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[0003] Typical cells are fabricated in a series of steps
that include doping the silicon to create p/n junctions,
coating the cells with a layer that reduces reflection of
light energy, referred to in the industry as an anti-
reflective layer (referred to herein as an AR layer or
coating), providing metallization, removing one or more layers
in certain locations where they are not wanted, providing
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Similarly, it is not known how to provide plating chemistries
in a localized region. At present, it is not known how to
locally remove the AR coating, which would be desirable to
enhance adhesion between the metal and the underlying
semiconductor. Typically, metallization, such as silver, must
be provided over an anti-reflective coating, which
metallization then reacts through the AR coating to make
contact with the semiconductor underneath the coating. This
process has inefficiencies associated with it.

[0006] Thus, it is desirable to provide a photovoltaic
device that has a surface that is textured to provide a
topography that reduces losses due to reflection, and other
phenomena, which can be efficiently, economically and reliably
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process has inefficiencies associated with it. [0006]
Thus, it is desirable to provide a photovoltaic device
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I nventions disclosed is presente ere nor e
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1ay@feced|ng the clains. Inventions disclosed herein
i ncl ude considering the topography of a workpi ece at
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receive a specific processing, and which locations will not
receive such a treatment. As an example, a network of
interconnected channels is provided, which network is
surrounded by edges, and then other regions. One stage of a
useful process is conducted with a liquid within the network
of channels, and absent from the surrounding regions due to
liquid flow impediments. An embodiment of an inventive process
is conducted so that a liquid deposited within the network
flows to locations where it is wanted, and avoids locations
where it is not wanted. Thus, the topography of the workpiece,
coupled with the choice of treatment to the workpiece, governs
the effect of the step being conducted.

[0009] As a first example, it may be desired to deposit a
liquid that will treat a region, for instance by electroless



is conducted so that a liquid deposited within the
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[0011] Other inventions disclosed herein relate
specifically to the topography of a cell surface for purposes
of reducing reflected light energy, methods of fabricating the
topography of the light collecting regions, and methods of
fabricating the topography of the current conducting regions
of a cell. Additional inventions include methods of providing
the metallization to the conductor regions, and more.

[0012] Solar cells of an invention hereof use a light-
trapping surface texture that creates a directed capillary
suction to facilitate further manufacturing steps, especially
metallization of the front or back contacts or both. Regions
where a manufacturing step requires masking have
interconnected grooves that are topographically and



fabricating the topography of the current conducting
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[0017] Fig. 1B is an enlarged view of the portion of Fig.
1A indicated at B, showing the layers of an electrode region;

[0018] Fig. 1C is a schematic representation similar to
that shown in Fig. 1A, that is not to scale, but is more
closely to scale than is Fig. 1A, to suggest the relative
sizes of portions of a photovoltaic device with a textured
surface;

[0019] Fig. 1D is a schematic representation similar to
that shown in Fig. 1A of a photovoltaic device of an invention
hereof, similar to that shown in Fig. 1A, and also having a
textured back surface, and which texture has been used in the

manufacture of the device;



sizes of portions of a photovoltaic device with a
textured surface; [0019] Fig. IDis a schematic
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topography of a workpiece;

[0025] Fig. 2C is a schematic representation in flow chart
form of steps of a method of an invention hereof similar to
that shown in Fig. 2B, with additional steps that block an
electrode region;

[0026] Fig. 3 is a schematic representation in flow chart
form of steps of a method invention hereof, which steps are
common to several different method inventions hereof, and
which are performed after unique steps of variations, shown in
Figs. 2A, 2B and 2C;

[0027] Figs. 4A-4I are schematic representations in a near
oblique view, showing steps of a treating method of an
invention hereof, with: Fig. 4A showing an initial uncoated
textured wafer; Fig. 4B showing a textured wafer entirely
coated with an AR layer; Fig. 4C showing an AR etchant liquid



whi ch are performed after unique steps of variations,
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[0031] Figs. 5C-5G are schematic representations showing a
portion of the cross section plane of Fig. 5 showing four
stable positions of a liquid at an edge or on a land;

[0032] Figs. 6A-6D, are schematic representations in near
oblique view, showing phases of method inventions hereof
applying a material to an absorber region of a photovoltaic
device of an invention hereof, with Fig. 6A showing self-
aligning material inoculation; Fig. 6B showing the material
beginning to flow: Fig. 6C showing the material continuing to
flow; and Fig. 6D showing the material fully flowed to its
position as a self-aligned material;
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d bet t
racREC| 0SB BEpgplacs plcen som grooves 1o

schematic representation, simlar to that shown in
[0036}. 1 Figfi APoifAen rohematdc Fepreisey tedrimmi csm:drar to

thaPeiNEFR £di ﬁgsntllle@t ben@&n InRORS

grooves_ boundéd by a ridge, an open c anne
compgn heahionp hleerage aéaﬁﬁﬁﬁrcc&tlsﬁg HrRPPRGg grPfebacthowing

groéﬁé@VBOuh@887$yFagrla§e|Switﬁcﬁﬁnﬁbb% RNt ent the
rldl N CI 0SS SeCEa Onha X%ﬁ ﬁ gg 3 g}\t{le bottomt at
9% {SRPRLC %bﬁgsy theggng)of Pagh graque:

representations in near oblique view, show ng phases
[0037] a neFhod OE &a ansehematikerepfresentgthilorckimgross

t t it
veo 888 e FPAE pBter kb il R A
me, wafer with the AR coating rermved fromthe

[00%%1alI|§h§$on89eﬁgoﬂ§e Frhemgticha®iprg semd addpn sydffernear
oblidué ¥8é¥, CORGRIAGNEhasest aky st mekhod 32 ShoWneddion

N NN A N UG R S e
Figwi 8k sheewingl asmapkatiedafferalihi aabath o€ginenetdh;g.Fiif. 8B
sho{if! O | Dand WELLBI GEch AR 2R°EbRRNY EhRla Fibm the
metallization regions; Fig. 8C showing the same wafer in a
bath containing a catalyst; Fig. 8D showing the same wafer in
an electroless bath with catalyzed metallization regions; Fig.
8E showing the same wafer with electroless plated
metallization regions; Fig. 8F showing the same wafer in an
electroplate bath; Fig. 8G showing the same wafer with
electroless and electroplated layers in the metallization
regions; Fig. 8H showing the wafer of Fig. 8G, after heating
to alloy the electroless layer, adhere the metal layers and

remove the mask;

[0039] Figs 9A-9D are schematic representations showing
steps of a method of an invention hereof using blocking steps
and steps that directly treat the metallization regions, with
Fig. 9A showing a wafer having a mask blocking the absorber
region and a direct treatment of AR etching chemistry in the
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el ectrol ess and el ectroplated layers in the
netal lization regions; Fig. 8H show ng the wafer of

woHogs/ 109693 after heating to alloy the el ectrol ags/iQ¥&002058
adhere the netal layers and renove the mask; [0039]

met&l15z8Ai8P aegisabenwtigc Besprsewi?@ ithies ﬁm’kwgiﬁteme mask
0 |n ncl reqg .n C.K1I

anach B PELEODShcABelr v bt S eRbr B T390y 1, vhe

metabgiéntlow regkogs; 9R1ghoxﬂﬁngha>waufgertumwa~f§pra wietstk the mask

andgéogfkggttQfeﬁbﬁghﬁebfr%Qb%%r%ﬂl s ﬂﬁ%%h&'éﬁﬂ '% liquid

etching chemstry in thene tion reglons,
in ke JRetRhdiEAELIRR! EPIWONS it Rad g -a9® Shewina the wafer

w1tﬁfeﬂénﬁ&EkOBnaaéibﬁikoQ@%%abﬂb&&d MHﬂdiﬂﬂkéﬂﬁbn in %Pe

nﬁ£ gzatlon reglons Fig. 9C showi ng the wafer wt
meta Ll FALXCnEed18PPéct treatment of el ectrol ess plating

chem stry liquid in the nmetallization regions; and
[0040}. 9DFsgowlfigibhe wsehematiith refperesesitaticbn in cross-

secfLOl b ea] B erarTa hel 68 o (IS I Ad e L) place

1 ONS; IS a SC emati c repr esentat i
as f‘hrléﬁi@ssgeét pbﬁane i BAvanda agr uppere poir taion mampriged in

parfSPohasks Lb3ELiAY Baga.e_ﬂl'na ab%%%@ HAMidHE AN
upper portlon conprised in part by masks coverlng

g'oinln [ ber [[0041] Fig. HAis a

[°°§. emat ¥ grei?@séﬁtﬁtgSﬁeWﬁtﬁSaFeQEPF&@§3ﬁ¥9ﬁfﬂﬂnMQﬂf

obl aqibe gv hev nghokang a]: lbegﬁahlmej @fhaaa blfvcantmeamduer@pfan
ctive mater Q.an _ahsorb

1nvéﬁ%&gﬁnﬂ?9go§n5 gﬁPg an an: &ergﬁigﬁ ﬁﬁ§bmﬁ(ﬁ¥la to an

absmab@@fregh@nﬁng apphytngO&aaeC|dbvuceaodbmmreﬂnwantﬂanw

herégfa §98§19é ggﬁg REPRELE ngnto[% %&t@%%lﬂéﬂiléiz%f a

a

schematic r |on S omnng t sor regi on
zon%a%fn@nb%%ﬁ°€ev§r§agmpph anti-reflective material by a
treating node of exploiting surface texture; [0043]

[0042 . leFi? al1sBhesuai §ch@ﬂ&e§@nEéFr@€eﬁfta%&on showing the
ar.t| Cla

Ll PV t I te . diff t
abs§iidr oY 87 PAePEaheEORRISRP YT Ho B ioag L ec ive
matERA 5P & SOSELY mode of exploiting surface texture;

[0043] Fig. 12 is a schematic representation of an
artificially small PV cell, to illustrate different
arrangements for the edges and margins of cells;

DETAILED DISCUSSION

[0044] A finished, textured photovoltaic cell 10 is shown
schematically in plan view in Fig. 1 and in Fig. 1A, an
enlarged near isometric section view along the lines A-A of
Fig. 1. A photovoltaic cell 10 is shown, with four light-
trapping areas 12, separated by buswires 48. Each buswire
lies over a busbar conductor 16. Each area 12 is made up of
about fifty regions 14, which are bounded by a pair of busbars
16 and a pair of gridlines 18 (which may also be referred to
as fingers herein). Each cell 10 may be on the order of about
156 mm square. (They need not be square, but that is a
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[0044] A finished, textured photovoltaic cell 10 is
shown schematically in plan viewin Fig. 1 and in Fig.

wd Ros/Be@n| arged near isonmetric section view 3d@@ngs2bé30205s
lines A-A of Fig. 1 . A photovoltaic cell 10 is shown,

convémheﬁbushhpghbtmgpmbaglgrﬁaﬁchZa %@mm%ﬂﬁ¥1dnhaz? three or
usw s, 48, .E u I es u onduct or
fou%Gfg%gh gr%g\ %&glug r%\éﬁae%up of® g§§UM|(fcf et’lé:g]r’b%s n ghether
two i chhrnee bushded by arpapresent)sbdthe Biemsl 12 piaielude
bet@éeﬂrégé)ﬁgefo}g (%Hcge%%?a?l %ﬁnﬁ?eﬁefr%rilﬁ)qmg 0 A4S ea}ch of

fingers herein e order
aboyk oy ?-458Mnth 3BaBte30¢TAedMeed not be square, but
that is aconveni ent shape.) Typically, such a cel

[ooww d hmyeshbwaelﬁr Fﬁ.@l.” mrea% 12aek pRUIsIRTFaL nﬁ*o Yf a
two or three busbars

siliden TRtERT7E HoeaREREEH, Thoal Bag outvet SRIes cid ythat
run gpairsklel atohtihdr bdsbagi a6s 124heesall 16f ofbaile d%dbvﬁﬁ 22

h F a ast
rori g0t i 8y el D08k BB, Sl e e
effipieren @f bl@bbegaazurhabYrﬁnrpanalu@ tico netfd dmuts bar
1nté£haﬂﬁﬁ ¥@$é§a9ftlﬁgs?%99%§§ %%erg BQEBJ'jH“ SO, that the

quely into the wafer dy enhancé
119%# f+%. %‘a%?rla?dr i gRthexpthas sycae.l@rangalck trdnosrghe gihe
enc&pﬁt@l&hﬁ“?ﬁ ssﬂarglatgsrres . WrhBi t@rbaeteﬁl lain@OR hel.r Sdglglked
at, t he at ner an esc 1 N ac
wald A F b Pahk Baf LABRES oA g kbe 34t by AdodiaLes
thatunr¢fmwreahgkeﬁymablseahib nafthetltghtlPﬂﬂng(nﬁﬂ%bcted
| result
back oL AT SRS ghealBfs, LIRLGBLEGIRLT B8 b Sikesully 10,
rather j than p%ﬁ%@hn%tbrouab tbel glessr 3Bhsp ttlln@nenvuonment

outSEIAPLRE &1 puglh. t fRe ;333528158 bﬁ@ee?!%on%pQ%flectlons
outside the cell 10. The walls al $o give rise

that gye +%ﬁ%t}ﬁa?b%?ébﬁgr€¥tF?eaU§5P5e84b?VFWehﬁ£Q§e:Phe

ligleveis bedprectde towatdi sheeglasbedoropasd ibhe Q:'e&&%ctlon
or nsm ssi on

f bl flect b t
bacH oo R L o SO R aREC KaRt ' B0 BERBNE Sagutiodifina
depthupﬁﬂhﬁnweﬁnrﬂbquanaupreﬁérabbytbéﬂmBmm abdupreferabd y
betRH lapSa M um ThHEY #St366 GROUITASy also are about as

wide as they are deep.

[0046] The sunward silicon surface 20 bears an anti-
reflective coating layer 30 typically of silicon nitride
(which is too thin to show with any thickness in the figures).
Beneath this is a doping region 32 of n' phosphorous (also very
thin, about four times the thickness of the AR coating), which
creates a junction 34. Each of these layers 30, 32 and 34
conforms generally to the grooved surface shape of the surface
20. Beneath the junction 34 is the bulk 36 of the multi-
crystalline silicon, which is doped p type.

[0047] An interconnected network 38 of current carrying
conductors 16, 18 traverses the wafer 24. Two general types of
conductors are present. One type 18 is relatively narrow, and
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wi de as they are deep. [0046] The sunward silicon
surface 20 bears an antireflective coating |ayer 30

wol2opd/abdzy of silicon nitride (which is too thicfr/lﬁszoqsmozoss
show with any thickness in the figures). Beneath this
closely sppced fegmorad8h ofthet .pTheskeoaaws o=l Wridlines, or

£indShR: THOY| palky BAEREAE" AR At nd Gidns drpping
regieper 4300 32landessconduotor Qéneﬂ@ldwx tge et gho ave ca

fac h e f 3¢e 52 [
ousBUE | J0RR8 BRI MG 1SS! 200 o B BERU R 1118 e

3
silygPRh i ShaoBEddpingpd8 Ldes7inad igricldaea@aipn 19 of the

31li&6MDfkh§8m§£a§Mi&@ﬁ&oﬁa&ébhﬁﬁscQWdUQQOV%rHStﬁgﬁselves,
e . wafer. 24. Two_general

S types
eypiGRlER: SReehrd BreshAtn MhoFigpe 1B | ¥ PaSHiRRI48 lays over
a lapered, basblatoeehgiusparedﬁromeablms(bfali@ 1|6Thaﬁﬁ:B d@fdline 18
I [ L h arry.ele
Layfe E0ebbOrifintly PRRToRl TESRRR R SHE Rpgyeire
thag opideelays 1ghe khb&hageheltahloy abea gb‘usltiame )The bus bar
16 lies in a busbar region 17 of the silicon. The

[004481 dl i npalBngi €Rei NadgBE, dbu@.ﬁa&e%%ﬁow 19f Jddhe
i con. . The rretalllzatlonrelons 7 are

TePIeRFRERTEYS  FHRERLRY Ps}eweal&§ §H&m1&tlcrqng layer 86,
typénsm%f@bﬂ81éaadjawéﬁtag:QMﬁb%%ohUSbabeQ%%@MPHQka¥5type

ri ne
Slll stgalil aé%?? |?ieg¥$8aﬁl oFREr 3 % ﬁopﬁg yd&h Rhasphorous.

It m/exmmtalhe bqsbatebutlanou.mmbdlgltedlyi ae)jaded@nd above
(sun &Eel o m?f%@éfl nglo% 1% §§3é%o ‘?ft:eimr%tfle%tive

St art I n
coatging ob% Suehj %%eh? BrPERBLI 8k shebétl\g@e:n tma@mrtgyp@glons

14 é%dt@@@taﬁﬂoﬂ@pﬁﬂtﬂ &M?etﬁhbkﬁegs§2 SQEBeQnW%Ehcoa ing

13%10 ous. a‘gnt to note that I mediate )g
would SRS daeedi phectEinearas PREDEBHER LscrREGFtipn between
the tsh:enecms 3D Mmeeéleebnueceeabl ng,308.sudhuds iit is

. S t t t rapping but not

elt}g%%mxﬁ%‘?%d aﬁleo‘Jf'hl ckﬁe§§§9°§acﬁ°gﬁr§h"80§ & SRGuIARd
inventpees gbb@lcmw rel:aewhedenenhahusatilscﬂosuMeon or, it
mig%ﬁiﬁfﬁ%ﬁﬁ%§?§%i§Cﬁgvég BOYpPBL 2heGORAUERRLE 18gitls, also
according to methods disclosed below. Thus, adjacent the doped
silicon 32 there is a nickel silicide region 40. Adjacent
this is a layer 42b of electrolessly plated nickel, which is
relatively thin, as compared to other metal layers. Overlying
the electroless Ni layer is a thicker electroplated layer 44
of copper (Cu) or silver (Ag). If copper is used, then a layer
46 of either silver (Ag) or tin (Sn) is present.

[0049] Buswire 48 may be rolled strip, or may be provided
by any suitable means. For instance, the buswire may be of a
textured surface, such as is described in US Patent
application No. 11/588,183 in the name of Sachs et al,
entitled, LIGHT CAPTURE WITH PATTERNED SOLAR CELL BUS WIRES,
filed on October 26, 2006, the complete disclosure of which is
fully incorporated by reference.
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ei ther renmoved fromthis region, according to steps
and i nventions di scussed el sewhere in this disclosure,

woRtoos/idose® ght al ternatively never be provi ded pdt/t2668202058
regi ons, also according to nethods discl osed bel ow
[0050B1s, adpaventheheiddaped wbﬁb¢0a4szsthewmﬂume12ﬁ(b@ﬂpolymer

eno b 08 Gh0Beforyl 818 Wldd 28 W s EApienas.
Theaba@bn@aréaceo &t may assel lh@}@d@ e@b@dlynafg:s h:ef 1nventlons
her@éECtéﬁ’aeﬁ§y'\be| g¥Bribatad Blc%%l fge%r U B YL o £

of (Cu) or silver copper 1S use
met?ﬂ%nl%v?% é?nﬂGhSFeQ?théF §PP@eP°FAgPQMeWﬁﬁn(QRHSQS
var PAESens . aiéoéﬁchBSGUrBe48wUHYAB§ab@hEEQH§'Bdbk(Huﬂﬁﬁbe is

ded Faor i nstanc t he
anoPfel PRVEE obY e PiRBIRRt: 21 CPRsbe L5 SOy Sieq by &
mOlﬂEBEelb&drlﬂrU$9PaWbmbhampylb&tbdhaN@ol@&h&@ﬂpﬁihdﬂlde

£ ERER SRR e PoBobly PRBORY, by Hohoffie lia S

2006 the conplete disclosure of which is fully
[005hEor poVanerons PhpEpERtsafgosdyansagest fdos |finash the

strﬁﬁ%ﬁiezéhbﬁnalﬁokﬂ .20, OﬁApobﬁﬂeﬂBen%é&@ﬂd¥“th8H”5¥£se
as'is conventional. The back

| ass sheet
due s%‘?f% %armaaﬁéo FRePYEE BRbYIENEHt $her abspzheond
leadbngoto }ae*dtenylbghf—.abrapp&ﬁd,aanar ébﬁ@ oF wHIeH filse

.ans [t .nee howev
bec%ﬁfgeéﬁgrlaﬁgggébggelg' us?gs BEFEW ed & a&&ﬁpéﬁﬁ§ 37, 39,
andkﬁmmes@#f@hechsaahaehéuelayebobh eﬁcapssbaﬁeaxhraduch

is covered by a noisture barrier 29, which may be of a

[005)231 yvi nb’i'oxfliél';@ﬁégdg ié&&séHCEhﬁﬁnggdbgr Q.BX:OSQth.r}?Y

ont de Nenpufs an . Umer ous phot ovol tal ¢
grl@&é&ﬁﬁ b%sa¥?o&}??6ﬁ1FﬁEVgﬁrBCP£P§°§ﬁéﬁﬁanPMQ£QSeL as well
as d/br@ﬁébéfhgspﬂfpﬁéewhlBbcagbéeggéeﬁhﬁekﬁﬁcéokkﬂgﬁkﬁﬁ¢he

ved, nat ur r ber eadi n etter
orif{ i SIS L Sotoehe "R ifion, Fefepdenna
trennhunmntherlﬁbaHthae Ibharedlsnmbrencbasfai dféazpai unit

j b tyr,
O SQfﬁtWOVI Qﬁéég ngréRa ?%Bwogﬁ£gggﬁ t%% % ?& Pwéand

INng a recesse anne nt'o whi
the electrode. A gridline electrode 18 located within such a

recessed channel 39 can be relatively tall and narrow, as
compared to conventional, printed electrodes. Thus, the
gridline conductor can achieve equivalent or greater cross-
sectional area per unit width, as compared to a conventional
flat gridline. Being narrower, each gridline shades less of
absorber region 14, and therefore enhances efficiency
collection of the cell.

[0053] Because the gridlines enabled by the masking process
are finer than has heretofore been possible they also can be
placed closer together. Thus, there is less resistive energy
loss due to the sheet resistance of the emitter (because the
charge carriers travel a shorter average distance before
reaching a gridline electrode 18).
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gridlines 18 are placed serves a photovoltaic purpose,
as well as a processing purpose. Because the interface

wobsmesust he gridline el ectrodes 18 and the siHdToEN2008/002058
material 32 is a trench, rather than flat, there is

[005®] e cORhaaldateenpér efifiicileaogt B iskisc duenanadse

e |I|c el.ect rode.
corfGERh haPlrB blc ey’ Paheas ilelie albrrtnoiifiol 10
The channegaBonagibvesr thet thdny suaiflacen ¢a<yammvtz,hracslgh which
the Cﬁﬂ@ﬁ?éd?&i?ﬁe%e%&h%&' moRe %tr%‘%se's%“cttﬁ%%sr U o

I ne conductor can achi eve eqU|vaIent or
abs@?’é‘a%thE?ngs@Bﬁ-anﬁp &le¥ pendyhusy dheregsis less

res£oPRREEUa @ §e§§n163b|9@%|uBh%tH@HgﬂHIBE diRir¥e travel. The
narr ower, iéF grldllne shades |.ess of abs ber. reqi on,
0

effqot LfdSime 2 BRRYAEED9Fr MirenFPrc & Gtoppihaving
greaherCGfbss%QéEﬁhoBadaaseathBegEmdb m681@mdderbéﬁsﬁdnbe

ski ng s_ar f'n h retofore een
Los e EhgrBt PRET PRI E L Ron 1R8BS A R0 1 wouna
othghwiset her eThis| ésgdsegpsm\géee‘n@mgyrelrnssims:q PDeteer

respbgst ESSéﬁBi?‘EcﬁagfelER%tﬁml gﬁrt (begauRf it 26&9@ surface

carriers travel a shorter rage di stance be
recomRERRhEOn §PFEPFNATE as@fi.u@&é -18). [0054] An addi ti onal
efficiency arises due to the corrugated nature of the

[0055pht - t Mdﬁébﬁérabﬁf@r Ejelidrltig'eo n S%é-ndTﬁMms@afﬂ llcﬁﬁté Wrtrodes of
. | Ves sSur a gIO rou | t he char ge
inv@il Fonb Bet a0l BKE B18 60 meTann Tathatn s il B M Shetal
containigd mhkchwhmchlpWataddmehai hialserleowex Iressistivity and

. ) of
Lowed o PREE B BERRCE P RaBP T LT S8 2 o
conduction having greater cross-sectional area.

[005RLausel bf Widheber Baderghoed shat enginaenidly ganprgmises

and d@@l@ﬂciﬁﬁeinu‘sﬁ beweadehamonly ‘whiel ¢icitherads qdighd bs
current due_to tter res on eto

oriQFE58s (aatt ShGeAEI PRRELNGN iCEREh wOrd may be a
thineestrbposasibbel videh abemakéuae@rlhaﬁﬁﬁL Mmduamuldd&st

pos {ﬁfé' a&?n ndwgﬁigaﬁpé60§k§ E? %%Hi é?w ﬁ"ﬁhlnness

ereof re pPat e an pn
and spacing uses neither the thlnnest nor the closest values

for these parameters.

[0057] In addition to the light trapping and photovoltaic
advantages discussed above, inventions disclosed herein take
advantage of liquid flow throughout textured regions of a
workpiece that will ultimately become part of a photovoltaic
assembly, for instance as driven by capillarity. It is
convenient to informally refer to two different modes of
exploiting surface texture and the flow of liquid relative
thereto. One is referred to herein as a treating mode,
primarily represented by the method illustrated with reference
to flow chart Fig. 2A. The other is referred to herein as a
blocking mode, primarily represented by the method illustrated
with reference to flow chart Fig. 2B, particularly the steps
that exploit a self-aligned mask and a bath, such as bath
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contai ning ink, which plated netal has | ower
resistivity and | ower contact resistance than the

wo 100€thoggst al i nk. [0056] It will be under st ooddingd2008/002058
engi neering conprom ses and bal anci ng nust be nade

etchinggth8ean dbatand3heegampdesgbifdleaes ofithddwiniodes are
di sgacigg n other words, there nmay be a thinnest
15% 22PHI BehPHLh to make a gridline, and a cl osest
possi bl e spaci ng, while the optinmm conbi nati on of
[0058] nnes3 aneas¢agimgdasés neethed thhe tlhigqmisktthalr ise

ass&é%&@éa yakHe n ?Et%b@setgglegﬁtlﬁai'ehot ovcﬁ tfating step,

fon to t t t ra talc
whl%llelv*ah?aeégrdﬂgéaggédsaw\lé thkpomliasss A e zones of

the h@éﬁkﬁléé‘&? §G&ﬁnb§gﬁlaftllnb%lrd eftleWnldr Olﬂlﬁﬂ@lﬁorkplece is
textext Legbogstg 3 éplece th MA|| ti matel £

HeEs SBE t “8f RottddgH aF@na§§e it tion o
a z@ﬁ?deomlplmbgd?am hhalintyérc]??nle&t@mmmf lof liquid

efer tqg. t ifferen of. exploitin

acolBr PEIE' PeLhRREs andnne Froar Ao o SPel A JEee Wiler the
forceertt oapbhdarstyef sored teakér @i poatimn dattihey n’mmla;l,nder
of 915 n%héya{:e{%ﬁéﬁni:ﬁg 9¥;e:§ch§.ng%fnﬁ‘§d ad ld lé%&lrﬂle%%ﬂc!&o

erence to ow C er IS rererre

tak?oph§¢@rnba§ ﬁobpecﬁpﬁﬁhﬁﬁdéon&rlﬁ@ﬁl?ﬁtﬂéﬁﬂéé%ﬁnRﬁﬁhﬂﬁYS
alsé hﬁnaafb@elatébushéabed méireh reakarerce st |y £ ftaerxtrler or

i cul arl e steps that expl.oit
an Eife JGhiBERSHoE bet REaBERS, LR s RLot A
impedihe63. akdappeeenaf thechlthtih&&'emﬁdeﬁvmge 1nto zones

thafI éﬁé'ségg QSL?WmEQ%%] tﬁe t?%taltr}.glgg% é) %-Toush%q: a;lbe aplace.

I'S assocCl ate YPpI cal
Therpa@@e!eé deeariihgdsbepowwinc konhectsen des:hr dshesagiematic

flo&éﬁ&r@' 8¢ eF'i‘%; .COAl %n aﬁo E?:%m%flet B% WRIHPIL G aséi‘}ﬂ; ode, a

l'ating ching, The workpiece is textured
met?%@tofhErPVaGFEchﬁeS§reéﬁésFPe&hﬁnPX gl snrface -
zone conprised of an interconnected network of liquid
[oompessi bhenpaghneys, tand blﬁ&&fﬂid@@a:tﬁ@tlfdﬂ o a:m:cﬁ:klng

moad ' SRLETRRAPAAES B SERES: Bhe PAPolRr e Tee e RS

masly ghzoneal oreaot somet way block an actlon from occurrlng,
which is desired to take place in other zones, can be used.
For example, typically, the collecting regions 14 are coated
with an anti-reflective (AR) coating of silicon nitride 30.
This coating is typically applied to the entire surface of the
silicon. However, the AR coating prevents good bonding of
electrode material to silicon. Thus, it must be removed from
the metallization regions 17, 19 that will become plated. (In
prior art, typically the AR coating is removed by reacting
silver ink through it to form electrodes. That process has
drawbacks.) According to methods of intentions hereof, the AR
coating can be removed by chemical reaction such as etching in
a bath. But, the light collecting regions 14 need to be
protected so that the AR coating 30 remains there. This
combination of needs can be accomplished by masking the
collecting region 14. With the blocking mode, blocking
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take place, but to no further zone. The network of
pat hways al so i ncorporates one or nore features, such

wososdedgsr i er or an edge, which feature or fegicureo@ado2058
as liquid flow inpediments and prevent the liquid from

matétbad njsi placednés hhpbrtﬁendesignebdeﬂuamtriduﬁ of a
net@é?ﬁt69giﬁ%SPcBﬁnggkehaﬁlﬁﬁlgc?ﬁgﬁng% %%%%grscrlﬁ%51red

ow I nconnection wt
to Eigckza‘SQbaﬁqeganpaet@Vesscbpa andamigy atede, ta at least

éPgﬁgopheaoeskdwgse&sa&r pHese 9.tt he %\és&%lfd 8 TGSek a

Turni n next brie escrlp 1 on
sub%%'mlhga%age §EPP-al Fdfi ngBpabomse aorepiraaanigptive

proé@yiﬂl £18RLeRavt! FofASKaRdZeRgs .0BA 1 BITE My ek
act*on frqQqm occurrin which'is desired to take
e

asP?ﬁ%i thendpViGReas thnifePHOSESSES  exanpl e,

typically, the collecting regions 14 are coated with

[0060] ant i Aneiheehtien( ABreodatinngleokssial ispee ikl retmedkic
Qs coat y _appli o;the,ent

proé- Cgfo#ﬂgh5§rg¥§%%%hk of gkogge kR ﬁéﬂqﬁﬁ}gn that
facqglzat/@ms gsdugbeathry of bbsbt péd@hne@teemoalest ®f
capfllafPpy. Thus, it nust be renoved fromthe

netal [ ization reglons 17, 19 that will becone plated.

prior art ¥H ¢ally the AR coatlng i.s renoved by

t00g 5} & wapvEactRking: SagRence: §hAs: MBlenedea method

embddfxhe Pt o6£sanhaavenanbackerpohcagidigna tyromiiinfdmaie is

ntent pons herepf . the.AR coati,ng can be renoved sV
shoyfl il £ POy saBPPE Tohh iR FEBenPRg | ReSSFErCE i Aban, mede
to thghstQOCtecalnglamgnbassh¢wneed Fagise ﬂmoknuieiBfand to

rigd halal &c}t‘* ﬁt 5R8w34 fné”QgB% Tth%%ethEh' At on o
of needs can e acconpl i she y maskin Iectlng
beingprrcaasedy t hTPﬁetBKEBKF‘-ngsnﬁa’éatﬁldog’ﬁlzﬁgrim dtiealslsicon

waf@%axﬁdbynaﬁypﬁbthPrQBté ﬁ@ﬁﬁoﬁonghbﬁeﬁsoﬁsadE%dMEﬁ%d
i nt er connect ed ere.it is desired

beldy. bibERe SLB Es cauERienat Roc FEPER S eRt Aty Sfod MoThion of
a sikbsén amafder 2pobeasnngf at hextﬁﬂéeo\ﬁhq&'@dvtes 2Yesdmtrated

oy $0afhe%% %, SRS IR 1Y FReT! Bhan iRt 345, crepoing
regﬁm igJsheknwbeoderedpént pavt bieadehianaeds 3%, ithat will
locdX&CE£S§EPd1ine 18. Phosphorous is diffused 254a into the
wafer to create a p-n junction 34, typically by exposing the
silicon to POCl; in a tube furnace. (Other dopant materials
that can be used instead of POCl, include but are not limited
to phosphoric acid and P,0,. The dopant is applied after
texture is provided to the wafer. Some textures may impede
the flow of liquids, or exclude liquids from certain portions
of the surface. Thus, it may be beneficial to use dopants that
~are applied in a gas phase, rather than as a liquid.) The
diffusion step 254a results in a layer of phosphorous all
around the wafer 24. Any diffused material on the back
surface 21 can be etched off (within this same step 254a) and
the junction on the front surface 20, is thereby electrically
isolated. 1In addition, any residual glass from the diffusion
must be etched off the front of the wafer. These etching
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[ 0060] An invention hereof involves a speci al
geonetric property of the arrangenent of grooves in

wolaes/fesdizgn that facilitates using either or ethuwhosnozoss
t hese nodes of capillarity. [0061] A manufacturing

stepsquentbetbgpibamn9HEDhauet@ath@@aﬁ%?aﬁynaﬁ$mﬁthﬁ1

. Lnyvention_hereof _usin t.oreating, nmo IS own in _. .

aitpdEOh SBreratt aierlater Shsporsnpe 208" Sk Ghayenignce in

repxégestattonr héerel eneAt shihowayer BifgsranspementB diellectric
5 g 44- KC 0WS e f ey £ e .

matfidl 050 £€ dbp1BuCooTaoUP AR it Terllodt il PAEE coating

(typicaktysi VP8 oAngatEpma4 0y sadjcappndiaiigiee widtthh®ktra

hydB&§én ot Spd8§¢rhReEnPBlFOWheFisd1iklnl)s @ schematic
representation of a portion of a silicon wafer 24

ring_a texture of grooves .22, _separated by rigdges
10088F " Tarf iy hh FEoP b CRAIE CiEasAY a d B ISt
pattemmed silitonnwhfedelddbearpagt abyneawolrdndd o¥9,chdmiels
b | t i dLi . Phos ro [ i f.fused
37, J3heh8EovERT HE; BetBfiddea TBTRAT M SR g W0
gridijpnesl 1§ bgspepbivedythtosicoatdngiso ar€Cpresenta tRigp. 4B

shod! BAECs i { CLBRT yHPBANG 4 TBLREL ALS ab3h«Gan o9 disille Layer 30
t limted to

i nstead, of POC 3 1 nclude but are_not
on the<PRbiFe WBPATafHrF2es. 29ne i86346H NGs thepnetyark 38 and
the t&éoFBet Srego8heed4t QalliBovaheit I@MAitFPicIas tH¥%show the
ingede the f gﬁlog |%QUI s, or exclude liquids from
Coat N9 o HRFt 1 OhESEFaEAR darface. Thus, it may be
beneficial to use dopants that are applied in a gas ,
[0063hse, Théehbusbhza asearkilqtiistely Wheledi bfedsiemm stheput 0.5

r j f r al |
mn 0% 9 0h3 bleferAKEY 3 sPRAPURY' 3 fn mi] BiBhddYR 37
integphieh cth@edwdii bei phagedhhaveame depdh PS4dhexrmpmehalepth
as theCGIOOves bhepbtRBenSHbbAEE 32(0m ahdl RBLARY 50 um

flm .
| ectrical i solated. _In_additign, any residyal. gl ass
prefetitinBarvess; oo BB Engned bre | Roer BHAldPam@re
muchWﬁ&wroﬁhfseh&ﬁCh%éggpebarswhbb&nbybbﬁwﬁeh ULt dm and
t he . di re a i at 0

abody LS8 i S b aRFBhee  nBPEnPEB. Abaon ohée FoaSD om.
The t¢hanheyer39f inrwhiphr the drédddneisc reside are
approximately the same depth as the channel 37 for the busbars
and the grooves 22. (The figures are not to scale.) It is
relatively straightforward to deposit electroplating chemistry
only within the regions 17 that will become busbars 16. For
instance, this can be done by jet printing akin to inkjet, or
valvejet printing, or programmable pipetting, all of which
have more than the required resolution. Conversely, it would
be very difficult to provide a liquid only directly within the
small confines of the gridline channels 39, without
contaminating the absorber regions 14. However, because the
busbar channel 37 and the gridline channels 39 are
interconnected, if sufficient liquid is placed within the
busbar channels 37, capillary suction will draw the liquid
into the hydraulically connected, smaller gridline channels
39.
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material 30 is applied 256a as an anti-reflection (AR
coating (typically, 700 Angstrons of silicon nitride

wowobdoesdsr a hydrogen for passivation of the sipdragados/0020s8
[0062] Fig. 4A shows schematically, a portion of a

[0064] t er NnEHesdesignevatiees2dokesantg pd atdimoichedi stfry to
. n 3 3 | _be II tofor
intfB8TEn8o Stne iPebifhanns' 1B oRidY FEEAP YH tramping

regigws ptéscBhisFcgn b8 phewentkd bylmegmh&ﬁﬂag:phe amount of
1lq&f@ra@§o§ﬂtéat5or€£5e0£ g§eléﬁebn§9 'fﬁ]l the

upper surface , I ncl u |ng e ne
des BIRYr pERAF egi Sﬁsl§4aé-ﬁpt H66§H1i ands maarﬁr |r@&mstt FHREevent

errdme Q@@ih@ﬂohnofhﬁhé|hﬂéh&ﬁtb9nheanb0@@3kﬁg“t%?5§¥55¥¥

are, relativ e, between about mm and
showh iy e ShIaLobth Kigws L AnEotn iAsernoss bt W Id 477,
479thEW7MAVV9b£onﬁged7haVﬁaa depterofthehmezaIn idyilormsregions

e n_abo 3, and ab ut 50 nmm
O e 4 L
liqupd di¢pesibted hhehemnnr doger nbhapveld lowsbalds, isialgpo
pos ﬂ@egoZEQHblégnghaggggbﬁyﬁ 19?4"%%@%@ l%%qﬁégﬁﬁﬁlzatlon

t ween out he channel s
regm% herfethei aPpaEberespadonse thphr Sxiridies] patfe tmrrevent

an &Pt &% bhetBEaMBQEla7lﬁQ6 the QE@h%r%ﬁﬂﬁiﬂﬂgareglons 14,
vVes The figures are not to scale.)

as é&ﬁ%.?%% yP §i?grghtformard to deposit electroplatlng
chem stry only within the regions 17 that wll becone
[00GAsbar SAd6shéwn insFagcedcCthiasa eachbatddrieuiy j488 is

dis éﬁ&@anﬂsg gplg eggﬁl%htOOPexgkmﬁl gt ”'Ni'%éﬁﬁjlization

rogranma ng, ave nore
chartrrt@lsa edli r &9 f-@§otbt3| purresavefsettghing wéfl d-hse ARrgoating

30 £Hf€hé§étré§18ﬁ§Vl¢e @9'hHH'Qe@@bilﬁbr%%kl%ﬂMﬂJBH1$?e
smal |l confihes o i ne ¢hannél s 39, ut

anag e e LB Ol D e AN S oy pl U
chahesbsIsB7 t &€ bhebmetahanpaktidh aedwbh® @it icdpillary flow

int? q@$e%€h g}?%e ghgéggnggcted, if sufficient Iiquid

a i i sbar channels 37, capillary

suction will drawthe liquid
[0066] Typically, the etchant 458 could be a solution of
hydroflouric acid in water. The AR coating 30 is so thin tﬁat
the amount of etchant dispensed into the metallization regions
17, 19 is sufficient to consume all of the coating. Further,
as the etchant does not attack the underlying silicon 32, the
etching step can be allowed to proceed to completion with no
critical timing required. The wafer 24 is then rinsed and
dried. The views shown in Figs. 4A, 4B, etc., are a partial
section through a busbar channel 37, with walls like wall 474
on both sides. Thus, it will retain liquid. The result is
shown in Fig. 4D, showing an AR coat 30 remaining on the light
trapping regions 14, absent from the regions 17, 19.

[0067] The back contact structure (discussed below), shown
in Fig. 1D at 237, 239 is created and fired 260 by

conventional means, or by other means discussed below.
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into the hydraulically connected, smaller gridline
channel s 39.[0064] The desi gner does not want plating

wochesrigesgsy to intrude into the regions 13 thatpcwidd2008/002058
become |ight trapping regions 14. This can be
[008 Event®sl bhjowrgihaFigg #Re aheumbtaﬂuﬂzmﬂnﬁnﬂnngmdmm

h ' . . fil h
etk |°LFckecfiLY, SRalsRol 265, LRI Shppaining o
catakyshi $wchussopadladhoml #63i dnbp Wsandeavimge a catalyzed

surfé@@gﬁgghys 599“? 9ﬁ§9 ﬁgggr?§$§vb§¥ h@é%Aw#i Bnitiate an

eleqtepless qeickad ReesinpzateBn NegeRohdatya ﬁ_gghnaapwie etch

may rwleréqlﬁiréaeahl EhéeQEOQEdsﬁkQaEe @le&attot ftl&éaﬁtﬂgi step
ver IS a

ed therein does not
262 SERCOHASE | EOSTEUPHE. SRYoRtioRy khady pags hrisy fatmed during
the nBinlihgzatepn260gi The endirbewaliear banh begisenetdiaid as

thefdHIE] BC! SehOnPhELepAReOURT LhANAR I it il ©
abs¢jps5] AElshbmlﬁastgati@g anyebehdnt eliitipeind 245 11r0OWly

dlrégé$@n§§ga€§§n£Fbﬂegzﬁk4'nFanebwgrko§8aQ%éUH3step 266.

metallizati on chann or 't
(Emkedimentsf oL nethrdeoqfi h@VSOtPﬁnﬁhé@é‘ePé&% Erplay a
batRNéré ei/_ehhsﬂﬁaf;aa ﬁ%thceéfgiegﬁéeﬂ:ﬁe@tﬂ@ls Dsa%afmﬁ7 | Réhich are
| Ca Nt O us cnannel s
aisdigaed BEPPER) n: Hbr ook, LERREheBs 18 phodmey ishbd, as
show | Thh | ieg ché@pebg 3@plpmﬁ§6th§ypleahkpleshenekﬂ«mwusolutlon
4 a | utio f I | i ter. .
164 PEENLILT 288, UELEnS] nBEHRRK Bt L EAGML b W will
becene Hretali sipehbéu,u alecthelessahlicketli d@Yﬁe‘gl‘kﬂﬁs remains

afté@ ﬁﬁ1§uééé§'e95 EHOQQ”§H”§1§||4ﬁf U B8 teQaldy m%ﬁﬁyyln

he etchant does“not attack the un

ele%frlr%%%s 3121015% gPLntagnshay benapeliedokyd wmg?fi

the tva £6°D} £t mna\AbtabhnafCéubbe@blbsm ﬁﬁclk%(lu |pl1@i'hln-61%olutlon.
Vle snown I n

4.is then rinse
The [F1SEe S1e8s, Nkl "REL1IP A e BRlycaRe ChroGREALYSE 463
is mmsiemtcandnEhu37pnmythnmﬁhésmbthélwabk1éﬁ4nmgﬂmnInetwork

38.Si8?§g.Tnysh6&sm£hL Eggégnokiguhgvizgea@%%gl%QG%ral other

steps, which are discussed below.)

[0069] Fig. 3 shows schematically, finishing steps that may
be used with several different embodiments of method invention
hereof. The finishing steps may be conducted in one of two
basic sequences. Both sequences end with the two similar
steps. A layer 44 of either copper or silver is electroplated
341 or 342 on top of the nickel 42a, for instance by using a
process called Light Induced Plating (LIP). In LIP, a contact
is made to the back electrode of the solar cell and the cell
is immersed in a plating bath exposed to light. The
photocurrent created by the cell acts as the current to drive
electroplating. Often some bias voltage is applied to the
cell as well. Following the deposition of the metal, the cell
is sintered 344, which both alloys the nickel 42a with the

-
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shown in Fig. 4D, showing an AR coat 30 remaining on
the light trapping regions 14, absent fromthe regions

wobbos/k9e03[ 0067] The back contact structure (dipgaus668/002058
bel ow), shown in Fig. ID at 237, 239 is created and

sili¢end3@6bobformnuénkiednsliliedne, layery 4t lard mcomotes
adhgé§8ﬁ3589w93h09hbog@§keé %rsggg@éfqadégréyigJJfaunreacted
ta et wor k I's tre

. e [ 1zation region
nickelpdAsi 5196245 | £gemd thenndickiedg layes-al )'/Iéhe BURdess ends
3g99palladium 462 into it, |leaving a catal yzed surface

463, shown in Fig. 4F. This catalyst will initiate an

ctroless _nic tin p. Note that, a |ight
[oogéfde e#%hoﬂﬁy EgeFEGSFrQ t ?ﬁ@eFﬁgnPQQﬁq%ﬁﬂ? r§tRps
precederphbatiggs8éep aaa BﬁnﬁE&&hgt@tE@ﬁDwagggylﬁydﬁidi&ﬁylng
av 0 upibng.t.he firin te tire
stel ya bR Ent hERCE ARE] ik Rentrl D atyaq WiHT nd
Silimcwoﬁrehbem voakedgsand ichdealsyered0 HIFHs).r ddEssfor

t bgsb nagr ir nt
bet%% é%gg‘z‘n €o ¥1:§hgreﬁraagg %E ‘&‘Q@é % o%fr&%g ctéfrﬁtz&nét% Any

exc%ﬁsnﬁ¥%%ﬁ Oﬁ?drnOéﬁk?énishéﬁééﬁdtﬁé@ ot &hen asdtlh dr esecond

ele¢if¢$é$@tﬁﬁchblhpl&ﬁ@h@”@@ebOBPBgif $er&brmtld Frc¥Ring a
r eat men

d t
1ay¢k et | SRBHO LRESLRORRCIn FIGS AEAtH CHH AARFARL 25 Shown
in Ei@ct4m}ebstnwrkhlasnhakemnﬁ464cieFthyé&|%eﬁ%éhnifhe
ecomne
51405y OLEE Bl E5LO0RHER A" (95COTS Bl s o
nlC]SQ:bpSlh%C%%V\haYﬁr Fi gThel—lneAltt etppt igelfP 84t rodl adee
condﬁ@%ﬁ&eSﬂéH&lo sﬂ?VePeoﬁpEBFggr y4MFHEﬁS'ngf%gitéfiterlng

ma er 24 in a | ect

445 HURTRMO R cadnes i PRl BeEwREBKEhewmeLag ataarem ;aaﬂmmlamed

aboﬁéu&(mﬁéﬂU$¢kéﬁ3la§eﬁr&§§6b1&éd Ehu§t@5|B3Bnah@% in
41 shows t he

1 |on net wor
adhégaéﬂa r%??e?ssgvé?géuﬁgﬁgrb§F€&§r W GppRer is
usedji smnmdtbeg oamy ¢O0pper Engthd ihges gahem‘am ddlflfinsing

[ p e vera
ined Gho'4 01 5560524k HBY-DBHBSEY LRGERYBRT, pertpppance.
If C%q S eRP St e, nddl beratheucfzdmi aidmerof Aguo 38asi ¢hen an
add SEBIRIIC Clay P HE SEOUREF €81 BHErWoENt 1A EWB18 T 843 on top
of the copper, before sintering 344. The final state is shown
in Fig. 4I, with an LIP layer 44 of silver capping an
electroless nickel layer 42r, which is adjacent a nickel

silicide layer 40 atop the silicon 32.

[0071)] These steps shown in Fig. 3 may be used as
concluding steps for any of the processes discussed below, in
addition to the process under present discussion.

[0072] There are quite a few related embodiments of methods
hereof. A method that uses primarily treating steps has been
discussed above. Another embodiment, which uses blocking
steps, is described generally immediately following. After
that, characteristics of the texture that are exploited to ’
conduct the steps are discussed. Following texture
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steps. A layer 44 of either copper or silver is
el ectropl ated 341 or 342 on top of the nickel 42a, for

WO 06d/A0el by using a process called Light | nduwgasys2008/002058
Plating (LIP). In LIP, a contact is nmade to the back

chaexlaeézﬁéz[ofj&i)és %é‘ioﬁg' bfaeﬂet P.S%e%%'lhgh%dmr ng

bat exposed to lig ot ocurr.ent

me tdqds etay Wh%% %‘é¥f-a§€t §e§§ul-'ﬁea&9r fdnddt & 1om yelative

thededd 1ol ekp16i t R} earsogesbirapedol tage is applied to
the cell as well. Follow ng t he deposition of the

0 al, the cell is sjinter ﬁ 4? dmg i.ch bot.h alﬁpys t he
[ itkel 494 WEH PRESFPi 8o eg,g:. 8 f SFRCHEERE™ &4 & de
repmgmnmm blookiprg mdespunckeswebe tme¢hodpper idrlustrated
i | | de ea d e
§H(£§¥ e nic k€+d#§é UQBThghsrgggég gﬁ% 3%§e%FOé%% s1m11ar
or gwhe Hare g cthash, usedeis thédmﬁltbﬁél a@tdep@rs-laé?é@d@
111R1§Ef5‘t9eé34v21@'i‘drésﬁéé{:l 88 ?E?p52ﬁ44crbﬁt@n t@'xthM:*é"QSZb just

3 kel 42 d and all
GLSHERET 1 S TR, A8 S RN ZRAD,<BPE B Fagl TR ghe back

cortlact ais betégtedddrdi ohred 2360bgoasadd scassedatabomtarialso.
contact. Any excess, unalloyed, nickel is etched 336

[0 3481 the g8 SJF é’%s&%&”@ ekﬁcgh&eéﬁ Q#n%ﬁ' rr%l t'oqu &t hod
is per or ne prOVI |ng a | ayer ec
invention Mereeefaie vhéahappealf- aélgngm msm @704Hs applied

261bUtt<¥V' El‘fle al I‘Pge{réﬂbﬁhge&giSh hat, Wee'i‘hTehﬁ\a%'lJ 'vﬁqu Hock

ro ess nic 2a, .as shown, and
aCtrﬂrQ}ké?f s%'?*é?’aesF%%r fr?ﬁeaﬁéﬁFtéf‘@ptP§ mas kegh: re&‘quwel‘l
whlctglﬂ,dulli_ké/e%lgﬁtﬁés{SbEVﬁheOEuQQQP@r2046faﬂt<h\eawfalf@a:| 24 bears
te a

t t .th tal.
n A e b o Rifh abhy o MRS TRER BB FEFRI oS ddpe
grdowes622386taaﬂscaplhﬂhesesnlandhaliagh&#teap@img region 14
teliffd!S] %Sb%tl{)‘fllquhf 4289985\ '%pggegrep&%\é‘é%t agc%da%th a

copper int from'di sing into si I con
volgmme ki’ 2 e@jf adli 99 f-télégéét’lgohﬂ-@cbépﬂomﬁd—’éallrf for jexample a

wa:gepoﬁﬁé afax 3f1§ ei’éﬁ@?r?i'f)@miéﬂ' Var a( Aqudd2'fdriteN AN a solid
addjtlonal of _ei | ver _or t|n is Iated 343

3 1P RAD AR X‘é%ﬁf)%? aBePBPENs At Elfng 08440 1‘3I"?é“’fei’-'r1:a|to a
llqnfﬂ6f¢ﬁmshhma liquid flows, for instance by capillarity,

throughout the zone 14, as shown in Fig. 6C flowing along the
narrow grooves 22 to all portions of the zone 14 until it
reaches a barrier 674a, 674b. Several different liquid flow
impediment types may be present. The wax stops flowing,
hardens and becomes a mask, but no mask is provided beyond the
barrier.

[0075] Some of the different types or portions of flow
barriers or impediments shown at a larger scale in Figs. 7A
and 7B include walls 770 at the ends of grooves 22, simple
edges 774 and landed edges 771, 773, which are separated by a
land 775 which are discussed below. The mask 670 blocks the
light regions 14 of the cell from having the AR layer 30 (Figq.
1A) removed, and from being covered with metal during
subsequent steps.
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in Fig. 41, with an LIP layer 44 of silver capping an

el ectrol ess nickel |ayer 42r, which is adjacent a
wonioskalosiui ci de | ayer 40 atop the silicon 32. Hddddskhos/002058

These steps shown in Fig. 3 may be used as concluding

h bel
[o%ﬁofl ogétf‘é%{ 0§75 Espﬁ\SESSE?%eE‘t%HS%an @ %Wmﬁﬂ'é edge 774

ot Pr ocess under resent | SCUSSI
at [RREMENYHRG cthe of 4oVt ef aaf L3Aparat cBOEEbASTERESON, the

ridddosispdies €Phg JroBi 880wt BAi nuaes ingl BRZzioh, tnee@tl G active
ste Eas been |scusszg gbove ot her enbod éHF h
re ‘grP stke pFetkr nghey € 854838rPnéd BeRér eyS° they

1easunxhs§m%yefallamdngepatheinghahe ghabaeSerlsﬁiameyé ridges

beééﬁéiﬁigﬁkéhth€§g§|SaSXEL?E£e@hE°%§§ Cbag?. %P%he peak

ar e cussetd OW n exXt urec er S
of \the aridge, o¢xlp<h%ll'19eat—| hg &he me&e&ilmgammwgowss.
whi ch surface texture and fluid flowrelative thereto

[OOTﬂf”qﬂ(Eéﬁﬁkaﬁlf,dﬁéciéb8651kggié]fEEr@hQQSWQEddé %rea of
detai |l ed di scussion_of a reBresentatlve bl ocki ng no

the, PRRAES KO nRe hdt +€2FF| ABPFIKEHaRPLY feP&r &hee tp&'al area
of kil Pfbovée émdsfld@éee sthpsbabekingi mateeialhmaganflso be

e u h riati ns |IIustrated
aoifiqs Y HEqn pb e e BRL BRud BolBrk Dbk 8iTsyoplic o FE1Eaing
butnnnnnimmutemftqselahdjetehva5nb JandaAR p@@graﬁﬁbble

S t ed d 6
i ANEL FApLStanaSel 0L ietian, coia ve
plaged rﬁﬁuﬁhﬁﬁﬁ pethodet Reari sPefhrPoH1lkémase desifesh l@cation,

and &dHer| bé) " DDowe& kt§7ﬁ1§§a€§9| E@Q Zﬁ%tah@e: h@dblrgl%e
acC IO

of
indi i d b P thTarituri g the REeRias: Agrahiss intended,
whene ainigtatkbon heilEsteatet Haestof baer28ref tohd lwdideradisance,

as JAUSALLATEOANTT TReNeEBeLLY 8HBE! fdchRred 2ok
otHamtise rapphhlizedi bn nhlseppaneloA,ssgnb\/\nsi PyFicgoling, or

heé%ﬁnér“akﬁﬁéhfgoﬁglﬁi&ﬁt“‘Eﬁeﬁ1¥ﬁhugﬁa§%goﬁf @tc., depending

£l ghi ng_bl ocki ng material, for exanpl é a wax.
uP°F'het%xtY%e e‘?@ hBRteFd%ided in a liquid form or a
solid that is then processed as shown in Fig. 6B to
[0Gx8)vert Aec@rding to one possible process flow path, shown

in Fig. 2B, the entire wafer 24 is etched 263 in a bath 858,
shown schematically in Fig. 8A to remove the (AR) coating 30
from the regions to be metallized 17, 19 as shown in Fig. 8B.
(Another flow path may be followed, which actively treats 265
the regions to be metallized while other regions remain
blocked. This flow path is discussed below in connection with
Figs. 9A-9D.

[0079] There are numerous branch points within the process
flows shown schematically in Figs. 2A, 2B, 2C and 3. At any
branch point, the process may proceed along either path. It
is impractical to describe each possible combination of branch
choices individually. It must be understood, however, that
either choice is valid and can be taken.
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liquid form The liquid flows, for instance by
capillarity, throughout the zone 14, as shown in Fig.

woaftod/i0owdsng al ong t he narrow grooves 22 to al lpqaous2b63n®2058
of the zone 14 until it reaches a barrier 674a, 674b.
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rid ocki ng nat eri al al so be app

ed
prqqu%& %m%u%%gPha?bﬁ9§€lﬁﬁdé§ﬂlﬁpécﬂﬁl5ﬁ°m Hﬂ99m%ﬂ? coated
withitmenodl | 4€1 tRUst platDig] Btepval Uponetredddal from the bath

rogr a ble pipettin t1 oned_above. The hl ocki ng
874 O oF LEOLTAUB BIATRE By 't Ads 8 RoLRYRE ot b The
elegtrobess descket lageati é8a.and then be allowed to
mgrate, for instance under the influence of

[ d?sﬁﬂr' | 2l Yai L0uLbEAPEBEYS® 1hOEBHERRE I0A /A4S0 s WiRR ing

ation cease arriers to fluid advance,
me%ﬁP@nS%@%s@ﬁoﬁéﬁélﬁl°WhEaﬁﬁtéPFapoéﬁﬂuﬁénﬁa@dQﬁ&?aQﬁly

blocking method uses the steps shown schematically in block
diagram form in Fig. 3, and in Figs. 8F-8H. The finishing
steps may be conducted in one of two basic sequences. Both
sequences end with two similar steps by electroplating the
wafer 24 in an LIP metal bath. They are similar in name and
concept, but processing parameters and the initial workpiece
may differ. A layer 44 (Fig. 8G) of either copper or silver
is electroplated 342b on top of the nickel 42a, using an LIP
bath process, resulting in the situation shown in Fig. 8G,
where the mask 670 remains on the absorber region 14. The
metallization regions 17, 19 now bear an electroless layer 42a
and an LIP copper or silver layer 44. Following the
deposition of the metal, the cell is sintered 344, which
alloys the nickel 42a with the silicon 36 to form nickel
silicide layer 40 (Fig. 8H) and to also leave a nickel layer
42s. Sintering also promotes adhesion between the upper metal
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otherwi se stabilized in this position, such as by
cooling, or heating, exposure to light, chem ca

wo ®egiooeus, etc., depending upon the type of malcarisabhos/002058
[0078] According to one possible process flow path,
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Wlth:&RuFQ?tlnw &%y BndnéﬁepopﬁtmaﬁheﬁﬂﬁeceEQGWWVOCGSS ends
39¢roceed along either path. It is inpractical to
descri be each possibl e conbination of branch choices

dividual ly. 1t ngst bi under st ood, ho“pver
her &fbu%eu%fk} | HOPLAMeREATHEN Bfe Fo@§@Fe|Sts'| dhe self-
alxﬁnﬁnLmaﬁml1$0remobgdZﬁﬁtamaahbad&ynﬁu&habyaha&&%er heat
1V I Zzat [ | er
trea‘%:rlifcl{lt r%‘%’u}.‘%]éi I a{i@%@wlﬁ !t g?gcggﬁl é tgllcy\ggt for
instgde B inre nayg bé4é|oneHbyevmr sntoma%beu negelssElry &

renfRVERd &b Df - §ﬁgﬁédamg§neb9l fEQE(aQEté E)@'ﬂjaql.i%‘fﬁr such as
the region to be plated. The’ mask

im@a‘fsa’r%tl%@ $PbYeBEr NG appPiedFY IaFﬁPrPnt A&%S #§ absorbent

matefians ddcwfashe spsagler, where it is not desired to
pl ate nickel It nay be useful to reflow 271 the mask

rodB4 £ Slnidy SEbAERLe "BfoBeL8thTckbe! ROl biERne necessary
if tmetta Wbz adhen odere nob aaéectmesgpoﬁma m@xprgweputi portions
of t&é’rn%’élgﬁu&mfa@%ﬁfégokfﬁﬁ Eéﬁgﬁhngl gta'r@i EI%%d with

regl ons , Thi s

elegrpkespieipiel meFieRg PREARALES dﬁﬁoélﬁlsaﬁaﬁg bgatlifted off
by E’J&ﬁﬁpﬁrﬁ@V@ff Nt iré gmagfc) wibB ¥axoMeektl7BuRr eterheyt RRre to
remafﬂ“dé¥§§5k%é§kr§9 ge%ﬂ f£gg§b888qhngd%%%seqy affect the
performance of the finished cell. If this were the case, the
self-aligning mask could be reapplied before light-induced
plating 341 to present a favorable structure for forming

gridlines with a high aspect ratio, as discussed below.

[0085] The path shown on the right hand side of Fig. 3
could alternatively be followed, which precedes the LIP 341’,
342’ and sintering 344’ steps with alloying 334, etching 336
and a second electroless nickel plating step 338, as discussed
above. The etching step 336 removes the first electroless
nickel layer 42a. The second electroless plating step 338’
again deposits an electroless layer. Following the alternate
with the second electroless plating steps leads to an
intermediary structure not shown, which includes an upper LIP
metal layer 44, and an electroless nickel layer. This
structure is similar to that shown in Fig. 8G, but the
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with netal at this plating step. Upon renoval fromthe
bath 873, the electrode regions 17, 19 are covered

woMobd10@gosel ectrol ess nickel |ayer 42a. [0082] p&s/uS2008/002058
di scussed above in connection with a treating nethod,
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The netal lization regions 17, 19 now bear
an el ectrol ess | ayer 42a and an LIP copper or silver
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2B thaty ckneludes e cptabl bakbi F58P 268hand: ther Fafglnst bath
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n
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use nRgenen at the proce
may e s@ef@’m@r@rm‘skm @tr thesedlagesiansecalny S@Glhl g case,

theVid SV &4 7 ) eRdy L &L BBNEbBSL HEah Y nbelkbaws b'u% t:LIEe provides
uséwocess sequence, for instance sinterin wever ,

Qu}nﬂpqﬁg§ﬁg%5§%§§n§5 errant etchant cgntactlng the

absorber region 14 during a direct treatment etching step 265.
Similarly, the regions may be treated 269 with liquid 962 that
contains a palladium (or other suitable) catalyst (Fig. 9B)
without fear of contacting the absorber region 14. And
finally, as shown at Fig. 9C, the electroless metal plating
liquid 966 may be applied 275 directly, such as by jet
printing, and flow by capillarity from the wider buswire
electrode channels 37 to the narrower gridline electrode
channels 39 without risk of contaminating the absorber region.
The result is an electroless plated layer 42a as shown in Fig.
9D.

[0088] In general, the process designer can choose whether
to use a bath step with a blocking mask, a direct treating
step with a blocking mask, or a direct treating step without a
mask for any of the steps of etching away AR coating from the
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renmove the self-aligned mask by a separate operation
such as imersion in a solvent, or capillary action

wo vo10asvzabsor bent material, such as a sponge.pdrfd@84dds/002058
This separate processing step woul d beconme necessary

meddy 1P L1 6 aHLONOMEY CclPh1 SELEE! LYBSRNOUG g Ricevent

ortrons maski n om ng partly
elQﬁﬁﬁQ&ﬁﬁ@thlétéﬁgrOPé§§tﬁPéﬁ§5 PIR&dagminaithose regions or

an§kﬁ¥ﬁéfss€é§ @Eak'§iﬁﬂlﬁ§ﬁyb¥m§ﬁ6?8pb&@o%fE Qﬁﬂ@ﬁ?&n to an

a solvent. But b gg ¥ were fo remain durin eat
ac?%%%u?ﬂﬁﬁt tRay ¢l BeaBlerkery bYr feB@skne E@Pﬁarﬁﬁﬁﬁ?h step
to czfalnlg&m;lzée n$15dﬂleda9(;‘showhf mthgweele bgelaasbe fdl@owed by a

e al | ¢ e reapplie
batif 1ot Aol E8s TPIE E8Y30188, SPBB.AE £ PiorapFaa- 8D, or a
dimtqtuctreat fele¢brolaegsgpildtings stieph asukhglasashestn in Fig.
rati o, as discussed bel ow. [0085] The path shown on
the right hand side of Fig. 3 could alternatively be
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or eal e& df)ér[e '%lr?#é ; ?hl By Qgpt;l.l?.gdalt%e'i:ﬂgt %ﬂdstth J:Iebﬁon, while

secon
OthﬁﬁEﬁtﬁﬁﬁa¢¥98¢¢U@@9F@dﬂo r@ﬁOWhlcﬂhﬁbﬁ ﬁn@ﬁ@d@§9m¢n is to

belﬂ%&%eé%éhnei9|théyﬁfoééssiﬁg QEe? ﬁ%b%oh%%saﬂ%%KeEhe
This.structure is sinlar to that shown in Fig.
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cardlﬁé aised sG&Ps. aAdit egashnt ahdngiiddrelliabilyl ma@k and expose
react s mgth the electroless ni ckel layer to form

th%n%: ATE STTRF =°%0° Fhe el ectrol ess ni ckel | ayer

adheres to the upper netal |ayer 44 of silver or
[0Q%ber. Svree maeikingreaberdads drscuysemeyedTmore easily than
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conductor channels 37, 39 and remain liquid, forming a sort of
mask. A second type of material may be provided and
distributed within a second region, such as within the network
of grooves 22 that will become the light trapping region 14,
and be excluded from the first region because of the liquid
already residing there. Thus, the liquid first type of
material in the first region forms a mask preventing the
second material from entering the first region. The second
type of material may then be allowed to become more fixed,
such as by hardening, and the first liquid may be poured off
or otherwise removed, thereby exposing the first region to the
possibility of another step, from which the second region is
now protected by a mask.
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[0086] As is conventional, the busbars are soldered to
i nter-connect the current collecting fingers. Cells
woaves/aobger ed together in series and | anm nat eddmiRo@/002058

panel . [0087] An alternative exists to the pathway
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I ne elec channel s 39 w thout risk of
contam nating the absorber region. The result is an )
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[0093] So far, the processes and structures have been
described in a dual sort of way, with two different textured
regions of topography, a first, throughout which a treating or
blocking liquid flows, driven, for instance by capillarity,
and a second, from which a treating or blocking liquid is
excluded, due to the texture and properties of liquid flow. In
some cases, actions take place, and then a mask is removed.
However, the processes can have any number of separate regions
and serial steps of providing and excluding material and
treating exposed regions while masked regions are blocked from
treatment. Masks can be removed sequentially, with steps
performed in between, preferentially, partially or all at
once. For instance two different masks can be used, one that
is removed by a first solvent, and another that resists the
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direct treat electroless plating step, such as shown
in Fig. 9C. [0089] Simlar to the step of refl ow ng
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manwfacturing purpose, by acting as a fluid network through
which the plating chemistry may flow, to enable plating
throughout the metallization regions 17, 19, but not
elsewhere, such as at the absorber region 13, which is
effectively hydraulically isolated from the electrode network
38.

[0095] The following section discusses features, or
characteristics of the topography, which facilitate a
controlled flow of liquid, for instance by capillarity, to
accomplish the various manufacturing purposes. A subsequent
section discusses topography related to photovoltaic purposes.

[0096] Certain regions are defined, within which it is
desired that a fluid flow, and beyond which it is desired that
the fluid not flow. A boundary of some topographic feature
bounds such a region. Taking the case of the absorber region
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al so possible to exploit surface texture and fluid
flowto treat the absorber region. An alternative
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11740 didf efREt e RBRESe CIAORA, URBY, oBNAiktRaHed silicon, the
edge-influenced contact angle 6%, is about 50°, amplified from
15° by the surface feature of the edge 574. Theoretically,
the enhancement due to an edge can be much greater, as
illustrated below.

[0098] Fig. 5 shows a cross section of a portion of a
textured wafer. The cross section is taken on a plane that
runs down the middle of light trapping groove 22 and cuts
perpendicularly through gridline channels 39. Figs. 5C, 5D,
5E and 5F show a portion of the cross section plane of Fig. 5,
but viewed normally to the cross section plane depicting four
stable positions of the liquid 572. The liquid shown in
Figs. 5C-5F has a contact angle 6 with the material of the
textured wafer which is 30 degrees. In Fig. 5C, the liquid is
pinned at edge 571 of the groove 22 and the contact angle 0
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is renoved by a first solvent, and another that
resists thefirst solvent, but which is renoved by

woed/feEozagent , such as heat, or a different $@p@nRbosohoss
processi ng step can be conducted between the renoval
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di scussed, treating steps, nay be conducted w t hout
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grooves 22 al so serve a manufacturing purpose, to

[ocfhd@pt tﬁ@t&é@fgv Qﬁef%ﬂﬂnébsﬁéﬁh ap 8i Santaﬁﬁamt@hals,E more
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0 %Y gié%éésq%&%hé“ss&fs QNG €¥ROPLE x EP dct}%gggl S

o which current carrying e
wi |l be provided, are used for a photovoltalc pur pose,
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suc e _aps

9 mh
facty e Doy teco BELT FhopriHE TolR . Bh, Preal & Blies pasky
veﬁtxnnlimnE#EESeoﬁegueeamrheﬁére[6995}1ﬁbeoﬁerl&Wﬁn@dge 573.

Thf&cfé %%&%ﬁ %t%&‘ét €ferQeflAr 26! ?Egs“ 8% O}th'&% shows

aC| tate a control
an |qrtqlmrcse<i Hetast PEethy Eagirnaptt Fige 05§cb’bﬁf§Ih| §i§ ciacled.

quﬁﬂﬂdnéiéﬁﬂﬁgﬁﬁééﬁﬁﬂg BPH&POERE.- e&géU§$QQU§ﬂB agel ndt ideally

[ ra related to ot ov [ ur poses
shéiﬁ“%5§§§,t°-t9ra have a dgus, 8 g gspex%ggerated in
the figure for purposes of illustration. The liquid 572 will

more toward the position along a radius which allows it to
satisfy the stable wetting angle condition, in this case 30
degrees to the surface, as shown. '

[00102] It will be understood that Figs. 5C-5F show cross
sections and thus represent circumstances which are idealized
to have no curvature in the direction perpendicular to the
pane of the figures. The real situation, however, does have
such curvature. However, the basic concepts described apply,
as modified by the additional curvature.

[00103] Thus, it is seen that a flat land, as shown in Fig.
5 and also Fig. 7A at 775, bounded by edges affects liquid
flow. In general fluid does not flow readily onto the land
from the upstream side, due to the upstream edge 771, which
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[0096] Certain regions are defined, within which it is
desired that a fluid flow, and beyond which it is
woees/10e6hst hat the fluid not flow A boundary afcTausyes/002058
topographic feature bounds such a region. Taking the
t S g
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bounded at | east in part by an edge, it is useful to
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contact an ool 572 as neasured from
verha N g%??%ferﬁiiﬁ of a substrate with an edge

feature 1174. For the exanple shown, wax on nitrided
[0Qﬂ05pon.Atlmn@dg&niaétueacaddouhlecédgaglprqv;usn@bout
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redl St¥ f age 5i§ﬁf@§t9§ SRaffoed§é4beRadBsapPRREEAt land with a
%t

opt for a relatively sharp edge.

[00106] Another feature that acts as a boundary beyond which
fluid will not flow is a raised feature, such as a ridge or
wall. For instance, at the end of each light trapping groove
22, a wall 770 and edge 774 (or a landed edge 775) exists.
Fluid within the groove will not climb the wall unless
sufficient volume and pressure and capillary attraction exist.

[00107] Another consideration of using surface topography or
texture to distribute liquids, is to ensure that the entire
zone desired to be filled, actually is filled. For instance,
with reference to Figs. 6A-6D, it is helpful to consider an
absorber zone 14, which is a plurality of parallel grooves
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per pendi cul arly through gridline channels 39. Figs.
5C, 5D, 5E and 5F show a portion of the cross section

wodoagigoeys Fig. 5, but viewed normally to the permas2008/002058
section plane depicting four stable positions of the
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In fact, the_liquid could, in principle go even a

PaQﬁtoﬁx&ﬁ 1rineanlatedhese figures, before spilling
over the edge 573. This is best understood by
[00XU&Y encen texdmple 56 vhishishehewanaenFaggedcdettde grooves

of I g. iLch_i irclLe Fi
22y I AR B Pl oReoLEE 53160, 5a 80, el 1pEgrapoted
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Typically, the gaps 25c are not facing each other, but rather
are spaced apart along the length of the groove. Only a few
gaps 25c are shown in Fig. 7C, to minimize drawing clutter.
Some implementations might have most, if not all ridges 23c
pierced by at least one and typically many openings 25c.
Others could have fewer, such as piercing predominantly those
ridges more distant from any dosing location.

[00109]) Fig. 7D shows, schematically, another embodiment of
cross-channels to ensure that the complete region is filled.
Rather than piercing each ridge 23d within its interior with
one or more cross-channels 25c, a single channel 25d traverses
the entire marginal area, along at least one or, as shown,
both ends of a row of grooves 22d, thereby permitting fluid
communication from one groove to the next. Thus, all grooves
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sections and thus represent circunstances which are

i deali zed to have no curvature in the direction
woRpaieizcul ar to the pane of the figures. Thedrma2008/002058

si tuation, however, does have such curvature. However,
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a omnstrean1fd9§ 77§ of .the land 775. In sone
I G Rt AR a3 7 anBP s VAGE 8REPPel y desirabl e,

because of uncertainties as to whether fluid wll flow
[0QkXQ)] i t Dhenbnmeddatody Theedodingnbasmdpsdedbed tfeaisges or
ché&ééﬁé?i%@i&sS?frghédgs 3§%a8ﬁ§ $RAWN £:0 i Mi@atbPra controlled
rather_than a land. In %e eral; an edge can stop the
flaw R ok igpidi dtPadEcrPplishspoManuSactng ings PruERasetgdhe

imndd Patet ﬂélf&ﬁinétbafﬁﬁ@ﬁﬁhs gestedbet howdhe topography
aves like a land with a very
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doubl e edge, providing redundancy in stopping
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whet her fluid has fl owed ig épe | and_or n
0

thel [FRRIYe 1 £9F HEC ARRPBBPoFOY o HePbACHL SPaLnPEry JoETHing
reflgetions from a flat, un-textured surface. Thus, it is
useful to provide a texture to the bottom of the grooves,
which texture will cause yet more of the light that impinges
upon the generally flat surface to reflect obliquely from the
groove bottom, and strike a sidewall of the groove. Texturing
the bottom of cells also would affect the angle by which light
that passes into the solid body 36 of the silicon absorber
travels through and strikes the back surface 21. Diverting
the path from a straight one that intersects either or both
front 20 and back 21 surfaces at a perpendicular angle
enhances the possibility that the light will follow a path
along which it is absorbed, rather than being reflected out of
the cell.

[00112)] The scale of texture elements 45 at the bottom 35 of
the grooves 22e can beneficially have a characteristic length
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[00106] Anot her feature that acts as a boundary beyond
which fluid will not flowis a raised feature, such as

woohs/td@6pzor wal | . For instance, at the end of pgamlk2008/002058
light trapping groove 22, a wall 770 and edge 774 (or
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the zone as it nelts, or as it is, for instance,
[0GLEXKEd armgvbyycamhél aextaetingn. 450aal lthef bot&oni B of the

d
or&ld3 Fin e 8oePiPatpiay kk dy' PureiRieaReeth M oan
es ki slef gredvey arr otdher28epstmeenfgtbdsesm2d.l @dizean
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mpurities or manGfacturin ef ect s. may al so
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ed tar i F gg i1l ed.
AL NSRRI LEAF RS PRCE GRatE SPRLPs tRGHUEIOGILS She
sidqewalille af osbechrooebs a5cwhbéiwasntyeoboetodl2c so t hat
fluid can fl ow t hroughout an entire zone 1l4c, once

06¥Y4 of Tﬁe'épf?@@%l?&ﬁgstkgoégghgsgdeﬁ @&h%dagéegf%n

IS shown at g oves
sikinommetaercelysohs areasgdhbyneppi¥éngd adpmdmum baste to

thORSAE D L5€¢he Nca@l 1! gaat roRengandTRBr @1tRned lat 13t with the
of their bound| ridges 23c. Each gap 25c rmts
s113oRR 19 JiRkn PBULC FEEAGE BPdatei H5EaEEcamBack Surface
fidiad s i elowevétr pweha ihaérfacecbeaneeduehko alamnum-doped
i AR ¥na SUEE P3y8rPbEssYheelbqPpalte®is not very
reflective. Thus, the industry is moving toward a new back
contact, which is made by depositing or growing an oxide layer
and then depositing aluminum on top of the oxide. The
combination of a thin (approximately 100 nm) oxide layer and
an aluminum back creates a mirror with greater than 99%
reflectivity. Another approach is to deposit a stack of oxide
and nitride and then to deposit aluminum. In any case,
openings must be provided or created through the dielectric
layers so that the aluminum can contact the silicon.
Typically this is done by laser ablation.

[00115] However, the back structure can be created according
to an invention hereof, in much the same way as the front
structure described above. A texture can be created on the
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mechani cal inpurity that affects the flow conditions.
Typically, the gaps 25c are not facing each other, but

wo Rbdfioc@r € spaced apart along the |ength of tpea/us2008/002058
groove. Only a few gaps 25c are shown in Fig. 7C to
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sz:ngé)v?ﬂégepara ft £8mg§%3a88% 359 ‘i:pxe no % ttrlmental
effect. This is due to the fact that the lateral conduction
between gridlines 239 takes place in the full thickness of the
wafer and not only in the new surface layer (as it does on the
front). The back side texture would consist of a set of
grooves 222 similar to those for light trapping on the front
side and a set of channels 237, 239 for metallization (much
the same as on the front 204).

[00117] A candidate process sequence follows. The wafer is
first patterned on both sides 20d, 21d, and etched to create
topography on both sides. The wafer is diffused to create the
junction on the front, and then etched to remove residual
glass from the front and to remove the junction from the back.
The wafer is then coated with silicon nitride 30 on the front
and a stack of oxide and nitride on the back. Directed
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grooves 22e may in sone circunstances be relatively
flat. Such near flatness will result in reflections

wof 7008ndobs bottom 35 of the groove for reasons praard2yos/002058
identical to those governing reflections froma flat,

tréﬁhﬁéﬁ%L%thﬁérﬁéﬁgllIgﬂﬁmohtakéa@SQHﬁl ﬁ@dprgﬁ‘%héifront
texture to the bottom of the grooves, Whi texture

with |HF cfé%%"%tt%re%rl?ﬂelm Re f“ﬁétalllﬁ‘ﬁlaﬁd-é’é‘ FFgions .
Tréamn@e@edsﬁl i;uef:hetawﬁaeeo&o]:égﬁba@t o@bltheUdlac kK areh HF
e.,a S

1 bot t d st
wil GV Cbe  PRGUe nANBoPLbRLOE DBl FheaPagkadity  Now,
alwifram ¢dm lbegterégnwprihtedgbverh&hepansdse hiack lend fired.
' %
o SN ARSE LDReRLL ERBOAROLE, ERIAGE, L e
dlef]rQﬂﬁIal%tl%aths and ihavilht besacrefdechdveobalgdt lpverywhere
eldd ONtrAds angh, bﬁﬂjh@ltﬁ%f aseé abtarpeneerd 'f‘“rkbln@ftréngée%ctured

enhances the_posSibility that the light wll fallow

bal SRl 2 SHICDRE TakEBsoERedO. HENDRCK IR tdiigation will

refiledd Back ot of th8eseeliton[ 004é2h1TheatGdine c@ln then proceed
texture el enents 45 at the bottom 35 of the grooves

on e éﬁ RBeneficially have a characteristic |engthscal e
o f between about | mm and about 5mm and preferably

[0QJck&ken Eiwse anen gndtabofiew3amampBescldr appdyiisid @

to;l&jk% phy Céb Eehbt éék?ﬁé??aéesca%wgvfera ‘%'o'feftﬁe%’é Qﬁ-gi any

generaffy descrl es ormation, such as the
%Qﬁ@esﬂﬁl$u§F669e§n€rr?ﬁéPPSwFB?H§fﬂrr theds POSSlble to

prcf\ameyr@sft@w@ﬂapﬁyl ahgeheObaaKabhelfabbar&hfaI%e hra@wgze
ur.e

fied
oSO 470 BHC QY 8 ARG CRARRE R Pe: PE rengPRCEESD oY s
andtaﬂqppo#@sséZehépblmh asedt ¥pircal pyobebseay Punpmsed, such

e o) 514 BLabhe0hY £ DpbnaR cEREMne WL 2R Bltea, bue
onlibtihpraresirede grobiégkeaa Buchc&dApl-i shed by any
suitabl e means that can establish grooves or other

[odm@pr e @ufniﬁgsnéﬁa{:b s84¢tibBaasi bheteRbhedsd rEvsiRages

aqibi i fed by i B hivBREOPESSER_ REFEDCry L Fgastance of

y

thendrxdﬂumeéel& m&pnbeombéihbheiaedethods lowl level by treating
metallization chemistry into features with an aspect ratio
approaching unity. Fig. 10 illustrates schematically how this
is accomplished without substantial lateral spread of the
plated conductor material. The grid lines 1018 can be made
tall, because liquid plating chemistry can be provided (either
by direct treatment, such as jet printing, or capillary flow,
or a combination thereof) within deep, narrow channels 1039
formed at their bottom by the channel 1039 formed in the wafer
24 and at their tops between two regions of built up blocking
material 1070 such as is used to mask the absorber region
1014. The upper portion of the sidewalls of the composite
channels 1039 can be made relatively steep by selecting the
contact angle between the material that forms the mask 1070,
and the material and geometry of the wafer substrate 1036, so
that the interface angle is relatively steep. The steepness
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also likely apply the very small scale texturing to
the sidewalls o f the grooves as well as the bottom

wd 20d/1¢bkosThe current industry-standard back cord@e$2008%002058
silicon solar cells is created by applying al um num

ofpﬁﬁéeWEQIEhSaHaBE @nﬁah%%dpgden?%@f@ ' !kﬁqub advantage of

um num al the silicon to na m C cont ac
thenpbexbuteeafe aebaevefaeﬁf a8d mravadmm@d%e whlch

enh@ﬁ@é.@, acenhaak@agnthbec@hwc&urar@q@d ayd |disvusHut tdove in
% 'Ht r.ed 331;5$, is not very reflective. Thus,
co?% cFﬁﬂHsVF§ 1/5vi oward a new back contact,

whi ch is made by dep03|t|ng or grow ng an oxide Iayer
[0@Db20] henTHepberegngngl heisndesar itbew drvertd ang dbisdhesed
hexf&”Ph”g&gQPa? u@14RkN (Aaggg, 's%qltt%tyl\;eocarrﬂ@]t%)%fj
an al'um num'back Creates a m
ln*gqa@m@n hageofobapebeest deisoyribadht [Re weldr G Fevenal

pr8Ee8si keguehaek Qo& ﬁékﬁ%ga%%dﬂiaﬂ‘g%ﬁﬁaiér“ﬁhd(%elated
deposit alum num In any case, Qpenings must be

arb%%%?aedTUP EPééFewaiﬁlSo@ghwhdusé’l taorg@raphyy and
tei:’a@fet aﬁdawqumurrmaw Gﬂ.&ha(i*edd&tﬁlﬂri&@to wieghlyited,

naB0l} 8 FHOREBYCHAORe 0k dt K SIS GarE 4140 een

desovibédonIhended, has d&sbruhedymanquAﬁﬁendntftexture

ur 2R t d
£oFHEYEL )" ol RiEL a0 Mo NN (R, MRS 0w,
additierali ProFeRs u‘iéph’g Sﬁﬁé‘%’élefs équgr?éiplp?ﬁ%1 pl e

di scussed above, where either blocking material, or

[oomail Ngrigt epcakhowsyi rswte@&ﬂl@aiq@r r egl ﬂlQﬁatdﬁ)rﬁrckb’ess
he.surface. as shown in

f
5905, LREE HoPR.PUPEXIRT BE SPEaMBE s PR F Sons 17, 19,
usrngpasemnotganlebbdbbkun@emarenmaizthaﬁzmd|dxﬁﬁerent from

th% eﬂi?@kiﬁgt H?Eet:ggll &ng%tt fg)g) ecf:‘ blzrg k&ﬂ%é [}Erocesses

hogonal
toobipelohbe ﬁbﬁpiﬁbé§ é‘ﬁgtlh’él f]14ont and back provi de for
excellent internal light trapping as they each provide

[001ghpg?nshepgrrngnenbsldolesr&f lsaet ite (s‘arncenta@nﬂqé)apkﬁst two

e R A GG W PN RENT S N s
precursor is dispensed 255, which will form a silica glass
upon firing (also included as part of step 255). This is in a
class of materials called spin-on materials, widely used in
microelectronics. An AR coating 30 is applied 256c next to
the entire wafer 24 surface 20, including the light trapping
regions 14 and the spin-on material-covered metallization
regions 17, 19.

[00123] At this point, the designer has a choice. The
process can flow to Fig. 2B, at the step of blocking 261 the
absorber with wax. Alternatively, it can flow to Fig. 2A, the
step of treating 258 the metallization region to etch the AR
coating.

[00124] The AR coating in the metallization regions 17 and
19 is etched off by either a bath 263 if blocking 261 has been
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surface of the cell. Busbar regions 237 and 37d are
parall el and aligned so that the buswi re can neke

wochnog/antosbet ween the top of one cell and the hatosrefoo2oss
t he adjacent cell. [00116] Fig. ID shows the back side

chc?Qé’n ofo ﬁ(@zt@f ﬁé 1fP&0’E}:ES€hb)&t @@st Qﬁlgngbts)h%'id 258 (Fig.

e, the profi grooves absorb
ZA)r-e rbrﬁli‘%e’éfci‘ﬁ%rfFBﬂt b§98512@d°§aﬁ‘e$él§é@ﬁtl§§ &ggions 17,

19twmﬂnm&u&5§e&&¢@mplibaeaehsoezd1305tbbe25@81§ahe&@d
é%ﬁ fqi t he r| I nes, respect i also e¥tdent t
XA | 1B ki CORELAG BRValEal 060 20 SHER & Fom@s to
1eavekpnmhmbemd|wm16h ablgwi dtchest38d, penetirateaand etch the
. ot call d
= £ W Ead2 oo HIRREAb) Rbykd:1! Ikh0SS FARAABR che an
coatﬁngeﬁn@xﬁQMQim@nibetQBéﬁfgrpéﬁuweﬁhzsgetanéscplsd@ss
Thdd), tdiee fA&'céé‘th&eé%OBet Pemyober rapddngl. owelraufs%e the

new surf ace | ayer é as it does on the front). The back
£iz8d| AR BRaF NGohF LBRLFEL EoFoaetEn BRdgicheFeLoFsy etches
slds,nryj arThe® étehentonskdglbetr appi agfeatt khel RRNcoItdRg

. t of.ch s 237, 23 tallizat
seqie 38 QKR Ponvapa)® [OB1IDFORCEEdEAPE Plocked
aHQNiExExstqweh@ethelébahanfhénmafbaths birr £tropatetranamed

etéﬂﬁéﬁﬁ%&gy = %&?hné g d@?%ﬁ@teg gt&ﬁg g%?%%du e, the AR

coafring on hiehe yresPBReBNreaéonrvall any bﬁemaé?éh@leb
afffedie, residual glass fromthe front and to renove the
junction fromthe back. The wafer is then coated mﬁth

ilicon nitride 30.0n t e front of 0X
rodids £ Tha £ 20 §0 kP8nk! BBhdl Folafkn gl 518 Yhown in
FigEHZAIéﬁt&foﬂhereaeaﬁidg §8dp 268t hé hbobﬂowkuthEtep is

Ca e T P10 Hliouf, LZP TS 2 sk "BIEER A sep 261,

wth HF will renove the oxide and nitride on_the back
[0047%6]1 Nowknethes neheehingemeeheshspr thegdcdreber Heed is a

Layait 1 ﬁéé@ﬁkélmédhaﬁ?@a@|HHPEHHbHH&FStﬁ@nﬁéﬁbs1ted AR
ngs n e dielectric ayer

cogyd dnd, TrfeEeracl Btk chEry GHAEENE! 88 SriGédady membrane

whidlghtarn hee bloslsemobpr ahdecembredh bgeullextispadc agitation,

for example.

[00127] The method of blocking the deposition of a film or
films can be used broadly for any film and regardless of the
purpose of the film.

[00128] The foregoing discussions have assumed that a wafer
with the desired initial texture on one or both sides is

provided, or formed, such as at step 252 of Figs. 2A, 2B and
2C, without discussing how to form such a wafer. That step is

discussed now.

[00129] A silicon wafer that has been doped in the bulk and
cut to size, may be processed as follows. The wafer is cleaned
and etched to remove surface damage from sawing. This step
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back surface 21d, but nakes its to the back

metallization will reflect back into the silicon.
woMab@ldosozat i on can then proceed on the front. pcGOdsk&ls/002058

These are just a few exanples of applying a topography
may Oné*@%é’%?éc?é’ééﬁgesﬂﬂ?&’egﬁkfa%@f d%ﬂﬁ%@ 13N 1309y

of surface and reasons there IS possi

StQR)Rﬁ%RWde a topography on the back surface that has a

substanti ve, photovoltaic reason for being shaped as

[00130F, arkke alsfer V\bgsﬁaﬁhéﬁﬁle:dsw_l.ﬂ&ﬁdpﬁf@:to@.i_}th@@@%%iﬂ}g resist,
SucC s channelin I QU t QW I N 1 ONns

wnfGH RETL SrEreRt SR8 AEr e, atRdck b8 Soltsedcpiagn etehing
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ar ¢hrhedsaw@¥onpl i shed wit hout
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[00ER kY | alOnd hemlgod iiméntiesf 1008 pantkenindepiralcless forms a
I t r a LOVI
la;ljeezcﬁﬁée e%élg—gfgsf%@tﬂpgg 1?72%?1 8}1 ¥_H8 Gp?gtrpsgﬁff%%% of an
mldalgﬁlllxar@lat oS lbgon weﬁernaﬂ‘henprneeegf YSEiSt [ainn ecte:é}@nt to

etdifld C@@fﬂ@&ﬁ ﬂpgﬁ gBéE?@l@trEBQbhsbBEtQW EﬁﬂUT%ll flat

channel 1039 formed in the wafer and at therr
surfaGRen TH® ?%@hoﬁ%sbﬁtbBFPVeBESbFBEKPﬁﬁeﬁﬁveﬂpﬁt¥ﬁ?ﬂ?tta0k

of %&qfhc&&mlfn Uﬁl@df&.t@%ﬁskhébé QBSQébQ&abéﬁl 0Bu1:0b4:ch-5.|'if§ can,
er ortion, o e
in B PR IBLIGR 16 PhGcFEIaEVePy ShBoRp-Fesist under
thesdtai+mesisie Tapéact Hogéeebetmﬁeprbbeedatmund sﬂuuly under
1 k 1070, . ter| Yy
end M0B s (K 100 4480ahE8 FRLS' bRl BEGARATINY sihes o
etghr-reg gt @rg Labdpdownewitbeprdsssvel e NAFIrOY @@r:adelel

expiBER Cesy EYied BRERebN, tﬁKéHQe@@MQﬂEaGSrQEst lae: ¥aWetial
of the surface and rOV|$é2gaan e ances,

£rq [SFRRRE HRr SRRt akbe af 2Butidte i5 Shchad avay leaving
grawrerectanvedi in thgssibidén under the locatlons where there

was initially no etch-resist. The etchant also under-cuts the

ed in a
e

U_

silicon away from under the layer of etch-resist on the top
surface to either side of the openings, etching its way
through the surfaces of the silicon that are newly exposed due
to etching a trench into the surface. When the etching action
has progressed far enough, the still remaining film of etch-
resist overhangs the etched grooves. At the precise moment
when the etch-resist pattern becomes fully undercut, the
topography of the silicon possesses sharp peaks between the
etched grooves, and the etch resist detaches from the
substrate. Typical depths for all of these features, as
discussed above, are between about 3um and about 50um, and
preferably between about 5um and about 20um.
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[00120] The foregoi ng has described inventions

di scl osed here in general outline. A representative
woxobd/oép3zof an i nvention hereof has been descrpdaatk2068%02058

wel | as several process sequences for making such an
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surface t0€0 grap texture an
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al so has ed nan% dlffergnt texture features,

re@ﬂﬁ?t?ﬁﬂig.% sﬂ QEA~ERELAEWEERBy™ASKct i on. Bel ow,

addi ti onal process flow sequences are expl ored.
[0QIBRIP1] The.selfsabuwgnisghmeaki diakkyssedf labovef may also be

used 4 S iéii?&i higk U5e$a89¢kLRd h@gﬁa %Eﬁt e it:ﬁ%“ tact

regi o us |ng an |norgan|c nat er |
chqrmﬁls 33711 £3%r ewithewtn ahtepipekithg AdgbLti énra@@mrx%rr@cglons

14 abPﬂ’%é@@@'séf‘%soﬁBrpli%%&ﬁSé tﬁf*&b?“inﬁ'%@.a@b%%“tb:%rrnlng of
122% ;@egs 252¢ d 254c are the_sane as

ion 14
the r?goﬁ‘c?lflé"?r t RPLY R A WﬁtP lzéﬁxlﬂhé’hﬁé‘k‘@@te’ﬂ 39 have
bedh fffiermed Aihtouthe psezﬂaeer sughdiaspamnsad2®y5 thehiablsorber 13
Wil | f [ SI| u f|r|ng also i_ncl uded as
carliie BROQHEY"chHe ShPRRe BRRer! Faldpkl pioall 4304 Sechant
thaﬂﬂét@h@®lﬂw@ﬁ sl eécont sThei dekpliddedtion channels 37, 39

rerfd £ oé%h?&% @i &8a €Hu$R EH@&' C}Q 30pks 8%' nge‘ig%%‘scto be

next to the entlre watr er 24~ sur ace
deem%ttfi?fapﬁpfh%d%@‘@?bﬁsaiﬂeﬁnﬁhﬁhél§§|tn3(§ﬁ’hlng The absorber

regmsrerlzil:§oyﬁéeéca@aafl:bﬁa£hee rseabaaSeJeEmh% [Q%Z%ask
as a.ch 0 IoCess

At fhi t d
b1q8iing Sl RsetDSE, FogTPRe 3, EFUME BhEGkPRy ToRVeR and the
prodEsss bﬁliu]MitﬂMMthpAhtEEBAhl o€l Figi.t 28anofl @F4bo i Fig. 2B,
' S t I;zat ¥ i.0
toi%?%ﬁég?t% Aggcoa ﬁ%gggféggz%?%?ge hLCogth%% i N h%e used
to meaepen zbhe onetabl bnstignagbiangeils evehednoff ppcess that
will LY @sdal m2sR férbggﬁgéageaﬁlpggéeg%gﬂ 0%%%h @¥s is

nor e, speci fic treatnent 8 (F
showyy) in Fig¢ndh- case, the blocklng of netalllzatlon

regi ons 17,
[00134] The foregoing has described, generally, grooves as

making up the light trapping region 14. The metallization
regions 17, 19 may be provided with recessed channels. These
terms have been applied relatively consistently to their
different uses, but these terms are both meant to describe
generally the same sort of topographic feature, namely a
continuous concave surface. Concave is used in this
specification and the claims attached hereto to mean a surface
with a negative mean curvature. Convex is used herein to mean

a surface with a positive mean curvature.

[00135] Generally, a texture design that provides an
interconnected network suitable for directing fluid flow from
one portion of a zone to the remainder of the zone, including
other portions of the zone, is a network of concave surfaces,
wherein any concave surface occupying one zone is joined by at
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19 with gl ass acconplished above in step 255 is here
exploited. The AR coating may be fired in such a way

woamog/mobdave pi nhol es, which allow etchant to peangh20@092058
and etch the silica glass oxide blocking materi al,
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i Ag e okko I N ;5
coRFITS Aouet 208 HOULY-LOL KRR BYCBNR 0 S bbrac

withGenvex ¥HEIESodPshown in Fig 2B after bl ocking step
261. [00126] Anot her bl ocking nmechani smthat can be
[00E38]] i S zaslnasrbééﬂt epptuened, nehbagirodvesdivdthdm &f zone 14

arg S AHESL §0, S f P Ehsloat e kB SR ron Bk e taom
firstd penoien @9 ther agnai toagtheri portfionsexdnhe. zone
wiéﬁkf{lﬁduc}iﬂ?tmahsgtgidelegﬁ@ Begflasfgeefmh 0 e .2

can br oa any | I"'m and
regardl ess of the gose of the film [00128] The

[09 oi MRCEPELLRE| BAs2RaFBPILiNRBY Phafla LRYEAL 1R hereot

thatthae:eksmwﬁl thét sakfaest pro@ﬁapﬁ9 ahdetlﬁ]}JS_IddES.dvﬁ relative
of F

r ovi ded u as_at .ste % 2A,
endfifty Fonali L P FF el (B2, PR thaRkE8vr ophes e i ipel driving
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t t f f
S érﬁge{)e process% pﬁ e% %lea g gﬁ’e
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TheS IEPFBYL NOF §LoHRESSSBEY cELPEGat bhaC8rd2ERGhenInd HE a
repoved_in a

solid surface amplifies differences in surface energy between
the liquid and solid phases. A liquid that is attracted to a
solid surface will become more strongly attracted when the
surface is roughened or corrugated. Silicon and the AR
coatings used on photovoltaic cells are somewhat hydrophobic
(water-repelling) and so roughened or corrugated surfaces tend
to repel aqueous liquids (i.e. liquids that are water-based,
or contain substantial amounts of water) more strongly when

they possess surface texture.

[00138] For instance it is beneficial to provide small
grooves within the gridline channels 39 that are parallel to
the channels 39. These smaller grooves will enhance flow along
them. Deliberate roughness in the channels may also be
employed.
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step bel ow. [00130] The wafer is patterned with
phot ol i t hography resist, which will prevent the direct

wodobvaedf silicon by an etching sol ution. ThecT/us2008/002058
photol i t hography resist is used to define a pattern
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thus, helps distribute them within the small gridline
channels.

[00141] Other chemical treatments may be applied to enhance
surface attraction of a textured surface. Surfactants may be
added to liquid reagents to enhance the surface attraction
with the substrate.

[00142] Another method for altering the surface attraction
of silicon and silicon nitride is to form a film of silicon
dioxide over the substrate surface, e.g. by oxidizing at
elevated temperature or by anodic oxidation. Silicon dioxide
is substantially hydrophilic, so an oxidized silicon or
silicon nitride surface may be subjected to aqueous chemical
treatments with localized dosing followed by capillary
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di scussed above, are between about 3mm and about 50nmm
, and preferably between about 5mm and about 20mm
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THRP RAyLeHR b EESPe hahPE¥nEaPabEl 2 NG dines from
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Fig. 2B, to diffuse and etch the entire wafer. Thus a
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ev ' s.th n €. sk _far
21 e R e ot nfhechiheatelSCa8, T3 feplyed ko ve
reddHHdMHTHémefmmpgbengnhaerdmanylmedatgensraklwhich the

SRV Y D XU NRE TS EEe i T A

deﬂ@ﬁﬁfﬁ@dﬂ whapathscidyeshet acgarhayeolieeheadellii®@éry method
relatively consistently to their different uses, but

(e thresknf oj%s BY ENBLRE/ nednFomBagesc FPhBagenBLaciy S Folid

£1 5B E9T£ qtraippoeiaehbsnéeﬁhuhes BEMeh¥ PreRRidsURHT. The
concave surface. Concave is used in this speC|f|cat|on

texhitre hidh cthe ngbserherecteéPBt Bavo aﬂcﬁgn bg efhezc&ha@n |grooves.
Thfs NGgali Ve LBay CH%VEBEE% CBRY¥e¥nkS tg?\%d o'?fe ft%':&utz%

mean a surface wt posi |ve mean c
typically created with iso-texturing methods descrlbed

earlier. Figure 1G shows light trapping features on a
hexagonal array. Such approaches might be particularly well
suited to cases where all processing is accomplished by
treating in the metallization region. In such a case, texture
in the absorber region only plays a role in light trapping and
not in subsequent fabrication steps. 1Indeed, in this case

texture may be absent from the absorber region.

[00144] It will be understood that an essential aspect of
some inventions hereof is the use of a texture to localize the
action of subsequent fabrication steps. Further, this
localization is most critical in separating the various
functional regions of the intended device, for example, in
separating the absorber region and the metallization region as
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[00135] Cenerally, a texture design that provides an
i nterconnected network suitable for directing fluid
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borf I 20 R Sl SLE 595 B RS gE ERop0BhE% bac e eRgh g not,
as glessitedli neht @hoahduheenoted hha@oflghaﬂZexplmeamulup show
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prlrrarlly driven arit rinci r|V|n%
cul e Eflblf%ﬁ%%r%uﬂh@swam-ag dul(rlﬁgeveefat kenshow all four

edd@soclkn shét ep§urs, tb@eyehaél ¥8chBgRblvidas thblaqlstlcally
enerP nd Ioc lize

f t
ancill{ 3 SRELY of Lguldocompenents aodfgeallzed 1 be s
shawn(xnrmggt|bnswnthrmagheneggoné 42308l.i dGzudildne channels

| f h
128 did AL cges be GHETaER, ALY, BTG d2n0c are
Cle%dold"d g frnceuter| elb@%orranrﬁr:begw daghy é;trtap@epeId grooves

122@%{)& SUli3TCats 698NERGEJOT whekEHEaheUedgk! 1207, they
ﬂ the AR (gtlngs used on photovoltalc cells are
ar%; ?Rék phobi ¢ (water-repelling) and so
roughened or corrugated surfaces tend to repel aqueous
[00148) ds The efoteguinlg dhatuastonahes- Hasedibed ¢het ai n

seﬁ¥§5H&HH£6¥ 5@“5@1&9Oén“@£€§$en85ep§£§sggl%h@geqs the most
commonly used form today, due to the lower relative cost, as
compared to p-type on n-type. However, inventions disclosed
herein can also be used for p-type on n-type silicon. Some
steps would need to be altered to accommodate the switch.
However, the alterations would be of the type understood by a
person of ordinary skill in the art. For instance, suitable
dopants would be B,0,, and BCl,, rather than the phosphorous
dopants mentioned above in connection with the n-type
semiconductor. Further, it would not be necessary to use LIP
to electroplate the electrodes. Conventional electroplating
can be used.

[00146] The junction need not be a continuous junction over
the entire device, but rather may be localized, for example to
stripes of diffused material. Further, the junction can be a
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they possess surface texture. [00138] For instance it
is beneficial to provide small grooves within the
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senitondic tos aFEe, 50 1 FeB E8, BaRY akorh: ripIRIS. The
51kmnnnamﬁymb@teﬂthgramumtncaysbhéﬁlhegbt sounpbceyistadlllime.
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gerMACAES ¢85 PAI1ieH! afgénfaéesém!eoﬁaue%bl Wi%ers could be
ocal i.zed dosin such _as tre t nent aqueous

made G (ort XA S ST BTN BRAt RY SeBiMAGar apner as
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to nucleate el ectroless plating in these sane

[ d#% l'zfﬁf fegﬁggsdlggg Eﬁgﬁtgﬁgbem%gg gggeQESfapricating
rol’ess plrating reag enf 0 depos Pa conta
a aqmﬂaqmucvmldsan@h@ ‘@éﬁﬁé LSeHGﬁﬁn@SeﬁabEL@mPlleseHowever,

invdrit Tsnd cu{é@ybmehéfsfhycaﬁnset Appaibal Eé gl&hbtt%%% other
themw th he, smal | grid|ine channels. 41]

th ﬁﬂuﬂﬁﬁ%ﬁstrﬁgﬁn%%?gaﬂ% bEhﬁﬁpFPEdeoaBHﬁéﬁéetQurface
senaifddrabid o ofhin t £X1ms edppliédceo Shef sahanhgdmeuriface of a

sufdaftd Addau 4 16208 8n] QoRA0R06E, ' B8cRVEE24 g1ass
substrate. In that case, the surface texture, or topography is
provided on the substrate (glass) and the semi-conductor thin
film is applied on the textured surface of the substrate. For
instance a film of cadmium telluride having a thickness of
only one or two microns may be applied to a glass substrate,
bearing surface textures as discussed above.

[00149] Rather than a substrate, bearing a semiconductor
thin film, the invention can be used with a textured
superstrate, bearing a semiconductor thin film on the surface
that is earthward, obverse of the superstrates sunward

surface.

[00150] The metallization taught — that of electroless
nickel as the contact metal and electroplated copper or silver
as the primary conductor, is an exemplary method. Other
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with the substrate. [00142] Another method for
altering the surface attraction of silicon and silicon

wodobg/igdensi s to forma filmof silicon dioxi de pewars2bd3@02058
substrate surface, e.g. by oxidizing at el evated
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|ines fron1a central |ocation jgined by concentric
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desired to an entire .z can be de o%ﬁted at

end 4T Ere (PaLEEER B0 ERbLREAT R8s FRACR Iy RARENIAL Shen as
an AR t¢omsing ¢behanhe T®her exampilesdbsveedypdcladly discussed

exRele nd VAELFRYS50R08 2 IRUGhIRALtES, Bl oher

meays | Lo HERRFFiPRd By ﬁamahétﬁgSpﬁéaséceﬁﬁ@Fuéﬁ M@y be used.
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suited to cases where al] processing.is acconplished

lslﬁp%qe§ﬂ¢r&ﬂgﬁl@h%rnﬁ?§lP?ZBFPUHdFQgFBna V§S§§dh apd a volume
and afkow lExthir€uch that the entire surface of the textured

semiconductor may be brought into contact with the reactive
agent for an adequate period of time. The liquid need not be
maintained in a vessel. For instance, it can be sprayed on to
the article being processed.

[00152] It will be understood that an important aspect of
some inventions hereof is the use of a texture or topography
to localize the action of subsequent fabrication steps.
Ideally, the texture itself plays a role in the function of
the final device — for example, the roles of light trapping
grooves described herein. However, it is possible to provide
the texture solely for the purpose of localization of
subsequent processing steps. For example, the metallization
channels on the back side of the cell can be made the same as
those on the front and used for processing, but they need not
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in the absorber region only plays a role in |ight
trappi ng and not in subsequent fabrication steps.
wo eadeo3i N this case texture nay be absent f rp@mid2608/002058
absorber region. [00144] It will be understood that an
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embndxmﬁnksnwmmfeeﬁhengestﬂpe 3ocaiitesexhendction of
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ended.. [ 00145]. The foregoin sC SSIO has .descri bed
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advance occurs over time.

[00155] In another embodiment, vibrations may be caused in
the liquid through the action of sound propagating through the
air directed at the liquid.

[00156] In another embodiment, electrostatic forces induce
motion of the liquid on the surface of the wafer through
techniques known as electrowetting. Electric fields influence
the surface energies of the interacting materials, thereby
changing wetting conditions. Or, electric fields exert body
forces on the liquid itself, thereby helping to move it in the
channels 1237 of the texture.
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conpared to p-type on n-type. However, inventions
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[00160] In some important embodiments, the liquid migrates
within the first zone due at least in part to the influence of
capillary attraction, and, in an important class of
embodiments, primarily to the influence of capillary
attraction. Rather than, or in addition to capillary action,
the liquid migrates within the first zone due at least in part
to the influence of any one or more of: shaking the substrate,
applying sound energy to the liquid, electrowetting and

magnetism.
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substrate. In that case, the surface texture, or

woRpOmoahy is provided on the substrate (gl as®)r/@2608/002058
the sem -conductor thin filmis applied on the

[odfﬁiPVGQN§Hﬁf@&§ 9ér§h81§HQﬁEE§b§ aE%Ec%n%EaQBEf%JEHHEon

cadmi um T el [ur | de_ having a thickness of only ane ‘or
heq%ﬁfanF%n%lﬁﬁkdbbsaﬁpFPéﬂ ﬂUealéﬂgég s@ﬁs?P&Pe the method

mayeiaid NS U R@CeLépXb B €seasifligsausnemhiabaug modA¥4¥d volume
£ Rather.tgan a substrate, agingﬁg sem _conduct rt%pin
of MtHT 13 TARMITONI AR BECHEEA™MCt AORTAER Uik e
semiqudicoe, withingthesénrstndoatoduehite fthlemchentifosl
reai{gce that is earthward, obverse of the superstrates
suriwar d surf ace. [00150] The netal lization taught -
t hat of electroless nickel as the contact netal and

[0Q} &%) r opAcEREAERGPEP Br VEFYvEFedylt pRbpdimgny the first zone
may BW UL tREtal Bi 28t 38 MPEGL¥nBENRHe th%%tli&@% @fevme For

oSi ti t contact netal] incl no
ingbed s (e | PErSE0ESRS MekaBrubathis o Bughes, Togion and
w1ﬁhﬂnﬂaeﬁﬁu@£1meghégbenprahélcedSWAtbnelcbalalso be solely

r h nmetals m ght be used as the
Wl%ﬂ% é%?&hggerld$&|§%rudlng chromum Silver can be

deposited from organonetal lic or el ectroless plating
[0Q13}k i§ orBurning heo caserecifiifvembodimensnt &be hdgaiid may be

an2%HE$§E¥I§E¥&@$QMaﬂgfﬁhlcaﬁnbgthecéége EﬁbeEh%St zones is
althou h they ma posited by di fferent method
f%ﬂ‘%%'su hﬁaﬂaénaegewe@d °§oﬁ§epP6‘@§§é’é’étué\+C

dewﬁ&éh portlons of the sem conductor surface are
bl ocked, and then the entire surface is exposed to a

[dea : tg{%fi|ca$?ﬁe Suggfﬁg %%ﬁ%dl%e%kph%% rgb%he step

i Scussed exposi ng t'he entlr
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metallization regions of the photovoltaic device.

[00165] In general, the first zones of the surface bears

texture that enables the capillary influence.

[00166] The semiconducting material can be silicon, and
inventions are particularly advantageous with multicrystalline
silicon. More generally, the semiconducting material can be p-
type, and the step of forming a junction comprises applying as
a dopant a phosphorous-bearing chemical. Or, the
semiconducting material can be n-type, and the step of forming
a junction comprises applying as a dopant a boron-bearing

chemical.

[00167] The semiconductor being selected from the group
consisting of: silicon, germanium and gallium arsenide.
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pl asma enhanced chem cal vapor deposition (PECVD).
Further, rather than a traditional imersive bath, al

woldoad/100603r equired is that the liquid or gas bedmisheadoss
in a vessel and a volune and fl ow path such that the
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[00EH] as Stk amother fembodamentsédcliadepr arestiing, the

S LfhC a
tesilirad BurPide LR 4 naPeeia) “Ehnt, HGheREds ShelPloy,
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achieved primarily through the capillary interaction
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rtant_to hat ri onI a
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a textured ifch 1s beln ecte
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havill rfcticds ©fond eo% MEngr tBht NnpeghagBel $qhddo fasw
cateqlby two headed anew Gto help the liquid

theré%hrou
[00172] An important aspect of an invention hereof has the
textured semiconductor surface comprising a thin semiconductor
film supported by a textured substrate. Or such a thin film
may be supported by a textured superstrate. The superstrate or

substrate may be glass.

[00173) A related but different embodiment is a method for
fabricating a photovoltaic device, comprising: forming a
textured semiconductor surface; forming a junction involving
the semiconductor; applying a liquid to a first zone of the
surface which liquid migrates within the zone due at least in
part to the texture of the surface, and which liquid remains
excluded from a second zone of the surface that is contiguous
with the first zone, the exclusion due at least in part to the

-49-



propagated along their |ength by maki ng use of the
inertia of the liquid colum in the gridline channe

wolide$1dososcr eat e tenporary | ocal i zed pressures pgTyiE2008/002058
the liquid. This technique benefits fromthe fact that

te>9t?15‘1.eé ag,fyth#_t sh§f§éé' eé’nho ‘gﬁbw%n%“”?:ﬁ%ﬁh%ﬁt YWaction to

scil l'a he waf er
OC%mWe%nth@el$ﬁ9?§dnéﬁp§ce§ toewarg facenal | anount,
while less or no retraction of the liquid will take

[0®LPEE dUks Ngbblie, OPReSi MethBl #dy Fudshed Rmpididd Nbplying

advance occurs, ov not her
2 A RRENE oL Ehe! TRy cobdOtREl L3I Sopanne of
collmcm;ﬂgtabeatrmonpoWesodmdmpmhpagamlc@nEMCamgh t he
air directed at the liquid. [00156] In another
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capili@6ep goergeesonl bke tﬁbema@trlar&golﬁahw @Jes,ddehﬂfcﬁ%e

in t condi tions el ectri.c fields ex
in{iEes robesbaREnE FhauPamLEeBRcToRer By Ra i gacpanical
vibmateion dirédtlghappiliedl2BFoalht lae riepiducenn@@t5idn lor sound

engR} NEto PIORILOEOLe §0LAT | AIUGET kA O ANee il £rom

S Can e use . uence
elwmg%ttmgoforhéppilmnd anmagaeticefded dr dgi dhe dfiquid

alidifed eX1&HE- tEQrdﬂ’eéHEbﬁ oBakligtla@g ohi ch respond to
nagnetic fields may be introduced in the liquid in

col | oi dal suspension or otherMAse Ferromagneti c L.
(0§536T ¢l ACHEREERCE Fhaf. EARSRYoREISMEOoRIERYS, ditferliquid

thmtﬁiaﬂl>§lﬁeﬂhbe ﬂﬁédflféltt |zolnes ief ad!bans&gﬁeigi taterial. It
mat.erl al S _such, as, sQ rapni.ce an

may e B hET T Rt oPRANER S BERCES ShoPaRaaroR ndy ZHHaF %5
emhmdmme&bnéuntganoqemerSesb|Qaﬁoseaa@pQW$@g the liquid, the
st%é‘réﬁacg@ﬂf.ﬁ apflet ?E%s‘ﬁaégﬁe g]%%%ﬂg‘é“z%@ét Wilth %‘i*md' ton

articulafe matter an | mport ant
an%#ﬁﬁ%ﬂ%%ﬁ%oﬁfmaﬁthéémtWaﬁrﬁépeﬁpel§tQPW@th@@Hiﬁing a

bldAWin§ aha 8r BapPhebrpel takcC ag \1chmg @OMRRleY iR thtTigibtects
théiég%{fgffegggggoggg &85 %gglns %eml %Jetcigﬁ¥1 The
method may additionally include applylng to the first and
second zones, a removal liquid that removes the antireflection
material from zones in which the removal liquid contacts the
antireflection material, whereby the antireflection material
is removed from the second zone and not removed from the first
zone to which the blocking material has been applied. The
first zone may be a light trapping region of the photovoltaic
device. In that case, the second zone may be a metallization
region of the photovoltaic device. The removal liquid may

advantageously comprise a chemical etchant.

[00177] It is advantageous that the first zone of the
surface bears texture that enables the capillary influence.

{00178] As with the treating embodiment mentioned recently,
the semiconducting material is silicon, for instance
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i nvol ving the sem conductor; and applying a liquid to
a first zone of the surface which liquid mgrates

wonobdiooedshe zone due at least in part to the teexyun2608002058
the surface. The liquid remains excluded froma second

mulz@ﬂeryétébflﬁélrfﬁgslhhathéssea&tcbaa%%lwgt Ifhattlé% falr %tould be
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a pirrtion pomerisesnaphéysegi esndudbpanina bormeibearing
chdliftdibution to an electronic system [00160] |In sone

i mportant embodi ments, the liquid migrates within the

first zone due at Ieast in part to the influence of
[0Q:4R] | ar’y E@t2bRdi ORPodhmentn gRAMPHASESathecSEePsofof
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zomfia ¢ i LEHENT; BUTHeTE GF 4 BE2GEE AN tPnG aKEr B 226 d e
seqnndeznne|whemmbytbhehehemﬁbaénreactlanydoae ootiake place
in e FRARE%AE QUOTEOMAS BERSKRES B8 RHCRToHk iR
matﬁﬁ%@kfyT@?s¥¢®@@dve39§$§Gtléquad mayebei oelectegf from the

grdlﬁ? éé&éliéjtiﬁi%aof ea&ﬁtY?eleHtheA‘éoﬁ%ﬁiﬁg 3a vERikhod
may include_ t st egBof creati ngta chemi ¢al |y nodified

ST B %%%Jr‘i“élc APYBE7 n§lefRtErdespoRilatdgs shemistry;
andM électttnﬁopmm@ delkéml st it hAmtéhﬁafcuKz&tLyzowed $@clond,

Vs TERES PhEEe | Roop hPRESEL 657258385 AntRliking:
antrnet@df 1ecz*aivemc¢e‘gmg| etbltlhetphetleacbtrbalessdp\had;englzgatalyst;
LeTIONEgs B8 Lhsotnaate. ARy Bk BER 35008000 Eiflhcay.
If o sdthe ylwwmﬁ %ebngbappiegﬁohn tbe16spuencs Agsitedr For a

reldhadd fémbsdbnsh feohe §bep! bauaspmzhgetﬁe aeliongf llquld
| ection naterlg In tha ?s i rst .zones
comprising providing a bath o the second iquid and placing

the semiconductor surface into the bath.

[00180] Yet another method using a blocking material further
comprisesthe steps of: applying an active, second liquid to
the third zone by direct treatment; allowing a chemical
reaction to take place in the second zone; whereby the
chemical reaction does not take place in the first zone due to
the presence of the blocking material. The second, active
liquid may be selected from the group consisting of:
antireflective coating solvent; electroless plating catalyst;
electroless plating chemistry; and electroplating chemistry.
Or, the second, active liquid may comprising a plurality of
liquids, as mentioned above, in the order listed.

[00181] With these blocking methods, also the semiconductor
may be selected from the group consisting of: silicon,
germanium and gallium arsenide.
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beneficially a light trapping region of the
phot ovol taic device . [00164] For still another useful

woenbotiossnt , before the step of applying a |i q@mug2008/002058
the first zone, the first and second zones of the
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chdi®Bscd 1 OPe JBYi B8 0HeotRat far Whed skBbAW iZonelaHitth reaction
w thin the first and second zones of the surface

ls[?kﬁ?%ﬁ ockedatRgth® bLREF ERBSdi nents, the chenica

reaction nmay be a catal yzing reaction Mﬁth a catal yst
[001&4]spertfisahlsoepabEEBléheofappayians@hamdnﬁkddkxng

Liddd" By £ ERILG) £8RPbR LAR WLLRLde! URlh Yol nideking
ligyidtmbyeatepl mthgnwhhm khind Zzionst, zvmhorsemongim rkglocklng
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nbodi ment 1 ncludes treating the textured surface wth
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zond fWhidls er@ac€80h! L8r ¥1abt bastked in the first, and third
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[00185] Another class of inventions hereof is a
semiconductor body for photovoltaic use comprising a first
surface comprising a texture comprising first and second
zones, so that any liquid flow pathway that exists to the
second zone from the first zone includes a liquid flow
impediment feature of the texture. The body may further
comprise, within the first zone a network of interconnected
channels. The liquid flow impediment comprising an edge or a
wall. The network of channels may comprise at least two
interconnected metallization region channels. The second zone
comprising a light trapping region. The network of channels
may be surrounded by an edge that traces a closed loop with
the network residing inside the closed loop and with the
second zone residing outside of the closed loop. Each of the
first and second zones may comprise a network of channels that
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[00171] Regarding yet another enbodi nent, the first
zone of the textured surface may conprise at |east one

wochegimmbozhavi ng a first and a second portion. pOTRUS2H08/002058
| east one channel may be a network of interconnected
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zone due at least In pri mari |
The nkiqiekt el HicRpPle a?g Iawra‘éwenbyopaptlﬁéanﬁéﬁr@ﬁ?tlon
may be due to the influence of shaking the
[ 0BT Londrisd Wodgi higr cbyppesbaai sahivbhdatier @afest,! Such as

| 1 ed .t hroough rigid connection or und_en
s R oY (o Bh T RFEEPEERLETRT IR Bova g T Beom
germainium or gallium arsenide. The body may comprise a thin
semiconductor film supported by a textured substrate. Or
superstrate, either of which may be glass.

[00188] An important embodiment further comprises, obverse
of the first textured surface on a second side, a second
textured surface, comprising a texture comprising obverse
first and second zones, so that any liquid flow pathway that
exists to the obverse second zone from the obverse first 2zone
includes a liquid flow impediment feature of the texture.

[00189] Yet another interesting embodiment is a method for
fabricating a photovoltaic device, comprising forming a
textured semiconductor surface having a first and second zone;
forming a junction involving the semiconductor; applying a
first liquid to the first zone of the surface which liquid
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el ectrowetting, or applying a magnetic field to the
liquid aligned along the directon of mgration.
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treating enbodi nent nentioned recently,

duct { .
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phowtdwsledicodedide pemppésiagd theestiepnducitormsupstrate with
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re fgﬁgfaéréeﬁ%ééffi%&t&éﬁecﬁkﬁﬁglgﬂ % ich are separated from
an adjacent light trapping region by a fluid flow impediment
feature of the textured surface. Within each metallization
channel, is an electrode that is electrically connected to the
semiconductor substrate and to other electrodes on the at
least one textured surface.

[00191) The light trapping surface features may comprise a
plurality of grooves, which may be parallel or curved. The
grooves and the metallization channels may have substantially
equal depths. Or the grooves may have depths that are less
than depths of the metallization channels. the metallization
channels may be busbar channels and gridline channels. The
gridline channels may have an aspect ratio of approximately
one, and at least greater than 0.1, which is a present
standard. At least one of the light trapping features and the
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second zone whereby the chemi cal reaction does not
take place in the first zone due to the presence of
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extured surface nm
meﬁﬂk%#ﬁ#t¢@n|%@a@n¢l$staana aC§§@éﬁd portion, mhlch may
be a network of interconnected channels, parallels

[oﬁmeSIYemmtmy &aned babweeniat aheasttw@ngla@idr aft is a

nt ch nn&#sf a rbdge ;ﬁnﬁr|5|ng openi.n In_the £
e iAGUN TR JRPY 1 £ F R aCoYBIEPREr et GapRE odng, " d Hirs
surface comprising a texture comprising first and second
zones, so that any liquid flow pathway that exists to the
second zone from the first zone includes a liquid flow
impediment feature of the texture. Obverse of the first
textured surface on a second side, is a second textured
surface, comprising a texture comprising obverse first and
second zones, so that any liquid flow pathway that exists to
the obverse second zone from the obverse first zone includes a
liquid flow impediment feature of the texture.

[00195] Many techniques and aspects of the inventions have
been described herein. The person skilled in the art will
understand that many of these techniques can be used with
other disclosed techniques, even if they have not been
specifically described in use together. For instance the
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[00183] Additional related enbodi nents have the steps
of renoving the blocking material fromthe first and

woesig@smones; applying a second bl ocki ng |'i quich/gs20édnm20ss
first zone of the surface which second bl ocking |iquid

geﬂaﬁéﬁt@écmiehastsf f:kéé‘i:ﬂa ngneaf btlB%kilt'lrgf e Hkn
remai ns excluded from_t he

whi ch d” bl
defsfef'ef;%é 5 gﬁgeaghggaisggafngaa 9606‘9&1&&@1%&?1 O&Fadtitdiput
bldcfk:bzﬁ@;alras ndﬁbersnédndmeamw@l mEyr b@CUs@al lts» élil&ﬂ:kbla region
e | t he r st one 0SSl
erh 8 ot b1 bliCat A ohabRrRa Ll PhaRy ey brovides e dath or
oth¢mw§$efanethg|ehtseeoddvbbeckpmgbwlqueaumqgwneaiocklng
maﬂ&ff%f ﬁgi %féédbéogﬁ ﬁ@&%@ ﬁ% anqg b édﬂgﬂqﬁent or
uded e

renaj ns romt secon ZOné o the sur
PregrA HRY 0% eP s eBbAGk AENMaSRiaac Miadn beo asdegr and memoved,

and3 e TadORe MhéChl1bRaRhires hil@ls%Qal%bo%K:%%sl rthtéte may be
ass

rs and third zones. [00185 ther
Pe’?‘LrR/’Eh?‘?on%n ePRBF1PLeSEHRPRER ucf’“ b‘@;‘ et all possible
seqetcys| have hsencdap;:rsbag.a%msérzumﬂacsemimfdfs Khown as
{ u CcCO | t _an ones t_hat.
pofb ST e PIBRMBaEhrh) b o BE BEERY 5% BBk B, 1 gyention
heﬁe@fn t heevices have bﬁehudescalbeqlumtml @wziomgedimentwhich
ma%éf%ﬁ%e%ﬁgp%aglﬁéétu%?thIHGWHQGK f%%%hﬁﬁdﬁ%ﬁ”ﬂfﬂ%ates,

Irst zone network o i nt er connect ed
anqd anFRRe . PR VhiahdMREBRIRADAEI ﬁ@@pd@énﬁrrog A ampting.

ImﬁéEEméﬁtﬁ ﬂ@'llqﬁbﬁ Eﬁbwﬂh&v@fbéB@n&%H%ﬂ@%édﬂaﬂalSe
east tmgglnte[con ecte tall| zatlon regi on

l”?‘i%%%’f%d e§%cb’ﬁ83 ORENESPAVSi Seél Shgr @ngy sl ussed
in resopmec t Idwe wethospeoﬁfmbameghmesapfbblanmmm@ndedrmweatlng,

or B1E88ES "Bhal £PEER: o' BRRELLOOP MY BUNEHIE Wik a 10w

resi ding-1 nsi de crose
impeshinert| IdiiYigbGutlgedeW@f-ht Rayc bégeétlln@opr Exeatding regime.

Fufﬁﬂéf a&@d§€£8ﬁ§lZQﬂEédEﬁ&nQ@”ﬂb'%Qo% RIS Hibed, but
channel s t hatare’ surrounded by an edge that traces a

Whigh sHinFbipn ShBLLBY LY hECr theBe, 8RECEd Pethacare P 5iRd -
Fuitite SetovenZDoRs bjate bdga tbeatriibadesed atledsad Ipdftovoltaic
dev1é£§fiﬁs&h%gﬂetﬁgskgxggréngg %o%g%raphy of a device is used
to direct the migration of liquid for processing of the
device. It is particularly advantageous when the topography

also serves a substantive purpose.

[00196] This disclosure describes and discloses more than
one invention. The inventions are set forth in the claims of
this and related documents, not only as filed, but also as
developed during prosecution of any patent application based
on this disclosure. The inventors intend to claim all of the
various inventions to the limits permitted by the prior art,
as it is subsequently determined to be. No feature described
herein is essential to each invention disclosed herein. Thus,
the inventors intend that no features described herein, but
not claimed in any particular claim of any patent based on
this disclosure, should be incorporated into any such claim.
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| oop. The network of channels that conprises the first
zone may conprise a set of channels, interspersed by

wo 100ge®e03The set of channels may conprise a | irghtus2008/002058
trapping region. The second zone may conprise a

[06¥§1ﬂ|'Z@&m@na§§8m9D1e§h8frhﬁgaﬁagéy 69”@&b%@s°%ﬁﬂ@%¥bs, are
[igquidf IOM/therethrough. A Set of

t hat” perm it
reﬁﬁﬁ?ﬁfgl? c%%?%%uﬁa Bar éPV@Pt&ﬁ&nneﬁQWGP’GMsé:]hls is not an
adxﬂl/svéi:cah I t;/nat h&ny eshdhedssémbaee sC eﬁrp groapsa aiel wWedes¥farily

pati LY ANPLLBEE ShVRRRSPRE" PAERYShI AN, 6% fbuftammaated
byr&ﬂwwn&n@fre@uhaeiensandgaudlbgymhe nhebeguedariynventions
thé@%ﬁ.fé@éﬂ égﬁgogédt Fﬁ ? S%%n@aﬁpggﬁt:g@l tnheor unity of

sem conduct or Fquid
inygsion s aIth%aéBtaﬂgﬁé ﬁPthetﬁeS§@ﬁ¢cUﬁ&u@¢|ﬁ@ylng an

embod fmcer GbE£aiRgr ihtvantZ8h0 and | ess than ninety degrees
the liquid being capable of migrating within the

(oEHHP 86 SHEREELE P1CDBhtR S bR I S e
th&ﬁttth|GMStf@6ﬂ81$ Ehenboﬂyonnﬂedomprbsmpay w1th the rule
re C& d s@@gg tﬁgghw ils &iggnexyﬁlﬁgr@a%n other

sta t

I ne. gernmal ni um or
se@n@@ﬂ@eto Taelipklly ﬁragec:@nrpm géeasuhuncsl;ema(tm@u@tforthe

tednd @ SUPRPEL EYshYed t ekt Uked pbBsbal &itH the understanding
superstrate, either of which may be glass. [00188] An

thqfrrp’o‘? t"éﬂﬂ%le%BdP%eHFeﬂuFPhéPtSSRﬁﬁtsQé' 1agvdr shepsqape or

medning SE£xtheedlaimEacasopramiseandysicie, rateeROEfice’s
t extured surface, conprising a texture conprising
TUihverse first and second zones, so that any liquid
fl ow pat hway that exists to the obverse second zone
[0019)% t heThdvEpsegbingt disngsenohugboudd bguiudderstood as

BN SRat é'lé&uﬁ?& hBe bSXEthad%QQﬁs% Ye! l"i'?r&‘-éler{g in

11dPech
|nterest|n enbodi nent 1S a fabricating a
anXﬁﬁﬁQﬁ%+t%hélﬁeVPQeln88ﬁﬁﬁp§§n§aV6rPﬁﬁ@ Rardicilasly shown

an&&i&@@ﬁﬂb@a OyiEHr fager8aveBdta bkéibr&@@ 2e®Hd meaies

f I
hEARTY itV F L b| POAPASEBORN YT POPe, e 1dFd fa the art
th&mnéam;numlchahgqsiﬂnigoameandndbmalﬂbemaqnbe dueleattherein
wiéﬁ%ﬁ% d&pgﬁ£in§of£gﬁ Eﬁétgb§rit and scope of the inventions

as defined by the claims.

[00200] The corresponding structures, materials, acts and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or acts for performing the functions in combination with other

claimed elements as specifically claimed.

[00201] What is claimed is:
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of the textured surface. The liquid remains excluded
froma second zone of the surface the exclusion due at

wo Rasioosg3 part to the texture of the surface, pdishbisiinzoss
liquid being a material that prevents secure binding
of a subsequent coating to the sem conductor surface.
The first and second zones are exposed to a subsequent
coati ng, which subsequent coating adheres strongly to
the second zone and weakly e first zone due to
the presence of a coating the first liquid. The
subsequent coating is renoved fromthe sem conduct or
Thel subskquephod ober nfaboapatseg anpantiovefl tiadet idevice,

co d . The first liquid may be a spin-on dopant, the
subsequent coating may conprise silicon nitride. The
first zone nmay conprise a netallization region of a
phot ovol Rai ctREMENITRe LESHFE L, GO LARPIUGHAY sirface;
l'ight trapping region of a photovoltaic cell. [00190]
An apparbt usfoekmangi av§ghniceidmerieriolvEiny MY Bemicdductor;
devi ce conprising: a sem conductor substrate with at
| east ong te urf d|n the t
one textgr edéégw % Zﬁ uldlesct %31 tz‘%n?eappﬁe%‘%e surface
regi ons ¥baphi émgldamplgma&lesr ynztﬂnm g:me tacapidup at least
surface {gxpHee f:SattHEe%ex@ﬁ‘}ea%fa'%tHer e dtafld éprburface, and

coating. Residing | east one texture
surf ace, Wﬁafﬁcehﬂuﬂﬁerﬁmgﬁpstﬁﬁﬁ%ﬁﬂ?qwﬁfQﬂnﬁ sgeond zone of
met al | i zgheosuefagaekdatWiisC Roditd RRRAY Jtidth fiHEM Birst zone,

mpodt mehPe{ BAPOPEIBR ARG CLEM (HRr @R fAASE W MAFEs to

each net difguidt fdpwchapedimens &@aﬁuﬂdrﬁﬂktnduﬁexture; and
electrically connected to the sem conductor substrate

and to oaher ﬂ?@&hgd S cARnli¥319rdaRAS oD (S &fh the

surface. [00191 t trapping surface features
may conpf#§§tazﬁparﬁﬁlﬁ eofUFitdS®fes, whi ch may be
parall el or curved. The grooves and the netallization

chwelm@wetlm& sfibslapii al, | !ueanak aeﬁb&&s@rg ttlhe step of
apAL20VES, % ve degths t @B are l.ess thgP Q bl
PR MRt St | SR thAAnEPs! ?hEeF}éFaPPPE Forf ac¢ capable
of collecting electric power from the semiconductor and
further distribution to an electronic system.

3. The method of claim 1, further wherein the liquid
migrates within the first zone due at least in part to the
influence of capillary attraction.

4. The method of claim 1, further wherein the liquid
migrates within the first zone due primarily to the influence
of capillary attraction.

5. The method of claim 1, further wherein the liquid
migrates within the first zone due at least in part to the
influence of mechanical vibration of the textured

semiconductor.

-58-



channel s may be busbar channels and gridline channels.
The gridline channels may have an aspect ratio of

wodps/ asosat el y one, and at | east greater than grhys2008/002058
which is a present standard. At |east one of the |ight

trgppi ngné exﬁ‘éHﬁS& gedciAepeyal kh%%hb?”wﬁ@%‘l%' tH®N iquid

have a bet ween ap rOX|nate % nn1an
e

ml%mmﬁu%‘f@ry *sbe nEL BAH Bfaéfeeﬁlam #toflepstyd@npart to the

in X NGt eAyoestiandxappaexbibbel ¥ 2Quied meldi®hdZurrounding
There, are man ¥5var|at|ons The fluid flow inpedi nents

thﬁnﬁﬁ?ﬁﬁﬁﬁ?%% tsed edges. The fluid flow inpedi nents
may conprise raised edges with | ands. The substrate

nay7 corpineé seethiddi ofyslalimi he Sukitbem. wheeedmbstheatldquid
mld?é/téé"W{tEﬁfnatﬁ&”kEPQQ“gBHé dabebe 3eblln i ?};‘rt o the

ried on a textured substrate or superstrat
inffuepre ofregn beler hEestahecsnpsensialraprddrs: begwaem the

1iduie &id Pehe PEehesbRAOAEHEEOr j0i ned by a p/n junction,
or a p type sem conductor overlaying n type

o vonthELBreha] BE GLFLB( ka PRGHPERoWGREESS the liguid

mlgIHERStWI@hIﬁ shéi £bnstgeonmandus andlgakhti dim pasenitde.the

1né] QRhpal 4P 2 dﬁ%éﬁ%@?ceﬁ?ﬁp%%en‘tgﬁ $HPg ?J a?‘ir@%\h}on of

ave a secon uréd surface, obverse o
migeapkdri ng; a plurality of |ight deflecting surface
texture features; netallization channels; and within

at éeasfhéQﬁ@tH$dtBE arhahlnzaWhe@eﬁhaenel %iq¥ld comprises a
electrof%q?£80194] Yet anot her enbodi nent, is also two

reagtie a semi conductor body for photovoltaic use
conprising, a first surface conprising a texture
conli siTige fmeshodndf setann 2pnésrthert bampaniyingquwhe step

of féxoé/‘%@ %V‘chﬁ%‘rﬁ%cﬂﬁtﬁo&?&&?ﬁo%‘i%g E)%nﬁ}aft;‘eeat PPhe

e inc es a edi nen ur e
comﬁrx$mnqe&@u?be0tbqetgecgntaﬁé Wiﬁbtth@xﬁemé§Qﬂ9WQ%9§

witHi SE0pfr§t d8onéSadeSE60Re! BXEMA 8H1SHehatdon,
conprising a texture conpr|5|ng obver se flrst and

oxiths (Bhe methon Sk ElkinadohumkhEn hetassorte first

zore rcdmpoiees nal mgdealdization region of the photovoltaic

device.

12. The method of claim 11, further wherein the first
zone comprises a busbar region of a photovoltaic device and a
gridline region of a photovoltaic device.

13. The method of claim 11, further wherein the first
zone comprises a busbar region of a photovoltaic device.

14. The method of claim 1, the liquid comprising an

antireflection material.

15. The method of claim 14, further wherein the first
zone comprises a light trapping region of the photovoltaic

device.
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liquid flowinpedinent feature of the texture. [00195]
Many techni ques and aspects of the inventions have

woRegdésscri bed herein. The person skill ed in pgdiu@ods/o20s8
wi || understand that many of these techni ques can be

Uselj6W't'f‘hé’trﬁé‘fhgdsékOéEglfneqhntfﬁi‘%ﬁe_re\é%ﬁmdrflstl | before
have not _been ecifi described i n usé t oget

£hq et D LR LRan e LLaPSEnEP hbe SirBtezenty st step of
coab:lﬂﬂé(iﬂgehﬁi/fsbeeﬁlndeSéCbhddzoiﬂéeabtfngh&t epsfee REth an

W | ockin as . descr.i bed
an{fRAfeeria) Bacdklall ovBpeREbatne Rt Pantimaving gy Liquia
comnrxﬁaﬁuth¢a$tehaof|gpplmvnded remavpdt Aiguidt hédvati sremoves
th&raﬁ@a&e[eﬁééeléﬁvmseers?slby treating. Blocking

mat er | be an active material for a
subsequent or recedlng}step Bl ocki ng materi,al may be

addetr ant¢ JABRAd QhdClapladéd. thRe FEMENEHaligul

conprisingt® cshenpscabaétongnkbe perfornmed, and possible
sequences, although not all possible sequences have

be de b e al | ;sequences homn
pogg?blgf%#éﬁgﬁ ende% §1a5h lghsgggrgérg §PF gP%ﬁ{lses
metahkirabiomeregion®eof ctbehdevibeen descrlbed with a

zone into which material is provided, wthin which

Zom%t'“%ﬁécﬁégh8896€t8§alﬁn§ afGQESeErQEbWBh%Pthe first
material is Inpeded fromm ratlng nmpedi nents to

zong RAIF§ I%%e‘h‘é’&% B’ééﬁ ﬁ%ﬁ?iﬁﬁe&hSnSaplllld@Watl@éluﬂﬁ’é’@e
I npedi ments have been shown and di scussed in

corg®ect i Tine whé bhegest f eLaimgil pesuethbrowkierginofthe

I ' . i d eating. However, any
seﬁl égéﬁgk}gédﬁ%géF%agiﬁge |%e§% ﬁay be used with any
blocklng or treating regine. Further, additiona

i mpeli nEfhe methedwohoe aémcili bEurther wheseihumde on

senﬁéﬂﬂdﬁéﬁ’lﬁ% :ﬁé‘@éﬁlgﬁsﬁé' mﬁ@tleégs%lmiﬁ@ sE4riceey.
|nvent|ons ave been described réelated to photovoltaic

v ces in whic he _texture_or _to y of a eV|ce
oa T e ERod 5E L8t Ron Ur CPEGIPRCEGA €
semmunnﬁucmgn@fmaherﬂeyits p-type, pahdlthbaskﬁp of forming a

yngﬁhqun véép%gggségff%gggg%agﬂ |sc ogu p§e§&pﬁ)bearlng

CthKFQﬁscloses nore than

23. The method of claim 1, further wherein the
semiconducting material is n-type, and the step of forming a
junction comprises applying as a dopant a boron-bearing
chemical.

24. The method of claim 1, further wherein the chemical
reaction forms a metallic coating within the first zone.

25. The method of claim 1, further wherein the chemical
reaction is a catalyzing reaction with a catalyst that
specifically enables the formation of a metallic film by
electroless plating within the first zones.
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one invention. The inventions are set forth in the

clains of this and rel ated docunents, not only as
wofdobgthosddut al so as devel oped during prosecut ipgfi/i20@M¥2058

pat ent application based on this disclosure. The

'nWﬁ@tor@héﬂﬁéﬁﬂoaoo?|éiﬁhﬁ'h 0&u&Qﬁe¥ahh%%%1n the chemical
i nventions to the |imts pernitted prior art,

reagtiqn §°§f&%séq‘ﬂ%ﬁﬁﬂlﬂef3@|aﬁ11ﬁ§d byge ﬁ@"tﬂ@l@éét Rlating

witleseri e df hesei pohe.essential to each i nvention
disclosed herein. Thus, the inventors intend that no

feat i espesitingd Ber £405pPyt Bot 6Lal TN A0e chemscal

I cular clarm of "any pa Tent
rea:msmrmsm:ems shonetabéicncorpdngt wdthmnot@ﬁy fdystt zone using

an %ﬁja{'ﬁ&ﬁ)@&?ﬂl@oﬂ&éﬁﬁﬂb' i s of hardware, or groups

Steps, are referred to herein as an invention.
Fbmever this is not _an_adm ssiagn that any such

asé@%bl|%%edmeb?ﬁﬂpgfaFéaﬁ@césséPFF?eﬁaFeﬁpaﬁﬁ}ng the step
ofChﬁﬁafﬂnglfW@nteﬁﬂﬁreﬂaEhrﬁabarhﬁt&SaCﬁﬁEéﬁﬁbat%&dﬂ/enhances

and_regul ati ons _regardi.ng.the nu of.
eng B r PP a | PRRe b eRg L ite aeinﬁeom% Sabdary
attngﬂtxam;on, or unity of invention. is intended to
be a short way of saying an enbodlnent of an

'nWﬁﬁt'Oﬁhe[Q@é§§$ oF é?ﬁ&ﬁaﬁt &BeSQQEhEb%ﬁd%%a%MQ§%¥

i s_enphasi zed that this a bstract is bein rovi
se%???ﬁﬁnﬁSPWM¥P@tﬂE°PBIE°Pé&§FPPEg°§n éBéﬂF&@b g¢smanium and

gaMiium adt$enhedam ners and ot her searchers to quickly
ascertain the subject matter of the technica

0S mtted th. th er st andi
thato vt e mebSRcBRckangh it Spbr B tah R Sane
texspoped ossurréame ngompribdéng| aktndeass pnemciae@nw thleying a
fié%?E%%F(zfé&@bﬁdrgbft15Q0199] The foregoi ng di scussion
ou

be underst©ood as illustrative and shoul d not be
consjdered to be limting.in_any sense. Wile the

|nv%htld%%eHH%%h%%eﬂfpﬁiFF@upgrl§h§héﬁnl§ﬁ&td@§ﬁwqﬂﬁfnel

compi it i9f e4 eneewvotR Preinteedoanbedededhanhearseof, it
wi |l be understood by those skilled in the art that

varé?us fﬁ hou?hég ggrghgn% g ta%h%sﬁ.r.?gsqa°ﬁbo&§%ﬂnel

therein w eparting 't e and
compwisivend i pherality of parallel channels.

33. The method of claim 32, the surface further
comprising a ridge between a pair of adjacent channels,

34. The method of claim 33, at least one ridge between a
pair of channels comprising at least one opening that permits
liquid flow therethrough.

35. The method of claim 1, the semiconductor surface
comprising the surface of a semiconductor wafer.

36. The method of claim 1, the textured semiconductor
surface comprising a thin semiconductor film supported by a
textured substrate.
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as defined by the clains. [00200] The correspondi ng
structures, materials, acts and equi val ents of al

womahfogys step plus function elements in the @cgitRo0s/002058
bel ow are intended to include any structure, mterial,

or BELS F1d ﬁﬁ%ﬁ@&”bﬁgclﬂﬁmfWnCEh@n§ehﬁcsﬁ@Qb@@f‘Qﬁrface

wth other clalned el enents as specifically clained
compybHing \hathin £emifeRdpSter Affsmy supgo,;@ggo@w & textured

sugeryti€ade Ng a photovol taic device, conprising: a
forning a textured seniconductor surface; b . forning

ct| i nvol vin ctar
B PRy e BTa TR uE S EhE, Supateir At Hptbrieing a
glaﬁgxates within the zone due at | east in part to the
texture of the textured surface, and which liquid
remai ns excluded froma second zone of the surface
that is contiguous with the first zone, the excl usion
arising due, at least in part, to a liquid flow
I npedi ment feature of the texture; and d . allowng a
chem cal reaction to occur in the first zone of the
surface. 2 . The nethod of claim1 further conprising
the step of applying a nmetal coating to the
sem conduct or surface capable of collecting electric
power fromthe sem conductor and further distribution
to an electronic system 3 . The nethod of claim1 ,
further wherein the liquid mgrates within the first
zone due at least in part to the influence of
capillary attraction. 4 . The nmethod of claiml
further wherein the liquid mgrates within the first
zone due primarily to the influence of capillary
attraction. 5 . The nethod of claim1 , further
wherein the liquid mgrates within the first zone due
at least in part to the
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i nfl uence of nechanical vibration of the textured
sem conductor .6 . The nethod of claim1 , further

woMaeg/Rlogust he liquid mgrates within the first prangs2008802058
at least in part to the influence of acoustic

excitation of a fluid nmedium surrounding the

Seﬂ3§9”d@@é@{hoalfofh?aﬂ?iﬁﬁgiﬁﬁ_ﬁ'?hﬂkéy@qkhﬁ%rdevice,

wherejn the liquid mgrates within the first zone due
COMRI}¥EHLY:in part to the influence of an electrostatic

potential applied between the liquid and the

sem condact oforfiingTlhae tesithieredofsetdidionductdnirdureface;

wherein the liquid mgrates within the first zone due

at | eastin . he. i nfl.uen f {i i .
orient edbi'n ? ﬁl;é{n élhgetgt ?’Bﬁ%&fl %% g‘r%é’t%lg%nr%g&%rhsger&rrle %%%Ctor’
of claim1l , wherein the liquid conprises a reactive

liquid %0. FRelidngod dfdunal oo figathaonsomk ithegurface

the stepyRich 2akLRA AighemesahlitniRditheedord Wik At least
mat eri al ,conpri sing ﬁn el ectronic %glntact with the

seni condtBt BRT twEPhithe ke¥ure ofofdiey fa1f@qGye and which
chemi cal 1iqadti emaihs élke lueleldod roin & aldddhd Fdtid hef the
wher ei n LS ne _c ri.ses netal I.i.zati.on

region o%g?ﬁécShgpé\%oﬁtsalgg%&ééﬁgé{% ﬁ'.t%ﬂ%:eherre W&f foner the
cl ai m 11ex¢lnshen dher eitn lelastf iimspazdndcc o itsssture of the
busbar rggieacef @anghotovoltaic device and a gridline

regi on of a photovoltaic device. 13. The nethod of

claim 11, further wherein the first zgone conprises a
busbar r8gi oﬁ&&f’w&nﬁhét GReMigad FERECEOM £° RS HetHythe

of cl ai msécontiheohiequifd thenmgluirgiaeg.an antiref |ection
material. 15. The nmethod of claim 14, further wherein

thedir ES | Lght .n Is
Do) A RO ERady 590 chE PR SoRBRIRTY wne seep
of fappMekngonpreétahgcodbingeto the semiconductor surface

capable of collecting electric power from the semiconductor
and further distribution to an electronic system.

41. The method of claim 39, further wherein the liquid
migrates within the first zone due at least in part to the
influence of capillary attraction.

42. The method of claim 39, further wherein the liquid
migrates within the first zone due primarily to the influence
of capillary attraction.

43. The method of claim 39, further wherein the liquid
migrates within the first zone due at least in part to the
influence of shaking the substrate.

44. The method of claim 39, further wherein the liquid
migrates within the first zone due at least in part to the
influence of sound energy applied to the liquid.
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the step of applying a liquid to the first zone, the
step of coating the first, and second zones of the

wosiahd/aeéosW th an antiref lection material, whaicawk2bddR02058
step of applying a liquid conprises the step of

appy! Norige rrﬁé@t\{é‘& bfqalglﬁhéﬁ r?ﬁ?‘éﬁ%rt %e%’étltnr ®he liquid

| ection materi al of claim16

migrakRm| Wi R dtla%n%%#§tnaoaecﬁem 84 lepskadf Pegt e the

infRidisk QB f CéPédt2bwetbenflrst zone conprises
net al | i zation reg| ons of the device. 19. The nethod of

cIa furt th i.st ,zone bears texture .
trmA ené%?%ém? o%a g?§m ﬁPVugﬁgg €2o¥ ?ﬁglﬁb&ﬁﬁﬂlquld
mlga:famsalwnﬂh;nftme hér.rahezena tihe sénileasdudn pgrt to the
' 21. The nethod of claim1 ,
lnéﬁﬁéﬁ# m%ereéﬁégﬁgmsen1conductlng material is
nmul ticrystalline silicon. 22. The nethod of claiml ,

furdher ThRreethodcofemladndddyi Whekadar the ildgyuid) gemprises

a BBtikieg shepepfaform ng a junction conprises applying
as a dopant a phosphorous-bearing chem cal. 23. The

d o cl ai her er he s n1cond tin
Fatng ' fefhaa of nGhaTh 4957 Eyfchlit SRR R Hlocking
mat&nmalS@srdmm&yaﬁge331a Mmgaatea bor on- bearlng
chemcal. 24. The nmethod of claim1 , further wherein

theyghempeal nd %'8@ EQLTR Q?”e?ﬁklth%rc%éhb?q ‘Mhéh'bréfore

the Tirst zone he net hod’o [arm
thQMﬁ#%ﬂrPQrﬁPEh%hﬂ%a@ teguidonthe §t§RtQﬁyfpﬁﬁlpéaéhQNflrSt

an%Nééb?hdﬁﬁé#é§twi?ﬂtaﬁp&ﬁtité@ﬂéﬁt@ﬁ?bhﬁiekﬁﬁﬁ wherein the

or ion, of a ne ectrol ess p

stan 98 Pane1nd f iaekSag ndkeYiSirChhgr ions he Step of

apﬁlyiﬂgwawh@ternalhEhaheproaécteacheoantdmﬁflecmabmIccatlng
r lating within the first zone.

agégﬁgﬁTmarmﬁ@ﬁ%?%fgéﬁggﬁgl further wherein the

cheni cal ) o
50. The method of claim 49, further comprising the step

of applying to the first and second zones, a removal liquid
that removes the antireflection material from zones in which
the removal liquid contacts the antireflection material,
whereby the antireflection material is removed from the second
zone and not removed from the first zone to which the blocking
material has been applied.

51. The method of claim 50, further wherein the first
zone comprises a light trapping region of the photovoltaic

device.

52. The method of claim 51, further wherein the second
zone comprises a metallization region of the photovoltaic

device.

53. The method of claim 50, the removal liquid
comprising a chemical etchant.
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reaction fornms a netallic coating within the first
zone using an organonetallic material. 28. The nethod

woodoogodéo® 3 , further conprising the step of tpcaatd20/002058
the textured surface with a material that enhances the

fl oyg of theuhdeHodesst Beainf Byeneq rehetaRinklrdih the first
attraction The method of ¢laim 1

Zon&ft cﬁkﬁc?%?gﬁ%?nﬁegéFeE?§BuFPoﬁPPﬁee&?&&ﬁsc6ﬁ§sﬂﬁﬂﬁ}lary

infofuersté i con, gernmani um and gal | i um arseni de. 30. The
nethod of claiml1l , the first zone of the textured

ce &8, e a. first
n 5 colnehetnol OF Lfath, 305 EIARRS, BALRd.S cHd S
SemﬁCQQQEﬁtbm% mabenedlcoappidiagna net work of
i nt erconnected channels. 32. The nethod of claim 30,

t hes @t |'ﬁ@5ﬁtm@£‘l|€o& h@ﬂ”éhaiﬁ”@b' SEBQtﬁeE' %alglftmt he
ra channel s cl.aim
serffldldsle channel s, 33 The Tethod olaghaimid e |
adj acent channels, 34. The nethod of claim 33, at
| edst. OrEhe ird@'ehbet ®fenlaimpaBe, offu@l&aelrememm ithieng

on t hat its q fl .
serflcd ARl 00 RBEDLTM 1! pRELEL!Sabi1thd Bl of orming »
Jungie mmpmsssjr applytongpaBsian gophets ar paospiiorgus-bearing
chaeipL£onductor wafer. 36. The nethod of claim1l , the

textured sem conductor surface conprising athin
sem conduct or f|In1supgorted by a texture

sy a e e thad o BTatR 3By Bnrtheggherein the
semiyoraduEtih@rmatef bak ﬁ:@rrnr-téypag anthithes effepopduElodining a
u ed by ured superstrate
g el ARG Sfe P YaBo Ry L B8, & HEPBbES R polBrgEetring
chepigssl 39. A nethod for fabricating a photovoltaic
device, conprising: a . formng a textured

selgondpied Ohe SW6A 6L claim 47, further comprising the steps

of:

a. applying an active, second liquid to the first

and second 2zones:;

b. allowing a chemical reaction to take place in

the second zone;

whereby the chemical reaction does not take place in
the first zone due to the presence of the blocking

material.

60. The method of claim 59, the second, active liquid
being selected from the group consisting of: antireflective
coating solvent; electroless plating catalyst; electroless
plating chemistry; and electroplating chemistry.

61. The method of claim 59, the second, active liquid
comprising a plurality of liquids, comprising:

a. antireflective coating solvent;
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b . forming a junction involving the sem conductor; c
applying a liquid to a first zone of the surface

woMbog/fuokazqui d migrates within the zone due at pgEas$2008002058
part to the texture of the surface, and which liquid

remai ns gxclided f1eBA IRRANY ZU Bfsd he surface
that is contlguous with the first zone, the exclusion

due at least .in part to the textyre of the surface;
and d . S| GHERE TR ERSRAt MR AN R FBR AR | n ¢ he

second zone of the surface. 40. The nethod of claim

39, furt Her edeqpriopilad inge cteapi stfrappl yi ng a neta
coating to the sem conductor surface capabl e of

colgectifgeehgthbliCo @0&@51&r@q1tQ%esqql qgﬁ#@ﬂif (?lled in

further di strlbutlon to_an el eétronic sc,(/hstem 41. T
theeseaenre clafhfdod. f fpLheweghbyebn foddomesuiy ¢ followed by

d.mgrates within the first zone due at least in part to
the influence of capillary attraction. 42. The net hod

f i 9, f wh he d
ot n 1 hBeipeEbogohe BTathr saar tne T Brehed Mg the
seadnd apighadycanprastingnpré8iding mebla(tdh @ff d:llrm rae’iﬁmd liquid
and %I%In%@ﬁ?egeﬁ\tﬂgohhﬂwtgfo 003008 Wikl oy h%{g

due” at I'n part & Ahf I'lence of i ng
t he substrate. 44. The nmet hod of claim 39, further
whef i n The Tethed AfgFaren diTyhifMrthers CoSPrigiagitde steps
ofat least in part to the influence of sound energy
applied to the liquid.45. The rrethod of claim 39,

further mhereln the |iquid n1 ates within the firs

zone due®at PERIYINS ﬁg’rtacttd‘ ’Iftﬂlclé? & £o"fhe second
el econenddiyt idiigrecitt. t fdmtmettipd of claim39, further

wherein the liquid mgrates within the first zone due

at leastyi n panbyLiag e d }d%fn{ WENC &Y éﬁg{'e&ds&k 1
The nethod o? C|alﬁ959 ﬁéln ?h ﬁl qui d conpr?é%sace in
the second zone;

whereby the chemical reaction does not take place in
the first zone due to the presence of the blocking
material.

65. The method of claim 64, the second, active liquid
being selected from the group consisting of: antireflective
coating solvent; electroless plating catalyst; electroless
plating chemistry; and electroplating chemistry.

66. The method of claim 64, the second, active liquid
comprising a plurality of liquids, comprising:

a. antireflective coating solvent;
b. electroless plating catalyst;
c. electroless plating chemistry and

d. electroplating chemistry.
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a blocking material. 48. The nmethod of claimA47,
further wherein the blocking nmaterial hardens after it

w(m'ogg/ﬂm@@ 49, The nethod of claim47, furtherpct/us2008/002058
conprising before the step of applying a liquid, the

Stepr Of P08 h0GnbBCoE! £3h i 63CRHA0 130A3 8T AN applied in

antiref Tection materia
the, $RPIERGR HaFbeda  coapiryed Pﬁebsﬁééléweﬂpﬁyyﬂhg a
material that protects the antiref lection coating

agaés?st Bhé hest K8l etcb?ﬁ&m 39, ?Ehe getnlieénqthcttlto%i Peing
rrsin e.Ss (0] e
se (i dd EESK ERIPLLSLA0CLhE; SLop oL APBXLAG (0 e sum and

gallvmmmmrsehidecti on materi al fron1zones in which the

renoval |iquid contacts the antiref |ection material,
whegeby he ﬁ@ﬁhé&fokeEEEQB ggte?hélf' sEe%B%?%éEaHB zones
t he second zonée and renoved fromf first zone

of v%ﬁ%ht?’h‘éu’éq?%cﬂlﬁéaﬁﬁt §Pm§Flﬁa§9béén 135\|§rt| oge silanmeel having

a fEtdwdad & gec0RQ, pbytlipar wherein the first zone
conprises a light trapplng regi on of the photovoltaic

dev. 2. Th d of .cl further wherein

trmjiecdﬁﬁe ghgg ? ggglg ﬁéfalﬁlzggigﬁaﬁégl&ﬁ ghannel
comﬁmnqﬁmgoaomeaworueofcentéScoﬁhecnedhchamhedbalw150

the removal liquid conprising a chem cal etchant.54.

t hﬂ‘ﬂ? O&ee%aa 891 5%t B@r wvhRer ‘altn 1%'&%4 o3l Afhel
of t e sur

ace bears texture fhat enabl és
compii$ing yaiplurahéty 9f. p¢ﬁélﬁretlhéaaapeé|8au m 39,
further wherein the sem conducting material is

si l7Zzon. Ple ﬁ@ehaatbﬁdcsnélﬁll ainm 38e butirhee Hedidt
he. sem conducti ng Fagaaa is mul.ticrystall

cong 1 SHIG - g et 2 eh3i Pis, OFy penar e hapnels, a
rldQEa;nnmpnndunglogenmngslah thepriidge, thad pesmitted i@fuid
flgﬁwiﬂé¥b€hrough.

73. The method of claim 39, the semiconductor surface

comprising the surface of a semiconductor wafer.

74. The method of claim 39, the textured semiconductor
surface comprising a thin semiconductor film supported by a
textured substrate.

75. The method of claim 39, the semiconductor surface
comprising a thin semiconductor film supported by a textured

superstrate.

76. The method of claim 74, the superstrate comprising a
glass.

77. The method of claim 47, further comprising the step
of:

a. removing the blocking material from the first
and second 2zones;
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junction conprises applying as a dopant a
phosphor ous- bearing chem cal. 58. The nethod of claim

woRes/foggdsher wherein the sem conducti ng mat er ipghr/1i$2008/002058
n-type, and the step of formng a junction conprises

appl yi ngpas QpBQgﬂtb a Q@E%db(iﬂrdc'ﬂr@qmqiﬁd £ tﬁré‘eflrst

nmet hod of clarm further conprising the steps of:

aBOPg Rf dheaSuniace stvkeh | $oEPRA tRLePking  Liaukd
secai¢radees withimldHeM figr ot Cheme Cef tlRacéhpPate,t a8kl which

place in th cond .zone, . whereb the

e abEeORiBREnY A LT S 17 [Ug08 REOR Ehe pSecond
t he zpneserae of the bl ocki ng naterlal 60. The net hod

of claimb59, the second, active |iquid being selected

from t heagr 0Up: 6QRRES 38 B UieiiSlal $HHNUE SPAS Wecur in

sol vent; electro | ating cata

pl atitfg S@ﬁ’@mdstzﬂﬂe étﬁbll%l'! e‘?ﬁ%‘b’bl—%‘hh‘@ %h%?n %%?‘]keélln the
The fieishoGopfe .Cl ai m 59, the second, active |iquid
conprising a plurality of liquids, conprising: a .

ant ectiv at Lng, sol v ectrol ess

o1 g T ARS8t " 3T G BupBeFnGomRE tedng the step
of:and d . el ectropl at| ng chem stry. 62. The nethod of

cl aim 61, the liquids being applied in the sequence

listed a, g{ﬂg}’%ﬂ gP% '%efc%'ndﬁ\ﬁ%ém fﬂdp Vthcch dthlrd

63. The rretho claim59, the ste
sec@R@el duithe: Ssiase g Ipkedyi RN blﬁgt t:.equld

secan@riait@y it lid Nthine s6me ¢ chiw@ﬁ OgeShdaCBlocking
|nt .the path. 64. Th r?tcpogl of cI aim 47, .further
ﬁg& Hﬁﬂ?%ﬂ é}u e rom the second zone of the
surface; and

b. allowing a second chemical reaction to occur in
the second zone which reaction is also blocked in the
first, and third zones.
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a . applying an active, second liquid to the second
zone by direct treatnent; b . allowng a chem ca

wo Ra$idogys to take place in the second zone; whiermaRsodshe20ss
chem cal reaction does not take place in the first

zone due to the presence of the blocking material. 65.
Th€79?th@ds@$1§6ﬁdﬁb@6r bBaySQ@Qnﬁho%6bbilebQ%b@ comprlslng

ei ng sel cted fromthe group consistin
A TGS oY s Bt Bl BREEOr &5 COBPRLBIHE Rk and
secbnﬂnzah@ss pbathay ahgnisguyd #ddwepethway ahatgexists to

h .04, s
end AN ol cT08 TEANEH; L, EbALTBRAHES 8260Ma raom
imRﬁﬁ#meﬁtngeabureanfltbe teztuve coating solvent; b .

el ectroless plating catalyst; c . electroless plating
chegp st whéngeﬂlcoﬁhﬁefcwpbaaynefc LUt r7>9 G%urm%r

nethod of claim®6 bei n in th

COMRIGh BHRSs IV%’E}éHnathefBFFﬁﬁlea%? B PRk oF °§y igiterggnnected
chae el hod of claim 39, the sem conductor being

sel ected fromthe group consisting of: silicon,

ger n| n ' eni 9 th
B T e A T R
lmRﬂ#im@m¢c@QmPrS$hgga§nledgﬁ-one channel having a first

and a second portion. 70. The nethod of claim®69, the

at grastrREesENERHREuELBP! | b§ti_?_go% eebvar K9of the liquid flow
lmREPé}rconnected channel s. he net hod of cIa|n169

BENY SUPHHELRHaANYRL &onpr|3|ng a plurality of

paral l el channels. 72. The nethod of claim 71, the
surace Thetsemicongucsongboligt nEeclatim @dst thiee nesiwork of

ch néfgdggﬂ%ﬁfgfﬂgegé agkdg%P|SQQE%gre c%%%ﬂh@&%fflzatlon

rmt Trqui rou
region channels.

84. The semiconductor body of claim 83, the second zone
comprising a light trapping region.

85. The semiconductor body of claim 80, the network of
channels being surrounded by an edge that traces a closed loop
with the network residing inside the closed loop and with the
second zone residing outside of the closed loop.

86. The semiconductor body of claim 79, each of the
first and second zones comprising a network of channels that
are surrounded by an edge that traces a closed loop, whereby
the first zone is separated from the second zone by an edge
that traces a closed loop with first zone residing inside the
loop.

87. The semiconductor body of claim 86, the network of
channels that comprises the first zone comprising a set of
channels, interspersed by ridges.
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73. The nethod of claim 39, the sem conductor surface
conprising the surface of a sem conductor wafer. 74.

wolhes/eszod of claim 39, the textured sem condgal2008/002058
surface conprising a thin sem conductor film supported

by 881 extneedemubshaateor’bodyNernetRash @f7,ClideMstt of
eni conduct or su tage co i

t he ri,sing a.thin
chaife B GoPEF S PP nf s hABBEL EoBp 189t S864P3d

superstrate. 76. The nethod of claim 74, the

sup®? st rBhe sempcosdngtargbady. of7claliem 88t hatheofsecond zone

jma7, f . [,Si .the step of: a . renoving

co@éﬁ?{ﬁ%ék?Hgéﬁggé%?gﬁgébo%ggﬁénfirst and second zones;
b . appl¥ing a second blocking liquid to the first
zon¥ of The semieerduften bedgnefbréderrng’li died ridges
conpRiSies spéRingshenbitr peraoRe19futine rivil ak@redMough.

whi ch second bl ocking Iiquid remains excluded fromthe

second ne; and c . allowng a second chem ca

reaég 10?1'?1?% %IBb?OPﬂqugr\gbengo ofid3HR EH rr BadBtRE s
chanirsol | ooiedi s ing hpatalielzohanné®s.The net hod of

claim47, further conprising the step of: a . applying

a %ﬁ??ndrﬁéoﬁéhfsohgﬂg%grtBoaytka8é59H¢8%f the textured
surface which secon ocking™l rquid_mgrates w thin .
suffpce HFPEPTHHENI Whi BAtYeEbna@IbFbernagds| thaitd arem@riented in

a Wl ueted dipsttbeasecqniiazesemebrie §4thaeethend ik st zone
ng ﬁégecond chem.cal reaction to occ
0

al | qwi rinth
EhiRRGHNY oS P EROT BaBFi BH2PEeLFs o aBfloBREd PrA PR, the
boundaty afidthdictogzedetodB. oA shsi edgduct or body for

phot ovol tai c use conprising a first surface conpri sing

a @Kt ure, £ounhi SbRGuELES bBRY of claim 86, and a liquid
that presents a contact angle with the semiconducting surface
greater than zero and less than ninety degrees the liquid
being capable of migrating within the network of channels and
being distributed throughout a zone.

94. The semiconductor body of claim 93, the liquid being
capable of migrating by capillary attraction.

95. The semiconductor body of claim 79, the body
comprising a semiconductor wafer.

96. The semiconductor body of claim 95, the
semiconductor comprising multicrystalline silicon.

97. The semiconductor body of claim 79, the semiconductor
being selected from the group consisting of silicon,
germainium and gallium arsenide.

98. The semiconductor body of claim 79, the body
comprising a thin semiconductor film supported by a textured
substrate.
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second zones, so that any liquid flow pat hway t hat

exists to the second zone fromthe first zone includes
woobd/sed fl ow i npedi ment feature of the textwcayuB6os0020s8

The sem conduct or body of claim79, further

conpy | sifie y&ﬁi&@n&@@t&tfﬁbdéoee 8188tWeRlk @he body
i nterconnected channel s _. _“The sem conduct or body

comgrigifign argth%eswawadp%wr i ﬁ}bé&h RBRPOLERAY DY Ry t&ﬁ‘tured
supdgerde . The seni conduct or body of claim 79, the
liquid flow inpedi nent conprising a wall. 83. The
se nd r d
chg%ﬁ&:;iﬁé&ﬁ$@}%%gé?g# ngaxogg erc@ﬁ%édtege superstrate
compnigingaaiokasegi on channels. 84. The semni conduct or
body of claim 83, the second zone conprising a |ight

trappi hg Tﬁ&'é@hl@éndJE€o§eHb89n8!CEQElR@@W ofnel aldP of
80, the network of channels surroun ded by an

n

ChaIfifl § IRAMRYT LEERI o2 cPBE At IBBEa\Jﬁ?H BhEai8hko hannels.
residing inside the closed |loop and wth the second
zon]eoz.esimmgsmisbﬂ&uoﬁorhbodyosedcumm 886 tﬁl@e set of

chasi'xer{gfso%iﬁép{ ngyar?faﬁlcﬂgﬂ c;cg%hciéf £40g | 'h[ b oid

econd zo ng a ne of “chann at are

surrounded by an edge that traces a closed Ioop
whek&hy tPee fsemicopdectersbpdyvarfdcipsm Be sdeoset of

cha%ﬁ{eeléoyc&gpleﬁgfné hat séﬁasgscar%eseﬁahﬁensw th first
zone re ing inSide the I oop. 87. The sem conduct or
of claima86, the netwoyk hannel s _t hat
coﬁ][y)or‘*'ses }?ﬁes?rf‘}%?n BﬁEOthﬁfliﬁ’sP%g adpy 7 éf' ERERETs
conprtiey pp/ seoveyse i dfjesh88fifbe sewtamedusueifabedynofa second

il 2N Boodbecaet, plachaneels CRIRGLILIRC tlikure

ing reg em éo dy o aim
con&scmmg s@l@‘(mﬁsq ofersbnpnissagoadnaraksi z 80 thate@non.liquid

£10W patwSE M L0 dde! 9F s PRdYtAE b3k 7 sebbBBd’ 2¢9®S from the

obverse first zone includes a liquid flow impediment feature
of the texture.
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conprising openings that permt liquid flow
t heret hrough. 91. The sem conduct or body of claim 87,

wo0egtiooes channel s conpri sing parall el channelpgT/$2008/002058
The sem conduct or body of claim86, the textured

surface conprising a network of channels that are

orieg8 £d Armetkey tbat fdbreebsiagl adphdto¥dlitdidt levice,
within the first zone throughout the network of

comihtie?S: and not beyond the boundary of the closed
| oop of the edge. 93. The sem conductor body of claim
86, and a-.li forningal pestertesl seamintcartuchuyt eswifdce having

t he sen1gog§ggklggdsgggggg ngéker than zero and | ess

t han ninety degrees the |1 qui ei ng capabl e of

mgrating within the network of channels and being
distribuged tRFBEFHoG JRNESAON dAavolyd ng hhe fReiepnductor;
body of claim93, the |iquid being capabl e of

m grati ng.byapppitingr w &h&@&cmnqmldﬁio'ﬂné first zone of the

sem cond 0 l.ai m.79,. bod ri,sin
sem cond%gl%or c\%a lgfh lqﬂ%‘g qﬁ? g%ﬁ%%rgo%p%fgone » due
claln195§tthea§@nuoopam¢tap ¢hepriesitnge of the textured

mul ti cry§helf51:ee ahll GAdc n91 I@e %dteez fadislY rom a

of claim 79, thé sem con uctor I ng se ecte rom-t

group cofi8FSPANGORE SF| ithen sugdaes mhemexed ugdian (due at

ar seni de1e88t Ihepaem ¢ondune! dextede Wt A @Jrgﬁaéé‘e the
body congr|5|n g ggsen1conductor fil m supported
r

L oxt ur it difuid Belnthe’ BRHarductiR BRRPeRCs Secure
cl ai m 79bihdénhod¥ eospbiseigugnt iddat iseyriteorwhetsdmiconductor
f|In1supgg% g by a textured superstrate. 100. The

sem conduc édy of claim98, the superstrate

conprising a glass. 101. The seni conductor body of

cl ai m 879-t REPSELNgf thRadAdis: addhrsiesiony gon@s dfo a

para'|e|s§béé§ﬁ€htcbéﬁﬂﬁh§, PR chRRIRGUENIUELS X ing adheres
body of cIa|n1 7, the_set
trongly’ to the second zone and weakly to the first
zone due to the presence of a coating due to the

first liquid; and

e. removing the subsequent coating from the
semiconductor.

106. The method of claim 105, the subsequent coating
comprising an antireflection coating.

107. The method of claim 105, further wherein the
subsequent coating is pervious to passage therethrough to a
chemical that is relatively strongly reactive with the coating
on the first zone that results from the first liquid, and
which is relatively inert with respect to the semiconductor,
the step of applying the chemical to the first and second
zones of the surface, which chemical penetrates the subsequent
coating and strongly reacts with the coating that results from
the first liquid, thereby degrading it and destroying any
adherence between the semiconductor surface and the first
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channel s conprising an antiref |ective coating
t hereon. 103. The sem conductor body of claim87, the

wosRbs/ eghannel s conprising a set of curved channg2608/002058
104. The sem conductor body of claim 79, further

codIY ) sthérelPVeISE DifthAgf thét suBsbuedtseohtGAPLErdmM the
C£1 second SK%E% a fecond tegture surface, con%r|3|n% a
159530 BT sTROVOBYeF88 FRPSPIURRTsE08HdIo R8s the, second
zortehaintaaryt | i qui d fl ow pat hway that exists to the
obverse second zone fromthe obverse first zone

in es (e ]TF I j [ t t Yt f L the .

te%ddérjé %%ﬁ%l?r%{j hgg’ {:ggfﬁagﬁlgéa%ﬁ%ggggs(r%otlg@glltdai Cc
conpA g cdngP1RTPY: dapanterning a textured

sem conductor surface having a first and second zone;

b .169r Mige anéth6di 8 £NYOMVLDE,! BReS8lbseaentOlcoating

. applying.a . first.liquid to the first zone of the
C°@Rﬁ¥éﬁﬁévéﬁﬁﬁF??qﬁ%Erhaﬁrates within the zone, due at

|l east in part to the texture of the textured surface,

andl Whi ciThe guethoénaf nelexml 18¢d themfarsécawthez womprising

. e XGhugi .ea hn part to

e e e

material that prevents secure_ binding of a subsequent o

coatthg tHhe Heekhod cofidaépdm 34PFakbe gecoadpaengy coprising
a Tidgst erdbsEe®nLedOBB8SoEOadphybeoalent cCealiing, which

subsequent coating adheres strongly to the second zone

and weakly to the first zone due to the presence of a

coating due to the first liquid; and e . renoving the

subsequent coating fromthe sem conductor . 106. The

met hod of claim 105, the subsequent coating conprising

an antiref |ection coating.
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107. The nethod of claim 105, further wherein the
subsequent coating is pervious to passage therethrough

wo@ogoebem cal that is relatively strongly reagtv008/002058
with the coating on the first zone that results from

the first liquid, and which is relatively inert with

respexr! t® phetsedicanduaboicet BempkeBigg:appl ying the
chemcal to the first and second zones of the surface,

whi ch chem cal penetr,at s t he,.subsequent, .coatin
stronglyareac?gﬁﬁf?HdPﬁ OEOEPPW% P% éﬂﬂ%%s%é%é%t?ﬂ?
fir sexituoneidd sudfaxcslyy degrading it and destroyi ng any
adher ence between the sem conductor surface and the

firstcoa '”Qes%Hﬁqu%naltﬁ% laief tl'e%%tt %%esatké?ﬁtq:‘?éﬁ surface, a

coating tromt rrst zone while leavin
subPeyEedityo L Ad By tHARRRIA K SHIRNS rEBPT13PBI: The
nmet hod of claim 105, the first liquid conprising a

Spi n-on dOpanL a0B1uthe ifpt bEd 1alghe! airaptihg tdirface
subseque %Fatlgﬁm(n rising,silicon nitride. 110
The neth& ' S irst zone conprising a
netallizatlon region of a photovoltaic cell. 111. The
met hod of cl aiin 120, ankéreddecdt ipancoadimg;si ng a
l'ight trapping region of a photovoltaic cell.112. A

phot ovol ¢ ai fegﬁaaﬁg 6RMRheSaRd1eAst %néemetmﬂléfé Qurface,
substrate wth east one textured surface;

r esPARGEHT tHhe aﬂthhéaﬁrélﬁiélft%xlf%ﬁwssur‘f‘%l%%llaéatlon
pl Ubhlahh)él@f Ivdfgd’dh tA1RP R dish F B D NEr 0B | &d @ceht . 18ght

plurallt rap ce Iext re feagpur

Pna cRePRled, o MO GBI T LPeqitenf etk of
t hethe lteaxsturede siefiagesd surface adjacent the 1ight
trappi ng regions, netallization channels, which are

separ at eg f{:%hgﬂ égbﬁcﬁl@tta'l'lﬁ f%\t%%p%'h%gn{qu' h kS’l@ctrode
fluid f|OMI I ment feature o he textured surface:
that is electrlcally connected to the semiconductor
substrate and to other electrodes on the at least one

textured surface.

113. The device of claim 112, the light trapping surface
features comprising a plurality of grooves.

114. The device of claim 113, the plurality of grooves
comprising parallel grooves.

115. The device of claim 113, the plurality of grooves

comprising curved grooves.

116. The device of claim 113, the grooves and the
metallization channels having substantially equal depths.

117. The device of claim 113, the grooves having depths
that are less than depths of the metallization channels.

118. The device of claim 112, the metallization channels
comprising busbar channels and gridline channels.

-74-



d. wthin each netallization channel, an el ectrode
that is electrically connected to the sem conduct or

wosMbsidoadze and to other el ectrodes on the at Ipga%is2003®02058
textured surface. 113. The device of claim 112, the

ligiiglrapps ”@ex?i‘ééaéf Eeatpr ?51800@%' %‘r‘i&ﬁn@ Wilrrel s

of grooves. he device o
having aquilt@smcgrﬁévee eEnPPPEPKEMaLLAY at dedsked.- 1115,
The device of claim 113, the plurality of grooves
con:pz(n Si ngneu:nwﬂcer@ﬁve$a1ﬂ11@12Thatdaéh@Q oheClod he light

tI_113 f %{ooges a$ é i I|z tlgn ganngﬁs havi n
%R%Js‘%% FAHP{SRqR4T § %t‘ﬂ? Fr8 dEPR0RESE Ayt
deptlg of hlee'gwmeeppaoxmgadeMhQumhandauaeph:essmartaiy 50 pm.
depths of the netallization channels. 118. The device

P' m 3, é@fcgeﬁ'b}é%ig 2Ch§%”§%%§,‘{:°$ﬁ“ If'%he light

us chann and grld I ne anne S evi ce
tra&ﬂpldll%uffﬁi‘l%re$ hengdr fhei Retahdagatd onRaginagngd sadgedng a

depti i Of Gbe BPRERXaPPLOkYMAtel§asimOahd 3RBrokidmad@MiyC@0 yum.
of cIa|n1112 at | east one of the Ilght trapplng

fe he. net a I| atlo hagg haV| dept h

PP BXF et bl Lietel ediments
comphlsﬂm@ ﬂ&yseé edgesa|n1112 at | east one of the
light trapping features and the netallization channels

havj 31, a-ﬁﬁ?t@e@ic@eﬁfeggaﬁﬁpﬁqzé”QBQ|¥ qﬁ'?ﬁ%rlimpedlments

appr oxi nat el vice o ["ai m
COWHﬁiﬁ%Qﬁdr¢+%@F|ﬂ%@ﬂ?nﬁhtg &8RPFI-si ng rai sed edges.
123. The device of claim 112, the fluid flow

i rrpmldnenmse C@@w&:éi 68 ¢ansmdiedgeshw thbskréte bdprising
e devic m 112, the substrate conprising

mu e AT e Pl oR 155 e devicoof ' of am

112, the substrate conprising a sem conductor wafer.
126125he Teei devitechhi rlaim, 1iRe $bei subdticase comprising a

semiconductor wafer.

126. The device of claim 112, the semiconductor
comprising a semiconductor thin film carried on a textured
substrate.

127. The device of claim 112, the semiconductor
comprising a semiconductor carried on a textured superstrate.

128. The device of claim 112, the substrate comprising
an n type semiconductor overlaying a p type semiconductor
joined by a p/n junction.

129. The device of claim 112, the substrate comprising a
p type semiconductor overlaying an n type semiconductor,
joined by an n/p junction.

130. The device of claim 112, the substrate comprising a
semiconductor selected from the group consisting of silicon,
germanium and gallium arsenide.
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conprising a sem conductor thin filmcarried on a
textured substrate. 127. The device of claim 112, the

wOoSR08/mesduct or conpri sing a sem conduct or car rpicaAyRH0sR02058
textured superstrate. 128. The device of claim112,

they substfipd ea&PIPs | SF nSléﬂmnlwpefﬁﬁﬂh@?n%%%&n the
overlaying a p type.sem conductor joined b

y

Suqﬁﬁﬁﬂﬁ Mas 23 sqfRndcteriusedcFUrfree?, °PH§r§Gb§¢r§P@ first,

confpxi¥isgNg a p type sem conductor overlaying an n type
sem conductor, joined by an n/p junction. 130. The
device of claiml t RS
sen1cond%cto$ ng %égeény @%'%€§g c&&ﬂ%ﬁ%%ﬁfa?e texture
si | fe@frurgs;mani um and galllun1arsen|de 131. The
device of claim 112, further wherein the substrate has
a secondp! exbpedisHElBRE chalyense And he first,
conprising; a . a pIurallty of Iight deflecting
surface texture features; . metal lization channels;
and c . @ tWihkh&R P*éra%?a§6n§°8‘te Prfetlli‘@t HaGldeizaFion
chaehentheld) @redleadadd?. A seni conductor body for
phot ovol tai c use conprising: a . a first surface
conprising a texture conprising first and second
zones, so that any liquid flow pathway that exists to
the second zone fromthe first zone includes a |iquid
flow i npedi nent feature of the texture ; and b
obverse of the first textured surface on a second
side, a second textured surface, conprising a texture
conprising obverse first and second zones, so that any
liquid fl ow pathway that exists to the obverse second
zone fromthe obverse first zone includes a liquid
flow i npedi mrent feature of the texture.
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132. A semiconductor body for photovoltaic use

comprising:

a. a first surface comprising a texture comprising
first and second zones, so that any liquid flow pathway
that exists to the second zone from the first zone
includes a liquid flow impediment feature of the
texture; and

b. obverse of the first textured surface on a second
side, a second textured surface, comprising a texture
comprising obverse first and second zones, so that any
liquid flow pathway that exists to the obverse second
zone from the obverse first zone includes a liquid flow
impediment feature of the texture.
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