the jons. The lower the cnergy, the more the 1ong stay on the

surface. The present invention enables the formation of a passivation layer, such as a nitride

]
L7

fiim. on the surface of the wafer through the use of a very low energy implant. The technigue
currently used 15 & chemical process. The present invention allows for the application of a
passivation laver simiply by bleeding a passivation gas, such as silicon or nitrogen, into the
plasma region of the chamber.

FIG. 14 ilustrates a process flow diagram of onc embodiment of a method 1406 of
30 on impiantation in accordance with the principles of the present invention. Atstep 1410, a

plasma is provided within a plasma region of a chamber. A first gnid plate and a second grid



FIG. 16 illustrates a process flow diagram of yet another embodiment of a method 1600 of ion
implantation in accordance with the principles of the present invention. At step 1610, a single type of
dopant material is provided to a plasma generator. At step 1620, the plasma generator breaks up the
single type of dopant material into a plurality of dopant species. At step 1630, a substrate is implanted
with the plurality of dopant species. In sonic embodiments, a combination of different types of dopant
material is used to 10implant different pluralities of dopant species. In some embodiments, the
different types of dopant material can be provided in precursor form as gasses, liquids, solids, or any
combination thereof. ~ The present invention has been described in terms of specific embodiments
incorporating Bletaifectdi tRefwhte tHe URdErstaRting SFPrineiplas srephstiddion Bridersvdiration of the

invention. Sucheferencedierain-ie shecifimembodiments,and details thareek isdel intended to limit
the scope of the claims appended hereto. It will be readi’ly&)parent to one skilled in the art that other

various modifRaHioNS mMay e b the S Baimierr CHELER P USIFEh SURHIYE F8pHHIHG from
the spirit and s¢epeIaf the:pvantion as defediBy 1he€'agonClitian F1é methed«ahiodep of
implantation comprising: providing a first single type of dopant material tg a plasma generator;
operating the PRTRAJSHErRSF 15 BreXieth the Hrst Shibteed e 5P Qo Pt st RS E st plurality
of dopant spegigsa;andbimplantiiagre swbstiatenwithtna-frst plurelity;ot-dopant spaniasd cihe method
of ciam 1 where e SUbsyle S TRANEd I e SKRWRLY 9 ORIt RS e fnde
plasma in the plasma region are flown through the apertures in the positively-biased first grid
plate. Atstep 1450, at least a portion of the 1ons that tlowed through the apertures in the
10 positively-biased first grid plate are flown through the apertures in the negatively-biased
second grid plate. Atstep 1460, a substrate is implanted with at feast a portion of the 1ons
that {lowed through the apertures in the negatively-biased second grid plate. with the substrate
heing disposed in a first position. The process can then be repeated with the positioning of
the grid plates and/or the substrate being adjusted in order to achieve both homogencous and
15 selective ion implaniation.
FIG. 15 illustrates a process {low diagram of another embodiment of a method 1500
of 1on implantation in accordance with the principlies of the present mvention. At step 1510,
a plasma 1s provided within a plasma region of a chamber. At step 1520, a grid assembly is
provided comprising a plurality of grid plates. Each gnd plate comprises a plurality of
20 apertures. At step 1330, a first set of 1ons {rom the plasma in the plasma region 1s {lown
through the aperturcs in cach of the grid plates in the grid assembly while cach of the grid
plates 1s in a first position. At step 1540, a substrate is homogeneously implanted with at
ieast a portion of the first set of 10ns that flowed through the apertures 1n the grid plates while
the substrate 1s supported in a first position by a substrate holder, thereby forming a single
25 fateraliv-homogeneous ton implantation across the substrate from a combination of the first
set of jons that have passed through different apertures of the same grid plate. At step 1350,
the position of the substrate or at least one of the gnd plates 1s adjusted to a second position.
Atstep 1560, a second set of 1ons from the plasma in the plasma region is flown through the
apertures in cach of the grid plates in the grid assembly subseguent to the adiustment to the
30 second position. Atstep 1570, the substrate 1s sclectively implanted with at feast a portuon of

the second set of 1ons that flowed through the apertures m the gnid plates subsequent to the
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3. The method of claim 1, wherein each one of the dopant species is implanted into the substrate at a
different depth. 4. The method of claim 1, wherein the first single type of dopant material is phosphine.
S. The method of claim 4, wherein the first plurality of dopant species comprises P+, p4P2+, P3+, and
P. 6. The method of claim 1, wherein the first single type of dopant material is boron or arsenic. 7. The
method of claim 1, wherein: a second single type of dopant material is provided to the plasma
generator; the plasma generator breaks up the second single type of dopant material into a
second plurality of dopant species during the same period that the plasma generator breaks up the
first single type of dopant material into the first plurality of dopant species; and the second
plurality of dopdRtEpeiEs Refiah R D the'stb Arsis e AlgHE SAmEPerduhttRe 8t plurality
of dopant spegigsidsummlanieddnipdhesubstrainid: Fhadmetbadef sfaims trwhereinuthedfirst single
type of dopant material and the second single type of dopant material are each a precursor gas. 9.
The method of EfiRR & FHEFERFTHESRE EnglB e $flbpant material is arsine and the second single
type of dopant mateniad;isiphosphine o AQcdheimethad.of claie shouethensampsisipganulsescof negative
potential to the substrate. 11. The method of clam 1, wherein n ult%p e substrates are imgl_qn:[ed
simultaﬁeouslyf’m) of 1on implantation in accordance with the principles of the present invention, At step

1610, a single type of dopant matenial 1s provided to a plasma generator. At step 1620, the

plasma generator breaks up the single type of dopant material into a plurality of dopant
species. At step 1630, a substrate 1s mplanted with the plurality of dopant species.
In some embodiments, a combination of different types of dopant material is used to
10 implant different pluralitics of dopant species. In some embodiments, the different types of
dopant material can be provided 1n precursor form as gasses, liquids. solids, or any
combination thereof.

The present invention has been deseribed in terms of specific embodiments

incorporating details to facilitate the understanding of principles of construction and

15 operation of the invention. Such reference herein to specific embodiments and detatils thereof
is not intended to limit the scope of the claims appended hereto. It will be readily apparent to
one skilled in the art that other various modifications may be made in the embodiment chosen
for llustration without departing from the spirit and scope ol the invention as defined by the
claims.

20
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12. The method of claim 1, further comprising using a shadow mask to form selective emitter regions
in the substrate. 13. The method of claim 12, further comprising adjusting proximity of he shadow
mask to the substrate to use beam flare-out. 14. The method of claim 1, further comprising providing a
back surface antenna made into a closed loop control so that plasma is directed selectively into certain
regions of the substrate. 15. The method of claim 1, wherein plasma ions are accelerated towards the
substrate by application of a DC or pulsed potential to a first grid plate. 16. The method of claim 15,
wherein gelgigrious effect of secondary electrons resulting from impingement of ions on the substrate
and other materials is avoided through use of a second grid plate which is negatively-biased with

respect to gmgg;%tdg;gq)mg;&angaz.mmgngggm%q of claim 16, further comprising a third grid plate that acts
as a beam defining grid and is grounded. 18. The method of claim 17, wherein the third grid plate is

positioned in contact with.or vi%ye (t:Iose ftg 5;%% fsur(ace[ tof the substrate in order to provide a final
e c

definition of thepfrr%vpl) ant. ilrétir mBthod é?r%ef,awﬁé]r%far?rpgrgt%}ee{gte%ctive implantation, the

substrate is moved clos%to a muItipIeﬁ%rid plate assembly, whereas, for the homogenous implantation,

the substrate isCRTOVE F4F BRETIRATHINE §Ha'piBEEQLSEAISS tPpAETRRE"S RSN Bea Which is

formed aseeieguitdobspapeceharge expansion of the beam-lets. 20. The method of claim 1, wherein
implanting a substrate with the first plurality of dopant species comprises: flowing ions from the plasma

through aperturesimarpasiieiybiasethdirstgiid mgter dopandladng at least a portion of the ions that
flowed through the apertures in the positively-biased first grid plate through apertures in a
negatively-biased second grid plate; and, flowing at least a portion of the ions that flowed through
the aperiuiégs metheddgaiivalywbrasedsecdrdagrid iplaite it eughrefestypies ity aftihc grigqlaten

& singie implantation step.

3. The method of claim 1, wherein each one of the dopant species is implanted into the substrate at a

different depth.
4. The methed of claim 1, wherein the first single type of dopant material is phosphine.

5. The method of ciaim 4, wherein the first plurality of dopant species comprises P*, P*°, P™™, P, Py,

and P¢".
6. The method of claim 1, wherein the first single type of dopant material is boron or arsenic.

7. The method of claim 1, wherein:

a second single type of dopant material is provided to the plasma generator;

the plasma generator breaks up the second single type of dopant material into a second
plurality of dopant species during the same period that the plasma generator breaks up the first singie
type of dopant material into the first plurality of dopant species; and

the second plurality of dopant species is implanted into the substrate during the same periad

that the first plurality of dopant species is implanted into the substrate.
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8. The method of claim 7, wherein the first single type of dopant material and the second single type of

dopant material are each a precursor gas.

9. The method of claim 8, wherein the first single type of dopant material is arsine and the second singie

type of dopant material is phosphine.
10. The method of claim 1, further comprising pulses of negative potential to the substrate.
11. The method of clam 1, wherein multiple substrates are implanted simultaneously.

12. The method of claim 1, further comprising using a shadow mask to form selective emitter regions in

the substrate.

13. The method of claim 12, further comprising adjusting proximity of the shadow mask to the substrate

to use beam flare-out.

14. The method of claim 1, further comprising providing a back surface antenna made into a closed loop

control so that plasma is directed selectively into certain regions of the substrate.

15. The method of claim 1, wherein plasma ions are accelerated towards the substrate by application of

a DC or pulsed potential to a first grid plate.

16. The methed of claim 15, wherein deleterious effect of secondary electrons resulting from
impingement of ions on the substrate and other materials is avoided through use of a second grid plate

which is negatively-biased with respact to the first grid plate.

17. The method of claim 16, further comprising a third grid plate that acts as a beam defining grid and is

grounded.

18. The method of claim 17, wherein the third grid plate is positioned in contact with or very close to the

surface of the substrate in order to provide a final definition of the implant.

19. The method of claim 1, wherein for the selective implantation, the substrate is moved close to a
multiple grid plate assembly, whereas, for the homogenous implantation, the substrate is moved far
enough from the grid plate assembly to provide a uniform beam, which is formed as a result of space

charge expansion of the beam-lets.
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20. The method of claim 1, wherein implanting a substrate with the first plurality of dopant species

comprises:
flowing ions from the plasma through apertures in a positively-biased first grid plate;

flowing at least a portion of the ions that flowed through the apertures in the positively-biased

first grid plate through apertures in a negatively-biased second grid plate; and,

flowing at least a portion of the ions that flowed through the apertures in the negatively-biased

second grid plate through apertures in a third grid plate.
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