PLASMA GRI D | MPLANT SYSTEM FOR USE I N SOLAR CELL FABRI CATI ONS

CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains priority to
co- pendi fyoWoB/00880vi si onal Application Serial Nunber 6PC2AS2@09396D0 | ed
June 23, 2009, entitled "PLAS D | MPLA YSTEM F |N SQOLAR CELL
FABR CATI ONELASIAMGHRITE MBE AR ST b Mo GR A BN St erehEb TR R AHON Sty as
if set forth herein. FIELD OF THE I NVENTI ON The present invention rel ates
generally to the field of solar cells and other |arge substrate inplant

appl i cat i GROSSMREEERENCGHETOREIVATEDARRIAEATIONSvent i on rel ates to sol ar

cell devices and nethods of their formation. BACKGROUND OF THE. | NVENTI ON

Al t hough tradi f MsRAPliGEaRClaEs PHM e spPerfing Umafasusiend] AEeHied I5rgh power
densicty, § i t S « j y i a

ot na'e bepLEms RELAY R ML RA AR AURConTRl PEASRLE a1 Y AR M ot
and the wabOaUgelN SPILAR ORI FABRECATKIMNS,” wiiddigdicicbl incororatodby SIBMERY OF
THE I NVENTION I n one_aspect of the present invention, a plasma grid

i mpl ant at o @isets as ifscplophihgEd. The system conprises: a pl asna source
configured to provide plasma; a first grid plate conprising a plurality of
apertures configured to allowions fromthe plasma in a plasma region to

pass ther BiIHIDOFTHWIEVENTION: first grid plate is configured to be
positively biased, either continuously in e or in pul sed node, by a

g > DC nod
powdf supply; AheBiEesed inyentoprodates geapishy & Wg fielpoisokariceNs @ e lage es
configured it l. ions t ] t LoNns
passi g ¢ g ipftint 0 Ahs MREBEIEHT RE S IHATAGY Blcd @ L coif
conf i gur edevliecshad pedadds \oEtheidtoasgthn. ei t her continuously in DC npode or in
pul sed node, by a power supply; and a substrate hol der configured to
support a substrate in a position where the substrate is inplanted with the

i ons S”bsﬁﬂiﬁﬂﬁRb?nhﬁfnjfﬂﬁjﬂ'L }ﬂ@»}hrough the second grid plate. In sone

enbodi ments, —the positrom of at teast one of the first grid plate, the

secqrd grid pl altBou@ehditiehasb&silindtigphetaieh off §aERoEdngpbeid e hiyhiRwad Husited
bet ween a honobgeneous
it has several disadvantages. For example, it only provides a single beamlet. Additionally, it

uses a lot of power in a small beam spot, and the wafer gets quite hot. As a result,

productivity is low.

20 SUMMARY OF THE INVENTION

In one aspect of the present invention, a plasma grid implantation system is provided.
The system comprises: a plasma source configured to provide plasma; a first grid plate
comprising a plurality of apertures configured to allow ions from the plasma in a plasma
region to pass therethrough, wherein the first grid plate is configured to be positively biased,
25 either continuously in DC mode or in pulsed mode, by a power supply; a second grid plate
comprising a plurality of apertures configured to allow the ions to pass therethrough
subsequent to the ions passing through the first grid plate, wherein the second grid plate is
configured to be negatively biased, either continuously in DC mode or in pulsed mode, by a
power supply; and a substrate holder configured to support a substrate in a position where the
30 substrate is implanted with the ions subsequent to the ions passing through the second grid
plate.
In some embodiments, the position of at least one of the first grid plate, the second
grid plate, and the substrate holder is configured to be adjusted between a homogeneous

implantation position and a selective implantation position, the homogeneous implantation
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i npl antation position and a selective inplantation position, the
honogeneous i npl antati onposition is configured to enable a single
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apertures of the second grid plate.

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

25 embodiments, each one of the apertures of at least one of the first grid plate and the second
grid plate comprises a top end and a bottom end, wherein the bottom end is closer to the
substrate holder than the top end, and wherein the diameter of each aperture gradually
increases from the top end to the bottom end.

In some embodiments, the first grid plate and the second grid plate comprise a

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

chamber, and wherein the chamber walls are configured to repel ions in the plasma region



material chosen fromthe group consisting of: silicon, graphite, silicon
carbide, and tungsten. In sone enbodi nents, the system further conprises a
chanber d&bi2znadhobss2chanber wal | s, wherein the plasma regcons2alm3dons st gri d
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por tiison ofurtHeecodpssct Matvidd aunedt 4 psroivg bl thedomn@ait lsvesl thivughéhe apertures in

negati vel y-bi ased second grid plate thr ou%g t he openings in the photoresist
mask bef othe negpivehtbiaspdrsseonsh gyt platedhropgh Bispperipgoidi the padowirpsk stdiod

further c rises; justing the position of at |east one of the first grid
pl at e, segngﬁéﬁ%“r%%}egﬁ%asﬁ%f& and the substrate holder to a second position;

provi ding a pl asgmenrhbidimbie, Ppraserasisiegistoniphisagueniralig dfdpedjdiment to
the second position; flowing ions fromthe plasna in the plasnma region
t hr ough t Hereiiyergluisadaded in pentasd siith the pybshpigsand the methoddidhgsicamerisesdiedognt
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grid plate through the openings in the photoresist mask before implanting the substrate.

In some embodiments, the method further comprises: adjusting the position of at least
one of the first grid plate, second grid plate, and the substrate holder to a second position;
providing a plasma within the plasma region subsequent to the adjustment to the second

25 position; flowing ions from the plasma in the plasma region through the apertures in the
positively-biased first grid plate subsequent to adjustment to the second position; flowing at
least a portion of the ions that flowed through the apertures in the positively-biased first grid
plate through the apertures in the negatively-biased second grid plate subsequent to
adjustment to the second position; and implanting a substrate with at least a portion of the

30 ions that flowed through the apertures in the negatively-biased second grid plate subsequent
to adjustment to the second position, wherein the implantation performed when the at least

one of the first grid plate, second grid plate, and the substrate holder was in the first position

forms a single laterally-homogeneous ion implantation across the substrate, wherein the
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adjustment to the second position, wherein the implantation performed when the at least one
of the first grid plate, second grid plate, the third grid plate, and the substrate holder was in
the first position forms a single laterally-homogeneous ion implantation across the substrate,

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

30 spaced-apart ion implantations is formed from ions that have passed through the different
apertures of the third grid plate.

In some embodiments, the apertures of at least one of the first grid plate and the

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

least one of the first grid plate and the second grid plate are elongated slots. In some
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the first position forms a single |aterally-honogeneous ion inplantation
across the substrate, wherein the single |aterally-honbgeneous ion
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op
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chanmber wapglgingagutedibigagead thaubapat. InadaeismbodEngtgsiepuladivoiagsisng an
electric field, I'n sone enbodi nents, the nmethod further conprises the step
of appl yi Acdchigraeds aialieoltdifemet lpeadionson the sebitienbodi nents, the net hod

further conprise | Wi I VO 0 e.
I some enbodi Aol SRR AP Rl Bl Ch P Gu R HRSMIEL °,
di f fler ent fitsopRiralDNSI QiffckdheiaBbainpad Stagdsipridp wEthe ittt gy intphetdiew e the
further conprises: passing the substrate through a first plurality of

di f f er ent o) Wheseimpsaeh segegashphisspplugadity pledisiareatiplht-puBpshyagersPapeiens an t h

t he ions,  wherej c e.in_the. fi ity : )

ai 11 er ont IR e A T4 BEG LS uRF el bt B B AL EbeBhenihumhsd 880 ous
stage in pisinkithé Subpirate &oint the AfrsthlirbRyRITIdifBdrbntaflyiHRaHes bagesdirieassd g t he
substrate fromthe first plurality of differentially-punped stages directly
to an i nplmaplegeiionhstage gassingdbe pulylratedrony Hwtimplaatation siagh dirpehl tamtsaedndn st age

dir 92%t 'y %)eraeiit? 5F gi?%rentially-pumped stages subsequent to the substrate being implanted with the
ions, and passing the substrate through the second plurality of differentially-pumped stages,
wherein each stage in the second plurality of differentially-pumped stages comprises a higher
pressure than the previous stage in the second plurality of differentially-pumped stages,
wherein the implantation stage comprises a lower pressure than any of the stages in the first
25 plurality and second plurality of differentially-pumped stages.

In yet another aspect of the present invention, a plasma grid implantation system is
provided. The system comprises: a plasma source configured to provide plasma; a grid
assembly comprising a plurality of grid plates, wherein each grid plate comprises a plurality
of apertures configured to allow ions from the plasma to pass therethrough; and a substrate

30 holder configured to support a substrate in a position where the substrate is implanted with
the ions subsequent to the ions passing through the plurality of apertures of the grid plates,
wherein at least one of the substrate holder and the grid plates is configured to be adjusted
between a homogeneous implantation position and a selective implantation position, wherein

the homogeneous implantation position is configured to enable a single laterally-
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plurality of differentially-punped stages subsequent to the substrate being
inplanted with the ions, and passing the substrate through the second

pl ur al i t ywof2odidossseenti al | y- punped st ages, wherei n eachpsramgeoion3dche second
plurality of differentially-punped stages conprises a higher pressure than
the previous stage in the second plurality of differentially-punped stages,
wherein the inplantation stage conprises a |ower pressure than any of the
stages in the first plurality and second plurality of differentially-punped
stages. In yet another aspect of the present invention, a plasma grid
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position Is y O ateral 'y spaced-apart ion
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| aterally spaced-apart jon inplantations is formed fromions that have
passed t hmfgwrﬁtdﬁ@ aﬁp‘rvf%? s Lopas therlrogeh suhsequsabiodheyiang ppisited hrough &hsne
enbodi nmen . IWERY i q i: : i 1.d pl
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conpri si ng a,pluralitﬁ of apertures configured to allow the jons to pass
t her et hr olggRl¥EIFaGE RY 2PEVERBIPPHh SN sarss epgodimeatig etherafifyrafterigdlaes| at e.
In nme e [ I I ri te i : i
posﬁ?iveIgpgggggﬁ&%§8%q§8£g¢§é%%ﬁ#%&gkﬁggﬂﬂémeﬁggggggﬁ%%?a?ﬁgmggggﬁgwé??d
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enbodi ments, the gjurality_of grid plates further conprises a third grid
pl at e conmp?NeFmgodimentsy Gieithiyd gid plgteris gonfiguehipibgramded B J081g gpodiments,

the first grid plate, the second grid plate, and the substrate holder are all configured to have
their positions adjusted.

20 In yet another aspect of the present invention, a method of ion implantation is
provided. The method comprises: providing a plasma within a plasma region of a chamber;
providing a grid assembly comprising a plurality of grid plates, wherein each grid plate
comprises a plurality of apertures; flowing a first set of ions from the plasma in the plasma
region through the apertures in each of the grid plates in the grid assembly while each of the

25 grid plates is in a first position; homogeneously implanting a substrate with at least a portion
of the first set of ions that flowed through the apertures in the grid plates while the substrate is
supported in a first position by a substrate holder, thereby forming a single laterally-
homogeneous ion implantation across the substrate from a combination of the first set of ions
that have passed through different apertures of the same grid plate; adjusting the position of

30 the substrate or at least one of the grid plates to a second position; flowing a second set of

ions from the plasma in the plasma region through the apertures in each of the grid plates in
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ions to pass therethrough subsequent to the ions passing through the second
grid plate. In sone enbodinents, the third grid plate is configured to be
gr ounded.wOnosigwessenbodi nents, the first grid plate, thecsasendogrpd pl ate,
and the substrate holder are all configured to have their positions
adjusted. In yet another aspect of the present invention, a nethod of ion

i nplantation is provided. The nmethod conprises: providing a plasma within a
pl asma region of a chanber; providing a grid assenbly conprising a
plurality of grid plates, wherei n each grid plate conprises a4§pnality of

aperturest efgrtsbasmjnléywbsgque@éto B¢ agligpiEnent erihe preopdt a@ ori, rsehewev @mth@gg on
Lhrough 16 RRAE ol Mg A5G 18 S5t P e SRR A PR TR D L

substrate 1ﬂl\ﬂhb @r@tple{t@a@lbs@lu@lﬁrtb tdpistrh e td tHessEccﬁﬂtp oRitioh omsrebp mnﬁlﬂl wed
through the apertures in the grid plates while the substrate is supported

in a firsplusdsyof biterdlly wasubatartdoe 1Ihp>lamtétlon8tq11ethe§b}bsfreﬁ6rﬁq1@ aaoﬁmglféhe

IaterallyhonD enequs .o | ant ati on 0ss .t substrat e

conbiant | SRR SRR s B nalPPAPS AR AR pbOSuBBEE R e SR e ent
apertures of tnes&ﬁ@anmdlﬁheﬂdsath@adﬁ@hﬂgssttémn{ﬂmemgugtingmh@;lf)osﬁthﬁl siuhstrate
or at least one of the grid plates to a second position; ow ng a second

set of i oﬁ@asfrﬂt@mhtl h@n@b@bﬂ@mentﬂ muqmnaélmpqségqnmf tltlmsubg@zﬁe CORPAFPS MAVRS | n
each of t g@t Kg atez @@ ﬂ@-% assenbly subsequent to the adjustnent to
t he secon ﬁf TAOHOSL L BeEnd lanting the substrate with at |east a

portion of thelr§§iﬁﬂé"&n§&hm@ﬁts'tﬁ@§dh§lﬁf didppoichrisbs 2HERInkE: FRAIdWRBcion t he
grid plates subsequent to the adjustnent to the second position, thereby

f or niOng athsl grrdeplatey. lof sohwtcartaidingergp adjpdtingpthic posioan phpcariithe godslags t he
Substrate fron1a ortion s that have passed through

ST er ant conBe BRia Ol nd Bk 3RS Cﬂqsaﬁtgthqw‘bétm enbodi ments. t he

adj usting steppC QR bmESdiRThYSthe pgmimgop abla@a 8 hE@ asﬁi}’s‘fsér[c%lﬁte ahfl aSOME
enmbodi ments, adjusting the position o e su stra e conprises noving the

subst r at e sedooé eridipbate, hlee st gridplniizing pdsiivshrgiagdbadi tre mwnd ghd phd§ bging ng

step co rls the posjtiaon of one. of.th at es
orond! wan e o iR Mol S R e o i s BrfteB S Binst BT
moviyzg on nQ%kﬁ@@mﬂﬁgﬂmﬁM@&es closer to the substrate. In sone enbodi nents,

the plurality of grid plates conprises a first grid plate and a second grid
plate, the fi rirlycgrahdthpd apect béilrgreosi inverglops bineted ofémdirmpimtstéfmiad grid

plate bel g negatiuely,bl ased. L0 SO, STRRLRDS: of ISRl SRk ¥ Sfilid ¢
generator; the plasma generator breaking up the first single type of dopant material into a first
plurality of dopant species; and implanting a substrate with the first plurality of dopant
20 species.

In some embodiments, the substrate is implanted with the first plurality of dopant
species in a single implantation step. In some embodiments, each one of the dopant species is
implanted into the substrate at a different depth. In some embodiments, the first single type
of dopant material is phosphine. In some embodiments, the first plurality of dopant species

25 comprises P*, P, P, P,", P,", and P;". In some embodiments, the first single type of dopant
material is boron or arsenic.

In some embodiments, a combination of different types of dopant material is used to
implant different pluralities of dopant species. In some embodiments, the different types of
dopant material can be provided in precursor form as gasses, liquids, solids, or any

30 combination thereof.



grid plate that is grounded. In yet another aspect of the present

i nvention, a nethod of ion inplantation is provided. The nmethod conpri ses:
provi di ngve 2hiw®ssssi ngl e type of dopant nmaterial to a plrasrms2@ensseat or; t he
pl asma generator breaking up the first single type of dopant material into
a first plurality of dopant species; and inplanting a substrate with the
first plurality of dopant species. In sone enbodi nents, the substrate is
inmplanted with the first plurality of dopant species in a single

i npl antation step. In sone enbodi ments, each one of the dopant species is

i npl ant ed i nt olrt $vencserhiadimtiets.at scaordi fifigde e od dppdnt matermbiseprevidatiiortbeit s, t he

first single e of nt material hi ne, .In sone enbodi nent t he
st ol ublanms YoGrR b dn et dne Sad Ok of B3RgN MRETE” and
PS +. In §p0% s&%ﬁ@?!ﬂ?ﬁﬂ&%f d nlgﬁt §15e'bn%"s dﬁhﬁ@{h‘% sEﬁﬁQ%eHI)d ﬁﬁpﬁa@’plﬁﬁh%h@fhtoks
boron or arsenic n sofre enbodi nents, a conbination of different types of
dopant mabenkalp ihs fuseshgdotypepf dxmandmﬁtfeealemto the irspiuralgs obflomhnpspreries pmdl es.

I n sqQme enbodi nen the different types of . dopant. material can be provided
inp cour Brer g gl e lopant Fpefiss s IRRapIE 0 g URYLOHHIHELF SH e AGidor 1 n
sone enbog, Ml s ?érﬂ%g&lésxé’ﬁngﬁntggHﬂ&“the”é%&?dt@' nl Smidr OVi ded to
the plasna generator, the generator breaks up the second single type
of dopant cmbddinicats, thatt“mstair@ﬁctypelof)dmpaat mht;enaﬂf arﬂdhas&cosqbaogleSypﬂuf dogartthe

same period that the plasnma generator %ﬁ fII‘SE n(%detype of
dopant nmaf@fqrd aﬁeﬁﬁﬁl%ﬁ@‘:‘r‘r‘rﬁ?rs%aspﬂfh?o%ﬂ‘i ?rg} mﬂ%tﬁal? 15 SRR EYPHHAPRY second
plurality,of..dp ~ 519[ h ubstdatgeduri ng the sanme
period t hat t%eg?d?strlréetS urado dhl gg%ant peclflegrl?ﬁsp*§ JS?alnteed into the
subdrate. In sone errbodl rrents the first single type of dopant nmateri al
and the second 5| nIe t ype. of doant material are each a precursor gas. In
BRIBROESGRIETIOW QF THEDRAWINGSf  dopant material is arsine and
t he second sin n i shid R OF
THE DRAW NGS F?g? 1R %ésstérjéa}?gssgegﬁ%#aggg@g éégf?fg%gl o ﬁ&gg@gg@gg{@@
enbodi mentomdd salahn oﬂbgﬁcemdshge with the principles of the present invention.

FIGS. 2A-2C illustrate cross-sectional side views of different ways of selectively
15 implanting a solar cell in accordance with the principles of the present invention.

FIG. 3 illustrates a cross-sectional side view of one embodiment of a solar cell with
contact gridlines in accordance with the principles of the present invention.

FIG. 4 illustrates one embodiment of a plasma immersion implantation system in
accordance with the principles of the present invention.

20 FIG. 5 illustrates a cross-sectional side view of one embodiment of a solar cell with a
homogeneous implant in accordance with the principles of the present invention.

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

25 FIG. 7 illustrates a cross-sectional side view of one embodiment of a plasma grid
implant system in accordance with the principles of the present invention.

FIG. 8 illustrates a cross-sectional 3-dimensional perspective view of another
embodiment of a plasma grid implant system in accordance with the principles of the present
invention.

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

accordance with the principles of the present invention.
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doped solar cell in accordance with the principles of the present
invention. FIGS. 2A-2C illustrate cross-sectional side views of different
ways of swbeotiosedsg i npl anting a solar cell in accordan®eeTwistéionbesoo
principles of the present invention. FIG 3 illustrates a cross-sectional
side view of one enbodi nent of a solar cell with contact gridlines in
accordance with the principles of the present invention. FIG 4 illustrates
one enbodi nent of a plasma i mersion inplantation systemin accordance with
the principles of the present invention. FIG 5 illustrates a

cr oss- sect i onaFIGi ldellustenescf crossesceimbyatiside miewod ! cae solbadingmlt bf pliastha gns
honogeneous i np] ant. i n,accor.dance with.the principl of the present

vent | onpopina g efid phiRa Ao vibdfs Bt oah P B GGt her

enbodi ment  of 219! @A ¢ab hiirk@ p]@lﬂlrmgﬁ@@p&iﬁfel%ﬁﬂg&@bﬁ&t

_ _ p\éﬁuﬂem AAbRlahsk
accordance with the principles of the present ihvention. FIG 7 illustrates

a cross- setthitbmpilingpldeoithewreséntomeengotodi ment of a plasnma grid inpl ant
systemin acco nce with th rinciples of the present invention, FIG 8
T uStr ares o EMGoL Ut B i ier & Pdlﬁbqngg‘é%foe@-@%#émlﬁn%% her
enbodi meng, @i & ﬁc@ﬁi@ﬁc&@ftﬂtﬂe??ﬂn@@ﬁes%ﬁ@%éeﬂt peERidance with the _
principles of the present invention. FIGS 9A-9B illustrate cross-sectional
side views of @lGfléridndtratsiackcrpdsateti@pbyicwred ©ne amaodiaredanCemwl ti-ftagdhe

pri nci pl es. of t,hﬁ present invention. FIG 10 illustrates a cr OF&-secti onal
si de vi ewddferapially REgarhEMIaNRlioN YS! NGREOTBYKS I PR PHRGRICGPT ePIeers i n
accordancgw%ttight he principles of the present invention. FIGS. 11A-1 IB
illustrate plan views of different grid plate apertures in accordance with
t he 1pri nci pl esFiG. hdugpraesenirocsy GotvidiapratkloGond 2mbbditsht et emcthopbhionvi ew of
one enbodi nent of a | oad-| ocked i npl a,ni ation systemin accordance with the
princi pl edRanteien Pracedangeighthe grinciples ol i presepsiny ehtivs- a cross- sect i onal

vi ew of one e i 3, SRLds] if j . i at i on
systemin accg;3 gﬁ;’nl(;rggn\{}\ft%est e !ﬁérslg ﬂ??ﬁﬁ%srggfofft% ﬁ%ﬂéﬂr@ﬂe&r@ﬁ%@gﬁﬂ%@ﬁl@ 14
i I I ustr at @splantptiecsgchidencedidghapriatiptnef arjedicneinerafona met hod of ion

inplantation in accordance with the principles of the present invention.
FIG. 16 illustrates a process flow diagram of yet another embodiment of a method of

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

DETAILED DESCRIPTION OF THE INVENTION

The following description is presented to enable one of ordinary skill in the art to
make and use the invention and is provided in the context of a patent application and its

20 requirements. Various modifications to the described embodiments will be readily apparent to
those skilled in the art and the generic principles herein may be applied to other
embodiments. Thus, the present invention is not intended to be limited to the embodiment
shown but is to be accorded the widest scope consistent with the principles and features
described herein.

25 Furthermore, it is contemplated that any features from any embodiment can be
combined with any features from any other embodiment. In this fashion, hybrid
configurations of the illustrated embodiments are well within the scope of the present
invention.

Various aspects of the disclosure may be described through the use of flowcharts.

30 Often, a single instance of an aspect of the present disclosure may be shown. As is

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

9.



FIG 15 illustrates a process flow di agram of another enbodi nent of a

nmet hod of 1on inplantation in accordance with the principles of the present
i nventi orwwORbG/00382i | | ustrates a process fl ow di agram ofPCyatS2@n 084600

enbodi ment of a nmethod of ion inplantation in accordance with the
principles of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
The followi ng description is presented to enable one of ordinary skill in
the art to make and use the invention and is provided in the context of a
patent application and its requirenents. Various nodifications to the
descri bedpmqbfbdém@rsc@badi hereimelayé)add:peytedppatﬂrmwslv@r tholden sskicktsedryitmsatiséy ar t

and t he g er| s h .be a ied. to other enbodi pents.

Thus, thel ST ROTHGEA Pl R TBESE (1t L TRCHE nbodi rment
shown but ér%ﬁlf%dtﬂ? a@?f?&&g%gdetr%n%g%ter AGORAE AL FHoBRE, ﬁﬂ‘llés@ ofe@wRE I Nci pl es
and features described herein. Furthermore, it is contenplated that any

f eat ur es flisclosaipxpéoiigar meplicidan be conbi ned with any features from any

ot her. enbodi ne In this fashi ybrid configurations of the il lustrated
erbodi ments. ar AMGBIFCTYIHOR el @&@Béowgf APl it R G PPN PG s

aspect s O?orttﬁ@mghlﬁ%tﬁﬁh‘ée 6r {HReII ST C Q?QwBHJ&HQ Rinli B¢h §P SGrRE ahd UG Qﬁfﬁée

Often, a single instan an aspect of the present disclosure maybe
shown. Asniodifappoe appﬁtcembrtms twhedls éFhefdewldpmerrtwf $ikis bystannisttagedaort the hdwender ,

t he protocols roc sse ndprocedur es .descri bed herein y .be repeated
cont i nuou%ﬂeﬁlfkﬂa ?&S@fﬁrﬁg %@E‘é%%oéﬁsﬁe‘t%fesétt‘i%fpyo‘ﬂ%a%e WE%%%I}%%HQ

nerel n.  Addiiil BAFA Witglihe i GARY RIRLIR &l {BLpIRR A EPR oG AR nifore! f O med

in a different order t trat I gures, unless
ot hdOwi seodhstUds edteampplmanbme 12/4R3,0t1 temﬂecrrrmmnvmeﬁm OBRBEOTIARCHLS -
directed towards an ﬁ\yjst emthat is not onl ta | ore

manuf act FSEHSC&IV@ (ﬁl\éﬁp GIMPLANE 1R @%‘Hﬂ%‘ﬁ% %EHO|6% hg}edsTHP? ébﬁ and
near-sur Qg@)é gﬁ&j bbb cﬂotéﬁﬂr?grrlg%%ée&@ $ BI5vidroniE séplﬁmﬁl g V@I/Pﬂ]”@kf argtlit 1dgnt s

systemis on t speci frcation at so I cations
require. ‘EORR@A?M(W@@ICAW@EL S8pEQTTER &M THR USDOGIIMBPUANT AN ai | ori ng
capability for solar cel ncorf)oratl ng features from common| yowned U. S.

Pat ent AppRNAAL %EFHOI& ﬁlfééu@ei# 20R%: winglyarcrhorvicrionnesTpeyaf ey reference
CELLSELEC]! ¥ IE_'etEfMtHEngSJ.S hG! Mﬁhc‘f@@mﬁ&@fd&'ﬂﬁ@ﬂeb@l b tande olf %gnt‘c]ul:{ nl%s]b]ar

fingers, contact resistance of metal-silicon interface, resistance of backside metallization,
achieving the desired resistivity under the metal grid contact (preferably 10 to 30 Ohms/Sq.)
and in between the fingers (preferably greater than 100 Ohms/Sq.) to meet higher efficiency
solar cells (incorporating features from commonly-owned U.S. Patent Application No.

20 12/482,980, entitled “SOLAR CELL FABRICATION USING IMPLANTATION,” filed June
11, 2009, commonly-owned U.S. Provisional Application No. 61/131,687, entitled “SOLAR
CELL FABRICATION USING IMPLANTATION,” filed June 11, 2008, commonly-owned
U.S. Patent Application No. 12/482,685, entitled “SOLAR CELL FABRICATION WITH
FACETING AND ION IMPLANTATION,” filed June 11, 2009, and commonly-owned U.S.

25 Provisional Application No. 61/133,028, entitled “SOLAR CELL FABRICATION WITH
FACETING AND ION IMPLANTATION,” filed June 24, 2008, which are all hereby
incorporated by reference as if set forth herein). It also meets the demands of future
requirements for solar cell wafer thickness, as well as contact metal width and spacing.

Moreover, the advantageous formation of selective emitter and Back Surface Field
30 (BSF) and its ability to improve performance will be possible (incorporating features from

commonly-owned U.S. Patent Application No. 12/482,947, entitled “APPLICATION
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2009, and from comonl y-owned U.S. Provisional Application No. 61/131, 698,
entitled "FORVATI ON OF SCLAR CELL- SELECTI VE EM TTER USI NG | MPLANT AND
ANNEAL MBWBIGD(1/008382ed June 11, 2008, which are bot h her eby/use@onpwpat ed by
reference as if set forth herein). These include change in doping |evels,
resi stance of contact, bus bar, fingers, contact resistance of

netal -silicon interface, resistance of backside netallization, achieving
the desired resistivity under the netal grid contact (preferably 10 to 30
Ohns/ Sg.) and in between the fingers (preferably greater than 100 Chns/ Sq.)
to nmeet hS@E@IFléfIMRﬁPéﬁE)‘SY:Sd]EM A08D METHREOFPBUESE Ry SOeARICESLS r om

| y- No. . 12/ 48 | ed.." SOLAR CELL
EaBR cn BABE RS R A 1 70, Shimbinty -9 o S P B AP O GANEE N6 &
Provi si ongl /| ADghd %aauw«mLI@uﬁéNsGs%ﬁEcm RN SO CFANIF R T oN

USI NG | MPLANTATI ON, * | ed June 11, 2008, commonly-owned U. S. Patent
Appl i cat i BRNGSE MISm%lBgHE;LLeEABRﬂ@ﬂTKB@BAIﬁI@ENneHABR)O(&Ad'cbrﬁmom&TdﬂerAGE?p'l NG

Pr ovi'si onbIOAUHIY AGDlEHORSer 8} RaaiaeTIUori: T SELARVERLL KRS GATI O
W TH) FACEE G 1Dy BRALANATS Shk R it edape Ao el

hereby incorporated by reference as if set forth herein I't" al so neets the
dermands 02009 tud eomeguiyr @t ($. ST BatergA rlicetadd Noalf26T2 8, msc kmgkd,“AdEV ABICEDS
contact net w dth and spacing. Moreover, the advantageous formafi

el eot 1 ve ol B PSEAPLoLP SETAR ok SRERTA L lﬁwﬂlgmpo iR ove
per for mange, W |4 2BeP9H {(AVARR6ROL [ ANLRHBR.Y - Owned
U.S. Patent ré&{pd|?a?)?on§k1%g&l T%z&ggﬁédﬁ?h&?g’dﬁ"gﬁ R AR

| MPLUANT SMSItEMnAJ\iEMWEiﬁﬂm EQRaluSE ok Ne&ﬁ:ﬁFgrﬁﬂ_brrﬁﬁBlﬁh@Am e Silitor, @ad weline

11, 2009, commonl -ovvned S. PI‘OVISIOI’la| Application 61/131, 68
entitled ®APY Ffesm @R}swsﬁ@mnﬂ ey b AT depesiteg pi }CA\R@ %vmmmabgﬁed ﬁgqrso_AR

CELL FABRL GATl NS | 0% |
ropl i cat Sstierma oG ot Syea R 8ne FRITR Mot Bt e PR & 2ney
CRYSTALLI hﬁltﬁﬂlﬁﬁbw_\hc&%ﬂl daA bl GilehBEdHOR S mici shedded\tla@imeAOfor 260 8theaind
commonl y-owned U. S.. Patent Applicati on No. 12/728, 105, entitled "ADVANCED
HI GH EFFI DREREYucRS RRrichign dounghoprrd mashioaseraNcipETHersoe ophancsgmpgisch 19,
ﬁgﬁg)g-r yl{]gl f’lr ﬁgf‘dﬁ‘t #llﬂgt?ﬂéé é){}tolgs?&cﬁ&%a?ﬁlﬁ% 'rv]ge‘évoEr)Po@ ngo;axgg?rﬁ'o@g a&apéell 500

met al | ur gl\z&@tma-lgmmrlé‘duls igpRnt @&cdﬁﬂhmce with the principles of the present invention. Solar

cell 500 comprises a semiconducting wafer with a p-doped region 510 and an n-doped region
520. The n-doped region 520 is homogeneously doped to form a homogeneous emitter. An
anti-reflective coating 560 is disposed over the n-doped region 520. The anti-reflective
20 coating 560 preferably has a thickness of between 70-80 nm. Metal contacts 550 are
deposited onto the wafer, preferably having a width 554 of between 3-200 microns and being
spaced apart by a width 552 of between 1-3 mm. A p-doped region 570 is formed in the
wafer on the opposite side from the n-doped region 520, forming a homogeneous BSF. A
passivation layer 580 (e.g., SN, or Al,O,) is disposed over the bottom surface of the p-doped
25 region 570, and a rear metal contact layer 590 (e.g., Ag) is disposed over the bottom surface
of the passivation layer 580.
FIG. 6 illustrates a cross-sectional side view solar cell 600, which is solar cell 500
with the addition of certain selective implants. These selective implants include n-doped
selective emitter regions 630, selective metallic seed implants 655, and selective BSF regions

30 675.
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as very thin silicon wafers and very thin filmdeposited silicon, or other
materials used for solar cell formation and ot her applications. The present
i nvent i orwoani1alosss2be applied to nmulti-junction devi cespCan$2cian3weo
extended to atom c species placenent for any other material used in
fabrication of junctions and netal sem conductor interface enhancenents.
FIG 5 illustrates a cross-sectional side view of one enbodi nent of a sol ar
cell 500 with a honpbgeneous inplant in accordance with the principles of
the present invention. Solar cell 500 conprises a sem conducting wafer with
a p-doped regibnﬁﬁnibnmmﬂmamﬁ&4u©p@dﬂnégwoﬁmﬁﬁmhmmhéwmwdobbdsﬁagﬁ@hwﬁﬂo is

honogeneoys tqQq form neous emtter. An anti-reflectiv
Cont i ng ol s S6RdFatd e BrmPura ROGESaM eagr bho Wi O B RPPPETIR LR ve

coating S5Gfspaef %@Bla)émla%strﬁlsﬁtmn%& 'ﬁﬁ@% sﬁéaﬂbﬁttﬁ@ﬁfbﬂ&n@@f ﬂﬂ@su%ra%l alkPntacts
550 are deposited onto the wafer, preferably having a w dth 554 6f between

3-200 m cappisaboo dﬁelmganspkmasb mna]letatmy o@iions desihdehbih thé plaemmxehe mBamted. A
p- doped r ion 570 in the wafer he. opposite si e fromthe
- doped r 8%99@6@1 forhe s Sﬂm&%@&w@éﬁﬁf tOAfogﬁﬁgW&%OBﬁ REIFEIBRP 2
(e.g., Si3M aQEel&t%@gr)do:?Ed Fég%cﬁ@%ﬁ%ug’{ Ble 08¢ Qﬂfa%IQQﬁg&H&f sgg%%u@é intfighRigoped

region 570, and a re contact |ayer 590 di'sposed over
t he bot t otechuigfiasc eAtahe $anee (pas.shy dopannpiodiyecanIBQaildtbdio Eovide u&tepatdest a
cross-sectl?nal side view sol ar _cell_ 600, which is sqlar cell with the

addi tion 146 PRSP O B IPERTIS. angplassnglignedopth, drpugl) %}H%ﬁ‘ss Acitbe
n-doped s Eiaﬁ:ﬁﬁ 'c&% g(gﬁstfn%ﬂfso I rtﬁ%@mré Gﬂln%ﬁ%fﬁs u@@%?ﬂhk 'd%}r)_lac:tﬁ %Qldhnah@tﬂE S
BSF n i

655, and ctlv eglions 675 sone e nment s, e present
i nveit i onrdtiocinddetso dtheoldsdaoddicealasthe ldogm prolfidks com ticfatthareahaeed! enidkaibnt o

t he substr te by the application of S f negative potential to the
subst r at e© fhﬁ@uﬁpéwgwé ﬂ%ﬁ‘r%fqgtff%t? mgossw(feow&%%gﬁ% S lagAN IO SRRFALE t he

substrate 0@’ el”ﬁQigh 'af\s@tp'ré)\;?%efﬂ% leﬁ? %@s&ﬁdn@l& C é’%crg iflgabt Ylefle ! ONS

resident In asma to on or opi ng of the

substratehﬁpMn®30mﬁ|Ilzed to forn1hoanenous doped regions, as well as
sel ectively doped regi ons through the use of a mask or other selective
i npl antation t 5 B¢ HTGG‘%IE dnveption povidese systera that gan B pdapendeyraf the whpirye size,

2010 e B eSO BSOS A
adj ust rrenhﬁplaﬂud sinanamEslyt Modghturdhglowseprodudititicd oypdnh cstees ohi moetwic
ratio and ratjo of nolecular radicals, the dopant roflle can be further
enhanced. Additionaldy.jthspresent invention provides a non- hne of-sight implantation method, and
thus, is able to dope areas that are constricted, such as the textured surfaces of multi-grade
silicon that may have hillocks and re-entrant features on the surface. Doping such surfaces is
20 critical as absence of doping may cause metal shunting.

One application of the present invention is to generate a homogeneous implantation
for emitter and Back Surface Field (BSF) doping. At this stage, independent control of
surface concentration, profile shape and junction depth can play a significant role in meeting
the light conversion properties of a solar cell. Such implant capabilities will avoid the

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

FIG. 1 illustrates a cross-sectional side view of one embodiment of a homogeneously

30 doped solar cell 100 in accordance with the principles of the present invention. Solar cell 100

comprises a semi-conducting substrate 110, such as a silicon wafer. For the formation of the
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of the pul se biasing of the substrate and possi bl e substrate back surface
antenna or substrate novenent can al so provide the |lateral positioning
advant agesonenuiosssd for sel ective inplantations. The pr@sEniS2010089%bé on
provi des a systemthat can be independent of the substrate size, and as

|l ong as uniformty of plasma is conserved, then nmultiple pieces of
substrate can be inplanted sinultaneously. This feature all ows
productivities well in excess of 1000+ wph. Additionally, the present

i nvention provides a non-|line-of-sight inplantation nmethod, and thus, is
able to dtqgéma}?é)ashetrh&te caHé0@@matbi:thealecgunhomairh,eddpmgtlaV@SdO%zuﬂéaatla@) of

nulti-gra icon have hill oc and re-entr.an eat on t he
sur f ace. - Suegh s okl ?’ECF%Sa‘fﬁsdéZEaI&%Eleﬁkﬂ%e%‘PnBB%PHEF ° cause
et al Shugéﬂeﬂﬂrongﬂﬁ tﬁﬂ@oh@%h&f‘clﬁ?géé&%é}é epkidlo Sb g%bf%ﬂllﬂ{m&%r%&g&a? e a
honbgeneous i nplantation for emtter and Back Surfacé Field (BSF) doping.

At this stragent, suwhap(hassidrmh 166kt tdr bofons B, qﬂlespimrmsnarsanc cantimpnp,faintl@tts:hape
ant the Li

and juncti.on d si gni fi in neet.ing
convjér Si oﬁnb#aaﬁ ?quﬁﬁ I§Bﬁsé‘F eg??é‘il?fo‘é&& ﬁ?lngﬁb Oé‘ﬁ?n“@élﬁ%bﬁ P avoi d
the for rmEI'ﬂB@dlﬁfen@ thed&)ﬂgeﬂtﬁ}flgﬁ of frat 1n{;§a19§ %\{@ésgﬁﬁn M s Zn%@&@qref;{efl{sﬁ on

met hods. These |ayers are formed as a result of un-activated excess
near-surf&memdbpamyef¢dengaﬁawahmudﬂMaﬂeduaszmbéﬁmnmgdtmbsbﬂ@ﬁdnﬁdoﬂﬁ%ﬂ]the
el ectri cal junctions. Profile manﬁ nt achi eved with the present

i nvent i onS¥N 96 OPIOBPIEHY At TegHECE RGPS YUK P PadbeREIsagaddrat pach jqlcelt es

a Cross-sgej Bg Hf'%l'epe?idgﬁt RE &, t‘:% Qs EJTQ{%‘H{ {E%'%E é:ﬁts 8? MEIRGRNCAUS AP PR

sol ar cell accor a ce r|nC|p t he~present |nvent|on
Sol @0 cel feaﬂlﬂé)pmmm; lsgﬁﬁioants@pnbmtyrfdmﬁplmg, whmbyf ahlenﬂgﬂ],e pSacetmentsand Si | i con
wafer. For the formation of theregion 120 where the cell 100 gener at es t he

el ect r on- RENSUFAPT de dgpit Ay ﬂe@&tév%eraﬁteaﬁam Regygnt &f@cfom%@p@cﬁ thg gadiiurabdeady

I'n general, .t Qﬁ%gxcess of dopants in this region 102 inpede the generation
and transpgr 'such charge carriers. This doping is typically a | ower
ener gy i npl ant FIGUAA-26 illesmitd dregs-sbb@kaVsiflovieharnod diffdeéi wagh ot patiotly,
arseni c, antinpny, and other simlar dopants. Such _inplants are carried out
at a li ghtmlalélﬁe@ﬁ yodaricgH 209 o @%%%%PW%%%%}%R@O it ¢rsorBneewith 5 on of

of - adver A Bt LE DRk bbR T solar 08 JRISEEREY Solilon Ml SR Y
10% Si m bao, vhﬁfﬂ)@&rbeeﬁ homSgemequuly éshddno tfdren Phasogeneoud @ninkt gioht220s

envi saged that each solar cell will be i ndependently inplanted, so as to
attain th&nBEhE hamogenequsenyfteigraiopdedin Elistlem Thi s

FIG. 2A illustrates a shadow mask method used to form selective emitter regions 230

in the semi-conducting substrate 210. In the shadow mask method, a physical mask 242 is

20 used within the plasma implanter technologies system to define the beam 240 to the exact
dimension required. The aspect ratio of the mask 242 is critical here, as it is estimated that
typical energetic plasma ions can easily penetrate a 1:10 aspect ratio, as has been
demonstrated by lower energy plasma deposition methods. The proximity of the mask 242 to
the substrate 210 can be adjusted to use potential beam flare-out to the advantage of

25 construction of doped regions under the gridlines that are larger by approximately +/- 10 to 30
microns for a 100 micron wide gridline. This adjustment will allow for ease of subsequent
gridline printing and alignment, and will provide an overlapping region for minimization of
any potential electrical leakage. In a preferred embodiment, the material used for the shadow
mask 242 is innocuous to the processing, and is preferably conductive in order to not affect

30 the implantation method. Sputtering of such material will determine the lifetime and usage of

this mask 242, thus rendering it a consumable component with a regular replacement
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feature provides significant capability for inplant, whereby tailoring the
pl acenment and activation of the dopant for selective emtter can prevent

t he for mawoaniiafsishe traditi onal dead | ayer issues. Fl GBCTAB2Q@0B46bust rat e
cross-sectional side views of different ways of selectively inplanting a
solar cell 200 to formselective emtter regions 230 in accordance with the
principles of the present invention. The solar cell 200 conprises a

sem -conducting substrate 210, which has been honogeneously doped to forma
honbgeneous enitter region 220, simlar to honogeneous emtter region 120
in FIG 1pr0Wis®n Wi slhhpsdzfrthe elgoatsmadgimwhﬁhkhmnlb@dnuéﬁdpase ahdsuriasel ect ive
emtter %ufns 230]7 % e. F conductiqaﬁsubstrate 210. $ t he .sha

mask met h8 TSR HRAP! GHEKR copsIACRatigaL e inRIZR cppfamijagep4n ﬁRH“&HP%FateS
technol Oglr%lcé%ﬁ&ﬁffg Hﬁt fleaflﬂeg@y Zﬁxté@al&ﬁ%m%‘iﬁdﬁ Q%%Qﬁbgﬁ%tfopﬂh@?%lc@ﬂoﬂ kT ed.
The aspect"ratio of 'the mask "242 is critical here, as it 1s estimted that
typi cal estedgetmask@4dsnma i ons can easily penetrate a 1:10 aspect ratio, as

has heen denobn ed by | ower er | asnma. deposi ti on net.hods
proxgrri ty of tEL(E ?Féﬂlué%/&ze% e frs magh biefhod e t9 R Sﬂsctg&,eagtt@fdegla%g%o n
potent i al heam thaRenf %guﬁseatuzqoaﬁ\é@@amk ohy fsgééeaq&myct%ﬂ%ed regi ons

under the gridlines that are |arger by approxi +/- 10 to 30 mcrons
for a 100semicomtuctingleatpr 2di0.i Sech thiiks24ddjan $t abatd ovi sloft mziskmg dfolic wasepadr

subsequent gridline printing and alignnent, and wil| an.overl appi ng
regi on fol° it HPRPRaY fon! hst iy fyma%hIéﬁf?ﬁpépaﬁebee%qhﬁveéﬁh%%lkﬁ\é@@Se Pl OFRIPer r ed

embodi manEontﬁé? l‘lﬁﬁlti% oréjg%Qalfeﬁ’tr sa‘I'eIaﬁ @gﬂﬁ%ﬂ%@quca&%d FillZ Pl%gt tﬁ)é to the

processi ng, erably conduct er to not a
i mpliént at m&admhh@@leneﬁmrbcteexihglgtepsf ussddbr forhatidnadf conlakt dbpbv€tion.N€hd he
lifetime and usage of this mask, 242, thus render] n it.a conSﬁIglable

conponent digiritwied nosst density @b this EnplArtaties msthed Canr}?é thuleaden phwagiiisut s
through V"I‘Ha?el?m%nﬁat' Whe REATRY Atfe PAS Sm g{hﬂta%ﬂﬁ A% SO gl éx'a&??e A BcithaRrafs

critical considerations to mnimze contamnation and sputtering rates.

Typi cal shape og dihradistitsatad vseddyaditienadll eintcircait bbeed ifatadications apdtHee lased f or
the fabrication of the shadow mask 242. FIG 2B illustrates a wafer nask
met hod us EMACHAIEIEPAsKBIRABAENAS-eni t t er regi ons 230 in the seni-conducting

sub §irate 210. pfergs 11@1&%&@43(% %)ééhiealpﬁ%fﬁi eo%afn%%%ﬂﬂé %Eh Jig C‘)[IE’) tPorﬁu{' ectlv emltter

sem conductl ng wafer can I'ng of
t he waf er rggidmer230 én theaemivpbadictisg apstrdioe 1 0atiere, tm&kqurﬁstdhm&mgadsf tbeba@ﬂn ey ed
through t Qr? erlljvslgag(e)zi bllclkt Srl.]l(I? a(r:ea Enqgnna can be made into a closed loop control so that plasma is
directed selectively into certain regions of the substrate. In some embodiments, additional
grid structures, such as those discussed in further detail below, could be used to further
20 optimize the shape of the plasma beam, whereby a voltage can be applied, both negative
and/or positive, to achieve such shaping. As seen in FIG. 2C, the selected regions 230 are in
alignment with the locations where a voltage 246 is directly applied to the back surface of the
semiconducting wafer 210. This method may be more applicable for thinner wafers.
Alternatively, a combination of the pulsing of the plasma and possible positioning of the
25 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

30 regions will not have distinctive boundaries, and a gradual change of doping levels can
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contact printing, or nore prevalent screen printing steps. It can also
utilize the al ready masked and opened processing steps used for formation
of cont acwodepamwsisecon. The di stributed power density of pPCmits2010p8%04 at i on
met hod can lead to utilization of masking materials that were not used in
the past inplantation nethods. An exanple of such materials is the use of
resist that is used, traditionally, in circuit board fabrications and ot her
| ow t enperature masking naterials. FIG 2C illustrates a |ocalized plasm
beam shaping method to formselective emtter regions 230 in the

sem - condpewideginsdbsttage ie (RR00! derges withen the quibstrett. Sukck ivagaboliitytilieletaral and
an envi saged back urfaﬁe antenqg7 an Fe made into a closed | oop control so
that pl asHePP& i FREPEF e BPERE, HﬁeFﬂSo certain regions of the substrate.

In sonme enbodi PROISiuAAHES d GB&-scfibithl SIE YEWHEEhe RioRirRsh bhRSSlarégcipsed in

further detail below, could be used to further optim ze the shape of the

pl asma beanth coh@ctehidliacydit agecardmdsevitpthb padsiples bhtheggaentievaraho MThe
positive, to achjeve such shaping. As seen.in FIG 2C, e sel ected regions
230 dre i fOI&] @B‘Ew@ﬁpmmlﬁ% % eY'S@‘éPP’Sr?gl e?%ﬁ%ﬁ%w%éhg% i3 qu%ﬁéeﬂ y
applied tgq e'i‘.%féff‘%ﬁ%l?é‘t‘h% A&FerQd rdriBd SEFLGRR (P Iat@Harsued Qs sitdl ﬁslgl?.}md

may be nore app or thinner wafers. ternatively, a conbi I on of

t he pul si nyltetrystabing),asdeompdsgpagsn pinetipwsThd pinijmgetioh 14 feemsd fistr apeypean be

used to generate areas of high and, | ow dgpi ng. erl appi ng of these regions
can provi g%peéﬁe@a?ﬁﬁ?z%fﬁa%-wcﬂip%r%rw bedeetERsR! Aol &501% BipcheMeta

| ow dopedf&ﬁgdtﬁ&pés 3§(Pér% gﬁn‘fe&r orl JtBHwi Cf?ﬁél‘r?e’dz }of? the s.tupfafeh@f L glky- dqped

sel ectively I nplanted gions, suite ectrical contact gridlines. One
coulld envtisageplaedithashodonicghinarid 0l cawatio ic igroxderdm psndustithmatribsdthat e,
under precise controlled potions, noves beneath the ion beans. The

di f f er ent RBgISHs Ihpome pypodigalsgradpspe ingerdnpidipiasare i dsngpedrmihe

h f i . ( -
change o mﬂﬁQ%%ggkﬁyﬁtémQ%nﬁ?@%g%ﬁ“@ﬁ%%ﬁéggﬁgﬁﬁﬁ%@m&£8Wﬁ££a %%%ﬁ?gﬁ%&ghn

t he substrate. ch vari abi ping can en

oper at i onexttrnbhwadel |s. FIG 3 illustrates a cross-sectional side view of
one enbodi nent _of a solar _cell 300 with contact gridlines 350 in accordance
with the princlpPRegation. pnlighs camenintq e spmjcopducteianalprialof gy wvalgohreughphs ses

a feer. i , farnl i fer.
Pr oniar abl § PR U g PO EER b cohiE M 30/t B efudie iobidmtn FAERSL
sil'icon (sipi@lle wathimbletn-typé Ysicdlrbgioe $20.aMbe €6k $6Dna wayedttinpcdtiradied hine
p-n junction is formed froma p-type doped region 310 and an nﬁtyge doped
regi on 32thcentagtsdidpuhidtithe drtes £e tanethernvyh &wargethgp-type doped region 310. The

more dopant there is within a particular region, the more the electron-hole pairs are
recaptured within that region, resulting in more lost electricity. Therefore, it is beneficial to

20 control the level of doping for different regions. In regions where the light is to be converted
into electron-hole pairs, the level of doping should be relatively low. In regions where the
charge is to go through the contact lines 350, the level of doping should be high. Regions 320
represent a homogeneous emitter region that has been homogeneously doped with a low level
of n-type dopant. Regions 330 disposed beneath the contact lines 350 near the surface of the

25 wafer represent selective emitter regions that have been selectively doped with a relatively
high level of n-type dopant.

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

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

selective emitter regions to the contact lines is increased, while the risk of losing electricity to
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contact lines 350 are printed, or otherwi se forned, on the surface of the
wafer. It is contenplated that the contact |ines 350 can al so be forned
from condwotzouenonssteri al ot her than netal. In sone enbo#cwarstel/oswpeducti ve
fingers (not shown) are also disposed on the surface of the wafer to
collect the electrical charge fromthe contact lines and carry it out to an
external load. In operation, as |light cones into the sem conductor nateri al
of the wafer through the exposed surface between the contact |ines 350, it
is converted into electron-hole pairs, typically within the n-type doped
regi on 320ectfdrehdr pair remosibgmtiones weycedgetdditmgaly talthow@ubiggir sontaet lowatact s

350, while the hole 0.t he ot her y, towards the p-type, doped i on 310.
The more. GUPRLTDGI IS ATER RO S bt R FongRGHE HEsol Rl b Oeng
el St ON- Bl B oRErsC SRAMMifk IEI0Rp 1 Sn B of 6 WL chitugPor e

| ost electricity. Therefore,” it is beneficial to control the |eve

dopi ng f oregitinsmearght corgitdimss, thenconegt bms cah ectealiyhiee madghthiriner, ttieerbley dlomieg t ed
into_electron-haole pairs, the | evel .of dopi hould be relatively low. In
regi ons wHEFeligldo ﬁs&@sw@r fff‘_d‘la @%ﬂlﬁﬁ%{?gﬁ%tﬁg@%meﬁé9&@%@5&%@ "ehe | evel

of dopi ng.LREMsdRE N GbtroREQ &%@ra‘iiﬁg\%\ﬁé"gﬁﬁ{‘ﬁg tRe PARYGAGOUS emi tter

regi on that has been honpbgeneously doped low | evel of n-type dopant.
Regi ons 330 di kpasedeherniatiis,tthehcoogacbudy dged3&fomeatoptd Isve faabectof t he
waf er represent selective emtter regions that have heen sel ectively doped
with a refSatStapss {n hiagee PE@P@FOWW %ﬁgQﬁ@é/ﬁ%ﬁm tOA@paO%l@gtfml%lr&hmﬁﬁ%%ng

the dopant,po 'E}{%es'éfefzﬁ%lg Ro éd';rﬁgi%ﬁé’ are fasgmozliaoga t F&REaEE M %ﬁ}lg%f the

honogeneous emtter regio maxi m zi ng the dopant concentrati on

(t hdoeby, approximazdlyn o Chenstsgaarstto upprgyinedely he Ohelsesqtiaree lresanhd @nbsdigicnnsthe t he
ability of the solar cell to transfer the generated el ectrons fromthe
honogeneoleMEgRnEPEY densrdpeioh ulppRd ihave @) sBestirestaiee ©of apprpaighadls 109 t he

contact |j i Whi i i icit

ool oot r o NiRehfark O LRARELINLL Clldhcly dbeblrel GRGAIGIET) BRI hect,

bi gger condsaeinct bNgpredmactnZiOhmIByearebekky. i city, they al so bl ock nore
light fromentering the solar cell and being converted into electrons. By

maxi mi zi ng t helypamemeestiaens e pdecteldopcd emgins i3v8 agnpicradly spaggdanat near
th t | tol] : i her eb
A g FRm RS AR ERLER it WSS of Ay SERHIL ¥ uhf LCRAGOLHLEIES wuh 15 €Y

cel | s abi Hotwvémittis eomsdreplatc ehae baet spiomofdimondihs ¢ eithinahe halpe op dierpresent

generating region tqg the contact lines. In _sone enbodi nents, the
homogeneollyEYigio p@@dm@@llﬁnfqr §el@g@m1@erm@pgcaé1o§h dlg solar cell industry is expected

to require the implanted contact gridlines 350 to have a width from 200 microns down to less
than 50 microns.

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

25 contact performance.

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

herein. The system 400 comprises a vacuum chamber 410, a gas input system 420, a plasma
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resistance in a range of approximtely 80 Ohns/square to approximately 160
OChns/ square, while the selectively doped regions are doped to have a sheet
resi st ancwoi2niizosmage of approxi mately 10 Chns/ square t eCapseaxiosmbel y 40
Ohns/ square. I n sone enbodi nents, the honbgeneously doped region is doped
to have a sheet resistance of approxi mately 100 Chns/square or greater,
whil e the selectively doped regions are doped to have a sheet resistance of
approxi mately 25 Chns/square or |ess. In sone enbodi nents, the selectively
doped regions 330 are laterally spaced apart from one another a distance in
t he rangegaferapptidk pnaoehyrehamuitn papps 60, mad elhyetGvettage bolsen0, Tihe gasinput

contenpl ated t e acin imensions are within the scope of t
ey i A2 o E s BREHIT Ao mngig dae REr i 4 O P B S v
sol ar cel blabﬂﬁgk{é@ Wthirﬁth@&@&ﬁh?&ah%e? @lehtr aeloEaHﬁm'ﬂEEll @i&}g‘e@ s@c%%t%%tlogﬁ'h@' i nes
350 to have a w d from200 mcrons down to |l ess than 50 mcrons. Pl asnma

i mpl ant at high- \sﬂﬁsg@plﬂse:ralﬁo hreuseée@négmvezly®1a‘sohmtge0subamateddpuﬁkmnpltes of the
wor k _function and t band ga i neering for the contact deposition,

t hr odgh ¢ e ea b Brd pedide E%rﬁéeléedr@% S, SH4 SiPAnaT F1RdG AT (GHAdY: #1dght
dose 1 ol Aeki® M Rfcof iRl AL [ifa SRECHS SHOR A8 Tawelll asGlkEl Hind RgR T ONS
near the surface of the a netal/silicon contact 1s inproved

mar kedl y. nSatifie seleabeipujse daing applmbtbkhé tangt sudntradj4d81 ardrehthi epl et te p]amna

i nprove ngt act perfor rrgnce |G 4 illustrates gne enbodi ment o{ 3 asrra

i mrer si on the LAregisu Wff‘e‘fﬁ%@@nﬁ; ﬁngé%ﬂaﬁrf@@l COIRSTRE O HiRach 14 he

Serial nmson g ot 310 PR TSR e PP g 0t "

SPECQOFI C Ry ASMA dnbPkibNTE perSTEMcBEpRatISRo Wt deakifRardidxkcelFohBR0dAdHGIYS, whi ch
i s hereby mcorgorated by referglﬁ;:e inits (intlrety as | f fet forth herein.
The syst em 400 TRiAEPIaaEL08 sysen bias wHgwbeapabiliges tor galar ¢eliappligafiongpmarger o

I asmagen r e
Duronr Soat) Abfnd o, 0%, Yo BRA & AESUMPLMIRR o R DAL RS
v acuum puimsladafomirekvisagat Fer a typigal futirgiccplsabstimteddOl 56k t 36 mnt freud@edquare,

chanber 460 at a |ocation near a target substrate 440. The high-voltage
pul ser 48Witha toebarep 8t fegan wshy: syplad wieprelsragbt cosumsiset ateseupldsmMENIHA es of

238 U, R S S By B e i
used as Wwplabma psakacureatslup t0fl stAheThd gRtem is useful in meeting the pulse energy demands
of the solar field, which are variable and preferably less than 150 kV. These supplies will be
plug compatible and, depending on the species and mass used, will provide the required depth
of penetration.

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

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

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

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

30 tailoring required by solar cell PV fabrications. One method is to use a passivation pulse-

forming network mechanism. The profile can further be tailored by the use of plasma content
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negati ve vol tage pul se being applied to the target substrate 440, a sheath
bet ween the plasnma 460 and the target substrate 440 forns, and ions 470
fromthe whasmwod®® are accelerated into the target sub®CratseodAseomhi s

pl asma i rmersion inplantation technique renoves the need for any nass
analysis. It provides acceptabl e power density and excellent productivity.
This inplantation system has uni que capabilities for solar cel

applications. In order to neet the productivity demand of the solar cel

i ndustry, multiple-piece sinmultaneous inplantation is envisaged. For a

typi cal f edinstpicet &hsabbsinbatachiefedithnugb 6hempﬁqzisle1wd®f srqgamgwevdrtw @upbhnglorar ea

el gt of by Pl TPl T o8 U R o R B  1m

with genegﬁhh@ eomu&{sam@h&%htrsuhé sfyaﬁ uf I%fﬂfé c%ﬁstﬁuerﬂfb %vtﬁm&ﬁraﬂeét gseful in
meeting the pulse energy demands of the sSolar field, which are variable and

preferablmokhssmﬁnanumﬁﬁﬂkMkaMHmdthmppkmebmmn%kﬁmah@ﬂugesanmmebkemand
dependi ng_on the specjes an ed, will provide the re uire th of
penegr ati bf e"laﬁlpéeoﬁ%r b %BHEQEO%PE%T%%{S VﬁflP‘éS croRpnes (e &Fé 33

i npl ant at ponp +S t
AddltlonaFTyP H% giné&g%%gigagﬂ%gﬁ&?ﬁgl%%?ggﬁg?é%g%%foﬁcggg?ﬂéﬁgﬁéﬁgg?g4lo

is clad wmﬁhﬂappfmmdmanﬁhﬁHM@mﬁamudoaap@nmIhnmnn1ze the potential of
metallic and oth unwant e ggganlnatlon Prefer%gjy, conponent s such as

t he vacuum cha Ifect Hil bestibobRiaems gaplanideqinolpgy idfar plrepiFnes /At yHiossR -2
f f
aut omat i Oﬁtﬁ@goufr@ecéfQEé/d Sﬂhtn?fs PIERR B?H?e tl{r\{%"ggﬁjw'ﬂf‘b% irﬂ;lﬂg%% Eaf,ﬁuﬁﬁe&l@g,r

appl i cation specific system or i n- a“typica

cel lTOmanubatithigheg esyrgice rhelpimg preberde ed aﬁntg&denm’egﬂéfﬁect thaeissysfuermaper at es
with a productjvity of 1000+ wafers per, hour to match the automation of the
sol ar cel femaier doi nagrer Gualkly solppecligaierRlSpr of i 1 e can be nodified through

the pul se shap 9%1}1@{16%9% gﬁe?%ﬂﬁﬁfngttﬂ@ ﬁl@ﬂn%%% h{%ﬁﬂc{s %1% iPYanSRY (ff£t1nr%E!>1' PV

fabrications. e-a p Ssivati o ornlng ne
mechani snus & bentjpuoi tan danbd emplogsd tbéoﬁllatﬂe&é@dreld}prbiﬁlle au8 enaphggpihdgivadent
contentadjustnent whi.ch can be achi eved through the S£eC|aI use of

ni cr o- }Navéur&ce RANGSBLANGT glonye PEgilc ﬁl‘ﬁ‘lptf}gﬁlnéJ‘é?CUBP dopihe nthip cowdde distinglt angn
contiPol ¢ kil 38 T 60 ArtBu TR borbiy PRI G AR R Cork S

st0|ch|0nﬁmnk©ﬂkQ@bﬁk@f the dopant and the nolecular ratio of radicals
present in the plasma. For_exanple, for the use of solid phosphorous, its
various conpon EE@ avqragechstaiuted powqm,.denp.‘q.)q.qf this system lends itself to implantation of

very thin wafers (i.e., less than 20 microns) and ensures that thicker wafers remain at a
temperature of less than 100° C throughout the process. Such distributed power density

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

25 substrate temperature.

No subsequent diffusion is required. Lower temperature anneal as low as 500° C can
provide enough activation and damage anneal for fabrication of a PV cell. Plasma
implantation, due to its high productivity, can provide higher doses, and thus, if only a portion
of the dopant is activated, then the desired resistivity and performance can be achieved.

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

passivation in solar cell fabrication. For example, in some embodiments, Si;N, or SiO, is
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P2 +, P3 +, P5 +, etc.) can be used to ensure that near surface tailoring
is achieved. Such tailoring can also be used for other dopants, such as
p-type Bowonoiiosiseect side benefit of plasma inplant technstagpsdesot he
preval ence of hydrogen (e.g., if the source of the dopant is PH3 or B2H6)
The hydrogen will be inplanted sinultaneously and at hi gher energqgies,
hel ping to provide an auto-gettering effect that is uni que and demanded for
poorer quality solar cell materials. Variability of the energy during the
pul sing of the plasma, where it can be distinct or as a continuum can al so
be enpl oydeposed ardiortgnewn etelevaget! omptiahecsaordismgmagegendepetidecthodur§umbe
concentratign, atqmc profile shapi.ng and junction depths. This coul d be
G sttt - ivaroits e Bunie B St L pe B bl Ok & o B bauses. at
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r
power density of thi's systemlenhds itself to inmplantation of very thin

waf er s (i melgculaesmke-tarazbde adjostoh §r ispcbvemsuis @f padsamtivomhpopertiewaF emstioe wéi n
at a_tenmperature of l.ess.than 100 C throug out the process. Such .

di st Pi but Slﬁp%\}\%tifo Q7 PLLXGPISTNEOSFD PR PERMISHIM OXFRnb AP A L PaRIRPSIH ¥ g. |
resist) npLefigl s that may not have been considered before with diffusion,
whi ch enpl oys high tenperature, and directed inplant, which enploys high
aver age power ODesmicttitc adepged oithoplasine irdestsicdnPlangggni systbmahiscusdele
average distributed power density of the pr esené invention can be npdul at ed
by adj ust PRRYCt Pf%él&fugwoaﬁapva%#&ﬁe&?fl BrrgRAnsdeiak giplagigfpnypiemiaihg han
30000) an oW .( 1thf' al . t@, .t r 4 . .

di f fusi onﬁirls‘fl dr(ifea l}?s?%dé ov@%g%%np rgg{lﬁr%ea}ﬁnea gé@hﬁ’é%h%é&%%%%%ﬁgﬁdgr ovi de
enough acthewahtefirialgosh ed demge ofbewalinefiomldnsdrioncahiloalsoproaidivg thelprodullieisyra

inplantation, due to its high productivity, can provide higher doses, and
thus, if Shplpsma pemersion leghnplegydopant is activated, then the desired

resistivity angiger ALIRICP. 68N RANAFUIER, of heAAMRARRLAL TEN A offr | OUS

mat erial s or conpounds are used to provide sur vation 1 n-sol ar

cel | fabr iplhntaystemor00ex acq@réanct WithahEpemdisld aftht pres&itINendon. SERem 700
e aTenrists 2 en By 1Bt noves a first end plate 750. 2 second enphte 753 anda 9" O "
met hods. SRIEN grid p ’ grnd p ,

15 third grid plate 757. The grid plates can be formed from a variety of different materials,
including, but not limited to, graphite, silicon carbide, and tungsten. Each grid plate
comprises a plurality of apertures configured to allow ions to pass therethrough. A plasma
source provides a plasma to a plasma region of the chamber 710. In FIG. 7, this plasma
region is located above the first grid plate 750. In some embodiments, the chamber walls are

20 configured to repel ions in the plasma region using an electric field. For example, in some
embodiments, one or more magnets 790 are coupled to the wall of the chamber 710. The
electric field is used to push the plasma off the walls, thereby maintaining a gap between the
plasma and the chamber walls, and avoiding any sputtering off of the wall material into the
plasma. A target substrate is positioned on the opposite side of the grid plates. In FIG. 7, the

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

The main feature of this system 700 is the use of plasma ions that are accelerated

30 towards the target substrate by application of a DC or pulsed potential to the first grid plate

750. These ions are implanted into the substrate. The deleterious effect of secondary
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met hods are limted to prevalent chem stry and nol ecul ar nake up cannot be
changed. However, through the use of the plasma inplant technol ogy of the
present iwoenti/osgs82t he nol ecul ar nmake-up can be adj ust egcrars2empswyenent s
of passivation properties. Formation of SiNx or introduction of excess
nitrogen can provide inprovenent of passivation properties of this film
Despite the advantages of the plasma i mmersion i nplantation system

di scussed above, the present invention provides an even nore beneficial

i npl antation systemin the formof a plasma grid inplantation system The
pl asma gr tldctironsireswltartg mnﬁlg@imamgmwm deisns e theesnbstiaté @ld phevenatdeaisist y of

beam I di d
or s ot TR Do o epan it aeler s, Reh ot brelt bt B BPBY one
enbodi menf, @ i RLiaPHRe 950, AThTRESRY BWHARTIQRd g ﬁd%@e&@'?ﬂ?&&r%ré%éshhé he

principles of the present invention. System 700 conprises a chanber 710
t hat houselsctaorfsithgtcogeiodif @fith¢ subdbite. dn smn@ﬁdbcghmdntpj tat érsT §6id piatel 730 tshi rd

d _plate. 757. | at b d,f t f diff
Tt o ar s b i e E?Fg’fl BTG T30 AP ek V-sHP MR, & D asisanm s
tungst en. th%f"&ﬂﬂel%lhgngkéﬁ F Gug éﬁ@% dpl"queedu'r& ?‘1&) lafP TAEER aod%Qlfn' & to

all ow ions to pass theret asnma sour rovides a plasma to
pl asma r egtidandfs préferabbegrbmed? 10is pbsitibhdd. in Cpontatti wgithpbiagma closgioathe s fdcooét ed

above the fir ate 75 n_sone enb t he chanmber _walls are
confi gur ealetsag%t@g?em qr@«ﬁéo PWV&%@ éﬁlaééiﬁianm@giogﬂwlmp t. Fhisgrigplaied Sfican act For
exanpl e, snaﬁ @ffﬁlf? {nqﬁ% proiide Ye fc Hl%%reg&?eda'ifed {?Pédﬁ 9‘11 Jigntibe

wal | of t e Blrectric s use asma of f
t he 1aal | sreqiuheat e”ﬁlye thid rpfriali piate G 5a cgeale damtt“ \geed it h@:oniaasmnhmlmh s*.hlaéow Immber
wal I s, and i di ng.any sputterlng of f of material into

pl asma. Aemgiafg‘gten%%%lﬁr aferite yalsr maﬁﬁ@ab%m@weof&ﬁﬁo%lﬁ {poglege aé%ueffﬁéeaglh d

| at | I d
Dl at e 77 etk sfpert FgbBhARL SABSE IR, rhe HARARELIER A3 chl o [dctl OF
subst r at esupplqpiafier wivh ynys foppat et hiapding telj disss abt eqsiubds hraslt, eudstohdm: pulsed

thereby allow ng the target substrate to be adjusted between a honbgeneous
i npl ant  pB&AN phswingsabosieny o El@ciG-ve i npl ant position 740b. The main

eanue Of 118 SO 3 4 EutRu Bk e 8 DBl gricee| ghes
the first elgbbdﬁnﬁhatl& first grid plate 750 is separated from the second grid plate 755 by a distance
of approximately 12 mm, and the second grid plate 755 is separated from the third grid plate
by a distance of approximately 3 mm. However, other measurements can be employed.
In general, several grid arrangements, such as triode, tetrode and others, can be
20 envisaged, where the grid arrangements are used to optically control the ion beam-lets. For
the case of homogenous implantation, the defining mask can be removed to provide
homogenous coverage of the wafer. The position of the wafer for selective implantation, with
shadow mask, and for homogenous implantation can be altered to benefit from the multiple
grids beam definition. For example, for the selective implantation, the wafer 740b is moved
25 close to the multiple grid plate assembly (750, 755, 757), whereas, for the homogenous
implantation, the wafer 740a is moved far enough from the grid plate assembly (750, 755,
757) to provide a uniform beam, which is formed as a result of space charge expansion of the
beam-lets 776. This grid plate assembly can be used to further focus the beam-lets 776 into
known shapes onto the substrate, such as by adjusting the position of the plates with respect
30 to one another, thereby eliminating the need for any shadow masking or any other substrate

masks. This grid plate assembly arrangement enables the use of DC or pulsed bias for the
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750. These ions are inplanted into the substrate. The del eterious effect of
secondaryel ectrons resulting fromthe inpingenent of ions on the substrate
and ot herwombardoadss i s avoi ded through the use of the secon$2guoiosvepd at e
755, which is negatively-biased with respect to the first grid plate 750.
Thi s negativel y-bi ased second grid plate 755 suppresses the el ectrons that
cone off of the substrate. In sone enbodi nents, the first grid plate 750 is
bi ased to 80 kV and the second grid plate 755 is biased to -2 kV. However,
it is contenplated that other biasing voltages can be enployed. The third
grid pl at eccebratmotd ies 2ad baamides thabag sgnehmi@ﬁiledtmnpﬂat basdbimpegpdqiareth, | t
is positioned in c ntact with .or very close t8 the s t he substrate
in order PBMBIHAEENRIGsY R eERE HISGERRY SFREREd ST ch ?419%#%6 tplate 757

can act agmalm@@eﬂﬂﬁé AnAcRmpRdePheKb e LBELGlabddical al i gnment

required, if a selective inplrant i s required he third grid plate 757 can
be confi gured Atddmmudmzbncdecmphhg theep ] sshadiovwn aeskiremitiodionantelaftida, e 2A or

t he fer mask enbadi n G 2B in . order to hi eve beandefj nin
sel ect i vePIHgIt ARt %@rmdaﬂwdﬁg}t mqfheésttﬁ.bﬁdw@(f f @P@atwfjéhﬁplﬁ%n

repl aced d i t
reqw re a%npa‘%t(ﬂ%)g&@ﬁageg tT ﬁ%%lgg? C% apl ng&g?n%c?g?re%ﬁ? E%%%llg:ﬁéw 2C. It

i s cont enptamigd thhettracted igm behnp bzat l&sfocasedbe a ppaicekir dpamsionnf selvaivieemittaf
ways. In onei enbodi ment, the first grid plate 750 is separated fromthe
second gr fRPlisplagns- 755 by a di stance of approximately 12 nm and the second

grid plate 755pf 5 %nas?ﬁfg{ @Eﬁgaﬁtrs?ﬂkﬁl%ot fhk'c ﬂaxﬂBér%@'@&Enf@Mr&l tQ'aﬁ&x%l‘feepIQJma

approxi mately 3 measur enents can
gendlal , sefvemnahd gkpahdarAsgingactshy discisnal) tesfirkt gmﬁlﬁatet%t)rmdel Iamdw@tphmnsal can
be envisag where the grid arrangenents are used to optically c ntrol t he

i on beam Méfigespegrto grnda 8y shAPiRg HigRirerdsIdwinianelseTass) al%%l@a%m AghAREsk
can be re t‘ﬁ%%éq]@scﬁ 0 BFmp Qp&%%%oﬁ?sv@{?ﬁ&%aagnst 0 e%ﬁic‘?er dan;ih)‘:ptlﬁﬁ tion of

t he waf er |ve i rrp antation oW nmas genous
i npl ant at sleiped¢.an be altered to benefit fromthe nmultiple grids beam
definition. For exanple, for the selective i mt%l antation, the wafer 740b is

moved cl ose t oS REVARHSH Hpistpds thesreand 2aidgdas|/yd.(wiyeh 157@53“"7’@7'3lase\%er eas,

for the h 0 Wq m

t he t5r| dp ?%Q%ggeeh%yﬁ?%@&!g éy%cgfon“%?@sﬁ%s%ég\% %glemy&g?é?fatebea w{%llegh IS
for rred asitds c@ffigutedals aspadey ohslk gea wARanBkOtanbe phecbaamdretivsd goxinity ®
grid plate assenbly can be used to further_focus the beamlets 776 into

known s haﬁ@ssemﬂdcgrtdnéa@ UBS e wileze thep¥tens definiter bisthe gidiantenydyias seevpivithhe
plates w [h@ ﬂo@ﬁf%ﬁ%tf substrate 740b. At this position, the ions extracted are in the shape of beam-

lets that are well defined and implanted in selective regions in the substrate 740b. The

20 substrate can also be positioned further away from the first and second grid plates 750 and
755 to achieve a homogenous and uniform implant either with or without the use of a shadow
mask, such as with substrate 740a. As seen with the positioning of substrate 740a, the beam-
lets 776 have merged due to space charge expansion. Alternatively, one position could be
used for both homogeneous and selective implantation, where the selective implant is

25 performed in the presence of a shadow mask or a wafer mask in order to provide the
selectivity required.

A beam of ions exiting past an aperture is divergent by its nature, which is because the
typical equilibrium of plasma is convex. The ions repel each other because of their like
electric charge and they have randomly orientated velocities due to thermal motion within the

30 plasma. Therefore, careful design of the grid plate apertures and the plasma condition is

necessary to control both the emittance of ions and system acceptance to the ion beam. The
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to one another, thereby elimnating the need for any shadow maski ng or any
ot her substrate masks. This grid plate assenbly arrangenent enables the use
of DC or wolsadokisas for theaccel eration of ions and m RCEUSes 0bssIback
stream ng el ectrons that has hanpered plasma i mmersi on technol ogy by
limting the energy range and nmaking the pul ser/PSU cost prohibitive. This
dramatically sinplifies the power supply needed. Additionally, by
decoupling the plasma formation fromthe ion acceleration, the present
invention allows for independent methods to be used for the formation of

t he pl asnemdboveistamecaynicchiphalbam quatiey. gFypdcablly aigh quaity peawsd bycdowe degr ee

of beam definition. For exanple, the.extracted ion .beam.can b ocused to a
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i mplant systemMpyQQstehPeGRBFRAE-sHAQ Bon8RDLHREARL Beh HAWVEIRE (Rk BSiRIakP
form and expand. previously discussed, "the first grid plate 750 is at a

posi tive polargobdhcasptance.espect to ground. By shaping this biased grid
plate (electro and nagj.ng the.shape of the neni scus 78Q fqr.ned above
bachdof its opiﬁ% Aol phd JéY%g%eﬁﬂ%@Péwt%@fﬂmressm VEHigHdE AchigVe
previousl y..4dhs he loireh e i r €t % NIEGR bYBlaY

bi ased, s %preggtg@% hgajltl)lgttl: s??lg?%’ioﬁg egllng%tgons?scﬁr?ié%b%é‘a@gﬁgldt eas

third gri decpleat the Tibst glidipddtd electrédel 20c Guth shaped cas ba cehtacltnd hyaslusang thewaf er

mask) can be placed at a very close proximty to the second grid p|ate 755
to utilizEofags dfhereraerbetrtentipeYFlpsrodas th %@P%ﬁé&%@gﬁpl%ﬂéﬁﬁ%ﬂ#qwe%e

position . i kb i i tn the
Chape of Bean ereb P, A dndh R e b B P e d el one
i n tlbe substhe plemA40b theTibe spadixstandicerre@bemgatrbec oBorttho n@tataiddrheshapeay

fromthe first and second ﬁ]ri d pl at,&s) 750 and 755 to achi eve a honpgenous

and uni f oPIfMISAE A% il herhawecAnberidplatold hande e aes saiwahask, such
as with Sl#;@&{t]% fhe %ﬁ&g;eri égaé 750, Atk eﬁlQﬁnan%i'd%hﬁgi 1 (Phe %Ffﬁl% ﬁ{e.ep%ﬁ%gafa’ the

beam et s ave nmer ue to space charge expansi on. ernatively, one
posi tion beuwlddrbeAlisagh oG, Detdwsharmgean&BliBavdngtheshgst of\welanipltdant at i on,
where the sel ective inplant isg\%erformed in the presence of a shadow nmask

or a waf ePorHerRIaied thit deg meRis@so\B) dan prenagegeddr fhr fpym obgiier dgpesispidn of
o050 e MRS SO DS 0ob ol ecavee
because ofnehRens780idae be used to shape the resulting ion implantation beam. Whereas a dome-
shaped meniscus, such as meniscus 780 shown in FIG. 7, will typically result in a narrowed
beam, an inverted dome-shaped meniscus will typically result in an expanding beam.
FIG. 8 illustrates a cross-sectional 3-dimensional perspective view of another
20 embodiment of a plasma grid implant system 800, similar to system 700, in accordance with
the principles of the present invention. System 800 comprises a chamber 810 that houses a
first grid plate 850, a second grid plate 855, and a third grid plate 857. The grid plates can be
formed from a variety of different materials, including, but not limited to, silicon, graphite,
silicon carbide, and tungsten. Each grid plate comprises a plurality of apertures configured to
25 allow ions to pass therethrough. A plasma source provides a plasma to a plasma region of the
chamber 810. In FIG. 8, this plasma region is located above the first grid plate 850. In some
embodiments, a plasma gas is fed into the plasma region through a gas inlet 820. In some
embodiments, a vacuum is applied to the interior of the chamber 810 through a vacuum port
830. In some embodiments, an insulator 895 is disposed around the exterior wall of the

30 chamber 810. In some embodiments, the chamber walls are configured to repel ions in the

plasma region using an electric field, as discussed above.
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el ectric charge and they have randomy orientated velocities due to thernmal
notion within the plasma. Therefore, careful design of the grid plate

apert ur eswendittdossspl asma condition is necessary to cont Polr/usedio/ os4se0

em ttance of ions and system acceptance to the ion beam Theemttance is a
measure of the beam quality. Typically, high quality beans have | ow

em ttance, which neans mninmal |oss of ions during transm ssion. This has
to be bal anced agai nst the system specific phase-space boundary such that
the beamfits within this boundary or has good acceptance. The control of
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conpri sesa& thbasdvad g8131Q>1:ité1855 bduses t@a- ZkV.sHog/ew:f pllfatttﬁttdiﬁ{ﬂateétmmhﬁd grid
plate 855, and a third grld Iate 857. The g{ﬁid _gl ates can be formed froma
variety obiagingvelages cambesmalozed. i Fha third ggid pie SHbects 1 bemn dfining gridenl
graphite, e, I

o1 aral ¢y St ishan, EBLNAS B URRSh Ealrafih 8 iy DAL R GOTRHCESTAR
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FIG 8, this plasma region is | ocated above the first grid pl ate 850. In

some enbobfareAeENng Meslaanchpiguideitie grieal dteameneregredyl & S@&icaﬁe thplaligh a gas
inl et 820reqluﬂe(§.oﬁe third grid plate 857 can be configured in accordance with the shadow mask

embodiment of FIG. 2A or the wafer mask embodiment of FIG. 2B in order to achieve beam-

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

It is contemplated that the apertures in the grid plates can be configured in a variety of

different ways. FIGS. 9A-9B illustrate cross-sectional side views of different grid plate

25 apertures through which the ion beams pass. In FIG. 9A, grid plate 950a comprises an
aperture 965a that has a uniform width. When the grid plate 950a is positively-biased, an
electric field is formed around it. This electric field is illustrated by electric field lines 951a
and 953a, which follow the contour of the grid plate 950a. As an ion beam passes through the
aperture 965a, field lines 951a and 953a define the path along which the ions travel. As a

30 result, the electric field chokes the ions as they pass through the aperture 965a, thereby
narrowing the width of the resulting ion beam. In FIG. 9B, grid plate 950b comprises an
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enbodi nents, a vacuumis applied to the interior of the chanber 810 through
a vacuum port 830. In sone enbodi nents, an insulator 895 is disposed around
t he ext erworzowzlosssef the chanmber 810. In sone enbodi neng/ush@oobmaber

wal |s are configured to repel ions in the plasna region using an el ectric
field, as discussed above.A target wafer 840 is positioned on the opposite
side of the grid plates fromthe plasma region. In FIG 8, the target wafer
840 is located below the third grid plate 857. As previously discussed, in
sone enbodi nents, the target wafer 840 is supported by an adjustable
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In FIG 9A, grid plate 950a conprises an aperture 965a that has a uniform
wi dt h. w]eht@csnfén ee renfiguseddtogmmgee thepeys beany &9 16 igjaqeigty ofvays. For example, in

some embodiments, the bottom surface 1052 of the first grid plate 105 can be angled inward
in a female configuration and the top surface 1054 of the second grid plate 1055 can be

20 angled outward in a male configuration so that the entrance to the aperture in the second grid
plate 1055 can be brought closer to the exit of the aperture in the first grid plate 1050.

FIGS. 11A-11B illustrate plan views of different grid plate apertures in accordance

with the principles of the present invention. FIG. 11A shows grid plate 1050a having a
plurality of apertures 1165a formed therethrough. These apertures 1165a are substantially

25 circular. FIG. 11B shows grid plate 1050b having a plurality of apertures 1165b formed
therethrough. These apertures 1165b are substantially elongated and rectangular slots. In
some embodiments, the elongated slots 1165b have dimensions of a few 100's of microns
wide by 10’s of centimeters long at a spacing of 1-2 mm in order to maximize the utilization
of the plasma beam-lets and create the image of the final beam-defining grid. However,

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

get a uniform beam to provide the coverage needed. It is contemplated that the apertures can
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electric field is forned around it. This electric field is illustrated by
electric field lines 951a and 953a, which follow the contour of the grid

pl at e 95080 2861/@m5820N beam passes through the aperture ®6%aiS2610@B%9 i nes 95
la and 953a define the path along which the ions travel. As a result, the
electric field chokes the ions as they pass through the aperture 965a,
thereby narrow ng the wdth of the resulting ion beam In FIG 9B, grid

pl ate 950b conprises anaperture 965b that has a width that expands fromtop
to bottom Simlar to grid plate 950a in FIG 9A, when the grid plate 950b
i s positibelonisil aseiticr shaped twsitdes cirdulaladd irecténgulmed The shapd and the Thmsnsedrsetr i ¢

fieldis jllustrated by .electrjc field |jnes 1b and 953b, whi foll ow
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ions travel. Since t h of the opening 965b expands as from the poi nt
wher e t heemdtmacemidypathehasgparticatsed@Bibh¢ shaphef pohrpemhgy sndithe matmslsexi t t he

aperture 965b, this erture _configuratio rovides a resulting ion heam
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first and second grid plates 1050 and 155, which are positively and . .

negat i vel JOBiIHs shapey @'@p@é‘ilf’ BegplivgRolsp if“@lﬂsatﬁhf‘dmela%%%fﬁplaﬁ diisPoEbiiingo
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gri dopl at mighewoi fondgtitdl Rbfcatn d/hilbetill bing wgficidnetosiebibitdlogr oftklglt@nhe irethect r ode
1055 before inplanting a target substrate di sposed below the grid plate

assenbl y. TFRECUEECHMd bot t om surfaces of the grid plates can be configured

to manage the i : 70 i |85

oo mant . hC BRI b0 YBEL B ofl e PWies SRR IRISE gk BLSATE
angl ed i npawel dupplg unétRddreene@ivingthe &iidpiatesd o dr iecst applRutidacen ddd5kraingt he
second grid plate 1055 can be angled outward in a male configuration so
that the BoeRGmOEIesythaRd S8k is grasagsds with adegtiyclyrizsepret @l49es can be
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grid plate 1050a having a plurality of apertures 1165a forned therethrough.
These apeP¢tices theseaudgrid Rets apd rcithird grig plagqis grcfemaple in theprdercila fgwi d pl at e

1050b hav hﬂ@in?e@elrw@ériahy ca?éulﬁﬂ)%'é LY 8i§taglg‘e%§g Vgafu%gan be used for the applied voltage.

The second grid plate electrode can also be connected to a pulse forming network to

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

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

30 combined with a general wafer handling platform. Such a platform can support other

processes in the fabrication lines, such as vacuum deposition, etching and metallization. FIG.
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t her et hrough. These apertures 1165b are substantially el ongated and
rectangul ar slots. In sone enbodi nents, the elongated slots 1165b have

di mensi onsoab1izpofs 100' s of mcrons wide by 10's of cerCrmst@osmsdeong at a
spacing of 1-2 mmin order to maximze the utilization of the plasma
beam | ets and create the image of the final beamdefining grid. However,

| ar ger spaci ng coul d be envi saged, whereby the space charge beam expansi on
is enployed to get a uniformbeamto provide the coverage needed. It is
contenpl ated that the apertures canbe forned in other shapes besides
circul ar dhdlusgeteanglinaicw Thencsénalpelimad of hdoadi-lmeksi iorpEansdtiontigstopel20figs i n
t he grid | at es de d on the s e and.di nension of the.series of ..
boam | et s QHTPERTRONC HHS TS i G Poon B AATD | BraasbNAREHH Galoaded into a
cal cul ati %b%luamlaﬁfgelsm%r AhLRNSobSUGH RS Bk fch aﬁcv@af@m HBRESeve I GR-
effects, define the shapé of such openings and the materials utilized for
t he fabrlkakubdwnih&numbnvmgunmIkmexmnmsuhgmmﬂxpmmb@nmme¢amdomnn%ngal
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Wi th a negatively blased grid te of approximately -5 kV. The grld | at e
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t he spacing tween con ate a d pfate I's
pr ef er abl ymbadlhfeﬁtspthdavafaflwoﬁsamOmd m aRbAVeyor ket I:aJOn Hxa»lzeszuf atikons and
di stances in vacuum can be used for the applied voltﬁg The second grid

pl ate el eeHenRlatedihajodhsr andenerssan b%erapﬁ@u%elnf%ﬁ Agheeedsd g8 Q@OVGS
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ion speC| es a ion & junc

profile. idaehipkamp®l34md dath kthge gipdyiben s@@rrgeabmube Smageslesdohppﬁ@dl dnsdling
the simlar pulse-formng network in nodulation with that of the second
grid pl at ¥2@uECY | 61 Tosulnast 2 pesope Ph-2 anitliharsex Stage d a4 triice a daresrivasuas

ment | OnEdV|2rfhﬁpsc3X§ 1310 (e.g., resulting in a pressure of 0.01 millibars). Stage 1330 applies an
even larger vacuum V3 than stage 1320 (e.g., resulting in a pressure of 10 millibars).

20 Finally, Stage 1340 applies the largest vacuum V4. At stage 1340, the plasma grid
implantation system discussed above is used, employing the multiple grid plate assembly
(e.g., grid plates 1342 and 1344). Once the implantation stage is completed, the wafer 1380
moves through stage 1350, then stage 1360, and finally stage 1370, each stage applying a
smaller vacuum than the last stage.

25 The vacuum chamber, multiple pass load lock or multi-staged differentially-pumped
pass-through, gas delivery system and automation and factory interfaces can also be
configured in-line with an application specific implantation system or configure in-line with a
typical high volume solar cell manufacturing system. Preferably, the productivity of the
system is 1000+ wafers per hour to match the automation of the solar cell fabrication lines.

30 For homogenous implantation for emitter and back surface field (BSF) doping,

independent control of surface concentration, profile shape and junction depth can play a
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The system of the present invention provides a sinplified arrangenent that

l ends itself well into formation of inplant chanbers, as opposed to single
beam (i nowodbnnigposdsdened beans) and scanni ng nechani sns Phatush@v@3waee i on

i npl antation systens into conplex multi-nodule systens. Such sinple ion
beam generation (via plasm) and ion acceleration (via grid plate assenbly)
can be constructed into a single chanber assenbly that can be conmbined with
a general wafer handling platform Such a platformcan support other
processes in the fabrication lines, such as vacuum deposition, etching and
met al | i zasigoiicaiflr@elif nideling thedtgbs canvpisam proganticsf ofarrelae wblb diuck mnplaft a

| oad- | ocked |l antation system 1200 in accordance with the principles of
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1210, whepR,RAbERRRIUSHI MERSEs. TTRASHGErs hidGowR Els ét%sﬂﬂ@f Wi a&f‘v&ﬂ%ﬂ @kcess near

| oadl ocked chanbers under vacuum For exanple, the wafer can be noved into

one of sem&ﬁabdppmﬁammamMmebyshﬁmsmiEZﬁedEubhnamadv@neﬁmﬂmﬁmwTHéoﬁEfer can
al so _be nopved into n|tr zati on chanber ti anneal
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speci fic l'oad-1ocking mech a Ismse. FIG 13 1llustrates a cross-sectional

vi ew of ométhersonel efentsmafchassumd. tlihe soatgd foi fufch B ingll dnyatipurmpddcldonpbarde &ty on
systen113%$ in acco nce mnt the principles of the present invention. In
the syste ‘mpﬁgeﬁgy%%gﬁﬁﬁﬂ%Qo'@@Ecpgmﬁbved through multiple stages before

and after reacp)ngetifen{oh! d’ﬂh@f ﬁhg%%ﬁegfbeﬂsc%e?@% fl S‘P&h‘aﬁ Mok pdifd déﬁﬂflg r

1380 is noved via a conveyor contenplated t

ot hdo tr alksthof aeerss] MWadhrheSe. m‘.)ﬂ)mﬁemiﬂylhsedFln(genéﬁl thehacmbﬁdopilﬂﬁﬁh thixvegiofi r om
right to left ing through stage 1310, then stage 1320, and then stage
1330, bef 5?@%%@@%%@%@@ tI%Z%EO“\Rf pyrhecharge SeEisEs. abHE ek '8 tyticghgetower

S I
or 0T m PRIG, R ARELL R SASHES LARH YO BES, ThospHeb QL drpdlc ofluoR 53" ©
(e.g., resthetdimgat mop pyessapastsobudh itiblanitd dré barisd outat dme bBREs tappl E B&nah

even Iarger vacuum V3 than stage 1320 (e.g., resultln? in a pressure of 10
4 nillibar8y requiramppty fordheyaiforguy qiﬁawrége for golprgdlepplicaiions ﬁxe\mﬂm&edé@ Bge

13495 ¢ heyplasiR ol THRLaRkal LfuPHSham:tho URSFHABRIR AL 16 snvisaged

enploylng he nu tip |'at e asse gr
1344) . CndﬁiEhﬁwmﬁwkanwaﬂﬂﬁﬁn@#ﬁg&mﬂy1ﬁ@H@kﬁIﬁﬂaskhﬂmWﬁﬁ&ﬁmﬁ&ﬂﬁoﬁﬂﬁﬁﬁnge
t hrough stage 1350, then stage 1360, and finally stage 1370, each stage
appl yi ng @afersystem, 'which is a significant capability for implantdtion, whereby tailoring the placement
and activation of the dopant for the selective emitter regions can avoid the formation of the
traditional dead layer issues. Asimplantation is a single sided process, there will be no necessity
20 for the edge etch or cutting of the solar cells.

This capability is achieved by positioning the target substrate underneath the grid
assembly electrodes only at a distance far enough where the beam—lets have converged due to
space charge expansion to a uniform beam. This positioning can be achieved through the use of
an elevator that moves the target substrate to and away from the grid assembly. The plasma

25 intensity variation and variation of the potential on the second grid plate and, at times, on the first
grid plate also provide the uniformity of less than 5% (one sigma) in the beam.

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

30 interdigitated alternate doping (n/p/n/p...etc) regions for all back contact solar cells. For this
application, the target substrate plus the mask could be held very close to the grid assembly,
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smal | er vacuum than the | ast stage. The vacuum chanber, nultiple pass |oad
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a typical high volune solar cell manufacturing system Preferably, the
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i npl antation, whereby tailoring the placenent and activation of the dopant
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the grid assenbly el ectrodes only at _a distance far_enough where the

beam | et s s%{;@tewh%m@g@t%‘glt}@ the'plurality of dopant species. For example, using a plasma gas

such as phosphine, can provide different types of implants with only one implantation step
becauseof the different charges and different masses of the resulting dopant species (P*, P, P,

20 P,", P,%, P., etc.) that are formed from the phosphine being broken up. The amount of each
dopant species (i.e., its percentage relative to the total ion beam) can be adjusted by adjusting the
conditions of the plasma, such as the power used. In this respect, a user can manage the break-up
of the dopant and can tailor it as desired (e.g., 80% P*, 10% P, 5% P™", 3% P,’, etc.). Each
species is implanted into the wafer at a different depth because their energies are different. This

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

The use of the grid plates of the present invention with limited openings between the
chamber region that contains the plasma and the chamber region that contains the substrate
ensures effective differentially-pumped regions. In the plasma region, vacuum has to be

30 controlled in order to allow for the formation of the plasma and minimize any other unwanted

species presence. However, a differentially-pumped substrate chamber is also critical because
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space charge expansion to a uniformbeam This positioning can be achieved
t hrough the use of an el evator that noves the target substrate to and away
from t he woi2diizessebl y. The plasnma intensity vari ati on aoa/vsastioasicom of the
potential on the second grid plate and, at tinmes, on the first grid plate
al so provide the uniformty of less than 5% (one sigma) in the beam As
ment i oned above, another application of the present invention is to use
sonme form of masking to generate selectively inplanted regions. Such
regions can be n or p-type depending on whether it is for a selective
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i npllant s agsemblyk -Tha nalt obthe ddprusictinimglshadosv magk is fpenewe folityde thepesitionimgte.
The contrqgl of the dopant atomc profile can al so be pmade through the
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vol tage bias, will have varying energi es. For exanple, a si ngl e type of
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dopant nat eri aPuehpoHerm glapinedol SbsiryE sefebcgeiizcd e rormyhethe hpmoganoys grén
up iiRto a | .1 . i . i )
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one inplantation step because of the different charges and different nasses
of the re8tAPEioA @hf‘d@fﬁgh angl{Be jupstiorpdepth, hipugh D(ppoltage exposure time, and substrate

motion underneath the beam and plasma components adjustments. Further more, by the use of
the dopant stoichiometric ratio and ratio of molecular radicals present in the plasma, the dopant
20 profile can be further enhanced. This method does not preclude the utilization of the pulsing of
the substrate and possible substrate back surface antenna or substrate movement to provide the
lateral positioning advantages required for selective implantations.
The system of the present invention can be configured independently of the substrate
size. Furthermore, as long as uniformity of plasmais conserved, multiple pieces of substrate can
25 be implanted simultaneously, thereby allowing productivity well in excess of 1000+ wph.
Additionally, the present invention can provide a non-line-of-sight implantation method,
and thus, is able to dope areas that are constricted, such as the textured surfaces of multi-grade
metallurgical silicon that may have hillocks and re-entrant features on the surface. Doping such
areas is critical, as absence of doping may cause metal shunting. Pulsing of the target substrate

30 can be employed to direct the ions these constricted areas.
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+, P5 +, etc.) that are forned fromthe phosphi ne bei ng broken up. The
anount of each dopant species (i.e., its percentage relative to the total

i on beamwoaniin®sdj ust ed by adj usting the conditions ofcrhis2@lbasswa) such
as the power used. In this respect, a user can nanage the break-up of the
dopant and can tailor it as desired (e.g., 80% P+, 10% P++, 5% P+++, 3% P2
+, etc.). Each species is inplanted into the wafer at a different depth
because their energies are different. This feature can be used for
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any ot her saleonvantiegdlagpéeon.e$loweyse nueh inkdaventeons can di fifi enyeotdeal Fyr-ptypmedfour
substrate chanher is also critical becausethe vacyumc sonewhat
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| 0ad- | 0k, Agerlii SbnBfis@aSchates wathlchifRaARERLY 0115 n REQHE E1CR2 R 8 Rdih Olhis
agai nst free radicals and other potential airborne hydrocarbons that can
af fect t hellows facglaoha tthé gsidbeterdve ragiver sebysurcl heiférarityadf anplofitatibxe on the
beam | ets and their subsequent expansion, as a result of ural space
charge be Sg%ﬁa%é‘%ﬂ SYSSR CBRbg 10 SENHBCL GV iR Mubi-siage ggﬁqr%@ilwuwaﬂ on
i npl ant at g0 o | ShehfTR! ABLiBhdPB: BY Kbl REUSABE trah Horikie
sel ective @ﬂﬁﬁgﬁggg?ggﬂggrgef i bgﬁéi gmgﬁgmgkgﬁ%ﬁgiﬁéugéﬁﬁy%h%glgﬁgﬁo&?
maskOcan bea pasictoranetheveinspott awehdnisn Fremtahiatrdogphérdc plietba vacuinnside, sihdn/isar

position as for .the honogenous inplant. The m ni mum di stance for the
subst r at eVESHVgUshiL ﬂﬁﬁs&ﬁéwﬁpiﬁ“¢§1ﬁébﬁ¢#ﬁﬁg@IB?@WHéO9OItage hol di ng and

appl i ed potenti i . e .Ni .
aPodow mask 1 s 1o PP AIRER0 jo Bkl bl A cDRE Bl ity
regi on. Thi st kasl0.£am/ba’ us €d kool highratiagg biakewhich gn detritedofrorh e ikkvihg
the substrate, and thus, ensures a higher degree of overl ap between

sel ecti ve®§4#PBnt ed regi ons and the subsequent netal grid lines that are
screen or jet ink printed on the solar cell. Such conformal doping of
substrate can be utiIizedlﬂo-Eﬁgﬁh-bo&gﬁﬁhﬂbgenous and selective emtter
regi ons through use bf = 'QU&isebective dopi ng techni ques.
At the sane tine, thepdopant ptﬁﬁqhércan be tailored to provide independent
sur flace concentration

where, assuming a typical plasma system:

D = dose [cm-2]

f = pulse frequency [s]

at = pulse duration [ps]
20 I, = peak current [A]

T = implantation time [s]

Z = charge state

o
Il

electron charge [A-s]

ySE = secondary electron emission coeff.
25 A = surface area [cm™]

a = stoichiometric ratio of dopant

b = molecular ratio of radical in plasma
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shape of the profile and the junction depth, through DC voltage, exposure
time, and substrate notion underneath the beam and pl asma conponents

adj ust mrernwe.20Hu0s3%er nore, by the use of the dopant stoiPcChiusp®NB®I¢ ati o
and ratio of nolecular radicals present in the plasm, the dopant profile
can be further enhanced. This nethod does not preclude the utilization of
the pul sing of the substrate and possi bl e substrate back surface antenna or
substrate novenent to provide the |ateral positioning advantages required
for selective inplantations. The system of the present invention can be
conf i gur e@np peeppelngentifiop agas bABHs ubkise af Bl16¢m8é, a Foichioaretrir @fio aé dommtofis

uni formt f plasma is canserved, . nul tipl i eces of substrate can be

i mpl ant edg*ggnadfdtaaﬁr}@ﬁﬁ%l? rafip 1of radcal H{%’%Wleﬁﬁfe%?oducti vity well in excess of
1000+ wph. Addirht eedoh ¥f th%??es@ﬁﬁﬁ@éﬁttioh RYEHE b QA EARURHRVIRECR 5o as to avoid
non-1|ine-of -sight 1 nplantation nmethod, and thus, is able to dope areas that
ar e const anyctresk, coptankingsont dfelopants. uA dditisnal fya e nof ennhddimengs, dbieintehalwallsgi cal

silicon th ave hill ocks and re-entrant features on the surface.
Dopi nig sueﬁﬁﬁg_géggqrés el 0 APProgEiag SRRl SB S B 4rl)e RAfRE sflic
shunting. .BULRIMAGoRfanl Behet Bh 9G] S LRRIMRLEE Rd Q@se%@‘@fe%ﬁﬁ?,hstgﬁdahg gkd the

ions these constricted areas. The I nplantation systemo pr esent

i nvent i onrgptazemdets Hunthueore,ays giodviioutsiyedisdueseds @kanfinded ficldppich aaibi olestricl n

order to et the productivity demand of the solar. cell  industry,

mul ti pl epgeéléecaéﬂﬁﬂd@aﬂ@o%g %%‘géﬁsﬁgr VAR BT @ HEERC BUCras s pe e

frol ! oved Biisia BRRHEGThsART ¥ Sliink HPAANNATh QBne BABENRIonisS HEon beam can

i npl antations can be in any order. For a typical four piece substrate of
156X056 nte geswdand guaiqe fisid dandbetapphtd ar Bao ohlyhldsy i pasughofahsysiizad
preferably conprises a chanber with a dinension of 0.4 min height by 1.2 m
in wi dt h. SPesics tathedige ypstilasma and grid overfl ow regions to ensure
uniformty of i ¢ e . in
conj unct i on_wi {TE B bt 8208 IR RThdRL RilorEll o SHSL AT AR R R G

ar r angeneplasmasoe@\adpisghant divisickisaebt achiveee Ihrolidgheths yisial ateolbaitrdeave or
transported on a conveyor or other transport nechanismfrom an atnospheric
side to aRVgeuplingsvik plagna sopsty madibathe piser iaengity; addempaiaiugh andthyyst em
and jrzeduc h i . S ] At g i !
xpddr ed oS B EALLTLr B8 Tbne MU b B WL BEE TR ad AR aiBety
90 kV of kibghiontditiageiokif dspanvahd theirfoldaniantado bf adichRerésoht i6whdyglagndl af éron:

where, assum ng a typical plasma system D dose [cm 2] o e
example, for the use of solid phosphorus, its various components Such as P*, P, P™, P,",

P.", P.", etc. can be used to ensure that near surface tailoring is achieved. This adjustment can
be used for other dopants as well, such as n-type boron.

20 Another benefit of the plasma implant technology of the present invention is the
prevalence of hydrogen, if an appropriate source of the dopant is used, such as PH; or B,H,.
The hydrogen will simultaneously implanted with the other dopant, and at higher energies,
which will help provide auto-gettering and surface passivation effects that are unique and
useful for poorer quality solar cell materials.

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

30 The average distributed power density provided by the present invention lends itself to

implantation of very thin wafers (e.g., less than 20 microns) whether they are independent or
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f pul se frequency [s] At pul se duration [ns] = peak current [Al T

I nplantation tine [s] Z charge state e = electron charge [A-s] ySE =
secondar ywel2ettaosss2emnm ssi on coeff. A surface area [cm 2PCa/Us26008whe onetri c
ratio of dopant b nolecular ratio of radical in plasmOne exanpl e provi des
a gas of PH3, a dose of E16 cm2 , a stoichionetric ratio of dopant of
0.25, and a nolecular ratio of radical in plasma of 0.3. The system of the
present invention can be used for nultiple species, so as to avoid any
cross contam nation of dopants. Additionally, in some enbodi nents, the

i nternal walhedoh otlive selvértserandsneiredthai thivkappaiopricate atratt@np@mtusa)ofasSSt o

m nimze the tial tallic_conta tion, and ot her nt ed

Cont arm nal o100 s TRt HegY st Cer DG A BT R 5 PR (e

Fur t her mPﬁ)ceéﬁlgmf?ﬁShQH%}i LB $EHes ek QNEITL YK @Acﬂa-smm (i8S s@urate,

el ectric , can be added to the internal chamber walls in order to
limt thewhthera@aotd lowssubdtrathenyplesasura operatitre Walts chbolorg drtiehesting man e ng

materi als. I n sone enbodi nent on bea n _he sk wed and.a uni.que
field can"BESEppiR BYIEYIEY LF%W&FHT@%WG&WSF%@C@%‘B@%C GHEVIEG ot
speci es tgrfBeaf cﬂﬁhe%{%%&ﬁ orEQ@c&ﬂfﬂg o!rSth%f ikfi6r fldfs cel | can further
be tailored”by the present Inv ntlon s u asna content adj ustnent,

whi ch can be aShﬂeMmeuhdqnghrdmﬁngpﬁ@WﬂtﬂM@ﬁombfwhﬁmshwﬂunmmh@REggmumh}ng

with plasm so o nodify the pla n ens;ty erature, an thus
cont rol H@t%ﬁagéﬁatdb%@otélﬁ%e RSHSPIgER Eftoaesww tifug (5 I TRRRAREP) 2

et o0 g B ASILBTRfcthg! opant ang the mlceu
phodphor us, it anvticr adanagapdithe piSestlintensisn RtthatfotsubReghent dPRuston BIequirddd
and thus, lower temperature anneal as low as 500° C can provide enough activation and
damage anneal that can be used for fabrication of a PV cell. Plasma grid implantation, due to
its high productivity, can provide higher doses. Therefore, if only a portion of the dopant is
activated, the desired resistivity and performance can still be achieved. Auto-annealing also
15 may be employed, where the power of the beam is used to heat the substrate to such a desired
temperature so that self-annealing can take place. Furthermore, balancing the elevated
temperature of the substrate, masks, and grid assembly can be of major benefit in the general
operation, control and metrology of the system.
Utilizing the high productivity of the unique plasma grid implant system, an integrated
20 module of SiNx deposition in conjuction with junction-doping applications can be also
achieved without breaking the vacuum. The plasma grid implantation system of the present
invention can be used to achieve surface passivation. The difference between implantation
and deposition is the energy of the ions. The lower the energy, the more the ions stay on the
surface. The present invention enables the formation of a passivation layer, such as a nitride
25 film, on the surface of the wafer through the use of a very low energy implant. The technique
currently used is a chemical process. The present invention allows for the application of a
passivation layer simply by bleeding a passivation gas, such as silicon or nitrogen, into the
plasma region of the chamber.
FIG. 14 illustrates a process flow diagram of one embodiment of a method 1400 of
30 ion implantation in accordance with the principles of the present invention. At step 1410, a

plasma is provided within a plasma region of a chamber. A first grid plate and a second grid
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+, etc. can be used to ensure that near surface tailoring is achieved. This
adj ust nent can be used for other dopants as well, such as n-type boron.

Anot her bwoehitoosds2t he pl asma i npl ant technol ogy of t hePpraseoi/08ysvent i on
is the preval ence of hydrogen, if an appropriate source of the dopant is
used, such as PH3 or B2H6. The hydrogen wi || simnultaneously inplanted with
t he ot her dopant, and at hi gher energies, which will help provide
auto-gettering and surface passivation effects that are unique and usef ul
for poorer quality solar cell materials. A variable energy accelerating the
pl asma, ephtﬁeerre drspasedtwithon thetchpmbor Assstep @801 thawenond gad phdts o degatermly oyed to

formthe quj r de’OfI| nd mana te an i ndependent. syrface
concent r aPRaH TR B EHITE CERARTaG AMA P PrBHCHBEL REPean 3dTd be

di stinct ﬁ&@ndﬂ‘ M’s@é’}f‘lﬁoeﬂ& fir@ rﬁﬂﬂat@?s Fosithent l!nﬂéé'dmﬁh@ fﬁ‘&%ﬁ%ﬁﬂdt@%@mﬁﬁé&%es
at required energy to cont r ast gt desired profiles. The average

di stri but edlysdweof al;mntslretsmnpn@dasptsdd bya ﬁfsepgﬂlwenAlthmAghrfﬂGom mesthe stsebf to
i npl antation of ver n. waf er s ss_t han ron et her they
are ndepgﬁcfé?ﬁndo‘?‘r‘r%ﬂ amgﬁlea%twsfye@%ﬁétbﬁgkr%@e SLER P élaf‘s"%%%ﬂcf fa‘é Hicker
wafers re it eﬁﬁ bRsd £ P& é%ﬁl?od%eﬁt@stﬁ%m%ﬂ? %P%e%r&t@rf?ﬂﬂ&@%mﬁtﬁ%ed%e@&%ss

The distr power density also e€na he processing

non-si | i consibayecbossipstittathe biasingfof ase sScoiel, grid [Bse. andtcp- 18|40t1bnmf-r®mltm
substrate, which require | ow substr te e erature qgperatjon. Wafer cooling
and heat i ASHaY B Plsadsgipy ar ffpvrfa fFa t“f%én%wlthﬁ\r;ch&%ﬁééﬁr%gnd

reduced, pﬁ't £y %Opﬁtqusgﬁ goﬂtf%nto!rfl ?ne 18f1 ﬁﬂc %&\%&1 {h ugﬁ?ige{(@ guy[ee povver

cooling of gas codling or ot simlar Suc
dendty apbositiwclyrbiased fitst gid platevae flowa tlhmngh thesipermngeq @ the negagistlstblasodt eri al s

that may not have been considered before with dlfoSI on (high tenperature)
and di r ect&and ﬂ«ﬁﬁ Rie. (4 P 1409 asebsHasUs ippineled dathstt e@yt a mﬁg?rh%ﬁ hg dRnsnt age

f th t. d
Chus 1 bwaE b TR aRe brhiPlin A SRR AR Ao AUk PR g, RES UM 68ue20

acti vat i obeiagdisgasedde aaimsrt@mbﬂalrh@mcm cds ﬁfénfb@rreﬁeateﬂlv@&i uhelpoaﬁomng"df cell.
Plasma grid inplantatjon, due to_ its high productivity, can provide higher
doses. Théicarigrilates anddenthe %PbéH?tﬁbSWg@F‘J“tSWé Uaefﬁéﬁto 4C§1eaebpthé10@épgemféw&a i red

resijgtivi E%e&l&g 1&?1:1%@51{@%%6 can still be achieved. Auto-annealing also may

be enpl oye e power of the beamis used to heat the substrate to
such a desir edrFi@nseilladttie sgothatloselifgranneahsthgyr abvdirake ofbagthod 1500

Furt hernore, bal ancing . the el evated

of ion implantation in accordance with the principles of the present invention. At step 1510,
a plasma is provided within a plasma region of a chamber. At step 1520, a grid assembly is
provided comprising a plurality of grid plates. Each grid plate comprises a plurality of

20 apertures. At step 1530, a first set of ions from the plasma in the plasma region is flown
through the apertures in each of the grid plates in the grid assembly while each of the grid
plates is in a first position. At step 1540, a substrate is homogeneously implanted with at
least a portion of the first set of ions that flowed through the apertures in the grid plates while
the substrate is supported in a first position by a substrate holder, thereby forming a single

25 laterally-homogeneous ion implantation across the substrate from a combination of the first
set of ions that have passed through different apertures of the same grid plate. At step 1550,
the position of the substrate or at least one of the grid plates is adjusted to a second position.
At step 1560, a second set of ions from the plasma in the plasma region is flown through the
apertures in each of the grid plates in the grid assembly subsequent to the adjustment to the

30 second position. At step 1570, the substrate is selectively implanted with at least a portion of

the second set of ions that flowed through the apertures in the grid plates subsequent to the

-33-



tenperature of the substrate, nmasks, and grid assenbly can be of ngjor
benefit in the general operation, control and netrol ogy of the system

Utili zi ngwohettniogds2pr oductivity of the uni que plasnma griPdTiUSpd1@0B8I63Y St em
an integrated nodule of SiNx deposition in conjuction with junction-doping
applications can be al so achi eved wi t hout breaking the vacuum The pl asna
grid inplantation systemof the present invention can be used to achieve
surface passivation. The difference between inplantation and deposition is
the energy of the ions. The |ower the energy, the nore the ions stay on the
surface. Idhestpreastertbe savvrhposaimore Heptbysiotrhing fagrwralifyer lasérably pressd-apdari on

| ayer, such as a nitrjde film_. on the surface of the.wafer 1hrough the use
of a very MRGREHRPA thisfosiete ea PRTIRIY I SeMHEIR Py ions Ba haVe e cal
process. {hsudi BEERAt dVERE IPheahi@Wsidfpic t he application of a passivation
| ayer sinmply by bleeding a passivation gas, such as silicon or nitrogen,

i nto the pl asnilG.elgiilnstoftestanmocdsafiberdiagehi®of Y&t anbthestmbodment gfracnethed f | ow
di agram o ne..enmbodi nent of a nethod. 1400 of. {on . nplantation.in
sceordancdsdGioF ke RIAE [ a5GognGerbits A PEREIPIGR PG RSNV RIS PHEEP o

pl asma i s1p1PYisetk Wbt b dbpanPhaSHR i§ BRIVAIAQD 2 BILERATRRE R Al kiSh 1830, the! at e
and a second’gf?%plg?e argagispose& '?ﬁ%n tﬁg chaggef? At step 1420, the
second gr pksiph gteerater bregiast upvtbt yinbicageoof dbpentseatenid g iaglyphhtyerfelopprti ses a
plurality of apertures_and s disposed in a first position. At step 1430,
the first SRECIcH pit atce 1?%&60%1 %tr%lsymeaégf‘éld‘.”%’rWé yrplily of ApRANH RS S conpri ses a
plurality of apg Adeds s IJ ddredrbdis FhtdQ th e
14 shows the ste%%%{gﬁze sgcgﬁgigrlgﬁg?égg'g%%nghﬁggap§%hpgw'iasggggéfore

t he 18t ep ofplhltalifferest plgriidepdfatopatiapagegp da isbine ehpobinasied thel diffsentetypes of
enbodi nents, the biasing of the first grid plate is initi athed before or

si mul t ane BRIy Material sanderadetyingrreqursor dyEbrRAS PSS dliplidt e0lids; Ofsdyp 1440,

ions fro : i,p the plasma region are flown through the apertures
in the pgbsélﬁiﬁi\?g[:l@ftg?rgggd first grid plate. At step 1450, at |east a portion
of the ions th@he ptesstrdnichtionbds tiche degeeibédiimasrmdoftecifiosmbodialeyitsbi ased
first grid plate are flown through the apertures in the negatively-bi ased
second gr M§opposatBe dafails {faciitge theqndgrstandipe ol pengiplss ohe@uiiFHR ad | east a
por tjizon o i £ . i .

negdei vel et el 8B ki MR B RUER ATy PE AR nd grailsshergor
first posistiodintentlee tpotass s@pa of tiercldigs appedtéteraiot Nt WHEbprsdily appargt of

the grid plates and/or the substrate being adjusted in order to achieve

bot h horm@’éen%l%]&‘éi 15dbe &b that piheevarioys p}@&;fg}ﬁ g1 iyay be made in the embodiment chosen

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

20

25

30
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FIG 15 illustrates a process flow di agram of another enbodi nent of a

met hod 1500 of ion inplantation in accordance with the principles of the
present iwoentiosss2At step 1510, a plasnma i s provi ded wpChius2@opBmsna
region of a chanber. At step 1520, a grid assenbly is provided conprising a
plurality of grid plates. Each grid plate conprises a plurality of
apertures. At step 1530, a first set of ions fromthe plasma in the plasm
region is flown through the apertures in each of the grid plates in the
grid assenbly while each of the grid plates is in a first position. At step
1540, a 4IbstMSite is honogeneously inplanted with at |east a portion of the
first SetWEf .ions that flowed through the apertures in the grid plates

whi I e t he” 8ISt s supported in a first position by a substrate hol der,
thereby formng a single | aterally-honogeneous ion inplantation across the
substrate froma conbination of the first set of ions that have passed

t hr ough di f f erfeplasraperid unplenefion heteanengndige:pl ate. At step 1550, the
position of the substrate or east one @fgpi he grid plates is adjusted to

at
a setond position. ? asgfaesﬁuicﬁéﬁ?h%urg KogY "% ons fromthe plasma in
the plasma region iy %YM‘plEﬁérchl?ﬁsihE% AREHL Y 8Serte LRl ccd i U ighsP! at es

in the grid assenbly subsequent to the adjuStnent to the second position.
At step 1570, fidmetleylkshraane plasnsalegiohity pdsy therghenigkdvireih tlat fitsegisd plate is
portion of the s cogcﬂ set of.ig,s that flowed through the apertures in the
grid plates s&Bg&ﬁi fo RegpasHivaly; R ARNE oW f MPPYEcond position, thereby
formng a pluralit ed- ol i i

substrate froma pxélrstg %%dr?aéggﬁtﬁ%i%lég@@g%ggg 'Itﬂﬂ élﬁtyiogﬁgéﬁgsf%ﬁgg{é&gz%glg%vbPﬁrough
di ffer ent aperiéonsrte paofthérhthraamesubsdqdepltathe.iokd fassiig thirbhghsthe &t grid pptacess

fl ow di agram of yet another embodi nment. of a method 1600 of ion inplantation
i n accor dance WHeFHn thssepndrgidyplate in¢onfigarediia be Aegativelyiassh by APOREEHPPRI0, a
single type of,,dopant material is provided to a plasnma generator. At step
1620, the plasma generator breaks up the single type of dopant nmateri al
into a plurality ofasibgent hdpaaoaigurdl tsfigppoi G30hstatsimgiosaioa wisrd tipl ant ed
with the pluraljty of dopant species. In sone enbodi nents, a conbi nation of
di fferent typsddYRlsHaA n??ﬂt"iéﬁi 8P 191s sylseguen L9 thsenstPagTing By eiah Be seand t i es
of gopant spe(ging lathn sone enbodi nents, the different types of dopant
materi al can be gjrov'i ded in precursor formas gasses, liquids, solids, or
any conbi nation thereof. The present invention has been described in terns
of specific enbodi ments incorporating details to facilitate the

under st arfdi ng T&F speRAf §ilag bfvhessigt ructi on and
the first grid plate is positively biased by a power supply; and

the second grid plate is negatively biased by a power supply.
20
3. The system of Claim 1, wherein:
the position of at least one of the first grid plate, the second grid plate, and the
substrate holder is configured to be adjusted between a homogeneous implantation
position and a selective implantation position;
25 the homogeneous implantation position is configured to enable a single
laterally-homogeneous ion implantation across the substrate on the substrate holder,
wherein the single laterally-homogeneous ion implantation is formed from a
combination of ions that have passed through different apertures of the second grid
plate; and
30 the selective implantation position is configured to enable a plurality of

laterally spaced-apart ion implantations of the substrate on the substrate holder,
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operation of the invention. Such reference herein to specific enbodi nents
and details thereof is not intended to limt the scope of the clains
appended woeretionosise wi Il be readily apparent to one ski lPCeaseononbmso@rt t hat
ot her various nodifications my be nmade in the enbodi ment chosen for
illustration without departing fromthe spirit and scope of the invention
as defined by the clains. CLAIMS What is clained is: 1. A plasma grid

i npl antation system conprising: a plasna source configured to provide
plasma; a first grid plate conprising a plurality of apertures configured

to al | ow i ons Wheoen theeplpiabisrd latarally gpaesdraparé ginomplantaipgs ist feened hipoughs
wherein the fi id te | i d t it] bi d b
pover suppl y. i afepfl B R Boie Al PRl S bR Bd g r b on

configured to allow the ions to pass therethrough subsequent to the ions
passing through the first grid plate, wherein the second grid plate is
confi gur éd t o The speigatal ¢daiyn bifarlest compasipgpwehird gmpblpte dspbsed betbyser tice

hol der configured to..s ort .a substrate in a.ppsi.tion where.the substrate
s (ol ant ed wirgnd s BRSNS 4Rt Rirder, e BRELREE HTeRisdgnBRE o
second grid plagér%ire@eonﬁ'gﬁreﬁy@taﬁ%(?ﬁe feh@idpaks theREBIEH sUbR&ehf ®lthdiond pl ate
is positively biased by a power supply; and the second grid plate is

negati vel y bi assdndihraughdhesccenpplidpla®. The system of Claim 1, wherein: the

position of at |east one of the first grid plate, the second grid plate,
and the substrate holder is configured to be adjusted between a honogeneous

i npl ant aty on PRI LERA Adaith £ 8V 1REdA R hFBLARLBES RrfARILE! On; the
honogeneous i nplantation position is configured to enable a single
| atHr al | y- honmogeneous ion inplantation across the substrate on the

substrate hol der, wherein th ingle laterally-honmogeneous ion inplantation
is formed fro Sﬁﬁﬁﬁﬁﬁéﬁwghﬁd%“¥%ﬂs t hat have passed through different

apertures of the SQH@MH@JH &t at least one of the third grid plate and the substrate holder is
configured to be adjusted between a homogeneous implantation position and a
selective implantation position;

15 the homogeneous implantation position configured to enable a single laterally-
homogeneous ion implantation across the substrate on the substrate holder, wherein
the single laterally-homogeneous ion implantation is formed from a combination of
ions that have passed through different apertures of the second grid plate; and

the selective implantation position configured to enable a plurality of laterally

20 spaced-apart ion implantations of the substrate on the substrate holder, wherein the

plurality of laterally spaced-apart ion implantations is formed from ions that have

passed through the different apertures of the second grid plate.

7. The system of Claim 1, wherein the apertures of at least one of the first grid plate and
25 the second grid plate are substantially circular holes.
8. The system of Claim 1, wherein the apertures of at least one of the first grid plate and

the second grid plate are elongated slots.

30 9. The system of Claim 1, wherein each one of the apertures of at least one of the first

grid plate and the second grid plate comprises a top end and a bottom end, wherein the
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pl ate; and the selective inplantation position is configured to enable a
plurality of laterally spaced-apart ion inplantations of the substrate on

t he substwetelimoriter , wherein the plurality of |aterallyPpspasSedoapmpe ion
inplantations is formed fromions that have passed through the different
apertures of the second grid plate. 4. The systemof Caim1, further
conprising a third grid plate disposed between the second grid plate and
the substrate holder, the third grid plate conprising a plurality of
apertures configured to allow the ions to pass therethrough subsequent to

t he ions passibegomipndugelosdiéo Secubdragy haldgyitharethe op arideans wherminghe dlagicter 4,
wherein the thi.rd. gri | ate |,s.grounded. 6. The t of Claim4,

wherei n: the. gberitpeteR Sl ifrGE G iRopiRe B B RS PL and e
substrate holder is configured to be adjusted between a honbgeneous

i npl antation position and a selective inplantation position; the
honogenedds i nificapstemiod & lposi.tvvhereie dieflirglgrabplaic asa did scendsgridyplete comprise

| at er al | yhono eneous ion inplantation ac .oss_tﬂe substrate.on t edsub trate
hol der,  wher ern AP Ry s oy Cors L AL SEOR rantie: it eF e or e
froma conbi nafiQpnof ions that have passed through different apertures of
the second grid plate; and the selective inplantation position configured
to enable a plurality of laterally spaced-apart ion inplantations of the

substrate on e sybstrate hplder, wherein the plurali f laterally
Spaced afdrt (08 THERGR AR TohdoR i cERREgne Bl ned Y re a8eRy ¥ hr ough
the different \apasih WEladia fe?ﬁ")n?ﬁﬁ@%g B fhtB] Al 8he seeodd\EridyRicem Rbuschai m 1,
wherein the apertures of at lNeast one of 'the first grid plate and the
sechd grid plvathen greechgmbett, amd whtiein the coarhizar wadlk ese. coBfigilifee teyeptleiomoin tik ai m
1, wherein the_ apertures of at Ieazi C?ne of the first grid plate and the
second grid plPHSBAFEOBUSAZARSIECLICHLT 9. The system of Claim 1, wherein
each one of the apertures of at |east one of the first grid plate and the
second grid plate conprises a top end and a bottom end, wherein thebottom
end is cll@ser The systemsfili8aimat le whetakeond dranoteheagnos aenchupiddo Wieethembet he

di anet er of eacq aperture gradually increases fromthe top end to the
bottom end. 10v3#he systemof Caiml, wherein the first grid plate and the
secpnd grid plate conprise

13. A method of ion implantation comprising:
providing a plasma within a plasma region of a chamber;
positively biasing a first grid plate, wherein the first grid plate comprises a
plurality of apertures and is disposed in a first position;
20 negatively biasing a second grid plate, wherein the second grid plate comprises
a plurality of apertures and is disposed in a first position;
flowing ions from the plasma in the plasma region through the apertures in the
positively-biased first grid plate;
flowing at least a portion of the ions that flowed through the apertures in the
25 positively-biased first grid plate through the apertures in the negatively-biased second
grid plate; and
implanting a substrate with at least a portion of the ions that flowed through
the apertures in the negatively-biased second grid plate, wherein the substrate is
disposed in a first position.

30
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a material chosen fromthe group consisting of: silicon, graphite, silicon
carbide, and tungsten. 11. The systemof Claim1l, further conprising a
chanber d&bi2znadhobss2chanber wal | s, wherein the plasma regcons2alm3dons st gri d
pl ate, and the second grid plate are housed within the chanber, and wherein
t he chanber walls are configured to repel ions in the plasma region using
an electric field. 12. The systemof C aim 11, wherein one or nore nagnets
are coupled to the chanber walls. 13. A nmethod of ion inplantation
conprising: providing a plasma within a plasma region of a chanber;

posi ti velly. bi ddiemeptbod ofrslpingd 3 dvipireing, sh wiapk edreprisinga plyralidy pf epoaings

conprises a plurali f apertures .and |s disposed in a first positijon;
negati vely bi Aoy bl riaSEn doted i iR s duly Hanbhe G alee
conprises a playdald fthed naRRF Eothpsseand 1s di sposed in a first position;
flowng ions fromthe plasma in the plasma region through the apertures in

the positivel y- bi adkavifg atdeasgnipdrtjphat ¢he hothiandowed | the grertuiasin gfc t he
ions, that flowed through the apertyres in_.the positiv -bi.ased first grid
bl s ¢ hr ough TEREM e eSS K HE Db Pob S oBPRbent TP 5 ik bhBre Y and
implanting a sybshiial heWubdiradd | east a portion of the ions that flowed

t hrough the apertures in the negatively-biased second grid plate, wherein

the substrate is disposed in a first position.14. The nethod of C aim 13,

wherei n a_shadow K, C rising a plurality of eni ngs forned
ther ot hr ddgh 119 QEEbaE 3T f dader R S dHok CaRay “he BRI ALY Shbst r at e,
and the met th)pEl‘ﬁh%@ﬁ)'i‘me@fH&ét%ﬁ'gh fsl e BSntd @ A%th (Be RYstrh@MarRifthd ertﬂogns

that flowed through the apertures in the negatively-biased second gri
pl at®e t hrough futikcropmpiinggs i n t he shadow mask before inplanting the

substrate. 15. The jyjrethod of C aim 13, wherein_a toresj st mask .
conprising a plur Ay IS?JSéﬁiPHG?Hf"% {elgnt rﬁw%@waﬁéﬂw%faaesi% eont act
with the sub S%%Q&tﬁﬂel}aﬁgsetdagcmté?%late through the openings in the photoresist mask

before implanting the substrate.

15 16.  The method of Claim 13, further comprising:
adjusting the position of at least one of the first grid plate, second grid plate,
and the substrate holder to a second position;
providing a plasma within the plasma region subsequent to the adjustment to
the second position;
20 flowing ions from the plasma in the plasma region through the apertures in the
positively-biased first grid plate subsequent to adjustment to the second position;
flowing at least a portion of the ions that flowed through the apertures in the
positively-biased first grid plate through the apertures in the negatively-biased second
grid plate subsequent to adjustment to the second position; and
25 implanting a substrate with at least a portion of the ions that flowed through
the apertures in the negatively-biased second grid plate subsequent to adjustment to
the second position,
wherein the implantation performed when the at least one of the first grid
plate, second grid plate, and the substrate holder was in the first position forms a

30 single laterally-homogeneous ion implantation across the substrate, wherein the single
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further conprises: flowing at |east a portion of the ions that flowed

t hrough the apertures in the negatively-biased second grid plate through

t he openiwig=0imosise phot oresi st nask before inplanting Phe/tsadisosmbde. 16.
The nethod of Claim 13, further conprising: adjusting the position of at

| east one of the first grid plate, second grid plate, and the substrate
hol der to a second position; providing a plasma within the plasnma region
subsequent to the adjustment to the second position; flow ng ions fromthe
plasma in the plasma region through the apertures in the positively-biased
first grid pl aateraythonggenvous wnadiplastaonts fmn@%érommmblp@tsqrt ¢fopns tillatowi ng

at least a portion of.the at flowed.thro apertures in the
posi 41 vel y- bi destPpfrbrgend Bt dbenangh e A drare iRy e

negati vel y-bi ased s@eeaf (il ihfplatalod RHOERGLRREN the afRhitohBBNihetRsttdiR Second
position; and inplanting a substrate with at |east a portion of the ions

that fl owed ttpﬂ&tu@hcqrﬁgrdgéatﬁm@sthdr subistiate helgist Wv@irythbis@@edlpgﬂ'ti@nﬁbr@s iad

pl ate subsequent to e secpnd .posi ti ere

Pipl St at; on ot RN et Set S oBRG BR pHbe P LRRG el Be e
second grid plp@ﬁrﬁhty@ﬁ@atéﬂﬁﬂy gpHesd 'éﬁérﬁloﬁcﬂngﬁllhta‘ﬂ@ﬁs isToltat&l ffrérﬁ%nsﬁﬁzﬁ'hta{f@n forms
a single laterally-honogeneous ion inplantation across the substrate,

wher ei n t he sipasfedlttapeghathi yiffwemigpatous of tha s¢appt gntlgpldton is forned from a

conbi nati on of ions that have passed through different apertures of the
second grid plate, and wherein the inplantation performed when the at |east

one of the firgl Mhsh & Gl 1§e&ﬁ’é’1‘€’m91rth9d Blabfie ARBkpobi&l RUPSLRE Seddrl der

was in the second position forms a plurality of l'ateral |y spaced-apart ion
i nplGant ati ons goid ]gﬂztte asdlb@tsﬂh&tmﬁe Weethad igrid Iphltﬁpdlﬂp%led irya Gfst pasneoraiuicy
spaced-apart ion i, Ian -ittoy% is fornmed fr ns that have t hr ough

the different “AP@FH! gé‘é’ Yt ApF LB e It%lf‘ oW fhe 107510 Tt ]E? ‘P“ aim

13, wherein a g hichHeidid theRbAL dirs2sed sbeh ldne second grid plate
and the substrsat eeEl Et:he te ]SS%P%I prate diggposggﬁ?ﬁ aa first position and

conprising a plurality of apertures configured to allow the ions to pass
t her et hro%gh ) . . . .
18 The system of Claim 17, wherein the third grid plate is grounded.

15

19. The method of Claim 17, further comprising:
adjusting the position of at least one of the first grid plate, second grid plate,
the third grid plate, and the substrate holder to a second position;
20 providing a plasma within the plasma region subsequent to the adjustment to
the second position;
flowing ions from the plasma in the plasma region through the apertures in the
positively-biased first grid plate subsequent to adjustment to the second position;
flowing at least a portion of the ions that flowed through the apertures in the
25 positively-biased first grid plate through the apertures in the negatively-biased second
grid plate subsequent to adjustment to the second position;
flowing at least a portion of the ions that flowed through the apertures in the
negatively-biased second grid plate through the apertures in the third grid plate
subsequent to adjustment to the second position; and
30 implanting a substrate with at least a portion of the ions that flowed through

the apertures in the third grid plate subsequent to adjustment to the second position,
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subsequent to the ions passing through the second grid plate. 18. The
systemof Claim 17, wherein the third grid plate is grounded. 19. The

met hod ofwQ@l2aimo382 further conprising: adjusting the p@siritsomnoonsssar | east
one of the first grid plate, second grid plate, the third grid plate, and
t he substrate holder to a second position; providing a plasma within the
pl asma regi on subsequent to the adjustnent to the second position; flow ng
ions fromthe plasna in the plasma region through the apertures in the
positively-biased first grid plate subsequent to adjustnment to the second
position; flow ng athoraaste lalpb@ﬁéttloéirpetfpl’m%wh@h@etahg?ﬂSthFl@@éﬁletfmtcglﬂgih t he

apertures int posi tivel y-bi ased first gri | at.e t hrough t he rtures
e e negat i Vs Erekartiata 2 Bhrd et it Be Bt g R b BRTN The
second posi ti gRsitibh WRG Biglé BAShIIRNHAbEIBuTbn ifiFlah@06n h&idds the ovrdadehr ough
the apertures in the negativel y-bi'ased second grid plate through the

apertures in therehilrekbinglé ighlit-komobmeousant implan@lios tsnhermed omke second
idi ; di l ant i . trat ith at .l t ti f the i
Phat® T 1oved t KPBRgR phaFiss Pl Pk Hofsirbpfh g alpfiive dip Bl ' Uo°

adj ust ment to i spgcond position, wherein the inplantation performed when

the at least one of the first grid plate, second grid plate, the third grid
pl ate, and the substheatie theohgpdamtates ferfotthel Whersthe pblastionn of trerdwstagrsl ngl e

Singl o | a1 or aPGe et BR UL REEC R e Sy BB RS e M bR on
of ions that haveoRassR% n}%{l?{aﬁﬂ%'f_ 1Qtiefaggrs§medsa9% o1 fadloRe of et

pl ate, and wherein the i ant/ati on rformed when the at | east one of the
firdt grid pl attercis ¢eopidratjtyi of lptbaile spadeed-apiit raoh igiplahtasioas &, foemell frbwm ions
substrate hol der was in e secon osition for .plurality of laterally
spaced- apar t it%aﬁhﬁhﬁ‘ppaéﬁ?é@qr%ﬁgﬁ tlaﬁrgfffﬁ@ng%nféfere&tOé?ﬁev&ﬁgﬁ@rlﬂPﬁaﬁ% plurality of
| aterally spaced-apart ion inplantations is formed fromions that have
passed through the different apertures of the third grid plate. 20. The

met hod of20C aiThe3sthavhel €lamn tlBewlapentths gertofesaf al leass bnonéthoffirsthpeidfplatst gri d

pl ate and the second grd'd. | ate ar subs}anti |1y circular holes.
and the second grid plate are substantially circular holes.

15
21.  The method of Claim 13, wherein the apertures of at least one of the first grid plate

and the second grid plate are elongated slots.

22.  The method of Claim 13, wherein each one of the apertures of at least one of the first
20 grid plate and the second grid plate comprises a top end and a bottom end, wherein the
bottom end is closer to the substrate holder than the top end, and wherein the diameter

of each aperture gradually increases from the top end to the bottom end.

23.  The method of Claim 13, wherein the first grid plate and the second grid plate
25 comprise a material chosen from the group consisting of: silicon, graphite, silicon

carbide, and tungsten.

24.  The method of Claim 13, wherein the plasma region, the first grid plate, and the
second grid plate are housed within a chamber that is defined by chamber walls, and
30 wherein the chamber walls are configured to repel ions in the plasma region using an

electric field.
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21. The nethod of Claim 13, wherein the apertures of at |east one of the
first grid plate and the second grid plate are elongated slots. 22. The

met hod ofwa@l2aimo3isB2 wherei n each one of the apertures ofPCatusk@asnsssome of
the first grid plate and the second grid plate conprises a top end and a
bottom end, wherein the bottomend is closer to the substrate hol der than
the top end, and wherein the dianeter of each aperture gradually increases
fromthe top end to the bottomend. 23. The nethod of Claim 13, wherein the
first grid plate and the second grid plate conprise a material chosen from
the group consisting of: silicon, graphite, silicon carbide, and tungsten.

24. Th th f ' 3 in the pl j .the first '
AR b R R R e e A
defined by chambghsial | s, and wherein the chanber walls are configured to

repel ions in the plasma region using an electric field.25. The nethod of
Claim 13, further conprising the step of applying a pul sed voltage to the

D P Sed ol { Ade orehe ol b dpliersp e BT TR b e S yllelRl Ve
pul sed vol t agend §pdirsiect ed towards a plurality of different |ocations on

the substrate. 28. The nethod of Caim 13, further conprising: passing the
substrate through a first plurality of differentially-punped stages prior

to the syhstrate bejng inplanied with the ions, wherein each stage.in the
first pldval i EVCCRORRT P BHE P& Yo piport s R leet B iere At h el ur o
than the previgtscsitid&tiondoh i dibdske pl urality of differentially-punped
stages; passing the substrate fromthe first plurality of

di fferential | y- punped stages directly to an inplantation stage; passing the
substrate _fromthe jnplantation stage directly to a second plurality of
differentgalIgﬂﬁﬁﬁﬁ@gﬁyﬁgéggl ﬂﬂgéﬁﬁﬁﬁﬂm§ﬁgthe substrate being inplanted
with the ions, and passifgifdife StthicAhfubhhHabItARy R GARG Ry Hubipéd Of
differentially-punped pd lé%ﬁe u% ¢ % 4 ¢ §%hh&%

stages prior to the substrate being implanted with the ions, wherein each stage in the
first plurality of differentially-pumped stages comprises a lower pressure than the
15 previous stage in the first plurality of differentially-pumped stages;
passing the substrate from the first plurality of differentially-pumped stages
directly to an implantation stage;
passing the substrate from the implantation stage directly to a second plurality
of differentially-pumped stages subsequent to the substrate being implanted with the
20 ions, and
passing the substrate through the second plurality of differentially-pumped
stages, wherein each stage in the second plurality of differentially-pumped stages
comprises a higher pressure than the previous stage in the second plurality of
differentially-pumped stages,
25 wherein the implantation stage comprises a lower pressure than any of the

stages in the first plurality and second plurality of differentially-pumped stages.

29. A plasma grid implantation system comprising:
a plasma source configured to provide plasma;
30 a grid assembly comprising a plurality of grid plates, wherein each grid plate

comprises a plurality of apertures configured to allow ions from the plasma to pass
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stages, wherein each stage in the second plurality of differentially-punped
stages conprises a higher pressure than the previous stage in the second

pl ural i t ywof2odidossseenti al | y- punped stages, wherein the peplariandwn st age
conprises a | ower pressure than any of the stages in the first plurality
and second plurality of differentially-punped stages. 29. A plasma grid

i npl antation system conprising: a plasm source configured to provide
plasma; a grid assenbly conprising a plurality of grid plates, wherein each
grid plate conprises a plurality of apertures configured to allow ions from
t he pl asma t o thasbradvgheansr ough; and a substrate hol der configured to
support a substrate |

in.a i,tion.where the subsirate is inplanted . with the
Tons subsequent ¢ o A HETETE G RENER o udRo RSBl iR R ARt s of
the grid pl at @gpstMieik @hpladied vaaSthe JAR s@bschiiéht A tic Rt R Besugngde t he grid
plates is configured to be adjusted between a honogeneous i nplantation

posi tion and alweligefiapatirapdidhe atid platgsosi ti on, wherein the honpbgeneous

i I tati it i. fi t I i | e. .
| areral |y hombgenedtryiaar S e EeoRaRdled ne Misid nlpes i5ipopfigured o
substrate hol dgradjukRE b3ivigh @ HoalRERdJuY iIPIRRERREAM SO JRIANT&L | on bei ng

formed froma conbination of ions that have passed through different
apertures of timplaggtiongogtionl pl ate, and wherein the sel ective inplantation

osition is configured .t nable a plurality of .l.ateral spaced- apart ion
ol antat | ons of ¢ HUREbOTPEGReReeiplaliba Pesitigh SeonidwEl B Grafiyy o
laterally spag 1@E%£ly-ﬁﬂnég€ﬁé&ﬁtiéﬁ hﬁ’ﬁl&nt@@éﬂ‘&r&@rtﬁ@ﬁlbﬁt"rﬁg‘oh@[{bssu‘bﬁ?éte have

passed t hrough the different apertures of the second grid plate. 30. The
system of O aihold2®, thevbiegleilatetalg-hphogalcotly ionfimptanthtiph deeg foompt rees: a first

rid plate conprising a.pluraljty of rtur confi gured al l oy i.ons
Prom tha. ol aemambmedon s s Uit pses iiouth ArEe, ot arife Sootlen ori o

pl at e conprisgmg apglurality of apertures configured to allowthe ions to
pass therethr ug% subsequent to the ions passing through the first grid
pl at e. wherein the selective implantation position is configured to enable a plurality

of laterally spaced-apart ion implantations of the substrate on the substrate holder, the
15 plurality of laterally spaced-apart ion implantations being formed from ions that have

passed through the different apertures of the second grid plate.

30. The system of Claim 29, wherein the plurality of grid plates comprises:
a first grid plate comprising a plurality of apertures configured to allow ions
20 from the plasma in a plasma region to pass therethrough; and
a second grid plate comprising a plurality of apertures configured to allow the

ions to pass therethrough subsequent to the ions passing through the first grid plate.

31.  The system of Claim 30, wherein the first grid plate is configured to be positively-

25 biased, either continuously in DC mode or in pulsed mode, by a power supply.

32.  The system of Claim 31, wherein the second grid plate is configured to be negatively-

biased, either continuously in DC mode or in pulsed mode, by a power supply.

30
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31. The systemof C aim 30, wherein the first grid plate is configured to
be positivelybiased, either continuously in DC node or in pulsed node, by a
power suppby0113@558The system of Claim 3 1, wherein the ®eTarsdoigoswpl ate is
configured to be negativel ybi ased, either continuously in DC node or in

pul sed node, by a power supply.33. The systemof C aim 32, wherein the
plurality of grid plates further conprises a third grid plate conprising a
plurality of apertures configured to allow the ions to pass therethrough
subsequent to the ions passing through the second grid plate. 34. The

syst em of Clain133 mherein the third grid plate IS configured to be

gr ounded he ai,m 30 r|d | at e e
Jecond grtd pitatey Tl & S R GAES eGPl s Pl B b
their positi 0%51d6}ﬂlzité| %Iﬁgnsu%@a Rriay Bpgp&tfurés%nﬁgmje@fﬁ AldvwOThe GOREAD ipadsng:
providing a plasma within a pPasna regi on of hanber; providing a grid
assenbl y conprthgethppughsitbsegudnt yo b lwlmsmgthe@lgh\ﬂ’meapm gachlatrid pl ate
conprises a plurality of apertures; flowing a first set of ions fromthe
plasma in the plasnma region through the apertures in each of the grid

pl ates inythe "I%"e's?st@tﬁ%% @éﬁfh WinRrERmd tﬁ’ifrd bhepad d cgﬁﬁé@& foSbel gloghdbllr St

posi tion; honogeneously inpl anting a substFate with at |east a portion of
the first set of ions that flowed through the apertures in the grid plates

while the substrate is orted in rst. position by a.su tra holder,
ther aby. F3r m g3y Srar & TR b Sheye o glriesisl TR brih? ol B8 PBR 480 Bi65 t he
substrate fr O@h@stﬁ%m@také)ﬂl «%nffglﬂ?edftb hibe tﬁ@f‘r p@&ﬂb&%ﬁd isq@t have pas sed

t hrough different apertures of the sane grid plate; adjustlng t he position

of tthe substrate or at least one of the grid plates to a second position;

fl ow ng second fromthe plasma in the plasnma region through
t he aperg@res[}ﬁlEﬁ@ﬁ§8¥1Wﬂ§m6WFﬁ‘ﬁP§Fg?gln the grid assenbly subsequent to

the adjustnent to §86 AL RRSL IR nIRBla8ELbN B Y hﬁ@&gﬂtlng the substrate
with at |east a po&mﬁgﬁ f&%ﬁe se%&hdlget g?éﬂons fhat f1owed through the

apertures in the gmpraviphgtesidssisdduennptiong heluadjtust grdplates, vhecsendnd
position, therehy f plurality of |laterally spaced-apart

ormn
ioninplantatl§H§F$ﬁePW@p§ﬁﬁ§ﬂﬂﬁ? W?ﬁéﬁ?ﬂ“ﬁ%rtion of the second set of ions

t hafs have flowing a first set of ions from the plasma in the plasma region through the

apertures in each of the grid plates in the grid assembly while each of the grid plates is
in a first position;

homogeneously implanting a substrate with at least a portion of the first set of
ions that flowed through the apertures in the grid plates while the substrate is

20 supported in a first position by a substrate holder, thereby forming a single laterally-
homogeneous ion implantation across the substrate from a combination of the first set
of ions that have passed through different apertures of the same grid plate;

adjusting the position of the substrate or at least one of the grid plates to a
second position;

25 flowing a second set of ions from the plasma in the plasma region through the
apertures in each of the grid plates in the grid assembly subsequent to the adjustment
to the second position;

selectively implanting the substrate with at least a portion of the second set of
ions that flowed through the apertures in the grid plates subsequent to the adjustment

30 to the second position, thereby forming a plurality of laterally spaced-apart ion
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passed through different apertures of the sane grid plate. 37. The nethod
of Claim36, wherein the adjusting step conprises adjusting the position of
t he substwet2e11/®882The net hod of C ai m 37, wherein adj u®Cirng2410e3wPoesi ti on
of the substrate conprises noving the substrate closer to the grid
assenbly. 39. The nmethod of C aim 36, wherein the adjusting step conprises
adjusting the position of one of the grid plates. 40. The nethod of C aim
39, wherein adjusting the position of one of the grid plates conprises
movi ng one of the grid plates closer to the substrate. 41. The net hod of

Cl ai m 36, wher@plntatienpomthglspbsprags remniacpoplien elshe sreond se ol donithatthayy i d pl at e

and a second qgrid,pl at the first gri | at e bei.ng positivel y-biased, and
t he second gr&@“ﬁﬁ@?'u@%@hgﬁwg@%?W&%f§%5$§§§6¥“ﬁ§@gThe met hod of C aim41,

wherein the plurality of grid plates further conprises a third grid plate
that is grounded. 43. A nethod of ion inplantation conprising: providing a
first single tKheenafodeaatm gt ehdrein tlue)gcguqﬁilnwm cgemeisest alijysting gharioagion
gener ator breaki.n the first single type of dopant nmaterial into a first
plufglity of & HgﬁFggﬁg%ies; and inplanting a substrate with the first
plurality of dopant species. 44. The nethod of C aim 43, wherein the
substrate is inplanted with the first plurality of dopant species in a

si ngl e i MYl antTaeinmthat @140 3 Thehareinladpisoig Gk gpiomtids of thiesnkitrateaniprone of

t he dopant species js inplanted into the substrate at a different depth.
46. The netho&mﬂ@m%@§§W¥%§%‘%W@F51 CEHE A°PtY-si ngl e type of dopant
material is phosphine. 47. The nethod of C aim 46, wherein the first
plurality of dopant species conprises P+, P++, P+++ P2 + P3 +, and P5 +.
48.10The 8t hodhefmdthal of @I3im Bhewleireinttheadjustiog seprghprisgseeljoting dpgosition

material 1s b%f%ne 8{‘the grid plates.

40. The method of Claim 39, wherein adjusting the position of one of the grid plates
comprises moving one of the grid plates closer to the substrate.
15
41.  The method of Claim 36, wherein the plurality of grid plates comprises a first grid
plate and a second grid plate, the first grid plate being positively-biased, and the

second grid plate being negatively biased.

20 42.  The method of Claim 41, wherein the plurality of grid plates further comprises a third
grid plate that is grounded.

43. A method of ion implantation comprising:
providing a first single type of dopant material to a plasma generator;
25 the plasma generator breaking up the first single type of dopant material into a
first plurality of dopant species; and

implanting a substrate with the first plurality of dopant species.

44.  The method of Claim 43, wherein the substrate is implanted with the first plurality of

30 dopant species in a single implantation step.
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arsenic. 49. The nethod of C aim 43, wherein: a second single type of
dopant material is provided to the plasma generator; the plasnma generator
br eaks upwvoheligesssad si ngle type of dopant material int@Ca/tsecionaepd ural ity
of dopant species during the same period that the plasnma generator breaks
up the first single type of dopant material into the first plurality of
dopant species; and the second plurality of dopant species is inplanted
into the substrate during the sanme period that the first plurality of
dopant species is inplanted into the substrate. 50. The nethod of C ai m 49,
wher ei n e fiThstmatherholeClaipmd3.0fhateipgach onn erthafopantispepies sdowiedtesi inggl et ype
of dopant nateré%l are(&&ch ﬁkﬁﬁgcursor gas. 51. The nmethod of C ai m 50,
wherein the fit %“@?%61 ??Be "dopant material is arsine and the second
single type of dopant material is phosphine.

46.  The method of Claim 43, wherein the first single type of dopant material is phosphine.

47.  The method of Claim 46, wherein the first plurality of dopant species comprises P,
P, P™", P,’,P,", and Py,

48. The method of Claim 43, wherein the first single type of dopant material is boron or

10 arsenic.

49, The method of Claim 43, wherein:
a second single type of dopant material is provided to the plasma generator;
the plasma generator breaks up the second single type of dopant material into a
15 second plurality of dopant species during the same period that the plasma generator
breaks up the first single type of dopant material into the first plurality of dopant
species; and
the second plurality of dopant species is implanted into the substrate during the
same period that the first plurality of dopant species is implanted into the substrate.
20
50.  The method of Claim 49, wherein the first single type of dopant material and the

second single type of dopant material are each a precursor gas.

51.  The method of Claim 50, wherein the first single type of dopant material is arsine and

25 the second single type of dopant material is phosphine.
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