WO 2011/ 100363PCT/ US2011/ 024244 1 AN ADJUSTABLE SHADOW MASK ASSEMBLY FOR
USE I N SOLAR CELL FABRI CATI ONS CROSS- REFERENCE TO RELATED APPLI CATI ONS

Thi s applwoabiomosmsBai ns priority to co-pending U S. Provcsiuseah/iofgpd i cation
Serial Nunmber 61/302,861, filed February 9, 2010, entitled "AN ADJUSTABLE
SHADOW MASK ASSEMBLY FOR USE IN SOLAR CELL FABRI CATIONS," which is hereby

i ncor porat ed by ref er ENCEDIUSTABLIERHADENWY MSSK ASSEMBIOr t h herei n.
BACKGROUND OF THE | NVENT r esent tion relates generally
to the field of solar c]:e({)]i{ysgn%l %QIHQI? J@%@E@t é hNa i npl ant applicati ons.
More particularly, the present invention relates to solar cell devices and
net hods of their formation, including the i ssue of selective inplantation.
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SUMMARY OF THE INVENTION

In one aspect of the present invention, an adjustable shadow mask implantation
system comprises: an ion source configured to provide ions; and an shadow mask assembly
configured to selectively allow ions from the ion source to pass therethrough to a substrate
where they are implanted, wherein the shadow mask assembly is configured to adjust between
a first position and a second position, wherein the shadow mask assembly enables ion
implantation of multiple substantially parallel lines absent any lines with an intersecting
orientation with respect to the multiple substantially parallel lines when set in the first
position, and wherein the shadow mask assembly enables ion implantation of multiple
substantially parallel lines and a line with an intersecting orientation with respect to the
multiple substantially parallel lines when set in the second position. In some embodiments,
the multiple parallel lines are substantially perpendicular to the line with the intersecting
orientation.

In some embodiments, the shadow mask assembly comprises: a first exposure region
having multiple elongated openings substantially parallel to a first axis; and a second
exposure region having an elongated opening substantially parallel to a second axis, wherein
the second axis is substantially perpendicular to the first axis, wherein the shadow mask
assembly is configured to adjust between the first position and the second position by
adjusting the distance between the first exposure region and the second exposure region. In

some embodiments, the first exposure region comprises: a first occlusion mask having a first
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assembly to a first position, wherein the substrate is selectively implanted with multiple

substantially parallel lines of ions absent any lines of ions with an intersecting orientation
with respect to the multiple substantially parallel lines; and adjusting the shadow mask
assembly to a second position, wherein the substrate is selectively implanted with multiple

substantially parallel lines of ions and a line of ions with an intersecting orientation with



respect to the multiple substantially parallel lines. In some enbodi nents,
the multiple parallel lines are substantially perpendicular to the line
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shadow mask assembly; and a controller operationally coupled to the moveable substrate
holder, wherein the controller is configured to adjust the velocity to a first level for the first
position and to a second level for the second position, the second level being a lower velocity
than the first level.

In yet another aspect of the present invention, a method of ion implantation
comprises: flowing or accelerating ions through a shadow mask assembly to a substrate,
wherein the shadow mask assembly comprises a first occlusion mask having a first set of
elongated openings substantially parallel to a first axis and a second occlusion mask having a
second set of elongated openings substantially parallel to the first axis, wherein the first
occlusion mask and the second occlusion mask are configured such that the first set of
elongated openings overlap with, but are offset from, the second set of elongated openings to
form a resulting set of elongated openings through which ions from the ion source are
selectively allowed to pass therethrough to the substrate, each elongated opening of the

resulting set being smaller than each elongated opening of the first and second sets; and



FIG 2 illustrates a perspective view of one enbodi nent of an adjustable
shadow nmask assenbly in accordance with the principles of the present
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i nvention. FIG 5 is a graph illustrating one enbodi nent of a stage
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princi pl &8 igplanigHons QEEIPONGIAg Krihs fsrulting sct of ghengated openingst r at es a pl an vi ew

of one e”bOd'H%Bﬁw%&bédh@h@%h@@uéﬁﬁés@'bfPa[cl?%l%ﬁgdtélﬂop%ﬁlﬁg%?thkE‘esﬁ&ﬁ?%&@sﬂce Wi th
the principles of the present invention FI'G illustrates a plan

vi ew of equat teer lespridiod hat e tufkngssy oteach ahengaiad epenpngdz,félsas’rﬁrﬁtgﬂné@mn@ﬁtsw

accor dan 1= mnth t f t he S \ 9A- 9B
v ust et ootk ndly DRBh TR oo RS AR ER b Ol o vltng B
assenblye@mﬂuhﬁawﬁﬂhﬂBOHQmmmier processing scheme in accordance with the

principles of the p nt i nvention. O0is a flaw chart

i |lustrating Brf B EBRPHERTISGF a0 %@ﬁwswh%% %%ﬁta?msweaﬁgl%a%or dance
wi th theRbENGIHBLES rdfont 6 R 888 R ton M%RAA BB sccond occlfstda maklt fbhd MStFAt €S a
cross-sectional side view of one enbodi nent of a plasma grid inplantation

syst em wixiteswralragiqn eonyrisial Hegesviingest df sloagdot ehwnings wibstntializ pprellelde pl es of
the pres ﬁ{%tﬁrét%(ﬁf‘tﬁl% ond exposure region has an elongated opening substantially parallel to a

second axis, wherein the second axis is substantially perpendicular to the first axis, the
shadow mask assembly is configured to adjust between a first position and a second position
by adjusting the distance between the first exposure region and the second exposure region,
the shadow mask assembly enables ion implantation of multiple substantially parallel lines
absent any lines with an intersecting orientation with respect to the multiple substantially
parallel lines when set in the first position, the multiple substantially parallel lines
corresponding to the resulting set of elongated openings, and the shadow mask assembly
enables ion implantation of multiple substantially parallel lines and a line with an intersecting
orientation with respect to the multiple substantially parallel lines when set in the second
position, the multiple substantially parallel lines corresponding to the resulting set of
elongated openings. In some embodiments, the multiple parallel lines are substantially
perpendicular to the line with the intersecting orientation. In some embodiments, the method
further comprises: a moveable substrate holder moving the substrate at a velocity through the
path of the ions passing through the shadow mask assembly; and a controller adjusting the
velocity to a first level for the first position and to a second level for the second position, the

second level being a lower velocity than the first level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a plan view of one embodiment of an adjustable shadow mask

implantation system in accordance with the principles of the present invention.



FIG 12 illustrates a one enbodi nent of a dopant junction profile in
accordance with the principles of the present invention. FIG 13

i Il ustratwe 2a11¢ne®s- secti onal vi ew of one enbodi ment of peElusedtinoed2y4

i nplanting a solar cell by applying a’voltage to the substrate in
accordance wth the principles of the present invention. WD

2011/ 100363PCT/ US2011/ 024244 8 FIG 14 illustrates a cross-sectional
vi ew of anot her enbodi ment of selectively inplanting a solar cell by
applying a voltage to the substrate in accordance with the principles of

t he present invention. FIG 15 illustrates a cross-sectional side

vi ew of an al Figy. nallisuetcenpashicorntviel ofonlca®idinghi ¢ anApjuaablatiadowsyst em wi t h
multiple grid assenblies in accordance with the principles of the present
i nvent i oIASIEESTANRIER fspaesticp ieNhaaringtes o enTgseRy invention. The f ol | owi ng

descri ption igdy exaPlRGrdi0a FRARIE AR GhbRAHERBE ¥n Rfdddbld RadiEm@lit to make
and use the invention and 1s provided in the context of a patent

appl i cat rspmblydn flosedraad apamenvsitipes in Yegordsnee Wikl iheipciatiplonef theoptekrat descri bed
enbodi rrepntvgnt\l/gnll be readily apparent to those skilled in the art and the
generic principles herein may be applied to other enbodi nents. Thus, the
present i nvenFIGM4ASB Naktrdtdi plade@dwiod ab&hédricrbbdichehotahadjenbledsimda, shown but
is to be accorded the wi dest scope consistent with the pringcjples and
features H@é&%@ﬁ%@ﬂ il A open PO &CRERRCC With the PRRRIeTR]| B REEScPhat  any

f eat ur esifikQmnany enbodi ment can be conbined with any features from any

ot her enbodinent. In this fashion, hybrid configurations of the illustrated
embodi ment s aFl&r. e 4 gph lupirating oncaprodgient hea prgesperd dontyevelicors.in

accordance with the principles of the present invention.

FIGS. 6A-B illustrate a plan exploded and assembled view of one embodiment of an
occlusion mask assembly in accordance with the principles of the present invention.

FIG. 7 illustrates a plan view of one embodiment of a rotating wafer processing
scheme in accordance with the principles of the present invention.

FIG. 8 illustrates a plan view of another embodiment of a rotating wafer processing
scheme in accordance with the principles of the present invention.

FIGS. 9A-9B illustrate a plan view of one embodiment of an adjustable shadow mask
assembly for the rotating wafer processing scheme in accordance with the principles of the
present invention.

FIG. 10 is a flow chart illustrating on embodiment of a method of ion implantation in
accordance with the principles of the present invention.

FIG. 11 illustrates a cross-sectional side view of one embodiment of a plasma grid
implantation system with multiple grid assemblies in accordance with the principles of the
present invention.

FIG. 12 illustrates a one embodiment of a dopant junction profile in accordance with
the principles of the present invention.

FIG. 13 illustrates a cross-sectional view of one embodiment of selectively implanting
a solar cell by applying a voltage to the substrate in accordance with the principles of the

present invention.



Various aspects of the disclosure may be described through the use of
flowcharts. Oten, a single instance of an aspect of the present disclosure
may be shworzo11A90363 appreci ated by those of ordinary skipchr/uspottijoes2ast ,
however, the protocols, processes, an8l procedures described herein may be
repeated continuously or as often as necessary to satisfy the needs

descri bed herein. Additionally, it is contenplated that nethod steps can be
performed in a different order than the order illustrated in the figures,
unl ess ot herw se disclosed explicitly or inplicitly. The present
invention is directed towards a series of nechanisns that enable the
formati on of p@.t&ilnstattsdéraditsccldphingew 6Ot erfbdaneht evaperiaily on of
various elenments. One benefit of the present invention is that it can

achi eve 4BRIptNg391t el yfpvingsueliegsdo deesubiraledy accatflansorith the PEMARFphi ¢ or
ot her expLefhRalesdRakbin, The shadowdefining mask of the present invention
preferably resides within, or can be translated into, a doping or

deposi tion syBiGedd illupetes apssee8 BB G820 1gn0R4dvermpdaaijnusiabl e shadow
mask assepbly i.s. di.sclosed that.is nat only tailored for th nuf act uri ng
o sol ar PhanY ¢ B ATHET St Bl uZuh sP L Bl LA s B s ort ace
and near pSuiplace thghedenciaténnonappl i cati ons as wel|l. Various enbodi nents of
the mask can be used in an in-line systemw th stationary or

conti nuousl y-noving wafers. It can also be used with a linear or a rotary
system DrgnePyD BHIdRIRIPOICAPOP TeirEenNsgagniong of the wafers with an ion beam
This mask can provide accurate and well-defined dopi ng and deposition
patterns, as Wedfollawingdpsguiptien ip piceentrddp ehablq ericlod prdugricsphivithe aytof or sol ar

cells, i 0 ' f S A e P plication
No. 12/ 4%%%%%‘%%@??‘(6@@5‘%%{??@?#%@Xﬁ?&i@%ﬁ%@%%ﬂﬁ%m USI NG
| MPLANT  AdNDir ANMEALN aNElshiabdificakibhetd thbudeeeribdd 208 Bme@ndilf boreadigrapparty t@wned
U. S. Provisiagnal . lication No, 61/131,698, entitled "FORMATI ON OF SOLAR
CELL- SEL e YAy Hrer r%@emﬁLpAWp%Nberﬂm@x@er@ew%@ FF | ed June 11,
2008, wWhigBodmentdathls, iied §B¥ni iRGQKBR IsHoE fidiMed B8 NIAREE (Pde bibSdEhehOr t h
herein. These include change in doping |levels, resistance of contact, bus
bar, fi ngewg bugisrie he accpulsyl Sregridest gropereqngistesy Wit ba pringiples anddeatyiesi st ance of
backsi de joetal Iﬂe&%}[i on, achieving the desired resistivity under the netal
grid contact (dpre erably 10 to 30 Ohns/ Sqg.) and in between the fingers
(preferably 8Burfefn@hnsisSantymploteddiet arhyi fgdieres &bfiaoy embydimedtaen bel | s. To

achi eve these benefits, th resent invention can.i ncorporate features from
oy SO B CRes it TAB T e STPanert Spias HBE BT ey S SoLAR CELL
FABRI CATL&d gulatibks drMRLANTATMI@bodihich® drelwi@Bwilidin tl%@@%pf A(\Iﬁ:\; @%&bﬂr owned U. S.

Provi sional Application No. 61/131,687, entitled " L FABRI CATI ON
USI NG | VPIANIOAT]I ON, " filed June 11, 2008, commonl y-owned U.S. Patent

Appl i cation 121 ' 1 I H FACETI NG
AND | ON | NPLRIQNQIIA(}I['%&%,% s ? ?ﬁ‘gé&%’%&ég %{%,ybezs%éfﬁ’eaaniﬁ':ggﬁhﬁ?ﬁ%&%ﬁ s,

Provi si ofdilen Appiglciastime oNan apidt DB Bie PRBent drstlioture chay BORNCRslis FABRI CATI ON
W TH FACETI NG DthC]\l lfNPcﬂiANTATl!e%n fihl ed JutEe 24, 12008(5 whi CE are all

her eby i RGBT REFAPEHOy " PETREdL TAle 19 NORFvFoPY ROHEPS o°tie P esent

i nvent i oBroab@@esnReribed R@eid @ bE Sepdited tdntih@ous B by EMBRANE Sedetanysiolsafsficel |
wafer thickness, as well as contact net w dt h and spaci .

| |
Nor cover (et alivaRed Fasins ARdHRE o "GP ETRH BB HaIfBYeHEs and
sel ect i Vﬁeﬂ?&}']?nteglﬁrlf‘@&iiff@féhhttJr@émheﬁacﬁé(oéé{r ifl@s_%%teﬁ'ir?lhg ﬁ%i@(t@g)un%@otﬂﬁ%v?sle" npl ant ed

silicide, as well as the present Invention's abi to I nprove performance
wi |l be poslsiddlcapliathdorgmpliéidicor porate WO 2011/ 100363PCT/ US2011/ 024244 10

The present invention is directed towards a series of mechanisms that enable the

formation of patterned implant doping, deposition and evaporation of various elements. One
benefit of the present invention is that it can achieve such implantation without the use of any
additional lithographic or other external masking. The shadow-defining mask of the present

invention preferably resides within, or can be translated into, a doping or deposition system.



features from comonly-owned U.S. Patent Application No. 12/482, 947,
entitled "APPLI CATI ON SPECI FI C | MPLANT SYSTEM AND METHOD FOR USE I N SOLAR
CELL FABRvOAM1OW®63 filed June 11, 2009, comonl y- owned POT&IS20Mn 04234 onal
Application No. 61/131,688, entitled YAPPLI CATI ONS SPECI FI C | MPLANT SYSTEM
AND METHOD FOR USE | N SOLAR CELL FABRI CATIONS," filed June 11, 2008,

commonl y-owned U. S. Provisional Application Serial Nunber 611210, 545,
entitled "ADVANCED H GH EFFI Cl ENCY CRYSTALLI NE SOLAR CELL FABRI CATI ON
METHOD, " filed March 20, 2009, and comonly-owned U.S. Patent Application
No. 12/728,105, entitled "ADVANCED H GH EFFI Cl ENCY CRYSTALLI NE SOLAR CELL
FABRI CAThaNdMEtAbiOhadofvirh8H adambly id@iscl2ded that hoconlptaiot forhky eby

i ncorporated by reference as if set forth herein. The present invention can
be appl i 8gntiactudngefsaiar ssllsdiub that capdrgsripsicarqonaestonggg gthgy surface and

mul ti - cr ystaldRen Rt GliGEIliCRAon 913081, 9hridRIAbILEhG R 1ML o8 ld G0N, as
well as very thin silicon wafers and very thin filmdeposited silicon, or
ot her mairedn iaflige gxséan Woh sigddrary @ebhtifuonsiatiovimgarderot hean agodiciveet withs. The
present iine\tla?gt Eil Po?a C‘sfjl%te?nl %hoeretg)e eréllﬂ)lﬁlni e(g tlgte rsr(l:JalnMn_ jo%lﬁ'l(étv;a erlls 9&/1 Viar(f 160%1’ ea?nqd can be
extended 10 a{onléyéﬁecres pVacene%fl?%r any Offer e erlaT used i n

f abri cat iTaR nekk pamgbivicnscand awe tall-dsfnddaopiid ahd depositien pacemsenhadicsnent s.
One of the main features of the Bresen i nvention is a fast beam shutter

mechani s HgeeHORs RIRHlF HalofRecapgiiyAPT 19478 BES: INSRPRRHRS feptpies fromy | | ust r at es

one enbodARbh1y Ywndd UaHipihalficaAdV1 Masko 1 7eh@Rl aFORM SMeheor 100 used to
defi ne busbar patterns with selective vertical doping and contact gridlines

with sel 8OLARCHD-SEBRECATVIIBMITREER HSHEE dMBAASE ANPMNNEAPMNIREIPPEs of t he
present i-nventipn r | ] ] . [ any substrate
a0 to biuals Pz S st B S A B a5, 300w sk

assenbl y 61081,69 entiled ABORNESK OASQE SO A RICKLIGSAPECTBAE BMVETER TaIN@xposur e

menber 110 and a ri ! %ﬁ? ur nb . /A _predet erm ned mask
pattern igPﬁégﬂﬁggsgyiﬁﬁ%f @ﬁréﬁ?gﬁn%fighéawg¥?VE%ﬁ“EEﬁg%ﬁre menber 110
and the hRbipeRidddly réXRASIHES FETIAMerd) . ThERENMBEd dhadde iR YPRIBLTQcIgEMDEr 110
conprises an el ongated vertical opening 115 for sel ective exposure of the
subst r at &sBRoce ¢f cantgely buscar. s, sagatteehistanae pleaskl-steeniyeifaceneystanerposur e
menber 1 ' - t] - ' - ' ' tive
exposure8gv&gﬂ%%§§%%%%g%é&%kgngg&%%%?%ﬁ%%gﬁgpPQ%%%aI ?@§$%§§Q%§d i on beans.
When onl yprherablydifttaBO phelsGngahdoh eomeeh danfngarsdpre esabyek!- 1 G0HehrsdiSdpy mask

assenbly 10Q.i.s canfiqured t ke .an adj ustment so that the el ongated
verttcal bpcig TsASoRE ouRed? SEHEBI BRUB i At S B om r eachi ng
the WO 20Q3bk@OB6IRCTHOMIAIB2RA4 U8, IS hpalidtidd ol 12/430008D Zntitled
vertically-elongated ion inplantation. During this tinme, nultiple

hor i zont S5PABIGhdat R I DN SINC N BaN A BTG fed ke LSt rat e 140,
as seen P&m&@ﬁy-%wn&'ll Pl Pwsﬁ&am@lfc%@%.'élﬂ@i6§ﬂ%ﬁtﬂ£@"@0‘i gel ectively

doped onto the“resulting solar c When vertically-elongated ion
beans ar EABRICATEIN st GHELAMEAFAONE S edSme i) 3008,00nnentyeewnegdsr.®d t o make

Sheraby SRERVRDRERNG 3 EL AR PhER SR RIS b BRGAnpN R Posed
ver ti cal FpcgiTongaien I0RMVIPTANITNTAONO N le® UGB 12200Dant womubhiy@wred U.gal | i nes
t hat have been sel ectively doEed onto the resultlngésolar cell 1

40" .
In some EMYSHAEAPRIcationNe©1dRPEeenisdnaRiloR ¢5LIF BRETIENN tHEHs hadow
mask  asserip @AM IONIVPLANTIUTON 't Qediling kh Y208k QCkiciPLre Ui nBLREK the

el ongated vertical opening 115, such as by adjusting the positioning of a
beam shufirtcerpotad tyaelotenekastihet Elrhigeire dl hgerestw anveoparilsgmdetbthe Fereands

adj ust ment | a8tk Ohed e, LEAUEA S dUEALEQN FHCLERY SXROTLAG, Lhp substrate
140 to the ‘desiT I on dose mn%h {ﬁe pre- eternlne& TaSK pa ?ern. I n
sone enbegliciignt s, a honogeneous exposure nmenber 130 is al so coupled to the
adj ust abl e shadow mask assenbly 100. The honbgeneous exposure nenber 130
conprises an Mﬁéfi‘i’iv?fgaliﬁévaé‘@ﬁ?‘?‘ﬁé?%]&“%“bo%ﬂ“%%namﬁI%QWR%%HO%Wdi SRISFIAYSt at i on of
the substialfdkfludrOBRERYHIG Bl PBDYLNE fist daRhNG Qficilidlas Supsd hat e, as seen
by the dark regions on the resulting substrate 140'. The resulting
subst r at gresaQinverimésability to ivwravgpicdaimases silldicl poseble gind carciagdrporeteal | i nes.
The adj ustabl e shadow mask assenbly 100 all ows vertical and horizontal, as
wel | as honobgeneous, exposure of ion beans to a wafer. The wafer can be
noved underneath the shadow mask assenbly 100 in steady state or truncated
novenment, or it can be nodified to cater for stop-exposure and nove
pattern. As descri bed above, the beam shutter 105 is depl oyed when the
vertical line exposure is not needed and is used only for the exposure tine
requi red. The horizontal openings 125 trace dopant |ines underneath the

. o o o o " o, —— T I



WO 2011/ 100363PCT/ US2011/ 024244 12 by noving the fast shutter to define the
vertical busbar pattern, while exposing the horizontal finger patterns. A
verti cal weposumessaenber 210 conprises an el ongat ed ver rrraiS2aperizag 215
for selective exposure of the substrate to a vertically-elongated i on beam
In sonme enbodi nents, the el ongated vertical opening 215 is a cut-out on the
side of the vertical exposure nenber 210. The horizontal exposure nenber
220 conprises nultiple horizontal openings 225 for sel ective exposure of
the substrate to nultiple horizontally-elongated i on beans. In sone

enbodi nents, the horizontal openings 225 are cut-outs on the side of the
hori zont adat@e@ﬁmuc@mﬁ&ﬂiaem&ﬂ()s Patent AppHic#@A®Noe Mhogh ygnémitlcgi t her the
honogeneous dopl&g or the selective gatterned dﬁﬁin or both can be

pr ocessed PPCSIAENAEE AT e MPLAN haY o TRMyNBIME Ut Uphd¥ai¥-Ahd shutter
openi ng ggny i grEATIGNE ¢ttt FERIIE blifmoRERERATYS, PXRAIMaL In a
preferred embodi ment, the multiple horizontal lines are substantial l'y

paral | el Atppllf@hen Mot e, @ﬁcbnpéﬁtdp‘éﬁtﬂldﬁhﬂom%SPE@%M%&NTWS&?@MI i nes.
Fovever . i 16015 RER iefh LORL cOUSY - ORI HERI ORR, B8 11 Akn the scope

of the prese i nven rmore, in some S,’‘instead of or
i n addi tb@ﬁmbﬂy&lw@ﬁ@@tseGrd”vﬁ)sidrmbmplaicaﬂmﬂml,al Nlhteb@memmg% iefitittdde shadow mask
can conpr.i se other ncl udlng9 but not limted to, circular

poi nt opefPNgSNdiP HI‘HH Eéﬁé%‘@alcafp%?ﬁﬁ&émmﬁ heRéhiddi MBREA RS e t he

el ongat e§HbHBOH& MaFRLEM0BY, 1 00 cbhRBRlyDWnbd & .S PRSAr A ficald NEPI aced by
rows and col umms of such sp aced-a art circular- or other-shaped

|l ant ai 78S 105wl A6BVANGH H§@H§1Fm1@wncwsméhm BOLARGE
conduct i Bﬁ%gﬂéﬂl Hfﬁﬁff&ﬂt’%‘féd ﬁ@r%ﬂl%%g Ha ar€ ecgt%ylﬁé’ﬁo%%aﬁ’” region,

i nst ead o or in ad on to usin ar co FI G
3A-B |II&ﬁﬁmamesdmmebﬂmhﬁ&mnﬁhém@kmamyadKM$mahiqmahadmwgm&skumgsenbly such
as shadow mask assenb 20Q,. closed sition

in a
posi t i onMEBECYSHHECIAGW §¥<YS§‘ @8:%?19“]8 F%%@Emﬁtaﬁlgﬂ’tc RS e%rkllﬂfé’gur e

nmenber  3310whayd gy @ SiRRGATRandelcly Gl fiIlRRRPMEd SliSorf, BF oth&!nefriave sex posUr e
of the substrate to a vertically-elongated ion beam when t he assenbly is in

t he open qu@gllat ¢erformgtron andotherapplisationso dine prspengguentioniyan ¢lee be anplicdusl | 312 of

the vert y%ﬁ J[uﬁer glbdé"v@es”&ﬁﬁ)&h bR Jthe e Et%@‘ic % Ié@ C&é%%m%rszﬁlgg)% r EXPOSUre

menber 3 ormng the e ongat e openi ng In the open
posi t i onn2@oial usbdhm ﬁlmaaumad)f jwadtion 34rid Ima‘taltsbtmcvnrhltdoc aiteréxqaerﬁmn@nwember 310 is

In contact i {1, i, horizontel, EXpoour e enber, 220, el ey HLogkino the

2011/ 1003@39@6%2@{%1@@%%& padterns. FIG. 1 illustrates one embod1ment of an adjustable
shadow mask implantation system 100 used to define busbar patterns with selective vertical
doping and contact gridlines with selective horizontal doping in accordance with the
principles of the present invention. The solar cell, semiconducting wafer, or any substrate
140 to be modified by the ion source is introduced to the shadow mask assembly 100. The
shadow mask assembly 100 comprises a vertical exposure member 110 and a horizontal
exposure member 120. A predetermined mask pattern is defined by the configuration of the
vertical exposure member 110 and the horizontal exposure member 120. The vertical
exposure member 110 comprises an elongated vertical opening 115 for selective exposure of
the substrate 140 to a vertically-elongated ion beam. The horizontal exposure member 120
comprises multiple horizontal openings 125 for selective exposure of the substrate 140 to
multiple horizontally-elongated ion beams. When only horizontally-elongated ion beams are
desired, the shadow mask assembly 100 is configured to make an adjustment so that the

clongated vertical opening 115 is blocked, thereby preventing any ions from reaching the



menber 320 conprises nultiple horizontal openings 325 for selective
exposure of the substrate to nultiple horizontally-elongated i on beans.

FI GS. 4A-Woi2blumwbdscat e anot her enbodi ment of an adj ust ablpeTalsaciaxvz4zas k
assenbly in a closed position 400 andilan open position 400'. The shadow
mask assenbly in FIGS. 4A-B is the sane as in FIGS. 3A-B, except that the
vertical exposure nenber 310 conprises an interdigitated vertical opening
415 formed by spaced-apart horizontal walls 416 that extend fromthe
vertical wall 312. Since the horizontal inplantations can overlap the
vertical inplantations, this configuration hel ps avoid the doubl e-dosi ng of
the vert kghdirate mpd artbathQaﬁcally-etongatle@uﬁtoﬂiptaembadimtﬁgstustthe stigigk speed can
be dynam cal |y _adjusted while processing the substrate with the energetic
i on sour&%%zonétl 234 1R RPN RIRS fret Al thesH s 4o dFR8Y theThe st age

speed i Sl 1¥ehiRCidrivodhl MR G e biARbIRATRL &Becpﬁﬁmh%‘%@sﬂﬁmg heaSihstrate

during a particular stage of the inplantation, such as the during the

hori zont &#0 .oMhgn Nﬁt}t?éhteafmg@tﬁd gmagemapd atShéeShr@d |t12@$ilaa¢w mack aseemnbly 400
|nplantat|o sta [ t odi_ment, of a
stage speea aSiRPGim b Al t e Rl yPR Dk ot e R eI BB e, present
|nvent|oﬂmn%paﬂ@mﬁgembﬁdmmﬁnhewﬁmmae$MB@ém@amv@euﬂye%mgmdDMn for certain
area of the substrabe whi | e bei ng pr cesseg der t he sh dogl such as
for the BUABHHON ich Selpieo pRE YRGS (b Bark Dot sdech el TR 9FB e st age
speed i s &hgRe binaiigadl y varied as a function of substrate location or the
mask or inplantation beamlocation with respect to the substrate.
Nhnufacturlnghsha@@mmﬁﬁgkgwea@ﬂbemﬁiﬁﬁﬂenwﬁﬂandwebépnﬂwqhvbﬁﬂvﬁe chal | enge
of achieyjn i t al
exposur o aaSBh i B BORHE SR AL D B1ock UE ARl AE B DR JRIAER

pat t er ns l1Huich ats byadyuarn)g texsiishing of Maskssharier OGNS bilseibihe cnghtud Yertical ode
after so man ur s to ion U|r| themto be changed.
Anot her P%%E‘érléé Ugimed das P’h\?}E ﬁetqlut’j?fyt?‘gatt Ey%’tp%‘% desuliatkabl e
shadow magke th@de@letd 138 dbdeewift tﬂ@bref&&tnﬁﬁl%§ma§1&1§ﬂteﬁ§ the horizontal exposure
openi ngs, using much larger, nore easily manu turabl e and cost effective
patterns. Twolngemesabodimanti atpnitearrous siReREe mambere 3dedsa wuplehicibe t hese
finer feahpi8se Baof RSt 140801k 6o, SAE Rl %B&&J%&%@@E%ﬁ%ﬂ%o%&n% s masks,
where a lenary mask wth a certain open ng I's an occl usi on
mask of s npdnarg 186 cudigpradgo elben i hignkdbimhmalanasn ofathe klé)smte thar tohnmxdderras k or
made from di sposabl e mat r|aI renevabl e u e of the sk enbl In
o £ cul AIOTGRIEAR CRTRPT I Suetmg: SF0h B ik BErueos BerrplasstRtthe. st
cost effeqyive process manufacturing nethod possible. ThIS |nvent|on can
drastically reduce the cost of nanufacturln%Vthe desi red shadow WD

2011/ 100363 PCusiing ubspipal 4 4cprgicrisibe RieHsryaal s elauellipetahdings. expensi ve
manuf act #h{ R FRANAASH AR iR AROX vofkAthAGoRlont RIS CRA terning to
define the pattern on the shado na I'n contrast, a nore conventional and
si npl er heobgntaa] expodurd Mgombeamsn@amnﬁmmafer ashibe movehdisleteath ghee poor er

usea to nany gecbreR bk PR GurY Saelh B6 SR Ui e RS o sk

can be t baw Bt agketobrgeid@bvd gateif egtdeueibyd gk & ik tedelvhsig 10els patterns.
Such a stacked shadow nask assenbly can define any pattern scale down to
zero m crgexcdmdien fhgyseigal lgﬁfxwtlt%f PPt gpeded apbis vagd gy fop Hisexppstisdimeror
i nterdi gté’qtﬁfr@(p BRIBALING o}qyérﬂ?g% 129 H@cec(ﬂ)%lg hh&etgﬁeﬁeaﬁﬁffﬂeqﬁetﬁf rlm%n‘ahat

with an omat ed and slight nmovenent, could transfer the oOpening from one
sel ect i veoljrqsl as thetwadermdves benagh alesu%mdalgél andandthaf 8ssalinge cantarotherg

speci es d yaryin n |ze ri.ds _(as wll cussed in
furt her §1e o &y S%a“vﬁati% Py et8t “%“éjeﬁﬁ - ‘ﬁe"é’ﬁ%}“i%‘}cp&mﬁm G 6A
illustrates am sempIeﬁfﬂe@tmnem@ﬁad@wen@ma@ydmh@mtooes‘ coafig@ediolfichly Hreckk
assenbly. He first ngdom/nask 620a has hori zontal .openings t at are

of fset fPbM" t;lﬁek HerlozgteaICTa3EPRRGS 107 DX aUBHide Sreirrag R Boop!c

stacked tQgRIRSemtRS1 BREMd Mrizbierl RFbsufdthéntd i §@%t9§esﬁ&9fb‘ dd aﬁétﬁé}tt@S a nuch
smal | er opening, represented by the dotted |lines and distance d. Since the

shadow okl the 2Bmgaipdv @26 opvnitty 135 glmidii 2.onthadovomask asepmbdy 200 eberited s
expensive to fabricate than one shadow mask with very small horizonta
openi ngs, the present invention's offset configuration can be used to
achieve the small horizontal openings at a cost significantly |ess. 100
m cron mask openings are very difficult to fabricate unless you use

phot ol i t hography. By using two or nore offset nmasks, you can achi eve mask
openi ngs of 100 microns or less very easily. In some embodinents, spacing
betmeen each openlng |s about 2 mm So you could nake the nask openlngs

1 . NN o - o, - A NN



WO 2011/ 100363PCT/ US2011/ 024244 15 varying voltages to the two or nore

st acked masks. Such independent applications of voltage can be used to
change t hwoi2onimessbeam di nensi on i ndependent of any neebanise@l/ozanenment
descri bed above. The spacing of the tMo or nore masks and t he masks and
waf ers can al so be used to provide a selective pattern of exposure or a
honogeneous pattern. The spacing of the shadow mask assenbly fromthe
substrate can also be utilized to provide a better geonetrical shaping of
t he beam using the space charge properties of the ion beam It can reside
very close to the substrate for best definition of selective doping and
evapor at bemovag tieaast Beutikpratt fiasviy vEditalbattae pathen®aa 8 exfoying thethdazdeam i f
required. The present invention provides a wafer processing schene
for diffESREHPAERS i hPTTHFA SXROSHC SE0GT 29 coRdriess SR rREstehYS 4t R8s t o
tailor thes doRankivh WHekheBr ME OfHslifs d MvdrBGIFRlALaEElh Heih. F&EIgonduct or
devices using a plasma grid inplanter simlar to the plasma grid

i mpl ant armbedixyrys,én dongeied yedicalrppengrdlfl iy 2 ovired owthg sideaf tatvertigpll i cat i on No.
12/ 821, 053, entitled, \PLASMA.GRI D | NPLANT SYSTEM FOR USE | QLA LL
Faprt Carroie® o B S e G N B oo bl Bl

Provi si onpdnidppbs trakélemiviNexposire 21 the Sutraend minltptt HobllAGMA- Gl ghrell ML ANT
SYSTEM FOR USE | N SCLﬁEﬁgELL FABRI CATIONS, " filed June 2&7 zoog whi ch are
bot h her BEyMS M&etporaadmes: fearieniad openiies 243 prechryis eikiigside obig t he

f eat ur espgfizonal SHoGROMRELEMOQr porated into the present invention. FIG 11
illustrates one énbodinent of a plasma grid inplantation systemsimlar to
the pl asma grIndomﬁﬁméﬂdi@@ntérﬁitb?rstﬁ%mrm$@q0%é@PililglOI‘tthﬁese'le@B'@e patdrmed79 pat ent
applicati 0 r i 1or nt. . junet i rQfi i nterest,
the. t ar gloPe gt phfeldl Bohb SpBaRALhs Mg LR Sk Baflieeli e °3¢

t he j uncthuotar glepink chisbainfenabitddand ddfinchies ncoskssanexgyurand t he i on species. The
novi ng substrate 1140 is subjected to different ion inplantati ener gi es
using di ffer eftdRaf eﬁ?dgmp&w%@éfwewﬂa&qﬁoea%ﬁéle?sr%a@bg@ﬂtr%rﬁwﬁréﬁ&éﬁs, as
shown i nofd faothbdand gergeRiiisulex@ MR Rrtichitu8Bar(iks. MW dvBY, i(Gd Eoat@iplateli dher ent
hi gh vol tage power supplies are connected to the three high voltage

el ect r odether eeapuralimy ate eighin {hewetne f tedrasprf divgntiom Furthgraosu i of t he
dopant ] E&di&@nth%nstt&ﬂ.o?gﬁlﬁlagﬁﬁoﬁ){o eth f&d h%oﬂa@@ﬁés tﬂQ B@é?ﬁn Qlilptfht:l es
generated by each ion inplantation engrgy step. Such sp ced out series of
gri d assemidbwemsk nah aonghuiad dthershapen acwethiinvhtdingn bpmoviidesd toharcdkas poied
exposure on.a nask. q The ?I[stem clg ri ses, a gl{larlrber agat houses a
first (t8PYE CHMpssheped opeameh il Spme GYPRYMEH e dcelonzagd BORRMEE (bot t om)
grid pl aifiplanthesQing¢ biflthpk@sgste 2&T8pIERA bh eovh LInAREIuRN BT fick dfaced-¥paaf
different materials, including, but not limted to, graphite, silicon

car bi de, cifider- ooty thared ospaPTINySOIfagerS dEsubseiaands bepketEatih 4ri d plate
conpris e%orﬁlugtlir%r'%}t&jia)f t@éon?a@@éah’t’fnﬁﬁzi(ﬁgmdngﬁf &%e&ﬁm%éia&évliﬁsféaé of & ipass

t her et hr ough asma source provides a plasnma to a plasma region 1160 of
t he chanbddtionTihiusing theedmsbar eglicotmon Isnek.ocat ed above the first grid plate. In

sone enbodi me t chanber Il.s are confi red. to repel igons i.n the
e oq o cE At TS ERERRE cBodibeR o af PR fabf pSERstfB S hont <.
one or ma¢ iRy RRLISasaitblg oo liedcibedtpastiwabdo o it heopehaatiesn 30DheTHsagnet i ¢

field is used to push the plasma off the walls, thereby nmaintaining a gap
bet ween tHEoWInaskassably cABDEIeA AeRicHgrPureapRmbey 81 Yhavgieamyploagyed er i ng of f

of the “@éﬂticﬂ%{g&éﬁ%‘iwi f?lt &%]etch@e BSi®or it %LL?ES%% t0URRIRA-Botdh®Q ibSpPAST ti oned

on the opposit I'de of the grid plates

when the assembly is in the open position 300'. In the open position 300", the vertical wall
312 of the vertical exposure member 310 is offset from the horizontal exposure member 320,
thereby forming the elongated vertical opening 315. In the open position 300", the vertical
wall 312 of the vertical exposure member 310 is in contact with the horizontal exposure

member 320, thereby blocking the elongated vertical opening 315. The horizontal exposure



The target substrate 1140 can be supported by an adjustable substrate

hol der, thereby allow ng the target substrate to be adjusted between a
honogeneowe 20miploassd position and a sel ective inplant po®PCTiuSR011/024244 | N
sone enbodi nents, plasma ions 1170 ar8 accel erated towards the target
substrate 1140 by application of a DC or pul sed potential to the first grid
pl ate. These ions are inplanted into the substrate 1140. The del eteri ous

ef fect of secondary electrons resulting fromthe inpingenent of ions on the
substrate 1140 and other materials is avoided through the use of the second
grid plate, which is negatively-biased with respect to the first grid

pl ate. ThicmbaePatcomptiyes pivigehatomatbm@hings FlSabesctidipy epsase dthie el ect rons
that come off of the substrate. In sone enbodinments, the first grid plate

i s bi asedbsiaigl wytiglsdoripentallydongase i Bspase i s biased to -2 kV. However,

It 1s cont enphisedaliafsRhidisloi} 8RbREmYRE A0KFuEANL REIFMRLQEREmpING third

grid plate acts as a beamdefining grid and IS preferably grounded. It is
posi t i onedloss peitirade0 widran cpen pasitionci0B’s & he shadhe nzagk premblyfin FKES. sab8trate in
or der tOiSp[ﬁé) i %eas?n If:]lfdga!SAq:?,fe%(cn LE a9 hd Ler%ipage;( 0 &rgrﬁ;[ i b-ﬁlt-rhg ctohI {‘i(sjes%ll d plate
can act as a beam defini ng fask an provide“the critrcal a ngnITEI’lt

r equi r edintérflighats®l@ttal ygenimgpd 1aMérnicd by eptbd-gehrt hbheorttdliwatls 416 dhapdxahe can al so
be replaced or supplenented with any form of beam shaping that does not
require omg S vereti pa él%h%nifd_f%%rlzs@awl?gﬁﬂﬁas SO VORCo Gs, 13- 14
di scussegyReli@Wns, this confiBitadiod hbifs Rl Ge ASHRUR h ATHRNGRMRpBRABRLES the use
of DC or pulsed bias for the acceleration of ions and m nim zes the back

streami ng el elatspoasmbpdimentashhsipgrespead cph he denainmadly sdivsicd whitrpbegyndy
limting,t r n N king . | ser ibitiyve. This
A g e o
decoupl i e tthe gptaidmencivolonigt iterhidhrtberinifiantdtion baat edaes aib isaisirate lderipy £sent

invention allows for independent thods .to be used for .the formation of
the pl asR¥"O4 Ses9) _%mlglﬁ@wwg%%gwwhigorwa%owém PRI s, The
grid pl ah@pthe apriRdhavheey SR imRgHi8Rn_lagherin. 46 i fapi MRstrakigg ofxanpl e, the
extracted i on beam can be focused to a particul ar di nension of selective

enitter appedi@antiobastage speed cqnirot shempinaseradages with tsiravieipley ot @aprestne chanber
i s confi %H%ﬁﬂont ?n anlleoé%ﬁogﬁneﬁlltsammtgg CJH%G@O%q.dgé/H%}%Eﬂﬁﬁ a{%ﬁ G¥1h usly
, the fi pl af p al wt

di scusse rst gri ate is-at a positive potentl respect to
ground. Bybsgitapihiigbtihg probésasiathdgrthashpliat enagle lseditas datehe Enbarsranacgiveghd he

shape of LS FENLScHs, 1180 for R above sk of LR, RPRm.A85 nloRs o @

of substrate location or the mask or implantation beam location with respect to the substrate.
Manufacturing shadow masks can be difficult and costly given the challenge of
achieving small exposure openings, such as the multiple horizontal exposure openings.
Photolithography can be used to cut out the mask patterns, but it is very expensive. Masks
are consumable and will erode after so many exposures to ion beams, thus requiring them to
be changed. Another feature of the present invention is the use of offset stackable shadow
masks to define the finer features, such as the horizontal exposure openings, using much
larger, more easily manufacturable and cost effective patterns. Two or more stacking shadow
masks can be used to achieve these finer features by offsetting the same or different patterns
on two masks, where a primary mask with a certain opening is occluded by an occlusion
mask of similar or varying opening. Such a mask can be either hard mask or made from
disposable material for renewable usage of the mask assembly. In particular for the solar
industry, it is imperative to implement the most cost effective process manufacturing method

possible. This invention can drastically reduce the cost of manufacturing the desired shadow



A beam of ions exiting past an aperture is divergent by its nature, which
is because the typical equilibriumof plasma is convex. The ions repel each
ot her becwo<=e1iofoichei r |i ke el ectric charge and they haveTnspaombyz44
orientated velocities due to thermal ®otion within the plasma. Therefore,
careful design of the grid plate apertures and the plasma condition is
necessary to control both the emttance of ions and system acceptance to
the ion beam The enmittance is a neasure of the beamquality. Typically,
hi gh quality beans have | ow emttance, which neans mnimal |oss of ions
during transm ssion. This has to be bal anced agai nst the system specific
phase- spaas padid alifostusihg inlvad exdpbss iaaamufdctusindinicklion stdh & lig@gngay,y or has
good acceptance. The caontrol of ion divergence in the system of the present
i nvent i oRICh&s QERFEPRLIHAE HetIRS the RAGIY AR HEjstRIPHEKh & CRERY DPOFhe ensui ng
meni scus . Jnl b1 dnll &inkl ASAR RO ERTiNg ikd BB BEBod, Mhidhi il (PFdvE Pl ate

el ectrode. Such shaping can be controlled by adjusting the voltage

di f f er enpeorpedimersionabipedlicatiohed tspaidpecisctang veiyapel opdningsecap he nsaddo and

Spaci ng BehVESDVAr hoUSCELRELE B0CRal DG HETREL ALAIEEQkot 16 Bl 82y how much
pl asma gas i S used, e g%n5|?y of "t he prasma”and tha “f'on species and
current bhegether texticastBdefifomudhenatiengavas ddumh ashapel sdhhdovemhskeadsenby80, t he
second grid plate has to have a negative potential with respect to the
first grPY $ae &Y RAHEMSFEC P4 IeroTooRICEMLIT-y Infeed. #y PBECT 85E12PHER Hhe pl asma
boundary coilh Qb adr Fli&rdigkdicd RSV OB SGHS o id 30a fRAWNG drhesehaRewRh @ dome,
it is contenplated that the neniscus 1180 can be nanaged in the form of

ot her shapematgd angedlight meemedi. agpld bensfardhe dpening &dmtane selectiamphetogh¢ nver si on

of the d . I: 0 nb . ape the
Fesul tingtes | Rorutt SRRt iR B PR R SR et B 8 80006
meni scus willBOdisdueswd i furthbi@etalllhelom With tegpdcc @l HIGSr ElsankdtiS).n a narr owed beam

an inverted d -shaped nmeniscus will typically result |n an expanding
beam WO 201411 6034%BeR USo@LtRe 3y ogembodithent REaR Gecl Gigh S G 11
conpri segsskMbge HeRP ARG nfAsie6RRHRL h@SohBPdpchings SkSs sRlcLrrdh 4k passes
under. Each grid assenbly has a different voltage applied to it, resulting

i n di ffehepgonfabepeapigp gi weond|shadpsmpaskfiz8el Wl stackgd taghbos as seerind1G1 1,
vol t age drvi der e I ' r [ | £S,

t her eby g?b%%?ﬁ%“%ﬁgﬂ%@&?ﬁ%%%?¥%%?§ﬁ%ﬂgﬁﬁéﬂg%gﬂ%@?§£?%9%ﬁ§?ﬁ%@ﬁ@2%?§ bei ng
abl e t o dsantdhe Sarahpshadow suphsl 620a Suicd20b weibrbig rizatthloopenisgamty antlageous f or

successi ye i npl ant ati.ons of the sybstrate.1140. h.grid assenbly can

et 1t s SRRk GHECRS fam R FRPS Ak Mo S, OB T e and

usi ng t h@reSclBrviBhtRSINE (ROIoERgurSdNGan BOTRE eNRALSe tRRAD hbigxbaldl gpernmg@i res

| ess energy, the substrate 1140 can start off with selective doping of the

hor i zont &l 2 shtigiiticandyylcsn sl 04mecrgn maple epenigs g cyelfiigus tofabrirgtermiess i r st gri d

assenbly i i 3 nogeneous
gwustegﬁo{oh%%m ) 'y Bhag, %@Bo}em?ﬂetﬁg?s%g 'ﬂﬁ}é@%%@m@&

dopi ng usi ng e nex y to the fering plasmas of
varyi ng spawigesi 00 mends natesoverpéassyp elniseme cahodimenis egacingdretveoleadhf t he

varying voltage grid assgnblies . to ner at e dopi n rofil.es of. differing
Chapeos Bt RIE st A nly o S PO SR R T B ERSh Her& 0 i GRn kB Shar o
pl asma chabekabdneladhk asiAilaIRiIg thBe0d Mieen @lésd hassamdbp@sngs kitpSOBE

enbodi nents, .the plasma chanmber is split into isolated sections so that
each gri Qfsgdiénehe yideanemag maskss IetisT e lc ratpats fdgeHechyitB ppRiS N FI G

15. havﬁzﬁé @fhﬁékﬁ&s %@&%eﬁ oot 148 286 ﬁﬁé‘rgﬁg c'%ﬁ%g staded Iiﬁ?tllﬁﬂ’lehi emgké oftdef@ al | ow

for better cooling capability of the mask that 1s inpacted by the beam The

cool i ng biodes: rcartingexgembipehiogs. bed teempagdtona ndthertbigkeess efJenttiznl® spaci ng
bet ween t he masks... The coqljng |ines can _be us s insul ation. of 'the
variovs SR Sy eli, SRR L R S EeF ARt AT e e S e BBt s, e
t enper at om Dthin@OC1eed exporistveahatéring (Hat ankiedl e ttbadawayrasks can be noni t or ed.
In sone enbodinents, cooling |ines or channels are provided on the masks to
hel p cool and"HEGINAESHCR G BHREEFARNGSEPIFHCE A¥OkAgs kan b appleki theghingl so be

preheat egrdePtoHﬁ&@d%%‘ti@al%n@%an@ ing e vk |sﬁd§%.a%g§)&n£é%@ed hhe

tenperature of the shadow mask can be nonitored and nai ntai ned at the sane
| evel , eiptdpetticeplehatzediions candisivgitized tn skaprené feyo diveremadicr satares by apmrengf t he

masks are forned froma silicon material, including, but not limted to,
silicon carbide. In sone enbodi ments, one or nore of the masks conprises a
silicon coating, such as a silicon carbide coating. Additionally, in

sone enbodi nents, the present invention can use the current arriving at the
shadow mask as a neans of nonitoring the inplantation system s perfornance.
In sonme enbodi nents, the inplantation systemis configured to neasure the
beam current WO 2011/ 100363PCT/ US2011/ 024244



19 passing through the shadow mask. For exanple, the system can cal cul ate
what fraction of the total beam actually passes through the shadow mask to
t he substwetelib@smd on the ratio of the area of the opemrcmg(Sg)itions2ahe

shadow mask to the area of the shadowsmask. This feature can function as a

sinpl e beam current nmetrology tool. In sone enbodinents, the inplantation
system can be configured to nake adjustnents based on it's nonitoring of
the inplantation if a certain predeterm ned condition arises. In

anot her aspect of the present invention, the substrate can be processed in
a rotating process stage, as shown in FIG 7. The substrate 740 is

i nt r oduceglying valtagacteune e\dr heuiereindked 8ialg. Suttoiadependdant giptichirns FORItagd i s
rotated at the (gre-determ' ned stage speed to expose the supstrate 740 to

the ener G&tRCSPOI BRtae RS ORRFORIGH WREAD REPRNGBSURBY Pedspicaldte a8t t he
shadow npsk:iBSBBRL. I8 sPicidl AR oWk HHSHREs add e RaOGSAT SdfcetBatlpt € 740°

is then noved out of the process vacuum environnment using the sane | oad

| ock chahbeyed IGprovige b heedivapsiisie sl exppueseurhonfogencaduatticn dhe gpastgos es.
Simar E%s ebc{%wi nq_s%iagsee érsftroemrq ie% Fsltr%e c% altsct1 ge ﬁlﬁ&‘@@ ner(())xlf“{ﬁ 'Y ggt%e% er (HE) or

t he sel echfi Ve Sm T ér F% ) or bo ]?1 can 1xll)e pr ocessed I Thi s*confi gurati on.
FIG 8 i ktansdtri@l empiag 9y dic®paruarithg filey spuef dirgs papaitisgofi the @n bedrat ilaiaal

processi ng. stage platfor The rotatjiaonal processing stage platform

conpr i se& HCIRAGRRF wat&%S@é@%ﬁ%ryé%3@%6%9@%%@%&eéoglﬁgaﬁ?%%f&t%sr and an

adj ust ablg, ghichwai for bakr 18865dnbRFL ARG iThguskadow mask assembly 800 is
posi ti oned between two honbgeneous ‘exposure re%:gons 830. The pattern

of openi ng i sThatirepgel ipvantiew pidvidasld wafcaprgbessing echanlp destdiffesent idne r ot at i onal
novenent . . =N - : ' occl uded
o provi Rt ARl e YERe LR IR, RLBRARUERSDL BREATABE Prcq
above. | solatdeBy oresinindhdendr sled cStusing @ypposu pad implenteaimdrsotheglampleayed W t h

a simlar desired effect. descri bed abov t he sybstrate rocessed
is i ntrodtREH4RFUGH SR SR EER AR Lo BT BT o | BRAEEED! ng
stage. VidiRd FPVA I ANGRID IMELANRGYWTIREKORASSE IN'SOBNREIHIAL € can be exposed
to the energetic ions for the honbgeneous emtter ng(ggl i cation step 830.

Vhen t heFABBIEARIQNS, S filed ey 120 2@L0, vy seiomomt oy S. Preissaibct | ve
o o . . ) . ' < bei
emiter RE&E‘%E&;‘ fgg.ddl 193475 e%ﬂtlﬁcr‘sPL%hjlg Cﬁ{iﬁ IMW]?’%‘?@%%M&%%%Q@@ NS Delng

| oaded vi ock. 1nt particular exanp irst half
of the sGOSARACELL EABRICWTIONNSRE lnnater3, 23008, whiakl ane bothdierd® mcofparatailg t hi s
exposur e

oxposur ey e AUSESUTHL, SUBSLLANE L, 08 pgloead Ahegugh Lhe Load ook

2011/ 1003R3ACHVERRAL 16 24274k 1rdR s dEdmbodatenk 6€KpIh@@tdrMGinipldiBition system
similar to the plasma grid implantation system disclosed in the ‘053 and ‘379 patent
applications. In order to tailor the dopant junction profile of interest, the target substrate1140
can be implanted at different ion energies, as the junction depth is a function of the ion energy
and the ion species. The moving substrate 1140 is subjected to different ion implantation
energies using differential high voltage extraction electrode configurations, as shown in FIG.
11. In this example, three (or multiplicity of) different high voltage power supplics are
connected to the three high voltage electrodes, each connected by voltage dividers 1190. The
outcome of the dopant junction is the envelope of three individual dopant profiles generated
by each ion implantation energy step. Such spaced out series of grid assemblies individually
or in combination provides the desired exposure on a mask.

The system comprises a chamber that houses a first (top) grid plate, a second (middle)

grid plate, and a third (bottom) grid plate. These grid plates 1150 can be formed from a

variety of different materials, including, but not limited to, graphite, silicon carbide, and



TSE2 = Load | ock unloading tine Rotational velocity of process stage, til =
v / R Were R = radius of process stage and v = (substrate size) / THE

Usi ng t hiwoxeohienesesei t her t he honpgeneous emtter (HE) ®cTAmk@atpdzes emitter
(SE) or both can be processed in thistéconfiguration, as in the in-line
systemof FIG 1. FIGS. 9A-B illustrate one enbodi nent of a

wedge- shaped configuration for an adjustabl e shadow mask assenbly, such as
shadow mask assenbly 200, in a closed position 900 and in an open position
900' . Thi s wedge-shaped configurati on acconmopdates the rotational novenent
of the wafer. The shadow mask assenbly conprises a vertical exposure
nmenber 9iRghavi Bghand glaon@aipeises\ugildrhlagb  gReticRn gordikbreli o6 alfmd @aS foRssexposur e
of the substrate to a vertically-elongated i on beam when the assenbly is in

t he opentisedireyedn Aoplpsma %Oﬁrceﬂ?@vadﬁéﬁpbé@? {9 piasgrigregion A LOARL RS ambeal | 912 of
the vertirGal1.S%ROSMSs RIPEEbRL thel st $lie. FQPME BELOARTEAQ M AlLafBROSUr €

menber 920, thereby formng the el ongated vertical opening 915. In the open
p05|t|onW@U@meC@Hémvéﬁ@ﬁ@dﬂOMHhngmﬁﬁmﬂe$¢mmwﬁgﬁmdﬁﬁHQ£@hb§ﬁK@X%EMbem 910 is
In contagt, W t‘tpodt eentshgrrté gronqt al a5 sogrurcgu ﬁ]e wa%l dftﬁehc rdr%gé(r qlhOCkl ng the
elongated)veftlcéP openi ng g8 RSPPZont exposure nefber 920

conpr i semapmdticifipldds headita pushathe p)mm difbe 928s tmebsettmmntng a@upbauee thé t he

substrate to nu |pIe hor i ontaIIy eIongated |§$ g In order to
pEE el

accommdalEmt He thepmbsr ke KinEsRY PR [lmategiabingBodi ment s,
the fart ?ﬁgm@myargét@mstr% 190 @tpogtloﬂea%att%pstnte%td*a%tttfergfte%tatéaq1§madow mesk
assenbl y the | onger the horizontal openings , since the portions of

t he substThateegct giairds | H4ecanbe sipperterdwenatlionighle agdsantc dalder, thewbef ore, need
onger  CYRREHE fie T LS B AHYRL LIRS SRR, R RO LRGSR g L0 Lhe

outside o dow s asse rovi d s a exposure.
SlntIarIyﬂamvenqﬂah$0mn@ntenplated that the el ongated vertical opening 915

can al so be d so hat reases in wdth as it extends away
from the poin 8@6%@5 MRS P plana IOfr-SHé% 16 at@?eaattct e Siertorep LA ng on
enbodi ment40dy ph@kibR e 00 Gr pilsddsbidniipl 8 MeatrbiQRidipht@CriRkdRAc feW t h the

principles o?l R resent invention. In this method, a wafer can alternate

bet ween gémlél@@d o tﬁﬁﬁlbétﬁtt@ﬂ 149n 16¢ defgteripysl scpiisseondaay clp¢tras rwltlh@ut
P SOl YR 00 Sy ! TSR
2011/ 100863RCH thlSﬁk@dﬂd SRYUA 4, whlch is negatively-biased with respect to the first grid plate.
This negatively-biased second grid plate suppresses the electrons that come off of the
substrate. In some embodiments, the first grid plate is biased to 80 kV and the second grid
plate is biased to -2 kV. However, it is contemplated that other biasing voltages can be
employed. The third grid plate acts as a beam defining grid and is preferably grounded. It is
positioned in contact with or very close to the surface of the substrate in order to provide a
final definition of the implant. This third grid plate can act as a beam defining mask and
provide the critical alignment required, if a selective implant is required. The third grid plate
can also be replaced or supplemented with any form of beam shaping that does not require a
mask, such as the pulsed beam shaping embodiment of FIGS. 13-14 discussed below.

This grid plate assembly arrangement enables the use of DC or pulsed bias for the
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 decoupling the plasma formation from the ion acceleration, the

present invention allows for independent methods to be used for the formation of the plasma



21 At step 1010a, an adjustabl e shadow mask assenbly, such as those
di scussed above, is set for selective inplantation of nultiple horizontal
i nes w twoubiiamyseserti cal busbar lines. Here, the shadeerrmskiiaseenbly is
adjusted to the appropriate configurat7iion with the el ongated vertical
opening blocked, if it is not already in this configuration. At step 1020a,
the relative velocity between the wafer and the shadow mask assenbly is

i ncreased, such as by speeding up the novenent of the wafer. At step 1030a,

mul tiple horizontal lines are inplanted onto the wafer w thout any

i npl antation of a vertical busbar |ine. At step 1010b, the adjustable
shadow masde aigseiiylyted. SThe @tid bRtes &1 Hovidy sorhd@gadalofbéadndddinitioul Forpl e

hori zontal lines with a vertical busbar Iine, Here, the shadow mask

assenbl y F&gjirstaciebion H‘éanébaﬁlrtt‘iﬁi;"f“é%w&d’ﬁﬂic@m dipepsionplsleetive @dHgat ed
vertical ,oneRiddg exposed, if it is not already in this configuration. At
step 102 , the relative velocity between the wafer and the shadow nask

assenbly is d@dh@a@e@ag@@&mﬂagSbWﬂ@wama@bddmmﬁﬁh@fﬁﬁv@hwﬂﬁeQhﬂnh@ waf er .

At step 1030b i pl.e hori,z ntal anted..ont o fer with
an inpl a%c%rmtai gnx%afld R ¥et\f}061%1?1 SO hleeflsrst gr18 plat 1S a%osmve BotePtla?Frv\éYﬁtl oned,

t he nmet hedp&an gbdirdr m@tseamg meﬁnsscegretplm €clbwivti@@nll alanhdimethe Emlpanf ation
with or without vertical busbar | antation. Additionally, honbgeneous
dopi ng cHW BREI5ET FISP deremed b %‘éﬁ%%p S OPHUALS 8Nt HE e@@C@E@M%P 4R ant ati on, or
at step {Paq. after the selective inplantation. The present invention
al so provides a nethod of tailoring the dopant junction profile in

semi conduct or Adeyh eonpexildeg st awaipprivfe s dieesgany by oty rvati¢hnig becapsedhe nor e

pl asma sQur S g I i i i ficantly
differ en%%?%g%‘@ﬁ%élﬁ logrpﬁl %‘% :J(Sncg(f ??‘p 2121% l‘i%?té g?ﬂegér&cﬁrg@gﬂ lfe%%‘}s% %’Qtrhg“ gpés hal | ower
dopant | dlectit omrgy @flithey Haharanddnlg eriodtated ghid@ticsnins & thansl mbtivrswithin the

characterjstic. can be u ilized to fo a dopant jun |on rofil.e of
parti cul 8PPt eFEste a8 %H%\%’P ‘?fr‘ihelﬁrérpqgit?ape}& i o E“ﬁlp aﬁmaﬁ{)})“dét&ﬂnd%tl ng the

pl asma caadidiyad Sontdd] BBth @tnditarde BAIdhs SRSsyQEmiat&phadd tb e iR BeRNTHRE di Vi ded
into the right proportion of individual atomc ions or nolecular ions to
provi de eMétagessis papasroeh the byapt quabitywiTypicel bt high qutsy begpes hahlewpr esent
inventio f i ns all

W R ¢ R R e i B B SR THR oW kb of
chanber)agﬁmmhwagnamquﬁbmhﬁh@pm&bomﬁh@&mnmﬂmnmaHumnﬁ@swﬂmh@whmumggneous
inplantation and the selective inplantation have different junction
profllesor%ﬁéo? HSeREMFer ent energies. For exanple, the honbgeneous inplant
typi cal | Yhé eshigol &SioRdisBab@Weihe sy bOhe Preddnt In@eritdans ddiatedfrithiigy sel ective
implant. WD 2011/ 100363PCT/ US2011/ 024244 22 FIG 13 illustrates a

cr 0ss- sedrpugharivginghoshapnel Bersaingatsnisess 1480 acthe platya bowsranies henarssol ar
cell by i t he

o nci pl S e P RAE, S b o AR e, i

met hod, dutkenasbdwsal vased dlevtrodemtbn Bl}apwwfehb Meﬁnglﬁm matindpgveeratarions No

12/ 821,053, entitled "PLAS GRID LANT YSTEM FOR R CELL
FABRI CATFBRETE (1 Grg S 9 Tt Paparorh B ERvort T JOvba B i

Provi si opRkmApf the &hispetid¥and 6&1){‘621196155 &tra@t@d | Fdretk corbASNBmERhdpe bIVPLANT
SYSTEM FOR USE I N SOLAR CELL FABRI CATIONS," filed June 23, 2009 (which are
both her é’@plSP%éd%dlaeaieé@ldtﬁyldrpéat@ﬂ@éﬁ% Bavs& egatiyg polepiial Witharsers o BRdTY he
features MW & (FEPIalRa R UBFROhAL B Be 143 @1a1t1 be pmsﬁé%ﬂﬁnda @Hih'oﬁ’él) Fiean be
used to F ﬁ1se lective emtter regions 1330 in the sem -conducting
substratélﬂ@m@rmmhmmh“@Dé@Wh&ﬁwhmnn@émé@mshywd@pQUPm@gﬂ@hmmagﬁmeere t he
required siRg of t e envi sag u enna can be
made |ntéR§Jc ose@n%§g @0% q%ﬂwrﬂﬁggthe i%ﬁ m'%)tﬁégﬁnggg Odirect ed

S gljgac_t i Vedn;{plbtl’elglﬁfeﬁsﬁfntﬁltlﬁb dopgi sﬂhﬁlﬁ afhe tsl:l']t@e 90 tnrea.tsalsl 1I1|(()]I SOt Leéﬂémcéhmlng s,b
additional grid structures, such _as those previously discussed, cou e
used to FISTEHEMEAR IRIZUALOR beay o dersps 4 éﬂé““p?hég?flam%ﬁfﬁf SWHET SIS ol t age
can be appid ﬁgwnlﬁpﬁl@ 'T?%ﬁl't%ﬁca@?%sﬁft upé)ﬁdﬁo'v&)é@bea{n@ AGNAYEIGHE hapltaPi Ng. The
sel ected regions 1330 are in alignment with the l'ocat i ons where a vol tage
1340 is awné@whvﬂénpwﬂe@wubnt%@mp@EMnﬁwmmace of the sem conducting wafer
1310. This nethod may be nore applicable for thinner wafers. Alternatively,
a conbination of the pulsing of the plasma and possi bl e positioning of the
substrate can be used to generate areas of high and | ow dopi ng. Overl appi ng
of these regions can provide an optim zed controlled flow of electron hol es
fromthe | ow doped regions, suited for |ight conversion, to the

hi ghl y-doped sel ectively inplanted regions, suited for electrical contact
gridlines. One could enV|sage reglons of hlgh and IOM/doplng overlaps as

.. o,



FIG 14 illustrates another enbodi nent of selectively inplanting a solar
cell by applying a voltage to the substrate in accordance with the

princi pl esoabirioesepr esent i nvention. Simlar to the enbedrmseaiiob42f G 13,
a localized plasma beam shapi ng net ho# can be used to form sel ective
emtter regions 1430 in the sem -conducting substrate 1410, which al so has
honogeneousl y doped regi on 1420. Here, the required pul sing of the beam and
an envi saged WO 2011/ 100363PCT/ US2011/ 024244 23 back surface antenna can
be made into a closed | oop control so that the ion beans 1450 are directed
selectively into certain regions of the substrate. In some enbodi nents,

addi ti onal grTiet Sttemch BI®RY ] cBhifhscad shrédWRpLatp LAY hauablyesdhaf eHesgBEateccoul d be
used to further optim ze the shape of the plasnma beam whereby a voltage
can be applRagses Btk ﬁ@&aﬁ“ﬁxﬁ‘égeﬁlﬁg’llﬁﬁ a ggiernt yeltage applicth e *UHEB S hapi ng. I n
contrast ¢fRrdiPRnARGLL MBANbmMEbmbbdimerds as BESvéh ihiec VAl L a88e b Sofhfect |y
applied to the back surface of the sem conducting wafer 1410 at certain
regi ons batplasldstwdse nefgkhoriad gyépesembieas, bereby droppiegihonsltapg 3@ enegrider to form

el .eCt ri Cgslsergli)lelt(gs %Lr"?vhhpgéindiglg&)tusg eesilnqn bv?éarsns :&45€ ch% c%rr{'t? u%%fog(i:st[i ve
emtter regi OI¥S T}P . % IS COn errp?g? ed PIFPGX Lhe pre I’ﬁ I nventi on

can be cadhfahgpécdd (droug@esied@pRhtii@rs df e sebdnadi Iment Eah ghtl GssehBlyatnt he
enbodi ment _of FlI 14, Furthernmore, it Is contenplated that a f| at

L ( X At
subst r at &<{I1iye 2 Sty Kinfl oht %?éaé@néoﬁ%m the; gineRyEem;and g% (e GABePlsH t i oned
under neatdy@ndiid h@&@%&l@&us"&obﬂtg%m&'E@ﬁlﬁesllgs_]s(}n&rg Shbgbiakel 13461;9? sthipst ead of

the voltage being applied via the peak configuration shown in FIG 13 and

FI G 14. off with selective doping of the horizontal contact regions and vertical busbar regions using
the first grid assembly on the right. This stage can then be followed by a homogeneous
doping using the next grid assembly to the left. Also, differing plasmas of varying species or
combination of species can be used over each of the varying voltage grid assemblies to
generate doping profiles of differing shapes, species, and type. Accordingly, although FIG.
11 shows one shared plasma chamber and plasma among the three grid assemblies, in some
embodiments, the plasma chamber is split into isolated sections so that each grid assembly
can have its own plasma chamber, such as shown in FIG. 15.

Referring back to the stacked mask assembly, it will also allow for better cooling
capability of the mask that is impacted by the beam. The cooling lines can be sandwiched
between masks and ensure repeatable spacing between the masks. The cooling lines can be
used as insulation of the various mask for the application described above. In some
embodiments, the temperature of one or more of the stackable shadow masks can be
monitored. In some embodiments, cooling lines or channels are provided on the masks to
help cool and regulate the temperature of the mask. The mask can also be preheated to help
handle the heat of the implantation beams. The temperature of the shadow mask can be
monitored and maintained at the same level, either elevated or cooled. In some embodiments,
one or more of the masks are formed from a silicon material, including, but not limited to,
silicon carbide. In some embodiments, one or more of the masks comprises a silicon coating,
such as a silicon carbide coating.

Additionally, in some embodiments, the present invention can use the current arriving
at the shadow mask as a means of monitoring the implantation system’s performance. In

some embodiments, the implantation system is configured to measure the beam current



The present invention has been described in terns of specific enbodi nents

I ncorporating details to facilitate the understandi ng of principles of

const r uctwonoanaossper ati on of the invention. Such refereqrasbhenme4244 0
specific enbodi nments and details ther®of is not intended to [imt the scope
of the clainms appended hereto. It will be readily apparent to one skilled
in the art that other various nodifications may be nade in the enbodi nent
chosen for illustration w thout departing fromthe spirit and scope of the

i nvention as defined by the clainms. WD 2011/ 100363PCT/ US2011/ 024244 24
CLAIMS What is clainmed is: 1. An adjustable shadow mask inplantation system
conpri si pgsin@fhrbgh thOshadey 6L, | kil Yy Yvieaieah eNGilataRtatdhcshinsiane mask

assenbly configured to selectively allow ions fromthe ion
total beam actually passes through the shadow mask to the substrate based on the ratio of the
area of the opening(s) in the shadow mask to the area of the shadow mask. This feature can
function as a simple beam current metrology tool. In some embodiments, the implantation
system can be configured to make adjustments based on it’s monitoring of the implantation if
a certain predetermined condition arises.

In another aspect of the present invention, the substrate can be processed in a rotating
process stage, as shown in FIG. 7. The substrate 740 is introduced to a vacuum environment
using a load lock chamber 750 and is rotated at the pre-determined stage speed to expose the
substrate 740 to the energetic ion sources through shadow mask assembly 700, such as the
shadow mask assemblies previously discussed. The processed substrate 740' is then moved
out of the process vacuum environment using the same load lock chamber 750 to the
atmospheric pressure for additional processes.

Similar to the in-line system in FIG. 1, the homogeneous emitter (HE) or the selective
emitter (SE) or both can be processed in this configuration. FIG. 8 illustrates a system used
for wafer scanning in a rotational processing stage platform. The rotational processing stage
platform comprises a shadow mask assembly 805 comprising a shadow mask 805 and an
adjustable shutter 810, as described above. The shadow mask assembly 800 is positioned
between two homogeneous exposure regions 830.

The pattern of opening is uniquely curved and/or angled to adjust for the rotational
movement of the wafers. Such arcing or wedge-shaped opening can be occluded to provide a
similar pattern of exposure as the linear system described above. In other embodiments a
stop-exposure move can also be employed with a similar desired effect. As described above,
the substrate to be processed is introduced through the load lock chamber to the rotating
processing stage. While moving near the shadow mask 805, the substrate can be exposed to
the energetic ions for the homogeneous emitter application step 830. When the substrate is
moved under the shadow mask 803, the selective emitter processing is carried out while the
subsequent substrate is being loaded via the load lock. In this particular example, only the
first half of the substrate is being exposed under the shadow mask 805. During this exposure,
the subsequent substrate is being loaded through the load lock. In some embodiments, the

sequencing is described as follow:



source to pass therethrough to a substrate where they are inplanted,
wherei n the shadow mask assenbly is configured to adjust between a first

posi ti on wodoa/®essend position, wher ei n t he shadowcmraskoasseabl y
enables ion inplantation of nmultiple Mubstantially parallel |ines absent
any lines with an intersecting orientation with respect to the nmultiple
substantially parallel |lines when set in the first position, and

wherein the shadow mask assenbly enables ion inplantation of multiple
substantially parallel lines and a line with an intersecting orientation
wWith respect to the nultiple substantially parallel Iines when set in the

second position. 2r FHyesMstiema@hg Gh@i m 1, wherein the multiple parallel
lines are substantially perpendicular to the line with the intersecting
orientation. 3. ThBmsykta@rivrdfurtbading imewher ei n t he shadow nmask assenbly
conprises: a first exposure region having multiple el ongated openings
substantially paré%ﬁ@onldmgwtyg ‘”8%?§?ggﬁH_V/h’ a second exposure region

having an el ongat eg, QP& Bgig YPlaRt kddd MaRar @lbsghielsBepy Becond axis,
wherein the second axis is substantially perpendicular to the first axis,

wher ei n Useg ghasthemenrsstkerdbsleaminiggndoys ekt gl ed sdlectiad puster 64 wekothcdre fir st
postt1 o120 100, RSACRG AR S0, AKASLORI B 4 o e betveen (e
2011/ 100363 PCIIASS2RHL IRRA2dne2mbodiment of a wedge-shaped configuration for an

adjustable shadow mask assembly, such as shadow mask assembly 200, in a closed position

900 and in an open position 900'. This wedge-shaped configuration accommodates the

rotational movement of the wafer.

The shadow mask assembly comprises a vertical exposure member 910 having an
clongated vertical opening 915 for selective exposure of the substrate to a vertically-elongated
ion beam when the assembly is in the open position 900'. In the open position 900', the
vertical wall 912 of the vertical exposure member 910 is offset from the horizontal exposure
member 920, thereby forming the elongated vertical opening 915. In the open position 900/,
the vertical wall 912 of the vertical exposure member 910 is in contact with the horizontal
exposure member 920, thereby blocking the elongated vertical opening 915. The horizontal
exposure member 920 comprises multiple horizontal openings 925 for selective exposure of
the substrate to multiple horizontally-clongated ion beams. In order to accommodate the
rotational movement of the substrate, in some embodiments, the farther away from the point
of rotation (the bottom of the shadow mask assembly), the longer the horizontal openings
925, since the portions of the substrate towards the outside move along faster and, therefore,
need longer exposure. This gradual increase in length from the inside to the outside of the
shadow mask assembly provides this additional exposure. Similarly, it is also contemplated
that the elongated vertical opening 915 can also be wedge-shaped so that it increases in width
as it extends away from the point of rotation.

FIG. 10 is a flow chart illustrating on embodiment of a method 1000 of ion
implantation in accordance with the principles of the present invention. In this method, a
wafer can alternate between selective implantation of multiple horizontal lines without
implantation of a vertical busbar line and selective implantation of multiple horizontal lines

with implantation of a vertical busbar line.



4. The systemof Claim3, wherein the first exposure region conprises: a
first occlusion mask having a first set of el ongated openings substantially
paral | el wo 2a1ffioo®8 axis; and a second occl usi on mraskush@vioeg4e second
set of el ongated openings substantialdly parallel to the first axis, wherein
the first occlusion mask and the second occl usi on mask are configured such
that the first set of elongated openings overlap with, but are offset from
t he second set of el ongated openings to formthe multiple el ongated

openi ngs of the first exposure region, the nmultiple elongated openings of
the first exposure region being smaller than each one of the el ongated

openi ngs in tAesté rEva,setkdjabtablbehadbw stasioasbiibly O cimBskoRithchdied sregnd set of
t he second occl usi on mask. 5. The system of C.aim 3, wherein the shadow

mask ass&Hiryeletiei@plapigiion ¢lawdiiple Ha%@@h lpgsvihepradi vertical bushar Bessf i gured t o
enabl e aHla{eaﬁ‘llé %Ead'&@z%&ﬁ REQHB1y! 1@9&] adaab 'tlﬁ:rhpﬁlfopﬁ!ﬂ@ c&%ﬁ'ﬁ@ﬁ &ithfugm the ions.

6. The systemof Claim 1, further conpri si ng: a noveabl e substrate
hol der c@h@flgag@r\@mqabomme biagkeds ifliisis nettadready ia thistandigergtiorh rl’@m‘@p 10R@a, pat h of

e | on R0 AR OND LG RO PSRRI A0 s L |
controlIeysmﬁdmgn@ﬂ@umﬂﬂnmmxﬁGEUﬁﬁmihﬁs&ph@ﬁhlymh@kﬂmhzmﬁﬂIMeuﬁé for the
first pO?nlleI!drRQd gnr‘:g thte%va%er w1ﬁlo{1]tdanly?n\4§1|ant];t?gn c;[f rallevers‘uef‘:Elzlobrlll(sjbar (ﬂSI tion.

At step 1010b, the adjustable shadow mask assembly is set for selective implantation
of multiple horizontal lines with a vertical busbar line. Here, the shadow mask assembly is
adjusted to the appropriate configuration with the elongated vertical opening exposed, if it is
not already in this configuration. At step 1020b, the relative velocity between the wafer and
the shadow mask assembly is decreased, such as by slowing down the movement of the
wafer. At step 1030b, multiple horizontal lines are implanted onto the wafer with an
implantation of a vertical busbar line.

As previously mentioned, the method can alternate between selective horizontal line
implantation with or without vertical busbar implantation. Additionally, homogeneous
doping can be performed at step 1005, before the selective implantation, or at step 1035, after
the selective implantation.

The present invention also provides a method of tailoring the dopant junction profile
in semiconductor devices or solar cell devices by incorporating two or more plasma source
gas feed stocks to generate ion species with significantly different masses and/or doping
types. Heavier mass ions form a shallower dopant junction profile than those of lighter mass
ions. This characteristic can be utilized to form a dopant junction profile of particular
interest, as shown in FIG. 12. Additionally, by adjusting the plasma conditions, a molecular
dopant gas or its carrier gas can be divided into the right proportion of individual atomic ions
or molecular ions to provide the desired atomic profile within the substrate. The present
invention enables efficient homogeneous and selective implantations all within the same
implantation system (in some embodiments, the same chamber), such as shown in FIG. 11.
In some embodiments, the homogeneous implantation and the selective implantation have
different junction profiles, and thus different energies. For example, the homogeneous

implant typically requires a shallower junction profile than that of the selective implant.



7. The systemof Claim6, wherein the second level is a |ower velocity than
the first level. 8. The systemof Caim®6, wherein the noveabl e substrate
hol der i swoanfiigosead to rotate the substrate through thecpatskoiaf242he ions
passi ng through the shadow nmask assemaly. WO 2011/ 100363PCT/ US2011/ 024244
26 9. The systemof Claim8, wherein the shadow mask assenbly conpri ses:

a first exposure nenber having multiple el ongated openings substantially
parallel to a first axis, wherein the length of the nmultiple el ongated
openings is greater the farther away they are fromthe point of rotation
about which the substrate is rotated; and a second exposure nenber
havi ng an el opigati@diwpas Ngosadétioglngsy bMomrnibblifcaeststiogivelyligplaatin®On
relative tog the first axis, wherein the el ongated opening gets wder as it
ext ends AR HEAPHEINg 3ivAlags o the sultsiral IS a%m.“ew hrinciphesiaf fice i s

rotated, yesentinvention. A localized plasma beam shaping method, such as disclosed in commonly-
owned U.S. Patent Application No. 12/821,053, entitled “PLASMA GRID IMPLANT
SYSTEM FOR USE IN SOLAR CELL FABRICATIONS,” filed June 22, 2010, and from
commonly-owned U.S. Provisional Application No. 61/219,379, entitled “PLASMA GRID
IMPLANT SYSTEM FOR USE IN SOLAR CELL FABRICATIONS,” filed June 23, 2009
(which are both hereby incorporated by reference as if set forth herein, and the features of
which can be incorporated into the present invention) can be used to form selective emitter
regions 1330 in the semi-conducting substrate 1310, which also has homogencously doped
region 1320. Here, the required pulsing of the beam and an envisaged back surface antenna
can be made into a closed loop control so that the ion beams 1350 are directed selectively into
certain regions of the substrate. In some embodiments, additional grid structures, such as
those previously discussed, could be used to further optimize the shape of the plasma beam,
whereby a voltage can be applied, both negative and/or positive, to achieve such shaping.
The selected regions 1330 are in alignment with the locations where a voltage 1340 is directly
applied to the back surface of the semiconducting wafer 1310. 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 regions, 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 regions will not have distinctive boundaries, and a gradual change of
doping levels can provide an advantage in flow of charges within the substrate. Such
variability in the lateral doping can enhance the operation of the cells,

FIG. 14 illustrates another embodiment of selectively implanting a solar cell by
applying a voltage to the substrate in accordance with the principles of the present invention.
Similar to the embodiment of FIG. 13, a localized plasma beam shaping method can be used
to form selective emitter regions 1430 in the semi-conducting substrate 1410, which also has

homogeneously doped region 1420. Here, the required pulsing of the beam and an envisaged



wherein the shadow mask assenbly is configured to adjust between the first
position and the second position by adjusting the distance between the
first expweena/mwessber and the second exposure menber. 1@CTAsR019p3i2¢m Of
Claim9, wherein the nmultiple elongat®d openings are curved. 11. A nethod
of 1on inplantation conprising: flow ng ions through a shadow mask assenbly

to a substrate; adj usting the shadow mask assenbly to a first
position, wherein the substrate is selectively inplanted with nultiple
substantially parallel lines of ions absent any lines of ions with an

intersecting orientation with respect to the nultiple substantially

par al | el badki@Saccaffdnna can be afii¢IHitd DPotdddophraddeuy sorisk thassehdahy 1450 4csecond
position, wherein the substrate is selectively inplanted with pultiple

subst ant FEF9S7 Sglsptayeeinto Gepfaia regrons gh e spRstrate; fiizomsrenbadigncifs; #difjpnal
I nt er secLngnRbi-&NLRA LOmoW §rivib&HPESusdd, bR vaukdd BlrguRYBsEARL il | ¥
paral l el “l'ines. 12. The nethod of° daim 11, wherein the nultiple parallel
| i nes ar shapabbthantabmi bganpavhprehyli wellage carobetappli¢d, hethwegakive fral/¢rpogitiseed i ng
orientat iac Reve sut S%Qplir}é.llglocg’relst‘rf)’alzs)t O/tlllJeSezm %%l{n(i)ezn%cz)ﬁlé‘lG2 YS, here the voltage 1440 is
directly applied to the back surface of the semiconducting wafer 1410 at certain regions
between the desired selective emitter regions 1430 in order to form electrical fields 1445 that
direct the ion beams 1450 to the selective emitter regions 1430.
It is contemplated that the present invention can be configured to provide either the
embodiment of FIG. 13 or the embodiment of FIG. 14. Furthermore, it is contemplated that a
flat substrate (not shown) with spaced-apart voltage lines could be positioned underneath and
in contact with substrate 1310 or substrate 1410, instead of the voltage being applied via the
peak configuration shown in FIG. 13 and FIG. 14.
The present invention has been described in terms of specific embodiments
incorporating details to facilitate the understanding of principles of construction and
operation of the invention. Such reference herein to specific embodiments and details thereof
is not intended to limit the scope of the claims appended hereto. It will be readily apparent to
one skilled in the art that other various modifications may be made in the embodiment chosen

for illustration without departing from the spirit and scope of the invention as defined by the

claims.



13. The method of C aim 11, wherein the shadow mask assenbly conprises: a
first exposure region having nultiple elongated openings substantially

paral | el wo 2a1ffioo®8 axis; and a second exposure regiras2éawe42g4 an
el ongat ed openi ng substantially paral24el to a second axis, wherein the
second axis is substantially perpendicular to the first axis, wherein

t he shadow nask assenbly is configured to adjust between the first position
and the second position by adjusting the distance between the first
exposure region and the second exposure region. 14. The nethod of Caim13,
wherein the first exposure region conprises: a first occlusion mask havi ng
a first seAk el ongated openi ngs substantially parallel to a first axis;
and a second occl usion mask having a second set of el ongated openings
subst ant M3t § Pl Sel to the first axis, wherein the first occlusion mask
and the second occlusion nmask are configured such that the first set of

el ongat ed openi ngs overlap with, but are offset from the second set of

el ongat ed- opefi agjustatde fhoden niaek malantgion spdtem geampresingpeni ngs of the first

exposure region, the nmultiple.elongated, openi ngs of the first exposure
regi on being snalﬁ%fm%%gﬁmég%llg%ggé?ﬁ?%%&%r%ﬁgated openings in the first

set of the first oechukwonaskasiendhconfigurs@monmchety dDowtites feetrdoroccl usi on
Pambgencous. BT B UETSHOBH  hauSHASONTAGR SCUBNIS: MPRSFUB pr ovi di ng.
a bl anket honpggneaids dssRhEPsAbhRELA tolalRisiHRRch alRst Hb QIR 1 ol BBd
position,
wherein the shadow mask assembly enables ion implantation of multiple
substantially parallel lines absent any lines with an intersecting orientation with
respect to the multiple substantially parallel lines when set in the first position, and
wherein the shadow mask assembly enables ion implantation of multiple

substantially parallel lines and a line with an intersecting orientation with respect to

the multiple substantially parallel lines when set in the second position.

2. The system of Claim 1, wherein the multiple parallel lines are substantially

perpendicular to the line with the intersecting orientation.

3. The system of Claim 1, wherein the shadow mask assembly comprises:
a first exposure region having multiple elongated openings substantially
parallel to a first axis; and
a second exposure region having an elongated opening substantially parallel to
a second axis, wherein the second axis is substantially perpendicular to the first axis,
wherein the shadow mask assembly is configured to adjust between the first
position and the second position by adjusting the distance between the first exposure

region and the second exposure region.



16. The method of Caim 11, further conprising: a substrate hol der
nmovi ng the substrate at a velocity through the path of the ions passing

t hr ough twe 8hzwme3mask assenbly; and a control | ercadjsesitiiong44 he
velocity to a first level for the firt position and to a second | evel for
the second position. WD 2011/100363PCT/ US2011/ 024244 28 17. The net hod of
Cl aim 16, wherein the second level is a |ower velocity than the first

| evel . 18. The method of C aim 16, wherein the noveabl e substrate hol der
rotates the substrate through the path of the ions passing through the
shadow mask assenbly. 19. The nethod of C aim 18, wherein the shadow mask

assenbl y4conpriegstiem of Claim3, vhédin tRXRGSekpesui@iRedh coapfiseg mul tipl e el ongat ed
openi ngs substanti al | paraIIeI to,a first axis, wherein the length of the
nul tipl e el ongat ed & ﬁéqu élgl’l pglsl@lixaé(gtgélrﬁrst set of elongated openings substantially

parallel to a first axis; and

a second occlusion mask having a second set of elongated openings
substantially parallel to the first axis,

wherein the first occlusion mask and the second occlusion mask are
configured such that the first set of elongated openings overlap with, but are offset
from, the second set of elongated openings to form the multiple elongated openings of
the first exposure region, the multiple elongated openings of the first exposure region
being smaller than cach one of the elongated openings in the first set of the first

occlusion mask and the second set of the second occlusion mask.

5. The system of Claim 3, wherein the shadow mask assembly further comprises a
homogeneous exposure region configured to enable a blanket homogeneous

implantation of the substrate from the ions.

6. The system of Claim 1, further comprising:
a moveable substrate holder configured to move the substrate at a velocity
through the path of the ions passing through the shadow mask assembly; and
a controller operationally coupled to the moveable substrate holder, wherein
the controller is configured to adjust the velocity to a first level for the first position

and to a second level for the second position.

7. The system of Claim 6, wherein the second level is a lower velocity than the first
level.
8. The system of Claim 6, wherein the moveable substrate holder is configured to rotate

the substrate through the path of the ions passing through the shadow mask assembly.



the farther away they are fromthe point of rotation about which the
substrate is rotated; and a second exposure nenber having an

el ongat edwopenimgissonfi gured in an intersecting orientarcomuse@hatine to the
first axis, wherein the el ongated opexi ng gets wider as it extends away
fromthe point of rotation about which the substrate is rotated,

wherei n the shadow mask assenbly is configured to adjust between the first
position and the second position by adjusting the distance between the
first exposure nenber and the second exposure nmenber. 20. The met hod of
Claim19, wherein the nmultiple elongated openings are curved. 21. The

met hod of). O arThg shdtemWi€N i3, tviercinaRSshald &y iagvaysénislpughprisbe shadow nmask
assenbly to the substrate froman ion source, the ion source conprising at
| east two diff er erft ISP DY S0 TIRG MeH UPf S @gp i RRdss sFtdidbhg t ypes.

22. The met hoﬁidrﬁfel {d Ak ks, wh%fnhﬁé lehQHBE ﬂh% inﬂﬂiﬂ@ﬂbﬁ[éa&ﬂ opeM stiﬁgr%ater

selectively to spaced apart regions on a side of the substrate opposite the
shadow nask aths érthieyawaytibgyeirnirot ehogmiint of fopasionppdut ddudhghe sybstvatd isage pr onot es
the selective implantation of ions. WO 2011/100363PCT/US2011/024244 29
rotated; an
a second exposure member having an elongated opening configured in an
intersecting orientation relative to the first axis, wherein the elongated opening gets
wider as it extends away from the point of rotation about which the substrate is
rotated,
wherein the shadow mask assembly is configured to adjust between the first
position and the second position by adjusting the distance between the first exposure

member and the second exposure member.
10. The system of Claim 9, wherein the multiple elongated openings are curved.

11. A method of ion implantation comprising:

flowing ions through a shadow mask assembly to a substrate;

adjusting the shadow mask assembly to a first position, wherein the substrate
is selectively implanted with multiple substantially parallel lines of ions absent any
lines of ions with an intersecting orientation with respect to the multiple substantially
parallel lines; and

adjusting the shadow mask assembly to a second position, wherein the
substrate is selectively implanted with multiple substantially parallel lines of ions and
a line of ions with an intersecting orientation with respect to the multiple substantially

parallel lines.

12. The method of Claim 11, wherein the multiple parallel lines are substantially

perpendicular to the line with the intersecting orientation.



23. The nethod of Caim 11, wherein the shadow mask assenbly is part of a
first grid assenbly, the first grid assenbly conprising a first grid plate
and a secwoadogriom3epl ate, each grid plate of the first greca/sssendizys havi ng
a plurality of apertures configured t2 allow ions to pass therethrough, the
first grid plate of the first grid assenbly being positively biased by a
power supply, the second grid plate of the first grid assenbly being
negatively biased by the power supply, the method conprising the ions
flowi ng through the first grid assenbly for selective inplantation of the
substrate. 24. The nethod of Caim 23, wherein a second grid plate is

coupl ed 1® t hehdhéwdbd Galdinass ambicih the shadow alakiageerdbly coleprisci:he second grid
assenbly conprising. a first grid plate and a second grid plate, each grid
plate of the secoridi§r§*ROKESERIN Payingmulipke clngaiad pppings subsiantiglives

configured to,ahlPWd @RSaxiQaRASS therethrough, the first grid plate of the
second grid assenbly being positively biased by the power supply, the

second grid pl at e aofecardeexpesvnrdgign hayvingsanehdyigyted epangngrrabrantiply parplichtred by

t he power suppl he thod, conprising the ions fl ow thr h.the second
arid aseern! v Fred By SRPSRIAE P RNEolrtBrlfil el RGO A

i npl ant ati on syst evhce@npicisBadog: maRk as@mbBAN t@digaedfio gljisedettveerpthovitsde i ons;

a first occlusion ngiﬁrhaving a first set of el ongated openi ngs

subst ant i al | yPgsEicaapefhersgeogd pesitign bygdausting,fe distancebeiween e ISEEPRRTON mask

having a secopdiof@hd Bf s€lopMegISEle pREM Ngs substantially parallel to the
first axis, whérein the first occlusion mask and the second occl usi on mask

are configured such that the first set of el ongated openings overlap wth,

but are fset, f secon t . openi .to forma
resultinSESet%%15%?%%%2?3%1g%E%Fﬁggmgﬁgﬁégﬁg%%%%H%f§%gﬂg§bn1the i on source
are sel ectively ald fosestclusiopamsk hdvareet fivsougdf cdamgaes oxaingatibswhedlle t hey are
i npl ant ed, eaChﬂE%ﬁ?g ted.opening of the resulting set being smaller than

each el ongat elf' SOFI% A first and second sets.
a second occlusion mask having a second set of elongated openings

substantially parallel to the first axis,

wherein the first occlusion mask and the second occlusion mask are
configured such that the first set of elongated openings overlap with, but are offset
from, the second set of elongated openings to form the multiple elongated openings of
the first exposure region, the multiple elongated openings of the first exposure region
being smaller than cach one of the elongated openings in the first set of the first

occlusion mask and the second set of the second occlusion mask.

15. The method of Claim 13, further comprising flowing ions through a homogeneous
exposure region of the shadow mask assembly, thereby providing a blanket

homogencous implantation of the substrate from the ions.

16.  The method of Claim 11, further comprising:
a substrate holder moving the substrate at a velocity through the path of the
ions passing through the shadow mask assembly; and
a controller adjusting the velocity to a first level for the first position and to a

second level for the second position.



WO 2011/ 100363PCT/ US2011/ 024244 30 26. The system of Claim 25, wherein the
t hi ckness of each el ongated opening of the resulting set is equal to or

| ess t harwbabfi/mbss3t hi ckness of each el ongated openi ng eCTtuseoifiioeeu4 and
second sets. 27. The system of C ai m25, wherein the thickness of each

el ongat ed opening of the resulting set is equal to or |ess than 50 m crons.
28. The systemof C aim25, further conprising a shadow mask assenbly
having a first exposure region and a second exposure regi on, wherein:

the first occlusion mask and the second occl usion mask formthe first
exposure region conprising the resulting set of el ongated openings

subst ant 1al | yTipamahbedf Cleint h& whickehit the¥dcsad level is a loher wsii tha@XiRof € regi on
has an el ongat ed openi ng substantially parallel to a second axis, wherein
the second axi®¥lis substantially perpendicular to the first axis; t he
shadow mask assenbly is configured to adjust between a first position and a
second position by adjusting the distance between the first exposure region
and t he 3$&conbthexpbelelClriayl®mhetchehe hadeklerrbiragpdwidehioatesthbiubsiriton

TPt ant e on B SO o8l RIS 20 e it
parallel lines when set in the first position, the nultiple substantially
parallel | ineg o oraP RO, Wekeitiind Sadow nidk Setmbly compridar ed openi ngs;
a first exposure member having multiple elongated openings substantially
parallel to a first axis, wherein the length of the multiple elongated openings is greater
the farther away they are from the point of rotation about which the substrate is
rotated; and
a second exposure member having an elongated opening configured in an
intersecting orientation relative to the first axis, wherein the elongated opening gets
wider as it extends away from the point of rotation about which the substrate is
rotated,
wherein the shadow mask assembly is configured to adjust between the first

position and the second position by adjusting the distance between the first exposure

member and the second exposure member.
20.  The method of Claim 19, wherein the multiple elongated openings are curved.

21. The method of Claim 11, wherein the ions are flown through the shadow mask
assembly to the substrate from an ion source, the ion source comprising at least two

different ion species having different masses and doping types.

22, The method of Claim 11, further comprising applying a voltage selectively to spaced
apart regions on a side of the substrate opposite the shadow mask assembly, wherein

the selective application of voltage promotes the selective implantation of ions.



t he shadow mask assenbly enables ion inplantation of nultiple substantially
parallel lines and a line with an intersecting orientation with respect to
t he mul tiwbeosuisicanti al ly parallel |ines when set in tireTasc@na242aesition
the multiple substantially parallel |239nes corresponding to the resulting
set of elongated openings. 29. The systemof C aim 28, wherein the nultiple
parallel lines are substantially perpendicular to the line with the
intersecting orientation. WD 2011/ 100363PCT/US2011/ 024244 31 30. The
system of Claim 28, further conprising: a noveabl e substrate hol der
configured to nove the substrate at a velocity through the path of the ions
passi ng througie h&Rodbadtiawm Maskeaiseatalow adk assembly & ol Girdt @Fid
operationally coupled to the noveabl e substrate hol der, wherein the

control | er is2EOmily gl Bt ! astrmply cqpRisipg adustgyidiphiigand; g sspondgig plator ¢ he
first positiogmeABAd bR rIRGAADL AN blHavin3e PESRPEr ARRLLL B8hiighRg (econd

| evel being a lower velocity than the first l'evel. 31. A nethod of ion

i mpl ant at i on dtowpiopsiorpgss therethrough,dld gt grshm@ate hi badhst arid hsselobly beisk assenbl y

to a substrate, .wherei n,i1he shadow sk as engl [ rkses. first
boctusion mactosilofiEisda by Pad NG SOMTIR AR AR Pl CATRE (R Brosenfi) |

paral | el to abding sigadwelysbiaedbaiegoamtupplg] ths hethodaskprising the ions flowing

through the first grid assembly for selective implantation of the substrate.

24.  The method of Claim 23, wherein a second grid plate is coupled to the first grid
assembly via a voltage divider, the second grid assembly comprising a first grid plate
and a second grid plate, each grid plate of the second grid assembly having a plurality
of apertures configured to allow ions to pass therethrough, the first grid plate of the
second grid assembly being positively biased by the power supply, the second grid
plate of the second grid assembly being negatively biased by the power supply, the
method comprising the ions flowing through the second grid assembly for

implantation of the substrate.

25. A shadow mask implantation system comprising:

an ion source configured to provide ions;

a first occlusion mask having a first set of elongated openings substantially
parallel to a first axis; and

a second occlusion mask having a second set of elongated openings
substantially parallel to the first axis,

wherein the first occlusion mask and the second occlusion mask are
configured such that the first set of elongated openings overlap with, but are offset
from, the second set of elongated openings to form a resulting set of elongated
openings through which ions from the ion source are selectively allowed to pass
therethrough to a substrate where they are implanted, each elongated opening of the

resulting set being smaller than each elongated opening of the first and second sets.



havi ng a second set of el ongated openings substantially parallel to the
first axis, wherein the first occlusion mask and the second occl usi on mask
are confiwoned/mwsh that the first set of el ongated opemcmgs2avoedap with,
but are offset from the second set ofo el ongated openings to forma
resulting set of elongated openings through which ions fromthe ion source
are selectively allowed to pass therethrough to the substrate, each

el ongat ed opening of the resulting set being smaller than each el ongated
opening of the first and second sets; and inplanting the ions into
the substrate, thereby formng nultiple substantially parallel |ines of ion
I npl ant aé.onsSTiEOsykeSRANMINP S Whérbie thicabidkidsner Qel clohgaeldopaangesl thpeni ngs. 32.
The nethod of C aim 31, wherein the thickness of each el ongated openi ng of
the resul tingres®iing stisgaul (¢ o g5 thaadalliheAhickngss Ofi%‘él%lﬂ@%r@ﬁéggm%%o A h

el ongat ed opepisnshabcdnigeti rst and second sets. 33. The nethod of O aim 31,
wherein the thickness of each el ongated opening of the resulting set is
equal to or less than 50 microns. WO 2011/100363PCT/U82011/024244 32 34.

The neth of Cla|n13 y i rst
exposur e ?egl Lhe n %C(la%%ln Vézger%g 6hegﬁ1rcf<)nelsgmts cach Slong ed opemng S tL

resulting set is equal to or less than 50 microns.

28.  The system of Claim 25, further comprising a shadow mask assembly having a first

exposure region and a second exposure region, wherein:

the first occlusion mask and the second occlusion mask form the first exposure
region comprising the resulting set of clongated openings substantially parallel to the
first axis;

the second exposure region has an elongated opening substantially parallel to a
second axis, wherein the second axis is substantially perpendicular to the first axis;

the shadow mask assembly is configured to adjust between a first position and
a second position by adjusting the distance between the first exposure region and the
second exposure region;

the shadow mask assembly enables ion implantation of multiple substantially
parallel lines absent any lines with an intersecting orientation with respect to the
multiple substantially parallel lines when set in the first position, the multiple
substantially parallel lines corresponding to the resulting set of elongated openings;
and

the shadow mask assembly enables ion implantation of multiple substantially
parallel lines and a line with an intersecting orientation with respect to the multiple
substantially parallel lines when set in the second position, the multiple substantially

parallel lines corresponding to the resulting set of elongated openings.

29. The system of Claim 28, wherein the multiple parallel lines are substantially

perpendicular to the line with the intersecting orientation.



the first occlusion mask and the second occlusion mask formthe first
exposure region conprising the resulting set of el ongated openings

subst ant ivabl2g11p@omBl el to the first axis; t he secoou/usz@oseu2e4 r egi on
has an el ongat ed openi ng substantiall3l parallel to a second axis, wherein
the second axis is substantially perpendicular to the first axis; t he

shadow nmask assenbly is configured to adjust between a first position and a
second position by adjusting the distance between the first exposure region
and the second exposure region; the shadow nask assenbly enabl es ion

inplantation of nultiple substantially parallel lines absent any lines with
an inter sect i Tig: Yte@RE aldiareduitherrcempasihg:t o the mul tiple substantially
parallel lines when set_in the first pgsition, the nultiple substantially
paral l el Iines coryBeyaparsRyieis helder %Q&}rw fogneerheubgray atelcidheni ngs:

and  they %ﬁgﬁ%mm@mwn@%@me sRAoWTRARN@hibRA 2R Nul tiple
substantially parallel lines and aline wth an intersecti'ng orientation

with respect tot kﬁecwﬁlblﬂqrpp@atsqmgi eavpled|td &hepijalel%ftuthraﬁfelsoldMHMh%@tl in the
second positi B8 corttrd errrllrél cgrllf%ureg%g Qc? BSE% rhe Ve ogéy f:flrst leX{e]% kod efﬁr(é‘lopro[sﬁggondl ng to

the resulting se?]1t

wherein the mﬂdttbplsecoﬁareabllfeﬂ the lsemesdﬁcrs&loawb.ste&nﬁd eldlpepehpendivelotiar to the
line with the intersecting orientation. 36. The nethod of C aim 34, further
conprising: thanthedirgdyehpl e substrate hol der noving the substrate at a
velocity through the path of the ions passing through the shadow mask
assenbly; and a controller adjusting the velocity to a first |evel
for the BirstApeshadiadporadnglantptign senaprisengt evel for the second position, the

second |evel Dbei ngﬂo%villé) Wt th¥&1|g9%ishz}/do%vqg%ktags%mfbiyrtg ta sﬁb%‘tlrgtle; wherein the

shadow mask assembly comprises a first occlusion mask having a first set of
elongated openings substantially parallel to a first axis and a second occlusion mask
having a second set of elongated openings substantially parallel to the first axis,
wherein the first occlusion mask and the second occlusion mask are configured such
that the first set of elongated openings overlap with, but are offset from, the second set
of elongated openings to form a resulting set of elongated openings through which
ions from the ion source are selectively allowed to pass therethrough to the substrate,
each elongated opening of the resulting set being smaller than each elongated opening
of the first and second sets; and

implanting the ions into the substrate, thereby forming multiple substantially
parallel lines of ion implantations corresponding to the resulting set of elongated

openings.

32, The method of Claim 31, wherein the thickness of each clongated opening of the
resulting set is equal to or less than half the thickness of each elongated opening of the

first and second sets.

33. The method of Claim 31, wherein the thickness of each elongated opening of the

resulting set is equal to or less than 50 microns.
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The method of Claim 31, wherein:

a shadow mask assembly has a first exposure region and a second exposure
region;

the first occlusion mask and the second occlusion mask form the first exposure
region comprising the resulting set of elongated openings substantially parallel to the
first axis;

the second exposure region has an elongated opening substantially parallel to a
second axis, wherein the second axis is substantially perpendicular to the first axis;

the shadow mask assembly is configured to adjust between a first position and
a second position by adjusting the distance between the first exposure region and the
second exposure region;

the shadow mask assembly enables ion implantation of multiple substantially
parallel lines absent any lines with an intersecting orientation with respect to the
multiple substantially parallel lines when set in the first position, the multiple
substantially parallel lines corresponding to the resulting set of elongated openings;
and

the shadow mask assembly enables ion implantation of multiple substantially
parallel lines and a line with an intersecting orientation with respect to the multiple
substantially parallel lines when set in the second position, the multiple substantially

parallel lines corresponding to the resulting set of elongated openings.

The method of Claim 34, wherein the multiple parallel lines are substantially

perpendicular to the line with the intersecting orientation.

The method of Claim 34, further comprising:

a moveable substrate holder moving the substrate at a velocity through the
path of the ions passing through the shadow mask assembly; and

a controller adjusting the velocity to a first level for the first position and to a
second level for the second position, the second level being a lower velocity than the

first level.



