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Field of the Invention
20 This invention relates to the manufacture of semiconductor devices. More

specifically, this invention relates to systems for and methods of fabricating solar cells.

Background of the Invention
Semiconductor devices are manufactured using multi-purpose semiconductor
25 fabrication tools. Because of the ever-decreasing dimensions of current semiconductor
devices, these tools fabricate devices according to strict specifications. Being multi-purpose,
these tools generate ions of different species for different fabrication steps, using beams that
span a wide range of energies. Capable of fabricating small-geometry devices, these tools
have strict scanning dimensions. They also perform mass analyses to reduce contamination
30 and include a special module to neutralize the collected charge on a substrate. Because these
tools are so complex and their requirements are so stringent, their output is relatively small,
only about 200 wafers per hour.
Figure 1 show a prior art implant system 100 for implanting substrates as one step in
fabricating a semiconductor device. Multiple wafers are introduced into the system 100

35 through twin load locks 105. A multiple gas delivery module 110 contains multiple gases



fabricating a sem conductor device. Miltiple wafers are introduced into the
system 100 through twin |load |locks 105. A nultiple gas delivery nodule 110
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Summary of the Invention
In a first aspect, a system for implanting a semiconductor substrate includes an ion
source, an accelerator to generate from the ion source a beam having an energy no more than
25 150 keV, and a beam director to expose the substrate to the beam. In one embodiment, the
ion source includes a single-species delivery module that includes a single-gas delivery
element and a single-ion source. The beam director includes a focusing element, such as
electrostatic and electromagnetic optics, used to focus or shape the beam onto the substrate.
In another embodiment, the ion source includes a plasma source (such as a single-ion plasma
30 source) that generates the ions that are extracted. This other embodiment also includes an
accelerator and a beam director that spreads the ions to encompass or otherwise fully cover
the substrate.
In one embodiment, the single-ion plasma source has a beam slot length of between 5
and 10 cm and a width of less than 5 mm. Alternatively, the single-ion plasma source has a

35 broader slot length, width, or both. Additionally, a magnetron generated plasma source can
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accel erator and a beamdirector that spreads the ions to enconpass or
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20 In one embodiment, the substrate is doped singly, separately from other substrates. In
another embodiment, the substrate is doped in a group, with other substrates.
In one embodiment, the gridlines are formed by exposing the substrate through a
mask to an ion beam containing the dopant. The mask is displaced from a surface of the
substrate and has openings sized to widths of the gridlines. Alternatively, the widths are at a
25 known deviation from the widths of the gridlines. In another embodiment, the mask is placed
on a surface of the substrate and has openings adjacent to the locations where the gridlines
are to be formed. In still another embodiment, the gridlines are formed by shaping or pulsing
a plasma beam containing the dopant to a width of the gridlines and directing the beam onto
the photo-receptive regions. In this latter embodiment, the plasma beam is stationary. In

30 another embodiment, the ion beam is scanned across the photo-receptive regions to

sequentially form the gridlines, or it is generated to form the gridlines simultaneously.



are to be fornmed. In still another enbodinent, the gridlines are fornmed by
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20 Brief Description of the Drawings
Figure 1 shows a prior art semiconductor device fabrication system.
Figure 2 shows a semiconductor device fabrication system according to the
embodiments.
Figures 3A and 3B show beam optics for shaping beams in accordance with the
25 embodiments.
Figure 4 shows a lightly doped photo-receptive region of a solar cell in accordance
with one embodiment.
Figures 5A-C show forming gridlines by doping the photo-receptive region of Figure
4 in accordance with different embodiments.
30 Figure 6 shows using seeds to couple the gridlines to metal fingers of the solar cell of
Figure 4 in accordance with one embodiment.
Figure 7 is a profile tailoring graph in accordance with one embodiment.
Figure 8 is a graph illustrating the deficiencies in profile tailoring ability for solar

cells that are doped using diffusion.



Fi gures 5A-C show form ng gridlines by doping the photo-receptive region of
Figure 4 in accordance with different enbodi nents. Figure 6 shows using
seeds to wouptwlsedse gridlines to nmetal fingers of the seCaruse@dlosmbs Fi gure

4 in accordance with embodi nent...Figure 7 is a prefil.e tailqri graph
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of a process abricating a solar cell in accordance with one
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for fabricating solar cells in accordance with one enbodi nent. The system
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embodiment. The system 200 is simpler than the prior art system of Figure 1: It has a higher
20 productivity, has a smaller footprint, and has plug-compatible components (which can be
swapped out and replaced with other species-specific modules). The system 200 includes a
single-gas delivery module 205, an ion source 210, an accelerator 215, a skewed Beam
Scanning, Mass Analysis, and Beam Shaping module 220, a Measurement and Control
module 225, and a single load lock 230 to handle a single solar cell 201. In another
25 embodiment (not shown), the single-gas delivery module 205 and ion source 210 are
replaced with a plasma source module, and the Beam Shaping module 220 is replaced with a
spreader for spreading a plasma beam onto the solar cell 201.
The system 200 has specific capabilities. It will be appreciated that not all
embodiments have these capabilities. The ion source 210 has a long slot. In alternative
30 embodiments, the ion source 210 includes multiple ion sources for the formation of broad
and narrow, or plasma beams. The ion source 210 produces beam currents up to 100 mA of
all species but is dedicated to a single species at one time. The ion source 210 is also plug-
compatible for each specific application: when a new application with a different ion beam
source is required, the ion source 210 can be pulled out and replaced with a different one that

35 meets requirements (e.g., different dopant) of the next application. The ion source 210 has a
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replaced with a plasma source nodul e, and the Beam Shapi ng nodul e 220 is
replaced with a spreader for spreading a plasna beamonto the solar cell
201. The wob@ms288 has specific capabi lities. It will IpeTapspecosrved that
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20 Finally, the processed single wafer 201 is removed from the system 200 through the

single load lock 230.
Figures 3A and 3B are beam shapers 300 and 350 (also referred to as “beam optics”)
in accordance with two embodiments for shaping beam spots to implant dopants into a
substrate 401. In one embodiment, the beam shapers 300 and 350 form part of the Beam
25 Shaping module 220 of Figure 2. The beam shapers 300 and 350 each comprises a magnetic
or electrostatic lens. As discussed in more detail below, the shapers 300 and 350 can be used
to implant selective emitters in semiconductor solar cells.
The beam shaper 300 is a “large dimension” shaper. The beam shaper 300 receives a
beam 301A having a first width and shapes it to produce a beam 301B having a second
30 width, larger than the first, of about 5 to 10 cm, up to the dimensions of the substrate and its
holder. Alternatively, the second width is about 15.6 cm.
The beam shaper 350 is a “short dimension” shaper. The beam shaper 350 receives a
beam 351A having a first width and shapes it to produce a beam 351B having a second
width, smaller than the first, of about 200 microns. Alternatively, the second width is about

35 50 microns.



Figures 3A and 3B are beam shapers 300 and 350 (also referred to as "beam
optics") in accordance with tw enbodi nents for shapi ng beam spots to
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300 and 350 {f,or.m part of QM Sh dule 220 o 2. The beam
shapers 300 ’Jf’ﬂ?dj %%Ogil%%éﬁ?’@d]?ﬁse%e Pﬁ&@%é‘% Y, eéislfni ¥y ens.

di scuss@éraindd WBthen &lB¢amh.| Fhredxamipld helighapaid id e s%ﬁlﬁu%&hg@@éhnt&mﬁﬁﬁg t o

i npl ant selective emtters in sem conductor solar ce The beam shaper

300 i s wWwangddeuialparilesor speragserith dHhierané sharahipeass3enos etlisrodcly, Btam 301 A
h I, d
navi 10 bl St 85 AT SRR Lo ARG, P ORI B RhoRug second

t h® subsdawilec@anghinkSod)oh paticuldt Waemtt ibesh ys aplaemsbeamnd WI dth is about 15.6

cm The beam shagqgr 350 is a_"short dinension” shaper beam haper 350
receives a beamishaneiy3 Y #1d- 50, %ecﬁeﬁmaﬁf&n%lﬁéfd\éésﬁffn% Wik dBdice a beam

35 | B hayi gfﬁg Iﬁocﬁl‘?&?l’;tg(g‘({)\%]v.g&?\n) g%mtbag%a@eaeemqm Biht Eor mi crons.

Al ternati y, the ut 50 mecr ns.T e eam shapers 300
and 350vaayieg g¢suetadd.e to el im nate unwanted i npurities entrained within a

beam For e ht han the scanni ng angl e can .elinm nate
nvant ed. nedhPRTeoba s e sF SERaoB b TP B EieN RGP LS Tt | 0s.
A g er naJe‘af'ﬁeﬂo\Gver bRity R S Went Iaaqi db A8t alRe &&e&v@fage Renshatkest tkORLREDONY the

beam can be nmade to m nim ze the side contam nation, in particular

when t HEigvea?) mereghgs BX¥h indtsrhulksT lwgwaﬂfre%bampghépemg badosidnedcdBe, t he
Beam Scansrtgnq iCnl\l/gt%?sgr%Ana NZLng, fn Sh&l dng nmodul e 220 (Figure 2) is able to
i 8ht Qb Rt TEe

"shape" toi bf varying geonetries. Preferably,

the beam Sp(Bea(ﬂi e V\?ﬂlse-bﬁaﬁ}jiﬁglhhéﬂl@ﬂi San AbSHRN N (] ARdadUshapver beam
power density of 5 kWcnR and do not raise the average terrperature of the
waf er 204t @qtﬁ ghertempgratyse ef & waler s3amided bypshiatiag phpam bmeewaméet 21031112%1?3 cool ed

ugs ng %&Er %Qﬁm%‘?l%'o!r %’r ﬁité‘l-?eﬁ%Wak&s rﬁﬁttﬁg'%sauto%at d@éﬁ%ﬁoisc t R c@gl a

met hods eam|imted api ng net ho can a so be used
waf er . thiskysgenh bﬁsaemqiuﬂneqﬁasntahseutoen@drs&th]mteatheheza onaf @me irathéri thart @ditlon.
gr mor e bat ches

O 8 D ey e 5L e AL WL 90 1 Tore Dt ches
a pul's eseﬁhéﬁﬂaﬁctépwlﬁ%ehé’ PhSTollb RSt e deRat@Y SFplichi®hs! SIS whitdts
position. As explal ned above, enbodi ments of the 1nvention are well suited
f or f abn¢aperateg by reference in its entirety, describe different ways of fabricating solar cells:
20 U.S. Application Serial No. XX/XXX, XXX, filed June 11, 2009, titled “Solar Cell
Fabrication Using Implantation,” by Babak Adibi and Edward S. Murrer, and having
Attorney Docket No. SITI-00100; U.S. Application Serial No. XX/XXX, XXX, filed June 11,
2009, titled, “Formation of Solar Cell-Selective Emitter Using Implant and Anneal Method,”
by Babak Adibi and Edward S. Murrer, and having Attorney Docket No. SITI-00300; and
25 U.S. Application Serial No. XX/XXX, XXX, filed June 11, 2009, titled “Solar Cell
Fabrication with Faceting and Ion Implantation,” by Babak Adibi and Edward S. Murrer, and
having Attorney Docket No. SITI-00400. Figures 4, SA-C and 6 illustrate using the system
200 (Figure 2) to fabricate a solar cell in accordance with the embodiments.
Solar cells function by receiving light energy on a lightly doped photo-receptive
30 surface that overlies a doped semiconductor substrate, producing electron-hole pairs. The
electrons in these pairs form currents that travel along the layer in the substrate, on to a
heavily doped selective emitter that draws them to gridlines, to metallic fingers and busbars,

and ultimately to a load. These electrons then travel back to the bulk of the substrate, where

they recombine with the separated holes.



sem conductor solar cells. The follow ng co-pendi ng patent applications,
each of which is incorporated by reference in its entirety, describe

di fferentwoay®/s3eBabri cati ng solar cells: U S. ApplicaPCconsSaioatosNo.

XX XXX, XXX, filed June 11, 2009, titled "Sol.ar Cell Fabricatiaqn Using

ol ant at 1 oreneB Iyt DO RereRPIYs it SR PGP AT MRS or ey
Docket dhe cohddntr@@dORK thbaBa ulg the aiid1aies SB6i lch MBpingth&Hee offifesef i | ed June
11, 2009, titled, "Formation of Solar Cell-Selective Emtter Using |nplant

and AnrfbEisinpmeteds cigpicRahakyyABEesS ok He-aEivRedd@anipesiey voryneaiag surfice

At t 1ol 0; . P | I ' :INO.. , XXX,
A 0 OSSO Rl g O304 B, B RSORS00, 0
| npl anttatlightly ‘dopat Rathake AdédeessartfdinEdvimiatdd Sopdty; canivagddlcoavnnge Adrietney

Docket No. SITI-00400. Figures 4, 5A-C and 6 illustrate using the system
200 ( Fi'YtRndighy strises g splanedd! 3nAgBFuRDIBG PHNUA-THrES Pelkh PEOTR $97CHABE any

enbodi MEALS: 190 Afect BlduSed HOCHIRACPYr fESGIVEAY |1 ght energy on a lightly

doped photo-receptive surface that” overlies a doped sem conduct or
substrate, prledised tyeetandterroticed bg bpiadrrcsntrdlnd vataetivatohdopantstivesdepai rs form

Goped St eptndt e ShSfHa: T shiclmes Byl o ehis T apd Sast AoV EOM nger s
apgl buaigééeie%t@e@nﬁ@téricaﬁlb@mﬁeab§dlo g-thJﬂﬁﬁ@r&:leﬁﬁ\ter@gi%ﬂﬁ wcanka%ﬁiéioﬁack to

the bul k of the substrate, wheré they reconbine with the separate
hol es. deiger tkh hat imketybet be gadlepssi ve regi ons are doped in the sane step and

thus to the Fslame concentrati o

. as, t.he area, under..t.h ridli.nes. or _such
Honrne. e BIE 4RO RERL G PliR Ving fa GRo RS o B e Hhdnfi NG soli¥pt

un- act i andthadind @ htly Ipe& otoLaicy¥ptiRatgibA 805 Ul ikeexaimplch theSubgtat@s @ is Thi s
results in a "dead |layer": Because the photo-receptive regions_need to be
| i ght | y2 RI&pEGeBirondusier syhsteate aikthe regien 2y is Wapew b pairesiont atst fisht ed
electra £ or i A i i W th
i pa rane R, TR A 1T 1SRdrCE R by Y00 BimE Bsp B LRCATRRAR, &

ef fi ci anpydothetghrersiddraandaednksporThiéthd daphnit alyape cariede The ehgi@dSUfyisbet t er

control of un-activated dopants near the surface_region of the substrate.
The enﬁwﬂéﬁ@?@%ﬁwﬁ AN ERG8Y &8P antafﬁje%_&laé @ﬁﬁwqﬁ&% ke U FWEETAL OB t t er
can be §rqrdaeichnbik 18RRI G ohREXBABIR 0T BAGRE dofBntk 88 M$ndn?, AsGRAGRAT r ati on

| arger than that in between the gridlines. Figure 4 1§ a

si de- cridospleatsi onal vi ew of a substrate 500 to be fornmed into a solar cell
25 v 1.1t SORSH BABL SRR G O e DT ER ¢ e
doped V§rbitiched RFolidBSvhadle @vEidabSbr is scanned rapidly (element 220, Figure 2) in the x-
direction, the y-direction, or both to cover the entire substrate 500. For solar cells, non-
uniformity of coverage is estimated at less than 5% (e.g., uniformity of coverage at more than
95%), thus requiring similar homogeneity in the beam spot profile. The beam shapers 300
25 and 350, shown in Figures 3A and 3B, allow for high productivity implantation.
Figures SA-C show altemative ways to dope the substrate 500 with an n-type dopant,
at a higher concentration than the lightly doped region 505, to form the gridlines 580A-C,
thus reducing the formation of a dead layer. In the embodiment shown in Figure 5A, a
physical mask 515 is positioned above the photo-receptive regions 505. The mask 515 has
30 openings shaped to the dimensions of the desired gridlines 580A; alternatively, the openings
are slightly larger than the dimensions of the gridlines 580A, by a known amount. An ion
beam 600 is then directed onto the mask 515 to thereby form the gridlines 580A. In
alternative embodiments, the beam 600 is a plasma beam, to which the substrate 500 is
exposed. This arrangement can be used in combination with beam scanning or beam shaping

35 methods, such as described above, to maximize the beam utilization.
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concentration. The region 505 has a resistance of about 100 ohns per
square; excess dopants inpede the generation and transport of the dopant
char ge cawpi2e091523Be regi on 505 is typically inplanted wCrThiSamsmmogy

i npl ant of less than.about 50-100 keM at a.cqnceniration of |ess t.han

| hsrom 2. doiee ERAREPES e R T D S A B RDS SR AL e holoREerigRg
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mat e o(e.g., y O

coverage I's estl at 1ess than uni form coveradge at nore
t h&in 958d@plant theseridéiges 580y Iaiaiteinativdhanbgkbments ya plasthhiecdpeanasspistepd of ihke. The
beam shapers 300 and 350, shown in Figures 3A and 3B, allow for high

pr oducth@g?aﬁanﬂ)l antation. Figures 5A-C show alternative ways to dope the

substrate 5 1 =t t [ i t he
lightly dopgg tPrMe%I?%n 15(%%,8}&? %n?gg%ﬂhse@’garn ?g‘??aﬁlggéa%g%?%r&%lﬂégste;agl(%%gl:ang t he

f or mat isohstoite 30 Wesidhiiafoem.thd gridlhes ROdTBrirasgrommt can Eegusegebdy beamphysi cal

mask 515 is posjti oned above the photo-recepti regi,ons 505, The, mask 515
has opafts o TERUMISE™ GIPRE oA HBRS ST g SEPPER bePnappiba SHBs

ald er nafckosg ke subfieatOPEN ABSANLRLE hitgbid Hd mFE& b chadn bR sd WeRGLRINsP! the
gridlines 580A, by a known amount. An ion beam 600 is then directed onto

t he maskpsesneEr ehenebherfadtia gridings P#IG.nes 580A. In al ternative
enbodi nent s,..t he beam 600 i s S ea to which.the. strate 500 is
R R R e R R A

exposed. Thi e use W't scanni ng or

beam shapétiin smatbhedsy asudised tyesClorhetorady@etal/enfiBidic®e rédiéh. beam
utilization.In the enbodi rent shown in Figure 5B, a mask 550 is_placed on

the phohewpde Ejgire/e aragfpllinspeuss. 70PHe implaricd 5o regipnselavaty contasiigersand can
Rf.st for in%gﬁ;ﬂ% aéﬁfdgiFlQ% My of Y 61 OF 1R 138 on AoaBiC SRR BE I Blrare

ernativ ready exi sting masK use r contact deposition can
al so bes0dqeot shAgah. nSuchr‘seaal ilngansGidieass tik cantdce derbmrbantdie thasktaloc t her eby

inplant_the gridlines 58QB. |n alterpative enbodi nents, a plasnma beamis
used irfglggﬁgﬁ?cq‘?ﬁéo'i rgrlgg%ﬁé éricgt.o tﬁ?\ﬂ’taﬂe enbodi ment shown in Figure 5C, an
i npl ant  beam §2Qink o $HAREE thOJHARELERReS AP RlhAE&IRRY s8N R ép?kb%i&%l}ﬂ the

gridlines 580C. This arrangenent can use a serifes of beamlets for
si mul t al®ehsisagxep spurae thadipmg wndsi thglgeidioenfiOng lcanthas tl 8P ognspsanqwepnt  t hat

90" DS AGERRR: KB SUBSLA 8. 20oufY b AR ShnodloBe226h28E, DAL QDo
the width Y of the metallic species (the metallic fingers) is about 200 microns and is
expected to be reduced to 50 microns.

The substrate 500 can be grown single or mono-crystalline, poly-crystalline, or multi-
crystalline silicon, thin-film deposited silicon, or any other materials used to form solar cells.

25 It will be appreciated that other types of substrates and dopings can be used. As only one
example, the substrate 500 can be n-type and the gridline S80A can be p-type. Examples of
p-type dopants include boron and boron diflouride. Those skilled in the art will recognize
many other combinations of semiconductor types, ions, doping levels, and other
characteristics.

30 Figures 7, 8, 9A, and 9B are all used to illustrate how systems in accordance with the
embodiments (e.g., the system 200 in Figure 2) tailor doping profiles to reduce the formation
of dead layers and ohmic losses.

Figure 7 illustrates one embodiment of a profile tailoring graph 800 in accordance
with the principles of the present invention. The graph 800 represents the atomic profile of a

35 solar cell with respect to dopant concentration (At./cnr’) versus its dopant depth (Ang.). The
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expose one or any nunber of the gridlines 580C. Figure 6 shows the
substrate 500 after |ater processing steps, in which the work function and
bad gap awe 2aayuiziced by the fornmation of a netal/sem cordiaiSerodnempon. As

shown in Figure 6,..a netalljc,speci 0 is_.inplanted.on.regions bel ow the
cont act O] HEEHEREYts FEPrErenlef S GE P Boutad eRs 2D HEMFC laGHRB 2042 5o
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di e . . | h . :
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t he vvidLh Y of the metallic species (the nmetallic fingers) is about 200
mi cr ondh@pRfas Sllexpect ed to be reduced to 50 nicrons. The substrate 500 can

be gr own i nghith HBNAARTHA! RhfIbAS oAb Afmsi8h ofplelir ystal i ne

silicon, thin m deposi t I con, or any other materia used to form
sol ar dedussian Histrultibn ibe prepere cinaheadn tdrabinet them to yffedively tsldasthe sliaps ofind

dopi ngs, can .be used. . As_onl ne ex | e, the suhstrate 500 can .be n-type
and ¢ nahg PR SsHe i strofney B B e 8B F TioedhBe dupeiipho! uas
bog on  aRgkRRIGHR idphhQUAE BRssent IRRISK bAdHRE thouddh e Sifdetivély lcoh@HQBR ZE many
ot her conbi nati ons of sem conductor types, ions, doping |evels, and other
char actjendtinidspth $0gwhers tr; ingplarged depadt @R rertEcalsichasadtype dppanilsnects e how
systens,in accordance w t.h the enbodi 0., the system 200 in Figure
7"t ar 16t BB RE A3 RET el ol o BRSER S Bkl pimsroadl TR ERcisala o ¢
| osses.enbblgtlt®aldo bdrtts$ tHeadoPpontWdBcItAGOH BENAt @ned thE Ofrfdce of &iel solar BE1.gr aph
800 in accordance with the principles of the present invention. The graph
800 r eprhegupiest mpentinakiows theopser © optrgl be safacegpncapiration iakthe o dopant

t. i t . i . i
P01 Ul e dofRB ot o phSa kPR in AR, Inbdis, P RREbEAE™ ©
i npl antis taileagihto havé thg jencdioh deptarnin theaacgnifrappioaimately UEl- depdhetprsadi | e, t he

dopant concentration . (and thus the resistivit of . the_saol ar cell can be
or eci sAPrRITHEDEL aﬂém%‘mglmsg{alegeﬁaegneﬁse&{e%aém%eﬁlaéwﬁgr yO IR user .
Graph 8Q0 sﬁh&%oﬁ&hﬁ%ﬁcﬁi hfi8L BRke bf%pl?&tiﬁtaiegn? PrOAL RS (BdBrodifier@and 816.

The conbination of these three profiles results in the total profile 810 of
t he sol48EZleAt./cm’. However, it is contemplated that the atomic profile can be tailored to have

20 different junction depths and surface concentrations.

In the prior art, the adjustment of the atomic profile is limited. Figure 8 is a graph
900 illustrating the deficiencies in profile tailoring ability for solar cells that are doped using
diffusion. Here, line 910 represents an atomic profile for a solar cell. The use of diffusion to
dope the semiconducting wafer prevents the user from being able to independently control

25 the surface concentration and the junction depth. The user is limited to either making the
profile 910 deeper by simply increasing the concentration and depth together to line 910" or
making the profile 910 shallower by decreasing the concentration and depth together to line
910". The user is not able to change the shape of the atomic profile and affect one aspect of
the atomic profile more than the other.

30 Figures 9A-B are graphs illustrating the advantages in profile tailoring ability for
solar cells that are doped using ion implantation in accordance with the principles of the
present invention. In graph 1000 of Figure 9A, the atomic profile 1010 in terms of
concentration-versus-depth is illustrated for a solar cell formed using prior art methods.
Here, the profile 1010 is limited to a simple Gaussian distribution, making it difficult for the

35 electrons generated in the electron-hole pair generating region to travel up to the contacts.
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Al t hough each individual inplantation can be limted to a Gaussi an or
pseudo- Gaussian distribution, the present invention conbines themto
ef fecti veWw 20@/152368t he shape of the total atom c profil eCTius2a9081004 | | ng

the totgl atomc profile.thr t use .of | tiple i,ndependent inplants,
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the user 1 e surface concentration 830 and the junction depth
849 i ndependeniriph W00widianodBethe atomis pragile MO imenhs of ¢dnecataniohc profil e
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Lo o b : oS
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of approxi mate to approxi mately At./cnB. "However, it
i s contieaphstie dondeatratidveasaboefedrqns dfaiv¢ldowands e doaidctrae thetsorfhceve thie f f er ent
junction depths. and surface.canceptratians. In.the pria rt, the

L] st PR GRS S5 Kb RITTE of Lo RIHTE BEp g e~ Elevgha i oo

i1 ust rabiipe bR enpighis ¢ BACHERIhIY Bindbl 1R jhitoRdbpd aRRitd duyfabor solar cells
that are doped using diffusion. 'Here, Iine 910 represents an atom c profile
for a swhegntgdipn, asTedl asseerything ifhebvenm. t o dope t he seni conducting waf er

D events ey 8 e AR Bl sl fnd QEERFLIRANYY cAORLEGNpL BT 2C8

. 1oUrC .
concentration a%d uncti on user s I maki ng

the prafspdots e da@n@il. Ror st AW, ih B6ME 8bDEIntdAE, AN EN{ti@hidmngad dept h
together to line 910" or meking the profile 910 shal | ower lz% decreasing the
concentiP@landrciganings shhqraegonpeis quyties, pdilg tiges 8 pnd i grarg addgéas aperiest o
change g Xelog - e : tom c
T S ASle AR el A U BT SO Gy cBich Hhe iR s SRS
advant ggefermed pitlet oh dlanket sobstragesalyithoityany oovesmigaor thedulgh ahhaiti-eaflecdwped

using ion inplantation i.n accordanc ith the principles of the present
i nvent i‘i?ﬁ.er_“ilgndeggr’ébﬁldfo‘@@d%ﬂ X & e ehacfiofi ST b terms of
concentibatit oy fiUndeRI b, ith 'tl&b%a"s@%ﬁﬂéxtfuﬁhigﬁoﬁ %glranﬁﬁbﬁ picRidBd égédl ng

prior art nethods. Here, the profile 1010 is I'imted to a sinple Gaussian
di st ri gdhewnce toeké sugface caitbhn and thuf onprokies the ecttrdsrmeptiner derdringis he

el ectrop- hqgl e .paj ener at.i ng,.r eqgi on el .up to the contacts. The steep
StBpe. oot T ESToREh AR GER WP LR hellhs PP BagRT RS i
concentgbaié. 00rdpABB0 o Usoul €3 kisdwvdub e SsatihB856] R6h AOPMS ahiti AVRCctil OVGHLEAE
conductive contacts at the surface of the
previously discussed. This coating can be any thickness.
Figure 10 is a flow chart showing the steps of a process 1100 for fabricating a solar
cell in accordance with the embodiments. Referring to Figures 2 and 10, the process starts in
25 the step 1101 in which, for example, a specific ion source 210 required to fit the processing
application is plugged into the system 200. In the step 1103, a single wafer is placed into the
load lock 230. In the step 1105, the wafer is processed by doping photo-receptive regions at
one concentration and at a higher concentration to form the gridlines. This step can include
multiple doping cycles.
30 Next, in the step 1107, contact seeds, printed or inkjet printed metallic fingers,

busbars and other contacts are formed. In the step 1109, the wafer is fired to establish the

contacts and activate and anneal the substrate dopings. The wafer can be annealed using a
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wafer. This steep slope can nmake it nore difficult for the electrons to
reach the contacts, thus resulting in an undesirable |oss of electricity.
I n graph wOQ009/13836Bi gure 9B, the atomic profile 1010' i RCTAISP®90H7094

concentratio rsus- depth is illuystrated.for solar cell formed psing the
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spdrce ' - i ' [ ' ' ed jnto the
R e e S T VAT
230. | nicfined by ép appéibled chemwaf er is processed by dopi ng photo-receptive
regions at one concentration and at a higher concentration to formthe
gridlines. This step can include multiple doping cycles. Next, in the step
1107, contact seeds, printed or inkjet printed netallic fingers, busbars
and other contacts are fornmed. In the step 1109, the wafer is fired to
establish the contacts and activate and anneal the substrate dopings. The
waf er can be anneal ed using afurnace, flash lanp or |aser, to nanme only a
few devices, at tenperatures between 400 and
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500 degrees centigrade, tenperatures |lower than those required using prior
art systens. Preferably, only a single annealing step is required. The
waf er carweal2s@/t3e36anneal ed at di fferent tenperatures foPCa/useem/ostvat bri ngs
about ﬁéﬁﬁggable results. In the step 1111, the wafer is measured for
perfor and then sorted. The process ends in the step 1113. Preferably,
the steps 1100 are performed by a controller using (1) conputerexecutable
instructions stored on a conputer-readabl e medium and (2) a processor that
execut e¥hetisclagsediscti ons. Referring to Figure 2, in one enbodinent this
controller (not shown) is operatively coupled to the Beam Scanni ng, Mass
Anal ysi s and Beam Shapi ng nodul e 220, the Measurenent and Control nodul e
22%5, orl.bot WA syldeaughr ipeanerpadémizohductigsabithae: soh@isigel s, it will be
appreci ated that other sem conductor devices can be fabricated in
accor dance Wt'A" EPBCenbodi nents. It will be readily apparent to one skilled
n the art tA%kcOUgh dDHelde RbIARS idFRLRE STRAS HalinkhE ARG B RGE. W ¢ hout
departing fromthe spirft and scope of the invention as i ned by the
appended cl ghas1 X0 laVymdWhat is claimed is: 1. A systemfor inplanting a
sem conductor, substrate conprising: an ion source; an accelerator to
generate fr&HW?ﬂb1ﬁﬁﬁ”§%ﬁﬁ¥§egw5@g ‘W%VVﬁ%bgﬁ“energy of no nore than 150
kMy and a beam director to expose the substrate to the beam 2. The system
of claim1l, wherein the ion source is a single-species delivery nodul e
conpri sA-ng allsisysjea-gairindl, whereyn dicapresauresnd aai@ﬁh@eeies deliwoumedule3. The
system of claimz2, wherein the beam director. comprises a focusing el enment,
wher ei n t he TS g Sl rent cgﬁaflse% MRgHeTEe pt?%g; el ectromagnetic
optics, or both to focus the beamonto the substrate. 4. The system of
claim2, wherein the single-ion source has a beamslot | ength of between 5
and 10 m andresysiead chim 2 sdicrepphedepndisctonprmpses a AoFINg|CmEe™,  wher ei n
t beami s - ¢l ai , ' [ source
Cgflt ains an \ﬁl}@?é‘}gz é)glgﬁl{:{@ glg 8%1{%3‘&%@5%&[6&8 oftid®, a'lecwﬁﬁgq{eﬂc E)Jﬁ't?cs, an

both to focus the beam onto the substrate.

4. The system of claim 2, wherein the single-ion source has a beam slot length of

between 5 and 10 cm and a width of less than 5 mm.

20
5. The system of claim 1, wherein the beam is a plasma beam.
6. The system of claim 1, wherein the ion source contains an n-type dopant selected
from the group consisting of antimony, arsenic, and phosphorous.
25
7. The system of claim 1, wherein the ion source contains a p-type dopant.
8. The system of claim 1, wherein the beam has a power density of at least 5 kW per
square centimeter.
30
9. The system of claim 1, wherein the ion source, the accelerator, or both are plug-
compatible with the system.
10.  The system of claim 1, further comprising a scanning element to step the beam across
35 the substrate in orthogonal directions.
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fromthe group consisting of antinony, arsenic, and phosphorous. 7. The
systemof claim1l, wherein the ion source contains a p-type dopant. 8. The
syst em ofwol2aéwmsiieswher ei n t he beam has a power densityPofi/tstodeamvs 5 kW
per square centineter. 9. The systemof claim1l, wherein the ion source,
the accelerator, or both are plugconpatible with the system 10. The system
of claim 1, A uiitlofGarRAIISE AderRicoh@RIUrAgviet etplisih@ step the beam across
the substrate in orthogonal directions.11l. A nmethod of fabricating a

sem conduct slopHerheto-tsapiedpeigns WEhbiniguptttooralispengentrasignons wit hin a

substrate to.a.fJ . I.on.: i - j ions to a
second concedr? }{ﬁtﬁ%hh(ﬁ@%@?h?ﬁ%ﬁ%ﬁﬁé@??ércsﬂgd %@%ggﬁﬁogltléﬁ%e@%hp%rﬁnr?gri dl i nes,
wher ei n t he @heditiaties teefohandidinesywherimnsgit geidlifidcssendffrdnhepplet anfaecept i ve
regions down jnto the substrate; and. coupling nmetal fingers to the
gridlines, Méheephpt@ﬁ%ebwﬁr@gwéﬁéwwéoﬂ@gﬁuefgfgat%iﬁadthe gridlines are doped

using a systc%\%mga;;Eﬁ&rghﬁhgghgﬁ&geci es delivery nodule. 12. The nethod

of claim 11, erein the substrate is doped separately from ot her
subst r at es. wreilihiee prettédrocteptiveciegions 4kl thedgeidkings diodopedgisinige systeddl | nes
conpri ses ex(}éosin t he ﬁubstragﬁ{.t hr ou G a mask di splaced froma surface of

t he substrat@™Ry"s DR BERMCHTTET NG YE: dopant, wherein the mask has

opgni ngs sized to widths of the gridlines. 14. The method of claim 11,
wherein formng the gridlines conprises exposing the substrate through a
mask colZpl edlteonethedipf elgien bf, whveeis thisstubsirase tsglogad peparatedafioooetheri ni ng a
dopant, Wnere'br{ ttehe mask has openi ngs adjacent to where the gridlines are
to be formed " 1TE"*The nethod of claim 11, wherein forni ng the gridlines

conpri ss shERiM@had beaRIne ONtvaichdin JoretiR@ tHeSridting ddintirRedExpokiag @id dl i nes and
directing the beamonto the photoreceptive regions. 16. The method of claim

15, wher ei n 4bstene ihigpahrempBatisrieneg diosea swbani Hiy uhEraRmnder 88t he
o1 c1 2t m 16, iR APk AT s BTG A R DL ok G, Tt 1o
14. The method of claim 11, wherein forming the gridlines comprises exposing the
substrate through a mask coupled to a surface of the substrate to an ion beam
containing a dopant, wherein the mask has openings adjacent to where the gridlines

20 are to be formed.

15.  The method of claim 11, wherein forming the gridlines comprises shaping a beam
containing dopants to a width of the gridlines and directing the beam onto the photo-

receptive regions.

25
16. The method of claim 15, wherein directing the beam comprises scanning the beam
across the photo-receptive regions to sequentially form the gridlines.
17. The method of claim 15, wherein directing the beam comprises generating the beam
30 to simultaneously form the gridlines.
18. The method of claim 11, wherein the first concentration is less than 1E15 per square
centimeter.
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to simultaneously formthe gridlines. 18. The nethod of claim 11, wherein
the first concentration is less than IEl 5 per square centineter.19. The
met hod ofwol2aéamsizks wherein t he photo-receptive regi ons PRaNs2@9/0e®p6t ance
of at legast 100 0 r. square. .20. The nethod of. claim11l,. whereip the
o al i ride. eV mtpaTp AR Bl 3 Rugif e rhs o BRG0PSR P i RS T b

net hod of cn&gﬂumjomﬂ@?&qhﬁm%he gridlines are no nore than 200 m crons

wi de. 22. The nmethod of claim 11, wherein the gridlines are no nore than 5
mllimeters apart. 23. The nethod of claim 11, further conprising annealing
the subsirat ahoREl WPAR. PP ANKLIZAN HRgrees, GRILIgnAdS Bl D8 st hod of
claim I1, further conprising Tormng & COnt Act ‘on A back *SUrface of the
supstrate. 2hmsheesqmidod of claim 11, further conprising inplanting a seed
on each of the gridlines before coupling the gridlines to netallic fingers.
26. A nethod of fabricating a solar cell conprising: doping photo-receptive
[ egi ons i € Ny AePSEEIEP1 F Ay iRrdih IR o FRRESRE HBLHRE A8 iBrdnORfeam
havi ng an energy of no nore than 150 % ; doping the photo-receptive regions
to a second concentration larger than the first concentration using the ion
beam t g, f or ridlines, wherein the gridlines extend fromtopnost surfaces
of the 4ghot ot éE@E?ﬁP Oeclpigy ! brteeks rtdnenas Gt 28, %Hbmet%ﬁpmaﬁg et al
figmgers to the gridlines, wherein the substrate is 156 nmx 156 mm the
phot o-receptive regions are doped using a system conprising a

si ngl e-Bpeci¥w mehod ef glamp llferthardmarising eongapog thefsubftentsgidicbnednstOft | east

1,000 waf er %00 Qiggrreés Centigrade.
24.  The method of claim 11, further comprising forming a contact on a back surface of
15 the substrate.
25.  The method of claim 11, further comprising implanting a seed on each of the gridlines

before coupling the gridlines to metallic fingers.

20 26. A method of fabricating a solar cell comprising:
doping photo-receptive regions within a substrate to a first concentration using an ion
beam having an energy of no more than 150 kV;
doping the photo-receptive regions to a second concentration larger than the first
concentration using the ion beam to form gridlines, wherein the gridlines extend from
25 topmost surfaces of the photo-receptive regions down into the substrate; and
coupling metal fingers to the gridlines,
wherein the substrate is 156 mm x 156 mm, the photo-receptive regions are doped
using a system comprising a single-species delivery module, and a throughput of the
system is at least 1,000 wafers per hour.
30
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