WO 2010/108151PCT/US2010/028058 ADVANCED HIGH EFFICIENCY CRYSTALLINE SOLAR
CELL FABRICATION METHOD CROSS-REFERENCE TO RELATED APPLICATIONS 5This
application cigtms fariegity; to co-pending U.S. Provisional Application SerigidNurehgs k240,545, filed
March 20, 2009, entitled "ADVANCED HIGH EFFICIENCY CRYSTALLINE SOLAR CELL
FABRICATION METHOD," which is hereby incorporated by reference as if set forth herein. 10FIELD
OF THE INVENTION The present invention relates generally to the field of solar cells. More
particularly, thepprasert inveativprEleies toysgiay selh device send methqads Qi thein fatmation.
BACKGROUND OF THE INVENTION 15 Thegr@esent invention addresses advanced methods for the
fabrication of high efficiency crystalline solar c re enabled by the use of unique implant and
annealing methodology, |n contrast to the older methods of diffusion doping and metallization by
screen prin e in to the substrate is plagued by problems.
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The present mvention relates generally to the field of solar cells, More particularly,

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

BACKGROUND OF THE INVENTION

i3 _ Thepresent invention addresses advanced methods for the fabrication of high
efficiency crystalline solar cells that are enabled by the use of unique implant and annealing
methodology, in contrast to the older methods of diffusion doping and metallization by screen
printing.
Use of diffusion of dopant from the surface in to the substrate is plagued by problems.
20 One of the main issues is the snow plowing of the dopants near the surface as the dopants are
driven in to the bulk of the material, which can vary the resistivity in different regions of the
substrate and thus lead to varying light absorption and electron hole formation performance
that can result in excess surface recombination (i.e., a “dead layer”). In particular, one
problem encountered is the lack of utilization of the blue light as the result of formation of
25 such “dead layer.” ' | |
Additionally, lateral positioning of the dopants across the substrate is becoming
difficult as the line widths and wafer thicknesses are getting smaller. The solar cell industry
is expected to require dopant lateral placements, for selective emitter and interdigitated back
contact applications for example, to be from 200 microns down to less than 50 microns,
30 which is extremely difficult for the present methodology of diffusion and screen printing.

Moreover, as the wafers get thinner from 150-200 microns of today to 50 microns and below,



30which is extremely difficult for the present methodology of diffusion and screen printing. Moreover,
as the wafers get thinner from 150-200 microns of today to 50 microns and below, WO
2010/10815HRChielde01028058 vertical and batch diffusion and contaet-sereempsiting becomes
extremely difficult or even impossible. SUMMARY OF THE INVENTION The present invention
provides alternative fabrications methods, that in part or as a 5whole can provide higher efficiency
solar cells. It utilizes directed implant techniques to form various emitter regions and doped back
surface hel | lve emitter regions.in an interdigitated back surface
contac () o S S e e g et agsale
homogeneous or selective emitter regions for interdigitated formation of alternative doping regions in
order to 19giminate, franteurireesipfing. The present invention also addresses the formation of
contacts to emitters and BSF regions through selective metallization, either by implantation, laser,
plating, or ink jet!bemiesgniThEcEE gR ey istethal thmattic dovertignthaaisedsfthajanpod st effective
se'fsa"9n%sﬁ!%sﬂ\s%m@ﬁ@ﬁg}@ﬂﬁ%ﬂa%m%fisslmﬁgﬁ%kﬂﬁ%%éﬂﬁqﬂa%m&ﬁ{q% gdvantages of

this methodology are to minimize the resistance of contact, 15busbar, fingers, contact resistance of

metal-silidointeifatendsistagionsomE sipsidi bavketufeatind ARAFAchidirgmereriesi é8dresistivity under
the grid copagtandhinbaiperniihe fingrrsidoreuet g adyantpaney dnimation Qf selective emitter

and BSF and its ability to improve performance is made possible by the ﬁresent invention. It can be
applied tofeavgrew A MrgRsIhiBrBsdasetimndastly S SR B S BALES WelTas very thin film

20deposited.siticonm al-pthgbmatenials dsastdarseiancelfernation angintherarplicationg, It can also
be extended to atomic species placement for any other material used in fabrication of junctions or

colftacts. SHmABIRERRoRERECHIRABS TS BRSO G Sh Alsa mdgrey st ihe TRB4SRE186 ds are adopted to
provide the:pipioRN M@ BIaermest afsananthothwihindhehulkobihematerahant ation,

laser, plating, or ink jet printing. The essence of the first discovery is the use of a very cost

effective self-aligned selective implant method that simplifies the cell processing.
Some of the advantages of this methodology are to minimize the resistance of contact,
15 busbar, fingers, contact resistance of metal-silicon interface, resistance of backside
metallization, and achieving the desired resistivity under the grid contact and in between the
fingers. Moreover, the advantageous formation of selective emitter and BSF and its ability to
mmprove performance 1s made possible by the present invention. It can be apptlied to as-
grown single or mono-crystalline, poly or multi-crystalline silicon, as well as very thin {ilm
20 deposited silicon, or other materials used for solar cell formation and other applications. It
éan also be extended io atomic species placement for any other material used in fabrication of
junctions or contacts.
Application specific ion implantation and annealing systems and methods are adopted
to provide the appropriate placement of dopant both within the bulk of the material and
25 laterally positioned across the Substrate. Accordingly, the present invention can employ the
fabrication methods and systems discussed in U.S. Patent Application No. 12/483,017,
entitled “FORMATION OF SOLAR CELL-SELECTIVE EMITTER USING IMPLANT
AND ANNEAL METHOD,” filed June 11, 2009, and in U.S. Provisional Application No,
61/131,698, entitled “FORMATION OF SOLAR CELL-SELECTIVE EMITTER USING
30 IMPLANT AND ANNEAL METHOD,” filed June 11, 2008, which are both hereby
incorporated by reference as if set forth herein. These patent applications disclose the ability

to independently control any species and dopant positioning and provide the necessary
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25laterally positioned across the substrate. Accordingly, the present invention can employ the
fabrication methods and systems discussed in U.S. Patent Application No. 12/483,017, entitled
"FORMATIOMQhB04:AR CELL-SELECTIVE EMITTER USING IMPLANSCANE oAMNMEAL METHOD,"
filed June 11, 2009, and in U.S. Provisional Application No. 61/131,698, entitled "FORMATION OF
SOLAR CELL-SELECTIVE EMITTER USING 30IMPLANT AND ANNEAL METHOD," filed June 11,
2008, which are both hereby incorporated by reference as if set forth herein. These patent applications

disclose U AR e AaRRNIRNI SRRUPLARY SReCiRR ARG AARARKROSHANIG g provide the
necessary WO 2010108151PCIIUS2010/028058 surface concentration, junction depth, and shape of
the dopariptstiléonh she'sepperben appticatiomander Rpjshestioh Bpeeifiormidanmdrigligestribed that can

provide a plyrality ot dapantaaSRIRAIVElY AR AGISen d O RESIENHIAYARTIRN 53R.ALjo include the

impact of surface conditionings and variability of texturing discussed in U.S. Patent Application No.

512/482 987 eapafadi tarres A TION IS PrER=er mapisarstes vST.E M ADAME FHODNOR USE IN

SOEAR CELAsb ABRIGHEIONS P filed Piene Jik oS refd i RvRiausianab Mrpligagion No.
61/131,688, entitled "APPLICATIONS SPECIFIC IMPLANT SYSTEM AND METHOD FOR USE IN

SOLAR CER PABRICRFENSLiéd Bk A 11908 fltdidhnsrélndtithershy icoferateaaby reference
- as if set focthy herein-NQIp1 Pressss ieystiorathe usenbaesyiate and highiy Riacsaigepant and tailoring

of dopant atomicgrofile methods are employed in order tofgrovide heavily doped selective emitter
regions (efﬁ\IDlMEé{@ rﬁ@%ﬁﬁe{}%@ ﬁ&hﬁé@ﬁ&q CIONSediled HodRE avhighve lightly

doped homegeneRisHe MEISHERMANS (8120100 LhBra{sauare) in between grid fingers. Additionally,
through the use of tailored parameters, the_‘atomic géjfﬂam rofile is 15simultaneously matched to

prd¥ide the electfidiFTGRCHSARISERS ASp AT GRS inRteqd domseyrand goishgielels and
provide thestasistivitia eaufireehégidhesfelmationotihedepniacts @n thevayrdages laisarmne embodiments,

capabilty S GGGE YO Lt d BB O S A e e P Sr TR Bolective.
dopant capabty it edopedonan Zoisderdigitated doping praile anahedaglayitasa-that eliminates
e ont st Ao S RigRaR e e bl o e o sy gane
plaicementithobiagévicty mptntatiorrdasitiighty-bentialletchcsices andhbagh sicie 1d dppiig spaimdeheontrolled or
r”;mi(;*\‘jg?ﬂseﬁ%s%‘é?é%g&%g SRS femaval ol el Aopant: At RIese Rk SRR Ol AReL gdaing iIs used to
on the surface, In some embodiments, use of retrograde doping and flat atomic profile (box
junctions) are also empioyed. Furthermore, such capability will allow for independent doping
of surfaces, such as emitter and BSF. Again, selective dopant capability can allow for an
20 interdigitated doping profile on the back surface that eliminates the front surface shadowing.
It is proposed that such capability alone can provide efficiency gains in advance of I to 2
absolute percentage points.
Furthermore, since the positioning of the dopant placement through fon implantation
is highty controlled, side and back side doping can be controlied or minimized to avoid
25 subsequent removal of such dopant. At present, etch or laser edging is used to remove the
deleterious effect of all encompassing dopant diffusion methods that can dope all sides
simultaneously. Careful management of implant start and end, as well as dopant placement
are discussed with respect to this subject in U.S. Patent Application No. 12/482,980, entitled
“SOLAR CELL FABRICATION USING IMPLANTATION,” filed June 11, 2009, and in
30 U.S. Provisional Application No. 61/131,687, entitled “SOLAR CELL FABRICATION
USING IMPLANTATION,” filed June 11, 2008, which are both hereby incorporated by

reference as il set forth herein.



deleterious effect of all encompassing dopant diffusion methods that can dope all sides
simultaneously. Careful management of implant start and end, as well as dopant placement are
discussed witls mespestita this subject in U.S. Patent Application No. 12/482ra8Qamniitesk "SOLAR
CELL FABRICATION USING IMPLANTATION," filed June 11, 2009, and in 30 U.S. Provisional
Application No. 61/131,687, entitled "SOLAR CELL FABRICATION USING IMPLANTATION," filed
June 11, 2008, which are both hereby incorporated by reference as if set forth herein. WO

2010/108151PCGH{US20F 028088 dopadiDendse f iiplaptedidenaptsenthagtivatiap.fsuch is

discussed in the previously referenced patent applications, where by controlled use of annealing time

and tempEFSTERECH iAiie PR MG PRI bR B3 FRINICOFATR R profrdintTs a1 iBesratgcAdditionally,

the texturgd gyHtace.reqvisadfebacaplaraallmay rrawisisnesialized Simplantation techniques. Such
implantation techniques are the subject of U.S. Patent Application No. 12/482,685, entitled "SOLAR

CELL FABRICAFISROpH M St ad AR RN At B AR FRE e Hea s secs2lisehg. and in U.S.

Proyisionghfipplicatiab.Nae &/ 1820 28pritiied (QQUARGE-h FABRICATION MULTH FACETING AND
ION IMPLANTATION," filed June_24, 2008, which are both hereb incorg}%ated by reference as 10if
R ORR Bty A

set forth HEPRHS %%?e@ﬁ??n%ﬁﬂﬁ%&ﬁ%%gﬁ% teeRRTGUEE Shh itdfdd implanted
dopants canbedreshrEedNT enfEnceaiRdacatad sWiacend in 1D, PRplaNiadioNpganadesed by the

i cap e ot bEPLE S SEE hHB WU L tid AT GRS praViously referenced
patent appicatiaNs AIBoReréiyd thaeppo@iatetiamertiotmetalsyaneapibitationrofeditiesant species)

cap.be imQIan aﬁor near, the surface of the semicq{r)lducthn% \gﬁafer or in a%glm covering the

d ‘ |
surface, if 8%%”% 57600 ARt SH BOIRE P R b S8 SR R O R S8BT BF the same

element (nplahed dibterndse) br dtherelbw enitartc: fofiedhalinedessary components of the solar cell

(formation of contact sillclfgatlon egc.l)l.ST iS {Heetr}gsdc pﬁgvbetyosrletg} to q&fl%c Itrrllc% Q’Va%rk 20function of the

metal semiconduttor mter élé)él 8?’ ailor the ban gap to enhance tﬁnepper SIMance of the solar cell,

such as threugheipypiotingihea montsotscdroiutisgpuaiosd himplamtdtipnaofimetadsfat tmedium to low
levels Canse%%iﬁ%?%ﬁ?ag, & %HQS ge%}eeépgfthe previously referenced patent applications,

15 whereby the appropriate element (metals or combination of different species) can be
implanted at or near the surface of the semiconducting wafer, or in any film covering the
surface, in order to provide an initiation point for the subsequent growth or deposition of the
same element (metal or otherwise) or other elements to form the necessary components of the
solar cell (formation of contact, silicidation, etc,). This method can be used to affect the work

20 function of the metal semiconductor interface or tailor the band gap to enhance thé
performance of the solar cell, such as through improving the contacts. For this purpose,
implantation of metals at medium to low levels can be used to seed and prepare the
subsequent process. This implantation will minimize the need to adopt the use of high
temperature firing methods employed today, resulting in a much lower temperature time

25 regimes, and thereby avoiding the deleterious effects of multi-crystaliine cells at high thermal
budgets.

The selectivity of doping can be addressed in many different ways, as described in the
previously referenced applications, where a shadow mask is adopted to provide the selectivity
required, as discussed in U.S. Provisional Application No. 61/302,861, entitled “AN

30 ADJUSTABLE SHADOW MASK ASSEMBLY FOR USE IN SOLAR CELL
FABRICATIONS,” filed February 9th, 2010, which is hereby incorporated by reference as if

set forth herein. Another simple and cost effective method is the use of in-contact mask
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subsequent process. This implantation will minimize the need to adopt the use of high temperature
firing methods employed today, resulting in a much lower temperature time 25regimes, and thereby
avoiding thewlelgterinsseffects of multi-crystalline cells at high thermal bedgetszo1s/0Zsss selectivity of
doping can be addressed in many different ways, as described in the previously referenced
applications, where a shadow mask is adopted to provide the selectivity required, as discussed in U.S.
Provisional Application No. 61/302,861, entitled "AN 30ADJUSTABLE SHADOW MASK ASSEMBLY

FOR USE IN SOI-AR CELERABRIC HTIQNR in e FaRIMARE Ot L8 IR igDale By pcorporated

by reference as if set forth herein. Another simple and cost effective method is the use of in-contact

mask WGERSHOITOSISTRCT AUSADe 678280 Bel e phr Gratarierebings peiedpansg brabeaeiih other
industries, This, metod pravidesithe.axadsriacivtmendied to.dapr e waionshelaw;the contact

gridlines. The issue of subsequent alignment of the metal gridlines is a critical one and needs to be

addresse iRt AU it RS erHTERAReS (e peticiifity b AHERRIES: tREHIEEMS For such

aligamenty Fusthermare; liProvidesiBMabicitin adapt hemRing RrivieARsicasteificignt electro- and
electro-less plating techniques, which is discussed below. Additionally, use of novel techniques, such

as selectiP@%fﬁ?@I}W@ﬂﬁoﬂg@ &b ersnig fetrtted araonlly el SL iy sh R LU FAOTERESN methods

will providgjagéitiopalipificiemeyaaing. RapesasRedt theipsesendinaniion faselaogell comprises a-
semiconducting wafer 10having a front Eu_rface, a back surface, and a background doped region

between &M K3 AR ACtHEBAKLEREE24 ront alternatingly-doped region extends from the
front surface of thecsemisenduaingswaientedilecationbeiwesnghedronsudace-angtheback surface.

The front doped region comprises laterally alternating first front doped regions and.second front doped
redidns. W@@&ﬁﬂ%ﬁ‘ﬁﬁf(ﬁp@h@@?&%%ﬁ\l} %Sﬁ%%lgeqo e§§%??5ébf%l’ﬁ%?h?érrﬁfgt front doped
regions. Asifaqdelaed o ibatar snedbetvaen: thedfirstipont depbd fegiensmindrtie thackground doped
region. A plurality of front metal contacts are aligned over the second frant doped regions. The front
metal con%)& Ccél%o é&nﬁﬁ’&ﬁ?@ﬁ%&t&%&ﬁgf é?eaﬁ?f%% ¢ %?tg“’ée%otr%t% s ‘E‘:@%ﬁcﬁ’ friron{%ogﬁ%% regions. A
back alterpatingly Tiepeshrelgiad sxdends:frpisethiethatly skicfacengfittve Semitorductingswader to a

location betwe%Dnghe ack surface and the 20front surface..Th backl]%%pe region comprises laterally

alternatinﬁ??rg’s‘% 'y 8B%d rgglons andsecond ac(fgeo%egéf} Trléglovr?s%’? Re 'Second back. oped regions

have a lowlemshe@rsefistadoefhagithe fikgi-backet opedfvegiohissthebackerhetafroondaptdayer is
disposed (r)f?gltgr?s tz)tg& %hsel’g&glggeround doped region. A plurality of front metal contacts are aligned over
the second front doped regions. The front metal contacts are configured to conduct electrical
charge from the second front doped regions. A back alternatingly-doped region extends from
the back surface of the semiconducting wafer to a location between the back surface and the
20 front surface. The back doped region comprises laterally alternating first back doped regions
and second back doped regions, The second back doped regions have a lower sheet resistance
than the first back doped regions. A back metal contact layer is disposed on the back surface
of the semiconducting wafer. The back metal contact layer covers the first back doped
regions and the second back doped regions and is configured to conduct electrical charge
25 from the second back doped regions.

In some smbodiments, the semiconducting wafer is a silicon substrate. In some
embodiments, the first front doped regions and the first back doped regions have a sheet
resistance between approximately 80 Chms/square and approximately 160 Ohms/square. In
some embodiments, the second front doped regions and the sécond back doped regions have a

30 sheet resistance between approximately 10 Ohms/square and approximately 40 Ohms/square.
In some embodiments, the background doped region has a sheet resistance between

approximately 0.5 Ohms/square and approximately 1.5 Ohms/square.
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of the semiconducting wafer. The back metal contact layer covers the first back doped regions and the
second back doped regions and is configured to conduct electrical charge 25from the second back
doped regionso 2010miseeme embodiments, the semiconducting wafer is a giiggRsubgiiaie. In some
embodiments, the first front doped regions and the first back doped regions have a sheet resistance
between approximately 80 Ohms/square and approximately 160 Ohms/square. In some embodiments,
the second front doped regions and the second back doped regions have a 30sheet resistance
between approximately 10 Ohms/square and approximately 40 Ohms/square. In some embodiments,

the background dopedt GaHARAE SEShLCAN ANARPEMIBALAANIONIAEINA BT RIsguare and
approximately 1.5 Ohms/square. WO 2010/108151PCT/US2010/028058 In someé embodiments,

the solar CbiPRifher Bsniisnsey Breaitiherorsoadestnny dyeraspedad dromedpeftagiefice of the
semiconducting wafghoushagfisst finnt deped 1eaiansomprlf Semeambdimants;thesglar cell

further comprises a metallic seed layer disposed over the second front doped régions and under the

front metalE8iEsERSOm Ssmiel et Bedmictd uKisTHa dnet saealisgrreonipAeEs mesotaxy implants. In

some embadipmntshadneialiic seaddovaleampisassasiiGidsiants. 1T seme smbadiments, the
second front doPed regions are laterally spaced apart from one another a distance in the range of

approximatE LA S LHro LAREIHS3 Mlsidh some embodiments, the background doped region is
p-type doped, angd ib@efiéﬁtbb@if@ﬁitﬂQE@M@QW@&%@&Q—@@@@@Qrérﬁ%gﬂ?%ﬁd@g&%& agn-type
doped. In some e bo%iments_, the second back doped regions are doped with the same charge-type
dopant as%eeaﬁgégﬁﬁo FARGE pe i ARRSH CHPR AR U B “RREP RRSRISAER BBbed regions are
doped with the sareenghargediypedopanhasibensanged katkndopathegions andthe kackground

doped regjon. In some.embodjments, the.secqond back doped regions and the background 15doped
reéz n are%—%éj%pﬁ(é%e&f?%%%r% &by '?ﬂ%ﬁ@?ﬁée&o&@ﬁ&eﬁﬁ@@‘agﬁ%drelﬂiB‘f‘igeare doped with boron.

embodiments, the second back doped regions are doped with the same charge-type dopant as
the background doped region. In some embodiments, the first back doped regions are doped
with the same charge-type dopant as the second back doped regions and the background
doped region, In some embodiments, the second back doped regions and the background
15 doped region are p-type doped. In some embodiments, the second back doped regions are
doped with boron.
In another aspect of the present invention, 2 method of fabricating a solar cell
comprises providing a semiconducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface. A first set of ion
20 implantations of dopant into the semiconducting wafer is performed to form a front
alternatingly-doped region extending from the front surface of the semiconducting wafer to a
location between the front surface and the back surface. The front doped region comprises
laterally alternating first front doped regions and second front doped regions. The second
front doped regions have a lower sheet resistance than the first front doped regions. A p-n
25 junction is formed between the first front doped regions and the background doped region. A
plurality of front metal contacts are disposed on the semiconducting wafer. The front metal
contacts are aligned over the second front doped regions and are configured to conduct
clectrical charge from the second front doped regions. A second set of ion implantations of
dopant into the semiconducting wafer is performed to form a back alternatingly-doped region
30 extending from the back surface of the semiconducting wafer to a location between the back

surface and the front surface. The back doped region comprises laterally alternating first baclk
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In another aspect of the present invention, a method of fabricating a solar cell comprises providing a
semiconducting wafer having a front surface, a back surface, and a background doped region between
the front surfasecamdhther back surface. A first set of ion 20implantations afcciopant intedie
semiconducting wafer is performed to faun a front altematingly-doped region extending from the front
surface of the semiconducting wafer to a location between the front surface and the back surface. The
front doped region comprises laterally alternating first front doped regions and second front doped
regions. The second front doped regions have a lower sheet resistance than the first front doped

regions. 4 p:y faitAction éééaqlggcpw%%%&lﬁr%%&mm% ghhe.bagkgiqund doped

region. A plurality of front metal contacts are disposed on the semiconducting wafer. The front metal

contacts SPECHIRFHED SR BB SEES Atk SRPHbEl & gid e Grere oo ined Fodiowatitt electrical

charge from{hg seooneiont seredregians ifyseaendat Kidom nplantationsPiAepaptinto the
semiconducting wafer is performed to foint a back alternatingly-doped region 30extending from the

back surfEs BriheosehiissABtenh g Heribato tanth pERle At A pRBREE R M the front

surface. thebpalk-Aepedsaoinn companses dairmpibsalernating first back WO
2010/108151PCT/US2010/028058 doped regions_and second back doped regions. The second back

doped regions HAVEREISTHBP LRSS SHRIRERSIIS AR Hir f IC G S -MRP A Back metal contact
layer is diggnseeh oo ibahagksuifaes ebiha semicorauctingwaletohbabasimeieantact layer

covers the first back doped regions.and the second back doped regions and is confi%ured to conduct

Selectrical ShdFge Fih YHE Scthiralsns Ry BSSaPEgRIIE g WL MBS Bo SR E Pt Bffing the first
set of ionigpplaniations cappitsas inylarting taeseemck franiideoped segionsusingagasist layer that
coggprises resist opian'ngs that are al\ikg e%iwith the I%iﬁgons on the semiconducting wafer where the
second froft Pt ?‘@2;5[ HEA 2 be |Prf}’p STt RS SR IEAEC TR BE KRB enings are formed
using a 10petitastmesic placed intahtaictawvithdhethesisidayetr thkgotiacisivagkcRapising mask
openingng% are aligned with the locations in the resist layer where the resist openings are to be

Minted. In sor%eé[mbodiments, perfoiming the second set of ion implantations comprises implanting
the second backrdepederebidiaansinpes shadgiineasiothat obmprhisetamasis comprises

implanting the second back doped regions using a shadow mask that comprises mask

15 openings that are aligned with the locations on the semiconducting wafer where the second
back doped regions are to be implanted, and the shadow mask is disposed a predetermined
distance away from the back surface of the semiconducting wafer during a portion of the
second set of ion implantations.

In some embodiments, the semiconducting wafer is a silicon substrate. In some

20 embodiments, the first front doped regions and the first back doped regions have a sheet
resistance between approximately 80 Ohms/square and approximately 160 Ohms/square. In
some embodiments, the second front doped regions and the second back doped regions have a
sheet resistance between approximately 10 Ohms/square and approximately 40 Ohms/square,
In some embodiments, the background doped region has a sheet resistance between

25 approximately 0.5 Ohms/square and approximately 1.5 Ohms/square.

In some embodiments, the method further comprises the step of disposing an anti-
reflective coating layer on the front surface of the semiconducting wafer over the first front
doped regions.

In some embodiments, the method fm‘ther.comprises the step of disposing a metallic

30 seed layer over the second front doped regions, wherein the front metal contacts are disposed



150penings that are aligned with the locations on the semiconducting wafer where the second back
doped regions are to be implanted, and the shadow mask is disposed a predetermined distance away

from the bacisuifacesnkihe semiconducting wafer during a portion of thepggeendsabafsion
implantations. In some embodiments, the semiconducting wafer is a silicon substrate. In some

20embodiments, the first front doped regions and the first back doped regions have a sheet resistance
between approximately 80 Ohms/square and approximately 160 Ohms/square. In some embodiments,
the second front doped regions and the second back doped regions have a sheet resistance between

approximaiely A0 QTR salPts and ARRIOYMABHAR Nmslasiate.n.some smbadments, the

background doped region has a sheet resistance between 25approximately 0.5 Ohms/square and
approximatesptaxs Oasisqlinsenc cbabmentniboainidhessaptblavathortstiar Satitsrises the step of

disposing an antjreflective,canting aueran e fienksuiface of the semispnductingwafer,over the first

front doped regions. In some embodiments, the method further comprises the step of disposing
a metallic 89seei rayet desotHetbe g HenPaspearbylons: WHersximalshyAtietal contacts are

disposed WO 201 0/1081 SARGTALS ARIYO28058 ausLihemstalic seed jRednsogme embodiments,

the metallic seedié%/er comprises mesotaxy implants. In some embodiments, the metallic seed layer
comprisedREiHERFE. regions dptriBcaReBdifah dontbrs8eBR AR BrivROIRRS tedioite sre laterally spaced

apart fromgReARetReHR AsiARaRR RBJARISA{ ARRIGEMAleYEL BMILRRIPIMASHMGMM. 5In
some embodiments, the background doped region is p-ty@g) doped, and the first front doped regions

and the séROPRFRBATHLAMRFISEHRATS APeHms pr nfh e SPABoEARFERS oRe e dSREFback doped

regions argigdopedawith-1he sape shargestiiedenad.ae dbg-naskaraund depaddegian. In some
embodiments, the first back doped regions are doped with the same char e-tﬁpe dopant as the

setBnd bAIPHbISI Tedibirens i iediBLEaky fOt AEr T dBsE 4Rl Re s s, the second
back doperpegiepmang hehaekgrountoppesrgiaraie RetyRedoned dsphsomeismhadiments, the

second back dopig%e}gions are doped with boron. In yet another aspect of the present invention, a
solar cell ESRTPEES ¥ ¥ miconducting wafer having a front surface, a back surface, and a background

doped region belweanitbedSispad: sitface-ant thechdck, swiacecA Dagkisteinatinglyddopgd region
extends fr\%a ‘etr ea%%%ka front surface, a back surface, and a background doped region between the
15 front surface and the back surface. A back alternatingly-doped region extends from the back
surface of the semicbnducting wafer to a location between the back surface and the front
surface. The back doped region comprises laterally alternating first back doped regions and
second back doped regions. The first back doped regions comprise a different charge type
than the second back doped regions and the background doped region. A back metal contact
20 fayer is disposed on the back surface of the semiconducting wafer. The back metal contact
layer is aligned over the first and second back doped regions and 1s configured to conduct
electrical charge from the first and second back doped regions.

In some embodiments, the front surface of the semiconducting wafer is characterized

by an absence of any metal contacts, thereby eliminating any front surface shadowing by
25 metal contacts.

In some embodiments, the background doped region is n-type doped, the first back
doped regions are p-type doped, and the second back doped regions are n-type doped. In
some embodiments, the first back doped regions are doped with a dopant chosen from the
group consisting of: boron, aluminum, and gallium. In some embodiments, the second back

30 doped regions are doped with a dopant chosen from the group consisting of: phosphorous,



surface of the semiconducting wafer to a location between the back surface and the front surface. The
back doped region comprises laterally alternating first back doped regions and second back doped
regions. Thexsfustipadsdaped regions comprise a different charge type thppithsseeasds®ack doped
regions and the background doped region. A back metal contact 20layer is disposed on the back
surface of the semiconducting wafer. The back metal contact layer is aligned over the first and second
back doped regions and is configured to conduct electrical charge from the first and second back
doped regions. In some embodiments, the front surface of the semiconducting wafer is

characterized Ry 4R ARFENGE o A RRIBEANACISHLRIERYRIMINaINg.ARAL EaRbRURsRshadowing

by 25metal contacts. In'some embodiments, the background doped region is n-type doped, the
first back dopedfetfiBisaredrapE. dbpadlansrdlfiehecompisse dupe daRs SHERy 8RR doped. In
some embodimentsnthe:fifal bagk dopedragionsaedgnedwithaderantichesandrem: the group

consisting of: boron, aluminum, and gallium. In some embodiments, the second back 30doped regions
are dopediFitHcK Ssht WheSEhRoRYIhEBROELEM SRt OF<ISRBSpABPaTIhaARgation of the
20%0/1081 5P 48201028068 AI SaNienachARMRNK, M-SPRE RFtOdIneNtsy Hgesemiconducting

wafer is a silicon substrate. In some embodiments, the solar cell further comprises a front doped
region ex@ﬂ?ﬁlg from the front surface of the semiconducting wafer to a location between the front

surface and the hagksuiacrinheseinethakrentdepedJagiendags nataxardide rgashibe location of
the back altematingly-doped region. In SOEE en%bodiments, the front %oped region isg- pe doped.
In some tHBREHMEH L CHE RO R RS ORI TR i S0 TR HBH U GFishiE & Higned over the

first and skreoRd dagkidepetragiensiicsoneemiodinipetd, dhe selandelfdtber gamprises an
an{i-reflective. coztin Ia};éerfdi%ﬁ)ﬂcéed over, thet% ck surf?ced\]{f the 10semicopdyctin W fer and

" be \(z\leen HERHEREIE O ?ﬁ’rn t.wl?]e%l?ﬁén i C@&i%ceﬁé, H%S‘amﬁf"élfe%’ﬁlvg érélgﬁr?g aeyer comprises
silicon nitrige. il sameceanbgdine ntenthiresaldicoe th fiidbe ramieriseis dimantd; reflective dtbating layer

disposed 3}/ r the front surface ofdhe.semicondpcting.wafer. In sqme erpbo ,imerflt%, the anti-reflective
. riner r%oni;%rises L ATt~ 8(3{1‘/'6 coaung ayer 1SpOS6d over the front surtace ¢f tog
coating layer comprises siticon nitride.

semiconducting wafer. In some embodiments, the anti-reflective coating layer comprises
silicon nitride.

15 ~ In yet another aspect of the present invention, a method of fabricating a solar cell
comprises providing a semiconducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface. A set ofion
implantations of dopant into the semiconducting wafer is performed to form a back
aliernatingly-doped region extending from the back surface of the semiconducting waferto a

20 location between the back surface and the front surface. The back doped region comprises
laterally altemating first back doped regions and second back doped regions. The first back
doped regions comprise a different charge type than the second back doped regions and the
background doped region. A back metal contact layer is disposed onto the back surface of the
semiconducting wafer. The back metal contact layer is aligned over the first and second back

25 doped regions and is configured to conduct elecirical charge from the first and second back
doped regions.

In some embodiments, the step of performing a set of ion implantations of dopant mto
the semiconducting wafer to form a back alternatingly-doped region comprises: performing a
blanket ion implantation of a first dopant into the semiconducting wafer, wherein the first

30 dopant is implanted across the entire back surface of the semiconducting wafer; and

performing a masked ion implantation of a second dopant into the semiconducting wafer

9.



15In yet another aspect of the present invention, a method of fabricating a solar cell comprises
providing a semiconducting wafer having a front surface, a back surface, and a background doped
region between the/dmemisurface and the back surface. A set of ion implaptatiosm nfdegam into the
semiconducting wafer is perfoimed to fouu a back alternatingly-doped region extending from the back
surface of the semiconducting wafer to a 20location between the back surface and the front surface.
The back doped region comprises laterally alternating first back doped regions and second back
doped regions. The first back doped regions comprise a different charge type than the second back

doped regigns apcib& 9@@@&%@%@&%@@%@&% £oRiaRt lavgrizdisngsgd onto the back

surface of the semiconducting wafer. The back metal contact layer is aligned over the first and second
back 25d8paiF P8GR HR2AHISE BHRTRYUFHEE T CONMASKIUBRTESP ey ePRRL B e ahgsdcond back

doped regigfshe 1041iSRAMEA SINRILIBRMS; tepyeipetpining drekablen i%}g%ﬁ@?ﬁg@@s of dopant
into the semiconducting wafer to form a back alternatingly-doped region comprises: performing a

blanket io‘PFi?ﬁﬁ’lléﬁf%&ion of a first dopant into the semiconducting wafer, wherein the first 30dopant is
impjanted acrosg.theRntingdaaaksyfiacagf she-semicangdatisra wafesiand: pertaimipesarmasked ion

implantation of a second dopant into the semiconducting wafer WO

2010110818 PEEEL BB S0 UL A KA RS ORSA S S8 L PR R B Bie%dnce away
from the acksrifaeeafitie-semisasdustingopaiemwiier eimibemahadowATaskseRnRHsRssMask

openings that are aligned wijth the locations on the semjconducting wafer where the second back

doped reditis HrR4HA MHBFATTRECS i LEie R H B AFnEHtReh SUEtas Of HsHSPRARGAE88of ion
implantatieraggfdepantiothifewsenikeodictingmesterienfasmiaback aliernatinghe dapaenegion

comprises: performing a first masked ion implantation of g first dopant inta the semiconducting wafer

el et A e e R A et

semicondpetiognivafe seadereinitbe ishatphinrzask cDmptsesdnask ppetiagathahateiaiégned with the

locations 10qn the se ic%nductilﬂ%wafer wher %he firs&%a kgg %g r? %%Qﬁe re to h img}fanted; and
[ (0]

. waler usin SNAGOW J1as 1sposed T ST EStar dcK SUrirace .
performlng %. secérﬁjamas ed ion im an‘ciaﬁc?n of a second dopant in e semlconaucﬁng wafer using

a shadowtheaskniisphsed awpredetérminetkdistane eravkayofnpnsth enbachpsufas chef dlve semiconducting
water, whegein tho, shadow, iask comRses, sk 0ReNOde Rt AL ARSI IR lgggions on the
semicondu ng waiter wnhere ?He seconar%ac gop regions
15 are to be implanted.
In some embodiments, the background doped region is n-type doped, the first back
doped regions are p-type doped, and the second back doped regions are n-type doped. In
some embodiments, the first back doped regions are doped with a dopant chosen from the
group consisting of: boron, aluminum, and galitum. In some embodiments, the second back
20 doped regions are doped with a dopant chosen from the group consisting of: phosphorous,
arsenic, and antimony. In some embodiments, the semiconducting wafer is a silicon
substrate,
In some embodiments, the method further comprises the step of performing an ion
implantation of a dopant into the semiconducting wafer to form a front doped region
25 extending from the front surface of the semiconducting wafer to 2 location between the front
surface and the back surface, wherein the front doped region does not extend to or past the
location of the back alternatingly-doped region. In some embodiments, the front doped
region is p-type doped.
In some embodiments, the method further comprises the step of depositing an anti-
30 reflective coating layer over the front surface and the back surface of the semiconducting

wafer. In some embodiments, the anti-reflective coating layer is deposited using a Plasma-
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15are to be implanted. In some embodiments, the background doped region is n-type doped, the
first back doped regions are p-type doped, and the second back doped regions are n-type doped. In
some embogimentsidheifirst back doped regions are doped with a dopamrcahosamofoesnsthe group
consisting of: boron, aluminum, and gallium. In some embodiments, the second back 20doped regions
are doped with a dopant chosen from the group consisting of: phosphorous, arsenic, and antimony. In
some embodiments, the semiconducting wafer is a silicon substrate. In some embodiments, the
method further comprises the step of perfoiming an ion implantation of a dopant into the
Sem!CO”%&Eﬁl&éﬁﬁﬁé&ﬁcﬁ?%&{@%é&ﬁ%@ﬁ@% tsndipgdranthp dierhaufaceef the
semiconducting wafer to a location between the front surface and the back surface, wherein the front
doped regrileHiE SRS BRI RENBF e St iR BEESN BrpTaaraeRodHEmM Syt pLaR PEHTRRGIFR. In some

embodimgnts, the. ffant deped.ieginnoisP AYREHaRads the sdiisOMABBRDRITARRSyHRG method further
comprises the step of depositing an anti-30reflective coatgfrig layer over the front surface and the back

surface ofBBE MCHHRHIREINGY warating agmie LHBSameie ot aRtiiPdhe eris dlstiig layer is
depositedcysing BRIasManeWe: 204 YRR 64520 504028088 EnhancetiCheimigal Vapor

Deposition (PECVD) process. In some embodiments, the anti-reflective ¢coatjng layer comprises silicon
nitride. In ¥BhYe BABBRHE RIS St SSREISPOSHEBIE HRERFRAAAEBATE 145 8FHIS Hle back surface
of the semiseRAUEHIGWAIRE SRMPLHSRS abiatisenthemnitefecivercoring iyt tobmsaparated
openings in the antj-reflective 5cating layer over th firs%and secorﬁ%obamﬁ?ed regi%ns, and
depositinﬂﬁ&%ﬁ‘&%‘ﬁ?&@tgrﬂﬁﬂﬁﬁf‘f%tggﬁﬁtﬁlt@a%ﬁéﬁ@%. FraSRe e RbEH SYHE%Ep of disposing
the back metakgentact layer onto the back surface of the semiconducting wafer further comprises
performing an electroplating process after the metal contacts have been deposited within the
separated openings. 10 BRIEF DESCRIPTION OF THE DRAWINGS

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-14B illustrate one embodiment of a method of fabricating a solar cell in
accordance with the principles of the present invention.
FIG. 15 illustrates a cross-sectional view of one embodiment of an inter-digitated
15 back-doped solar cell in accordance with the principles of the present invention.
FIGS. 16 illustrates a process flow diagram of one embodiment of a method of
fabricating a solar cell in accordance with the principles of the present invention.
FIGS. 17-23 illustrate one embodiment of a method of fabricating an inter-digitated
back contact solar cell in accordance with the principles of the present invention.
20 FIG. 24 illustrates a process fiow diagram of one embodiment of a method of
fabricating an inter-digitated back contact solar cell in accordance with the principles of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

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

30 shown but is {0 be accorded the widest scope consistent with the principles and features

described herein.

-i1-



FI_GS_. 1-14B illustrate one embodiment of a method of fabricating a solar cell in accordance with the
principles of the present invention. FIG. 15 illustrates a cross-sectional view of one embodiment of an

inter-digitategl,lphasksdqped solar cell in accordance with the principles gf-inespiaseRbsavention.
FIGS. 16 illustrates a process flow diagram of one embodiment of a method of fabricating a solar cell

in accordance with the principles of the.present invention. FIGS. 17-23 illustrate one embodiment
of a method of fabricating an inter-digitated back contact solar cell in accordance with the principles of
the present invention. 20FIG. 24 illustrates a process flow diagram of one embodiment of a method of

fabricating an inter-digitated back contac i ( Teloll th t
invention DETATED e B S e e e presented
to enablefmdé@rwiﬁa@_ﬁsklﬁﬁwm@aing@m@éﬁﬁk@sé’ﬂﬁ@m@émﬁwﬁﬁ@iéiﬁr’@@iﬂ%@ﬁﬁthe context of
a patent application, %ﬁd@?ﬁg&l&e&%@d}éﬁ%‘.okﬁ@wg@{ﬁgﬁ%ﬂ&&ﬁ&%ﬁ@%&%gﬁmbodimentS will be

readily apparent to those in the art and the generic %lnciples_hereln_may be applied to other
embodimenstsnTdisglothes presbashoventidhisppieritpdodtiese mtegrtos e Eifisediment 30shown

butds to he accorded the widest scone cansiisabwithdbeipingipssand isagsdescribed herein.
WO 2010/108151PC#U%201§/028058 FIGS. 1-24 illustrate embodimen?gof a solar cell device, its

characterstiegavdey RrPRRIGH IRABRSARE @ RAWEH S LRIAY AGPABRTE d iR, VAR dbpbtts of the
disclosurgnayhedeserbednieugb dheydsreb AaucharsnQiianasinglaiestanee of an aspect of the

present disclosure may be shown. As is appreciated by those of ordinary skill in the art, 5Showever, the

protocolsisedadisthafipprscunisre Saeann di Herli by Bercpmigly.

The following is a description of solar cell fabrication methods that adopt many
10 different approaches. These methods are viewed as cost effective, providing substantial gains
in efficiencies.

FIGS. 1-14B illustrate different stages of one embodiment of fabricating a solar cell m
accordance with the principles of the present invention. In some embodiments, the present
invention’s approach to cell fabrication starts after an initial saw damage and texturing etch,

15 as shown in FIG. 1. The semiconducting substrate 10, at this stage, can be doped. In some
embodiments, the substrate 10 is doped with p-type dopant (e.g., boron} to a low resistivity of
approximately 0.5 Ohms/square to 1.5 Ohm/square, which translates to uniform doping of
less than 1E16 om™ throughout the substrate 10,

As seen in FIG. 2, the substrate 10 is then counter-doped using an ion implantation

20 technique to form a p-n junction. As seen in FIG. 3, this ion implantation forms a
homogencous emitter region 25. The level of doping for homogeneous emitter region 25 has
to be low enough so as not to impede the conversion of light and the recombination of the
minority carriers. Accordingly, in some embodiments, the level of doping is such that it
results in the homogeneous emitter region 25 having a sheet resistance of approximatelyl00

25 Ohms/square or greater, with a surface dopant atomic concentration of approximately 1E19
cm™ at this stage and the profile rolling off to the junction. In some embodiments, the level
of doping is such that it results in the homogeneous emitter region 25 having a sheet
resistance of between approximately 80 Ohms/square and approximately 160 Ohms/square.
Preferably, the carrier diffusion length in the homogeneous emitter region 25 is similar to the

30 junction depth so as to render this region as a transparent emitter, The control of surface

concentration to less than approximately 119 ecm™ ensures that there is no pile-up of excess

-12-



continuously or as often as necessary to satisfy the needs described herein. Additionally, it is
contemplated that method steps can be performed in a different order than the order illustrated in the
figures, unlegs,Qtheruise; disclosed explicitly or implicitly. The following isyg-fegcsiptinef solar cell
fabrication methods that adopt many 10different approaches. These methods are viewed as cost
effective, providing substantial gains in efficiencies. FIGS. 1-14B illustrate different stages of one
embodiment of fabricating a solar cell in accordance with the principles of the present invention. In
some embodiments, the present invention's approach to cell fabrication starts after an initial saw

damage and texturing etch, 15as shown in FIG. 1. The semiconduycting substrate 10, at this stage, can
e coped TR b e B e L R R e R e o o = fow
resistivitytbf appedxirraly s Othnsiscuaresion] . ln@hmfsyuarewhictkentaths|pte suwumiform doping of
less than JEL8 a1 Hareushays EH%%%bﬁFé‘E%i%ﬁ%éﬁg?ﬁe?g%sﬁl';%ﬁ%s H}‘?n%&l?%}{ﬁﬁﬁnlgcr’?%&%ﬁ”

counter-dop?ed using an ion implantation 20techniqué to form a p-n junction. As se FIG. 3, this ion

implantatidn foritts zehiom o@éﬁé@d@@ﬂtﬁé@ﬂté@i@ﬁaﬂﬁg T@B@é\i@ﬁm@ﬁiﬁ@ Wﬁﬁ)@m@@@ﬁéﬂi@tg emitter
region 25 has 19 Re laveeRRYAR SQRRASL RdaRsdetieconyessionof kghtangd thergcembination of

the minority carriers. Accordingly, in some embodiments, the level of doping is such that it results in
the homogerebus niteicregitn PEssaVing & bhobtlreedspitice of approximatelyl 00 250hms/square or

greater, with a Wﬁﬁ@?@c%ﬂé@k@ﬁ%ﬁ&@@‘%%élir%tiHﬂp%\%o@x%oﬁiéﬂéégl}{glﬁjtﬁgcﬁh%@ thig-stage and the

profile rolling off to the junction. In some embodiments, the level of doping is such that it results in the
homogenBHRRER i HEBFYSIBE 2omas Righs sHéetresidishde sFbathde mEppratifately 88hms/square
and approxiakely.1 6 MK SeMAs e RIBIR ANn R FARIRL ISR IRAOHLH, g hrmeganeous

emitter region 25 is similar to the 30junction depth so as to render this region as a transparent emitter.

THE controt 6T &ities daleeantUtfoRudoR e tHE F apsrambateny: Pty ok At atAbYe is no
pile-up of @xeessh¥ME:04 0(1 084 BREA/URr0LN@R8RE on of dopant from one side of the wafer

to the other, As aresult of the present invention’s use of ion implantation, where a high level of

dopant uniformity can be achieved and well controlled, a light dose can provide a more uniform

back ground doping. Furthermore, with the recent drive to conserve as much of the pulled silicon
15 as possible, sometirnes the outer ends of the ingot are discarded or placed back into the melt, as

resistivity deteriorates markedly. These sections can be retrieved, after wafering, and implanted

to match the resistivity to the remainder of the wafers from the middle sections of the ingot. The

consequence of such is that the wafers starting into the line will have a far higher consistency and

thus will provide a more repeatable performance, thereby leading to a much tighter binning of
20 the final product and thus leading to higher revenue.

As seen in FIG. 3, the wafer 1s next subjected to deposition of anti-reflective coating
(ARC) film 30 that acts both for passivation of the surface and ag an anti-reflective film to
enhance the light path through the substrate. Additionally or alternatively, the ARC films can
be deposited prior to the previous homogeneous emutter implantation, as the quality of the film

25 may nol be affected by the light doping levels.

As seen in FIG, 4, a resist layer 40 can be applied to the wafer using a simple roller
system, thereby laminating a dual layered organic film, such as Dupont MM500 or Shell SU8 and
other aliernatives, on the surface. The adhesion of this film and the continuity is critical at this
stage. Preferably, the lamination process is operated at a low temperature of approximately 50-

30 100 degrees Celsius and through preheated physical rollers at a speed of 1 to 2 mm/min. At this

rate and temperature, the substrate will not experience more than 50 degrees Celsius.
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dopant on the near surface region, and thus eliminates the "dead layer" effect that precludes the use
of energetic blue light for conversion. In a preferred embodiment, the p-n junction depth is at least 0.3
to 0.4 microgothpssMmiinizing the possibilities of metal shunting beyond g /emiliensagion. A typical
anti-reflective coating (ARC) is around 0.07 micron. Therefore, 5the total depth for the metal shunts is
preferably in excess of 0.37 to 0.47 micron, which is more than adequate for the present firing thermal
budgets. This technique could also be used to improve the pre-doping of the starting material,
through a uniform-like doping of the material, which is particularly important for low quality material that

o e e e glee sionng nemunIibC Y RIGRLINRRL AR R ik g variaton o

dopant distribution axially from top to bottom of the ingot, as well as laterally. So once the ingot is cut
into wafersash&fean synbbvdhattdliot deirmol tntrrieasiteotahel (parete Hseraimde thAatiiyesult of the

present IRyEntRvLsuse, oLion BIANIRGM ARG, G Lol ipRRIbURHATIN camBgachieved

and well controlled, a light dose can provide a more uniform back ground doping. Furthermore, with
the recertidrive threpndéivecatmplerbhmdter B ErrRBRIt S AL P BSYIBHISoHR HRTESUHE Buter ends of
thesingot are discardedorplacgd Rackdnte themal astesistivinndeterioates mankadly. ({hese

sections can be retriéved, after waferin%, and implanted to match the resistivity to the remainder of the

wafers frehidpeingiddiddieenshs G mmetihgotlinp & EpR sy s rsALhderat s afdHsStarting into
the line will have, a farhighencensisteney and thusonilhptevides.merg repeaiablanperformance,

thereby leading to a much tighter binning of 20the final product and thus leading. to_hi hersgevenue.

As seen in FIG. BiisiRaist Raskigstb|e Blatr o RIS aEHin B Bt 4 f SRHoe ARt AR film 30 that
acts both foipassivadion obiaasuriase mpeciassan aatieflective il pie enhante dhedightapiath through

the substrate. Additionally or alternatively, the AR%‘fiIms can be %epos.'ted prior to the {)5% ious
hohogengois Eﬁﬁﬁpiﬁﬁ%@igﬂ%‘f’s Qaﬂ%’&t f&ﬁ%@ﬁﬁf%h% 99‘?5%6%515?{58{’83%)9 heqight doping
levels.  AsEeen in HGr 4 aresishiayenidd ganibg amliediorthe wafersisingmsiniple dller system,

thereby laminating a dual layered organic film, such as Dupont MM500 or Shell S118 and other
b SO T

alternativéd! sion of this film and the continuity is critical at this stage.

Preferably, the lamigatiar iocessisngperafadial & ihwtsmperatdfetdalpprosimatel y:5@s80100
degrees Celsiys and through preheated physical rollers at a speed of 140 2 MMiMR~ALthis rate and
tormperatcha I SLswbie TP EOL xpel e el e b g e SR o Wl
20150110845 1RE TAUS 2010280681 carbisasedh, (1OR G1bless HegdtiVeitrcdtéoriadk 8544 then
placed on fhe resist film 40. The mask 55:can simulats ihe-gricline AR AL e ivpiakgplar cell. It
can also i?l}}:%?f)%rig%emt & ﬂssccé]éfrﬂé?’ﬁlﬁp‘%éﬁ%ffctheer%qull ements ?or these grid lines is 100 to 150
micron wideiwitieesphding ofitboheld shisssitischhtegptateelshatwisedrsgliramehtd, it e near

utre, can, b feded . APBIRTRRNARCIonS AR I ASRAFRIS s Rl n order o

minimize the s adowing. Aéditlonal the metal gridline firing requirements at 810 degrees Celsius
causes wideningist tth &stpiited line by 20 to 30 micron, further aggravating the shadowing.  The

in-gontact masking,po 45 plaged, MPIoEmity.Piihe wales susfacgianda basic andcrudgglignment is
conducted with the edges of the wafer. Once in place, the wafer and the mask
the pattern of the resist 45 allows for selective positioning of the dopant 70 across the wafer. In

the patent applications previously referenced, as well as in U.S. Provisional Application No,
61/219,379, entitled “PLASMA GRID IMPLANT SYSTEM FOR USE IN SOLAR CELL
FABRICATIONS,” filed June 23, 2009 and in U.S. Provisional Application No. 61/185,596,

25 entitled “APPLICATION SPECIFIC IMPLANT SYSTEM FOR USE IN SOLAR CELL
FABRICATIONS,” filed June 10, 2009), which are both hereby incorporated by reference as if
set forth herein, a series of application specific implants is described that maximizes the beam
utilization through use of broad beam or beam shaping. This capability coupled with the gridline
patterns of the resist 45 allows for well defined lines.

30 As seen in FIG. 8, the selective implantation results in the formation of selective emitter

regions 80 undemeath where the metal contact gridlines will eventually be placed. In some
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10 55 are exposed to light 50 from a set of lamps that compliment the peak resist response of 350 to
380 nm. In order to achieve a grid line opening of 50 microns, a high resist step of 10 to 18 with about
28-60 mJ/c:rggoi§0|1|‘_'.;‘.f<j—;"g;1;,l51 As seen in FIG. 6, openings are formed in the,rgsist.laygb4ds thereby
creating an exposed resist layer 45. The exposed resist layer 45 can be developed in typical Sodium
(Na2CO3, with 15 less than 1.0 wt%) or Potassium carbonate (K2CO3, with less than 1.0 wt%).
Preferably, buffered chemistries are not used here, as they impact the quality of the side wall and the
resolution of the resist. The solution can be held at less than 35 degrees Celsius with a dwell time of
50 to 70 secongs. The wafer can then be subsequently irrigated.and rinsed with direct fan nozzle and
o blow-F G GO LI SUAL S B ATER T Tty O o etoe S SRSt rep shown
in FIG. 7.drteng] thaqpaiteimaftenesish 45 alfows dorsetedtive frpgiticmngetf e @opann?@ across the

wafer. In the patent lications previously referenced, as well as in U.S. Provisional Application No.
1110 38 R A R T A P G Ty T eGSR et
FABRICASN GNG ' diled dsise:R3, i2009rang if khSoRrovidiohdOlipplisationtNep 8488996025 entitied
"ARPPLICATION SPECIEIC IMPLANT SYSTEM FOR = IN. R EFABRICAT S," filed
Jurte 10, DUO%) e LES B oA HEET, Bt S ey e ey ot
applicatiofspesific Hplarts téqisg&ﬁ@@@ntmﬁmmik@étﬂ@mmqjtﬁiz@lﬂbﬂimnfdgﬁﬁéié@@f broad
beam Or.Qﬁé‘éﬂa‘?@%‘,n&hﬁﬂ'§s°§£§9#§%a@8§%%%{"&1}1‘1h1%19BS'IIH?F HASDSRLHe J&5ist 4orallows for well

defined lines. 30As seen In FIG e selective implantation results in the foi[nation of selective

emitter refidtrsiBENiAeIErAGRIe Wi théepHa thl corraer gridiime s pedepiiatiyibBipieeditn some
WO 2010&9@%%&%%91@;@%&% bodiments. dbe.seleptive cnitien rraipRs20haye a low
i

resistivity (i.e., high conductivity) of around 10 to 30 Ohms/square with a surface concentration of
apPtoximatentizgaicedafdzgnhedisactepth of 0.45 microns or greater. In some embodiments, the

selective emitterygagions B0hays @rshestdrsistanas 1uthe: tepgs o ApRreximate v PQhms/square to
approximately 40 5 Ohms/square. The surface concentration needs to be high in order to allow for

better corféstt foTATSEOHOLIG RV IS Sl dTAmEE SRS S SdH By (Reshd <eNBIRty of the
silicon sulgiratentnWhichdsarpraximmainf20 wRulandakan aneRhaspRokE depirgmthe
independent formation ofjunction depth, the cross-over of,oneé)]/ge of doping with the opposite back
ground tyBBYEghicHIFFe12Es THERIS BielRed) i P eBRatTHEbmSt e Rt avaidnata Bshunting
aftey the fising of ceRtast with tAd dhigstage Whrwaledean: bedivesiod ineregulanacierRBENting
methods, whereby the resist 45 are removed and the grid lines.are scregn printed in the traditional
mannor. HOTMTe e Bh o TR SEIBER 0 ErRG Ml URROaT e FROTIFCTAE R rintec
gridlri]n((ej lﬁ@ﬁﬂﬁ@ﬁbﬁfﬁﬁ@&lﬂm‘ fﬁ?;mﬂtﬁm&f?e;hm@a?d ii&ﬁﬁbg @mS?I@ilgmﬁml _'takegdnlatt.e. AI\ c.ruded
metho would be ta align with the edges of the wafer. both during the selec mitter. implant an
screen pri‘ﬁ%ﬁﬁ) ?(étb% Ogg é)'gchasirr?ﬁr 1%%[%3}%iehﬁtlel?%%t%%€\?vg ef %)lrtgﬁibm %’enrtfi‘fvr gllsﬁaﬁjiélﬁr%ésnt may be
affected bigdiee imcdonsishe napriey tileciiafe ticuttphglasmdnitdangseon whdngecaligrmentchethdd. The

inugduction, of fidycial markings during the Jnitalselective emitier implant wil slioviats this fssue, and
9 K é%sylng on the %pa 2

[
jun} ria(f‘c s% “g,
can be achieved either through laser markings or r ct of the mpfanted 'surface

discoloratieinsh Bucmmenrkirrgs wintbesvisibie seateinmelatited|fdsig T bie 55, whidks igdomrkmgsurate with

the selectiys LIS, IMplANAd desan [ Uk BaRAFINELpaIking.and Jt fuvia SYRiamdp set at (he
screen printing to pick Up the patterns of the Selective emitter implanted gridlines, then the alignment
with the stredanisdmtindineil ersihepllitmanonitentiathvelyrctiverrotise 481 tbelinieligih on the wafers and
the selective emﬁ?efr}m%@{ the resist 45 could remain on the wafers and the selective emitter implant
25 can be followed by a “seed” or mesotaxy implant 90 for the formation of contact, as seen in FIG.

9. This seed implantation can be performed using a similar system to the selective emfter

implant system described in the patent applications referenced above. Mesotaxy is the growth

of a crystallographically matching phase underneath the very near surface of the host crystal. In

this process, ions are implanted at the energy and dose into a material to create a very near

30 surface layer of a second phase, and the temperature is controlled so that the crystal structure of

the target is not destroyed. The crystal orientation of the layer can be engineered to match that
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25 can be followed by a "seed" or mesotaxy implant 90 for the formation of contact, as seen in FIG. 9.
This seed implantation can be performed using a similar system to the selective emitter implant
system desg?p%q m]hlg%ﬂatent applications referenced above. Mcsotaxyﬂ&%%%ggﬁg{la
crystallographica ily matching phase underneath the very near surface of the host crystal. In this
process, ions are implanted at the energy and dose into a material to create a very near 30surface
layer of a second phase, and the temperature is controlled so that the crystal structure of the target is
not destroyed. The crystal orientation of the layer can be engineered to match that WO

2010/108151PCT/US2010/028058 of the target, even thqugh the exact crystal structure and lattice
constant ﬁ%@%@r%ﬁ%g}%‘fﬁ?‘ gﬁre&&}ﬁﬁggﬁ%ﬂﬂrg ﬁ%%#gﬁ{%%iﬁ??%tﬁﬂﬁgﬁ%l Sﬁfﬁ%ﬁd?éméeﬁi%on wafer, a
layer of nickeh:siligideatan:hefosmeadtionuliichidtiecerysital osidotatiad@f theystudideriattioes that of the
silicon. This growth method is different from an epitaxial grawth method, where crystals_are grown on
the & surfEEL DR o RSO DO e e g EE o7 G SR HoLTEY the two
unlike magesials nstichdds ditgtalnioisenicepdacto it iresehddsudhtransitibnais gohievadtbierough
high-temperature firing,, where the metal deposited on the surface is diffused into the substrate to
mitove (B e e S PO e mera
silicide, thislihemsiotifie netessaripl b isnommngtatett fhatamesrobghingiof ihecBigrfat tnthiath1 0 may
arise from igh a3 e NG Mefals: sis-hean lfenheler AdNssian PrORRISS. 17 sLbsequent

metal contacts after a esotaxy implant. Such improvements in the band gap engineering and
adhesion teamimeprdte dhrdanietadisomichrdo o pivtartacé thesislboity el tioes feers 10 enh&nced

perfonnange. a6 ROlarscell A% BERLILEICI0. hemeselannimplanknp b caiad yguan the

silicon dioxide 15 masking layer or anti-retlective layer (ARC) 30 to form a region 100 that stretches

froh whereathervrelimine Sraadowillaventaalippelp acadshahier Saricelsthe IKREBE tprdilgh the ARC
30 1o the SoMIGANAUGIRL (Edald tQﬁe»?eé%@y&;szfy? it 15010 FOmpIS RrimtRlant Rrofilgdailgring will help
ch tal

improve the metal semiconductor interface. Su iforing is discussed in the patent applications
referencetRaB6ELEHE\WadBPSISORRIAPTAABSVmcial Saapry st tHicHAtR rsrisEVE 201 dRbperty of the

ARC layer.30+BufnAsdis:iSmyee small tegian@nd a majority of it is below the metal gridlines, it will
not affect the performance of the solar cell. Formation of a very thin conductive layer allows for many

different metal d&pESHio FEthHUdhederr A Bor R RCERe i 48T dahranehihsvE i RsB Ak o uld be to
utilize metalighyinkdetpHnting dedfarm arvendhin 25 dayen anstop ithe ARy erddwhesequent to
a firing step, a metal transition Ia%/qr will be framed from the surface to the_semiconduct%r. The use of
the self-alithBE AhESRAGHPERSUFE HEHY thePtRepB S YEr RN HAYE Bbot! g htcant Veftical side
walls. If the fiesishitbrg aelecied sarsdRulbstand-theisubspgueantifiing.iemperafivadegilired, then

there will be no deleterjous spreading and widening of the contact layer,. thereQy. minimizing shadowing
and mprOHTHE 01 PSR By tne P B s e i 5 Py

201U1108pp1RACME20:18{0:28008e. HoAlkthis sidge, iapiaeenilnikiiabl, affuetycthit-adhdiuctive metal
coptact layer 110 15 foirtied jn the griding apenings of tha, aridiine Tesistpatter; o Sqme
enbodimé&ntg; & gruezl ihe TeéSist pattern-is uSedfor'an efect alﬁy activate Heposmon, like
electro-plating ariiticeedielélitnotleSscplatingrklectioplsdtihg sda prdvidieraeeoy thick Yapethof most
metals VeEXn%ﬁ‘f& %ggrca?l%tws for many different metal deposition methods, such as cost effective
plating.
An aliernative method would be to utilize metal-rich ink jet printing to form a very thin
25 layer on top of the ARC layer 30. Subsequent to a firing step, a metal transition layer will be
formed from the surface to the semiconductor. The use of the self-aligned mask will ensure that
the deposited layer will have good alignment and vertical side walls. If the resist 45 is selected
so as to withstand the subsequent firing temperature required, then there will be no deleterious

spreading and widening of the contact layer, thereby minimizing shadowing and improving the

30 power conversion efficiency of the solar cell.
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5 effectively for solar cell fabrication. Such plating has been utilized in other industries very cost
effectively. However, in the field of solar cell fabrication, it has required multiple and expensive steps to
enable suc%%qmg {9 be utilized. The present invention's use of a se!@@&ggﬂm%@nd a
mesotaxial implant or jet printing will, for the first time, enable the use of such an inexpensive metal
plating technique. 10After the deposition of the metal contact layer, the resist layer 45 can be ashed or
chemically stripped, as seen in FIG. 12. In some embodiments, a NaOH solution (less than 3 wt%) or
a KOH solution (less than 3 wt%) can be used, with a spray of 2.4 bars of pressure at a dwell time of a
few seconds at 35 g %trees Celsius. ef,thi this ste&;{i the siolar cell I hat 2@ 3[ fflcilent I(th
conversion efficfeHel& %%%e%%ee%lﬁ“t grlorllnveesry trhco f/’cc%lﬁ LEVEL emr er reglon 80
underneaittteerritiad gichiliges kAo gadhlnt&mszwmapmmde sfficiendydainstinttieeyodiier ofsdsto 2
absolute greentage INts. resent, the back surface, of the solar cell i s.8 series f blanket
metal derEosuilon t}% t(firi%lsmslee\l/eecrtgl |s[i)uaecs‘?‘érasig%h)]§|e Osmo li% L?Jﬁarp irS tls i Olgi?o%fe éoleeslt aILfJ)mlnum on the
substraterthttactslesrarbatifer ctaletw@errdme xsmbsbqhdmﬁmgﬁ mostdmctn&ﬂyf@iyvetrle@mm angl that will
alsg provide. 20 Raialdaningde.mprye s melakslseninisRgesaisl b Hlumipym s not an

effective gopant ut serves the purpose um is also not a good metal e subsequent
soldering @ty dunthevovien sy thedithdie! a@ard@k%yeﬂ‘ﬂmrlﬁl@d%awmlmvéqﬂﬁe@ Tpeniermal

expansion ismate ol i enchslisnk MOMENSL.AOsRRA BRI 9 husklipganddeforming of

the cell. Th problem can be alleviated by introduction of a boron-doped BSF 25 Tayer prior to silver
depositiofndhatmes presehtinpention jsupimiBsTilhyer ah et fomeednabiaght asppiicetions specific

homogeng{gp e@&@ﬂr@ﬁﬂﬁﬁ%@{%@ﬂﬁ‘i&ﬁ@ patent applications previously referenced. More critically,
minimization of metal contact tnidlines and the consequential shadowing is another way of improving

celfpower conveérifsritsriisraseioraltihs srtalitepssedhuib P30 dtFHetRot tharehif k8 employed.
One methgd;isda gx&rmié@ theavdthmtthexgriglings apsdbyseihe shadowingudavieyetdbis
IC

minirnization is difficult with the&esent screen printing methods, WO

2010/108 ¥ EDer S SPORHGOBOBE AbihdyVire FalBRikts dhai i B Width i hy S48 ¢ micron or

less. The sybsaqusnband-neassankiisnadwibecbeadensdhase grd tinesotert&1Q,in Adeicrons,
thus accentuatlnﬁ%q?&groblem The use of the self-alignment methods describe above and their ability

to provide'ates TRy RRETR A G RS pe bt can dhe S88L RIS B R SRl bHeRarHEN Y or he

mggotaxy:pimptantion Bikijederisting seedalayersifel angdiny plating withelmiraiedhexneechfor
aluminum de osition an%rmprove the cell fabrlcatlon costs at the same time. In some

embodim&it “f%ﬁ’éf’ﬁﬂe? PRV BH ideshR8 electivity capability of the ion implantation to provide
regions of low resasﬁv@ﬁﬁh’—mm‘serﬁaebsuréaemoédﬂn& wateies Sbhvilnplants! dapobieifarined into lines,
large |slands or even donut-sha gfwuﬁ‘felﬁ&t'}‘e im Ianter 10 such as the Onﬁcdl cus e{jnlp the patent

appllcatlons Fgf@%nl i Sos%lahan asiy be modl i tor ﬂ?goégr%e 1?)%%? do ping asthie Substrate (for

example, a&pdypbutiopirgysacthastberqunangiprovidetistigpddisiamactegiohst will also provide

20 partial doping to improve the metal-silicon Interface resistivity, Aluminum is not an effective

dopant, but serves the purpose. The alunuinum is also not a good metal for the subsequent

soldering of the contact wires, and thus a thicker layer of printed silver is required. The thermal

expansion mismatch of aluminum and silicon, however, poses a probiem in buckling and

deforming of the cell. This problem can be alleviated by introduction of a boron-doped BSF

25 layer prior to silver deposition, In the present invention, such a BSF layer can be [ormed using

the applications specific homogeneous implanter described in the patent applications previously
referenced.

More critically, minimization of metal contact gridlines and the consequential shadowing

is another way of improving cell power conversion efficiency. To this end, there are a number

30 of methods that can be eraployed. One method is to minimize the width of the gridlines and thus

the shadowing. However, this minimization is difficult with the present sereen printing methods,
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Furthermore, there are many new techniques that will eliminate shadowing altogether by moving all of
the contacts to the back of the solar cell, and thus allow the front surface non- 15 impeded exposure.
The presentinventiopssyse of implantation, both homogenous and selectivg;ggfghilissin combination
with the self-aligned patterning discussed above will allow for the formation of interdigitated alternate
doping regions on the back side of thc solar cell, while avoiding problems associated with lithography,
complex etching, and diffusion methods. In FIG. 13, techniques such as described for the front surface
emitter regions can be 20 adopted to form a BSF or an interdigitated alternate dopant back doping cell
(IBC). 130A shows the ability of the present invention e the homogengus implanter to.form a
boron-doﬁ%@ﬁ@fﬁ’ Wﬁ?gﬁngéne%léiﬁ%%g ‘e‘i@iiils%rﬁrg% é%pnﬁa ica ar%?rlﬁ%n'-rcﬁlﬁes r%%@ﬁc&{”a aﬁ:e. Ina
preferredremseodinfient fhehisptand geovice gadtinface toheenlrativorofsl Bis avedutiestewith an
independent junction formation c _a})ilit of.0.5 microns or, grea | th[ e 1es i %1@35 25
resistivityp 5?%6%?0)%%&%13? ég]%)ﬁrﬁg S n&%?%ﬁ %tpeo,ﬁgs(ﬂf %%B%%r?t\zgp%c%es%]s Izl[gh&{ E[ﬁggn phosphorous,
the samepetiengyhramges Samibeadolstedponitieafhnratiohishibblenjgfietordy Pldliripgriework has
shawn that, the apnligalions SRecliG [MPIRRIGL SYstEM RIS UM STRINGEd Lt aiv.RRnlly be used
for the dol{')‘?ﬁbm\}a‘?h‘%&eg?t%%ggg%%g@g '_[ypﬁ:al outédme 6 suc_hlis shown in FIGO. I4A, where a
homogendus 8S8R 14difopmeel tbaatib betedidecostti afémaheiss 30followed with a traditional back
metal contact dgposiion il amRalioR. IGO0 RULAAAR AR S2AH0(26055

enabled by ion implantation, will yield conversion efficiency gains in the order 1 or more absolute
percentageipentitson to pROBIsRIENIIS lovssenstiniEmiha e beckparirsiehins wsF toHs8 selective
emitter system, descrined and rrigisnced-abays which.caniprvidenplanigddisiands ehiarying

doping 5 levels. These implants can be in the shape of gridlines or spots. Furthermgre, the

chitacterfssb o hagprdiForebaihe ar e Arsbiedrnh B ARy pS #hisht b s isd8Esible

contact pgipt. FIG 4B, BheHs Acambination-ofihomespnous Bl ddBRE k1404 andoselastive BSF
(SBSF) 140B. Such fabrication will enable the novel PERL cell (Martin Green et al.) very easily. The
size of th@TR¥akE apedds|sBesd!t8he large enough, so as to minimize the need for tight beam 10

shaping or self-aligngeRatiersing-aethodswandisihaeaua ntinetuiate-aligasantslAliboughy smaller
size implants are already possible, simijlar to the previously disgléss se ec%ve emifter requirements.

The solar'B8HBRAHATIHE RS 19 G NRHA0E B 82 &St ééﬁ FthE$roATstAcs Wiective
emiter highgeRandpstivity 1as welkibahomageneafshpiplanien emittespwithouisthel stbdbad layer

effect. In additign, it will benefit from the boron.BSE and highly-doped islands BSE. It is expected that
this coll WAV EARSPRR B NG (i Ehe) B2 DU OhAT Cate AUt by I he
patent apphieaiions seferengediabakerithe dgsheffegive nestobihiesaimefhodsasdasiridet, where it is

shown that by replacing some of the present fabrication equipment and.thus eliminating their costly
operation,a ?J}/ né@fgtggﬁ 1A 1?f%%t‘égc{hc%%io%&&?R/%R/ch‘neﬁ g}n&’hal% %oﬁsﬁ% %értrlﬁ%é%gf the needs of
the solar cell indlisEIG. 13,lrRdEHENES sachoveldntetdidifatelt dtermatddopantibasiedopirgy &ell (IBC) is
shown, where by the selective capahility .of the 1 i Rlicatiens specific.mplanter is
usge)ftijin C&%{ﬁﬁgﬁg}?’ vr\%]tﬁe%gg Bi;g%g%%%&e}%%ﬁgnarlﬁé(’e%\{ﬁrgnl((legtg%%,%%ﬁsé |§u‘%§g? n anag’l%ﬁn'inatim of the front
surface shiacwlitgoThipfesntt surfatienshasothiryeliginatiomiyaactieby waistEmiddeal.of 25 the

contacts 12 i, Ragk SHEACE oL BEBICANEHN G WKAIRI Ao fLEUNS SRRREITRNS,KIgRAIE! Is
formed similarly to t el

method described above, where the resist is patterned to accept one array of
dopants 160keihimany, foimanréeinsdyithes, sseeordnesiseiopatterhtd tnallgivetie Hatk ahd

dis-similar, (lopaniIeaigns JP95o,be foHmeshSyeD alieraate opBAaNe reak Adgtae:cell will not
only minimize the front surface shadowing, but will also work effectively for
25 resistivity of approximately 50 Ohms/square. Here, as the boron species is lighter than
phosphorous, the same energy ranges can be adopted for the formation of these junctions,
Preliminary work has shown that the applications specific implanter system previously referenced
can very easily be used for the doping with any p-type doping. A typical outcome of such is
shown in FIG. 14A, where a homogenous BSF 140 formed on the back side of the wafer, and is

30 followed with a traditional back metal contact deposition 145, This combination, which is
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30poorer materials, where the minority carrier life time may be limited, as the distances between the
emitter regions are much smaller than the dimension of the wafer itself. WO

2010/10815@%{5?3&% /028058 In some embodiments, by careful r?g‘lg@%%{;ﬁm&g%&masking layer

(such as a sacrificial oxide) and/or the resist material and/or thickness, a zing the depth

penetration of the various species and their acceleration energy, the IBC can be fabricated with a one
time self. alignment and patterning method. Again, this is enabled by the present inventions use of ion
5 implantation, which can provide a depth penetration capability that is not available for the incumbent

time- and te rature-driven diffusion methods. Such a ope pass method allows one blanket implant
10 provide HBELREI0R R RAMIOaoH UL BB A SR AR o e LR g tcknose
and otherzpropestiessasagefcisdthe mass and energy and angle of the implanted dop ant.or mixed
species. In this rmad.go . the patterned.resist can be the blocking agent 10 to stop the unwanted
species. Similarly, a ssglgrl |SCI|‘B S rfgézﬁ\éﬁgé%ns%% Kol é’\%ns}/ﬁtg%iﬂ%&rﬁ&t%seﬁ/eg%gﬁﬁ %Kﬂ) can be
utilized angspattdenatbwitindesistaobbative b lebkihgagentiifonthierumvalinted speciesepienetgation. Such
a sacrificial mask.,can be remaved after the process, and will also_have a side benefit of stopping any
i Ay i S N B SR e e S ek
implant canh foypicthecrdgpainad sbetkstadyefdon theobavkime tatdontactuiad e pdS Bl Simitasttoothe previously
discussed:fommion, of siieida.ihizmespisplinRIakilhslh 5 band sap.engiagsupggetween two
unlike mac%éﬁgg%im%ta and ‘ser%%{l%co%ducto?gfgan also may en ancegtﬁgsa%h%slléongo%ug. It is noted
that the sufféiée Prbsivhuiontayer forabigdhethinnbl BRas Miaran pusensiablerry orsthis Back surface.

Additionally, if,pa,texiuringis used fardhe iear.sids,ohths cell thanthe methodelogy aciually improves,

as it does not have to cope with the larger surface that texturing offers.  FIGS. 16 illustrates one
emBodimeékrsng ohetho 2oe] arfiAEingthosklane siirracesraeneasvitizecpiincidlésusfithe present

invention e 24 0 sRriieanddsyna. Waler i RiPYIRd havina s fentsuiTase.a bak shrface, and

a background doped region between 25the front surface and the back surface. In some embodiments,
the semicBH8UERSg Svafer is a silicon substrate. However, it is contemplated that other semiconducting

materials can berysegifpedhenvaien mhe AGSIaR 20nav/lirst sehrfionimplaniationsfdepant into the
semiconducting wafer is performed to form a front alternatingly-doped region extending from the front

surface oftHE BB ARG SGILIEN 121 vediBR Iunness e mekng fasteany thah ek surface.
Thes front gapastegiprcamplases.Laienalynaie mating it ovrdepesdreginpsentseoesd front

doped It is expected that this cell will provide extensive power efficiency gains over the traditional cells
prevalent today. In the patent applications referenced above, the cost effectiveness of these
metheds is described, where it is shown that by replacing some of the present fabrication
equipment and thus eliminating their costly operation, such cells can be fabricated cost

20 effectively and at a high volume to meet the needs of the solar cell industry.

InFIG. 15, anovel interdigitated alternate dopant back doping cell (IBC) is shown, where
by the selective capability of the previously discussed applications specific implanter is used in
combination with the present self-alignment method, resulting in an climination of the front
surface shadowing. This front surface shadowing elimination is achieved by transferring all of

25 the contacts to the back surface of the semiconducting wafer 10, In some embodiments, the
emitter is formed sinularly to the method described above, where the resist is patterned to accept
one array of dopants 150A in any format required. Then, a second resist is patterned to allow the
next and dis-similar dopant regions 150B to be formed. Such alternate doping on the rear side
of the cell will not only mintmize the front surface shadowing, but will also work effectively for

30 poorer materials, where the minority carrier life time may be limited, as the distances between

the emitter regions are much smaller than the dimension of the wafer itself,
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WO 2010/108151PCMS2010/028058 regions. The second front doped regions (e.g., selective emitter
regions) have a lower sheet resistance than the first front doped regions (e.g., homogeneous emitter

regions). A ¥B Bpetionds fowled between the first front doped regions angd-the.haglkgepund doped

region. In some embodiments, performing the first set of ion implantations comprises Simplanting the
second front doped regions using a resist layer that comprises resist openings that are aligned with the
locations on the semiconducting wafer where the second front doped regions are to be implanted. In
some embodiments, the resist openings are formed using a contact mask placed in contact with the

resist layer. The[ contactl%a%k comp{;ises rEﬁISk 0 ening 5 that %e aki ined, with the Ioca#ilon in the

resist layer where & 7&8i1SP oﬁchneerI]lit (¢ are 1o %%)eet(%?rﬁe 1 MARG %6‘?“&3 pﬁ?r%l? frcl) fiont metal

contacts isxdispaoskdr oin:theisemicantarctiogtvefesssT hadftgnttiitatal ibontgoisparcadigmned dwer the

second front doped rgg@&%?gt and are. Céggc{ég?nred tQ[hcoE%c&uG:‘g1 nelbeéc%ga(lzaggﬁ%lfromet%% second front

C h 11 (a3 .
doped reé’r%lngél.s,&?%?e 4 second %ﬁ%mp?antatlons of dopant into the semicon ucting

15wafer islperontved tofermng badckodltehgatinghys dopediegiortextendin gfromaieuback isarface of the
sergicondycting wafer.t ‘&'9&%‘!9&?&%‘%{5“&1‘? 9&?%%%%%&%&9 i) fﬁ@g&%&%&@ﬂ £ fack doped
region comgrlses latera Ily aIterrPatlng irst bac glope regions and second back doped regions. The
second basketbpdinesy s drape duicwier shddfussisnaitedth Sndhedispdsasicdogetaegimes. 20In

some embodiments Aetiorminghe.Serand el ohion iplaniations sompisesinplanipg,the second

back doped regions using a shadow mask that comprises mask openings that are aligned with the

locations wastesderfcbrrkueting daferr werstive Secehdvberdepiy ragien ggtenglpeliiplanted. The
shadow mask iz digRosed - Refgierminediisianee ey fomdha tack sLifReRH Ok gent

semiconducting wafer during a portion of the 25second Set of ion implantations. In some

emBodimEntntHE HPst bt PEPEH rEgIbMdvanspaNdiH gk ksHepEEg RIS ke 2 ¥hetkfesistance

between &WS@JMC&Q%%@%@r%%@&%%lm@@éésl@@@hm%ﬁ%ﬁ{g 2JRROME gnbodiments,
the second front doped regions and the second back doped regions have a sheet resistance between

approxim 48 es NSRISTEGEFatRR 36 A BpReS RN o RRTSraqd-alth By FReceihrBafEnts, the
backgroupdfoRed ReIERAD Bstopping any other unwanted contamination to affect the surface of the

semiconductor.

15 In FIG. 13, a mesotaxial implant can form the required seed layer for the back metal
contact layer 155, Similar to the previously discussed formation of silicide, this mesotaxial
implant will help the band gap engineering between two unlike materials (metal and
semiconductors), and also may enhance the adhesion of such. Tt is noted that the surface
passivation layer for much thinner wafers will not pose problems on this back surface.

20 Additionally, if no texturing is used for the rear side of the cell, then the methodology actually
improves, as it does not have to cope with the larger surface that texturing offers.

FIGS. 16 illustrates one embodiment of a method 200 of fabricating a solar cell m
accordance with the principles of the present invention. At step 210, a semiconducting wafer
1s provided having a front surface, a back surface, and a background doped region between

25 the front surface and the back surface. In some embodiments, the semiconducting waferisa
silicop substrate. However, it is contemplated that other semiconducting materials can be
used for the wafer.

At step 220, a first set of ion implantations of dopant into the semiconducting wafer is
performed to form a front alternatingly-doped region extending from the front surface of the

30 semiconducting wafer to a location between the front surface and the back surface. The front

doped region comprises laterally alternating first front doped regions and second front doped
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WO 2010/108151PCTMS2010/028058 sheet resistance between approximately 0.5 Ohms/square and
approximately 1.5 Ohms/square. At step 250, a back metal contact layer is disposed onto the back

surface of t}\gé%ﬂiﬁggggcting wafer. The back metal contact layer covers the dirst haglsgoped regions
and 5the second back doped regions, and is configured to conduct electrical charge from the second

back doped regions. It is contemplated that the method 200 can include other steps as well. For
example, ast step 225a, an anti-reflective coating layer is disposed on the front surface of the
semiconducting wafer over the first front doped regions. In some embodiments, this coating 10step is

performed_betvye%%%ion im Iiant?t'ons of the first set gf ion impltantationzg%h\ge., hetween the
implantatfgﬁlgﬁh ‘ osﬁ%)a Neou °é’ﬁ%t¥%$‘?%sg St SHEthE ﬁﬁlpﬁaeﬁfgglc?ﬁl or'the 8eldctive Smitter regions).
As anotheesstamplegatist@x P25l dvétafiosded . |dyendgdispesedl tverthmsecopehfront doped
regions. The froni metal entacts plsiep 239 areen disnasadauet he mefalli segd aver. In some
embodimé%]tcs,%es metailic seegqayer comprise rri?éso”taxy Implants. In sore em%ogiments, the
metallic seed |layes@oepriseBaesiicigelormingl BSitT <28l irstratp! difféiet stagesesf one embodiment

of fabricating an. inter-digitated back cqontact solar cell in accordang ith the princi the present
antion R e o
n-type waket isaoftemaisedh Holewtnnit i9 dontemiplardigiharaistyperwiferasandisaiéopged. 20In FIG.

17, the fropy;0f e 3¢ ﬁﬁiﬂ%@ NIMRIGE 38 S5y fonedHsigdian Impianialign.s20 to form alight

dopant impfant 325. This light dopant implant 325 helps with front side passivation and series

resistanceaeidtiotion: Mnewhie embrdinie e reHe iargd bpseurtheahtatapzdt ifslant 325 is the
opposite gfthe, ﬁ%%&ﬁ%ﬁé&%tﬁ%i&%ﬁﬂH&é@&ﬂ@E@&@ﬂ&J@ﬁ&é%@PL@isitrbﬁ empbdiments, if
a

the semiconducting wafer 310 is an n-type 25wafer, then thé light dopant implant 325 is a p-type
implant. Nxertdwafer is then implanted on the rear side with the emitter doping. In some

At step 230, a plurality of front metal contacts 1s disposed on the semiconducting
wafer. The front metal contacts are aligned over the second front doped regions, and are
configured to conduct electrical charge from the second front doped regions.

At step 240, a second set of ion implantations of dopant into the semiconducting

15 wafer is performed to form a back alternatingly-doped region extending from the back surface
of the semiconducting wafer to a location between the back surface and the front surface.
The back doped region comprises laterally alternating first back doped regions and second
back doped regions. The second back doped regions have a lower sheet resistance than the
first back doped regions.

20 In some embodiments, performing the second set of ion impiantations comprises
implanting the second back doped regions using a shadow mask that comprises mask
openings that are aligned with the locations on the semiconducting wafer where the second
back doped regions are to be implanted. The shadow mask is disposed a predetermined
distance away from the back surface of the semiconducting waler during a portion of the

25 second set of ion implantations.

In some embodiments, the first front doped regions and the first back doped regions
have a sheet resistance between approximately 80 Ohms/square and approximately 160
Ohms/square. In some embodiments, the second front doped regions and the second back
doped regions have a sheet resistance between approximately 10 Ohms/square and

30 approximately 40 Ohms/square. In some embodiments, the background doped region has a
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embodiments, for n-type wafers, the emitter would be a p-type implant, such as boron, aluminum, or
gallium. This implant can be either a blanket implant or through a shadow mask to be patterned. FIG.

18A iIIustrawé%‘ﬁmglion implantation 330 of the rear side of 30the wafgy. 340,19 dupmsemitter region
335A. FIG. I 8B'lllustrates an ion implantation 330 of the rear side of the wafer 310 through a shadow

mask 337 to fouli emitter regions 335B. WO 2010/108151PCT/US2010/028058 In FIG. 19, emitter
region 335 is used to represent either one of emitter regions 335A and 335B. Base doping 340 is then
performed on the rear side of the wafer 310 through a shadow mask 337 to form emitter regions 345. If

the blanket doping of F|G. 18A was reviou;isy ed, then this base doping 340 must be a high enough
dose to cm{é)?sd %?&g@gﬂﬁ@r gﬁﬂ%e%’ iﬁwgésr%%aléerﬁ%%%%rgﬁ %ﬁ%‘#g%r%rge type of emitter
regions 3dhrisMy@same as the charge type of the wafer 310. For example, if an n-type wafer is being

used, then the base dapi 4Q uses an n-type dopant, such as phgsphorus, arsenic, or antimony. In
FIG. 20, the waflgtr Sltse?%gr@gdx%b%eract%l &t iearc)( a? E’Féﬁf)'ﬁi]‘ fhé r?ﬁ'gg %ﬁr?e% %Fl %péﬁg%cfu?ﬁr%gge oxidation This

high-tempenaturestépeis afsed Thedstitarttie! dopant &3 an nealrttb el Bish plahtddpedage panahtb create a

thin, oxide JaYel AN S AN BRSNS conad L EIG Ehfl o licanaldle [lmdahotanme other
anti-reflection’and passivating fiim, 1s aeposne on the front and the bac the solar cell. In some
embodiments diisdfikpidsdeposited via a Plasma-Enhanced Chemical Vapor Deposition (PECVD)

brocess. In F1G14¢ gagiini el 10 Aaled A TReal e, co0atRa, laven 3pa-a farppsmal

15separated openings 370 In the anti-reflective coating layer 360" over the laterally alternating doped
regions 338 srpl2248. hm st Beabudnersing laris aliariowd péifoinis duisierah&rpensive fiber lasers

andab eaq%?é‘c?&&ll&%@%ﬂ%“&%@hhc first front doped regions. In some embodiments, this coating

10 step is performed between ion implantations of the first set of ion implantations (e.g.,
between the implantation of the homogeneous emitter regions and the implantation of the
selective emitter regions). As another example, at step 225b, a metallic seed layer 1s disposed
over the second front doped regions. The front metal contacts of step 230 are then disposed
over the metallic seed layer. In some embodiments, the metallic seed layer comprises

15 mesotaxy implants. In some embodiments, the metallic seed layer comprises a silicide.

FIGS. 17-23 illustrate different stages of one embodiment of fabricating an mter-
digitated back contact solar cell in accordance with the principles of the present invention. In
some embodiments, a semiconducting wafers is etched and textured. For IBC cells, an n-type
wafer is often used. However, it is contemplated that a p-type wafer can also be used.

20 In FIG. 17, the front of the semiconducting waler 310 is lightly doped using ion
implantation 320 to form a light dopant implant 325. This light dopant implant 325 helps
with front side passivation and series resistance reduction. In some embodiments, the charge
type of the light dopant implant 325 is the opposite of the charge type of the semiconducting
wafer 310. For example, in some embodiments, if the semiconducting wafer 310 is an n-type

25 wafer, then the light dopant implant 325 is a p-type implant,

Next, the wafer is then implanted on the rear side with the emitter dopmg. In some
embodiments, for n-type wafers, the emitter would be a p-type implant, such as boron,
aluminum, or gallium. This implant can be either a blanket implant or through a shadow
mask to be patterned. FIG. 18A illustrates a blanket ion implantation 330 of the rear side of

30 the wafer 310 to form emitter region 335A. FIG. 18B illustrates an ion implantation 330 of

the rear side of the wafer 310 through a shadow mask 337 to form emitter regions 335B.
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In FIG. 23, metal contact fingers 380 of the interdigitated back contact are formed above the doped
regions 335 and 345, contacting the wafer only through the separated 20 openings 370. It is

contemplate\g,é%tl{gifgg{%nt methods can be used to form such fingers 389@%@969&‘1&50 form the
fingers involves sputtering a seed metal, such as aluminum, through a shadow mask, and then

thickening it using an electroplating process. FIG. 24 illustrates one embodiment of a method 400
of fabricating an inter-digitated back contact solar cell in accordance with the principles of the present
invention. At step 25410, a semiconducting wafer is provided having a front surface, a back surface,

and a backgi-ound doped region betw the front surface and the back surface. In

cmbodiments. 1 Hbim of AT TGRS ST SRE R 1S SRS A tht other
semicondugtiftp hakekalivpan Bélusetfotiamalen the rear sidé sfapedea3déttbfonghimplantations of
dopant intp the semic cting wafer are 30performed to form a back ingly-doped region
extendingS %gr%‘ﬁﬁéa%(a%%gs%#%{g]e%?lt e S 10&:%%(%(2@%6@&%?&? %pfgﬁé}t%rf(%?gt%vgég%sthe back surface
and the fromysudiyoesdhbebalck BAMORO TR/ 208 EHEPEC /LS 010/02 8058 dopederegimticomprises
laterally alternating firs k doped regions and second back daped regions. The first back doped
regons o e B e S eckround
doped regiom: #s Sorlermnbodivhértsyatre Btep lofrperfophingaa sdeypf ivrfdmplkemativns, domprises
Sperformipg &?&%ﬁ?ﬁg%ﬁd@g@m&l @Eﬁp&'ﬁ%ﬂ%é@ i %’aﬁﬁ&i%&ﬁ&%‘#%&&%&%@e“ wherein the first
dopant is implanted across the entire back surface of the semiconducting watfer, and performing a

masked ion implarﬁgﬁi_(%dha_@G@Mmmtmt%mimmlwwlﬁiﬁghaféhadow mask
disposed g predelenningd difiafseawafamhebacksydacs Hdhe Semicandystng wafer, wherein

the shadow mask comprises mask openings that are 10aligned with the locations on the

selficondienlag daraeoyRetdakEede cdhln Batle dosed s g rssetaanted.

In FIG. 21, a silicon nitride film 360, or some other anti-reflection and passivating
film, is deposited on the front and the back of the solar cell. In some embodiments, this film
is deposited via a Plasma-Enhanced Chemical Vapor Deposition (PECVD) process.

In FIG. 22, a laser is used to ablate the anti-reflective coating layer 360 to form small

15 separated openings 370 in the anti-reflective coating layer 360" over the laterally alternating
doped regions 335 and 345. In some embodiments, this ablation is performed using
incxpensive fiber lagers and a beam steering mechanism.

In FIG. 23, metal contact fingers 380 of the interdigitated back contact are formed
above the doped regions 335 and 345, contacting the wafer only through the separated

20 openings 370. It is contemplated that different methods can be used to form such fingers 380.
One method to form the fingers involves sputtering a seed metal, such as aluminum, through
a shadow mask, and then thickening it using an electroplating process.

FIG. 24 illystrates one embodiment of a method 400 of fabricating an inter-digitated

back contact solar cell in accordance with the principles of the present invention. At step

25 410, a semiconducting wafer is provided having a front surface, a back surface, and a
background doped region between the front surface and the back surface. In some
embodiments, the semiconducting wafer is a silicon substrate. However, it 1§ contemplated
that other semiconducting materials can be used for the wafer.

At step 420, a set of 1on implantations of dopant into the semiconducting wafer are

30 performed to form a back alternatingly-doped region extending from the back surface of the

semiconducting wafer to a location between the back surface and the {ront surface. The back
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In some embodiments, the step of performing a set of ion implantations comprises performing a first
masked ion implantation of a first dopant into the semiconducting wafer using a shadow mask

disposed a wg@gigﬁr@pﬁd distance away from the back surface of the 15semicandusting wafer,
wherein the shadow mask comprises mask openings that are aligned with the locations on the

semiconducting wafer where the first back doped regions are to be implanted, and performing a
second masked ion implantation of a second dopant into the semiconducting wafer using a shadow
mask disposed a predetermined distance away from the back surface of the semiconducting wafer,

wherein the shadow mask comprises mask 20openings that are aligned, with the locations on the
semicondFERAJSRSREFRRERS e LEROHE gg&%%@ﬁség‘%i g%and B On?e%%gk do ne(gome

reglgﬁg are {6 be implan

embodimestsnthd hatikgiewhd depedeiegiengristypditiopadctedirspd ok topedorediatis are p-type

doped, and the second k dolt{)ed regi(gnsaare n-type doped. In some embodiments, the first back
dgrs e

doped re It 5’:%10386'8 With's §léoﬁlarlnt CRGSerFtrom the 25group consisting of: boron, aluminum, and

gallium. In soméresnodintedisicthie $econudigekidoped regiohsanmgbpediovtitengopent chosen from
the_group cansisting of; phosphor ,s,ff_lrsen'. an imony..At step.430, .2 kametal contact layer
is cﬁsposé)aroor{f{)mt]ﬁg1 gga“é%es?d(rpa}:mepogﬁ deloéle?n{%:gﬁscﬂj&éﬁél{é?\?v%%ﬁé%e back ?né%ge gogk?’tact layer is aligned
over the firstandtse fonddrack i3Oupisettdagiossthartisedoakigurddeoidbpdempicsrdiriesd charge from

the first apd se _ ons. . 2 / ondul@i
em bodim\gﬁ{%’ t%%(? %’a%?ﬂ(‘ég&ﬂ%ag also Ié?onr)?ilﬁ ﬁ[gé%%%%é} 3%%@(%}? p%rl'l—féoﬁﬁr% %h{ﬁ%ﬁ nQ[TE{ rﬁc plac}lt{a}t%%n:)? a

dopant interfhersen mﬁnﬂgmm%éﬁoﬁ?@@rmﬁmgﬁﬂ@%@é@ﬁ?@W@&Wé%?e‘?%@lﬂ%?ﬁ e front
surface O%Qd%n%gﬁ%ﬁ%?” ting.yafeLig.alecationPehuees b fonkaudassaneithaack surface. In

some embo s lightly doped front region does not 5extend to Orgast the location of the back
altérnatinglizepspetir8idrraiivsomdsrhpagrnantans wafer where the second back doped regions

are to be implanted.

In some embodiments, the step of performing a set of ion implantations comprises
performing a first masked ion implantation of a first dopant into the semiconducting wafer
using a shadow mask disposed a predetermined distance away from the back surface of the

15 semiconducting wafer, wherein the shadow mask comprises mask openings that are aligned
with the locations on the semiconducting wafer where the first back doped regions are o be
implanted, and performing a second masked ion implantation of a second dopant into the
semiconducting wafer using a shadow mask disposed a predetermined distance away from the
back surface of the semiconducting wafer, wherein the shadow mask comprises mask

20 openings that are aligned with the locations on the semiconducting wafer where the second
back doped regions are to be implanted.

In some embodiments, the background doped region is n-type doped, the first back
doped regions are p-type doped, and the second back doped regions are n-type doped. In
some embodiments, the first back doped regions are doped with a dopant chosen from the

25 group consisting of: boron, alurminum, and gallium. In some embodiments, the second back
doped regions are doped with a dopant chosen from the group consisting of: phosphorous,
arsenic, and antimony,

At step 430, a back metal contact layer is disposed onto the back surface of the
semiconducting wafer. The back metal contact layer is aligned over the first and second back

30 doped regions, and is configured to conduct electrical charge from the first and second back

doped regions,
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this front doped region is p-type doped. In some embodiments, the method 400 includes a step
422 where a high-temperature process is used on the wafer to active the dopants, anneal the implant

damage, an%(%o 8{§@§l%thin oxide layer, which is highly passivating the wafgiis thenrgxposed to
either a rapi 8thenuaI anneal or a short furnace oxidation. In some embodiments, this

high-temperature process involves exposing the wafer to either a rapid themial anneal or a short
furnace oxidation. In some embodiments, the method 400 includes a step 424 where an
anti-reflective coating layer is deposited over the front surface and the back surface of the

semiconducting 15 wafer. In some embodiments, the anti-reflective coating layer is depasited using a
Plasma-Enhancad ehermRaf st g%ﬁb%ﬁﬁ%gnéﬁg@&/ﬁnﬂ)r%sceggs%tﬁ g(j’?moe9 er#ﬁo Fr’lr%ean%té?r'%he
anti-reflegtiye:anaiing laydrpeaniprises siicamaitrite, wafsomdoembdghtiedtmeth&mettgdiincludes a
step 426 where the anti-reflective coating layer.is ablated to form s ate eninas4n the
anti-refle@ff\t%l@ggtlﬁ%ﬁélﬁ%?rg@%ebr%%cifﬁﬁl&%ﬁn ngfzp%%gl%gcalfeag&paéé%%{é%n%%ﬁ%ﬂwn %O?wese
separatedwfeningbitdttiesuital dontactsatedvemsalhjsdapdsitededrisomesambodimeits, the
method Inclhidas.a,SeR 435081 SEISIORIRING RIRceSSIp peie et ARk metal contacts
_have been' eposited within the separated openings. inter-digitated back contact cell can be
inexpensibedyrat doatdd sgitm the-RFiebipstation of the present invention, which can be used to greatly

reduce the cost g PLOGERS AFARCHI AR IR FERALS YapkeonEL GSllsn g mitaining the

high solar cell efficiencies. Currently, the only commercial seller of back contact solar cells is
Sunpoweprevhishshasdam shpenbive andvmbayleren proceakihe malke b se RS EaFént

commerSig PSSR RPIOREAR ACk CANIPH S0 GelinURlNE A st ey steps and has 2

cost 30of approxima p. The process of the present invention requires fewer steps and

drafnaticaliyrredicesaie B6BeTOTpRre KR AN SO MY B WE BT D DI ST BEPAYES610/028058
The pfeS%%(seys%Uerma&p&%g%m@% RitgEMs:ofiaRegificlambarimemisincainpgrating details to

facilitate the understanding of principles of construction and
oxidation.

In some embodiments, the method 400 includes a step 424 where an anti-reflective
coating layer is deposited over the front surface and the back surface of the semiconducting
15 wafer. In some embodiments, the anti-reflective coating tayer is deposited using a Plasma-
Enhanced Chemical Vapor Deposition (PECVD) process. In some embodiments, the anti-
reflective coating layer comprises silicon nitride.
In some cmbodiments, the method includes a step 426 where the anti-reflective
coating layer is ablated to form separated openings in the anti-reflective coating tayer over the
20 first and second back doped regions. It is within these separated openings that the metal
contacts are eventually deposited. In some embodiments, the method includes a step 435
where an electroplating process is performed after the metal contacts have been deposited
within the separated openings.
An inter-digitated back contact cell can be inexpensively fabricated with the
25 implantation of the present invention, which can be used to greatly reduce the cost and
process steps currently used to create back contact cells, while maintaining the high solar cell
efficiencies. Currently, the only commercial seller of back contact solar cells is Sunpower,
which has an expensive and many-step process to make solar cells. The current commercial
process used to process back contact solar cells involves at least twenty steps and has a cost
30 of approximately $0.80/Wp. The process of the present invention requires fewer steps and

dramatically reduces the cost to approximately $0.25/Wp.
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operation of the invention. Such reference herein to specific embodiments and details thereof is not
intended to limit the scope of the claims appended hereto. It will be readily apparent to Sone skilled in
the art that %B%i’(ﬁﬂ%i’;ﬁ modifications may be made in the embodiment@hpgefiontusiration without
departing from the spirit and scope of the invention as defined by the claims. 10 15 20 25 30 WO
2010/108151PCT/1152010/028058 CLAIMS What is claimed is: A solar cell comprising: 5a
semiconducting wafer having a front surface, a back surface, and a background doped region between
the front surface and the back surface; a front alternatingly-doped region extending from the front

surface of the semiconducting wafer to a logation between the front surface and the back surface,
wherein the frorﬁ%&ﬁ%ﬁ?e@%%ﬁ%ﬁﬁ%&%ﬂIgt%gr%ﬁy Aaﬁternatffng #?st front doped regions 10and second
front dopéctegmiotingthesboriatliont dopadastiodishelmigunvier ghesrsEsistafce than the first front

doped re%ip%gz?ﬁo%ngf %@%ﬁ%@l@ﬂgf %ﬁéﬂ%%’eﬁcg%&gﬂ to specific embodiments and details thereof

is not intended to limit the scope of the claims appended hereto. It will be readily apparent to

5 one skilled in the art that other various modifications may be made in the embodiment chosen
for illustration without departing from the spirit and scope of the invention as defined by the

claims.
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between the first front doped regions and the background doped region; a plurality of front
metal contacts aligned over the second front doped regions, wherein the front metal contacts are
configured tg gongipisesectrical charge from the 15second front doped ragionszo10/@duagk
alternatingly-doped region extending from the back surface of the semiconducting wafer to a location
between the back surface and the front surface, wherein the back doped region comprises laterally
alternating first back doped regions and second back doped regions, the second back doped regions
having a lower sheet 20resistance than the first back doped regions; and a back metal contact
layer disp@Eg% gu the back surface of the semiconducting wafer, wherein the back metal _ contact
layer coversthe Tirst back doped regions and the second back doped regions and is configured to
conduct féutrisallainzageésfrom the second back doped regions. 25 2. The solar cell of Claim 1,
wherein the semiconducting wafer is a silicon substrate. 3. The solar cell of Claim 1, wherein the first
front doped regions and the first back doped regions have a sheet resistance between approximately
80 Ohms/squaré &A3BHESBRIHEElY 160 Ohms/square. WO 2010/108151PCT/US20101028058

The solar cell of Claim, 1 whergindhe sesandfiapt drreduesionstandsheseeand back doped regions

have a sheet resistance between approximately 10 Ohms/square and approximately 40 Ohms/square.

5The solar cell SreEirvad darefdiraion DemEtRIDR GOPHSPEFTEGbIRe BRrs tHE#St back doped regions
have a sheet resistancg fgfveemaRIRRIEN B Chims/sguase andrRpPEaxtbatelihd 60

Ohms/square; and the second front doped regions and the second back doped regions have a

sheet 10resistarfEBSRRIR A BRHEXRAtRR L6 ST P RS H B ISP A Shifns/square. The
solar cell of Claigmgsehireinihedpagkerpune dppad ragionhacasheditesistadcptetyran

ap% oximately Oé%cgg?o%{is ggtr?lo%gg raegpo';?s),(if@eaﬁzgégn% %ra%t:l Tosi)/gg ye%gghggaving a lower sheet
resistance than the first front doped regions, and wherein a p-n junction is formed
between the first front doped regions and the background doped region;

a plurality of front metal contacts aligned over the second front doped regions,
wherein the front metal contacts are configured to conduct electrical charge from the

15 second front doped regions;

a back alternatingly-doped region extending from the back surface of the
semiconducting wafer to a location between the back surface and the front surface,
wherein the back doped region comprises laterally alternating first back doped regions
and second back doped regions, the second back doped regions having a lower sheet

20 resistance than the first back doped regions; and

a back metal contact layer disposed on the back surface of the semiconducting

wafer, wherein the back metal contact layer covers the first back doped regions and

the second back doped regions and is configured to conduct electrical charge from the

second back doped regions.

25
2. The solar cell of Claim 1, wherein the semiconducting wafer is a silicon substrate.
3. The solar cell of Claim 1, wherein the first front doped regions and the first back
doped regions have a sheet resistance between approximately 80 Ohms/square and
30 approximately 160 Ohms/square.
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The solar cell of Claim 1, further comprising an anti-reflective coating layer disposed on the front
surface of the semiconducting wafer over the first front doped regions. The solar cell of Claim
1, further comtprismitpsifnetallic seed layer disposed over the 20second fFé6HERSEHEER BNs and under
the front metal contacts The solar cell of Claim 8, wherein the metallic seed layer comprises mesotaxy
implants. 25The solar cell of Claim 8, wherein the metallic seed layer comprises a s licide. The solar
cell of Claim 1, wherein the second front doped regions are laterally spaced apart from one another a
distance in the range of approximately 1 mm to approximately 3 mm. 30 WO

2010/108{51PGRALLR2QL0/0PE058 dopkeem 1@ ThesoitrtelbaiiGtaiomd 3ndvheretvtlidadcond back
doped regions and the background dcc)?g)ed.regliorh re p-type do%%géllon§E?§Fgla£a%ellagé Claim 15,
wherein the seé&?&do’ﬁgko%%@f? R R A R A% REthod of fabhicating a solar cell, the
method comprisipgoRPewdio@asemigaaducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface;
5 5. The solar cell of Claim 1, wherein:
the first front doped regions and the first back doped regions have a sheet
resistance between approximately 80 Ohms/square and approximately 160
Ohms/square; and
the second front doped regions and the second back doped regions have a sheet
10 resistance between approximately 10 Ohms/square and approximately 40

Ohms/square.

6. The solar cell of Claim 5, wherein the background doped region has a sheet resistance

between approximately 0.5 Ohms/square and approximately 1.5 Ohms/square.

15
7. The solar cell of Claim 1, further comprising an anti-reflective coating layer disposed
on the front surface of the semiconducting wafer over the first front doped regions.
8. The solar cell of Claim 1, further comprising a metallic seed layer disposed over the
20 second front doped regions and under the front metal contacts.
9. The solar cell of Claim 8, wherein the metallic seed layer comprises mesotaxy
implants,
25 10. The solar cell of Claim 8, wherein the metallic seed layer comprises a silicide.
11.  The solar cell of Claim 1, wherein the second front doped regions are laterally spaced
apart from one another a distance in the range of approximately 1 mm to
approximately 3 mm.
30

D8



performing a first set of ion implantations of dopant into the semiconducting wafer to form a front
altematingly-doped region extending from the front surface of the semiconducting wafer to a location
between thevipontsurfaae and the back surface, 25wherein the front dop@dirEgioeisrises laterally
alternating first front doped regions and second front doped regions, the second front doped regions
having a lower sheet resistance than the first front doped regions, and wherein a p-n junction is formed
between the first front doped regions and the background doped region; disposing a plurality of front
metal contacts on the semiconducting wafer, 30wherein the front metal contacts are aligned over the
second front dopgdgregions AntdAxe configuied to conduct electrical charge from the second front
doped regions; WO 2010/108151PCIMS2010/028058 performing a second set of ion implantations of
dopant into the semicHHRICESEHREEPREFE7RCR Ack BREASHHYN-doped region extending from the -
back surface of the semigpadustingyéaiasiom lacatior-beiweentthebaelgRufacenamgethe front
surface, wherein the back doped region comprises laterally alternating first 5back doped regions and
second b%‘%i?@@loped regions, the second back doped regions having a lower sheet resistance than the
firs§ back doped regions; and disposing a back metal contact layer onto the back surface of the

ﬁggions and

semiconducting wafer, wherein the back metal contact layer covers the first back doped
the secorld bacK Hoifbd FELIBhS ARy | ’8’6{% rgﬁ 16°¢6 ﬁ?:ﬁf B%‘fgsgteﬁé%rfsc rgrggoé) ?rgo“r%ﬁf‘hte second back
doped regions. 38adfiemnethacdiopiaimikhashereinpefeimiggithe first set of ion implantations

14.  The solar cell of Claim 13, wherein the first back doped regions are doped with the
10 same charge-type dopant as the second back doped regions and the background doped

region.

is. The solar cell of Claim 13, wherein the second back doped regions and the
backeround doped region are p-type doped.
15
16.  The sotarcell of Claim 15, wherein the second back doped regions are doped with

boron.

17. A method of fabricating a solar cell, the method comprising:
20 - providing a semiconducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface;
performing a first set of ion implantations of dopant into the semiconducting
wafer to form a front alternatingly-doped region extending from the front surface of
the semiconducting wafer to a location between the front surface and the back surface,
25 wherein the front doped region comprises laterally alternating first front doped regions
and second front doped regions, the second front doped regions having a lower sheet
resistance than the first front doped regions, and wherein a p-n function is formed
between the first front doped regions and the background doped region;
disposing a plurality of front metal contacts on the semiconducting wafer,
30 wherein the front metal contacts are aligned over the second front doped regions and

are configured to conduct electrical charge from the second front doped regions;
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comprises implanting the second front doped regions using a resist layer that comprises resist
openings that are aligned with the locations on the semiconducting 15wafer where the second front
doped regians armtodisiimplanted. 19. The method of Claim 18, wherei®€lidia8igtigpEiings are
foinied using a contact mask placed in contact with the resist layer, the contact mask comprising mask
openings that are aligned with the locations in the resist layer where the resist openings are to 20be
formed. 20. The method of Claim 17, wherein performing the second set of ion implantations
comprises implanting the second back doped regions using a shadow mask that comprises mask

openings that are aliggeg with theslocatiaps.enihensemiaandusting b wafenwhere the second back
doped regions are to be implanted, and the shadow mask is disposed a predeteilliined distance away
from the back stffzieRnEPeEHBRWAREAR RIBAG AR ARG E SReb e 8 5]’?0‘{1@5? Son

implantations. 3L The-meathed ot Giaimdéyvaareis: e semicensiictag matetiisafatican substrate. 30
WO 2010/108151PCT/US2010/028058 22. The method of Claim 17, wherein the firstf_fr(%nt doped
T

regions and thethF <t SR GSpel IGIBAR A0k SORFLIRE QR CHBHEBBAREEN ANETEXRsEY, 80

?"B’?Z/Squgre aﬁ&ﬁ@@%@&#@g&lﬂﬁ%@&ms{m@&&gﬁg rhethoohdfiadaidofcd, radierein the second
ront doped regions and the second back doped. regions I—g e a sheet resistance between
approximately 1@@?’%51%&%6%{@8 i fgﬁ/%fﬁ%aﬁ é%’&d%?&oﬁ’. e method of Claim 17,
\t/)vhereln: the first fraptdepeduagiens.anshtbe firgtback Hleped: regionsdidve a sheet resistance
etween a imatel i .
PP o TS Rre AN AR tel 60 e e e
doped regions and the second back doped regions and is configured to conduct

10 electrical charge from the second back doped regions.

18,  The method of Claim 17, wherein performing the first set of ion implantations
comprises implanting the second front doped regions using a resist layer that
comprises resist openings that are aligned with the locations on the semiconducting

15 wafer where the second front doped regions are to be implanted.

19.  The method of Claim 18, wherein the resist openings are formed using a contact mask
placed in contact with the resist layer, the contact mask comprising mask openings
that are aligned with the locations in the resist layer where the resist openings are to

20 be formed.

20.  The method of Claim 17, wherein performing the second set of ion implantations
comprises implanting the second back doped regions using a shadow mask that
comprises mask openings that are aligned with the locations on the semiconducting

25 wafer where the second back doped regions are to be implanted, and the shadow mask
is disposed a predetermined distance away from the back surface of the

semiconducting wafer during a portion of the second set of ion implantations.

21.  The method of Claim 17, wherein the semiconducting wafer is a silicon substrate.
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, the second front doped regions and the second back doped regions have a sheet resistance between
approximately 10 Ohms/square and approximately 40 Ohms/square. The method of Claim 24, wherein
the backgrosackelepest segion has a sheet resistance between approxim&EE2818H#HSAquare and
approximately 1.5 Ohms/square. The method of Claim 17, further comprising the step of disposing an
anti-reflective coating layer on the front surface of the semiconducting wafer over the first front doped
regions. The method of Claim 17, further comprising the step of disposing a metallic seed layer over
the second front doped regions, wherein the front metal contacts are disposed over the metallic seed

layer. The;methegl.of Giaim 27 amhereinheimetatlistsred faye eofuprisesineBotdalimplants. The

method of Claim 27, wherein the metallic seed layer comprises a sﬂég& -31- 30. The method of
Claim 17, wher&%ﬁ?é%’é%%?ﬁ?ﬁoﬁ?kti’&b’é@a‘?@aﬁ?%%“fgefé@péﬁ?g’ﬁé AT S e 2 nother a
distance in the r, oha q)mmﬁgbysatuam to approximately 3 mm. 31. The method of Claim 17,
wherein: the background doped region is p-type doped; and the first front doped regions and the
second front doped regions are n-type doped. 32. The method of Claim 17, wherein the second back
doged regions arg.dapaddtivthienSamenehangaetypeatbfrant dptkedgackgroliid sopad vedion. 33. The

method of Claim 32, whereln the first back do r ions are do m&chprge-type dopant
as the second b‘é\%ﬁ’(e%%‘%%nﬁ ions® Eﬁ%} fﬁ‘ésf)ac gf:c?hgﬁ%ndagﬁreo reﬁ%ﬁgﬁwg? ligI]'ﬁé%letﬁod of Claim 32,
wherein the seceiddacktdopadreginnsand the background doped region are p-type doped.

24. The method of Claim 17, wherein:
10 the first front doped regions and the first back doped regions have a sheet
resistance between approximately 80 Ohms/square and approximately 160
Ohms/square; and
the second front doped regions and the second back doped regions have a sheet
resistance between approximately 10 Ohms/square and approximately 40

15 Ohms/square.

75 The method of Claim 24, wherein the background doped region has a sheet resistance

between approximately 0.5 Ohms/square and approximately 1.5 Ohms/square.

20 26.  The method of Claim 17, farther comprising the step of disposing an anti-reflective
coating layer on the front surface of the semiconducting wafer over the first front

doped regions.

27.  The method of Claim 17, further comprising the step of disposing a metallic seed
25 layer over the second front doped regions, wherein the front metal contacts are

disposed over the metallic seed iayer.

28 The method of Claim 27, wherein the metallic seed layer comprises mesotaxy
implants.
30

79, The method of Claim 27, wherein the metallic seed layer comprises a silicide.
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35. The method of Claim 34, wherein the second back doped regions are doped with boron.

30.

31,

doped.

32.

33,

34.

35,

The method of Claim 17, wherein the sccond front doped regions are laterally spaced
apart from one another a distance in the range of approximately 1 mm to

approximately 3 mm.

The method of Claim 17, wherein:
the background doped region is p~type doped; and

the first front doped regions and the second front doped regions are n-type
The method of Claim 17, wherein the second back doped regions are doped with the
same charge-type dopant as the background doped region.
The method of Claim 32, wherein the first back doped regions are doped with the
same charge-type dopant as the second back doped regions and the background doped

region.

The method of Claim 32, wherein the second back doped regions and the background

doped region are p-type doped.

The method of Claim 34, wherein the second back doped regions are doped with

boron.
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