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Emanuel M Sachs and Janes F. Bredt RELATED DOCUMENTS [ 0001] The
benefit of U S. Provisional application No. 60/901, 511, filed on
February ¥»0:2@908¢03entitl|led Solar Cell Light Trappi ng RITAUS2008/002058
Metal l'i zati on Using Self-Aligning Mask, and of U S. Provisional

application No. 61/011 ' anuary 23, 2008, entitled SOLAR
CELL LIGHT TRAPPING ANBg%A%E#%T‘?w ORERSURKRTERCTI ON TO

DI RECT TREATMENT AND LOCATE SELF- ALI GNI NG MASKS ON BOTH FRONT AND
BACK SURFACES, is her &ifaniedi ded Saghg eRd dates &F diBxddsure of each
IS hereby incorporated fully herein, by reference. | NTRODUCTI ON

[ 0002] I nventions di scl osed her ®EmLATEDabecUBERTSentirely new way of
configuring and fabricating sem conductor photovoltaic cells. Cells
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manuf act 8P€7 0L 021 her ELERT (PR Fe I3 diey 2806y eRBitERd R@iar Kalilng
fLat Eyrmagh$_andppbn@camﬂnmnhﬂkiﬂﬁaaﬁbmodesngTbelfexliqﬂiﬁgiﬂ?gﬂheand
absor bi ng ¢r on r .ene u of herwi se
be | ost %yf rag fegfégﬂyﬁﬁ?&%%@c@}%@ g?'e%%?%ﬁ%‘*%r%ﬂ‘f%rﬂ“ into
the cel | J2R¥2EY 23 app? PRy toRLitimst SHLAR RELReLEGHT . TRARPING rANSY
t ext lﬁr | ngErasLpanatorl U@Im?@mﬁ d@@ignﬁm@t ﬁm@@sﬁmﬂ?@ﬁs ;ANtD_
anot her, S S g s of netallization
for coll é@? Blri\‘g %iﬁ]g%%l'nfeér%bgeg A@%@f ?ﬁﬁcgﬁlrga? ﬁ?gfshgﬁaa%%cﬁ}aﬁwst'héﬁl
avay. [0bezphyprtaimed| |andirihe guticet ddschoaurerofseath siefereby
incorporated fully herein, by reference. .

INTRODUCTION

[0002] Inventions disclosed herein relate to an entirely
new way of configuring and fabricating semiconductor
photovoltaic cells. Cells according to inventions hereof have
surfaces that are textured or shaped for various reasons,
including to facilitate their manufacture, to increase their
efficiency over that of cells having flat surfaces and to
accommodate electrodes. The texturing in the absorbing regions
reduces loss of solar energy that would otherwise be lost by
reflection out of the cell, by capturing more light into the
cell and by trapping the light within the cell. One form of
texturing has parallel grooves and ridges. Another has
pyramids; another, depressions. The cell also includes
regions of metallization for collecting the generated
electrical carriers and conducting them away.

[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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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 |ayer (referred to herein as
an AR | ay&YO 81084863 ng), providing netal lization, remRATHEHEH035S
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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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[0007] 1t would al so be desirable to provide nethods of placing
metal lization chem stry precisely and efficiently. It would further
be desirable to provide nethods for meking electrical contact from
the netal WP the sem conductor directly, withoRET/HE8L/00HSS
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liquid tg mgrate
lnterconnected 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
liguid 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



be due at least in part to any one of: capillarity, gravity,

accel eration due to vibration, sudden change in notion, or any other
suitabl e force. These phenonena may be primarily responsible for

m grati on VP 20016Bcert with one or nore ot her phenone?&E/US20608308% her
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block the regions processed from other active processes that
affect un-blocked regions.

[0010] The driving force causing the liquid to migrate may
be due at least in part to any one of: capillarity, gravity,
acceleration due to vibration, sudden change in motion, or any
other suitable force. These phenomena may be primarily
responsible for migration or in concert with one or more other
phenomena.

[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



di scl osed herein will be better understood with reference to the
attached clains and the figures of the draw ngs, which are:

[0015]Fig. 1 is a schematic representation in plan view of a

phot ovol t AYQ@206&10066f an i nvent i on hereof; [0016]Fig. |KT/852808/002058
schemati ¢ not-to-scal e repres ation.in near, isonetric view, of a
portion S¥9Eaplireily HRRL t i fhleTe T6019RS| Af hbe ¥R FRY ddiatout
along |i aee AxposadRigridg $HO IdrkifpctiBing asepnl arged vi ew of the
portion of Fig. IAindicated at B, showing the layers of an electrode

region: (8648} Fi 9. ad€rher urhRR hreRezenkebh ol #é%ﬂ.@eﬁi 1y that

shown i n Fig. 1A (s not to scale, but Is npré c scal e
than i s FR§! 159°?BS§uﬁ@%s?039ﬂ¥qﬂﬂﬁﬂﬁaﬁed§F2§§ Bheﬁ%r?¢€ﬁﬁﬁﬁﬁaQ$lons
phot ovol ttake giuteeiwi id veriwexdanvethisutf aoemafR048¢ Rrgrk-lfiddse a

SChenati%OBEBE€S§8ﬁ3t§EEb§jrgéﬁgﬁé(%he mask, conduct other steps, and
then without great difficulty, replace the mask in exactly the
same location, and conduct yet more steps, over and over
again. '

[0014] These and other objects and aspects of inventions
disclosed herein will be better understood with reference to
the attached claims and the figures of the drawings, which

are:

[0015] Fig. 1 is a schematic representation in plan view of
a photovoltaic cell of an invention hereof;

[0016] Fig. 1A is a schematic not-to-scale representation
in near isometric view, of a portion of a finished
photovoltaic device of an invention hereof cut aleng lines A-2
in Fig. 1;

[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;



that shown in Fig. | A of a photovoltaic device of an invention
hereof, simlar to that shown in Fig. 1A and also having a textured

back surf gg@zg@mgeiahi ch texture has been used in the n@RDedswoRsPT
t he device, WO 20081100603PCT/ US2008/ 002058 [0020]Fig. IEis a

schenat i (002pesenFagi obE ofs aa parHdnait ief reprekénahton n@f ta@)@wﬁon

et ched wao séik' QQEEEEP?%@;E&M dithe£qhe8 E gfefaﬁ@? zdte in

[ 0021] Fi I C representation, sim owi'in
Fig. 1A %@F aﬁgéﬁﬁoﬁlﬁ%@ﬁncﬁneﬁigﬂVbntlon hereof with a contlnuously
curved inlet froma busbar channel to gridline channels; [0022]Fi g.

10 is a q@bemmtic Fégrekeniaidcschemaﬁiba&ep@ehbataﬁb@mm simElar €A

of an em& OC;FH Rl i30ri ve rat er%{%%owlhan% B?;X%Hr xgbe S %paﬁe%feo%h

array epressi o han an arra rooves,
[0023] F| yithaa §°até%‘é%3&¥ CHRedaded fspm 4 Prabae ehannel Yo

gridline channels;

[0022] Fig. 1G is a schematic representation, similar to
that shown in Fig. 1A, of an embodiment of an invention hereof
with a textured surface of an array of local depressions,
rather than an array of extended grooves;

[0023] Fig. 2A is a schematic representation in flow chart
form of steps of a method of an invention hereof that uses
primarily treating steps that take advantage of topography of
a workpiece; '

[0024] Fig. 2B is a schematic representation in flow chart
form of steps of a method of an invention hereof that uses
treating steps and blocking steps that each take advantage of
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 aré
common to several different method inventions hereof, and
which are performed after unigue 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



formof steps of a nmethod of an invention hereof that uses primarily
treating steps that take advantage of topography of a workpiece;
[0024] Fig. 28 is a schematic representation in flow chart form of

st eps of avoremdoade®f an i nventi on hereof that uses tr eRIN/¥RI0SIH01988 and
bl ocki ng steps that each take advantage of topography of a workpiece;
[ 0025] Fi @PPAdedsdareehtymt? cthe fius daramedaliiszpksan CRagion A of

steps of f&oﬂi&hbodnﬁfa §ﬂ1dnﬂﬁltéﬁbﬂw®0fre‘@|16hbar Fig§.t bat skdveny ithe

Fi 28, h dit I K I
L0261 1 o drgacubfinarfef Ping B Ralinng Pads BEShoRER I Y by Fio.
steps of 4& sboWddgi aveatalystherafaingng i iguégsappdiedndbrectlys ever al

differ entth@ebngdbw@@aw@s FES efp MW ‘Eﬂeaﬁéxﬁﬁfé@rx@@fjeﬁfﬁﬁh an
uni que ste vari at shown in _Fi

0 and 2C, [ 002 |gs
A 41 ar GOLINBHED, CRPRLYESR RURITH B A6ar PORERG EnS S5 G
st eps of mfbremthgehechndleﬁs qril.atmremtsnodrmtheneapplmﬁ hd1feg;134k0
Showi n9 het Bkl BhrUAGOR1 Pl d b Al al;ois ol G LRoB0RUI 80 Breureq
textured wafer entire coat e ﬁgyer sh omnng an
AR etChaﬁPfPFqUFah an electroless metal layer in the bus bar and
gridline regions; and Fig. 4I showing the textured wafer with

an additional electrode layer on top of the electroless layer;

[0028] Fig. 5 is a schematic representation showing a cross
section of a portion of a textured wafer taken on a plane that
runs down the middle of a light trapping groove and cuts
perpendicularly through a gridline channel;

[0029] Fig. 5A is a schematic representation of a liquid
drop spreading on a flat surface, illustrating a contact
angle;

[0030] Fig. 5B is a schematic representation of a drop of
the same liquid as shown in Fig. 52, spreading on a flat
surface of the same material as shown in Fig. 534, that
encounters a textural element of a surface an edge,
illustrating a texture-influenced contact angle;

[0031] Figs. 5C-5G are schematic representations showing a
portion of the cross section plane of Fig. 5 showing four
stable positions of a liguid 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;



applied directly to the bus bar netallization region and flowing into
gridline electrode regions; Fig. 4D showing the textured wafer after
the AR coating has been etched away; Fig. 4E showi ng a catal yst

cont ai ni ngvo eagsria@sEppl i ed directly to the bus bar regqiREIT/USRIG0024F8
showi ng the textured wafer with an activated, catalyzed surface; Fig.

4G showi AQ98R act F¥Gt efP vBHVFS AN [prdegeforésy Bf o R iRPSARAY on

appl i ed dieggehl ywibht skkabpisedipss rdoainkd zaki apsoepeépNredion; 411
showi ng a textured wafer with an el ectrol ess netal Iayer in the bus

bar and gijpglyjne r?ﬂ% ‘f’x? Qly 1y eﬂa?@%ﬁ"ew gzt ﬁﬂ@ er wth

an additional el ectr er on to ectro ess
[ 0028] Fi §e95°Rs HlEEh%%%§¢ ‘¥E¥¥%§§ﬁﬁéﬁiGﬁesﬁBﬁPﬁBeﬁ E?Ek%ﬁsectlon of

a portion of a textured wafer taken on a plane that runs down the
m ddl e offoa3bight Figpp?Gmpupwnnssnﬂmatduhilpeapeﬂd&cuiaaﬁyahdurhmgh a

gridline ghappel £9031%15119ﬁ Hds achﬁcgga’g%gcbé%s&%ﬁé rﬂ%o%fes to

liquid dro sprea I ng.on a rface ustrating a co
angl e; [ 60381 FEFgtesElL GORIAGRIti ¢ representation of a drop of the

sane liquid as shown in Fig. 5A spreading on a flat surface of the
sanme nat g003b]as shogn Th 3 ¢ swAenahtde eppoanertst bom pxdinidlare ltement

of a S‘”B;g%% Eﬂoﬁﬂ% C_ﬂéusfr% %on%h%%xhgéﬁs' 9{;1:“%‘&?91 ntact

angle ar e SC enati c re resentati ons W|ng
portion SP“‘F‘HélEPBé%nslé%*E‘F‘%ﬁP Rdifcest |1|1§ totERABRERY JERFVER aliihowing
posi ti ongrebvasl| bauhdedtbyire efdgyenr withaahadgen| ORSEYEL 05d j LefiDehar e

SChe”ati%iﬁseteégﬂﬁgﬁiéggﬁﬂglJE%H the end of each groove;

[0037] Fig. 7E is a schematic representation in cross
sectional view showing a groove bottom that is textured;

[0038] Figs. 8A-8J are schematic representations in near
oblique view, showing phases of a method of an invention
hereof using blocking steps and steps that use a bath, with
Fig. 8A showing a masked wafer in a bath of AR etch; Fig. 8B
showing the same wafer with the AR coating removed from 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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obl i que view, show ng phases of nethod inventions hereof applying a
material to an absorber region of a photovoltaic device of an

i nventi on WigsReiosod th Fig. 6A show ng sel f-aligning ne¢Ru$Bbs/002058
i nocul ation; Fig. 6B showing the naterial beginning to flow Fig.

showi ng wleealdteatdbncoatyions nFip. fAWhosidgFte GRfshowi £y tHe mask

2008/ 100805per LS e r boatAE E it g R s Ao R R P T Ol e
an absor B&taléarahion FRILPRS h Bred asbgivdnghthab¥afeerwitlyithe mask

[ 0034] Fi and7B aliou6tadreatmee b ieMcdtiralesabpoabeng! 68éRist W tTiquid

| anded edges, ar ound.t he_absorber. reqgi on;, [.0035]Ei 7C shows
schemat i ('}gl I%{}eamégaviﬁ?ag?\o%b%%ﬁlboé} ’Ir é“é’ido 9w %E glﬂgﬂf‘ﬂ%s&%ﬁ’ oS he
ri dges betikbetheomasyyrandeslecticiEds wdiedeflunbtedidrayion [ DO3G & g.

/D is a wehaT®i:za+i8RrLEGNEAL] on, simlar to

[0040] Fig. 10 is a schematic representation in cross-
sectional view of a gridline of an invention hereof, in place
as formed in a channel having an upper portion comprised in
part by masks covering adjoining absorber regions;

[0041] Fig. 11A is a schematic representation in near
oblique view showing a beginning phase of a method of an
invention hereof applying an anti-reflective material to an
absorber regién of a photovoltaic device of an invention
hereof, showing applying material to a central portion of a
zone of an absorber region;

[0042] Fig. 11B is a schematic representation showing the
absorber region having been covered with anti-reflective
material by a treating 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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that shown in Fig. 1, of another nmeans for assuring comrunication
bet ween adj acent |ight trapping grooves, showi ng grooves bounded by a

ridge, W i, adsRe3 channel adj acent the ridge, conmmmuNEGhd06 00054
the end of each groove; [0037]Fig. 7E is a schematic representation

i n crossceacthoeat shaye Shapypigal 1g7,0gevehbat tallthenld Shadex iR or

0038] Fi 84 a e ta | i V|ew
[shovm ]ng gﬁase # iz ?ﬁh%%ﬁ*d (:aznﬁr ?)E)\r/en P‘on hereo 8%]2?%591%'?06%%
st eps an#wet @Estbhﬁ@ bisgbar 9kt ang presegt) sATha oar ¢@s al dreinaddidgaf er

in a bat bee&eéa @b@@t Foky %&Mdﬂu Reng28B We§esny 14, tdir\Rs
omthe rreta tion regions; Fig. 8C showi ng the

coating r ed
sane waf QEO}% a55 0 RS {i‘r#di cqf™l yst; Fig. 8D showing the sane

wafer in an electroless bath with catalyzed netallization regions;
Fig. S8E $RB&Phg t has sshmwmaireFid + H2g| ekt Lohetsopt aswrif ags A0 iafats on

g ggl ﬁns, sED.SlcoﬁFwéf@ﬂ\ﬂm iéﬁa-ies@t&h | e\a?flﬁlr al Baeeeﬁhf&f[@mclﬁfs (l;z'sﬁl Konafti 9
SNOW n W el e ol eSss an el e ro at e ayers
o Tnot il PReafIE T U TREFAOLE HeF (L Saovas 2 28G
after heaefrngctolighioyol sl tindioeshel apéer hodpr 26 tdred natlandenytties

and renoge sl ey kor A Rfpdh 3D 268c35°IRILS f@f’fb{&g“t ations

show ng steps of a met hod of, an 1 nvention hefeof usin ki ng steps
and st opaREREPALTY RT1SF R dHimeeh F LRI PR2aP i bHCPR oI ons0 ihat Mg OA
showi ng aighteis havsmtped jrasithedrodhang esbepahgobdek tlaghorh alke a

direct eashaEgianl AR S UNLLHAT SV obBoble MELAlLiZal ARG

reglons

treat menf"a@)% c%lc%‘l’y%%f]fﬁﬁﬁ &he ddabtgiryard the abass 13§ at andles ons;
Fi g. 9C shawi agetherael e tdo heurts Knaadealﬂgme%eiﬁcga&éﬁrgct@‘d

and i o. D5roROnrRd GE N deb i le8y- BRr BN 30 O ok S,

met al | i zZEAREBAT| hh%eemmmq Zaromghy &§pogdass 0904 the ﬂnvls-“qlment

schenat i put&PHESERE add XN 10\ AMRSSralls also give rise to reflections
that are directly absorbed by the wafer 24 even before the
light is reflected toward the glass for possible reflection
back, or transmission out and loss. The grooves 22 have a
depth of between about 3um and about 50 um, and preferably
between about 5um and about 50 um. They 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 (alsc 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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sectional view of a gridline of an invention hereof, in place as
formed in a channel having an upper portion conprised in part by
masks covering adjoining absorber regions; [0041]Fig. 11Ais a
schemat i c Wep0¥EW63at i on i n near oblique vi ew show ng BTHEGPIRAPAEE
phase of met hod n.invention hereof a i ng tI-I fl ective
ot or | ol UGERYABRErBar T P o tBeaR A6 BRvled Gridhines, oF
i nvent i ofingeeestf., Thhpvwmgraamalqatrg.dmmeat foom tbetlzaghtpdntalgqﬁugf a
zone of 3@43B3@r Q@r £6°4! PlirqdDWlduictor! 18, 'ﬁnawﬁcg afr

representati on show ng absor ber region havin een co ered WI th
anti - r ef PEEPRFe mBber ‘éﬁbfb‘il 1 tries |’ﬁ’gam‘5‘&}§b6='f-' éﬁw%%gogmheace
t ext ure; sfiQ@é3hki gThéZgrSdZHl.I&E?WEHYHIJJaB ippacgedddin®nrd®fidi 19 of the

artificial, I Lff n rr.a nts for
t he edge% ﬂggga Jrh%s o Jr%&l%&%d’ﬂ%BSD?ZCLEg C%\F% Af‘?sf IMi’shed,
t extured tﬁﬁé?éil‘élft bprered IaE':LOSHCé”S RAWE igchdRat | Babuswire A&l aysewvien
Fig. 1 apd ltaﬁ}eEéG bdfbaAc@ditdnd 1eear Théoﬁﬁébbﬁs SEC LA g»ﬁﬁmaieorm

the Iine i.c_cell sho with four
[ oht -t 38PRs Breatenstatb ity dRef sl P Eh Rt AP | s
over a badbar Ouenblazsothqamm barte@ot2 the gadélupebf about fifty
regions 14, which are bounded by a pair of busbars 16 and a pair of

gridli neqob&sﬁvvhl C‘haHﬁIYg ad s 1@&@@‘ ebiugdak0ragibh NULr$s herein). Each
cell 10 %%r{eﬁggga}:lve, sdtartlngalgo J[()Wlfr)vgtmg uarflcér-l”&eglye e%% nOt be

squar e,
type silicon is adjacent a junction 34 between the p type

silicon and doped n type silicon 32, doped with phosphorous.
It is important to note that immediately adjacent and above
(sun-ward) the doped silicon 32, there is no anti-reflective
coating 30, such as is present at the light trapping regions
14 (but not shown with any thickness). Such an AR coating
would impede good electrical and mechanical connection between
the silicon 32 and metal conductors 16, 18. Thus, it is
either removed from this region, according to steps and
inventions discussed elsewhere in this disclosure, or, it
might alternatively never be provided in these regions, 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 incorpcrated by reference.
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conveni ent shape.) Typically, such a cell would have three or four
areas 12 of about 25-70 mm x 156 mm (dependi ng on whet her two or
three busbars 16 are present). The areas 12 include between about
forty andVe@8#/Hi06¢3undr ed regi ons 14, each of about . SPOI/PAHGR/08KS%t

30-70 5] As_sh Fi t f 20 of

o on WaPER TS, S aBPRE e 3 Froot wadlr 287 b5 B oy aling fe it Haiimer
par al | el engapkulbutbarcapmed e avallassoshert g8poaesi? Zcomferacionalght
obl i quel )fhlenBchc hguped &s i}pc}a/aﬁgl%d ﬁ@&@&@%ﬁﬂ@af&.&ﬁ@é e&@ynﬂiedeleﬁtes

capture by forci ng It to ref ect internal ly several tines wt
silicon 3&reed. ¢ pag 1A% ?? bricated, r5eardingnke ??Eﬁﬁ%ﬁﬁﬁﬁﬁnﬂf back
t hr ough mhehedcamaheMnQ&an‘ubﬂg,l d3s n28d hbe, ghowwesr arrhddwei r angl ed

|1 |
hore’ | |k iEGI6EE 106 algills %eWeqﬁgﬁgg?Q??%ﬁﬁeﬁ"%%%’?o et
absor bi ngn§FPP€oh3$‘e¥t‘P%r\eWRﬁu édl:| whichr i$ heeverrth s capi ng
t hrough inbesghaéSbaﬁri@r tdee, enwemﬂﬁgnbeoutsadpolfn@mﬁi | £ dbritee

wal | s al ive.rise t ctl at are.directly abs ed by the
vafer oaToulh Barhrds Fedfinf i Byt PlboB et APt 1 L or
possi bl e reflection back or transm ssion out and | oss. The grooves
22 have 4088pih of NemeNREs RISHAVOIRMiENadHBBLAISY £l fxom the

preferabbxrbetmeensmwtlﬁ&mgmd 1gbaut, 284pmB, Thewe &S oy 2k as
wi de as they grghge 0t46c1T e sun\éard Si I|c n_surface .20 gears an

anti - refPEcEPVERC ORI TP ayer SO 88FF§eo? TS AP 9RRSS dé /(whi ch
is too t ﬁﬁﬁdtbgsh@vbw:t—%” aryghthitelappd 8gi nandesdnguwsyhidermgdtge t hi s

L s a d?ﬁb@?ﬁﬁ@ﬁl @%%r@{%&dgg)%hoﬂgu§réah§@aﬂéé ylzg h&fhnél@&'?'ff Oeg

i mes e i cknes e c n create unction
Each of Fﬁgsﬁolf‘%y%f %‘:’ffh Sazmaﬁ?d EgnPBm gehle‘?%‘?léear‘ﬂj”ce}% gr ooved
surface shape of the surface 20. Beneath the junction 34 is the bulk
36 of théORER1i - cryxeelding: asivecessedwnhannel IHpinte whimh Hhe047] An

i nter coneeezaeﬂneetwré&é 1cafcefdﬂsee%scar bubﬂtgvgpmtﬂ{l%)d% 18 well
traverses the wa ner% tYlg ﬁ) condug or are pre ent
g the a

One type®fs® |8r?%?%§’r‘\‘/%|%}’rr¥’ interrace between t

gridline electrodes 18 and the silicon material 32 is a
trench, rather than flat, there is more contact area per unit
length, which enhances current flow between the silicon and
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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cl osely spaced fromeach other. These are called gridlines, or
fingers. They carry electric current fromthe |light trapping regions
14 to a larger conductor 16, known generally as a busbar. The busbar
16 |ies i W2098/448603 regi on 17 of the silicon. The gri GTIAES2Q®/0P3088 | n
a gridline regl on 19 of the silicon. The netallization regions 17,

19, are tIR9FR3| vesAnt§RdtEional ffdrcdensysAbIAcat 9% gto 11H1e A buswi re
48 | ays mmugatagleneﬂub@s@artmnd@iwtraﬁplﬁbeabmﬂaé:s désgiand 14.

9“ dli ne % L:8¥§{1 a@i&‘? h@?ﬂéé’\!ﬂé‘"é not‘ﬁ‘i‘?h&é‘

uswire t over usbar | ne ckl ng
the | ar g@he Bh3pae ?W%ﬁriﬂwﬂep\%?eﬁmﬁﬁveecb%‘aw n@f%l W th

L h;e sili ?%@oh:ﬁt)égrtﬁﬁeu@atmpﬁﬂglﬂdd GQfow,S and] 8888 ehetsléIZCi% 01135:;54 _

et ween e e Si 0 Yy n ope t
bet ween Lhe 18:LXRS SALTEOD. ad doped L Lvpe st gonen2 o doped o Uiy
above (sedfwatdist hemibpedtsipraodidg, at were fgrneomimtxcefllwmiinee
CO?U Rg %Qeat%lﬁﬁhcﬁéséss@é@ﬁ%lil %r@eebgahket {;QDP&:‘I}@: lrxe&éﬁ\?adn@e (but
no sSNno W ny SS uc an | ng, wou ede
et o an e AR LEAT SRl AaPine: JEent: e St Srhath el
conduct orshewids. bé’hushls tleasdenidwénghem'peedrénbmiméu 10 rsghite
gfgg[glsﬂgeeeoﬁgepéo ‘fa\;émfgtfﬂ 35¢nged tsﬁ&@ﬂfo nﬁrm urface

ternatl vel y "never be provi ese
r egi ons, FRCSBLARABIER njgoﬁ%eﬁre%lfﬁ)d‘?ddﬁ@él osed bel ow. Thus adj acent
t he doped silicon 32 there is a nickel silicide region 40, Adj acent
this is gooager 42bonéoedecthelgmsicilinel dBedndi blisbar Wb adilécstrodes of

rel At velifbltRondShEREPAT £k (P AL BLA! chBHEE Sehid Sl N e

el ectroless Nii | ayer 1s ectrop ate ayer copper
(Cu) or SPRFEAnERAg)ink: WapperPiarqik@gtathBAsal PUger ol gl witthand
silver (Agwesr cbhba¢Snyes bstesenthar] @049FBuadi netdB imly. be rol | ed
strip, or may be provided by any suitable nmeans. For instance, the

buswi re rf%bs’é? of g tgxingd Méx%%%ods%ﬁﬁtaénb§ngé§fﬁé %gfbﬂi%es
Pat ent application, No. 11/588,183 in the nameé%EE Sachs™ et

entitl ed?2ng APRPIYRRIS 7P Iﬂ)?FiPEI%ﬂ‘E‘BgSH}ﬁRW L W’F@éﬁ 9% | ed on
Cct ober 2&id2006s,t ard comel et spatiisy .ognr etbérwkords j stHartd ynay be a

i ncor por ated, gts? Eéfﬁ‘fé? 1&491 @%aﬂogoagggﬁgoogﬂc?og%sest

[ 0050] Above t I con er 24 1s vol ane
encapsul é’ﬁ’FSlééﬁpEHa%n%r griniske é%?@ePP?&muQscP%‘béBﬁ?W |%a‘}hmﬂ?ésback
surface 2hdmepaslifg uses useighdmodberhi nabstnuent tivasc hegesf vaudsnay

be fabrl %egﬁggg%gk%{grgnbodl ments of nmethod i nventions hereof.

It need no 0se Vvariations are discussed bel ow. Adjacent
the back surface is another |ayer of _encapsul ant 27, which is covered

by a noi $08P&]bar r TRragRitign die e 498t ErABPYRY ndRd (RRRIR taiem
such as haghatfges! didyusrpdnibale Ndmmengtiond GbsclOdded |ImEITOUSE ke

phOtOVO|% %%n%QES”SégffqéiéW%fJé”PHQS%ghout 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 mcdes 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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structure shown in Figs. 1, 1A and 1B, sonme of which arise due to

t he corrugated, grooved nature of the absorber 14, leading to better
i ght tramomgs/1@esd sone of which arise because the corciigs2e89068 18
are located in trenches 37, 39, and sone of which arise due to both
of theseetehingethe[ BR5COF 24 Fixanpleseofcdaghanfiethgse medesydxeh
the gridli;Bessd8aapeiplyaced serves a photovol tai c purpose, as well as
a processi ng purpose. Because the interface between the gridline

el ectrod and the silicon terjal 32 i.s,a_trenc ther_than
Flat, ondposBi®no, A Erdetidd hdl 3e YsedoiBnoer i SHite BN e
current fkssachetedevitheania¢tore atynikaeldyetceaotdve Atppatinnestep,

el ectrodgni8nl eaat §deW bl Nreddhchietakecgd1abanael c8Pt&fR Rhes of

relatively tall and narrow, as conpared to cgnventlogal, ﬁgénted.

el ect r oddbe FAGKPLERE: oF R i3 RIAHIGG OF EEAPARHT evERSQIPLSRIRRE s

greater teassredcsiohathat echeerigmid candbk, deposbhpdrinl & pertion of

conventi gn I | i [ e i db i n -@Fﬁpes | ess
Q ang éBmQ{iﬁgég Ecgf tcﬁgr%}?;él%rornﬂ%q:ed ﬂ@??gfk J)f £i Soti

of absorber region ore enhances efficlency ¢ ction
of the céFP?SFGBES]E%t%%%%ﬁtrﬁﬂ%ﬂﬁnﬂq MeSTahshr e§OBy 1R PRABRR NPT the
process dbecki bEr chpablaastered aftorneadseen possibheoft hele atan oaierbe

placed ¢ogsehe! 98FLNSE Il cAd Ut %.nk:%ﬁﬁsr §SLRLRYER ENELMY I P flue

to the sfget TeSrstance he emtter (becau e carriers
travel atakerpéacavebuletdi’e dhivet-hsat goaer eEBAI APLHCOKK| of | prEhways

el ectrod@1%8) inc¥Epdba8éd 06Kd BT IS Fe3iA08858s110R54% An kel 1d20ad
efficienc aEises gue to t?grgcwgl%ggﬁ%%egatU£e oflihgiligqgﬁtrapping
absor ber @ eﬁlgﬁ'lﬂ.lﬁﬂe o) ?ugéflon gi ves the #hin gur?aee regi on

t hrough vimpeHimgatehangeprevenierthe damiidnfremcfbewingcinemagongsea of
absor ber thkougB WBEEhnée {hnaanthd hisattifgr gtg}% E8SHot e8d1d FNGRe .

d | t 1 t f. ch t l, . f t '
[0 pr ovi APRGDIBRFFE PEFCEDIRR AT I ARG GF EPR, WEFBbiE cRetatte -
area. Beddowehett| ofieFigesihtonc laosgplehefopuchad bneatirg dopleng a
level is l.euBH bﬁaggir:{ri&% do At St tRe thdhb§ LE8RYSs hpf&é@.her

current due to bet response to short-wavelength light. In

addition, ohRg,SUrfAge, L 8SOMRLNALL oD ¥9%5°8e 8081 EUYSSE a blocking

mode, self-aligning passive or blocking material, which will
mask a zone, or in some way block an action from occurring,
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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[ 0055] Mor eover the gridline 18 and busbar 16 el ectrodes of inventions
hereof are plated netal, rather than printed netal containing ink,
whi ch pl atwagl2o0®imbozhas | ower resistivity and | ower cont@gUs20@BRINBERANCE
than the fired netal ink. [0056]1t will be understood that

engi neer magetdabr bai pbacedditba Meitignnadt abeonedeomprired e i dt h
and hei ghkt@brrr bl iﬂ@érc&ﬂ%dﬂ&! n igfRael Bgthiiayé’tﬂ%ré\@i@'%zs td?e%ﬁ%eﬁay
be a thi nnesiPEosm e wdth to nake a dli.ne, and cl ose

possi bl et8pBLPHE, aV\W?%e?‘H”é“orﬁoltrhYﬁl S&RE nﬁf’fioﬂl%’faY?ﬁ’ nrfe &t st
spaci ng aaeshaeei phetidhmeof hilniree Honeowhelre tkosesdeviterdstd drlddkese

par anet e I t to I appj voltaic
advant ag%é 8[9@%%@(3%" anv é%bnver%%gngbg?}slgf’%sggf% ein Etvcé
advant agérﬁFeP?qh\"dﬂ‘P‘ﬁwfﬁi’rﬁ)@Mt apdyFaged PR o oFheW i ece

that w | kspkttsadel yhdedoripald iaf ia photeyeédai c assenbly, for
I nstance as driven by capillarity. It 1s convenient to informally

f ff f AN
refer tO |qU| g' eAfNn rPhe 589 éHréa&? ﬁerg&wl@e

fl ow of reIatlve eret eisre erred n as
treati ngPﬁﬁEErtbr?ﬁraﬂPqﬁ yalfmte@fbﬁrf’ﬁﬁeﬁe%%oﬁhﬁ’ | deskgmttdiptni t h

referencgat@liteveshasindridgitidh o®cRbhef tRes€fmedssl ¢H herein as a
bl ocki ng m)de gl_.marlly represented by the nmethod illustrated with
ref er enc&%P ?’? w¥hart Fi g. 2B, particularly the steps that exploit
a self-ali Sned mask and a bath, such as bath etching the AR coat

263. ExakfiP831of eBcRRRMEAGaNE NG FegugnEedtiatshBRlements 3 oIl
treati ngeﬁadaménﬂseﬂ ah tinvertids tetrlal uslagsacwéaeﬂmg todR is

active, }égl cakly -yeactive treatid @pgﬁ [EPoah ﬁ'é'fé hgné'éer desid Sat Cng

should t & Iace at” ceftaln Zones the wor Kpr éce, suc as
or etchikg§. trrﬁesv\bwbme%b ¢ kenengsy sd@waudn ’e“has the anguil

deltOOSI L eg¢igl. a4ﬂ04f1%ﬂih asmnemepeed et aneldléﬁ@@rmfcw%
net Wor or

| d t
st ance PEABE PFRESTETTe chtie pTUEe: e Srantied 248 “LE e it isen ne
r emai ndewafért Bé bynanntapgrapyr idte w@hodmt endB as cherdestriteatti on
to take pBkagR. bpig!01M0id W tf@fent@ie. rzbeegeﬁwﬁko&fopaé fymo@ﬂ 2

t at
whi oh T et GraS0en uaFe d RASLITY et PR B WP T PR TR & AP HARAER
the |iqubg tidges| 2 ngrhetegioned 3t khatt wélilcbegome a nligids t_tmplng
treating 8heBnt 5 nQﬁovhﬁenat |&r&1 ith aertosg8§ éﬁéﬁﬁéP% belpw |

connection™wth th s an exanp f
such a tr@gRFAg2 r@aﬂedllan?rek%&’ft?ep&foawal A e+%%19$%e%5% th}*@ Ii‘\l}ecell

surface. 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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[ 0059] Turning next to a brief description of a bl ocking node,
self-aligning passive or blocking material, which will mask a zone,

or in sone way block an action fromoccurring, which is desired to

t ake pl acevo mogideers zones, can be used. For exanpl e, tRqIcsbdspp2sthe
collecting regions 14 are coated with an anti-reflective (AR) coating
of silicemrepstrwidlaotydital paangycted: pppagptglyphroredcche t he

entire suifrge8ish,t 8esali %odﬁ@\seambhgtéﬁ 29@%6‘19 cEHrﬁ)@ﬂteiw@O%l
bondi ng of electgode terial to

From t he ZEREEEENLAL Lo BELR ons A £1iTo LaREF GFI FrBReRRieens disd eatite
prior armateypataBlyis h@me@rbﬂﬂﬁmg aiss anemvedrbﬂleMn NEARS) locart imgk
through gtty%)?céﬂiﬂ ey 66t omd'¥r RG99E3R Raer & Se:)tr%ccord' ng

to met ho I ntentions hereof, the AR coating can be renoved by
cheni cal hﬁ’é‘&@ﬂ%nf%ﬁcﬁa%%l‘é%ﬂﬁ%@ﬁ g Béﬂ-ﬁcoBgt the |ight
collecting regions 14 need to be protected so that the AR coati ng 30
remai ns t[l0@6&] Thi BigondA nsliown sathemeddsadap, ba poecoigt ished by

masking Gagceehb8CL] 18cof dhdibrl4s WeldtihBeaPhOEkb PG SPASE LRI

mat eri al S aced in a portion a zon nmpr i sed
i nter conﬁ?@ct é FFﬁEl‘ﬂlJp]attPﬁ\dﬁ%t%z@dl {0 §°a@sw%'aa¥% B ad a
subsequenfridttinee 8 epespartk teliat e toattinheaste apoédwit p@ilg.ompof

this zong aherenlls Sf $1 8651 b5k %4b'b%%§r1ﬂ&f%{ﬂ5§{w$@ef‘fééé’ tf‘a‘}eg;\

2B shows a represen Ve process in or m and
8J, showosokBeaspbére ‘é)PPEPhéLH‘e‘-’\ﬁC'@e 283 F-Pcﬂ-§df3¥aﬁ>c’é%%é'€?t‘fq}@‘6 8agnd
inventi or&hbeabebrbéy&wﬁo:es SPeCiaAlthgReRetEti €sPaOPLIdylOftd hthow the

arrangement . n groovlg gl rﬁradces&gn that facilitates using either or
bot h of tﬁ’gsé HotBs-of ¢ pl? rll’ty ‘[ 0061] A manuf acturing sequence

that inplenents a nethod enbodi nent of an_invention hereof usi n%i 2

treating [R9881i s sERANPRFPITDREh Felatd VALY NWERR, betvwerd akande

g: ;g nzimt an\t:,gs ﬁﬁlrglﬁdi Lpﬁéfsﬁ&aaﬂgans tlssfsh@\r/]vanugs Fm:gsaTrlqA ceﬁu:hs nl%samd to

pr ocesse&%t‘? iL(i‘Xté (9 I‘Z:LCI’ et?e[ g)é%fg% hE’Hg % gé C%ilf’l t;'Ilv\lla era'“f4 c%é?tgny

appr opr i éﬁetﬁét EBEOVEs ciR Retweate Fbcused BB 6%‘1 qﬂP‘@Pt |50 jian g .

tschtematl @fé@ﬂ&ﬁﬁ@?tgéét@@e@fahﬁawfﬁ lpﬁﬂ_aﬁle aog%m _(;_ﬁrhd\/ajﬁdl%éb?%ﬁ::ang a
exture o r OOVES [l es e redql o a

w e et SRY ERveE B ng et BRI na et Fh R &t g

channel 3®puthafOowim|wideatprefapalkdlyi betwgenPabgphotbusn it G fumsed

254a int @pghenwahelst 99 CLLaIHich Ry Jg%afuaas?»ﬁesid@le@@ély by
exposing the silicon to POCL3 i a t ube u ce. £%he£
FRerEEE bt

mat er i al $PPRYFLBERS 'Eﬁé%os"i‘“ﬁ'st hofsp #usbars
limted kadphbepypooeesacizl. andrhie2 @ gufes dmpanotweoaqrpﬂlaa) ary drs

texture is1pEovbdods -££al b B 0L %%”%e%%é&ﬁr@fe@ﬂoéi‘%ﬁqﬁget&%ﬂ SRy

of i qui or ,ex romcertaln gortl on sur ace
Thus, itosf&y HétBéﬂe‘Fli‘%lléﬁngtQilsthlé doganrdlinaecare Bphats 16 £%as
phase, rdnBeantbanthbs acan s dﬂdneﬂb@ dietf peinbisd ek Xbdso riatMidts ofr a

on” the bRV EReFLBLRaRitg Ml HrddiSabTe %i‘?ﬁ Ing SLERE TR 2
and the janet I“@ﬁeohh@lheth‘? o?ﬁq@meﬁa@esgéu igny h%%‘f@r%ﬂébt rﬂitcd“IOl“;ld

i sol at edpel PegdiitpicuByed q&rdsluaie al dS.QuE.HOBhljﬂedﬂtécftﬂgt QALHA4SE the
et ched off Thes etc whi | e

Cypl cal | FRARAGEPEMeR el A S SR PEOS G U associ at ed
i nt o st egopsamfipatiodvers eaksorher @]@ugegeﬁt adi ofiowever , baddusd &per of

t r?ns pa][ i@:ﬁ%%agkebﬁﬁiﬁﬁéf FRLEHd adhe?’%r'ﬁlaﬁﬁl bﬁdgﬁéﬁ? 5 e : |

anti-refl,ection YRI C n ro of silicon

o e ipehreRenattots o s e tdeRl anddCop BRaSE T linan ol
busbar channels 37, capillary suction will draw the liquid

into the hydraulically connected, smaller gridline channels
39.
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[ 0062] Fi g. 4A shows schematically, a portion of a patterned silicon
waf er 24 bearing a network 38 of channels 37, 39 that will be

nmetal lized to formbusbars 16 and gridlines 18 respectively. No
coatings s¥@:qs/ement. Fig. 48 shows the silicon wafer EAIseesiomyssan
anti-reflective layer 30 on the entire upper surface 20, including
t he net wWiPR633 andThﬁedmrdqe@gmnswgnt(nl@hm@rpheemxsstnm ftfol cul t

to show tiergaat iffol fhé hl.%é:.ddés'[lﬁatthﬁﬂ) miﬂoﬁé’»&&ﬁ@
relatively w de, en abouyt

b
ot rbahS 1RERES AP e G2 B30 0ng. FROGLSHRIET ﬁ‘é’ugtdé’?n h
of the sadguddpdapasitéd sp diads tA2rieetiveenlybentudh R afid labdet 50

Rm pr ef ega E¥eHe£ &4 abﬂytlé aFfQoa'&‘ée%Ql d e 8" S UES P JPGR

nar r ower tEan t he usbars i ng bet vveenRHEout pm and about 100 pm
wi de, pr8FERRE| NBERGERM %&]’(e Fayt BYsBepRs erﬁet*t%a"rﬂ%?%faé@y‘fn

whi ch t heghgtwhdihnas eeBarcipedingeapAanoyanarelryihdeasesr eptinlds uheg,
channel he shar n t r 2 -l

to scal e;ﬂ9 ?57%' ?é‘ 43 ﬁsyfs?’r)al f.qf %%,g?g %hed%_@gasilf t§csot rop gle?'itglhng
chemi str \}7onﬂ9: WREN| hetfh@ﬂﬁ éfgifeﬁwlfnttlﬁa@eﬂpl ﬁn%e%%?@btﬁ%d%‘l'@tlé'rheFor

[ nft ancealhtih.a &éﬂo@ﬁté’@nﬂu@éﬂrﬁtdo@'sl ﬂbtn@véi(flbﬁrp :‘mv\,{qﬁ al®o

va Ve] et rl R ng ro et g 0 | C \V.e
Uhant peePERaP Bate e ETE HR Bhiee. Rar | T B oo Bpe il ufek Al TR0R
to provi degachiqgand bmyaleﬁcrxé:ﬁu yreampnsnthh’e émthe:coammérp eirevieat

gridline aphagagkson et V\tﬁ@qﬁ%ﬁwtﬁ%r\%énm Doy Feionss 114
However , beﬁause %Qg Ii')u]zbar annel 37 and the gridline channels 39

are int ePSofREEEE Mficient liquid is placed within the busbar
channel s 37, capillary suction will draw the liquid into the
hydr aul i dQDﬁ?]conn&%t%@pWIsrﬂm B9 .gréCa| RReethame| Ligoid 4AR§ is

2ﬁ08/ 1?0@Q§B@Eéé52@9§/ PR2YPS DA ) OQ%TB@l:géﬁkgﬂero.ldloﬁ% Gﬁ&tdﬁfltza@l%hl ng
chemistry to i ons Wi

Crappi ngtPelnsns 1: 1 0% dhe @lspaaenpbachy e pEE T aie Shnsine
of |iqui 80déposhesd segidns Iherld iamdomkyeahbughtit® $ilicarhéesired
g]'; e?ﬁe : PnE?gﬂEéQhUZﬁf)ﬂé a{tgjlh.e tr2%8r quﬁrpi@apifvfﬁ%ﬁiléé:rﬁurdﬁgﬂ usi On
o on Fshanhetd IT fh‘@hwqfsa@#%t&?g hodorls bt qair LLALSE 1

border tHatoethél gzadl ome redgmords1l32.19, may be made suffici ently

deep and steep, so that the |iquid deposited therein does not

over fl owobkshs al 89pPOSEI lecﬁeo eQE:fﬁ\éh@etlQQ 886£4d W&, a TS h&loedt the
nmetal | i zgtl on bsor bﬁé ggl ons that urther acts

i NS an
brevent - GRASTELERENF GREThetd MARAT A 1 PPBRNG r Mot b dahiohhes,
as di scusaedatnehnw of Oaﬁa]dxst shiepensedFigto4the ame’eablmﬁtzlqrqme@m58

is di speny §5§?(Eﬁ§ﬁlgﬁzna P JY f?,fsm@k a3$ 9% mﬁ B4 @ Ad zatflu%her,

channel s urpose of etching e AR coatl n%
t hese r e@?oﬁgel?tcﬁ@)n*an‘ép?%\ﬂéﬁ:l |Eﬁ’f§aFI"Fet§f'-l PE‘Sﬁr@l%o"H’ 32,
Di spensi egciifigi stépypean by a]nIdbfetdhe.obpsbaéedhmn@dnSpBa_‘tnfn tvhﬁ:h no

metall i 2atheR.08t ¥Phknd! Sy PRI ! aGhe! LABLNSR L0 diiesRaRNe! o

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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[ 0066] Typically, the etchant 458 could be a solution of hydroflouric
acid in water. The AR coating 30 is so thin that the anount of

et chant di spensed into the netallization regions 17, 19 is sufficient
t 0 consun¥vlws/glewhe coating. Further, as the et chantPC@HE3008892058

attack the ugderlyl ng silicon_32, the etchl f can be allowed to
pr oceed {00EBhp| ctAOrEHFTh T P+t Bal CEF TRAERT LARY Gt TRAGRaf or 24
i s then nenserkadél Ikﬁliat:bat'léhiabyl edspehsingi 26 Fiqgsligiiid dgntetiningaae

t 34 i 2 | i |
o part! s oserpon ool it Sganiclos, Advanl Lo ddct ]
in Fig. spriagewi®d aﬁ‘rhqﬂ(ﬂl denfigy ABmai "ﬁhh‘g eftahest ikl dndgdptg an

regi ons éﬂec@b@%@sfﬁﬁkélhq:\lra&ﬁ.ln@n%téﬁ #Ste [ WY ] al el dinc loxddet agth
structure %d scussed i S created

ona Tl el che AR kAt T une KRy BuFtice obr e A it EE8B
bel ow. m@zzmsm@%oepcmmmoz@ee [:h)%a]ms hawauf qumed guripg

lthe rrgt akhztazeimﬂgr@géﬁmlm: WK e%%lké &agéfe@arbybéils&p?éwr{& |%§2 a

I qul cO al Nl n a S Syc | .anI eavi n
2 ot al v 2BaceLrt Bb g i EBafl BRAS AT dGfuddi | ?
i niti at eahaoebert r di bastinleed plladtinggmsyepe Moted theat aada:gimlgm de
et ch mydﬁee&eg&'£@@aﬁﬁbﬁﬁ1§éerpo@te4wi~iﬁcezﬁ§l %z 19 sa{a@tgeaq, 9l6p 262

in order to repove any oOxl ormed during the firing
step 260”*7*’[%%%‘?\???% ehfgthods vf %8"3{“&?1%’619 RexeRE SRl jempdoy a

dem ni m pathpace bmmdm:aﬁl%d:maiumgeﬁaréheeabswm -1 ,r olhded are
pl ati ng 8 t wﬁ 2 64 .(Fig.
2A), or gﬁﬁg?ﬁsgd ﬁé %Ir&%\#ee}r?t gkégﬁﬁl&qﬁ j(:ibeaé rR/lZlnsﬁ%grzis%ﬁereof
t hat enpFBYWA b'atﬂl%f e4c|"d |R¥s aeplgd ngi ther elefbrresd Higkel salygfion
V\:hhl ch ar egqh séliééeﬂvebw,ovzm ,Awb Pc(h@lt ﬁdtﬁéﬁhtﬁf%egﬁr@mhwﬁdilas
shown i n, Fi o u

sel ecti VBF m36§et$% ?zﬁrehynle vvor %%tgof%%g%olﬁs&g%f %;?ér ﬁ tBV‘Iee%%lﬁg

met al . Aatfhen thigcsten osts rhers ll“a?ég 4%8. r hHernatiiveglnhi s step,
gs shO}Nn euecEraleédﬂ nﬂﬁé;lr ryﬁlﬁ\tqloh% mﬁbgﬁérﬁbﬁﬁﬁedﬂb‘ﬂ‘ﬂm@é}iq{ﬂrﬂgﬁQGEﬁy

e appli in e waf er i ectrole
kel pEhe: NREEE: 44 U0, € HAFTh s P EFEERL PSRRI he T IPIAEAE SOLFTARR: o
t he cat a[l'ysteheetrtslﬁﬁ%stemk@lndmlrlupleheyonhyt‘melrmtidia icedtalystr 4gBon
network 38. ptE&8nt 4dnd NONSs (i Stiat enef mecdeVi 28t Add Gfegﬁ@:\fﬁrn%'tw@&ﬂer
st eps, R are di scussed btﬁgegwt%mtkoogg Fi 3 shows schema |ca}1 \15_/
finishi \rlmvgastebEliJha FERten° l‘c‘ﬁf? eSS RERE

of net hodtepyenyhidah tmreoilsc'[hxse‘d bedbwnj steps may be conducted in
one of two basic sequences. Both sequences end with the two simlar

steps. Arba 395 44 pigeij fm{o@@%@mahéaiyfr £ 5n £ 1801g caaiea}ise@naﬁlmay
342 on t é) ckel %_a gL t ance ’a% usi n%ad%eprocqess cal l.ed
Ui ght ﬁgcaae ST TIIEL Jif terent, Subndatent A3vEREESh
el ectr odhenéof he B af:.mmmmcsttelps vey| bé scomdmrtsad] im aneplodt itwg

bat h expsas&!cteeégwme T%@h@eﬁﬁ%eseteﬁae@m@ e th GElli1agt s as

the current to I ve ectrolatln Often song, bl as, voltae(ﬁi
appl i ed £5ePhe Reldver 49t qﬂaaheamfﬁap?ﬁeoae%b%m ors &t ghpd
the cell 343 6+rnB£2 esh Ih othitdle hdickeal hRys fdre instaicel 2y wistihgt he

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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WD 2008/ 100603PCT/ US2008/ 002058 silicon 36 to form nickel suicide
| ayer 40 and pronotes adhesi on between the copper or silver and
resi dual oo sagimeehini ckel 425 (Fig. 41) fromthe ni ckeatCi/eszens/ioozlibe
process ends 399. [0070]1n one alternate path, several additional

steps pr&ddagOp| 4P| b 5ADM Fke hisdriicdder dp¥enad0 and PrANPERS ng
step 334adhkeivhcketwd@a tise hemipmst aid sdliveyednwi i@si@@aﬁlﬁnﬁé&bﬁea

create a_ni I | i bet t adhesi L on to
ol 11 con ZASKEY a2l ELEE ALY Chrcll od Sackb A8kertl Fhe RSSe et
etched 338%ff the cell. A second electroless nickel plating step 338
Is perfornmed providing a |ayer of electroless nickel. The state then

appear s qsosbtpwn | InFoge dlitedmdteniddihg Beokehl saddftiend Ryeiedict ween

th '|' kel 42 h , .
kel | sProcihe Plabife 1 EF L EhAANS, pe8s, 047 I o Kk ihipe
met al (S|Srt€=§'r 3¢, c%lpfpelili)c}zﬂl AP o= |h$@lte§| ARdr ahboBd' with pilenot e

adhesi on shet wegntbhera®tala Im&l %’il%ﬁhel mggleﬁbwe( Filde 4% KﬁJr
| ayer de o§§ted 338 esi on al so serves as

1
A NI A Y %%F%C&gie&n%pﬁsvsﬁ?ﬁ "B SIS e
| ayer 44efkeemsdi ihabloyed ntrolaked SEIe¢che6233ﬁdoﬂégtmmlagﬂli:ﬂ.second

el ectroni-gcpeL-EDE | ver
(Ag) 342 Fhen ﬁ ﬁgggf?$%$uﬁiﬁgfﬁgf%ﬂgi P?ge%§4ﬂ?5£§§§53t|€é¥%§iq a?ed
e®

343 on t OBYSF PhettephEtiesi & nt 'e"r%ﬁnateﬁa ther 3PRRATS (3R @hpsm
shown i niki §igd14Hw bt anitiH R Ireayokeld 4108 cddé vEdy@aips v the

el ectrol %&ilebﬁkﬁ é eéhél?ém c%%%s nﬁgkéfeﬁaa A‘AC&?AW@' ldn%a%%

| ayer 40 atog I con hese step
be used B4ck ﬁc?hﬁ?@d%tleﬁiée’%-or They ngty ﬁéeBrb%eTs%%si“’d% s&%&?@ bel ow
i n addi t condtiotive mmbs&ﬂnﬂae:r qc-rr espper(li $¢U§r$inl £ Hieranar e

quite a hgw rg&,aé]_e&n@{g)o%% t@;%regogﬁe neL %\él[gat h.-",oteﬁcg:j.alned

uses prinmaril eatin een di'scusse
embodi rreﬁPOVWm cRhe s c,lléYr‘Pg’ ﬂe@9§1te§ H@s%‘?ﬁ*me@&géﬂéisalllw
i mredi at aljes dDbh candigals¥ tirvdiatas @hamﬂxemﬁtb&ﬁrﬁr tﬂe do@gelﬂ 8s

E 23: u‘?;eugég l, Obﬁ'&flerli@ir?go rhqﬂ}:tcotp%%rsg%p%hg r Je.a}gclars Cﬂls Sterom ,4 i%sa.n
into the silicon 32 and degrading its electronic performance.
If Cu is deposited, 341’ rather from silver (Ag) 342’ then an
additional layer of either silver or tin is plated 343 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, 1s 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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characteristics, variations of the treating and bl ocki ng nmet hods by
whi ch surface texture and fluid flowrelative thereto is exploited,
are described. [0073] Turning now to a detailed discussion of a

repr esent a0 wes/moeski ng node process the nmethod is il IncavUsatoswornss h
reference to Fig. 2B. The first three steps are simlar or the sane

as those gBgfad¥etNe iy, h%xﬁ&&m«aéi ati ohé tréasinqtami Wilokkiagpect

to Fig. 2A. .. cr e texture StdIC ed, d se

254D, andmeAH]%‘g biﬁggrblclhl'ﬁ g‘gfj cgﬁFggé #@écfrjleadtﬁ%nd |reg‘r"%60b
as di scustkereibo\Vis @xpl.oitedz4prregdeseBibed- 6A- 6D show an enbodi ment
of a nmethod invention hereof in which a self-aligning mask 670 is

appl i ed ?ﬁdoa;}:p thel‘dfrrghig hb@pabng aeghmnedélcia(irmm wifl la bl ock
action o ot her st §

li ke the ¥%%¥ % n%?w?%ﬁj B?hépgc$?§ éﬁ%tﬂé%ﬁ?ﬁﬁ#éA thggrated
30 whi ch vithsregenenae tt@ rFe49a| RB TRBef fhEsyrnrs StRRSC LSS Slmllar

capill arigs e tdidnd I:@&Hdﬁpmsaa FA0kRE AdtREXtAHE vaAS aHions i n FI g

6A, they a ocul with a qu .672,.0f a.s If al_i n|n ock
i er 1l SHErs Eatad oSk Rure b et s Ee g cpRh ofr s r i dsbo gt
form or als@thEdhailﬁihlaeh@mdpleacésgéélbasamm% qcrﬁﬂ:|2g'>6b68 tl'cbe baCk

convert tgoRtadfUid ddledlRRd Fted DEOMS, ad Aiid AU QRAYe also.
capillarity, throughout the zone 14 as shown in Fi g 6C fl ow ng

al ong the W grooves t ortions_of .t e unti
reaches a[ggﬂi ﬁm%eg B?Ve?%n?m?mgl ko (])f\jlv | nﬁghl ment
types rraymequtmmereﬁfe mxrhspbpg sebﬁrnglgmmmbrﬁd%e@omplaed
mask, but2g9 Meskens I ded néet;hsnbm [i erphd %795& MR Bfiothe

dlfferent t 0 tlons 0 rrjers nt h at
differont LPSs. OF SUiL N0l cibqvaBaLriels Al LIBSA LS Shaun
gr ooves Zﬁhlehrrplx-keedgus rEst axid thendudfedge20 701l they rafighi @4 beers

separ at ed,fyaR é@&&i&%mh%ha&% ‘?.L:,SEH§§§de€$ O¥b+ e, PRk £64Q
bl ocks the | 1 ght regions from ﬂa\”i‘?gq t he AR | ayer 394

(Fig. 1A) 9FRAERS®2 ARF f%rﬁq@éqlﬂ@r&&%eﬁ@dtwt raRRing, region

subsequentesteps. As shown in Fig. 6A, they are inoculated with a
volume 672 of a self-aligning blocking material, for example a
wax. The wax is either provided in a liquid form, or a solid
that is then processed as shown in Fig. 6B to convert to a
liquid form. The 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 (Fig.
1a) removed, and from being covered with metal during
subsegquent steps.
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WD 2008/ 100603PCT/ US2008/ 002058 [0076] A land 775 is nore effective
than a sinple edge 774 at preventing the flow of a liquid. For this
reason, t veorGogig@so3separ ati ng grooves W thin a singl e BXIMgS2068/06205%8 N
active region of the cell, should be as sharp as possible so they

| east reseodte)a | amdl&epAI7H iiRg rore gfgavesve | fhdmes & inpdgesdaecome

bl unt ed, e fo t he..l i qui.d _back from e, f.the ridge,
oxposi ng 1T PETRRtEl e TAMAPE a0 dtub AT AEE Ahaddly i
desi r abl eridges heepardbing greeves whshnoavetngle mong, |edgt an active

gloprtlzxi rrakle:;Yo:_l-<|>9ftﬁé1etlép_t,glsh@hqla_ ek %Besgaﬁpyﬁ ;ﬁﬂf‘sﬁfﬂl@%%- tﬁag t
ocki ng efia als e, applied. chni ques ve nodes
preci si on?g?’ﬁél ﬁ%ﬁ%@/{ﬁjta ﬁtﬁndl isﬁ%?é'&gt"f}% f:ﬁ? ?E%V‘?/sa‘l v?ﬁ Bﬁegﬁdr 1dges
pr ogr anmebeeope petentryd, néwy oead favoee th&hbidqh vt Kiawk rfatey ithle peakd
be pl acedopychbestad®] o dieRy ik0 tbhent! hé£BL B £asideblseeali.on, and
then be allowed to mgrate, for instance under the influence of
capillari t he,precise | qcat.ions intende ere. mgration_wll
cease duewgﬁ)grri e?%m?%alfs‘llym (‘}%‘a&@a%&?g,"rﬁgfﬁig‘%ﬂs 0 WEHEST, 2TRéE of
material the deoctredicrede @t depstwepproxibateéed: iof tthes tossilt pyra
S?Ch az by £ geﬂé'@ﬂmo&t!s hﬁtﬁi 'ﬂﬂge%&poi'ﬁée?iec%jo 3 t%@ﬁglcﬂ{ag‘ @3sb! BB,
etc., dependin on the type of material. ccordin ne
bS5 bl e’ BPBLESR 1Y rp AU BT HeRP QTOSEST (RECHRITTY daFHO3RY, s
et ched 26Butnnat bhidi 858, tghdwk gehtenmtileeal jot i andrigrogAammablenove

the (AR) %%éwﬂn%,o AP IR @RNS tReDB1 B AL d I ik tud8 BROWN
in Fig. 8B, é)Anot er flow path nmay be fol] owed, which actively treats

265 the rBYRORS P% HReshmaihoss) njar| &ootheriiefdhis dasidied Brakdan.
Thi s fl owapdt thes ok stlissed el adgrategoniert et ande Uridgx. tHha- 9D.

0079] Th . int i $.hj 0. f.

Schemat | I TR P Figs L TORLROLE) S predise AR dptepaato
process njepe oRESEREIUNF Sl f&asgatHe e Parrigracta divids ag¥serrhe
each possabl @isondsedtiareinf. biTwec hatbeliakscandhey ikhiridrned,l brmust be
under st 00gy , DOYPYE s+ IR Rl NG 319" 6855 219A! ' S DL HY 13AM3KEGT or

heating, exposure to light, chemical reaction, etc., depending
upon the type of material.

[0078] According 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 peoint, 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.

-21-



WO 2008/ 100603PCT/ US2008/ 002058 [0080]It is al so useful to apply 267
a palladium catal yst 862 selectively to the netallization regions 17,
19 where nickel is to be plated electrolessly. This catal yst

appl i cat i o¥D p@g/1d0603done by i mrersi on 267 in a bath, asPCIEEaA8I0MIF (.

8C, or a general flowof a liquid over the region to be plated. The

mask 6701§b096 thelb@aiél'é’l%o &@%fhuorzbbabﬁgyapm i@ebalqaﬁ:@?t ctﬂ:&%pisﬁg
regli ons e a .S 0 es|ire e.ncKe
0 Gl Se vty o SPF PRseradRehape, Tepisty Tl od),

It may be8h
al | owi ng nickelribhatraldrg pilwited @llsabh:eieshéyca!ﬂai%/m&tado’tatvl ty of any

catal yst gﬁifgéélétgr}ﬁéfq)et %&A&eb?aglﬁmekgggﬁ] I@? eHd bﬁt@p 'a% SBown

provide 2 ectrol ess nickel plating g I ons Whi ch

will becokB ¥he e?%ct‘?%c?eéienﬂ?aé E-&ﬁbi dBn l‘@’frl rﬁ’?ﬁ%ltﬁﬁ ERILRR: &P
in a pIatbegpb@t@dB?BﬂasrﬁhﬂWﬁ?DnbEngksBEheTheta%ystnﬂﬁQ &1©mpbeuagts

the 11.9nt 180BELE! 09 [SHONSoIA hEOTLRIEAR 09 6paLe e it

this platl ste om’t bath 873, fﬁ% el ectro
regi ons 1¥S 1Ot 4eseRd iy Rliate &HCBPéctrSFe@%YrP?ﬂaﬁeﬁquéP xsflow
[0082] As di7$Cctiss eflasibaveLd i a2QNBeC @R ingt And 41 bawimyp itetteodehkirden,

oo AT Plap UL e ALK ek R TR AL a1

st eps shoWn>§cha lagram rtormin

Fi gs. 8F-8gheqpd ??rﬁﬁﬁnmﬁfkﬂtaps may be conducted in one of two basic
sequences. Both sequences end with two simlar steps by

el ectropl abo8y) t he Ted atexitd stepaisLikB pebaidbarh3 dimtrarless mikaeli n

name and BRCERY DU LARASHIN AT SILAS 51 208 4 Nid e el vor kpl ece

may diffe éﬁﬁ 4f “éi't her copper or silver
el ect r opl aiegtna oriflvfﬁp Gm tbl‘?e depek ey Amerﬁs%gtfsﬁw "Lqﬁﬂrb&Ph a
process, peavihgngatind 87 & tshakinOAnsFawn B8D. Fi rgne 83 x whaske 6t70e  mask

070 1 el B3a 0 SCRP O BR! 5RG1L  TEnI®] 21 LIGRUANS Q800

19 now belr &R E |"ayer an L copper or
| ayer 44.wibh| Bekay Qhetftﬂe?pd&attllm stephe HePA| renoiak digon §h9 F?P@Ped

344, which73l ! ens éhectiddereddany i, the stbi 6ovedd i dioEm ni ckel
silicide IZ¥ g f %5 %ﬁland t also | eave a ni ckel |ayer 42s.

Slnterlng s r% ot %F%i e%ﬁ%ﬁ? &fleen t he upper netal |ayer 44
and residual nickel fromthe el ectrol ess nickel, nbst of which has

reacted wiPAB3i| | cobs FHRCURESE GPOVEs 1ReRBUBACHYOR MWL HE o fitastd ng
net hod, swebhes, bheé Nbiw-dds Gifow pathr @vrdechbEudbvg & @Emidwy at

E;g-pi ES a}g%ggﬁt%{f& I g‘; elFoél seds d:%%' 2R %Egl %hggn%éﬁ'exﬁat Oégjlli%; Qhn f)‘}.ock
diagram form in Flg 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 1l4. 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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suicide layer 40 and the |light trapping regions 14 coated with AR
coating 30, and free of mask 670. The process ends 399. [0083]In a
useful inplenentation of the process, the self- aligned mask is
renoved af@ME$/1@el3l y duri ng what ever heat treatment FGIIFS3084p02058
follows in the process sequence, for instance sintering 344. However,
it may belapeestérand cesininag mhicked| frani ghedehesicdless odohkedt, emost

Oper at i ONg¢ S RS d STRIRIYY WAt §9hxeaﬁt Ofn& apidi 320 a&! k@holBEOby

an absorbent material, such as a sgonge. 0084%Th|s separate
processi nfR¥Et BPCHREARL D RGO e S¥ERaRT ¢ | PURRERT | 1% AfiTon tRePEONdtle the
sel ecti vedenibtehas cshpwey extt Fhey.t isS@RSwatht tike nmstka Yigi 2t eteigdlonsr piated

becom | i t .ol ess. pi T |
deposi 19 Bothi¥ FRREG aé%#%?ﬂ??’ﬁ?lap?ﬁélﬁﬁf?# ol 8 eapkeh
But if theyligide tkryesedh and ithg Aéahtt tEapPMd Tadepscddl goated

adver sel ywathesk ddweepef f30,manee frebet BE hask SéTEE, Ccette pribceldiss enase

t he case, %ge sel f-aligning mask could be reapplied before

l'ight-i nda 8 plating 341 to present a favorable structure for
formng gridlines with a high aspect ratio, as_discussed bel ow

[ 0085] The[ B88H] showki 6h Usef Wy gRPLRARALALH#en Ff Fikf PFasesisd the self-
al ternati yeiynde radik oV hemdviedh aptenadesal g dlfimd Whatdder hedt

sintering, 344, e | | Ovi 334, chi 6 se d

el ectrol egisie&r‘ﬁ-'%%rgf p%f%{ﬁgr}g@st%&l%g’g, §gistﬁlé_s %@cg%%gasoe%%.n%?ﬁeggg ching
step 336 iegbaree tHi¥enintg dddet r Howeveni ckeInan\g neEesspRy $econd
el ectrol egemptrat 19 $d180-a33Gnead@aBxdBPOS| §Sparatd asfdr@itdsn,| ayeh. as
Fol l owi ng.the _alternate wi.th the secondlﬁlgctégIQ§s.pkgt%pga%tegg n

| eads to AFREEYRett 4 P L tvuPE R8P Shath, AWt Th AHE) Gde S 5RGBRE
LI P et al mpbgeiald sughl an selseengel-ess nickel layer. This structure
Is simlar to that shown in Fig. 8G but the electroless |ayer has

been providesaf hr oughi liddRireite propessPhestsp MAIldPpetbhe hbeessary
silicon reac | e el ectral es Lckel | rg@'k .
sui ci de 48? ﬁf%%ﬂéﬂ;%. t_Fhlo nes“gertr?’l 3’1?% éﬁgeéglg%h%)r@ég}% 8“{ ﬁ{a up%lgr.ghéicé?ns
| ayer 44 of the\easking gmi@riathdrpmskeremipdondet s afiad@issd4h The
slt r uczI Ur?e%éc@ﬁ@i%‘s@%fd)@/mdf | Pehlelsg- mﬁbbl%i(lﬁ h?éﬂs&sm add b@dlﬁQgEaPSff
pl ated w a_conduct or cappi a _nickel,layer 42r . a_ni
Pt de | BY cPeEEPBAEE Yrd EreRRIRO R ¢ S S0 1vGHEL AE I TRy BEE o
30. [0086igmair dwrimnthentaltrestmebysbhhey areuld| afisransetly 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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i nter-connect the current collecting fingers. Cells are sol dered
together in series and lam nated into a panel. [0087] An alternative
exists to_the ?{at hway shown in Fig. 2B that includes the etch bath

step 263 JHY200F(&00p% 5 yst bath 267 and the el ectrol esst G LRI04

step 273. Any one or nore of these steps may be replaced by a direct

treating §i-%%t’3\ﬂ’i%ﬁ’%%quif?é—' das Peeagprevided piby aalydiddangnto sitres -
regi ons 1Xftdh gmmw addzathe Allsbewnresicts gvitdA timh edlettanile863

oy be treabed: ILLREL 1 FollSaEuLIcaul 00Fac | o SUCHhE SARRe g STESK

670 may no née rovi des ‘usef I nsurance
agai nst erigkel éMtamm%gh@h@paasom@bal riapen 4 afusidyes or

fll rect tregppEAl 'iﬂﬁéhﬁags(?lc %Iseﬁ?%@@edst'?@ hasbisséde reg egusnree is
reat e w 1.qUI a con or .0

T oo o) gath oa SHbnY ToE dr B ORiFhnEng Reta Pl Y ¥ g nt pipser
regi on l4vithdaf¢ordigtorndsivappiag Bi gicR€]l ldeer| 4t ragidess nigkel
plating | éﬂﬂi&'l@@Glé?é’r t1ﬁ) ap&'ﬂee(i %ﬁ@ Qkéﬁﬁiﬁg a3y ear&t an AR

printing, d flow by capillarity fromthe w der uswi re el ectrode
channel s %‘?anth% narrower gridline electrode channels 39 without
ri sk of contam nating the absorber region. The result is an

el ectrol e§@0P6ht ed Amyiey ciweas iomadn itheFbygsb@fs 4:(3088]Udergendwal |

the prOce§§t9§5é&&?éc‘&6\{hé%nﬂ“%@:‘i@éc&ﬁ?n&sﬁﬁg@@é h an Vs a
bl ocki ng mask direct treatin Ki ng mask, qr a

di rect tr@‘a}?‘ﬁﬁegt%‘ﬁg%t{%l}tﬂ & I?egé‘fj itﬁ?”&?t‘?‘iel%‘icéﬁs B§Medt-chi ng

away AR coating fromthe netallization regions, catalyzing those
regi ons f pPO8T kct r Aressl yernatiye @P{é@ttsotesthtplmﬂngi}f rehawes d v §didens

or t any ot pgr t?%@[&ﬁé"ﬁldeﬂ [)Elﬂearéﬂéhe'iﬁﬁll:QY§t8§p9§3 NEh@ %Iﬂ?%dl@s%ﬂ bath
active ag ca e a S

catal yze ggéh \/ﬁ\P %S%é%&‘&ﬂd B‘éhf%ﬁ"'?’]?@)v%'ca]:5 ﬁ&eﬁor more
el ectrol es§ pheté ngtepsemays eh replekrednbyna FHigre@D, tmaia.nd; Iseep treat

el ectrol egRe PLIY | ik SiEPves WeferRS 13DQ WEl&QdFaﬂre@@ [&pfﬁlesw 1%st0
the step gf ref"lowng 271 the wax ma

, naski mat er.i a
applied tb’a t7r? Refigflidfednés ¢ ﬁﬁ{}eﬂnaﬂ%’r é}g’p er*féﬁ’tar’gztg
conduct edmépabe atteatsed Gismatd yr egi aheseéhdacaticmsonth reasih aelClaIser, of

t he Samv\%ﬂg%a% & ¢l Iﬁagrm HeY R®soid el.??ro @%\%ﬁfg B the Frikildes,

regi on e other steps are conducte e first region
is to be BF%F‘é%tJe%ISuquené%J@éésﬁrﬁ&%t epchart ‘Fﬂﬂtaeﬂﬁlé}g fihe
geonetry sbgoarberarddion theriddiagsamdisect dtfeamsdntradtertiialg caepb@6s.

d l'y it t
Sane g SR rbRBn] e, pRly, B8, ¥pREG 096, RO IR LHBY) ohac
t han contalns 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
liguid 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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others. For instance, a first type of material nay be provided and
distributed, for instance by capillarity, within a first region, such
as Wt hi n winenosyedoeasr k 38 that will becone the conduct arCrURNNS®IBSB7,
39 and remain liquid, formng a sort of mask. A second type of

mat eri ﬁ! ﬁaﬁabﬁiﬂﬁﬂﬂiﬂe%gmduﬂl ﬁdﬂ;ﬁ@%@.@ig%fxbb% ﬁeéﬂﬁmhctol&eglh on, such
as within e, net wor rooves at .becpone .t he |ight

t rappi ng ?%SFBEO : ga%%'%xcﬁ%‘lf 53:50%9851 \f%'lglcwgsfn r%kb?so% rﬁ%&é’lﬁ’?eo(gf
the |iqui anyl pthey seep dilif thandarliyusympihps| expoeing ratragion ¢b an
ma{ eri a: thtWé hgést Eltﬁﬁt! Q%hrf Q{é‘fﬁ)l%_c'iiﬁak_ri)_ rﬁvﬁgékﬂgtiﬂlﬁsﬁﬁc%‘&@h _stlep
material fromentérin e first region. e sec y of materia
Tyt hon b8 GREBIEEE 1Pt L S a8 SECRORLA e 1o, PYadd

t he firstbhthuetlecayobespmiradd rof fstep ,08hehwas eshamvied , Fitdhesehy or a

CiPos! 18 kel elele Rt i s psiy bhted!saop dpp s 1B

ecte

2008/ 100688PCT1US2008/ 002058 [ 0091] The foregoing has discussed
exploiting surface texture and the flow of liquid relative thereto to
treat the[Q084]li zasinmhlardiconhe atepabsoreflapphy b1 bdltiengaxaimaiskal
to the ne i ' r 80 ONs. 1and/ .0k, .t rper,regian. Jdd: 4pS 0
possi bl e tkgbéx% o%(?ﬁgu%%a%%tle%rg ea%gjp?" Fgladp?l%w@%)%]rreglc{%e%ha
absor ber FBERoREMAYEd| 1ihsiatd RELHENROF F6LP! 6F nFPRAYHE hithaterldESoR
coati ng oseabsdrbegicu cdatheld, &f delvendehbsksesitiwendf charaidmedtype,
di scl osed_herej L. Oul S [ S sl - gel .eCUr SQf ;
may be apB iéda?gfﬁ%ﬁ%ﬁc;&/ee'd%heg% fg)pléfq Q%EQC%% ﬁ]r%gﬁee?gr%g‘d wHite
anpunt anBtBeF ofkEPE ¥R FARBGHSSn drempHPirBntlet &lsHheerI o isultPy
cover thebanptroeedod®. 15f dHe tfiviredannhe seapsedes ondriraiaie by ha

chem cal | n .NG.., [ Eias - 6D hav | d
above in égﬁﬁ%{é??onl%?ﬁﬁiﬂﬁd’i 's%%%g (1)—_'1&%0]5 g@?s ?{guﬁ gﬁae% qndaazzk%%%%ﬁ
mat eri al 632 P9 R8¢ 20FR Iandriagaing 1 Andnyill prehbabkih ragk pgh@xpase

state of andewksetWhane tiexdidms.i s exploited to facilitate the fl ow of
such a sol-gel material 1172, froman initial |ocalized deposition

(as a |iquj {n th : 1 t I f
Lhe Sone 1BB0LT | NEoriE My iR eIals] dre! foRBEEd tnddl (R khal
coating 1?Eb?r¢heF?ﬁt%‘PM%re %tf&gé%upe BE BRARSTHL Y e PERYRAed
in Figs. aBd @Gstbibutéd h & -igaitahté2 byncppatapitPp) ocidhig rAtfarisal
672. [009 ar e_pr e n tyge Vs cri hed
PhCa ual teaeoh o syl e PARIC LR RLOHR, 48 PndE ALDE TSRO

t opogr aphgonduetestchanpekfyRdut 3thice Fempéat LAgut, iUaKng 9 isggitdof
flows, driyen. bixog?(@:@xsd awy:;fel e (l?f_ &&Qielﬂli&%i iémydaedp@o\smémh cind rom whi ch
a treating.o 0 ng. .l .qul | S excludae ue o_t he, t.ext yr,

oot | cdigE= RISy P S dek R haT0n, IHicn %ag ALK e Muork
then a magk 950eee®Vve. thiswelidrl, belgomer sbesdéght abrappinameaigmdid , of
sega[ at et afadi Béseﬁé‘gu&ﬁi !@Eonﬁfl\tﬁi_éis f@.&-sm[( ng@bﬂgbé@&1@<®ﬂlldiﬂl§3 mfalh&ai al
an reatl e osed. Lt edgl ans | nmas egl ons_ar e OoCcKe rom

t r eat ment ?Efgﬂlfﬁgég ’6%?1“%’6’93 eﬂ’c?\féad gg’(']'l?ént*‘?‘ﬁl ﬁgl,guei\ﬁ?t%”ﬁ%;b)tsypﬁe ormed in
bet ween, patériahtinlthe Hiarst aegioor fakinsag vask.preventistarnde t wo

different sgBSKS fafePLalSEIn WM NG the 8TRY¥LIrDYich f i seelowant .,
and anot her tha% resists the . .
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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first solvent, but which is renoved by another agent, such as heat,
or a different solvent. A processing step can be conducted between
the renoval of the first and second masks. Fluid can be prevented
from fl owwaodniagsad r egi on either by way of a mask, orPQFEEAUSH02058
capillarity prevents such flow. O, as discussed, treating steps, may

be conduc{eds t hourhelstoxpgoimgs haat dabtus O 9l ttiopo grartlayeof

| nvent i ongg Qm@ﬁ?ﬁf %ré‘rﬁ% Ao %%Stllq¥§h réﬂQtP&%S& ﬁ’e%‘”t% Q‘Fe %S‘Eﬁe

For instance absorbing regi on t opography bears a plurality of

paral | el Gebablizabiomikagions,yand phsPotel LRPEY RAISARI t“@treeFGFlle‘e‘P

reflecti OﬂﬁeQﬁetam&zéﬁcﬁﬁ&%&_}m%eaﬁf:l/bb(EthQCalﬁtﬂcnfbelﬁ Hgilod .under ge

Lol o R0l pELIERL O 0 a8 9RYRR.E% B80S S AJTRIAL! Wo' 1O
OW O

pur pose, suc rater al,
cover an énﬁatet%s@mbezégimom Agoaiparnatie nﬁiﬂ‘&ﬂ e;fptrerfﬁa'rnmg

th?}] rlegl t@He @?pﬁeﬂé&h \fé‘idarpfccté%al ng OR 6B3bLPEr @r%ﬁl@@roﬂorwﬁél ded1

Wi el ectropl ating chem s i a_second exa

Channel o 45eEsEhy el SV metidfs afleeddeedl nErErEech o s Hshwr L8e
provi ded, kapen ugeda fovl-tggihgireroirtserc paypbeesppliabitoithy greoved
l'ocation gfelbe; $UsE etlle Cc?erlrl)“l'?:g aelrn@‘EEaEQQeéméﬂ%t %d Tha Ranrel s al so

serve a manufacturin ur pose, acti ng as.a net wor k t hr ough

whi ch t he™pPEEFRgEE rRPqﬁ%?anéwP £ n%né%l??rﬁ%ﬁ%ﬂquﬂ%Fbﬁﬁﬁout
t he net al ehzate omonegldns 17 thed chat baotaesséwherlmrdauc bbyas shemtical

absor ber effectively hydraulically isolated from
the el ect ‘rr:g 29%%w%&4h[®095] The foll ow ng section discusses
features, haracteri stic f th pQgr a ich facilitate. a

Cont ol | e48PPE of 114 S~ G havhe PERBoIRICRaNE T | YR, L1 SORORERIPPsh
t he vari owsthahié adiscusmipugfosdstriAbstberqaandsisiont imatediisdu$3dds to
t opogr aphyokfl alegeik O RAGIOYAl1lAlaaP Y1 A0S RSy £90@§J%r&ﬁ 1diR0keate

are defined thy n which Is desired_that _a

| ow, an
Shich' it PS RESTYLCE (thAn (HAKIES dSnBEPEPORE AEbARidY Ao Soife T1OV
topographot $ech ua esdibuyeEls rsuterialr agi7an. £iaki g iﬂnﬂ::czﬂlsdo@famlzed

absor ber ngi‘tlJﬁl PJ@"!‘plrJ{ha il ifA s BQﬁtéi‘atE@'&e P '(?”d‘%y s

the edge 7/ Under appro ressure_regilnes, consi der | ng t he
fluid visEBERRY BACGT 4kl é#gl Sh&PREeh3t h‘éh%‘Flbl"éll]alnd’qq’i’é‘es ace
mat eri al , abhereeigel 4 scowsteablwa tho apr aRenbaaiygf118a¢. f rihe finkeirmgddaese

it f b I h
cdge 770, “LOBRTYRTEE B 4iiia s She BhORR AR o BRCBpu
sol-ge 72 in place of blocklng material

[0093] 8o 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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flow and retention. Fig. 5 is a schematic representati on showi ng a
cross section of a portion of a textured wafer taken on a plane that
runs down the mddle of a light trapping groove and cuts

per pendi cwa@edogidobosough a gridli ne channel . Before exp@visagsioisss
specific case of a liquid in a groove bounded at least in part by an
edg]tce ithtsryseéuiv%&ﬁmﬁpﬂ Qﬂllgi\ﬁilgplrﬁmﬁaé@ By &ndtipsd digenty kuah as
surface havipg an edge._ Fi an Q ac, et wee

wetting Iﬁ(equ?tl %ﬁSaac%loffe#sct ssol}F’ Face gzé%%g&r ét % g a?:’ee forns
an angl e confludtededdtvgens hifeagemorsl pﬁetmaxfm%t e@%ﬁ&ﬂoﬂiﬂl dagks.

silicon, fhisdadsh od prdferlRUirrbd fibGingdistOvs Ay inERkecef bSrhe
|nfluence of a surfa%g feature of an

on_an apparent__conta
gl 6 0_oPS Gend JhECs T REcRuRE, PRI PORT LRSS AR AR 1050
of a subsasatbésens$edn tothpd irgpistepsllndy Percomiuebehplichomgwosingxa
on nitridgdsgi L com  the edge-influenced contact angle Wis about 50,
anplified from 15 by the surface feature of the edge 574.

Th ti th t .due t b h

1T ust ot BAOBET ow, THOGHHEA 28T, QR HCEF D8 SHETTTh S pGEt 1GRSE1
a textureduadf eand Tﬂ:ress:xrhias moeEt pomppses akBor obnstaicne thealbsoerding
down the ppddhe 04 {d rafgﬁgpﬁie%&s%og!ﬁrgilég gjra(ﬁfeqe@%%%%f by.

t hrough gridline channe portlon
of the crbB€S€e8EY %I%‘r?etq}ﬁ"ll’—ﬁag‘c BUTBQEey| E?\e’ée ctpgns o
cross seclightptaneawepiniden®ff ahe shabenpodighionso oindelxe_;ol reepiriad

572. The | E?Hi—:ﬁnéf%‘\@f.{& CQ? T %Eﬁggésgaﬁogi%tsm & Qna%.ltfléctttlﬁlng

mat eri al e texture
| i qui d i SPBFRP®R- at° é&g’@‘-’ﬂ?flﬁf ftll%’ 8#06@/‘%@2 %‘I’ﬁ)htéh% ab@'lﬂsé‘él“gangl e 0
bet ween thetéifald wrécmaa: ad emthieel aBsbabet | Regidn augh stohlt$1aedgehes

| ess th?”zBQ%s"‘@Hé d‘i;nhat T2 Joﬂa@ago Qe%&?e?d JPQ%%J Bram Fig.

Sc t nDre nad & Vol Une of | i'quid 572
and the aﬁ@ﬁ‘él@g 3he andjmla swq%dieésyééb £ be € hECPR § Hch cAlerd s tERe
retaini nngdGQd571A$Sast§iorﬁt dxampaelt tRg 8RghLe1d M B, rEpriekentvdithe

highest Tewelosl LLa0d halcan e nelahped: of abl voAly G0e EL yopa.

[00100]Befme own N 5D an nor e
been addeﬁoana ph@twmﬂtqqa%lrm&eadbanéeémena Tala)%ultqcm#m etfn§nd

575, maki Bﬂrkéﬁta@@fﬂﬂ{ﬂ@@.mts aggl 80 ohe Ithdlagera1lsd Heeve a
surface of _th gxtured waf er
manu uring 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 isclated from the electrode network

38.

[0095] The following section discusses features, or
characteristics of the topography, which facilitate a
controlled flow of liguid, 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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[00101] From Fig. 5E to Fig. 5F, nore liquid has been added and the
edge of the liquid is now pinned on the second edge 573 of the |and

575. The ky@isboghdogosshown with its surface essentially peaydsh@sloosass t he
point of contact to edge 573. In fact, the liquid could, in principle

go even a;s&]’ 3§h<§’sg:§t1ﬁ’ er‘%decaﬂA d to%‘ésgég.{ggféesth@eé&{rﬁi ' g g& O\l;’_\sﬁge

t he edge st understoo reference to
shows an &hfar géederetaRREART idte PE@?@HrBfr¢$tﬁe§ﬂ34Mﬁ(9?ﬁ$§d@F#BBe§he
Fig. 5G ats@id e@i@&%ﬁ.tﬁy taiat doImQae:dganEIé b&thdedr ecHtf livdaakhy shar p

d b h d he f
For - pur pogtbPar® meeRtTd 1 SherRust s g BB I I skl g FRgte”
posi ti on &remgfkowinld veshiith @WE@M&hDFQhOS@m&|Qﬁ3ﬁh&ﬂ£l§ﬂdbmerb3t|ng

angl e congi-iyPPatidhdy 752 3IPededyees740 the surface, as shown.
[00102] 1t w Il be understood that Figs. 5C 5F show cross sections and

t hus repr cir ces which are ideal.zed to ave ¢ ryat ure
in the dlfégfﬁbn pé#ﬁi 3pcﬁi§?egbt9h3x8i% g’?°¥rﬁ? TG &4 %ﬁggréiFld
S|tuat|onflﬁwméw@rretRRQ;QQaveF@GChSCmﬁvatﬂ¢hemﬁwkﬂuﬂepnﬂﬁ§nﬁa§ign

concepts grseihdes @m.& sttt iRd ofl adpbytwﬁ @ﬂdétﬂé%&?ﬁire@UWQEW €aken

Fig. 7A aPAPLERS IR (nigeena hecPeasfS F6 T I LAghy tienird o

fluid doegrquef$mﬂw¢u§ﬂﬁp%rpﬁmducuherﬂanﬂhf¢umhtdmgnﬂﬂﬁmn@anhsnde}-due

to the UPBLESAD SHl9ForiTly MY Ehecific case of a liquid in a groove
bounded at least in part by an edge, it is useful to mention a
simple case of a liquid on a flat surface having an edge.
Figs. 5A and 5B show contact between a wetting liquid 515 and
a flat surface 520. The liquid surface forms an angle 6 with
the flat surface. For the wax tested on nitrided silicon,
this angle 0, was about 15°. Fig. 5B shows an example of the
influence of a surface feature of an edge 574 on an apparent
contact angle 8" of a wax pool 572 as measured from the
substrate surface 1120 of a substrate with an edge feature
1174. For the example shown, wax on nitrided silicon, the
edge-influenced contact angle 0% 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 0 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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causes the fluid to build up rather than advanci ng beyond the edge.
(For the present discussion, upstream neans fromthe absorber region
14. However, an edge can also prevent flow of liquid in the opposite
di recti onwd soosnmeshannel 39 into the light trapping regigsdsaessder
whi ch circunstances the edge 773 woul d be consi dered upstream) In

SOMe caseBetwder | thal P'thﬁ d |si# feitle0 ahle al BHLL zamh 1 raMRY S8S-oulgh tchas
fluid wll  not, fl the3|a 715.

downst.ream e 773 of
some i 1 CRARE st LSS AT (e SR arE; Brg es: Taar chalb o dpakfes
uncertainties as to wheth.er fluid will flowonto it or not.
[ 00104] ThEOARR] gnerFrRly Fiehi AE 6 F48-a5Pel BOT® eliawithhrsedgeny pddeds
shown in EbgthJA;omtéteff tltmjmlai IsgedanbintBengigle o a@ql@mdstv@ﬁh

he fl f 1 h
e o "Bt PO, s Ry IOH e KRECURES SAMECER 3 9utdh
like a | ahuevmhtmq/ear;gl@,r r ®iifsl aepupgentsethormiqistodjevall g4d can

act as a doghlie efe cd BE FGinaduadaney 4P sdgpping activity,
because there are two edges that af fect an advanC| ng fluid front by

reason of ar yp bressur.e. t he, u st team 771 ilsto sto
t he flow, §ﬁgbéjecon twaeo%ms}t reeé:rhmgdﬁgo ?Sl?enﬁ?ns and* né:agstl i sPog
the flow limuidehas Hegerhadfiech@ngntaet adiauydakas mqme&dmncretdurt@ Bas
floved toppheriando®re ot dmy ﬁ@ggﬁﬁkm the Qﬁ?ﬁ 'ratté) Rt alcRr adgle

Lﬁhﬁézﬁ'hﬂa%%ﬁ%‘%#%?é% FUgkash, Ceats St i vBsfive, such

as a ridge or wall. For instance, at the end of each Ilght t rappi ng
groove 22{0Q1QH] | mfarﬁ#%d@ T—MFGLQr aF |, afeleel bidguldy 16)s deest added

Fi :JI d withha the &t.g@V&f WiHd 1r1Q1tulal Illtgbnbtt»epmﬂlédtttm asfe sséfc]‘dn? @tatﬁe
vol ume and_pre racgtion_exis ot her
consi derag?g %fél]%]%lﬁ %%[Ea %g‘dﬂgb 18, shed u"ﬁa4 ]tcﬁ St &Sﬁfae
| i qui ds, essentibably elalttaitcalh@tertther eoz-aneOﬂe@pm'eabtt c-dheddd 1593, In

actually kgctl4mgs. lfcﬂhd r&ﬁﬁracemwptran&@ e&e eetéh Rl &hie %SQD it
is helpful to coitsl der sor ber is a plural

oot o1 bt el s Snih, YRR 5oF0rE srl Lo v R Bdoiels%s.
quantity Ohisigsibest wdemghoodt byl sefér@ncertaskigsolial thﬁatcmhbws

within a ogl ghi i S&@éa{llcec&t e Q%Ebﬂno@f Fi&e ?@%1&#&@ ‘?ﬁr%ﬁ@\?(”
at Fig. 6A, which g uantlt]%‘/?Sst n flows rougﬁout the zone as it

melts, orfag-i?Gialseqren th?ﬂic[’%@& SABRG° bl c%—‘p?l 1355 yRote dasA 1LY
al | of t heshatbeedges | imns mEtHdre hmneat lratiiug, i shich e eckagyecatiedctin

Somet i mes héhﬁ.%&u‘:’é de )L ?ﬁ#;ﬁl% 10y §.tci1 £EoA1 a”rrt‘éjgﬁqgﬁd %%‘% Y13
ri dge 23 betweenh groove , an |n I VI ua groove or

grooves nghRt BRVEFDCKRR RASHFiafp@liorded ERAHAR UG A “tfeflé‘cﬁé’ | t
may al so bappefy ttld 4tubloharege iolg falhylld 632disicd gt It;h:m alsac ad,
and as a i of, sired target zone 14 mght go
unfill ed. &%ﬁ%és agggﬁ%%%fc emdt |a6°’aI@?’y :Bn Fig. 7C, it is beneficial
to provide cross-channels 25c between ves 22c sO that fluid can
f1ow t hr olkBAL8%T an Ehtyi e i’(’fhémflf(,“t&ﬁ BQFth‘?st P8 RN £Tegs

[ 00108] Ansectiphe afd tthes irepmplesantatifcgnsi&cdherlgidoeee 22ealilzedh
make up tBg ARSOTRETCLAM ke AP t%%cﬁlkgtc@?ﬁﬁcﬁ@fip a5 1R8N n@5C

in at | east one nore typical t hel r” boundi ng rj dges
23c. EachP§8$ <2§ct1p%rmusrecsr ossTheo\ﬁelaA satuathen edipveytey [dogge have
becones astahrcervatufd Ow iHovdvalr dithecbiaec domedmt s alwes carideal )Bpply,

such as a, Br‘ﬁém%pf‘%‘gﬁﬁ ﬁt}dﬁﬁ%%%‘lcghrbgwféty that affects the

fl ow conditions e gaps 2b5c are not facing each ot her
but rather _are spaced apart along the |l ength of_ the grooye.

few gaps P8RLIGFE shBWE i nitFilf n thati A fL3k RN AP cﬁtl?t"t"erln §c}ﬁe
i mpl ement At andsabhsgFidavaa raist7,75| f boahdabl by edgss 288f quitey Addruiyg at

| east onecagg. typiSallya MM QP YYIRoL5 8100 PELS: BPU AL IAYR haver .

from the upstream side, due to the upstream edge 771, which
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[ 00109] Fig. 7D shows, schematically, another enbodi nent of
cross-channels to ensure that the conplete region is filled. Rather

t han pi er ovongpogambosr i dge 23d within its interior w th RIRUSIN08/002088
cross-channel s 25c, a single channel 25d traverses the entire

mar gi nal 8aesges aﬂ@@gfnild Gﬁ'ﬁﬂau(lllel Qb rashahovian bemx}hrﬁﬁdxs; Gleyandowhef

T 00ves 2gflset MEESPYRETIIILINO iU dcRATIR) SLLAN [0 0A5,010v

to the neX 'O0OVES rstsfiinifiRe gach
Thus, inpabsaches t%ﬁ#qrbvﬂt‘la-l ong?W&rV?rm AYl edge oear Q/&S.C‘r preveptefdaw of

the flui d1igeMa T eRCHHE G ﬂl%l&teh@&r@EQQBﬁiﬁ f@&d 2l &tanddl MY ko the
possi bl e gor g ?I ockage W|th| n g groqve ﬁ § b}/ cgassed SO %t

groove may>BREf FFRRRATY FRESR Hér SRFEEWRPERR | S HomSHBEeSd Fﬂge
bl ockage. 778i wofibd niee i apnssilderrepr epstgeanddli Thovere praztesct iidn fdgadnst

a liquid 558k ffondﬂﬁkﬁ&d;ﬂé‘ 194, T %ﬁaoﬂrabéicsél@tlé n @HéOtﬂl%d Wﬂ'f(‘ not
flow ng i For _inst t he. ¢r.oss _channel

n e undesired region.
25c acts ﬁio‘&nb%%?‘fl%\ﬁ "ﬁ%"@r‘%@ﬂ ger &7 3di R IT']Eﬁu]cF‘léjr redrte| W‘f BF8®ng
fromthe ebscubstanesss an ldd iist aox gntdikehe démim'mileSQ,bea:tadlsw od

versa. [ 004dOLIRGE MPUAR] YedhR0LRE;1825: A SEId DL

characteristics o e topograp?’h that facilitate a contro Ied ?I ow

of liquid, to_acconplish a nanufacturlna pur pose. The |nned|ateF¥
fol I owi nglBATAE} aphER&IHRFIBEThERY: RESLEB0EP AP 3 rPEEYRIToFERERI ¢
functi onsed§€0114) Rrg.shdwrshowFiign Fahemather ctlems-sdandon ansi ngl e

groove 22g.ndhg; boj oy syl Jb opP tk EE?V' bﬂhhc%{]ﬁpgia@; g400%ES sﬁgﬁfx

may in Sof® circunstances tivel ar flat'ness
result in PEfF]é%t‘FEﬁ]*sr‘?%rﬁdt% °§otat &ﬁ*PQSanF%%e P ooFeWEFETredFons
nearly ideealtsy, tan tdmseregoMer shagpr eijecbéhases rhiken o [laind with a

un- tEXtur€Qﬁ2Uﬁ£§£&v i%xs%,u tI'Je léq_g f,ul to provide a texture to the

bott om of gr ooves, fe wWill cause yet nore of the |ight

t hat i npinges_upon the genera flat surface to refl ect, obliquely
from the. BPBLORT bouk orith AP At @5a s AHBRS| 08 « RGP
Text uri ngrédendantymmfstogdinalast imitlyd bééaose ttleemngire kwonedgks

light tha hQ@S £Peddh t%}ﬁyaﬁgﬁeﬁbl}%h?’@ Bflttlgg éééé&?'hfa ?srﬁ%r

travel s t roug and strikes ack sur ace verti n%ﬁ he path
froma st Pé?@ﬁ‘t‘r%neﬁ Hete juRsiresst €dget Rl BribDiYP 19t e 4d@Wbakke
21 surfaceecahda Pew etk anllefigeafdize remlhans eand hea P assill Isitby  that

the |ight I an
boing Lot FLo¥s 08 AR A B Wei Bk hihSy B0 ML ihodhe S Bl
45 at thehBot ELAFES 67§ LndoPss nPBeTRENSBEARTE Giulihe Kesddger to
charact er bpti foteagtdllatively 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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scal e of between about 1m and about 5pm and preferably between about
2pm and about 3Rm By characteristic length scale, it is nmeant a
scal e of a dinension that generally describes the formation, such as

t he dept hwb sdos/vtos snal |l grooves or their widths w THEaas26sabises
could be larger or smaller than the range specified above. Another

usef ul rreeéyreohé my&m@lﬂqtl 1hiQ apdelid E@%W&C%ehb%hﬂt of
| ength s le of ooves 2%3'8%\/\’27§ are ty% % l?ie vvee?. 3pm and
50 o aniiant ol hea H v OB nEE Fhat0BEL5F The
very fi _newi’ebximra nge Y iate ltyhesrtadilt cen85adf pohieign ool dshecxoniee such as
acconpl i SQRQWHY?@ l&ugé@%;@@@%ﬁ@@&g@&ﬁ%ﬁ sewfu \S%% Qe

other texture o si ze.. Pgssifhl e pethods inclu but are

not |i mit&ene o2 StF ARMTh&F &5 itds IRmohRTi HRTHRPCH 1 Sf“&rke@r &dPnAgbyY
t ext ures oeapillargrastiadd itre aill io€orheabeher mmneimis tdfeshenebhedshat

will al'so;likel y,8BRddy W o %c%mgbﬁgﬁglln st %%O%ﬂ%ﬁ %ﬂol%ehalts

sidewal | s of the grooves as he current

i ndust r y- §PENEHRTF BRI 1A% Gt @@tgeoﬁleﬁ-PPéths%I ’é*d‘lfélaz’s Redwersa gEqongs
appl yi ng 2b undapnapabidi diaiddle graokeobrt beveral @qrsbvdy mightThe
alum num g} L gygq Wl i U340 OBk E O £ & AU AL ANG ! Baf' §3ES
a back surTace Tiefd vVer, ¢ MAterface Jb

al um num bapeen sthat ovharrhades IOéyélluéfi 87 At &9 etll hthly ind spdpcedyyand
reflectivgs dhbgsulhHe dombIFPdnt ionsB¥i Bget@é@iﬁb& ﬁa&vgeb_a%nréonhaﬁtight

whi ch is nmade tlng or rovmn ayer, and _the
deposi t i ngoa'llﬁ%/:hﬂ‘?f? é’ngF ﬁ:ec%@n% {6 3%" alfthi]'ﬁ
(appr oxi naeseyiqdal n'eg m;md@lel a;yrefssanuaaneh$ U R g greaves 32Zc

mrror wgh gﬁﬁét ?Iui@aéh@%dvﬁftlh%hb}ibﬁi! af\"GhhEfe aRHOAQR, | dnke
deposit a_stack oxi de ang nitride and then to deposit al dnmi num In

any case, 855n?f1935 mus R ed or created through the dielectric
| ayers so that the alum num can contact the silicon. Typically this

i s done by0PlE8}l abdmtexamp e0@ElShiliswdeethovmeath g stCuc Tiee gEQAVEE

created aQQ@EdWHﬂcﬁCMéﬁbldpﬂﬂﬂé %%sb@bé@fregﬂoﬂvcitéf&%dﬁamﬁt@@%eéﬁeﬁhe

front stryctUleoS&said Bak ARG 1eabeXbHES S8 RSr&"SRl20195 B¢ of
their bounding ridges 23c. Each gap 25c¢c permits cross-flow in
case the edge of a ridge becomes a barrier tc¢ flow in that
direction, due to some anomaly, such as a pressure drop, or a
mechanical impurity that affects the flow conditions.
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 grcove to the next. Thus, all grooves
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back 21 and used to locally etch through the dielectric filns using
the self-aligned principle discussed above, where either bl ocking
material, or treating material is directed to desired | ocations by
t he textumeo gstdee3sur f ace. For exanple, as shown in RRGE/USRMS/0H2058
texture can be created on the back 21 conposed of an absorber region
and a netakyi eammmmaﬂge cmush) ededi otherl.i ghtist rﬂpgsédtgnegrm\ms f2Bwon

the front o] o) 2 onaI
textures o%gﬁﬂegl{‘l?o%? c{}%;%&éﬁ‘dgggow%g% ‘%S erh%l%g\
trappi ng &Sachindchie ?ﬁ}éﬁﬁ cgerqsmeﬁogaﬁél aééﬁpoh'@rrrwsy d:fe rmsSé@tlreo or a
(fr gnL _ ?nﬂlbé@g@e augh 1 £ raﬂCéﬂdHire]g ftlbOPb ayLyhs?}é@?gb nrtgaattp @&lg%fvteh
rooanil i1 ecti,on e ron u 0 e
Eel | . Bus%‘éy regl ons #%rpngar?}:gn ar € par aﬁfe a?lcflaiflbg];e ?(:) hgpet he
buswi re chhoahige coPhigtfvmatdar @isot ppovidencaddltional tivetestiom
of the adh@&fﬁétcslilqw&ltmﬁ& cﬂa@l%@@v‘@n bhe bPagiod) dRut? Hdtofina

waf er 24d tl On the r| hand .ed t he rofl e qf

or ooves 23B8ERSEN Bl S 515 FiSoRReRECFsS HSafRID T s tpEce.
seen, as the thessigrhanmebtdon.actisarsels Gvdrfbthm&Jusm;artoamtBQd
for the 9ikghigescf tf]!kﬁ-h}hgarf‘?coﬂil %ﬁee¥bg§£‘f‘3erVylééﬁ:rprlzltd“:inft'boﬁt
it is advanfa geous f or ex%%?&ﬁ er pendi cular to gridlines
39d, on t8ZiBLIRe ¢RaRReL Vr‘&ﬁ Bﬁfc F‘I‘el to gridlines 239 with
no detrimental effect. This is due to the fact that the |ateral
conduct i 0608210ken The divimedtit3d vt fegegpingehin dércrilidd tieadiress ouf

the waf er cﬁ&ﬁ'a@@éri?é‘ﬂ’cé o hcﬁué“h‘(’éfp%%:@ﬁﬁ? t:ﬁ&%rfééfliﬁa]\c@%s c%&ttrlizig.%ed
onsi s rooves

front) gf bacg f %exture wou ? 0

simlar t6PRo8E FFuidynto tarcé’ﬁ’ﬁlpr}ds n2t i8¢ 6‘?\?“%%%% 9$8se I DEf
channel s 28Med288elvrioklatiny gtaregrephshdeher shechas the tHopogrephy
20d) . [OOQéZbésCﬁﬂét%&ﬁ&Cﬁﬁﬁﬁ%%%‘?nce follows. The wafer is first
patterned on bot des 20d, 21d, and etched to create topography on
bot h si de r is,diffused to reaethe uncti.on on th

Pront andOPRER ot chedt LB 1 HIHRS Pe SCHRRRL I nSEOF TRAT TP AoiigAg ¢ o
renove therpqnetr?bﬂ f r'Bime tet tyae lsurflagesaBer of stihd ehi alua ttathppiinky

silicon nigtpbeles3P20Mmipeid rsrw&e %&@cﬁmgftaﬁlsegfb@xwfam g tFia¢€ @Qch

t he back. "Di ed t i 1 th
Lhe PocK: nohErElathetl SR oS 18 TRESLLE IR TPt e babegiods 82

Tr eat ment tbé gheovet fibt i zedsars megirdys identheabatd thade Kewsixnling

renove th@emé@léﬂg Al i der ot L he Ragk 2-;6 SJ}P%C@I U gyim;gan she
screen prin over the. entire back and P he al um num makes

ir
cont act tHFSgﬁﬁ ’F‘I’ie%%\éﬁ#%ﬁ t‘r"‘ﬁ"“t“ﬁ@ éPPeItQEt PPEt?‘By%fr SEREH PHWOYEEl be
a refl ect wheéchatéxewss wiheY ecaisse yethmerangf| thét lidiat tdeas implinges

refl ect fﬁpW@ﬁﬁ&éﬁ#&ﬁPaﬁﬁéW&% 214, QEie@@@ﬁaﬁ@%‘) & Ragk

netallizatTon w ect” back into t esr |con tion can
then procBEACHR PRELPRoMANA [Torits Pheéddeypdlj okt the t RpPWeanp e tyring
appl yi ng ghéobogtaphyt teelle diank woultiae€fetioveNerandy dyhesdchandght
any ot her p u t hereto i I (o]
vt de. athas ga%%% LA6F ) SO B33y, 38] 65 Ofne ' L1 L0 SabsBel
phot ovol t‘aFéV‘P BsBRT el it Fietidesd the bﬁckssuaﬁ@c%r% \Rio@été-ﬁape
is used feheapREtRCEEGH NG PLFAIAAR. oheClhas CHesneédtty éitqw:d dr0 bbleaw

'h regl O“EQ’“QEO"%& rr?éjc biit @f%c‘é"%eé% Qeg&ﬁgndléuf) PC % Sl
flow [00 urnin now artional hot arc a
enhances the p0531b111ty that t e 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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facilitated by inventive processes hereof, the resistance of the
gridlines 18 may be nmaintained at a low |l evel by treating

et al | | zatw@mogh@edsstry into features with an aspect rg@td952008/002058
approaching unity. Fig. 10 illustrates schematically how th| S is

accgrrplt i SQéQtléV' éf'?b@trﬂé%té}fjgd@mk@faﬁ?gbbéﬁﬁg% andt o b

conduct or eria e gri es can be made a, caus
liquid pl REFHGER nEhp Lt r%}ﬂ% Joérbp?ﬂ’&vg&@d (BY t FRITIRE nt,
such as jetapejnitnds meamBp Iddaarl)e folfow dmmeﬁs:‘:mbtm |q§ne£ﬂzﬁﬂg;of)

wi thin de 39 [ t bot

channel gggc?g%r%é\‘ﬂlggn%&#o% nggat%?hg:gé{]% CA é \%(ennl%ll
regi ons ofTBRVES P Wrokkivftha é"rl %e§@7§eéﬁ%¥ﬁ%s¢¢‘blqjélﬁj Jag gegsRT
t he absorbmﬁueg:ama%g%& r'rahﬁ;eumwclrmléal 8Bo®é . tk@a@&h&\/\ﬂis{&lﬂf theh
conposi te_gchann can he rel.a y,ste sel.ect.ing the
cont act an% %‘1 %t wecjal?\if e e eorulq-':aath/maifan ?rlé 1f ‘f?tg%]ig % 217d t he
mat eri al dfddteocperly of th@ amefostess BBst I(‘dhé(ﬂlO@]@e typidaitlst fetween

i nterface3gngard i so (Al abhdepye séLaply HiweleBERBBES SR ANE@ ABOLS V.
be enhanced even rmre by taki ng advantage of the texture of the

surface a QOHQ a@eﬁﬂgﬁne"‘/‘?:' ?u%@ﬁ&nnﬁﬁsi_t %ea@ %t%g

angl e, |scu ove | 0 "connecti on
f or egoi nggﬁ‘a@‘f‘éi%s%ﬁlfil Bé%l quﬁlil@ﬁ@ddbycﬂﬁgeﬁuh’e@lelﬁ ﬁﬂegfmﬁ'er@ato@m ne.

A repr ESe@&@ébﬂﬂsl@réi@d\ﬂasﬁormbﬂﬂé\iﬁF&bb&ﬂréebﬁoihf@ssnmqn sdescr i bed,

N | f | d
ol ated aFPPRHBRS BRHTREE RUEL By, Arennet PUE At Oy Ay

t ext ure afbeniseiies |ovews tin r@@p@@”tt ther ereatzsncextpemm amanely a
treating ﬂ@ﬂe;.@frps@apiﬂ%lmlrmﬂﬁ waFes2l Sembeshn dessd Iﬂ&%odst walls_o

has descri differe texture feature how t hey are aped
and how tﬁg Eﬁ&%/}%népééf oqitﬁ,e R G |55‘ﬁ‘i 5?6@%5%‘9*?%’{% ﬁi’@s are
expl or ed. S{-@@ﬁt@-’ﬂ_}&ﬁ@f 2 Jmmevessasemefliicas| yhe dbddtomn.of process
steps that uses blocking in the netallization regions 17, 19, using

an 1 nor gappe1bd pckimge rmiﬂéxﬁd irls th§ - Qtéﬁ@éﬁﬁ\tbéél@raadﬁéﬂ Qeki ng
mat eri al oe ti oned(g;ibove ed in somedpF)ocess £3; t o hl ock the absorber
regi on 147 ?Jo‘fﬁlﬁ L Bjéf A FESAEPE PRRIYE g pASTHe; &8
st eps showheipadk gof e Teal lned Stigpngi. f f Ehe . ahuhirqm @ ldroysumgsh ithe
di sFegsgds%ﬁcomf hnatmé loHidMcd ntidcitCandl! 88 Sc PPk ]fa ruatragc @.@Jrsf%cel | od
i ncl ude r S of  materi calle
spi n-on ngf%f‘?a O ¢ ’y%ahged'qtﬁr%iag?obfegﬁ?%n? alﬂﬁ“lmgliﬂﬂe flg 30
is appli edlﬂﬁt&nnmd the tleyeentdfr eindbeed2daste f i end®),veinyc| udi ng t he
light trappkNge¢ Hgh ONSprkds af}ﬂ;é rl‘?ld%@.‘t@ OQS %@Iﬁ@l ESwii %dnew bacﬁ.as

netal lization regions 17, "10. %01% point, the designer
a choi ce. SgRptact, which is made ep031t1ng 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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process can flowto Fig. 2B, at the step of blocking 261 the absorber
with wax. Alternatively, it can flowto Fig. 2A, the step of treating
258 the netallization region to etch the AR coating. [00124] The AR
coating i N"VQRWSAWEH | i zati on regions 17 and 19 is et chREl/B¥2P08)§2058
either a bath 263 if blocking 261 has been chosen, or nore specific
tr eat ment baek ZFi and 2pjedhrt 5@ qaRily. e2ah, througk helre cdkrleqtiric films

bl ocki ng @EiAgt héi g8l 0M IHEOBrihéipld WiEBuSLEE SaPS O MHeRE@ither
above |n§5_3 255 is herejrrﬁx | oi ted.. The AR co ‘be. fired i,n

Sooha val LGEkEES B Tt T SATiCH BAEORLGE cha 1O Rehd dee ed
etch the iobataog‘aals}s ti'xe oe=xthwekiofg tinet enréhcet huBom rebemplitet,i g t he

AR coat i ngyag gﬁulsi@g i, t9 gé,;ttu%f fcaW ba Epéaﬁééicﬁﬁi ?{éﬁ%e’&g@i&

t he AR coat ng can renoved rapi herw se
coating i S°WUP ??‘éu‘Pf % %H%Q’Fb(%ﬁ rﬁ?éP@f 6P€ ét’&ﬁ‘é%llerml;Pn S 1o §8nt
used doesthat ahéel:igmﬂ:\etn!\ﬂ@na; igr@avieselP war yheufcdaty, axsa),oret\lﬁtyomhl

the absor ber 35204, bl Sgkat Aty s SXRAoEdchgabher o SANcd B

or from erran ant a ur| ng a I rec rocedure
the AR co&fPRf %dt%clamwée rfeg excRiLlEnfoinberpmt e]rwi}tl y:rapplng
af f ect ed. af0QARH] d&¢h rﬁwmeﬂguaﬂmnmuwmi:ehéﬂu\st@ﬂ e O EIOM | n

Fig. 2A af h r 58|fn bl ockin taken,
the flow $ %ﬁg(\?\ﬂ%l %né gL r% er E:t)f12 tlll’?él ron G(in‘%[g’o%d}n(ﬁ her &

bl ocki ng h@ehanr@mbhhxtxcwf U@Wedmtﬂaaﬂayef1@¢n‘a:torpraévémes front
mechani cakupdhesi en gie tdher vepasidRg ABgeeaki P97 ansl tirl efr Q»ér%@\l@a

by Ul tr asBMf cohEPPAT IR EHRT HEAREI S FP0B R0 RTE RETTASCE O HIeBek g

t he depostepbonfopne ¢¢llnand the bottom of the adjacent cell,
[00116] Fig. 1D shows-the back side 21d of a wafer 24d,
prominently. On the right hand edge, the profile of the
grooves 22d of an absorber region 14d of the front side 20d
can be seen, as cut through a section. Channels 37d for the
bus bar and 39d for the gridlines respectively are also
evident. While on the front, it is advantageous for texture
22d to be perpendicular to gridlines 39d, on the back, texture
222 may run parallel teo gridlines 239 with no detrimental
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 20d).

[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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films can be used broadly for any filmand regardl ess of the purpose
of the film [00128] The foregoi ng di scussi ons have assuned that a

wafer wt jred initial texture on one or both

provi ded, %%&3@3@ such as at step 252 of Figs. %LB'H@%HAS%’@O”S

wi t hout di scussing how to form.such .a wafer t i scussed
L 0OBEREREEP| PRt A Al ek imn BEBRE b Aad fﬁrﬁr@tﬁdﬂ% e ut
to size, wayhbBFprenessedilas rMidldidss lnTIthe\/\méEallszarﬂzmnatbgmdlset ched

to renove Etf:f@ﬁtd@fm@t?e fzﬁé%ﬁlsl%vﬂa@ onTQ'bﬁlﬁflgp nr@?fe eﬁsary
si nce sur acec ge i s al so. renove |nase Bel ow
wafer is ﬂéHeFﬁ‘é‘a"W the pistde ankbiasHeer 8§| he Bagk vent

the directlaiminak ©inshe i soredy p&ﬁ.rﬁbﬁhbﬂgrsehuté@ﬂlrg rteack and fired.

photol it h@ﬁé agmfmir? Srﬁ%]kesﬁ l%',soet'tq:a %h%FgﬂSpl ﬁ%‘t %ﬁéﬂ'ﬁg%&gt 3:% | g

etching, evolves 1Tnto opogra
el ectri cafliebnrbeic. lRegFvand hdt warlé wes aeaeﬁye@hevetwlr @iegyvaege

not etchegdiauqy. Tﬁ@gléﬂf 1t aatﬁtnebeeaalsedreﬂec@tﬁmm @d&a)&extured

[00131] On odi erni.n ro

et ch-r esi E? Etr;?‘ét' o% ‘t‘hg’%g&?ﬁ‘ &Sy cgo fg’gﬁnb?%f t’i‘eatr?]yhﬁad‘:tmn will
silicon waéélecfrhleacpkomm tUsesiddconchatetadl bzehiamesarsititiegopriocesd
specific ppOLRASsPdn@n initially flat surface. The etch-resi st

prevents the direct, initial attack of silicon in the areas where it
I's placed t chi.ng.can |nfact t ake _place i vicinity of
the etch- Fggﬁ?fung@r‘gﬁ%e 848 St di £6Y 5?@5‘.9??5\/\% e?pp 95 Steeds
nmor e sl owkgpaayaphy heo etlvth-basi ssurflage.i ndouaver f for stessf, @adalang
lines of gLgBrresisd é‘fesdﬁéi:éj% weraeohel ghb¥ekyr Naf¢ o RYARiAle to

exposed regi ons bet ween n et rves _away rial from
exposed anaglg? he EPPeLTP Y, aE?cﬁBﬁfﬁs\%ytﬁsr% &rooves
carved i nsuhetantiven mmie:rvqlrt@ﬂcoe&tarsons fokebeinhesieapes damiitti dlsl,y
no etch-rgaishisdheyrdsdattiafl Sth %@%r oYl & bPEceLLifPhYRdEd,” Mch

under the | a er 0 etCh]t’sqSI e top surface to ejther side of

the openi A§sCRRPRAFHRI Q’hlt“h egiPRicERert d9tr8di ook
t hat are ol ywhape sdes tresd t mxetbdlmrcrkgna snehchlowt o the surface. Wen
the etching action has progressed far enough, the still renaining

film of etcbugfl stm@y&m@m the Rlaghedndlo Meéov&ttéﬂe R REtRes
nmonent wh 5} e1t:c resj st pattern becones %éegrcut t he £
t opogr aph aSt FHEEES | PE ohP ts‘é’?sé’§°§ﬁéﬁﬁsp8‘aﬁé° et W I S5 0GR
grooves, bhd ghiédbimes rkimdy dst actiasafined aheasldigtkeatad, bRy firealting

depths f %e@éili?&ai% CHERIUES u.rﬁ:% Qb%%ﬁéé@dwﬁmvﬁt AELURER

about 3Rm and about 50 and re er et ween a out Rm_and about
20RM approachkhg uéﬁ@y p %Rl&strates schematically how this

is accomplished without substantial lateral spread of the
plated conductor material. The grid lines 1018 can be made
tall, because liguid 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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WO 2008/ 100603PCT/ US2008/ 002058 [ 00132] The grooves carved in the
silicon create both the light-trapping texture grooves 22 and a
network of channels 39, 37 for the electrodes 18 and 16. The wafer is
cl eaned t ovo emmev@eosesi dual phot o=resi st etch nmask [ 001BG1/Tx908/002058
self-aligning mask di scussed above may al so be used as an etch mask

to facilibat endegpens nga®fbd %mﬁeﬁpbv@ﬁaﬂlﬂebsb§7taﬁﬂmg vadPikage of
altering %Fe Lig?t tra éﬁ 0%? ] § SAIYaq For .i,nst.ance,
after initfsl % ?E?ﬁ?ng 0 sé?ﬁ%? 3?3 &8? 224 %Ffmﬂ%ﬂ?qzatlon
channel s 8#hagB@ehavenbarges mh%diqn‘i:ta@tt laagder f aaedsa@hsa%d abesynin

the absorPghnddc£8R Peew! ed.5 He entire wafer can be exposed to an
etchant that etches away silicon. The netallization channels 37, 39

ol n xS0 R Rord e d s PRStohed ausx Leobe desper.d

pr ot ect edhérem nhgengegbrelelivin .nd rEpresesicabivekangiche ebsur ber

region 13lﬁegh91weﬂei9@of q&@/%é}ﬁdﬂé&%ﬂeacegg weyidaglgéwmoa@t 254a
of Fig. 2A, or 254b o to diffuse and etch the ent%f% fer

Thus o maBKORRSSHESEIRRETS TRkt SHEERP S5EAGHe chaRRet
a proceSSatbatlusLITmotbaBﬁnemouEﬂ<HymthMMSenméateptopegsapmy am&h as

I S shown b f.ar S b
grooves asgng ?ﬁggﬁ% %%@éf €¥H%ri}§¥¥¥ Sgﬁoﬁﬁ%§8£# EQ §|i|zat|on
regi ons Nam&@)Ynﬁytﬁ%aE*’é@lfﬁf&P VAT égé&‘é‘é@gcﬁﬁﬁﬁehé"e T%%% heghs
have beengappkiBddl efatived yhadnidsdraiddy radiyt Bekrediht ctetutises,

but these te?'éa?are bot rreaa(]i;etqtadpees r|n%eh%en%hglgt¥?a0§l§%orre8es%‘s of

topographFSa ﬁrehonane a cont1'nuous concave ncave 1s
used in thddltpenallD§@¢%ﬁ5aﬁkpwtﬁ?QHQQQﬁ§ &reaghipdonedeto to nean a
surface with a negative nean curvature. Convex is used herein to nean
a surfacerootbiq poBigi vEc netedswlraiansaidalQy35hCenewabt yprocdsxt ure

s N | SteBLOYAES, 80, | I SLEANN A She SN 19U LER Pl Plnd! {£OL149
fluid flow FFdm ofe Tion Zone to the ténmainder 0 e Zohe,
|nclud|nQU§ﬂh9rapoivPEﬁ§ntﬁ Qlﬂ?bﬂﬂﬁxmﬁﬁ?ﬁiadeﬁﬂéﬁkléfdé%ﬁ%@%@t from

surfaces, twBehebhkaAY RLPEAVEL SR RT G U s8Ae i % 086né Spidtasshdy
at

to block the absorber region 14.

[00122] Steps 252c and 254c are the same as the first two
steps shown in Fig. 2A. The next step differs. A liquid
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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| east one concave surface to the network conprising the remai nder of
the zone. Typically, a photovoltaic cell 24 is divided into a set of
textured xmems/Aodso3A zone 14 is distinct and can be sepametzes/ obroesm

ot her zones by a convex surface or fluid flow inpedinments that traces

aI cl Ozeld LREPeS Y f(ﬂi'a'lfoﬁ téﬁnedg.'fg.cd%re&ﬁﬁ\éﬁﬁnﬁﬁﬂg{lﬁﬂ_}}hl’lﬁt’heotl425_§h|(3‘1g.
Cl Oose 0 copstli es e n e_.zone e exture .wt

S ore 1aZh IR it dake P I B eRhnb S SRR L st He5i8nE ",
i nt erspert%dww:h m?tnﬂﬁ/eacqqnd@e@hgﬁ apove36h Asteps? Hedrs dygyleai ned, the

grooves Wolhi&i GedOne e Q\[I@c%ra't%ﬂbeﬁla§obé hat rédeyn diyarta ia ?Ubg k8
mgrate froma f] rstJrfgsortlon of zonﬁato ot her portions o

e w t v G HE oS SEvLBERRaRD bf RRESitke and’eth” the
[00137] Acsnlﬂcmgglassam:erdeochhw]ﬂ:.ngf mahernakpt tlouns hm@xrfcwdta.mg the AR

exploits Lhe, gaé% ég&&capl Q{gﬂ&fy t%milkthuf@ Mf)ﬂv L6l 6411 Qa8

prinmarily dri princi drivin
di stri but TRgSt i the O%R FfRRS Fé’é"t P@nFeBPVBQOE‘RPJ‘@IEét e t'ieé“‘tlﬁé’r the
rel ative ﬁn:g@cﬂtmlesoacﬁmdﬂeisswﬁf&aeuenetgyeeéhI amutduecmmaaemhasd

| ocal | zede 20579 OIS SLU RN LALE nlPoaPELECI AL 0 MRS

corrugatlons rougneni n ace nces

i n surf actteadf Wemetaidaklhe S0.q6Venahf b @lbimré@,@'s lsmqtqﬁnl@cmat
is attrachgd 19 exsddd twrﬁrﬁ.ceétwr;hhtbgﬁoaew@m ? &t rm:gd Bérﬁ:TathaCt ed

when th f
Coati ngs GECERSH PHRLEVE @ PATFE SORENRAY TARFpiTSts Ehe AR
(wat er - r epedting)omnthes ehssudisene¢gdrncwiligattdds rdtrydsltland to

repel aqugppsctéguids (i.e. liquids that are water-based, or contain
substanti al anmounts of water) nore strongly when they possess surface

texture. For_.i nst anc.e nef i a re
or ooves wiORTES1 o o e, sEeBEago bR Eal Lot ] M Ehpg in
channel s Bdg. TPRszitemlthe tgeediag wteb éﬁﬂahée@lbb@%h% stteemis

Del i ber at gaxonghnesend Neidie sHmnehs Fagy 28! secbe TGt IR steP¥0261.
20081100603PCT/U820081002058

[00126] Another blocking mechanism that can be used is a
layer that prevents mechanical adhesion of the deposited AR
coating and therefore leaves the coating as a fragile membrane
which can be broken up and removed by ultrasonic 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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[ 00139] Many aspects of inventions hereof are possible because surface
attraction and repul sion of |iquid substances may be further refined
by careful design of the geonetry of the surface texture. A groove

i nscri bedwignoss/modosd surface acts |i ke a channel for @EETABLTOR/OI20IH
liquid al ong the groove, while sharp edges that bound the groove
strongly m@&stddCibd iR deassrgeshcki §utflacd itimadd qisl dleanrbmoved in a
distribute idly in chosen directions (e.g. along a groove), but
not at al¥® ?Q:ﬁ%%ﬁﬁvdlrectlons (e.g. across an edge). [00140] A

chem cal means for nodifying surface energy has been shown to be able
to enhancE0Q¥ROkf f &hes wefesudpapattexned eviy PhAQldfboIrgphyeresist,

ﬁeger aaegwlbi/cﬁijﬂﬂiﬂ.ﬁ rﬁ\év@rﬁf thiegt reetr setack adff &sifld comdbly an etching
ydr ophobi c. siJ i con Gon, Nitr] y . nore
attracti vete" ’a‘%fheo 9 & 85 lﬁzﬁgﬁra?g%&%d{%@eqq Steci %t%ﬁggggglﬁea

Thi s proceastémn pz-héthmﬁlmﬂ-lnw etrbingyeeveleaabintgy Yhec doroegapbyi fgr
such as tyf Maﬂﬁarﬂgqla@w&mb@lﬂébmoebﬁta@w tqae"gam\setm&uhaél ng

coati ngs from tallizati n tre 2y a st
to nucl ea?‘%s}é?gg?-‘% JHhEs EYERSERR S nairﬁe"g% erfyt é'fr}‘\ Yza %&%nrge%lﬁéﬁs
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[00144]1t will be understood that an essential aspect of sone

I nventions hereof is the use of a texture to localize the action of
subsequentwd adg/imadsi on steps. Further, this |ocalizatimriResmsioss
critical in separating the various functional regions of the intended

ot Al || 2 E R on e P00E 005 LS00, Oateg s Dot the
metal liza i on. as

descri bedi%aﬁ apﬂn%fﬁ uereuﬁ&?rc’gf%og? FhTe Y I%(ns ofCh"’HmEls
separ ati oB9 i ghtfdme m&mm%ﬂﬁelﬂnﬁuhﬁtl ohke¢ watgors cflegned to

devi ce. FREmE¥& P& dldIe Phd LR ilW0 c@EnTRASK i fferent types of
metal | ization materl al used in different regions of the cell. The

edges of vvaf r. are al.so i rt,ant _bou r| &S Thu
shown wi tiﬁﬁggl ence f alffm’tnﬁe rrg% 8%%‘”&%@‘3 oes drhaé'dat ?‘8
in defini nge@u@s@fme&ncrprmﬁésgqmgfaglépsase dsepenmerw themegingaetty

up 1o t hecsdags:d 201, %8?1@hd&l§ 208kl 3324ne O 4 dobaorra oo smave
a oraer 1 O roun e er
border 1 ebfonth Rt o i Iatiepeeh ot Cinbtiad oaitarninG, o

desired. thes@bsmmm et (28 afidgmetdlilizabion ¢lamiwmls Sdgesdlhatve
and 1203, pdf5rodndd A%cd NG %Qltﬂf%lcle)’ s%ﬁ aEOEtaﬁsﬁa Cuind CHbs%lﬂbléQS‘?L%

of illustration However, to sh f our es in one g re the

are each EﬂBV\ﬂea}%]('?ﬁﬁ%‘é‘l i s"EﬁeceﬂrHt;?-r?n&’Ptferl ﬁaP ¢ i ¢¥Pogech t§b e5fh é‘ﬁ
entire vvaf;eatvmtld:ldedoeavm,y shidviredm  Bihg. métall i hatbory clegimelss B21,339

Gidline Qﬂﬁ'éx ¥, i %Héa' (Lj;xlegpﬁal ty 8”?1;&%9% £ &l i nes

1239c are cl osed el r_ outer Furt ng grooves
1222 at eﬁ@%P‘?LES’?h%EPel aé&ﬁ)‘é’d af\?&ﬁ*é'r &he éf‘r%‘élg%t‘i@’e“ig Tﬁ@ apsgrber
cl osed engdedioh 01)1455 Theofarteghifiendthdgs secondlast clehog J bexhet sk
sem condu Py h Ly
used formgﬁ‘gékfﬁg eé]?a(‘)%lrbﬁt%\%%rgq‘%ﬁ z:al'g' ggu%;‘)rs{fﬁeﬁ ¢ hzeenméi o the
p-type onpﬁo‘@?% woRl@\RICk jup @t 25198 Qﬁsé'llﬁse%lf“hefl”él1%1I5 rPfaIFs}-(ﬁT beB,

ulsed f gr ot &pﬁf@@ea Nafd Rt |ﬁr£é0|é-nt$(i'@ew&1£@?$h'!\§hb|§|s Oa neask tn(ayb%el a:ste)d
altered t t he er ons _\Wo e
of the tygg ﬁ stg%% ‘%y a plezrasc}r?nle‘% P F%greveﬁ 3 aa cesg’r't{h or
i nst ance, wshltatbt eug®parmasdidn Sbré:s:z@tenanﬁrgmssmaheﬂruqlhm tilse
phosphor ogfoRRPEAt BigEMA Oned above in connection with the n-type

sem conductor. Further, it would not be necessary to use LIP to

el oot bl b1 AP, € AR TR0 N YR Lanal; hACt CORLALI NP, SRS

[ 00146] Th unc i on"nee a continuyous [u - i
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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the entire device, but rather nmay be localized, for exanple to
stripes of diffused material. Further, the junction can be a
het eroj unction of two different sem conductor materials and i s not

restrict edyd tofyelofd a honojunction. Further, the junctp@nus@abiossray
be formed as a consequence of the netallization step. For example, if

the metal hpzsli ORe BESEAA a2 Rol ¥Be ﬂ@’@@@i‘k%é i diind Re

di ffusion duan [lization fjri.n 1 an cre eIf aI| q
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sem condug 8lc é{‘ﬁ‘fﬁés?@:aﬁ%& Gl Sried zaﬁeénbﬁ@r%ﬁfex tece!e
st in a

may be eif mul t1cr I ne or nonocrystall |t|on
i nvent i on§ H+§c$%%%dPWE§4ﬁW?Q§§1q&étu§€&°ﬁﬁtﬁ SLEOFRD MRRR FCho@Fe At
than siliEfg. Fprsunstwndting giiereminemldl. QRLE| chosed exvate constltutes

sem condughQrpAaheLs, oSl ehebS.dIRIC el Begehex Lot 2 U 2GR Anduiged

in a sim PRRnaT hs 1 s 0l SouSsed above e CoRneetion wth s
senm condu€PBPELSE 0B 198 FUF tREWOLRM) ©1JLOBGIYR 0B AP TDduerspersed

fabricatiR@gth s6veLNEilddey 291d a wafer is used as an exanpl e.
However, inventions disclosed herein can be applied to structures

ot her thﬁ@ g’g%ﬁ o erh%eS&e%?P%x &*&%e?lg”tﬁ 8?«.%6%2 QL QAL Qr

thin fil to t sun- wa trate that I'S not
a sem condteteFientrd R thaft 4bevs diserkt équhdt%tm’f%Eaéie tHems @ f ace
texture, @hirsoppgraphy o5 fHed\doid tonotherspbstiaie |fyltaws)zomed t he

sem - CO”dHif:gEmEhrh EAHH So‘.fc%‘l'q"fee@h ”bbﬂﬁgéf?té‘fe&%%fnaec.e of the

substrate |ns nce m um urT de aV|ng a

t hi ckness of only one or tvvo m crons _may be applied to a glass
subst r at e[ 983371 ng RAEFPEHNT S AP STROTAMERESS da%b’di‘ﬁéent[%‘lﬁmrﬂﬁ’tfher
than a subaataéﬁpldsﬁamﬂgeasxﬂmac@ort@@otgmaphpl an(ﬂlli‘quid]e‘:'lldwe:ra{l.laﬁtlive

T FIoEeD ALY il SHEupuBeCLF), o LRI B

sunwar d sﬁpraeefOfo@as@qwlm Aiquigs; gRringghreationt qF blocking

el ectrol eggeps is the relative magnitudes of the surface energy of
liquid components and localized areas on the -solid substrate.
The effect of grooves, or corrugations or roughening of 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. liguids 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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ni ckel as the contact netal and el ectropl ated copper or silver as the
primary conductor, is an exenplary nethod. O her nethods of

depositin ntact netal include, but are not |im¢t use
of organo%gﬁgﬁWﬁ@aBrecursor naterlals as mght be praé%ﬁ%g%aﬁhﬁﬁ

ni ckel . hgigﬁtlve , ot her | 5 n1ght be used as the contact
material f ] ﬁbrﬁﬁHﬁCtﬁ erVERtEENE T e PTG sipsS1ible
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silver, t o]

i or | a1 Hay (p0 AR Geifed by CRROEGL HelRR of e GechiprYTes
[00151]ThE ?o? ?ﬁ]Wﬁﬁﬁ%ﬁﬁycrﬁb§H°§8ﬁe1BF65b%%%slﬁrﬁ\ﬂﬂLﬂ¢ FortRsss
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exanp! oo RabEe (SR ddded Yl Bounl SHenSrBRuET ERMOLE SBLEIAR (R0
liquid baPﬁssﬁﬁ%e@%rllQH#ﬁﬁ RS ﬂéﬂuﬂﬁnﬁﬁgl%m diggtgidmtiest eapddilycén
exposure anas@@ abeshtfvdd Q.G . b&ubnqﬁﬁ QQob‘ﬁ@ B ddie dratah 1may be

aqueous, non; aqueous (such as alc The nedi um may be

i qui d, 6%5e%h@ cﬁ%f"ﬁé sqdfa§5838u§nn%§ %1 ncl ude physical vapor
dep05|t|on PVD), chem cal vapor deposition (CVD) and plasma enhanced
cheni cal aéb‘?'ohepdtl‘%h@ﬁ-c(qu@ﬁBPS fart pedify ipdesuninge eneray hasnal

| mer si vebbaﬁhsh@bxh ﬁchacte la&:lree&w Eaaﬁahaet hné éf\ﬁe&ﬁsqwﬂi rf@ee be
provi ded Vess such t he entlre

ﬁ ebj‘o anoceurre and 1 ne g@ <$' D n. ﬁt a
surface o e’f‘ & ?exturlédl oM Corid EC6F ﬁﬁ BESEF JGHD it A&t
with the tégktiseurgrnis f&hl%ﬁ%d@qgéyehpérml@lolmic tsmwTh@nlda gaildcon

need not RerFPddted NAthddy a Ve raEQ%Eiziigiﬂém&ﬁréétﬁ@; éaeta%;aga?%dt
W naer st oo a
Bf

on to the,article Jbein proqf e ..%ﬁo

an i mpor ¢ AR ARt TR, DB FRGRTReF RS CFEE ne UNE SROSSEEK LA e
or topographyicwlapnldifeatigeadti enabflisgbiecakined ansiom, smcht eps.

| deal Iy, {peatmpd r@y Iéiféd‘usollﬁﬁ%o@mekecl Beiderd ungidven i¥fsuiie ihighal
device - for exanp % e l.es.q i n rooves .descri béd
o 1 . HORRVERSS | 1o el o1 05 f HEr A Yoo IR he
pur pose ofatatwmét ziat irore fatsuledegheniiepsopbating it dfwmse-samexanpl e,

the netal hé%@iipﬂatcf@rn rleé%ac% it %%db%%a%fngﬁt o&lﬁrbeaﬁéduscme%%rgﬁées

t he sane as t hose on ont’ and used rocessi ng, _but ey need
not be aB §Ek%9f¥%%ﬂ?%ﬁcﬁ9|qﬁﬂ9sﬂﬁrm§ﬁ9leF%E ¢ %Rnﬂﬁhﬂ: Hﬁrdst the

pur poses. ozone treatment enables these fluids to flow more freely, and
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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[ 00153] Typically, the localization of subsequent processing steps is
achieved primarily through the capillary interaction of a liquid with

the surfaee teyidakd. Capillary interaction neans the ganerbhoghiAsch
of physical phenonena that have their origins in the energy of

surfaces @ogdrfiPfoh MESASIdART 1 %BbB?EEEhi@f@é[@&reé tod SHeTPOr t ant
to note, that capillarity may play onf[y a mnor and even a demnims

role in sOHBSER®ER nents where the texture localizes the action of
subsequen | catj.on steps.. [ 00154].For ex le, Fig. 12.sho a
Coxturod haPEFsh S5t Sriple nhRLhERiaEEd TS ofddne 27 18" 2t
accel er at 1L bght abthgieioed efeatiioon 1@l apgbehsubstastianl pfs e ghithand
gridline channeJeﬁy 1239_as i.ndi ¢ d bé ;tivvo Fea]c_jﬁd anew G to hel % t he
liquid prgﬁﬁﬁﬁ? a‘f%lhfgo?%é'nr W i y fiRk hg SEBIVSThETENEPE A of
t he |i qui thepl need i ot Hee grtirdiiighe obanndf o 35n t el theaa twa dtdimpar depth.
| ocal i zed ﬁressureﬁ W thin, the Li gui dé TEi.S t echni qge tl?_{anef [ tshf rom,
the fact TREY E%Iﬁe edlcf"il".,vﬁq’ iaélg&g el 9'8 WEE BO SR TN an SPE RIS weh
it. Thus, ai the&eton gactteascidrdatsilopedl. Theywaferbenvasidthing ildued from

Meni scus forvva)éd ];mal |, amount, ess, or _no. retractjon Qf the
liquid wifI®Ea a&

ile |
R r?é”t“r“ré‘wg’b’p‘o‘gf‘ﬁ‘an%%‘? SO, "EaterS
wetti ng ategquieedcisirishatyathet ipatep@0dbSiraoaotiest andbadicierhat a
vi brations, may be_caused. i.n ,the l.iquid.through the actiaon.of sound
br opagat | RBETHF GTG A TE MY iFedPeleatoRety| ERAGE TOGTRATFn 28R¢ her
enbodi mentanebe cdemsd Hitdd dtorac eoritiducef nat zome pfandecHdmuidranet he
surface of.the_wafer through hni_ques. known, as. el ect.rowetti ng.
El ectric ‘H‘%I %Eh?ﬂf?%%%lcoen ﬁ)eft E:Elref azcrelee‘ﬁe?ﬁ? elsgo S tcﬁeeSJir \geart cglgng
mat er i al srebddiedbyTlmEngayy beeiohiengrcoadyyt lLoostidis & edtichc thieel ds

erert SodeLaLSE O A4l B b b bl SRR ST el
determined by balancing the accuracy of the delivery method
(e.g. ink jet printing, as compared to hand placing solid
filaments of wax), time constraints of the process, etc. The
texture in the absorber region may also be other than grooves.
This texture could be nothing but the type of texture
typically created with iso-texturing methods described
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. Indeed, 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 subsegquent 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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[ 00157] I n anot her enbodi nent, forces induced in or on the liquid by
magnetic fields can be used to influence the propagation of the
liquid in the intended regions of the texture. For exanple, particles
whi ch r espanghos/eosmgnetic fields may be introduced in pdreus2ommwomss n
col | oi dal suspension or otherw se. Ferromagnetic particles of nickel,

iron, irogesxtilsed CObaidweﬁfeer Her winllebbahAderdtdsd ugest didrs melbas oF
dlanagnetl c as Sl for raphi te an Rar.anmaane iC
mat eri al s é}&gﬁéas o ly%ﬂ:em?mur?&y a écgenﬁ (8{5% onrr%t"‘oorn gLno oln?’ %
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of an invention |s a neth f or abrlc%%%iqas EQE%PVO|ta'C

devi ce, Bﬁ%r? %t g rﬁqﬂfzaqfe r E§Ldefif ¢ AdEPOEEPRENg
a juncti ochoundariesg tThmssermiscobdwot githandfepphoe ngp Fig.quizd tbea
first Zonﬁeﬁéuf@%é}”ﬁ@%é’ﬂyn‘éﬁ lt-_'oCI‘alELEi Elhgééﬁﬁl%tﬂkﬂ; %one due

at least in part to the texture of t e liquld remins

excl uded PFORTSSRIFHFRDRL &6 ttﬁee%‘ﬁﬁflécém‘f‘?l arele gt ifudbe ®AgRS
the firstizdohe, 1202 ekdhesiomllanizdngoduee d¢limsmsdtaely (dadve taobblrder

texture ofofhens 6?0 o q}%@nﬁaghﬁﬁggﬁa—iﬂé‘t& é‘f' Q:etﬂ OGAYLh! N

the first zones. 001 Arelate ment furt npri Sés
appl yi ng la°ﬁ%?’élr%%’é¥f} v Sithers &R aBnaGELBe RIFF é%:ﬁs fé‘@pé’&llé @r not,
col l ecti ngs edesired. pamersioudd blee nsestcenduckdy. arml feimda@t to show

di stri but e ty C te 0016

enbodi men%(%]e% heza‘?‘|1 Aurf% 1n%qjg}Jr atl?sb%\m {Pﬁob 8% Q%éf % zonelryé%(’a dt E.'lc't &¢ @
in part t@utrépirﬁqﬁkﬁﬁﬂﬁtﬂf dagistaafiant r atiewrvemndo ishogh all four
i mport ante&é@éslﬂfoﬂfbﬂiﬁbuﬁlt SheR' afrar eh&htehém affudienqd sefically

capillary act ther han ilon to capillar
St on LRBOTE Gui T ke mee ShentroBReoF: 21 ainf Y el b, 2

part to thbovmfirme‘%b offr aﬁsf-hoﬁ@ndr rﬁepenéfl-?k%akuwctllﬁ@%@@matlé

appl yi ng $9906 peratd ih@gendaitdonel eﬁag oweild r@:moiﬂagrmtalg&mare
[00161] Wih o

e very distinctiv asp tion .hereof
| au i oCLosEhce vele i, Rdrte e kst PERkeRRe ] LASNE P Ao ek SRR v,
of creati hg2a @heﬁtﬁi%ll%ﬂmef |0@@nvehdﬁéfo‘fihm&$|aa¢ exgeprlizdi’ng they
el ectroni gr&opt sedd védded.he sem conductor, within the first zone due
to the chem cal reaction [00162] According to a very useful

ebodi en} 0bigs | Sind W IR A° A SIRLALLL B4 R OOl Gl e

phot ovol t i c€e 1PrsteZone na %lﬂ n a
busbar regewmwcmaﬁ d)egmgdlainn@-itﬁgemn FHeype v élth:asme,s ¢de aPss

be sol el yc¥hhdhly duddis rnl @dd2R-, 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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[ 00163] Turning to a specific enbodinent, the liquid may be an
antireflection material. In that case, the first zones is

beneficially a light trapping region of the photovoltaic devic
[ 00164] Foﬁ"‘g%‘}“?’i““g‘ﬁot her useful embodiment, before th 0%‘002058
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liquid naitgslﬁ &ggeméaéoﬁ&eqhaﬁ a chn.s,aaBe §3GE ¢ C}{mnéﬂarlsltlz%& ohone
can be nmetallization regl ons of ot ov talc devic [0016

general , BRePfi rEQRT lﬁeté’t"}rf“gé‘é bazRE1eR Ak kalathash 2B es

t he capi | hatypée rtidpmm:e«rit[rﬁﬁ)lﬁﬁj the ﬂeﬁﬁsnducdmmmafalahmiohe
silicon, V, | QS & l 0,

mul ticr ys?gﬁﬁﬁe@%ﬁl I'con %b%%rltée%g'r glrﬂ}:'& R %ﬁ%@cﬁducﬁl ng Ymateri al
can be p-€}PBinakng h@%tféet?doffqroramsﬁgaéaf-ﬁnE‘ElP%‘hl%rﬁﬁ-‘rIl'ﬂ%%bﬁrt?Png
as a dopant a phosphorous-bearing chemcal. O, the sem conducting
mat eri al ¢@O14F) n- tEpe, diwhdsieons abpvel fbousengom fabitdaainzoRpri ses

appl yi ng asn, A-J0RaN o2 AN %%r's&alenmg%se&%%ﬁa% ;;{L&SI The

sem conductor bel ng sel ected from the groug consi s ‘i con,
gernanlunﬁﬁ%ac%%ppqx”ﬁgugﬁgﬂqﬁamultlcrystal ine or monocrystalline.

Then, in addition, inventions disclosed herein can be used
with semiconductors other than silicon. For instance,
germanium or gallium arsenide semiconductor wafers could be
made with a textured surface and used in a similar manner as
is discussed above in connection with silicon semiconductors.

[00148] Further, the discussion above focuses on fabricating
a semiconductor and a wafer is used as an example. However,
inventions disclosed herein can be applied to structures other
than wafers. For instance, they can be applied to
semiconductor thin films applied to the sun-ward surface of a
substrate that is not a semiconductor, such as a glass
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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WO 2008/ 100603PCT/ US2008/ 002058 [ 00168] The chem cal reaction nay be
one that forns a netallic coating within the first and second zones
of the surface [00169] According to other enbodi nents, the chem cal
reacti on mmyzdog1meozat al yzing reaction with a catal yst RdTAIS2008/002058
specifically enables the formation of a netallic filmby electrol ess

pl ?t: Ing %élaig@dé hcﬁf fdﬁﬁsi&qlme;. t@él Eb_ﬁtﬁbﬁmﬁﬁ_@«il rmh fqdm, BRI faQ"'emngt
net a | C 0a n ectro S atin thin the 1 rst .zone .or y
Using an HEBLFONCTS TS Uak O L aPORe A1k | Prarinses MarETdate,as

i ncl udes mightibeg practioadimddhsnitked . w Ahterpatirdlat, hderemesndes

the flow gf ohi o dhdiiflels (R icdfkdeRCRaCE, $AP1 {A@TNa iG] (ATom@lm.
[00171] Regardl ng %Et anpt her, e first zone of th

di ment, the
Lext ur o SEATSE L dmype GRS S, TrERe O BARCERLHIC i T8 4 *OLe8 and
a second pbatioy.sdhetizind.eastinonbechanaedf nail ber a thet wonitaoft metal
I nt erconn e hﬁ“ﬁl | eas n ar@H\-?d :
pl urali tygf('}){r1 g%‘?a e %hog%neelttgg %tﬁg g%r %g§e§%€ urt%lérgg'xc%qrfg?llog ha
ri dge betWeey BaypPe daposditecehy difAREPEt Pethed®t one ridge between

a pair of channels may have at | east one opening that permts liquid
fl ow t her godr®uUph. The foregoing has described some processes in which

portions of the semiconductor surface are blocked, and then
the entire surface is exposed to a reactive material, such as
an AR coating etchant. The examples have typically discussed
exposing the entire surface in a liquid bath. However, other
means for immersion, or complete surface exposure may be used.
A liquid bath may be used, and the bath may be aqueocus, or
non-aqueous (such as alcohol based). The medium may be
liquid, or gaseous. Examples of gaseous media include physical
vapor deposition (PVD), chemical vapor deposition (CVD) and
plasma enhanced chemical vapor deposition (PECVD). Further,
rather than a traditional immersive bath, all that is required
is that the liquid or gas be provided in a vessel and a volume
and flow path such 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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[00172] An inportant aspect of an invention hereof has the textured
sem conductor surface conprising a thin sem conductor film supported

by a text s{fg%@@g@g@;ate O such a thin filmmy be s&p@g&%ﬁ@é@%%&

textured The superstrate or substrate ma

[00173] related bui, differe d| nment

[ abr | ot 1 B 85 PRREVHIGA Y GRHICED CBRORNY RS HORGA h GOk G e
sem conduptoposes f ace; formng a junction involving the

sem conductor; applying a liquid to a first zone of the surface which

l'i quid mgoei% Wity ézﬂa_ ORGedu8call i L88Ssn | Hf PAIYs é;ﬂeptr@sta_grs@ng
of the surface,. and uid re ex {:uded frama se gone
of the suffF&R? ’c%a"t“—‘l?’se"cecﬁuﬂrgﬂlﬁ’ﬁé hrPHE hec -a%the EF& eli]
due at |eaftaibhiqaid wikth hde tsextface béxtheesuﬂaladel,amd.m:leimtngna

chemical g é'ﬁ’t‘i‘eL Hfan&:'ise 99159?%}?én6rﬁlﬁaas"|{ﬂa%c?1ave their

RS e
[ 00174] As above s net hod %gﬁer co rise r&&%/lngarretal
coating t®rigEns ek c‘éﬂ"ﬁjlﬁf‘te(ﬁgysﬁ’rff &Bé'féﬁﬁébia’é ofhe ot G oS Ofr i ¢
power frosuthecsem awwbmim,r it] G@libpbksantt e hotp) iy cupdlabeity
withint t par
"fab' éf%,“(g{% Hor 833 e gan 2 befin BRI SIS 4D iR

i nfluence © ract ion. mgration may

the infl uemb@dme%mwwq Wélesél%b‘ﬁ'&uét’ﬁﬁllé?% helte REHEh&Fi cal

Vi brati ong@bseghént afsthtefhdivnowgeps.ri gid connection or sound energy
applied to the I|qU|d Al so, the influence may be from

€l ectrow'eigbfﬂ 'éé& 12,4 t}g t &l g %%é:@&éé wa%eql uaaad
al ong the PTect ono t1dn. 00 ccor tot
enbodi nenvalcltlhbsWWQj %%ecatgda | ceatrelieg %W%Jterz%:ﬂém%aé‘

bl ocki ng gBteléphtidh dFohg iHe maedchabn bartke finergridliing ahanneAs

I d ' L g th
Ctep of oAttt M T MRacliReE, GROL MR, (ol i, e

mat eri al , PRARPGRFEd Rlen® FhsiragePithg bl BREERY sty iaGFbiias o8
appl yi ng @ngeieqhod ddmimpriaf adles griialanki erhhesl i DXBT G | Icﬁ:@a&@al nst

2, Shem cal  ebebant o iy fELP o Rk, 2001401 Lt | Debude anplyino to

the first ZONES renova
ant i r ef | eterbnigae dpeng f ¥yohnoondde ﬁaﬁ/hl that hgenermld, |J{tqt}lsd easier

cotnt afztls {:Bewéﬂtérﬁtii-ﬂé‘éé ?dharmtt%r Unge\ﬂhQ{:ebYTlﬁltﬁ@ ald |rfeg;f . eGldron
materi a 1S [ ve con Z0Nn an no renopve r

(et sonbSehilRrEnn b Wi datey Meves EreniidRiaabiatus et Ay,
zone may bmadll ambunt ; agpiley kesg o ob rRerphbiovrf die dadude widl
that casey,k8ep58L0NehZONE dHRY o%o%l&s%t Abtigatl | Ofniedi Pl Welt®ing

hot ovol tai.c device. The renoval |iquid may advant ageously conprise a
Ehenlcal E?Eﬁ%ﬁ? oCCcurs over tlme q y g y np
[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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[00177]1t is advantageous that the first zone of the surface bears
texture that enables the capillary influence. [00178] As with the
treati ng enbodi nent nentioned recently, the sem conducting naterial
is silicofVO?P¥19088t ance nulticrystalline. Again, the"%réﬁ%z?:‘@f‘?a%?ﬁi ng
material could be p-type, and the step of formng a junction

conpri ses[88BFY] ng By andianemRogiBephor §R5CPRakIHF hefi €& onothehe
sem conduti§ingd "By Ghdddettian field@st ¥aa, bandsédetst aif Gfedods g a

junction conprises. appl Vi a (dopant _a. -beari.ng..c i.cal .
| 00179] A PEPRF SRt Sfbach r 11mlsr thoheninEbRiad ST i
active, stewhdrei quier texanpdef, partandesecwbheh zwncgluq)\mam@eé;ic

chem cal Egatds oflay bd akfdRe@d Ant Iﬂﬁesﬁﬁﬁﬂﬂd Zpecoey iR S@pension
chem cal reactjon does not take place in

t first zane due to the
oresence BF DHECHYHSA nd TRHCBAOHE 1onBREEEOREE %o (M it hray 68
sel ect ed éxide} heolabupr aridiest magesfialancanehe ecsede Reathiieges of
sol vent; Si%ﬁ%{uﬁ’é*gfé @l N0 LR 3k s6hE8CELAhESSE R AdHIE L RGE St ry;

and el ectro ng chemstry. Alternativel i; t he second, active

li qui d meR2hemagRRtic RaseRls SUcls as BRLYPIEYT BaY 3159 o8 1ped-
coati ng sgbmendrg@hemdtall s ldlqatidsg acat al yst paramadned ies ana ahusgmay
chem stry; I | L.StLY ; l,qui ds bei ng
appl i ed i%e?ﬁge(ge‘g#e%@g ﬁ%ﬂse?%é@qg?rn Ig%r Fg%ég earé)%g?e{n%%y't he step of

applying the second |iquid conprising providing a bath of the second
liquid an&9Bt2a8] ng TS st COMPFERSE §EPP§&’@3? tf 3> Paigption hereof
[ 00180] Yelis aaonéehodret ¢ df adsding tanhl acphogoval eaial ddwirdehercomprising:
compri SeskBenphgPs Lli i Mokl ARARCLLYCup PLOO] LGl 10 iR B d
zone by direct treatnent; allowng a chemcal reaction to ta?ke pl.ace
in the seiBWELYbHRS: tRhcTIBFAITMCEREH] @EF PRBLYIDH odHEt tale fgrste
in the figshezopnetlesdrrddee Wiedendguall mnherbtes kihthimttdrd aoneTdae

d ’ . . . | 1 t 1 : )
e B kb A, 07 o ST OF Lip iasbatl ntud

el ect r ol essmMpLas | e BHded StHom aaf@ceonecerppl af i B cHivrhaqs y-hady isthe

second, agbh¥eghbEls!iwh ¥Ry Milrisy 2ona,pPkHeabkéyudion i fliiddng @me, at
nent i oned, abo

[ h N . / i
met hods, éﬁggg ﬁ..rél é]aer?:ﬁ g O‘%% 3:(: eo rt'e%;tt%(il:e [ago%gé] Xg{'f'aége S£ c,kf"le?n%.lgarlg
reaction is allowed to occur in the first zones.

[00159] A related embodiment further comprises applying a
metal coating to the semiconductor surface capable of
collecting electric power from the semiconductor and further
distribution to an electronic system.

[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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may be selected fromthe group consisting of: silicon, germni um and
gal Il ium arseni de. WD 2008/ 100603PCT/ US2008/ 002058 [ 00182] Furt her,
the first and second zones of the textured surface may conprise at

| east onewdhamgigsodavi ng a first and a second porti on,PCAHiISeI0sMERpsshe a
networ k of interconnected channels, parallels channesl, which may
have bet weemiél] | easittlormepaeryotiiadiaceite cdspant f anr ddgention

conpri si i i Li.dge - her m {qui d f.ew

t heret hr %ﬁ?;{b%@%]l} | Sil 5'r?a? F%Pg%égge%%%ildnetﬂsg ﬁ!ilg\?lé _ttﬁlg TEER2d of
renovi ng B&R ROk Fhentderart FERAERRIf # retemifpldac srdifdfds volume
appl yi ng &f segendi dll @utipid slinguiagl eletbeohi¢ sdormana: @fithhehsur f ace

whi ch second. bl ocking liquid mgra 1 £ hi e fir . t he
surface, sé%rgll%/)\()}ﬂ cthts%dor‘fg}{tl})’]lgc ﬁgﬁg%??am %&b%n%&nstdegllteuég%ﬁfl ?%rln t he
second zoyeactirnal | owi ng a second chemi cal reaction to occur in the
second zone which reaction is also blocked in the first zone.

[ﬁ0134] I t[dm%ailrslo mﬁfdf ifdiegt Qoﬁapwrg seehill drimeidinegt] kbei diketazone
third zon e r i d_bl i Logui.d.m grat
whthin-CnERT e o SRR AR rERE8RT0P, DA (i ca bl i SE04ES, mox
from t he teeomrreoridoffimisd sepfalay BAJVEFR b & eberd rewéencand

reaction ¢oERLEW daidiifeS @@@AdnZ 0MBe Whi £6t I A9d Ich ia3sal be Bboeked
inthe first,.and third zones. [ 00185] Anot her cl ass of inventions

her eof iéwbphin a busbar reg
[00163] Turning to a specific embodiment, the liquid may be
an antireflection material. In that case, the first zones is
beneficially a light trapping region of the photovoltaic
device.

[00164] For still another useful embodiment, before the step
of applying a liquid to the first =zone, the first and second
zones of the surface are coated with an antireflection
material. Then a liquid is applied that removes the
antireflection material. The removal liquid may be a chemical
etchant. In such a case, the first and zone can be
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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sem conduct or body for photovoltaic use conprising a first surface
conprising a texture conprising first and second zones, so that any
liquid fl ow pathway that exists to the second zone fromthe first
zone i ncl wdegoog1dosagui d f1 ow i npedi nent feature of the REXUIIHW/002PH
body may further conprise, within the first zone a network of

i nter conneoowsrharﬁa sheffiedl gelad tiibowmaypiee | ot thaonidsisng an
edge Of andhis;d o eI i iCRAANEL 8o ERUNE OIUARE Aind LTH chiE
|nterconnecte met ion region channel's. The second zone
conpri si n§YBE#FGht trapping region. The network of channels may be
surrounded by an edge that traces a closed |oop with the network
resi di ng [08162] t haAotmstichd moammmwmemormhezmmm ng
out si de of¢bbe16h AR AOW oA ahg! Beallish »@{'%15@%1 S hERY

anne oun

conprise a nefwork are surr ge that
traces a SPBSEHLFHLLY a5 thke IOFFEE19B R | & RN Cedf:f%nbﬁm he
second zoebebyr@llesmiqelatﬁlaig twiahda &hel 6iedt| mpewmﬂ'l HHer stherdeal

residing LQéégfoﬂ r‘H-:r‘a Qﬁﬂcm e f%t:L‘iﬁF:kcB tﬁﬂgnﬁfélé odl%b‘y@ylé%inhhe

first zone a set o anne rsperse

The set o‘Fl'éhhlhn*é‘P% #ﬁa‘iﬁ‘bcﬁ?ﬁ'\ei o RY| Pﬁhf‘gt ?%@?W?%WJ-CT H@@é‘é@%d
zone may conprise a netallization region. The ridges may conpri se
openi ngs [6@17@pr mi St:lilqL&rﬂbtﬂiemNembedémbnbugﬂnclduaettmatoJmmdales

compri S| NgeRE AL Cu RNty LORGIBLIUR! £Rat Yond GA}?cés?Wér Hoabkace

conprises_a netwo anne at are oriente
directs a”@ﬁh‘iidurt“?ﬁ’?n%t’é‘f\hWﬁ Pﬁecfipie%a%bn%t‘%’?ﬂf%}@{but t he

networ k of channels, and not beyond the boundary of the closed | oop
of the edpeolTljmy Rm;etmiastng lyets emotbrduenbod broelyt ofthed diims202Zoardo&

i qui d thﬁﬁepéeeeﬁédaﬁm&na@%ﬁpﬁga Lhes leHbg %15 Wl 368

greater than zero and less than ninety egrees t bel_ng
capabl e of FHEFRIIPY HiTHMY ROTHdORor KRBT 2t niffet s"%d: hagned may be
di stri but &dné bworighefitirteaemnethed chahdels. capathe of ldagtaboneg by

capli! aryeabhhaf bnp nd AR GOUY BaYafOUPILiptarde ROMG Qe

waf er, suc trcrystallin
ger mai ni URRBr £ WBERe T FonRGfed @ rFﬁ’@ebBB‘y'Wﬁﬁ? BORPEY RF a"‘q}ﬁcﬁ’nt
sem condugh@&finéls M St Rl ste brisy radk;exbetedeﬁ ubs@atﬂt &f Qhaginediss nagt e,

ei ther of é{\@ CQt”fé/a étcﬁ-leaﬁ rsr{%[%é%@at ecptﬂqg nt further

conpri ses, verse 0 xt'ure sur T a second side, a
second tekh%?‘é‘élhmﬁglace conprising a texture corrprl si ng obverse
first and second zones, so that any liquid flow pathway that exists
to the obyeose2yecaud :‘zntpm:ﬁ‘arrmnatsbecmbuer ap invetitizonadardfutas &he

liquid tlg &‘&Jc O dléﬁ%ﬁ#c&f‘cﬂ}dﬁoﬁ‘r %fugtf?%et E&hYE £ 4 0L 83 VPl ANLRBlctor

|nterest|n IS a
m 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 exclusicn due at least in part to the
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fabricating a photovoltaic device, conprising formng a textured

sem conductor surface having a first and second zone; formng a
junction involving the sem conductor; applying a first liquid to the
first zondv@008/WW6Sur f ace which liquid mgrates wi thiHCHHEIBHRWSE due
at least in part to the texture of the textured surface. The liquid
remai ns exektdeel &f orhen sseciare:;z@anel afl lblvénguafalvemideel eceraisioon tdue

at | east Becﬁér{ntﬁpéfﬁﬁééaﬁ‘Ha%eO%ftQ%eSH f8g8e, the first liquid
being a matértal thaf prevents secure binding of a subsequent coating
to the senm.conductor surface. The first. and second zones are exposed
to a SubsbBOLAR] cock¥ rRPOYR dh i BELiRENRAE o ERT HIE 5 (TR 88 APRGHYS P
t he ;econd meﬂ&la:mlawaaxlt;ptm}et lenfiicostivzone suefdae jtd’&pthasexfce of a
coating dugigetlity fdTadelicitdbe T oRl BAEUMER cGORId YL | S remDved
fromthe Sem conductor. e subsequent coating conprises an
antireflection coating. The first, Jiquid.nmay be a spin-on dopant. the
subsequent 59@&?1 ng Ma%"co‘iﬁﬂ' ild@udid i nmﬁﬂfgf"ae‘f’l f‘?l}estfd’ztp&?e ey
conpri se dueehdtllezst in pegi or grimapidyovol the cimElyencEkhefsecond
zone may COoOpiis Sa%%ﬂgtfc{rﬁpWﬂgtﬁ%ghqgfrg?é@nprﬁ POl G e

[ 00190] An  a gar at an | nvention here A phot oval tai c _devi ce
conpri si nPLAURREE cHhRRAOINSE ISt SEM CAPEHCEPT t 2kt PY dachagdcal
surface; weBrdtib@n ofitfdretiat dpgrsiedordrbayhuaedigid femmect ignurcal isbynd

of |ight in i Iqi:SJ . r it i i
ourface + ShEESL MhBFRIS T SHPLANE. RaBoy Bhe Inbluend netf Hiedm
the at | efiechbheverking ePS ARAdd %G aesnetinefiethite tHipiligul

regi ons, alegfiedahlégqtinen dihevirirss ofWhiighagiénseparated from an
adj acent light trapping region by a fluid flow inpedi nent feature of

the textuisﬁﬁ@[fac ccd¥d i t%a%i“s‘eff%lnghga&ogmﬁmmtds} $H liquid
electrode"that 1s electrically connecte o the sem conduct or

substrat ethatl i® apPeied | HiRIddrsh PRECaLS| RaRIOHRNY Batard@l. It
surface. ;891944 heedd gldt | rmappidly aFfteirade heqrates. mayrelaled se a

plurality 1 S ' ar al o] ved.. .The . ve
and the ne aﬁgfrg%f\(?ofn‘f%\%lae%e S nlg'% e%dvgegg%gt éﬁ‘??’é’rf‘% %l}qé]u%lq%%%['hz:? ©
O the gr8s9psofesoabing ddm Heinaangr 6eress £PReS debthRbf t he

met al | i zaghenrehoeeelsn ddrereigl Wheaiion thBasoep Sofresp ey s kar

channel s d gridline channels. .The qridline ch els ave

acpoct T abrEoBH T e N Qi o, Py & REPE fa] Whely K ofees

whi ch is &hpreasehreflegiionl contingnagadnston chemi¢ghtetahanti-ng The

features agghblemayeiddidZaid10y Ghankgles appYyhayetd daptdiaft keldgween

appr oxi mat el épm and appr oxi E{;Iyug% ﬁla%ndsgref era}.lfz)ly q:f b ween

appr oxi aPEFYISpAPIRT DT driT30 SRS beTeTr e A

vari ati onmatdheal| fxemfienves 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 ligquid 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 npedi ments may conprise rai sed edges. The fluid flow i npedi nents may
conprise raised edges with | ands. The substrate may conprise

mul ticrystad bdofuosds! | con. The substrate nmay conprise ap&E@iE60R/a64H484 Or
wafer, a thin filmcarried on a textured substrate or superstrate,

ei ther of nuhl £5, pBYabEs 4 a%aglﬁhet%b%fn%snmtma&%ﬁa RdiBenan

p type sem conduct or J$0| ned unction, or p type
seni conduBTbYP®y ey Fiiy sﬁzet%/ sfé’ﬁ“&BHdBcﬂB?Ct}%‘? (REFRH & FOPLYing
junction. agha dqnmﬂmitp}tasrphmputsebeah:eﬁgedhémMI hegredéd consi sting

of silico u rseni.d ]

enbodi rren?em?'ﬁ %y:{“ite may la?gﬁaﬁgeéoﬁﬁp% %Tﬁtfed{bsurtfezjce ‘}8\%%?3
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[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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one invention. The inventions are set forth in the clainms of this and
rel ated docunents, not only as filed, but also as devel oped during
prosecution of any patent application based on this disclosure. The

i nvent or s W@ cl ai mall of the various inventi orECHEB200§802088i t s
permtted by the prior art, as it is subsequently determ ned to be.
No featur 082821 betutichas n tihe dogent aaldl secend hzémremi dheditexitused

herein. ThygsratdenhPVeshFSd HendashabnBOcherhe EfaPaRfd B3 shehdlina
but not clalneg i nany particular claimof an% gtent based on this
c
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I nventi ong00ha8] w | Addiet Bxaaii ned atedopmbpdinettappdve atliecorstegs ofi ty
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i ol osur SLEFE RSN IOEER Alrtddds, Y GELCHRLLEEN® iRl TR,
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prom sed bjehbeaPai€adt{dd iwe'decut én £00188¢dhHe o€ it dHeetisnon

shoul d beigngfggtﬁfgkﬁgaii%ﬁ@#%qﬁké%_@ggeshould not be considered to

be limting I any Sénse i nvenfi ons have been particularly

shown and described with references_to preferred enbodi nents .thereof,
it will b&OARBA}st obl B FIRR PLOSSILEdtPNaPREY ot t S§FRR4A Pk ad
changes i nifoid eada detiard omy die tiedeukliecei whivh hosdorde parockigg

fromthe spihil A0G-SEOPG A nidneMRRLLODSnES Fridnathd NS16LR:HE:
liquid remains excluded from the second zone of the surface;
and allow a second chemical reaction to occur in the second
zone which reaction is also blocked in the first, and third

zones.

{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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[ 00200] The corresponding structures, nmaterials, acts and equival ents
of all means or step plus function elenments in the clains below are

I ntended to include any structure, material, or acts for performng
t he funct iVYh30BK00EGbi nati on with ot her claimed el emenf&l/E¥008/002058

specifically clained. QL)00201 ]What is clainmed is: CLAIMS 1. A nethod
for fabri888i PEFEOPRROWRY tadl @Ageyithat EBARRF st gfosed Josny whexeby

t opogr aphtgal fyréeX§¢ﬁ@dl§@apa&rac{w cfr_roﬁnUtﬁ@cgecorm zfd?ﬂe*ﬂb’yg aaq edge

I h
Hirst sonshF VRBSed, ¥ QORGP RSE irp, Frsflledhl idbdd iy Soldad ene
part by theoBur¥heenewseuk @f aidnpieilshthrgurempehssssthex dimsdd zonem a

second Zojgy OdohpeiSelrd ard (dHicHanneddl | QH@@&&:E%& hs, f:‘lrcﬁjeszoﬂ‘ﬁe

the exel USTon B2l 00 AUl ine 3 REGke Loe it o LA LU &

second zone may comprise a metallization region. The ridges
may comprise openings that permit liquid flow therethrough. A
set of channels comprising parallel channels.

[00186] Typically, the textured surface comprises a network
of channels that are oriented in a way that directs a liquid
to migrate within the first zone throughout the network of
channels, and not beyond the boundary of the closed loop of
the edge. It may be that the semiconductor body of claim 202
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.
The ligquid is capable of migrating by capillary attraction.

[00187] The body may comprise a semiconductor wafer, such as
silicon, which may be multicrystalline. It may also be
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 liguid flow pathway that
exists to the obverse second zone from the obverse first zone
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 liguid
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d. allowing a reaction to occur in one of the first zone and the
second zone of the surface but not both sinultaneously. 2. The

met hod of claim1l, further conprising the step of appcgin a net al
coating t &9 B¥SAWA3conduct or surface capabl e of col |l e qq@”@‘?%’@%"?’fc

power fromthe sem conductor and further distribution to an
el ect roni Bigyatesmwithin the poneypdved a8 LepaFrin, Paflerid khendeityaed
conpri seso@ tRaCtéxeuted) Wk ek .2 THeemigakidr eakai g émmucsed IEddfe a

first zone, t l,ai h dSin

Step of cresergzee da el [ rstle kol Shfinbton g S HAA Bors
an el ectrboai ’eh%oh%&wrwqm tthee %rﬁ@@nd@b?oflra#tmqplmé?ﬂ%ta zone
due to thgagbeihtathi€astdthts secure RindlRgNBE Qs sdding %’oatlng

further wherejn the, f|r t zone [ i se tallization on of
Lhe: phot obg) £ SaRiceidicdR Sy VIR S ind BELRL oA L albdd Ut are
wher ei n t aepbsedt te oneswasgpniesds caalisigar wheégh osmbéequeptiotapadiitna
devi ce angdﬁ%, édétlf%mgﬁg'@ e %e%‘ﬁho‘é%faahﬁdd@é/éﬁfy to the & rERe

met hod of r wherein t first zone cornprises
gridline F%@‘?o‘ﬁu%ft% TR RRRAISNSS °c¥e\?1 geating dug t‘ﬁ‘h"ét’erreﬁltﬁ?d: dfl‘IU1d-
claim 3, 'ﬂzhet@mm@@ém redateimhds eainovedCfiron £19¢ nsermi aoaidddtor .

coating Qggﬁﬁgﬁ éﬁlﬁgng%%?rlses 3n ZH%l%?EF@Ekfgn(%éﬂﬂgéﬁi Th%1

further er el em cal actionis ac yzing reactl
cat al yst fhﬁ‘f‘t sibywxqi dBAY \Pee fafindd~Ofe APBAREE | BRE cPuksemiant icoating
by el ect r ahgssSompAlddOs Vi 1d8i ik ifdel.Sirh20A@8st zone may comprise a

metallization region of a photovoltaic cell. The second zone
may comprise a light trapping region of a photovoltaic cell.

[00190] An apparatus of an invention hereof is A
photovoltaic device comprising: a semiconductor substrate with
at least one textured surface; residing on the at least one
textured surface, a plurality of light trapping regions
comprising: a plurality of light trapping surface texture
features; and an antireflection coating. Residing on the at
least one textured surface, adjacent the light trapping
regions, are metallization channels, which 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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10. The method of claim3, further wherein the chem cal reaction
forms a netallic coating by electroless plating within the first

zone. 11. The nmethod of claim3, further wherein the cheni cal
reaction 9 AWSA0RBt al lic coating within the first zorRETET2AY043958
organonetal lic material . 12. The method of claim1l, the

seni condu@%ﬁlbe?ﬁ’gl@élcémw]ﬁr o havgr sugepbhseEthetyrasm il i con,
ger mani unpgpdogdhht &y a3 G€NHrde approximd8elyhs pt Bad piefésamiyl,of he

first zon f the texture one channel
having. o Beuptl ab St SR P R BELRbRIn AL L AR e EhENTE
t he sem conductor surface conprising the surface of a sem conductor
waf er . [00192]5 Theremitedady vazigtionsheThextlnil Hl@W conduct or

surface CQﬂpédﬁn@ﬂtQ xﬁeky Neerpiigenaakerd bubessuppertBdid)1auw ext ured
substrate. net had of _cl ai,m

th d f
Conpr 1 o1 nETECTHRR S A OPS PR Eto BB PRa g L LR ur s
super st r asebstrate m4y impnisehowloficoyatalline (bl | Sthensabstrate

conpri si ngag ebﬁﬁﬁlse a semi®onHiRtoBt hadee! sl ahm 1f1M@%aefﬂehh%n a

liquid conprises. a bl ocking naterial and a cheni cal thon t%kes
pl ace in ?Egtggggnﬁug§ﬁﬁgte or superstrate, either of w ich may

glass. The substrate may comprise an n type on p type
semiconductor joined by a p/n junction, or a p type
semiconductor overlaying n type semiconductor, joined by an
n/p junction. The semiconductor may be selected from the group
consisting of silicon, germanium and gallium arsenide.

[00193] In a related embodiment, the substrate may have a
second textured surface, obverse of the first, comprising; a
plurality of light deflecting surface texture features;
metallization channels; and within at least some of the
metallization channels, an electrode.

[00194] Yet another embodiment, is also two sided. It 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. 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
liguid 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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19. The method of claim 18, further wherein the blocking materi al

hardens after it is applied. 20. The nethod of claim 18,
further c |.S) before the step of applying a |iqui of
coating t 5+$é@%%%d second zones mnth an antlreflectﬁ%HB%§W%b§§?
wherein the_ste bIo |ng t rls t he step
of appl yi FE"EE 4o 4 st ngnana, PLPERIES AV Resd ng
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r enoval removes the antireflection material, from zone
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subsequent coating to the sem conductor surface; further conprising
the steps Igpediments to liquid flow have been mentioned and

illustrated. These impediments have been shown and discussed
in connection with specific regimes of blocking, or treating,
or blocking and treating. However, any suitable liquid flow
impediment may be used with any blocking or treating regime.
Further, additional impediments to flow not described, but
which function similarly to those described, can be used.
Further inventions have been described related to photovoltaic
devices in which the texture or topography of a device is used
to direct the migration of ligquid 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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a. exposing the first and second zones to a subsequent coating, which
subsequent coating adheres strongly to the second zone due to the

chem cal reeabdsamsphat has occurred in the second zonepaffisiefdohosst O
the first zone due to the presence of a coating due to the first

l'iquid; ango1b7)renbyndJdasenisse BieHareRlre)Jokl gRbLPE éf IStegdNre

of the Segkgggggﬁtgg'herein as an invention. BHBowever, this is not an
admission that any such assemblies or groups are necessarily
patentably distinct inventions, particularly as contemplated
by laws and regulations regarding the number of inventions
that will be examined in one patent application, or unity of
invention. It is intended to be a short way of saying an
embodiment of an invention.

[00198] An abstract is submitted herewith. It is emphasized
that this abstract is being provided to comply with the rule
requiring an abstract that will allow examiners and other
searchers to quickly ascertain the subject matter of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims, as promised by the Patent Office’s
rule.

[00199] The foregoing discussion should be understood as
illustrative and should not be considered to be limiting in
any sense. While the inventions have been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the spirit 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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CLAIMS

1. A method for fabricating a photovoltaic device,
comprising:

a. forming a topographically textured
semiconductor surface;

b, forming a juncticn inveolving the
semiconductor;

c. applvying a liquid to a first zone of the
surface which application is guided at least in
part by the surface texture, and which ligquid
remains excluded from a second zone of the
surface that is contiguous with the first zone,
the exclusion arising due, at least in part, to

the surface texture; and

d. allowing a reaction to occur in one of the
first zone and the second zone of the surface but
not both simultaneously.

2. The methed of claim 1, further comprising the step
of applying a metal coating to the semiconductor surface
capable of collecting electric power from the semiconductor

and further distribution to an electronic system.

3. The method of ¢laim 1, wherein the ligquid comprises
a reactive liquid and a chemical reaction occurs in the
first zome.

4, The method of claim 3, further comprising the step
of creating a chemically modified volume of material
comprising an electronic contact with the semiconductor,
within the first zone due to the chemical reaction.
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5. The method of claim 3, further wherein the first
zone comprises a metallization region of the photovoltaic

device.

6. The method of claim 5, further wherein the first
gone comprises a busbar region of a photovoltaic device and
a gridline region of a photovoltaic device.

7. The method of claim 5, further wherein the first

zone comprises a gridliine region of a photovoltaic device.

8. The method of claim 3, further wherein the
chemical reaction forms a metallic coating within the first

Zone.

9. The method of claim 3, 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.

10. The method of claim 3, further wherein the
chemical reaction forms a metallic ccating by electroless

plating within the first zone.

11. The method of claim 2, further wherein the
chemical reaction forms a metallic coating within the first

zone using an organometallic material.

12. The method of c¢laim 1, the semiconductor being
selected from the group consisting of: silicon, germanium
and gallium arsenide.

13. The method of claim 1, the first zone of the
textured surface comprising at least one channel having a
first and a second portion.

i14. The method of c¢laim 1, the semiconductor surface

comprising the surface of a semiconductor wafer.
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15, The methed of c¢laim 1, the textured semiconductor
surface comprising a thin semiconductor f£ilm supported by a
textured substrate.

16. The method of claim 1, the semiconductor surface
comprising a thin semiconductor f£ilm supported by a

textured superstrate.

17. The method of claim 16, the superstrate
comprising a glass.

18. The methed of claim 1, wherein the ligquid
comprises a blocking material and a chemical reaction takes

place in the second zone.

19. The method of claim 18, further wherein the
blocking material hardens after it is applied.

20. The method of claim 18, further comprising before
the step of applying a liguid, the step of cocating the
first and second zones with an antireflection material,
wherein the step of applying a blocking material comprises
the step of applying a material that protects the
antireflection ccating against a chemical etchant.

21. The method of claim 20, further comprising the
step of applying to the first and second zones, a removal
licquid that removes the antireflection material from zones
in which the removal liguid contacts the antireflection
material, whereby the antireflection material is removed
from the second zene and not removed from the first zone to
which the blocking material has been applied.

22. The method of claim 18, further comprising the

steps of:

a. applying an active, second material to the

first and second zones;
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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.

23. The method of claim 22, the second, active
material being selected from the group consisting of:
antireflective ccating solvent; electroless plating
catalyst; electrecless plating chemistry; anti-reflection
material and electroplating chemistry.

24. The method of claim 18:

the first liquid being a blocking material that

prevents secure binding of a subsequent coating

to the semiconductor surface; further comprising
the steps of:

a. exposing the first and second zones to a
subsequent cocating, which subsequent coating
adheres strongly to the second zone due te the
chemical reaction that has occurred in the second
zone and weakly te the first zone due to the
presence of a coating due to the first liquid;
and

b. removing the subsequent coating from the first

zone of the semiconductor.
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