ADVANCED HI GH EFFI Cl ENCY CRYSTALLI NE SOLAR CELL FABRI CATI ON METHOD

CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains priority to
co- pendi ngoWnfd/108rsovi si onal Application Serial Number 6PRC2AG2H4H528058 | ed
March 20, 2009, entitled "ADVANCED H GH EFFI Cl ENCY CRYSTALLI NE SOLAR CELL
FABRI CATI ON METHOD, " which is hereby incorporated by reference as if set
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BACKGROUND OF THE INVENTION

15 ___ The present 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,



Moreover, as the wafers get thinner from 150-200 m crons of today to 50
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Application specific’ion inplantation and annealing systens and nethods are
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of the materyj al | ateral | osi tjoned across.the substrate. Accordi ngly,
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fingers. Moreover, the advantageous formation of selective emitter and BSF and its ability to

improve performance is made possible by the present invention. It can be applied to as-
grown single or mono-crystalline, poly or multi-crystalline silicon, as well as very thin film

20 deposited silicon, or other materials used for solar cell formation and other applications. It
can also be extended to 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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61/ 131,698, entitled "FORVATI ON OF SOLAR CELL- SELECTI VE EM TTER USI NG
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surfaces, such as emtter an . Again, selective dopant capability can
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ion inplantation is highly controlled, Side and back side doping can be
cont r ol dubsirade doping teivele dnd proanids the resistivity required for the formation of the contacts
on the surface. In some embodiments, use of retrograde doping and flat atomic profile (box
junctions) are also employed. 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 1 to 2
absolute percentage points.
Furthermore, since the positioning of the dopant placement through ion implantation
is highly controlled, side and back side doping can be controlled 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 if set forth herein.



subsequent renoval of such dopant. At present, etch or |aser edging is used
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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 the
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-crystalline 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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performance of the solar cell, such as through inproving the contacts. For
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front doped regi ons and %e background doped region. A plurality of front
met al ceogibacisl the baddgr@mddiope(breglon 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 embodiments, 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 Ohms/square and approximately 160 Ohms/square. In
some embodiments, the second front doped regions and the second 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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the second front doped regions. The front netal contacts are configured to
conduct electrical charge fromthe second front doped regions. A back
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sem conducting wafer to a | ocation between the back surface and the front
surface. The back doped region conprises laterally alternating first back
doped regi ons and second back doped regi ons. The second back doped regi ons
have a | ower sheet resistance than the first back doped regi ons. A back
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doped with boron.
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 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
electrical 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 altemating first back
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with the sane charge-type dopant as the second back doped regions and the
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doped nggi,QRS; and the second back doped regions and is configured to
conduct electrical charge fromthe second back doped regions. In sone

enbodi nent s, Inpemt embodigndnkse péifersting gie sefonidant ofitph anplattatns conpises es
inplantin? the second front doped regions using a resist |ayer that

conpr i SB¥IALEE e pemt gk dppet reglroes BN A sbrdpiv Hag182Y QRRISEEAYN t he
S Fffn Cor}g)gﬁﬁlkgl&a\’\ﬁfe %[1%()\%@\{/% {H%Eioéa%%{?{'gn &e%@ﬁuc@ﬁ@ﬂm %féelj\?hé% fﬁg s@c&‘a

i mpl ant n some ts, the resist openingsS ar ornmed using a
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 further comprises the step of disposing a metallic

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



contact mask placed in contact with the resist |ayer, the contact mask
conpri sing mask openings that are aligned with the locations in the resist
| ayer whewe 20twe108158i st openings are to be fornmed. | n someTAsb@dionmwss s,
perform ng the second set of ion inplantations conprises inplanting the
second back doped regi ons using a shadow mask that conprises mask openi ngs
that are aligned with the | ocations on the sem conducting wafer where the
second back doped regions are to be inplanted, and the shadow nask is

di sposed a predeterm ned di stance away fromthe back surface of the

sem corgcthemeetalbie eecddaydrnin sonposrmbashmerits i the mstdlongted dtycogomprrses

i npl ant ati ons.. | nbodi nent h ] ti vaf er i il
substr dneoty impReRetbstinePeanRe. ol SR THEE e PG GRS The f1rst
back doped rgghRRenhBYEn&ALS hi%es%%%rﬁ%ﬂrq&t%ﬁ@d Ilégito‘ﬂ?%@ @teﬁmgﬁgﬁea abatt 88m

Ohns/ square and approximately 1 ms/ square. In sone énbodi nents, the

second dncenpthdopddtanegindhsraagdof irpreaneivdy bavk tdgpeckimeglphsmhave a sheet
resi stance hetween approxinately 10 ns/ squar e. and appr oxi ely 40

Gt squar . ITAMG SFEOLRBILT HEHEEkEPHE! GRS Grotin THBPoRoPegrBh thdtsta sheet
resi st qRGR JBREMNRETNARRT B s BRI HonP dSpcdht 6§ﬂﬁéhﬁyﬁﬂﬁxéﬁphp§mﬁﬁt3|y 1.5
OChns/ square. I n sone enbodi nents, the nethod further conprises the step of

di sposiangpcamaents,ithesccend back doped raggnk ayestoped withehd sammt clsugefiape dofant e

sem condugtin fer over the first, front d d regions. In sone

orboar i ek yed EbrtEhon, (R aime ShbpdiSintis; ME Fay Bok for SHARRRE doRigh al | 1 ¢
seed | { i i net al

cont act LT (Bt & e fR U pi AT In PRAH (RIYBRG! loRl Bt Bl Tt e e
med al | i dopsé exgidraylesomo rembpdiesenms ghetsaxondi trapk dopesl. regionsamiethe bbadkgiroredt s, t he

metal | i sged,la er coq?rl e? a suic%d . In ﬁone e %%grenés,,the second
front BTG BRE-HPeIIPetle R FPARBHCRSHIE STPB RAGTHEISEITi st ance
in the {AR9%i@fhoaRpPr oxi mately lmmto approxinmately 3 nmm In some

enbodi ments, the background doped region is p-type doped, and the first
front doped Inggi antheanshethe the prescht imentiord apethr cefcangrisas e semicgpéuctioped. I n

sone enbodi nents, .the second back doped regi ons are doped with the sane
char g e_\y%fﬁ%hadfgtga%frogssurface, actj)ack surface,pan a bagkground doped repg(ieon between the

15 front surface and the back surface. A back alternatingly-doped region extends 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 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 layer 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
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,



t he background doped region. In sonme enbodi nents, the first back doped
regions are doped with the sanme charge-type dopant as the second back doped
regi ons awo 20tvetokesekgr ound doped region. I n sone enbodi MeEmUGS201i0280s€Ccond
back doped regi ons and the background doped region are p-type doped. In
sone enbodi nents, the second back doped regions are doped with boron. In
yet anot her aspect of the present invention, a solar cell conprises a

sem conducting wafer having a front surface, a back surface, and a
background doped regi on between the front surface and the back surface. A
back alarsenteatihasitymeiypda sm@g emhodinteatsdthefsemmontiectingovelerus f aidigomfubtstrate.
senlconductln mafer é at'on t en t he back rface .and the front
surface. " ThdM Aotk cigpttindhus, Mol R FtEr forbatiser A roal P einb SribrEet hack
doped rggh mrMQuﬁ%mh@Mc&%%g RHP R loIﬂﬁ’)aneEﬁéenQﬁé\' FofloRedcd £ai ons
conprise a different charge type than the second k doped regions and the

backgr dbebadiopedca, erdlermn tha fivat Ropedtragion dnesarwit ekiagxé to orspadi thp batiomoal thhe back
sur fac e sem uctlng waf er. The bac tal contact |layer is

al 1 gned*® o el HHET o 5ﬁ%r°gekbﬁ9&1%%l?8d&85@&% POIOPSHEE Y EHRPPGur ed to
conductgspkgctrical charge fromthe first and second back doped regions. In
sone enbodi nents, the front surface of the sem conducting wafer is
characterizdd sblyle ambabmemtse t@fbwhma@taﬁta@dmeacd)mpnsds m@ﬁyoeﬂacﬁgr%emg any

front suyrface shadow ng, b ont act s n sonme odi nent s

bnorgr clisndieytans ot B ont e dSaalagons e R agRotD S P8 S Bns ar e
p-type In sonme
D bont raARE bonfHifled @ﬁ%ﬁlﬁ‘ggﬁ%ﬁéﬁ“@%ﬁﬁﬁiﬁgﬁﬁr@e@”ﬁ ek KRRERPER. | hoaon

f t@m t hemgeomdpetongned fst amagbevd cenbibe oietal adniadt igariingsndn grahd: cembodihensotie

enbodi nents, the seco d back doped.regions are doped with a dopant chosen
from t HelgEBERNESARING m‘f‘@ Celfnpﬂﬁfﬁo%gm% ans@mecepm%mi&n@ﬁﬁu%%@ar %H some

enbodi I sone
enbodi %fn}%% “rHe %s ar ceF‘g(Et d&%to %@ge%}éér%i ' Sl?)g gésd %V%? thfﬁﬁ?ﬁ t(S)l;\i)e roggﬁon

ext endi segucfandmttﬂgewifen nh ssme feabedimicntd) thesanireHedive icoamngafeecomprises| ocat i on
between the front surface and the back surface, wherein the front doped
r egi on HHO8 Hisideext end to or past the |ocation of the back

g“t, %gat I gl ¥ -dORRthd: GHellbor thd pRALE 1 ATRAGH, TeRliRod LAGLEERRE 2d8REC Il €91 ON 1S
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 of ion
implantations of dopant into the semiconducting wafer is performed to form a back
alternatingly-doped region extending from the back surface of the semiconducting wafer to 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 electrical charge from the first and second back

doped regions.

In some embodiments, the step of performing a set of ion implantations of dopant into
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.



doped. In sone enbodi nents, the back netal contact |ayer conprises netal
contact gridlines aligned over the first and second back doped regions. In
sonme enbodprer®giIsihe sol ar cell further conprises an amrCrArSedlmesoss e
coating | ayer disposed over the back surface of the sem conducting wafer
and between the netal contact gridlines. In sone enbodi nents, the
anti-reflective coating |ayer conprises silicon nitride. In sone

enbodi ments, the solar cell further conprises an anti-reflective coating

| ayer di sposed over the front surface of the sem conducting wafer. In sone
enbodi msingss shadew arck dispéded atiiredetaonnddriysthrnpemay dirmpr thségclsiiurfw@nf Hict ri de.
In yet anoth a .net hod fabrlca ing a

f th t
Lo ar BN RREEEr Dot wR SEREN G Gl ey &

surfac Gmtl@th*é@@éﬁuéﬂi I)@ﬂl% 1seﬁﬂ%n@uc@ﬁ§ kerQuRehrél Qi’é%@cdn%gia@l@ d&?&i"i@ﬁﬂnst zh@ tdf ront
surface and the surface. A set of ion inplantations of dopant into the

senlcodwuumthXMafer i's perforned to forma back alternatingly-doped region

ext ending fromthe rf.ac of t seni co ctin er to, a Iocatlon
bt voon Che BabC ST R PO oh npatR i Ao Py
conpri Sgs sérﬁ%@r{d%l'ch % fhice Ed%tfﬂnrhgaaﬁk ﬁﬁérn%@f G@&%%@%H b@[ﬂﬁr@é@dpé"rﬁﬁﬁlﬂ% apac k

doped regi ons. irst back doped regions conprise a different charge
type t Hanst misked mnd)ldm:uk)ndlf pddstrdprunstoghel seohieothickyg vafed usiopedhadegi on. A

back neta ontact | ayer .is,di sposed onto the back surface of the

o ottt EN s e Shuh S kR RET ST e b SR i R L Sl sl ing e
first f et rical
Char ge Tk SROR, 1R KaARRA SOhANS: Bk derfRR IR AHigned SARGNCocAIAE LT

t h@ st em tbhé sprichwduriing wafes etheof the Ginstibaght Mp:edtreg)ms ot tahmmplantefd, end he

sem conducti ng wafer to forma ack alternatl ydope gi on._ conpri ses:
per f or rﬁehféﬂam&aasme@% ngvFet i %%filtm e sgeqndy aladﬁ%zﬁge S igoRdyEUn

sem COWME{(ﬁ% é{‘@fa%wﬂi‘é% [ Bsé khe%%ﬂété&mg&pﬁ néesadz &H?If‘e%a@ﬁ %&%a’i:eto'?e

entire bac of t em conducti ng vva pertormng a nmasked
i on i nphasinaicomiuncohg evatecwindeid ojpastiadowhamsk Iaempﬂmsmmkltmpemmgs thaf e usi ng a

shadow nask, di sposed a predeterm ned di stance away fro t he back surface of
t he sen%ih&a?ﬁ;mre:t{81 ithfglogRitoms OHWQIWH@HQ%%QWH% K shpR %ftreswélﬁi ngs

that arg. g Beglﬂﬁganted.

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

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 a 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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with the locations on the sem conducting wafer where the second back doped
regions are to be inplanted. In sonme enbodi nents, the step of performng a
set of i omoi2opl@mstsati ons of dopant into the sem conduct iPog/usadien2goss f orm a
back al ternatingly-doped region conprises: performng a first nasked ion
inplantation of a first dopant into the sem conducting wafer using a shadow
mask di sposed a predeterm ned di stance away fromthe back surface of the
sem conducti ng wafer, wherein the shadow nmask conpri ses nask openi ngs that
are aligned with the |ocations on the sem conducting wafer where the first
back d@éﬁdm@gﬂmg’cair\@ppo%leosmmﬂ (@RCAD) ranckspelnf somei angpadlirsenteribic aniisked i on

| t f dd t to .th ducti f
oo Ry b i BR R e R afri s ool A b S ot B S iRace of
the serfh&@ﬂﬂt%&thmn%f Fa er dMﬁ?fH%'bﬁclE f8rRBad W BRI ERIRL VRS JFRFfis@pPeni ngs

that are aligned with e locations on the sem conducting wafer where the
second dbéating diopadi lre@gctm:s:oan@ laperige fwmpslse@alta@dl Oplemngmmthenrmtmmﬂmhtfes t he

b dd d t the fi doped i
o5y pe APt s TExeBA o= Patio e i e Ewoa s SETHSBRES - soms
enbOd' NRitHif the sléﬁatfaieﬁg?eﬁlﬁgé( Iﬂ%@ﬁl@ hBBIRNS L 0R AQPadi é@otsﬂﬂ FhAQRRMctghosen

fromthe group consi : boron, alum num and gal I|un1 In sone
enbodlnmn&stmyhemsemQMddbankcdobédsmmgmomSMag&mﬁﬂﬁédhmmbhmasﬂunﬂhnnmgosen

ermbodi MBI TP RS BIACEBIGE e Al SAPBRc ke Brom B C Al Spiiete

enbodiq§@£§l,the nmet hod further conprises the step of performng an ion
i npl ant at |o§ of a dopant into the sem conducting wafer to forma front
doped region extending fromthe front surface of the sem conducting wafer
to a location g S rf~§e and the back surface, wherein the

exte g20r past the | ocation of the back
alternatlngl 0 r oty I Hﬁ?ﬁg region is
p-type dopeJMGsnnggéﬁgigﬁﬁﬁéiﬁfs ﬁﬂb@q (?ﬂ?% th %%??gggﬁ?he step of
deposi tacogrdamceanth thefpkiacipleg @f 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 flow 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 skill 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 to be accorded the widest scope consistent with the principles and features

described herein.
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coating |l ayer over the front surface and the back surface of the

sem conducting wafer. In sone enbodi nents, the anti-reflective coating

| ayer is woporvtersiusi ng a Pl asmaEnhanced Chemi cal Vaporchasesiotesess ( PECVD)
process. In sone enbodi nents, the antireflective coating |ayer conprises
silicon nitride. In sonme enbodi nents, the step of disposing the back netal
contact |ayer onto the back surface of the sem conducting wafer conprises
ablating the anti-reflective coating |layer to form separated openings in
the anti-reflective coating | ayer over the first and second back doped

regi ons, andleSpbLitillvgrateegnahodesments ot & salfut dellrdevive, isegharagtesidtiopand itgs. | n

diments the step of disposing.the, back netal .contact | t
he. badR U para ok B eEB AR ERRR G st Srp i e ab R SLss e o ng
an el eqiplrpiclintoREIPaR e af hekalhe DAl GANLARIH:DAY M hgen dlaposi t ed

wi thin the separated openings. BRI EF DESCRPTTON OF THE DRAWNGS FIGS. 1-1
4B i | | ystscat dsdosiremap b seown.ohs & apptdeoteddfy thadgsrdfeadinay skilksiolthg arcel | i n

accordance with the principles of th resent invention. FIG 15

1T ot HapEeh e e aat P YR UR B SSUNHER MY PSFPFHES - di gi ¢ at ed
back- doRgn&RkRIor@§ blich i RLEQLAABGEIW R deB® RSEMddReRSn. Oh dlifienAlefEN!
invention. FIGS. 16 illustrates a process fl ow di agram of one enbodi nent of
a net hooneinflabd iheamiethgd atepo bar bacpdrformad ace dif Gaame erdet than ttieeorded nci pl es of
the present invention. FIGS. 17-23 i.llustrate .one enbodj ment of a nethod of
f abr | cANGeENTh B on S eBemadiad e R PLHaPT BB accor dance with
the principl flow g iPh BbtbMY M4 f; ti blhbUSthadd Pt faRy 0cess flow
di agr am of oler?re?e fgn%%dl%r%gnt%%f béb ngtﬂ)?)d&gf @é%il(%g?l:engktin ai nt er - gﬁ%i tated
bdtk cahffaeht gpraacheel Thesemathods atavosvedi as lvosthefeptiven proyidesg aifbstanBalpnesent

i nventi.on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The foll owi ng description

i s predBStEEEESenabl e one of ordinary skill in the art to make and use the
i nvention a icS 1 AuAVi ' Lcati its
Foaut r enont o 5 PaBAATHG BICRRL SORS Topd tyBo BRI ALY PR SELATE- 8P Lo

r eadi | yacaqdameentith e tphiasiples loif tHegutesent inkentent lasené bebgdimeniscthpprasentpl es
herein ige%tigg’saéggrloiaglgt(} (?ellof[al:r)]r?gation 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 cm™ 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
homogeneous 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 approximately100
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 1e19 cm™ ensures that there is no pile-up of excess
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enbodi ments. Thus, the present invention is not intended to be limted to

t he enbodi nent shown but is to be accorded the w dest scope consistent with
t he princwvpl2en/msdif eat ures descri bed herein. FI GS. 1-24PpCiriussenomassss

enbodi nents of a solar cell device, its characteristics, and its formation,
with |ike elements being nunbered alike. Various aspects of the disclosure
may be described through the use of flowharts. Oten, a single instance of
an aspect of the present disclosure nay be shown. As is appreciated by
those of ordinary skill in the art, however, the protocols, processes, and
pr ocedulogantdeghe htﬂ@duﬁ@qeabgiommﬁdb@lsr@péa@teﬁth@ Odeadrayans bifead thag grestuden as

t . ds d hed he . Ad al |
Cont e Al bl e B PRt R T5arrarTdemhOGhynt Rmsiurishiohr 1 nan
the or CH%bth' 1h highdtdted 0. Nndiksn fth%ﬁﬁmlzlﬂﬁg &8 §>os>§i$1ﬁﬁw (%Efné’chlss%hﬁt%?gjbe%%ﬁél icitly
or inplicitly. The following is a description of solar cell fabrication

met hodshe praittca degpen. nds typichil ﬁlﬁter@lﬂctla@ma@ag BC) mglmdrﬁaﬁ”honlqomr @hw@md as

cot effectiv idin ubst ant | ains in ffICIe Ci es. 1-14B
Rl S It R S M SN A e T T et
' ” accaopganes é’&e&ﬁtéﬁﬁﬂ@é}h@%mﬁ’hﬁﬁ menhﬁleoulaga§ent invention. In sone

enbodi nents, the present invention's approach to cell fabrication starts
after an mﬁhmtechmquejamﬂgelsaﬁﬁb used(tmnnmgvetherpre-alspmg@xﬂmha stafin@Gmaleriathe

i ti bs t 10, t thi 1 d. | .
orbog: Mhiaeh D ORR R iGeime ps HeshitoRue RitHs SamioHEnS SR RsHan GorloV Blibh) ¢ o
2 | oW 1t s ok 41 BRI BYIE Lo i, (VPRGNS o't el e v oh

translates to uniformdoping of e E16 cm 3 throu out
subst r dtage {4xiatids of éepant ahstﬁlb(ﬂwﬁamﬂlbefrembqt todogoh®fitls: 1hgrﬁmscfm]|mséattemiﬁped

u5| ng ion | antation t chnl ue t orm ap ti1on nin FIG
3, thi 259‘1 Bie F%"F%mtwt&ﬁo W&? ?16% ‘éﬁ@%’@né’ﬁﬂ?é rP’é‘dlnSﬁ@S’ﬁ*PW@f?revel
Of dop'tealefc_ﬁﬁerhg@agss@lﬁ%ﬁl ﬁﬁ‘%s}egﬁﬁvéﬁ%h%msg§f1|8ﬁ§r€fjﬁnaﬁoﬁ %e?yﬁﬂfgh I&Q G5 ot

to inpede the conversion o the reco nat 1 on mnority
car r i erdpattandbdningtan, bei anhisoetdeand imdidioneolial, a fipkt dosy edn ppdvidophge wsfaic h

Fosi st AMERTORN AgRIH ki TETIO) Bhie I SERIAF e brCoghat Bkl oDl s
dppant a@tpgggiﬁe,%gﬁl%ﬁﬂfeg el RAfr Qﬁdsarffl%é)fﬁgé‘%&@ li¥cdrBdPor 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 is next subjected to deposition of anti-reflective coating
(ARC) film 30 that acts both for passivation of the surface and as 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 emitter implantation, as the quality of the film

25 may not 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 MM 500 or Shell SU8 and
other alternatives, 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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cm3 at this stage and the profile rolling off to the junction. In sone
enbodi nents, the |level of doping is such that it results in the honbogeneous
em tter rwgi2or/@81shavi ng a sheet resistance of between appruszénmesssy 80
Ohns/ square and approxi mately 160 Chns/square. Preferably, the carrier

di ffusion length in the honogeneous emtter region 25 is simlar to the
junction depth so as to render this region as a transparent emtter. The
control of surface concentration to | ess than approximately lel9 cm 3
ensures that there is no pile-up of excessdopant on the near surface
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anti-reflective coating (ARC) is around 0.07 mcron. Therefore, total
dept h fadi2 to B met df is shntamplaisl thatdhese adsjuyreinante xio dlssnaaf flguisZcande@edifedrioc r on,

chis nore t adequat e for the prese t firi t her ral budgets. This
PO errabar, BGENS e P B et Bt e BT ¢ SE e i,
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particularly Tnportant Tor |low quality materlal t hat has both axi al and
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vari ation of_dapant distributjon axially from t bottom o ngot
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t he present Phvention s use of | ant at'i on, ere a l'evel

dopant Sreré oxpuistd teclaght 5@ fimaha sm@tﬂ laampz*. thalcbnmhntenbﬂhle @dak la:SIISi lgkpond®sﬁ351)an
provi de nore uni form hack g nd dopi Furt her e, Wth the recent
drive t8%§8ﬁ§’er19é’r%5‘§ﬁ‘h% e Atiel IR s g 50 GHioRES, gﬁg%hmsxét stepbtd #e8 t he

outer epgs .t b8R0in9gh2 & Redi scarded or placed back into the nelt, as
resistivity deteriorates markedly. These sections can be retrieved, after

waf eri ng, anik denplnafiGed, dponimgt arh fordhedneticsesist idyyr 40)thek‘fé)ylt&%[&nglﬂh?ﬂfxp0§edt he
wafers fromthe mddle sections of the_ ingot. The consequence of suc
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apd th wibhe to a
mien 1o PR AP o R AR IR PRI FRRE T b e
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seconds. The wafer can then be subsequently irrigated and rinsed with direct fan nozzle and is
blow-dried with hot air.

20 At this stage, the wafer is ready for the selective implantation step shown in FIG. 7. Here,
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 underneath where the metal contact gridlines will eventually be placed. In some
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enhance the light path through the substrate. Additionally or
alternatively, the ARC filns can be deposited prior to the previous
honogeneowe 2ervtosesn i npl ant ati on, as the quality of thePCirluseomyp2s068 be
affected by the Iight doping levels. As seen in FIG 4, a resist layer 40
can be applied to the wafer using a sinple roller system thereby

| am nating a dual |ayered organic film such as Dupont MVb0OO or Shell SU8
and other alternatives, on the surface. The adhesion of this filmand the
continuity is critical at this stage. Preferably, the | am nation process is
oper at edntmdimentouhe shqsevatmiter ofgip@idriaatet eseivityl.cd élga’lwsd@iw’stiyh@f and
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pl aced 'on the resist film40. The mask 55 can sinulate the gridline pattern
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pr sent rene for these line m cron w de
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spacing of less than Immin order to mnimze the shadow ng. Additionally,
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wafer. Once in place;, the wafer and e mask 55 ‘are exposed to |ight 50
ft@m ashentmg‘aﬂeamtpsﬁmﬁmfwnmpl iment the peak resist response of 350 to 380
nm | n order tt%@achl eve l.i ne openi ng of 50 m ¢rons, h.resist

a
step of 10 t/o i st ﬁh%%%‘? azgﬂeétye% HprepWlagserqen PRAtIRe Gt hpﬁ eby the
openi Ngsals Jr@fe’f‘i?cﬁreﬂ Bnd h{% ﬁsnn%g alle%xl%@n fﬁﬁnte& (@g{r}}% E%dgfroﬁﬁtﬂl anes%ed

resist layer 45 expos resist laye evel ope in typical
Sodi um th&al2@08ntvafite debsgv Mteﬂnﬁplmm%srsus theotctd scigon pantbd giadlenc(HE2@ass vv| t h
| ess than. 1 OwWm9%. Pref rably buffered chem stries are not used here,

they i rpdicg! tﬂé@rﬁa@my Yinly mefhiads foensieq Juch pligment ass Il or® Sude methoss| st
Z?? So'dv‘&l?lgﬂe ﬁ)aa'i‘iﬁggz.nﬂ%%d%a% b dBRSWAR é% @ecﬁ% iy{?er M]]slt}m%ngg@&é time

50 to Seco er can t e su sequent irrigate

ri nsed mintingciuckag by aﬁn@mzwirmaauﬂltéra)f hcowa fdr foedligarhdénthdhisailignment may be
affected by the inconsistency in the wafer cutting, and it can be a coarse alignment method. The
introduction of fiducial markings during the initial selective emitter implant will alleviate this
issue, and can be achieved either through laser markings or relying on the impact of the
20 implanted surface discolorations. Such markings can be visibly seen in relatively high dose,
which is commensurate with the selective emitter implanted dose. Thisis a very distinct marking
and if a vision system is set at the screen printing to pick up the patterns of the selective emitter

implanted gridlines, then the alignment with the screen printing will be simplified.
Alternatively, 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 emitter
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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At this stage, the wafer is ready for the selective inplantation step shown
in FIG 7. Here, the pattern of the resist 45 allows for selective

posi ti oniwg 20fo/mBBs1dopant 70 across the wafer. In the pacensS2@ppbsosati ons
previously referenced, as well as in U 'S. Provisional Application No.

61/ 219, 379, entitled "PLASMA GRI D | MPLANT SYSTEM FOR USE I N SOLAR CELL
FABRI CATIONS, " filed June 23, 2009 and in U. S. Provisional Application No.
61/ 185, 596, entitled "APPLI CATI ON SPECI FI C | MPLANT SYSTEM FOR USE I N SOLAR
CELL FABRI CATIONS," filed June 10, 2009), which are both hereby
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junction depth of 0.45 mcrons or greater. In sone enbodi nents, the
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appr oxi mat el uar e approxi mat e 4Q Chns/ squar e. rface
o hContpatpie AR CaRED ot o ARBT Birehis e S0 BRI areiansien the
format i gl PUMEY 8ifis pial) 8oty feREE Oﬂ?se&)rnfe%{%ﬂﬁgd {rat thk %&gﬁﬁl R tﬁe*'b%ri%@é ihGt

sol ub|I|ty of the silicon substrate 10 Ich 1s approximately 4E20 cm 3
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manner. However, the_alignnments of the selective. tter |rrpl ant versus the
net al screer{*wqeﬁﬂ@cﬂﬁrﬂ& the @esei@gyaEPlap; ganchy ca Yhém}aﬁhéh?rﬁll PR IEXIAS hods
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This alignnent may be
to the semlconductor (e.g., to the selective emitter region 80). Here, implant profile tailoring will

help improve the metal semiconductor interface. Such tailoring is discussed in the patent
applications referenced above. However, such an implant will invariably affect the anti-reflective
20 property of the ARC layer 30. But, as this is a very small region and 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 deposition methods, such as cost effective

plating.
An alternative 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
so0 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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affected by the inconsistency in the wafer cutting, and it can be a coarse
al i gnnent nethod. The introduction of fiducial markings during the initial
sel ecti vewermntor@sisinpl ant will alleviate this issue, an#Cctars2te/nasss eved

ei ther through |laser markings or relying on the inpact of the inplanted
surface discolorations. Such markings can be visibly seen in relatively
hi gh dose, which is comensurate with the selective emtter inplanted dose.
This is a very distinct marking and if a vision systemis set at the screen
printing to pick up the patterns of the selective emtter inplanted
gridlines, thighisstage.absepnmehlG. Wil taverhtbinscondaatiysrettl cogtagi lnyer B0 sifoqpdds i ed.
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an epitaxial growth nethod, er rystals are grown on the surface. Such
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deposi tedwdhtitieef auicivaceords adb$ idugrecs Celtins.t Adtes wllns stept e tsolar ngdt ovlé havee
contact. However, due to the esence of the selective emtter regions 80
and t heighly siTicaent iphlecony¢pign gHicIghstes prbstwees by eyidlings, Wghe@#&'@w%@favet hat

t b? r O%ittgtgregfcon%h%nﬁﬁéaﬁﬁ ?hetrﬂé’ttal %?ty lil?ersi 198, efnﬁqmmﬂl rg%ﬁg eﬂﬁ‘f"e\‘%g g@iﬂ§ in

(metals, etc.y can o etter adhesion properties Tor the su guent
met al ababaiet sf hfd 2absaluepatamypcipypdtant . Such i nprovenents in the band gap
engi neering and adhesi on can inprove the nmetal/ sem conductor interface

resistivity anyctentidhg kagk sidacs i drcrodprsell ivs sriise el bianlkgi gncsy|dgposiigqn that

has several issues associated with it. The first step is to deposit aluminum on the substrate that

acts as a buffer between the subsequent high conductivity silver contact and that will also provide

20 partial doping to improve the metal-silicon interface resistivity. Aluminum is not an effective

dopant, but serves the purpose. The aluminum 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 problem 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 formed 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 employed. One method is to minimize the width of the gridlines and thus

the shadowing. However, this minimization is difficult with the present screen printing methods,
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As seen in FIG 10, the nesotaxy inplant can be carried through the silicon
di oxi de masking layer or anti-reflective layer (ARC) 30 to forma region
100 t hat woretocthesifrom where the nmetal contact w | eveotrasbkeg/obssspl aced
on the surface of the ARC 30, through the ARC 30 to the sem conductor
(e.g., to the selective emtter region 80). Here, inplant profile tailoring

wll help inprove the netal sem conductor interface. Such tailoring is
di scussed in the patent applications referenced above. However, such an
inmplant will invariablyaffectthe anti-reflective property of the ARC | ayer
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pattern In sone enb I ments egrl flne resi st patternls use an

el@ct r isnah dsthaotd distusskdde fegiatanoapplicatkens e¢fecheat-gpoat, icageasily bmdledrﬁed for

el ectro-1less plati Electrop atln can provi de a thick | ayer of nost
metal s tb%.svnﬁ@rp@k@f%gﬁtg gole wprles [ 9B EYAPRIF- & Brivpe QTfie U FcTPBhatdsych

pI atin i n other industries very cost effectively.
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However, 1In olar cell fabrication, it has required nultiple
and expensi vlﬁlrtshbﬁmreithere nehanysweticdimoiues thaewﬂbelinmnult: shadoading altogetheesent

or' mt i HGOVIRE Al of G @it ahe Do BhaBRECHihand J8ghlo SR TBRL SEEpENGI ve
R s T A e e
12 | n capateligrbodinienition witiNdCHeHeallighedpat(chresg dishassedBabove will allow for the
formation of interdigitated alternate doping regions on the back side of the 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 altemate dopant back doping cell (IBC). 130A shows
the ability of the present invention to use the homogenous implanter to form a boron-doped BSF,
which can replace the existing problematic aluminum-doped back surface. In a preferred
embodiment, the implant provides a surface concentration of 1E19 c¢cm™ or less, with an
independent junction formation capability of 0.5 microns or greater, and the resulting sheet
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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w% or a KOH solution (less than 3 % can be used, with a spray of 2.4
bars of pressure at a dwell tinme of a few seconds at 55 degrees Cel sius.
After thiwoxompostsme solar cell will have highly effici eatr/usegho2gesniver si on
efficiencies in between the gridlines, with a highly conductive emtter

regi on 80 underneath the netal grid lines 110, and thus will provide
efficiency gains in the order of 1 to 2 absolute percentage points. At
present, the back surface of the solar cell is a series of blanket netal
deposition that has several issues associated with it. The first step is to
deposi tenabladribyuon omptangationbwilt atedd comtersaen silweengy lgafinkan thepwserd erheore
subsequent Pi h anducIi[vity silver contact and that wll al so provide
part i al*03d er{%r(ief}agﬁﬁf’lg\fe the metal-silicon interface resistivity. Al unminum
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not a good netal for the subsequent sol dering of the contact wires, and
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such a BSF | ayer can be fornmed using the applications specific honobgeneous
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they are reaching their limts of width printing at 100 m.cron. or |less. The
subsequeRtlchtige RIS Feyplep 3199581% HiRlar %r%aa@e{w%é%u@%eﬂaelﬁ?thV@mlBerlo to
15 m crrg@lﬁreng us accentuating the problem The use of the self-alignnent
met hods descri be above and their ability to provide patterns having a 50
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inplant or .ink jet printing seed layers followed by plating wil] elimnate
t he needleFldye eniltst highe g?tt‘ilf@fna%weﬁﬂw&%elews é‘@Pllan‘ieéBIFlg‘E?é’t‘i‘”élFP%élﬁ s at

L e
resi st ilviseypdd&id that thiheelbaitlpreovidé acensdfe poler séicency gauedover the traditional cells
prevalent today. In the patent applications referenced above, the cost effectiveness of these
methods 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.

In FIG. 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 elimination 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 similarly 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 minimize 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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inplants can be fornmed into lines, large islands, or even donut-shaped. A
sel ective inplanter, such as the one discussed in the patent applications

r ef er encestoabovwgiscan easily be nodified for the sane typea/ustoidopiosyy as t he
substrate (for exanple, a p-type doping such as boron) and provi de shaped
island regions. Furthernore, there are many new techniques that wll

el i m nate shadow ng altogether by noving all of the contacts to the back of
the solar cell, and thus allow the front surface noni npeded exposure. The
present invention's use of inplantation, both honbgenous and sel ective
capability, Ihrsomewmhoétnilmﬁs oy tchref i sclsetidn el thg nadkipadayer npund adiasseoskeadl above
w | | aIIo e formation o rdlglt ted.alternate.doping. regi,ons on
the back i) aBvst e uaripal afy of Midmet bl H R Ehr ahi 2eBuBfioned Wt

l'i t hograpbys s;%@fé@laﬁéf tRHICAYCBEratiB R dn ol fHS 90 RO @dRicated Wil odS3timb QEIRNI ques
such as described for the front surface emtter regions can be adopted to

f or m a 4B8AFment md pattt:mnrcg gicthatle d gain, drmmfmaw@pidvmthd)m@ken@l upaengortselsb of iBC) .

13Asho he ity of the p ent invention.to 0 eos
ol ant Pl Rer Mg s s B PergiRRn cameiug Bl gs b R g

probl engd kbt Hﬁ%%ﬁ*t&ﬁﬁ&gtupéﬁ%ve%%ﬁffé&@n mbthods. Fueh & 6ﬁ@&s§ﬂf@@1@ﬂ HE&R/S oﬁeh €

i nplant provides a surface concentration of 1E19 cm3 or less, with an

i ndeperdanket jroplent torprbﬂdcrﬂta mhecuap atd homypgafoud dbpimg dryorasstalr segafcaan @f theand
the resulting sheet resis of agproxirratel ns/ s

E re. re, as
t he borBkElsaY&dhickngss ert QAR &p HGHaadhe %P.Sé ag ﬁﬁﬂ@ﬁ%}l@ﬁnglﬁ&? can
be adoqﬁ@@dniéard gaﬁ o@&rmts cOfin tthlikeiﬁ@chbd‘ ﬁ%t)}iaﬁ%edf)ersfas{ éa'ﬁ'b@%é‘bl(‘!\ﬁ&rlfga@%ﬁt shown

that the applications spe |c I mpl ant er’ stem previously referenced can
vEd y easistop theunvemtedf specith Siohdpilng sasr ficidmyasp; dughes Si€p ongvenAht yiN, ARC

outconme of s c 1.5 _sho i.n FIG_ 14A, ere a. honpgenays BSF 140 fornmed on
the badk M N BT a2k R tieien uidtreist Fp Be ﬁ%ﬂm@%%ﬂenb@aﬁ thtet al
cont act i | §uGoM

pl ant et &%&%P% B RS S S L A S T
absol utadasqdaweesnﬂagmeﬁmm@pm]g’sa@@oﬁieommmhm @Emesenitiomu effedtdie sarthee afste of a

systemsim |l zca{r to the selective emtter system described and referenced
above, STAVCHABEAT provi de i npl anted islands of varying doping | evels. These

B 2t Sanngl s g shane oy 0as o RIS R 0
i npl antcoataoulagleral Sp0 Sanithreo clontraciougdo Idn;t:ussed formatlon 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. It 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 in
accordance with the principles of the present invention. At step 210, a semiconducting wafer
is 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 wafer is a
silicon 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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FI G 14B shows a conbi nati on of honogenous BSF (HBSF) 140A and sel ective
BSF (SBSF) 140B. Such fabrication will enable the novel PERL cell (Martin
G een et wb.2piwvwssieasi ly. The size of the islands are expast@dorsssbe | arge
enough, so as to minimze the need for tight beam shaping or self-aligned
patterni ng nmet hods and subsequent accurate alignnments. Although smaller
size inplants are already possible, simlar to the previously discussed
selective emtter requirenents. The solar cell shown in the FIG 14B w ||
have all of the advantages of the front surface selective emtter higher
conductregiony , Thessepend frotiglohednsgone Gug , salgsitian teittasmegions) have 4 loogt shdee dead

| ayer effect. ]Jn addition, .it wil.l benefit fromthe.boron BSF, and
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ext ensijygctRAMelorfbl betweBs Mleﬁﬁ!smorﬁ‘ﬂ%?ed RiohS agl thednalers@ld ®opell aadient
today. 'In the patent applications referenced above, tgne cost effectiveness
of these netlhedscicsbddimmmnidpcrfomhag theifirstisst ahonrmplhatatitys qoppiriaed ng sone of

th resent fabhricatio ui nt and thus.elimnpating their. costl
opg o o agE e s P Rorh Ut E Bitas i Yyt B DR Sl B i o1
vol ume ¢4 ag@ﬁggnreﬁ SifhaRd focRfiodshi tﬁ@ké’%ﬁic&ﬁﬂlﬂctiﬁ@@:&i%} Eherel tRe §dcBnd ent dpagvel

interdigitated al ternate dopant back doping ce (I1BC is shown, where by

t he selregibhvae t@apaimplantyd.oln sohe qortevdimoerss, yhatiesisugeea gaprl fooatd wmsg speci fi c
inplanter is used i H|.corrbi nation with the present self-ali %nrrent met hod,
resul tiNGACHMATR RIFFHRELT B Yot PRESHY GRE™ sﬁ}ef%&acyﬁlaﬂbw%. CTRIE f r ont
surfac %g%ﬂi%@é’maf‘&e %hglg@g;\?ﬁﬁ e l?éclgi%ﬁ@anHgFEsRYlaggl%‘ﬁérg tHe! r@ﬁst?plerllﬁés 1R%o

contacts to the back ace o e sem conducting wafer 10. In~sone
ebbodi rerfosped he emitter is formed simlarly to the nethod descri bed above,
where the resist |s patterned to accept one array of dopants 150A in any
format requitedeP eﬁPh‘éalé%é’ Frantrragtﬁ%&mt%tsdagt%?%’?&&nﬁ C T eerEREhext and

0 L UL AR e S sy o S et o on L

rear si not only mnimze adow ng,
but w Idonfkwod v rckndict elettrivalchafgo fropoteaecomdtfemit dbised regiene t he m nority
carrier life tinme maybe limted, as the. distances. between the emtter
regi ons ar e M ik sesond selpleingnl ppipliqns of EPP%%@tWéﬁmlq%lémtmgn sone

G A e T T L

uti | i ziafghd demicepiibtippewefer &t d looatai Heheconahé back sapfecd @sl thd tontwiface.

accel eration energy,. the IBC can he fabricated with a one tine

sel f al IBWHE@HIE dopedTregion 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 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 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 wafer 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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and patterning nethod. Again, this is enabled by the present inventions use
of ion inplantation, which can provide a depth penetration capability that

i s not awaDlabwsfser the incunbent tinme- and tenperat ur @ecarise@n/oesos$ usi on
met hods. Such a one pass nethod all ows one bl anket inplant to provide the
sel ective and honbgenous doping by careful selection of the masking |ayer

t hi ckness and other properties, as well as the nass and energy and angl e of
the inpl anted dopant or m xed species . In this nethod, the patterned
resi st can be the blocking agent to stop the unwanted species. Simlarly, a
sacrif iSbi?%tIreSiﬁ@we bstreten agpiok@ately Ogv@hmslsquasp dixd {ppRGiingtelyypbcal |y Si 3N4)
can be ytilized and patterned with resist to be the bl ocking agents for the
unwante(gl1 BYMMAES penetration. Such a sacrificial mask can be renoved after

the process,s@ind Md hbaéléﬁeﬁaw&um ﬁyéﬁlsla?s@eiédton@é th%tb%lphﬂﬂlc@@ﬁh‘ét her
unwant ed contami nation to affect thé surface of the sem conductor. In FIG

15, a r‘sesmcmﬁuc;ﬂng wigbankhedsuak mtaimolhtectrlmu coes @leémstlbayledoﬁedrreglhm dralck

ntact 5..Simlar to.the reV|o rmati on of
oot o adhe i XS loaet Bt cufia P oT e Bl et et g o Bl R Bht ween
t wo unlﬂaggdgﬁgd%g@@ (metal and sem conductors), and al so may enhance the
adhesi on of such. It is noted that the surface passivation |ayer for nuch
t hi nner waf dt & oshieinphaed those pradlindde2 i) aan indhide dibaristepans wel. Fodekanipbnal |y,

if no textur is used.for the rear side of the cell hen .t he met hodol ogy
act ual WW%%@@@H aag-rF@eC&essgomﬁwms igposehen thedint iy %%CSPSQ’P surface t hat

texturi s@ﬂll&)fnﬁﬁétﬁlg Wi VeiL Bhel Air S ‘l%géd &Q%n? nﬁ%hﬁ%bo%ﬁm&tﬂ%@ Qfati0 of

fabricating a solrar ce I'n accordance wth the principles of the present
|tﬁ/ent|s0ap1s9trfsmmd&1\@cena01$&nplamaﬁlo{$tqulge facf gt of ®npmplantiednhevg.ng a front

surface, a back, surface, d. a background doped region bet ween e front
our f acdeAHier e MBERRAGYTH ¢ e PRSI HES SRBSHICHERE gncg e dmalan @%ﬂﬁ ng waf er

is a si glegf?% SHitR} fe%iﬁ "@W&ﬁer ckd bl?oa?t%ﬁqeﬂgba&&g‘[a}ﬂ&astee(@faggtr i3 dngOS

senmi conduct i ng material's can be ised wafer. At ste
set of dventhierspdcadtfednit dnlsedcrégldnspaﬁne ﬁrasrttmnettdde:oﬁtams@(ﬁst(dp @80 agp thaf éispassd

performed to forma front alternatjngly-doped r gl on tending fromthe
front sQiFf Jeanetllip feeddayarc Ghenmes yRkP Cﬁ}a%ﬁs th msta %%ﬂ%ebf&w&ﬁsme front

sys fac %%gax&%pﬁﬁfsk In Qéﬁlégﬁboaiﬂfzén{s,r Bl metallic seed layer comprises a silicide.

FIGS. 17-23 illustrate different stages of one embodiment of fabricating an inter-
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 wafer 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 walfer, then the light dopant implant 325 is a p-type implant.

Next, the wafer is then implanted on the rear side with the emitter doping. 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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doped region conprises laterally alternating first front doped regi ons and
second front dopedregi ons. The second front doped regions (e.g., selective
em tter rwgizorgsisave a | ower sheet resistance than thepCirnstomnesiss doped
regions (e.g., honogeneous emtter regions). A p-n junction is formed
between the first front doped regions and the background doped region. In
sone enbodi nents, performng the first set of ion inplantations conprises
i npl anting the second front doped regions using a resist |ayer that
conprises resist openings that are aligned with the |ocations on the

sem conduct ilnd lual%emaierregivnd3 s saved tof epreserd ojtleat one gff emgtearegions 336A

i npl ant ed. nbodj nent s, t i st i f d usi
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| ayer where the resist openings are to be fornmed. At step 230, a plurality
of fromrevietsly ussdnthau thss basediopipgSét nont bhe higbrenoegiddest itgoungfralope thiee f r ont
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Cont | g BT PRy BB IaAT G5 TPt e SR O F FBnE b
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sem conducting wafer is perforne orm a back ternatingly-doped region
ext endithgbdsealopings4b aisés aunr-fype dopent.tsneh sephaspimuug tarsegicwarf axtintamya | ocat i on

between the b rface.and the front surface. The back doped region
compr 1 ses | didid) 74 B Ve g PRt bR HepudiTERT gL Detiond back
doped T&e,008xiddiish, Sﬁﬁ@ﬂ%hl@rﬁ er%PeeQ%ﬂ RIUQNR LAVEUR doPYRE, ARER LS €SI St ance

than the first back doped regions. In sonme enbodi nents, performng the

sétond isptanoflamage, amploameat & dns oxidaayies whichnphighlyi massivdtimgsecond back doped
regi ons using shadow. mask th onpri ses sk openings that are aligned
with the Ioé&tFﬁgngl’&ﬁwqué nilgifle ?ﬁﬁﬁé@ﬂﬁ%@%@ ANrET Cflgr%a%fg%ﬁ‘datb%’ck doped
regi on i Shagoms 1S 1,0d i ned
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por ti ons dépdsited gsieadtasinseEnlehced@hemishlavidpst iDepssitidm(FHED pptoockisnent s, t he

first front doped_regions and t first back doped.regions haye a sheet
resi st ance 6@?3%&%&3@%@53& lﬁﬁg 2y @358&9 theriRirs Hertive camtneapyt o0& ﬁ%%[wnlaélo

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
inexpensive fiber lasers 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. Itis 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 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

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 is contemplated
that other semiconducting materials can be used for the wafer.

At step 420, a set of ion 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 front surface. The back

23



Ohns/ square. I n sone enbodi nents, the second front doped regions and the
second back doped regi ons have a sheet resistance between approximtely 10
Ohns/ squawe 2arudiosyspr oxi mat el y 40 Ohns/ square. I n sone emrbodiSeenotossoss he
background doped regi on has asheet resistance between approximately 0.5
Ohns/ square and approximately 1.5 Chns/square. At step 250, a back netal
contact |ayer is disposed onto the back surface of the sem conducting

waf er. The back nmetal contact |ayer covers the first back doped regi ons and
t he second back doped regions, and is configured to conduct el ectrical

char ge dopedraghe eeuuivds bk lidiseuting dirs beck da pedgegzmmeeﬂdpb@cm@atﬂh dopadhe

t hod 200 t h t t step 225
ot i v drpget | D BSLbR gOpePieethS BB o T ETa: Fan et BbeR ™
sem congiied tdpthnd@h@ the®aBkgrbi®l ddpedtedisnt doped regions. In sone
enbodi ments, this coating step i's perfornmed between ion inplantations of

the first sdnsmmewm@mhmﬁmanmﬁmmm@}@ébgnmgbe@Méénnuhﬁamnmenmaunﬁﬂsof t he
geneous emtter regi.on antation of .the sel ecti ve emtter
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step 230 are then disposed over the netallic seed layer. In sone
enbodi meaftss and herforetiad & imesledadn imylentagenpf a seeendréemnamyo fheptmrosdudtingsone

enmbodi ne .the talli eed | ayer co SUIC
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'nterdHﬁéEéﬁ@gmﬂﬁﬁﬁggﬂﬂ%a&&xéﬁk RY sHa8bW nhddk 364 Bﬁg%%&%kgg&ﬂn%ﬂ%mﬁﬁbnc'p|es of
the present invention. I'n sone eﬁ%o di ments, a sem conduct wafers is
et@hed adugded exth tireeldcatiéms oh BE seeiwcm,duetmgwafylpwhwafﬂm seicendoback Idop&bﬁtgiohls)wev er,

it is contenp Iatedthat a p-type wafer can also be used. In FIG 17, the
front O ihes Emky ducting wafer 310 is Iightly doped using ion

i npl ant at i Orlﬁgﬁﬁ)lete&bfoﬁfn?@n@s |th9§'f% epg@r A&%f g)%ﬁm TRiohl g&hgﬁ&gant

i mpl ant 325 S Wt ront S|va on and series resistance

reductn@mbnhmg$UMEmamﬁ@dnmemmﬂmnmhﬁuﬁhﬁﬁ@emnmpEnmﬁhebﬂnkbgmmﬁd@paﬁt i nmpl ant
325 is the opposite of the charge typ f the semico ting maf 310 For
exanpl éSMgd H%Wérﬁ?akséwﬁ@wga PTF‘?et?%n%déﬁ?t%ﬁch| ubéPk %‘TfﬂCFg n-type

wej er, steﬂl%bnhnceudg' \%}Er, ANRARM the TRARR mgag’cdtﬁpr?sepnltaylpgpénmgs% 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

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, aluminum, 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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Next, the wafer is then inplanted on the rear side with the emtter doping.
In sone enbodi nents, for n-type wafers, the emtter would be a p-type

i npl ant, wochiea®sisor on, al um num or gallium This inpl aot/usamolesoss t her a
bl anket inplant or through a shadow mask to be patterned. FIG 18A
illustrates a blanket ion inplantation 330 of the rear side of the wafer
310 to formemtter region 335A. FIG 18B illustrates an ion inplantation
330 of the rear side of the wafer 310 through a shadow mask 337 to form
emtter regions 335B.In FIG 19, emtter region 335 is used to represent
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This high-tenperature step is used to active the dopants, anneal the
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separated openings 370.in the_anti-reflective coati er 360" over the
| at eraIHr9ceé$ pp §§ PHRPSHSPRY ™A {Qgithes g anid) thesma) anpea q§6?réf¥%%ﬂ%%nt s, this

abl ati qq;dsioRer formed using inexpensive fiber |asers and a beam steering
mechani sm In FIG 23, netal contact fingers 380 of the interdigitated back
cont act ar e lheomedndodinents)chedogbod 4@iglrmh1$le.-385tepu4ﬂ4 84bre anamntiactleatiyet he

waf er only through the separated openi ngs 370. is contenpl at ed .t hat
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R S R T L
Enhanced Chemical Vapor Deposition (PECVD) process. In some embodiments, the anti-
reflective coating layer comprises silicon nitride.

In some embodiments, the method includes a step 426 where the anti-reflective
coating layer is ablated to form separated openings in the anti-reflective coating layer 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 $0.25/Wp.
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FIG 24 illustrates one enbodi nent of a nethod 400 of fabricating an
inter-digitated back contact solar cell in accordance with the principles
of the prweento/iogasenti on. At step 410, a sem conduct i ngpPaaftseois2$sovi ded
having a front surface, a back surface, and a background doped region
between the front surface and the back surface. In sone enbodinents, the
sem conducting wafer is a silicon substrate. However, it is contenpl ated
that other sem conducting materials can be used for the wafer. At step 420,
a set of ion inplantations of dopant into the sem conducting wafer are
per f or med t olMeqrreseat mwioalhaebcmdaﬁgﬁhﬁddommsmégmtﬁ@m@d@mﬁgﬁ romthe back
surface of the sem.co r to.a t he back surface
ond cnanrrpiraing A EaR Tikibhdur Ha e niils o i JEoNTERUPRR "ol or natt ng
first haekiudn %@%eﬁﬁ@ér@i@ﬁ 8n¢h Resond RaskilPpR&adc reﬁﬁb@l%nts-reﬁ'ﬁ detdiig tthel?&ﬁ'k

doped regions conprise a different charge type than the second back doped
reg|onssamdnkméabmdkgﬁdwﬁﬁomnwéhepbgn@mnmnmxﬁnnﬁoehbuﬂhnea@gyaphumgﬂep of

performn | antati o conpri s e fornin . bl ion
b antareebed wererrG G aRRoR S T AE IR W SR i Ry S MR GIoH ¢ e
f' rst dgpankirition WAL HEFhr&ES ﬁ’él% tﬁ@@pﬁtnéﬂdrs%oﬁ@&fl‘tﬁ vaEﬁ‘t@cﬁl £fqchih&d by the

sem conducting wafer, and perform ng a masked ion inplantation of a second
dopant dlaips. t he senlconductlng waf er using a shadow mask di sposed a
predet erm ned di stance away fromthe back surface of the sem conducting

waf er, wherein the shadow mask conprises mask openings that are aligned
with the | ocations on the sem conducting wafer where the second back doped
regions are to be inplanted. In sonme enbodi ments, the step of performng a
s& of ion inplantations conprises performng a first masked ion
inplantation of a first dopant into the sem conducting wafer using a shadow
mask di sposed a predeterm ned di stance away fromthe back surface of the
sem conducti ng wafer, wherein the shadow nmask conpri ses nask openi ngs that
are aligned with the |ocations on the sem conducting wafer where the first
back doped regions are to be inplanted, and perform ng a second nasked ion
i npl antation of a second dopant into the sem conducting wafer using a
shadow nmask di sposed a predeterm ned di stance away fromthe back surface of
t e sem conducting wafer, wherein the shadow nask conprises mask

20

25

30
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openings that are aligned with the |ocations on the sem conducting wafer
where the second back doped regions are to be inplanted. In sone

enbodi mrenwe,20toh@stsackgr ound doped region is n-type dope@CTiuseomioe®ss back
doped regions are p-type doped, and the second back doped regions are
n-type doped. In sone enbodi nents, the first back doped regions are doped
with a dopant chosen fromthe group consisting of: boron, alum num and
gallium In sone enbodi nents, the second back doped regions are doped with
a dopant chosen fromthe group consisting of: phosphorous, arsenic, and

ant i norfyLAMISst ep 430, a back netal contact |ayer is disposed onto the back
surfacgwﬁf.th .sem conducting wafer. The back netal contact |ayer is

al i gned" 8¥'eP “PHEGr st and second back doped regions, and is configured to
conduct electrical charge fromthe first and second back doped regions.In
sonme enbodi nents, the nethod 400 al so conprises a step 415 of performng an
i on i npl.ant & sdar ofl engoergt i nto the sem conducting wafer to forma

lightly doped front region.extendjng fromthe. front surface qf the

s conduct i ng. vl ST Bt RO e HEBH wracs g SibPhcudind the back
surface. | n REREEAPAHABE S bdthesn TRk YurRPERd etk Liggicen does not
extend to or past the location of the back alternatingly-doped region. In

sonme enbodi nent s,a frfnitslttmentglgdppeat reewpnentanding-ftonp thedome durfdca of tree

enbodi nents, the t hod 400 includes a step 422 ere i gh-t enperature
T ooose 1S EBUCCBLTE VP A GARn s B e M St AR ant
damage, and herd Bokt dob & nk lateMiyCletSiié SRt YroR ] ki the
waf er is thé&Qgﬁpggidotéﬁ)F?ﬁ%¥h§§}§§¥§{?ﬁér%gpeanﬁeglR%H“aﬂ%ﬁgyﬁ&?ﬁ%hace
okl dat i on. |andsecmddinind dopreintsgiony, hesschomghiro@niopediteagions haaog g $owensbtates

exposing the wafer to either,  a rapid thermal anneal or a shart furnace
o, dat i on. RSB B it doprd TREPRL AN BHCTHLE Bdd¥NI8 B PISd wher e an

anti‘refleCt&%ﬁ@%ﬁﬁéhﬂﬂﬁ%ﬁ%ﬁ%eh§%g&§§§%?ﬁngK Ouﬁ@gw%%aﬁﬁgﬁyrface and the

back surface e sem conduct i n sonme e nts, the

anti-reflective coplttahty éfay@rt nicsal deplasts hbBghadsivegtha sedcad Heont Hopednregidns,

Cheri cal Vapor Deposition (PECVD) process. |n some embodiments. 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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coating |layer conprises silicon nitride. In some enbodi nents, the nethod
includes a step 426 where the anti-reflective coating layer is ablated to

f orm sepawetzeth/opesmi ngs in the anti-reflective coating Payars2aveesoshie first
and second back doped regions. It is within these separated openings that
the netal contacts are eventually deposited. In sone enbodi nents, the

met hod i ncludes a step 435 where an el ectroplating process is perforned
after the netal contacts have been deposited within the separated openings.

An inter-digitated back contact cell can be inexpensively fabricated with
t he i npl ant aklieowlantell heClaad ewheiemvidatseaongd finhi ddpedaegives anddhe sasond bankl y

reduce the cpst . and process, steps, currently used to,c e back contact
Col Lo whi 1 doRid FRSRAGS § Risth o aB8 bt e whirnmeRunlabSs B RT) °°t he
only comrer cipdloxshicBr400bnigehuasont act solar cells is Sunpower, which has
an expensive and many-step process to nake solar cells. The current
commerci al process used to process back contact solar cells involves at

{ﬁgst t ntywﬁ&gﬁgp%ﬂgfégﬁpﬁegggt.Qf approxi mately $0.80/W. The process of

present EWer steps and dramatical ly reduces the
cost to approxi Mahekiyst H8nlRipAl rddienRAIRNMirst BURMob&Nrddashs REGRN, dR3ET 1 bed in
ternms of specific enbodi nents incorporating details to facilitate the
under st andi ngsigthngerliengéagnl approximately0rQlohs/squasnahdoperaxtimatalyof60t he i nvent i on.
Such reference herein to specific enbodi ments and details thereof is not
i ntended t o PRV 288ope of the clains appended hereto. It will be
readi |l y apparent I (WoNe I L | fl.gati ons
may be made in tﬁgggﬁgg%?ﬁgk%ﬁ%ﬂgg%ﬁﬂgg?t%ﬁ%%2%12%?g%p§f%ﬁgﬁ§h%%%g%%?ﬁg
ft@Om t he spiresistaaredeseapappfoxithaelynVedimonquase ahelf dppeckitoytety® cl ai ns. CLAI M5
What is clained is: 1. A solar cell conprising: a sem conducting wafer
havi ng a frontM&f¥ce, a back surface, and a background doped region
between the front surface and the back surface; a front alternatingly-doped
regi on extending fromthe front surface of the sem conducting wafer to a
| ocat i an betTeewldrkell bf ChimSuwhaee thndatkpeoundclopsdirdgiomehas 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
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wherein the front doped region conprises laterally alternating first front
doped regi ons and second front doped regions, the second front doped

regi ons hwovi2n/@msisower sheet resistance than the first fPconsS2adopesdss egi ons,
and wherein a p-n junction is fornmed between the first front doped regions
and the background doped region; a plurality of front netal contacts

al i gned over the second front doped regions, wherein the front netal
contacts are configured to conduct electrical charge fromthe second front
doped regions; a back alternatingly-doped regi on extending fromthe back
surfacel2of tHe sobrcelbptiibimigwhercér to a | ocation between the back surface
and the front sur

r he. back  dop egi,.on conprises laterally
al ternating firsﬂﬂ%g%%g ggoP G§W§1%35n§(§@ﬁ@2%'ck doped regions, the
second back dopedn¢ getk At Jlb})\étl'i‘&g@ns'éh\d@lﬁe @a@ﬁfrsﬁ%@&@&%eonmﬁéﬂn dype first
back doped regions; and a back netal contact |ayer disposed on t'he back

surfacekmédthe sem conducting wafer, wherein the back netal contact | ayer
coyers the first back doped regions and the second back doped regi ons and
is"configured to conduct electrical charge fromthe second back doped

regionsi3 2. TiR&osRkal of€laimab, &;héveﬁﬁl tilxe sé’é’@ﬁdi Shdk cfo?@d M RARJMGundmmber is
a silicon substrate. 3. The solar cel Claim wher ei n the first front

doped reglonamamﬁmghenﬁmk$ambaaka@mbg@un@@mﬁﬂsegane a sheet resistance
bet ween approxi mately 80 Chns/square and approxi mately 160 Chns/ square. 4.
The solar cell of Caim1l, wherein the second front doped regions and the

second back HRReA-caglPRNAICyRSHERL FESLA! ARRR ALIELOIARANAN L el ¥ 10

Chns/square and approxi mately 4 square sol ar of Claim1l
wher ei n:  t hesafmierchrgbityrtdogemed tlnees;nombba;kaﬂopﬁbreglmsand)thelbadkgnelmdckgxedms
have a sheet resistance between approximately 80 Chns/square and

appr oxi mat el'§819B0 Ohns/ square; and the second front doped regions and the
second back doped regi ons have a sheet

15.  The solar cell of Claim 13, wherein the second back doped regions and the
background doped region are p-type doped.
15
16.  The solar cell 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 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,
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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resi stance between approximately 10 Chns/square and approxi mately 40
OChns/ square. 6. The solar cell of Claimb, wherein the background doped
regi on hasoaoswetsir esi st ance between approxi mat el y 0. 5prOnrusieiqoasoss and
approximately 1.5 Ohns/square. 7. The solar cell of daim1l, further
conprising an anti-reflective coating |ayer disposed on the front surface
of the sem conducting wafer over the first front doped regions. 8. The
solar cell of Caiml1, further conprising a netallic seed | ayer di sposed
over the second front doped regions and under the front netal contacts. 9.
The sol ar cel | ofpedoanimg8, scognstsst of iohémplanatiphcolstepdnt intpehe conpri ses

e 8 o Rl 06 430 58 S RN LA Bt oo
second frontp,deR@dhcb@Y kt@%@nﬁéﬁdﬁ&h@%&f&%o%H@@ﬁfén%@ﬁ&éenﬁlﬁ&t’iﬂcﬁ Rerfaehher a
di stance in the range of approximtely 1lmmto approximately 3 mm 12. The

sol ar cel | ¢he Goal swriage, wheran the hahledmmdl«gglom ndmgnmdlatm@@y@hemstlr;guiﬁlype
doped; and the first front doped regions, and h[geseco$ nt do ed regions
T

are n-type dBpEAPHIL AR TeBpndbacK dgpedciegions-18e SrpR gﬁ“ﬁ]f oRed BEIRA back

doped regi Or}ﬁvﬁ‘{%@a lg%fagle@!ﬁeg[sttaﬂ@e HMBIHAAK HYRA HaBRNLn@S the background
doped regi on. The solar cell of Oaim13, wherein the first back doped

regions are dopecﬂwpo’sﬂngtaﬁmclsa;IMIchlaaqéayeypetodbep‘amk sas°a¢dna°thecond back doped
regions and the b ped re he sol ar ce of Claim 13,
Wher i n ¢ e SCBEBRAGH GER o OOy R L RGT SRS b8 PFtlgl on ar e
p-type dopeqd é@reg}_&% aﬁgltl?crse&%dbagt d%t ho ibRy aMR1cB F‘%lfr@@tosc%‘ﬁ@ back doped

regions are ped w th boron of fabrlc Ing a solar cell, the
med hod conpralaitmgyl 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.

30
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provi ding a sem conducting wafer having a front surface, a back surface,
and a background doped regi on between the front surface and the back
surface; wenbovmwsrsg a first set of ion inplantations of pdopmedaioioztoss t he
sem conducting wafer to forma front alternatingly-doped regi on extendi ng
fromthe front surface of the sem conducting wafer to a | ocation between
the front surface and the back surface, wherein the front doped region
conprises laterally alternating first front doped regi ons and second front
doped regions, the second front doped regions having a | ower sheet
resi st d¥ce tHmmethed of Climfl7 owherdimghel firsé fioondoped meionsenditle farspbaskj unct i on
is formed between the first, front do regi ons .and.t ackgr ound, doped
Fogi ont i sHBOR P GE Pyt Br e R e e PR R RRR ST M nduct | ng
wafer, wher ejprdxit@atklyordo ORhasquapnt acts are aligned over the second front
doped regions and aré configured to conduct electrical charge fromthe
second front doped regions;performng a second set of ion inplantations of
dopant j.nto the senic ucting, wafer to forma. back alternatingly-doped
bt on Bt erdBFRO i AN BoRhSar b aeeard TRR DR i B P oD a

| ocation betypenrddihshacka shicf ARSRtaABIbdREe: £®E‘éxi§1‘d{ei}aﬁ¢®hﬂ{@@g@dr@ ahd'e back
doped region conprises laterally alternating first back doped regi ons and
second back apppednatelyi n@hms/kguasecond back doped regi ons having a | ower
sheet resistance than the first back doped regions; and di sposing a back
metal contact |ayer onto the back surface of the sem conducting wafer,
wher ei mgt he t er covers the first back doped regions
and thgméecéﬁggﬁggﬁag%%%gﬁgzgﬁgﬁgyﬁnd is configured to conduct el ectrical
charge fromthe ghe it floackopdd pedonsegidss{irsl Back Topednetzgivmd hafe Chlmien 17,
wherein performng the first set of ion inplantations. conprises inplanting
the second fPYHANGAEHCIPPURENHENHY Qhpydugte 4 Prq%etgﬁy&r@r i ses resist
openi ngs that, are,ald-gpgd with the locations on the sem conducting wafer
where the second front doped regions are to be inplanted. 19. The nethod of
Cl ai m 18, wher ei nh¢ keoneé iost dappe négigs aardehd wromtbackidopedregmnt date ekt

pl aced in contact with the resist |ayer, the contact mask c%pprising mask

openi ngs resistance between approximately 10°Ohms/square and approximately 4
15 Ohms/square.
25.  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, 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.

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 layer.

28.  The method of Claim 27, wherein the metallic seed layer comprises mesotaxy
implants.
30
29.  The method of Claim 27, wherein the metallic seed layer comprises a silicide.
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that are aligned with the locations in the resist |ayer where the resist
openings are to be fornmed. 20. The nethod of Caim17, wherein performng

t he secomslo=eto/81sion i npl antati ons conprises inpl anti ng@Crhis2eemesvds back
doped regi ons using a shadow nmask that conprises nask openings that are
aligned with the locations on the sem conducting wafer where the second
back doped regions are to be inplanted, and the shadow nmask is di sposed a
predet erm ned di stance away fromthe back surface of the sem conducting

waf er during a portion of the second set of ion inplantations. 2 1. The

met hod of Clain117 wherein the sem conducting wafer is a silicon

he first fr ed regions

ona ;22 heﬂﬁ@k%ﬁ@@ R heTies<eoid Fat dongn kididtisad BB

appr oxi mat el a8 QoG oRd SURY 8 dith B RPIHRFhdRIF ayprb@n X8/ maugre. 23. The
met hod of Caim17, wherein the second front dpped reglons and the second

back doped negnamsmthbmalsheet resi stance between approximately 10
gs/square and approxi mately 40 Chns/square. 24. The method of Caim 17,
rein: the first front doped regions and the first back doped regions

have a:gheetnkgﬁaﬁg@gp@mgﬁqWe@nggprOX|nately 80 Chms/square and
approxi mately 160 Ohns/square; and the second front doped regions and the

second back dopedh¢bgmgnmnhdvaxmeghme$p%ﬁsﬂkmamcedbetmeen approxi mately 10
Ohns/ square and a rOX|nat 40 Chns/s uare. 25. The net hod of ai m 24,
wherer - the. backgholm THBHERPCH EEOn Meoseib fOitabped Hmadsnes 1w
approxhﬂ?E@Iy 0.5 Ohns/square and approximately 1.5 Chns/square. 26. The
met hod of G aim17, further conprising the step of disposing an
abQi-reflective coating Iayer on the front surface of the sem conducting

waf er over t S ont d r egi ons 7 The met hod of d ai 7,
furt her32corrpﬂ1€sm?f @iﬂéé %rpglﬁggﬁfwan & bl daprd eeigiagre doped with (1

same charge-type dopant as the background doped region.

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

region.

34.  The method of Claim 32, wherein the second back doped regions and the background
doped region are p-type doped.
20
35.  The method of Claim 34, wherein the second back doped regions are doped with

boron.

36. A solar cell comprising:
25 a semiconducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface;
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

30 and second back doped regions, and wherein the first back doped regions comprise a
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| ayer over the second front doped regions, wherein the front nmetal contacts
are di sposed over the netallic seed layer. 28. The nethod of C aim 27,
wher ei n twe 2onmv@Bisic seed | ayer conprises nesotaxy i npl aotrdais2@9/028bke net hod
of Claim27, wherein the netallic seed |ayer conprises a suicide.30. The
met hod of Claim17, wherein the second front doped regions are |aterally
spaced apart from one another a distance in the range of approxinmately 1mm
to approxinmately 3 nm 31. The nmethod of Claim 17, wherein: the background
doped region is p-type doped; and the first front doped regi ons and the
second fr ontdifensedchaegyi typrsthan therseeqndebadlo deekd 8@onsTanal the biakgravid doagdn 17,
wherei n the second .back doped regions are doped with the sane charge-type
dopant as t HS'8%#¢r ound doped region. 33. The method of O ai m 32, wherein

the first back doao&a@kh%él%@ﬁta@ﬁl@yéﬂ?%%gséﬁidnhh& Bé‘ck%%%c&@ﬁh&?ﬁﬁ%&?d&ﬁ nt as
e

t he second back doped regions and background doped region. 34. e

met hod of Cheifen, 3herenhthediack gkl setan dhylsasieligogbaver dgi fonisandrsdcartdeback

r o 't e CORbRE B AR fsnaeibl Torear e e SrEr ot B s RSB ar

cel | conpri yjap@dopedsefbaoNducting wafer having a front surface, a back
surface, and a background doped regi on between the front surface and the
back surface; a back alternatingly-doped region extending fromthe back

surface,_of the sem con ti fer to.a |ocation between. the back .surface
2nd ¢ heTh 1 orkesE SELOL b eV DG 0BRSS SGPESEGRHeLaE AR & al |y
al ternating thfa%feri?@d:lb HPRREdC 1 9&e@éﬁ@oﬁ§&§{ﬂﬂer@l§féﬂhﬁﬁl&%@f}g&&ﬂ& and

wherein the first back doped regi ons conprise adiftferent e type than

t @ second backcaddpdawmedyonsalandtactse backgr ound doped

38. The solar cell of Claim 36, wherein:
the background doped region is n-type doped;
the first back doped regions are p-type doped; and
15 the second back doped regions are n-type doped.

39.  The solar cell of Claim 38, wherein the first back doped regions are doped with a

dopant chosen from the group consisting of: boron, aluminum, and gallium.

20 40.  The solar cell of Claim 38, wherein the second back doped regions are doped with a

dopant chosen from the group consisting of: phosphorous, arsenic, and antimony.
41. The solar cell of Claim 36, wherein the semiconducting wafer is a silicon substrate.
25 42.  The solar cell of Claim 36, further comprising a front doped region extending from
the front surface of the semiconducting wafer to a 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.

30 43.  The solar cell of Claim 42, wherein the front doped region is p-type doped.
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region; and a back netal contact |ayer disposed on the back surface of the
sem conducting wafer, wherein the back netal contact |ayer is aligned over
the firstwendigessnd back doped regions and i s confi gur edTius2@i0nRess

el ectrical charge fromthe first and second back doped regions. 37. The
solar cell of Caim36, wherein the front surface of the sem conducting
wafer is characterized by an absence of any netal contacts, thereby
elimnating any front surface shadowi ng by netal contacts. 38. The sol ar
cell of Caim36, wherein: the background doped region is n-type doped; the
first BHck dopedlaregi ohSlazmadopwhypm tHopaak metabconkret ypemethpbiaekmdieped
regions are n- e.doped. 39. Th ol .ar .cel | , of aim 38, wherein the first
back doped rcé’afa\éﬁ%mﬂ?“gs g‘b%@a OO(AGIEtﬁe ilr%%%\ﬁ?coﬂﬁj\g%c&%%)%mgf%' group consi sting
of : boron, alum num and gallium 40. The solar cell of Caim38, wherein

t he second back doped regions are doped wth a dopant chosen fromthe group
consi st45ng ofhe sohosglhof Clasn 4dr Bethecongmdbinegvn antirrg{lective codting lgpdralisposdd  of

Cl aim 36, wherejn the sem copnducting wafer is a si)Jicon substrate. 42. The
Sofar ool 1 "G eCiE STt R Chii g g R Re SR A e8! Rkt nii ng
fromthe fraopfgpe face of the sem conducting wafer to a |ocation between
the front surface and the back surface, wherein the front doped regi on does
not extend to or past the location of the back alternatingly-doped region.
43. The, sol cell o im42, wherein the front doped region is .p-type
doped. 4%: ThE°s§ webeltRon hSRerhe GTRIeR Y heHaE KORECINPTRENTILESN | ayer
conprises ngfglgecontact gridlines aligned over the first and second back

doped regions. 45. The solar cell of Claima44, further conprising an
abi-reflective coating |ayer disposed over the back surface of the

sem conducting fer_a bet n the netal contac ridlines. 46. The sol ar
cell of*/d ai Theagfarghe PEF TG Gt cariscts Waﬁﬁﬁaew&y&g egmshpea
silicon over the front surface of the semiconducting wafer.

48.  The solar cell of Claim 47, wherein the anti-reflective coating layer comprises silicon
15 nitride.
49. A method of fabricating a solar cell, the method comprising:

providing a semiconducting wafer having a front surface, a back surface, and a
background doped region between the front surface and the back surface;

20 performing a set of ion implantations of dopant into the semiconducting wafer
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,
wherein the back doped region comprises laterally alternating first back doped regions
and second back doped regions, and wherein the first back doped regions comprise a

25 different charge type than the second back doped regions and the background doped
region; and

disposing a back metal contact layer onto the back surface of the
semiconducting wafer, wherein the back metal contact layer is aligned over the first
and second back doped regions and is configured to conduct electrical charge from the

30 first and second back doped regions.

-34-



nitride. 47. The solar cell of Caim36, further conprising an
anti-reflective coating |ayer disposed over the front surface of the

sem condwwOizo/mafser . 48. The solar cell of O aim47, wereraisaomloesoss
anti-reflective coating |ayer conprises silicon nitride. 49. A nmethod of
fabricating a solar cell, the nmethod conprising: providing a sem conducting
waf er having a front surface, a back surface, and a background doped region
between the front surface and the back surface; performng a set of ion

i npl antations of dopant into the sem conducting wafer to forma back

al t er n&t0i ngl Khedoghbed pegiaon 48xwherdinrthe stepof pdréoriranga s of mnampiantdtions of

' ducti f t | g t.he back f d the f t
Surt ace, - wndbartl e SufeqbEhnd BaREle Boa ne T e itk S terhar i ng
first back depgflist€gi ons and second back doped regions, and wherein the

first back doped regions conprise a different charge type than the second
back doped regi onrsriandinghelivdek pnomptintibioe df pégitaleparnaodicsposi ng a back

nmet al contact | ayer onto the back. sy face of the sem conductin fer,
b e oot he et T i SRy e AR R e e RS P A She ona
back doped r@ahanst ROGkhiSokREfihgWaRe 4@ conduct el ectrical charge fromthe

first and second back doped regions.50. The nethod of Caim49, wherein the
step of perform ngriarseg aghasked iannpipdantaionards se¢ondajvamit intottie t he

sem conducting.wafer.to form.a bg&ﬁ aIteLQQtiqghy-d ed.r%fﬂon conpri ses:
perform ng SCBSRRBSINEIHAPTEInER SHAARW nark 415pps Hsﬁﬁﬁ%m? Slppge away

semi conduct i g Wal iglck sWRIeRIrind dmiddnldtirflORABE WikrdifTHeARIRAY AGLUOSS the
entire back surface of the sem conducting wafer; and performng a masked

i & i npl ant atongmised masksgeomds dwpatalignédowith éhed ecrtioon du diei sagpicvatlactingsi ng a
shadow nmask dis$%6ed a redeteénined dj st ance awa f{8n1the back surface of

the seni condtilfT WECTRdHeTecoRhRACs dAPE IS ORS AG P R dRPlante

51.  The method of Claim 49, wherein the step of performing a set of ion implantations of
dopant into the semiconducting wafer to form a back alternatingly-doped region
15 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 semiconducting wafer, wherein the shadow mask
comprises mask openings that are aligned with the locations on the semiconducting
20 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 openings that are aligned with the locations on the semiconducting

25 wafer where the second back doped regions are to be implanted.

52. The method of Claim 49, wherein:
the background doped region is n-type doped;
the first back doped regions are p-type doped; and
30 the second back doped regions are n-type doped.
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conprises mask openings that are aligned with the |ocations on the

sem conducting wafer where the second back doped regions are to be

i npl ant edwo2a10/i0Bs1 et hod of Cl ai m 49, wherein the steppofi/ysesmoesishg a set
of ion inplantations of dopant into the sem conducting wafer to forma back
al ternatingl y-doped region conprises: performng a first masked ion
inplantation of a first dopant into the sem conducting wafer using a shadow
mask di sposed a predeterm ned di stance away fromthe back surface of the
sem conducting wafer, wherein the shadow nmask conpri ses mask openi ngs t hat
are al igned Wiectrhethbdof Glaam iS@nshermintthe fisse hirdkodrpad régnenswed éopedivdthea t he fi r st
back doped reqions are.to be inplanted; and perfor.mng second masked ion
mpl ant at i orf OB PRAHRT SR FOCET Rl Lot BBl Ty B usi ng.
shadow nmask di sposed a predeterm ned di stance away fromthe back surface of
t he sem conducting wafer, wherein the shadow mask conprises mask openi ngs

t hat ar¥. al ilgredetnd bf €hen 158 cahéromsheo secohé badkndoped dagnanisrage depfed withheer e t he
second back gdoped.regions are to be.i.npl anted. 52. The.nethod. of C ai m 49,
ohroi -t he B PO RO HaGTSIRTE O PGB RO Ed FTETOHack doped
regions are p-type doped; and the second back doped regions are n-type
doped. 53. The nethod of Claim52, wherein the first back doped regions are
doped Vii5t h allwopethod chGken 4Py whertinghg scouipombetng tviafeg isof silidror smbstraad.um num
and gallium 54. The nmethod of C aim 52, wherein the second back doped
regions are doped with a dopant chosen fromthe group consisting of:
PhoSPROJOUS, TR SERbE of €M 30! fulRBY conitisink e YER BPHRimfdl Adioftd. wher el n the

senmi conducting wafer Is a silicon substrate. 5 e nmethod of C aim 49,

f U0t her conpmipkntgionhd astopmtafito pler feorcomigetang walier ionfolrantfatnit dopedfregiodopant
into the sem conductin fer to forma front doped region extending from
the front surfeadiedfon ﬂbev@%serémﬁhw%f@wﬂ% Yaleph o EHI PGSR t he

front surfagh. At LfGcLARK S BLdAG SR IRARLR tVFork 18R A@RA AoLER RR1cH@es not

extend
to or past the location of the back alternatingly-doped region.

15 57.  The method of Claim 56, wherein the front doped region is p-type doped.

58.  The method of Claim 49, further comprising the step of depositing an anti-reflective

coating layer over the front surface and the back surface of the semiconducting wafer.

20 59. The method of Claim 58, wherein the anti-reflective coating layer is deposited using a

Plasma-Enhanced Chemical Vapor Deposition (PECVD) process.

60. The method of Claim 58, wherein the anti-reflective coating layer comprises silicon
nitride.
25
61.  The method of Claim 58, wherein the step of disposing the back metal contact layer
onto the back surface of the semiconducting wafer comprises:
ablating the anti-reflective coating layer to form separated openings in the anti-
reflective coating layer over the first and second back doped regions; and

30 depositing metal contacts within the separated openings.
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to or past the |location of the back alternatingly-doped region. 57. The

nmet hod of C aim 56, wherein the front doped region is p-type doped. 58. The
met hod ofwQl2aiomod®1 further conprising the step of depo®CTiusgo1an28058
anti-reflective coating |ayer over the front surface and the back surface
of the sem conducting wafer. 59. The nethod of C aim 58, wherein the
anti-reflective coating layer is deposited using a Plasnma- Enhanced Chem cal
Vapor Deposition (PECVD) process. 60. The nmethod of C aim 58, wherein the
anti-reflective coating |ayer conprises silicon nitride. 6 1. The nethod of
d ai m 38, whkran¢thodhel Glagp 6df whi¢rsindbé sigp phéispetig thebatk wolat enatack layer ont o

t he back surfac f the.sem.conducti waf er. ¢ rises.. ablating the

anti -ref | cctTUEMERATh H PRy ocaicsP bR ke da B eRTRgs B phghe o
antiref | ectiy&uepRtihPJrdcayelicPMRmdtl&ohlab&thaddBectaephicRatihidigRed regi ons;
and depositing netal contacts within the separated openings.62. The nethod

of Cl ai m 61,scpiretcdionenihgs. st ep of di sposi ng the back netal contact |ayer
onto the back surface of the sem conducting wafer further conprises
perform ng an el ectroplating process after the netal contacts have been
deposited wthin the separated openings.
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