1 TEXTURI NG SEM CONDUCTOR SUBSTRATES Thi s application clainms the
benefit of priority under 35 US.C. | 19(e) to U S. Provisional
Application No. 61/277,409, filed Septenber 24, 2009, the entire
contents of which application are incgrporated herein by reference.
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Known techniques for wet chemical pyramidal (tetragonal) structure texturing of (100)-

orientated silicon surfaces use alkaline media, such as solutions of alkali hydroxides, alkali
carbonates, ammonia or choline. Alkali hydroxides by themselves produce unevenly textured
surfaces which result in areas of high reflectivity. An additive is necessary to control the
texturing rate and to form repeatable pyramid structures. Solutions of hydrazine or ethylene
diamine or pyrocatechol can also be used but they are disadvantageous on account of their
toxicity to workers. The most common formulations include water, sodium or potassium

hydroxide and alcohol. The alcohol component used is either ethylene glycol or isopropanol.

A method based on a texturing solution that contains ethylene glycol is described in EP
0477424A1. The texturing solution used includes water, potassium hydroxide, ethylene glycol

and silicon. Oxygen is also added as a further component. After the silicon surface has



0477424A 1. The texturing solution used includes water, potassium
hydr oxi de, ethylene glycol and silicon. Oxygen is also added as a
further conponent. After the silicon surface has 2 wundergone wet
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Ideally, reflectance in this wavelength range is 13% to 14%.

U.S. 6,451,218 discloses an alternative texturing solution which includes an alkaline
reagent, IPA and alkaline ethylene glycol. The patent alleges that the solution provides good
texturing reproducibility and that the pyramid size is adjustable. It also alleges that the
formulation does not suffer from as great an evaporation rate of IPA as conventional [PA
solutions, thus reducing the frequency of having to replace the solution during texturing.
However, although there are texturing solutions which may provide texturing reproducibility and
reduced evaporation of sofution components, there is still a need for a texturing solution with
improved texturing uniformity, reproducibility, reduced evaporation of components and

improved reflectance performance.



solutions, thus reducing the frequency of having to replace the
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time than many conventional texturing solutions. This reduces downtime for manufacturing
processes and reduces the frequency of solution replacement, thus improving the overall
efficiency of the texturing method. This improved efficiency of the method reduces costs to both

consumers and manufactures alike.

The method may be used to texture semiconductors for photovoltaic devices in general,
including semiconductors in the manufacture of solar cells. The method also may be used to
texture semiconductors in the manufacture of optical and electrochemical detectors/sensors,
biodetectors/biosensors, catalysts, electrodes, gate electrodes, ohmic contacts, interconnection
lines, Schottky barrier diode contacts, optoelectronic components and other articles where

reducing the reflectance of incident light improves the efficiency of the device.



consuners and manufactures alike. The nethod nay be used to texture
sem conductors for photovoltaic devices in general, including

sem conductors in the manufacture of solar cells. The nethod al so may
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Aqueous solutions for texturing semiconductor substrates include one or more compounds
chosen from alkoxylated glycols, their mono-methyl ether and mono-methyl ether acetate
derivatives having a weight average molecular weight of 170 g/mole or greater and a flash point
of 75° C or greater, and one or more alkaline compounds. Typically, the weight average
molecular weight of the alkoxylated glycols, their mono-methyl ether and mono-methy! ether
acetate derivatives range from 170 g/mole to 4000 g/mole, more typically from 190 g/mole to
500 g/mole. Flash points typically range from 75° C to 300° C or such as from 100° C to 300°
C. More typically, flash points range from 140° C to 200° C. Alkoxylated glycols, their mono-
methyl ether and mono-methy! ether acetate derivatives used in the aqueous texturing solutions
are either water-soluble or at least water-miscible. The aqueous solutions provide uniform

texturing as well as reproducibility of pyramid structure formation on semiconductors. This
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Wherein R is —=CHj; or ~H, Y is —H or —C{Q)CHj3, and m is an integer of 3 or greater, or such as
from 8 to 66. Typically, m is an integer of 3 to 6, more typically from 3 to 5 and x is an integer
of 3 to 6, or such as from 3 to 4. Typically Ris—H and Y is —~H. Examples of such alkoxylated
glycols are tripropylene glycol, tetrapropylene glycol, polypropylene glycol, tributylene glycol,
tetrabutylene glycol, polybutylene glycol, tripentylene glycol, tetrapentylene glycol and
polypentylene glycol.

Alkoxylated glycols also include, but are not limited to, compounds having a general

formula:
HO(CH-CH»0),H (1I)

wherein n is an integer of 3 or greater, or such as from 5 to 200. Typically, n is an integer of 3 to



Wherein Ris -CH3 or -H, Yis -Hor -C(OCH3, and mis an integer of
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ethoxy)ethanol, 2-(2-aminoethylamino)ethanol. Other suitable atkaline compounds include 3-
methoxypropylamine, morpholine, alkane diamines, such as 1,3-pentanedaimine and 2-methyl-

I,5-pentanediamine, and guanidine,

Typically the alkaline compound included in the aqueous texturing solution is chosen
from one or more hydroxides. More typically, the alkaline compound is chosen from one or
more alkali metal hydroxides and alkyl ammonium hydroxides. Alkaline compounds are
included in the aqueous texturing solutions in amounts of 0.5wt% to 15wt% of the aqueous
solution. Typically, the alkaline compound is included in the aqueous texturing solution in

amounts of 1wt% to 10wt%.

Optionally, the aqueous texturing solution may include one or more alkali metal chlorides,
such as sodium and potassium chloride and one or more silicates, such as alkali metal silicates,

such as the sodium and potassium silicates. Mixture of metal chlorides and metal silicates may
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Various conventional apparatus used for such processes are well known in the art.

The semiconductor substrates may be composed of monocrystalline or polycrystalline or
amorphous silicon. Typically, the semiconductor substrate is monocrystalline or polycrystalline.
The aqueous texturing solution is applied to a surface of the semiconductor substrate for dwell
times of 5 min. to 40 min., typically from 10 min. to 30 min. The semiconductor substrate is
then rinsed with water. The texturing method is anisotropic and forms uniform and repeatable
pyramid (tetragonal) structures over the entire treated surface of the semiconductor substrate.
The pyramid structures are randomly dispersed over the entire treated surface. The pyramid

structures may range in height from 1um to [0pm.

The semiconductors textured with the aqueous solution reduce reflectance from incident

light applied to their textured surfaces. Reflectance of incident light in the 360nm to [000nm



nmet hods are well known in the art. Briefly, horizontal nethods

i nvol ve passing the sem conductor substrate on a conveyor system and
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t ypi cal R9cest feom@idri ng method is used in the manufacture of
photovol tai c_ devices, such as solar cells. Photovoltaic devices and
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The entire back side of the wafer may be metal coated or a portion of the back side may
be metal coated, such as to form a grid. Such back side metallization may be provided by a
variety of techniques, and may be done prior to the metallization of the front side of the wafer.
In one embodiment, a metal coating is applied to the back side in the form of an electrically
conductive paste, such as a silver-containing paste, an aluminum-containing paste or a silver and
aluminum-containing paste; however, other suitable pastes known in the art also may be used.
Such conductive pastes typically include conductive particles embedded in a glass matrix and an
organic binder. Conductive pastes may be applied to the wafer by a variety of techniques, such

as screen printing. After the paste is applied, it is fired to remove the organic binder. When a



In general, texturing may be done at any convenient time during the
manuf acture of the photovoltaic device. Typically, the sem conductor
substrate is textured before the doping process is conplete. The

sem conduct or substrates are typicallygwafers which may be circul ar
square or rectangular in shape or may be any ot her suitable shape.
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reflections
waler into the texturmg solution. The temperature of the aqueous solution ranges from 80° C to

F10° C. After a dwell time of 10 min. to 30 min., the wafer is rinsed with water to remove the

texturing solution.

An anti-reflective layer is added to the front side or emitter layer of the wafer. In
addition the anti-reflective layer may serve as a passivation layer. Suitable anti-reflective layers
include, without limitation, silicon oxide layers such as SiQ,, silicon nitride layers such as Si;Ny,
a combination of silicon oxide and silicon nitride layers, and combinations of a silicon oxide
layer, a silicon nitride layer with a titanium oxide layer such as TiOy. In the foregoing formulae,
X is an integer representing the number of oxygen atoms. Such anti-reflective layers may be
deposited by a number of techniques, such as by various vapor deposition methods, for example,

chemical vapor deposition and physical vapor deposition.



solution including one or nore conmpounds chosen from al koxyl at ed

gl ycols, their nono-nethyl ether and nono-nethyl ether acetate
derivatives having a wei ght average nol ecul ar wei ght of 170 g/ nole
and a flash point of 75 C or greater amd one or nore al kaline
conmpounds is applied to the emtter |layer for 10 min. to 30 mn.
typically from10 mn. to 15 min. to formuniformand randomy

di spersed pyFenfiant side ate waés corainhe metul IuaeépaﬂtcayeFm eihsp&qﬂnecﬁmst side of a
texturl L r S|ons r

are rea ?flef/%agg 9(913;3(%596’?1%5 cutith ¥90(fl%&tlsnl ines gtbclﬁ),lélﬁ{l %L [S.l f?aldiarg cohec%ng ﬁnes
appliCaMBqn&mﬁppanakmsusﬂmhmaﬁwﬁﬁﬂaﬁhﬂgydﬁv¢@ﬁﬂmﬁébﬂﬁk4QMCﬁﬁﬁEéSiOn

t he i texturi solution. The tenperature of the
aqueousmﬂgpﬂWFgﬁﬂ?Qﬁd%guq?EE&%@”C to 110 C. After a dwell time of 10
mn. to 30 : the fer is rinsed wwth water to renove the
texturing sg} ll?tHaH?f“‘ gthihreue thegwtiraflecy vpylayer tasexpasrcide s fachef theont

si de or seRdnlBétod b%\d?rofﬂfe wATe: RRRativhl) AL fa ?%e?&%eﬁ%# e E)fe %stt'ove

| ayer may serve as a passivation layer. Suitable antl-re

I ayer s crpe p sjlectiveemiibut Thessiteaelieo may $e Ir¢gdons Cxﬁktgheﬂoml)genﬂsvasmtymf@socesses

SiQ si 1In d’pg@ sréhrt(; fo(#ﬁ th@%ﬁ{ef éyéerlcﬁlrslas?%ﬁﬁbt%l\lﬁ’ted t% lglgengbia On mec Ela,n!c&]]mg% d e

oxi de an I5°con nit nbi nat i ons°o
I ayer anddithagrariaprocdssta, dlayfewhivh sra v&lltldnbazmnume(am @ecli ﬁh)éafanﬁ‘cubuheaatﬁ

X. In the foregojng for ae, X i.s, an |nte enting the
nunber '8?‘“5%@% 1%5&@“‘3‘%“%%3# plioss TagirRRE pig Ef’éFf‘sS ﬁf&ﬁ Spoafégégl ted

by a nuiagéabhf mh@ENNINGHESurfasel 6NthdSvaky, PAREINAHSHY %ﬁ@%alﬂ@ Rf®dral l%rfmm
met hods, for exanple, chemical vapor deposition and physical vapor

deposi t PREAINZY T therpiidi-Feflpiveslprs, Wmsigriertas P Withs waferslenesitingechickel
pat t er Ny dr Qﬁ tlﬁ%ﬁaﬂh@s anld h‘@mggﬁgﬁheq f‘ngge E ﬁatéﬁ@z{l e %yenpo%dﬁﬁ Qﬁeegna%eable
urren ars €

current tol l ecting Tines an rrent co
l i nes laNEHMypmGEWBWbﬂbQHBVSpgef&moﬂhmg@usmamsmandhiqnnc@kIMzhameaa

relatively fine-struct r ive to curr

buspar <5 B DS plslerBhis sCTaTeRRESERE rEEpPisabFbe p Bt W in the
expose ct]daeangeraexeﬂﬁfu mbeibleSRateiC0 icibedear dtbﬁ@)thé)fﬁ]eﬁah&pwﬁﬂ@tﬁ step, such
AIternallveI¥ trenches y be forned in the openings to create a

sel ect i YA paerialfrisa avaKls RRY dYRsySUBR aF eiat<lyes: tht gbsosbipithy. A
vari et YWWeldﬂ?ﬂﬁQﬁ'$§cﬁ’§tlol1%¥d H’L‘ﬁu@ﬁtgmtd?eifd@ﬁdﬂtm%ta%ath%g%éﬁblesi%ﬂ it resﬁHt

not limted | aser abl ation, nmechanical nea ogr aphi

pr ocessesingalhd plginastipchipianky seatdinsendyanvhiieh hase raintmurslight tressthitahcsadf 40-
means JfQglude sawi ng and scratching. Typical photolithographic
processes i ncl ude di sposing an

The imageable material may be removed using any suitable polymer remover. Such

removers may be alkaline, acidic or essentially neutral and are well known in the art.

In one embodiment, the front side of the wafer may be metallized using a conductive
paste, which may be the same as or different from any conductive paste used on the rear side of
the wafer. Any conductive paste used to metallize the front side of a wafer typically does not
contain aluminum. The temperature used in the firing of the paste depends on the particular
paste used, the thickness of any antireflective layer used, among other factors. The choice of
such temperature is well within the ability of those skilled in the art. Also, it is appreciated by
those skilled in the art that the firing process may be performed in an oxygen-containing

atmosphere, an inert atmosphere, a reducing atmosphere, or a combination of any of these. For



i mageabl e material on the surface of the wafer, patterning the

i mgeabl e material to form openings in the anti-reflective |ayer,
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waf er areuirseal isidependgsti upgn dwrmaéniay size of the wafer used. Additionally, the silver

anode provides a ready source of sifver ions to replenish the silver plating composition with
silver ions without the need to use an external source. A light source is positioned to illuminate
the semiconductor wafer with light energy. The light source can be, for example, a fluorescent
or LED lamp which provides energy within the wavelengths to which the semiconductor wafer is
photovoltaically sensitive. A variety of other light sources may be used, such as, but not limited
to, incandescent lamps such as a 75 watt and 250 watt lamps, mercury lamps, halogen lamps and
a 150 watt IR lamp. Examples of commercially useful silver plating compositions are available
as ENLIGHT'™ Silver Plate 600 and 620 from Rohm and Haas Electronic Materials, LLC

Marlborough, Massachusetts.

The plating cell is of such a material as to be chemically inert with respect to the silver

plating composition and has a minimum light transmittance of 40-60%. Alternatively, the wafer



paste, a layer of netal is then deposited on the front side
conductive pattern. Such layer of netal nmay be any suitably
conductive netal such as gold, silver or copper, and is typically
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ENLGHTI M Si | ight veiiglt magbouseddn B0 4ting prRessinelndes Harss mit diotited i, visible
Mat er i L I oy W@ﬁﬁ?ﬁhﬂﬁ |

such aa1|i tebl glv %@%gﬂ % m ca I ngﬂt%\iﬁ %Eﬂl%mddp%?ﬁ& %161& E‘ﬂ%’e‘?ED
pl at i ngighongbigki ctlmlumgaimieh)amfaredi lmmpurﬂubwegdeht hmmﬁnidg’eahmmscaﬁd 4Qer6.0%0

Alternatively, the fer 12. be positioned nt a n t he
ol a1 neeodnl Haatrefed S ehuatatiod PoRT SBbRbHEr Shy b @O‘aﬁ? %@M

conposi tion, e a t he ating cell ne not | east
CoeP s b o Tl ikt B kot Brdtas e Siomine B e aniat B hyesiad bug
layer n@ychfseteResidded i ik fehffdndsditiewseneuet dn@ectPalkt fickel ipRshgad
of a netal paste. Typically the netal seed |layer is nickel. The

ni ckel wWewestiayeExamplys Yeorwpsertveralybla ppcieciess @irkebipatpoaitiereinclude
deposi tjhgR ATRIIPH KOQWR i1Bcitdiges Nilie! PN GRS ¥im BI0®80 and PM 988 Electroless

Nickel. All are available from Rohm and Haas Electronic Materials, LI.C, Marlborough, MA,
U.S.A.

t he

Alternatively, electrolytic nickel compositions may be used. When an electrolytic
composition is used, an applied rear side potential (rectifier) is used in addition to light to deposit
the nickel. Typical current densities are from 0.1 A/dm? to 2 Aldm®. The particular current
requirement is dependent upon the particular size of the wafer used. The electroplating
processes used are conventional. Suitable electrolytic nickel plating baths are commercially
available as well as many which are disclosed in the literature. Examples of commercially
available electrolytic nickel baths are the NICKEL GLEAM™ Electrolytic Nickel products

obtainable from Rohm and Haas Electronic Materials, LLC.



ni ckel seed layer is deposited by |ight assisted nickel deposition.

If the source of the nickel is an electroless nickel conposition,
plating is done w thout application of external current. If the
source of the nickel is froman electrglytic nickel conposition, a
rear side potential (rectifier) is applied to the sem conductor

waf er substrate. The |ight may be continuous or pulsed. Prior to
deposi ting niéxHleminsing filecieoroxt tles::m'rcendtycmrmﬂ-‘dnymthelrgmvendali)r, phithgeccurs on
conduct j v at solution of 1% hydrofl uoric¢ aci

whi ch e BB UG P e Bt e W&%F‘&E’éé&'&’%l%H@emﬁﬁt’&ic nbe A6k e
to, vi S]blbﬂi]% onl th@ont ik BontkdViaBle thy Xd fudtie: thé-ligHitinte lﬁﬁeh terfpetitlfe, Ballcipr €
not limted to, incandescent |anps, LED ghts [ i ght emtting

di odes)ageNckRie gtartiigpyater qq&éﬁ@%éﬁpmg &vpkas Weal aspdliet parsmsteEnuhichasr s,

I'n en : i e
5600 XEIAnB BB O, LR o A0y ST SR A

openi ngle ddjustedeyahg fecrigdrl é‘cmplwé ialyay@’ﬂoandodﬂﬁm tltlbielewmqsmdlly dxtired edlith
S“”acethgfexatcpﬁqic G o CRRIUGLO!  fagiars 1ol &l geLigle {

plating = Eompositron. PEXAmple Va“8¥'s 88%?95 & %ﬁ% Q980 103%9“ S‘éi’ &eteBEnd s
ni ckel gomeasitions include DURAPCSI TTM SMI' 88 El ectrol ess N ckel

and NI POSI TTM PM 980 and PM 988 El ectroless N ckel. Al are

avai | abI e fromriRehmtiond ddpasteBliaet siome spd\mg@rah@b@,acdntﬁ thé\@rﬁob@fswfﬁlsb of
MA, S.A. Alternatively, electrolytic nickel nEosmlons may

used. VWi%he‘%‘ﬁor@I”é@t wafeytswb@tiaf@os*rbsrsw'ie@ﬁiep%mta%é%lac togppicksd. Fé&YeﬂéfP'éPé
pot ent i @réctl(ab%%é filRr zomﬁosﬁm nfa bR | '1% swel cbﬁh Eszﬁ&s%céamﬁg'e

ni ckel . Typical current densitiés are fromO dn? to

parti cutcaraiigug sivst compagifione meemanids- f@epémi@nmpom@mmt he particul ar size
of the wafer used. The electroplating processes used are

convent i onal Silvuingypd¢@sitddewt the hgpiq: dydigbkedugsdatdtimg (bEY) ks carventional silver

comer ¢ avaj osed in th

[ ver o e ob B BlelBE Fe Tplh In OF o™ Mle ABH B G Bl FRI 0! s iy o
bat hs aplaidghie NveKEhstdldsAMIM abb & tA @l'l\}ét lageNfalg@l tomogduﬁtcsnes@tsttapuaﬂm e
from Rohm and .Haas El ectronic Materials, LLC. 13 By il]umnating the
Front ofeVHo P eBRELBISRe AR et VeYigiRTadipieSYSh 4 AN4Ds PRPTIGRHAR §20n
t he fr temTJ\@g_'er btlﬂ)gl ng light energy generates a current in the

sem conduct or he rate of plating on the front is controllable by

adj usting t h@ftél'tlgé@llv'epﬁ@t’élﬂstd)éposl?c@& Bnth %H@@Jj?@ei’lf fhe I'IfC@gluf‘He@gmlC%g@L[&EOl is then
activity, starting wafer conditions, doping |evel as well as ot

par anmet @ntsreditd imariekel silicide. Sintering is done with the silver deposited Onto the mckel
surface to improve adhesion between the silver and nickel. The improved bonding between the
nickel and the silicon reduces the probability of adhesion failure between the nickel silicide and
the silver. Further, silver is not incorporated into the silicide by the sintering temperatures, thus
nickel silicide is formed with the silver protecting the nickel from oxidation during sintering. A
furnace providing a wafer peak temperature of 380° C to 550° C may be used. Typically, peak
temperature times range from 2 seconds to 20 seconds. An example of a suitable furnace is a

lamp based furnace (IR).

Since the silver layer protects the nickel from oxidation during sintering, sintering may be
done in oxygen containing environments as well as inert gas atmosphere or vacuum. In general,
sintering is done for 3 min. to 10 min. Line speeds at which the semiconductor passes through

the furnace may vary depending on the furnace used. Minor experimentation may be done to



known to workers in the art. If the plating bath is an electrolytic
bath the rate of plating my also be adjusted by the rectifier. A

ni ckel layer of 20nmto 300nmthickness is typically desired, with

t he exact thickness depending on variouys factors such as on the
application, size, pattern and geonetry. After the nickel is
deposited through the openings and adjacent to the exposed surface of
the sendatwmdhethonppragréne Bnexpeedat Bypicilh mbe linssptiein fidepsXi drefthiadg acaot
to the nllckel Conventional electroplating silver conpositions may
be used ™ FHEEi | ver conposi tions may be cyanide containing silver
conpositi ons,or ¢ ani gq free silver conposjtions. Silver may
deposi t ed onl YRS REMESHMICPRIHCIGH (B! Withihe Agueors plutgns described above
convent jroviak séhicyiRfuctodd REiLK RRLES thB S ¥BIRQAT iN@ddni KAAWD cbillrati8 nBhl -

The procedure of LIP plating is simlar to that fof plating the

si | ver (rasesiopddeithofsdl Ayaes pysasid sireturegy dhisdfergasen the aBomtiofinskiatslight
i's typigRhhyd b)gfﬁ%'séa‘ﬁ ond¥ctdt ahd Fin G5 A& Lind gﬁdﬁﬁéﬂéﬁ? cggwpe%%P 9o YRELQMS
factors such as on the application, size one?ry.
After tdvergyil ver rret al is dep05|ted onto and adj acent the nickel, the
sem conductor is then sintered to formnickel silicide. Sintering is
done with th’Iéwébllmemfrdeq;mﬂbstz&dinmhtded tchidfustracki@k inventidnalne ateOndt EmAYE to
adhesi 01 gﬁ cH’hF | ver and ni ckel . The inproved bondi ng between
the ni¢Ri ’ea?ﬁ%Pet é%ﬁ“V?'H@H reduces the probability of adhesion

fail ure bet ween the nickel silicide_and he silver. Further, silver
is not incorporated into the sili ci@@%@ihe sintering terrperatures
thus nickel silicide is I d wwth the silver protecting the, nickel
from oxi dat i ‘ofPPAFORGCrETRI T §! ?ﬁ@on véafer RV Fr OVEHEHG o8 thpfrapt Sl Sk
tenper alpmis: l@fen%&@a@n%ﬁhc@i@@ b&loWRNe Qﬁltﬂéls @fer Ja)é@bﬁ?éd Yith 9{?%&0{!5 textunng
temperature tines range from2 seconds to seconds. An exanpl e of
sui t ablelutign havieg ths farmyladisel b%ﬁﬁédﬁbﬂﬁdd@@“{l R). Since the silver

| ayer protects the nickel from oxidation during sintering, sintering
may be done in oxygen containing enVilohments as well as inert gas
at nosphere or vacuum In general, sintering is done for 3 mn. to 10

m n. Li ne speeds G@OMPOBENINe sem condlict or passes ANHQUYA the
furnace _may vary dependi ng on the furnace used. M nor experinentation

may bel done to IHipraetecriwel't he appropriate |ine spesdt%Typically,
the lijne speed is from330 cnimnute to 430 cm m nute.

Potassium hydroxide 6wi%
Sodium chloride 0.5wt%
Water 03wt%

"weight average molecular weight = 192 g/mole
flash point = 140,5° C
Boiling point =268° C
The aqueous texturing solution was applied to the wafer at 90° C and the dwell time was

15 min. After 15 min. the aqueous texturing solution was rinsed with water and allowed to dry at

room temperature.

The surface of the treated emitter layer was then examined for the quality of texturing.
The surface was examined using a scanning electron microscope (AMRAY 1510 Filed Emission

scanning electron microscope). The results showed both random and uniform tetrahedral



The surfaces of the sem conductors textured with the aqueous

sol utions descri bed above provide sem conductors which reduce the
refl ectance of incident light in contrast to nmany conventi onal

met hods of form ng pyram d structures.|sThis increases the anmount of
incident light absorbed by the sem conductor and inproves the
efficiency of converting light into electrical energy. The follow ng
exanpl eBYand stygluggedet Be pntirg sunfae of theeniitardayer.ofhib it shawe imBigure | which

ronocry ST b PR BEARE) b AR HER Bt TR Sh PSR,

si de or mapnity tfgreaksaysgeddnan & 5pm-th Bpatwidhmbek ewotiheiredt § luaro B @yieingeas
sprayed with an aqueous texturing solution having the formula

di scl osed i ReTatihieeelof el tenired aiifge waCONMRONENTSIAVRUNE BeTif CHHRPY| ene
glycol' ,0.5wmt % P b ssjum hgdr oxi de 6w % Sodi_um ch| ori de 0. 5w %

Vet or . 9IS b0 Rube Hgc st aeas! Yeoratio 73092 Thy swree ofihesincigeitng
= 140. 5iiht WBok bl RE RoAbum. 208averabB8r AIREMRc BXdiM s VA tﬁ%ﬁqléh'og\ (pldas
applied to the wafer at 90 C and the dwell tinme was 15 mn. ter 15
mn. th8r3gtiebigsretieskangt ranged Bput i3dntondde withsedvanigerrividterThendeak¢ owed
to dry I I oSy face of the treated emtter |ayer
was the%hg%ﬁal%‘?n%gg%rg “t?e%glrag%%ﬁ@yﬁ%f%éxturi ng. The surface Wgs
exam ned using a scanning el ectron gicrgoscope (AVRAY 1510 File

Em ssion scanning el ectron mcr oscg}fﬁe'?‘gi%he results showed both
random and ' tetrahedral 1 ram tructures over the entire
surface of ﬁﬁgﬂ%ﬁﬁdtdggrc'[I%ggénrexaﬁpﬁ%li S E?ﬁ?eff}—titgﬁlﬁiémfpﬁmec%yco g3y
SEM at 200Xuef farhgplopxitiy gdles uThasicoRedkiuies ghitich 1sHhDRLH@BEMBSHown in

al so gopg, apg. the

Table 2
COMPONENT AMOUNT
Dipropylene glycol” 0.5wt%
Potassium hydroxide 6wt
Sodium chloride 0.5wt%
Water 3Iwt%

¥ weight average molecular weight = 134.18 g/mole
Flash point=138°C
Boiling point =232° C
The aqueous texturing solution was applied to the wafer at 90° C and the dwell time was
IS min. After 15 min. the aqueous texturing solution was rinsed with water and allowed to dry at

room temperature.

The surface of the treated emitter layer was then examined for the quality of texturing.
The surface was examined using a scanning electron microscope. Although there was random
distribution of pyramid structures, the pyramid structures were not uniform over the entire

surface of the emitter layer. Figure 2 is a SEM of the textured surface. Further, there were many



majority of peaks ranged from6.5mto 8mw th mnor anounts in the |
mto 31Lmrange. Reflectance of the textured surface was then taken
using a MacBeth Col oreye Reflectoneter 7000 in the wavel ength range
of 360nmto 750nm The source of the ipcident [|ight was a pul sed
xenon bul b. An average of 6 refl ectance readi ngs was taken across the
surface. The reflectance ranged from 13%to 15% w th an average of
14% Thyﬂﬂvaﬁagemeeﬁheﬁ@aﬁoeﬁWasnhmnﬁh&uﬁdeahmfaagea&hsmﬁ&mkmnéﬂ&&mwe
Exanpl e S re e except that
i pr opyT dRe i JEbi1R GBSt e (Rue TSR oer By he Pkt gt

aqueouswhsspdou il RYtrsN hdlﬁqlapcﬁf hach Ilth A HpHRbF Qé'hk%l%mtl'oﬁ ra }@@ h8m2 m to
bel ow. Tabl e, 2 COVPONENT propyl ene gl ycol Pot assi um

hydr oxi " BHN598e i Uﬁﬂ@ﬁpd?l %llénoTB\ﬁ/tb"’)Gad\ﬂﬁ“é[?m@BM %ak\,b@lg@maiwes-@tg@m
nmol ecul t n nt =
232 C Tﬁ%‘eiﬁﬁgﬁémé‘ii?ﬁ?e%xg"agﬁkﬁ'f ﬁgﬁé\%ﬁag%g% T ol 10230h REheBAL 0L 2
and the“@mewﬁL@Wﬁﬂ“ﬂﬂ@d&iﬁCHKWﬂ%AﬁﬂeﬂoméanMX)the aqueous texturing
solution was rinsed with water and allowed to dry at room
tenperature. The surface of the treated emtter |ayer was then

exam ned for the quality of texturing. The surface was exam ned
using a scanning el ectron m croscope. Although there was random
distribution of pyram d structures, the pyram d structures were not
uniformover the entire surface of the emtter layer. Figure 2 is a
SEM of the textured surface. Further, there were nmany 16 pl anar
areas. Lack or uniformty of the pyram d structures and pl anar areas
i ncreased reflectance of incident light in conparison to the
textured surface of Exanple | . Peak height distribution



was poor in contrast to that of Exanple 1. A mgjority of peak
distribution ranged from2mto 8mwth sonme in the IOmto 12m This
broad distribution of peak heights also resulted in increased
reflectance. The average reflectance wgs 27%in the 360m to 750nm
range as neasured using the MacBeth Col oreye Refl ectoneter 7000. 17
What is clainmed is: 1. A nmethod conprising: a) providing a

sem conduct or substrate; and b) applyi ng an aqueous sol ution
conprising one or nore conpounds chosen from al koxyl ated gl ycol s,

t heir nono-net hyl ether and nono-nethyl ether acetate derivatives
conprising a nol ecul ar weight of 170 g/nole or greater and a flash
poi nt oWhd5s Qafhedgieat er, and one or nore al kaline conpounds to the
sem conductor substrate to texture the sem conductor substrate. 2.
The net hod n@thdel @iipridingWherei n the one or nore conpounds chosen from
al koxyl ated glycols, their mono-nethyl ether and nmono-nethyl ether

acetate derivg l\.ge@“{*gaavsglrgcofng{lgml QbstrafakxH2xO rY (1) wherein Ris

-CH3 or -1-1, is -1-1 -C(OCH3, and in is an integer of 3 or
greater and x
wherein the aIb hmEﬁgggsoéaﬁsm%gtvcgmgr]?]g% ?r%ag .ﬁ@EHC?CE'& ndg ?ds@ﬂ {gr?'lh)

wher ei rﬂllrp&y@tmlmﬂlfe@@ri rafnogmethy pthataed modo-nEtley| pée handtaed degivalives 1,
wherein, t oun hgsen o
hydr oxi de r@?;s%@%aﬁilano Qve"?‘éﬁ%l? @e /%ﬁ@o”ét %&d% ? et %ﬁ“'lt,oﬂ(‘%glr’ tcﬁ)étgleatel’ and

conpr i sime@r anee alkalimercempblalsito ﬂ’etsalhuc@hdi@:mrdelsmr@fe t@ B L0E tHEBERiconductor
silicate m xtures thereof. 6. A nmethod conprising: a) providing
a sem cséﬁﬁt?& or substrate; b) texturing a surface of the

sem condugt or ueous sol ution conpri si n% one

th a
more conp WH?E%CEBTIS%WW ‘r:@fheafa“kﬂwﬁa%wowywpgndw gien fipghel ﬁ’@‘t“"ﬁ?ﬂ
et hers ARG IIMBRA-mono-methy! ether and mono- -methyl ether acetate derivatives have a formula;
RO(C4H».0)Y (D)

wherein R is -CHj or —H, Y is —H or ~C{O)CH3, and m is an integer of 3 or greater and x is an

integer of 3 to 6.

3. The method of claim 1, wherein the alkoxylated glycols have a formula:
HO{CH,CH-O);H (ID)

wherein n is an integer of 3 or greater.

4. The method of claim 1, wherein the one or more alkaline compounds are chosen from

hydroxides and alkanolamines.

5. The method of claim 1, further comprising one or more alkali metal chlorides or one or more

silicates, or mixtures thereof.
6. A method comprising:
a) providing a semiconductor substrate;

b) texturing a surface of the semiconductor substrate with an aqueous solution comprising one
or more compounds chosen from alkoxylated glycols, their mono-methyl ethers and mono-

methyl ether acetate derivatives comprising a molecular weight of 170 g/mole or greater and a



met hyl ether acetate derivatives conprising a nolecular weight of 170
g/nole or greater and a 18 flash point of 75 C or greater, and one
or nore bases; c) doping the sem conductor substrate to provide a p/n
junction; d) depositing an anti-reflegtive |ayer on the textured
surface; e) selectively etching the anti-reflective |ayer to expose
portions of the textured surface to forma pattern; and f)

deposi t filash poie obT5 b eeerpaseahnd enparrsnasmbashe exposed portions of the
textured surface. 7. The method of claim®6, wherein the one or nore
met al | ayedspingthgebidicosductee sybstrefppe prooideni pdk ginctio8.  The met hod of
claim6, wherein the silicon containing substrate is a photovoltaic
devi ce, deHestitindes antphafiectioolayaci,thd takwredenrfeet i on |ine, Schottky
barri er diode contact, an optoel ectronic conponent, conponents for
opti cal ahselgltieclyrcathenhealti-ddtadidngl seneoseporials af yettextu@hrintace to
contactfl and interconnection lines. 9. An aqueous texturing solution
consi st PHG 284Ri I |y of one or nore conpounds chosen from
alkoxylate$F$L¥cols, their nqno-nethyl et her and mano- net hyl et her
acetat e dbTSPOSHNS B HAVRRGrei! Iauersitt hapdosglerosins ofi srtexiicy Krriase: 170
g/ nol e or greaher Pnd a flash Point of 75 C or greater, one or nore
al kal i n T:]Efﬂ’ﬁ%t pdef v athsrein the one or more metal layets is gold, silver, copper or nickel.

8. The method of claim 6, wherein the silicon containing substrate is a photovoltaic device,
electrodes, ohmic contact, interconnection line, Schottky barrier diode contact, an optoelectronic
component, components for optical and electrochemical detectors/sensors, catalysts, ohmic

contacts, and interconnection lines.

9. An aqueous texturing solution consisting essentially of one or more compounds chosen from
alkoxylated glycols, their mono-methyl ether and mono-methy! ether acetate derivatives having a
welght average molecular weight of 170 g/mole or greater and a flash point of 75° C or greater,

one or more alkaline compounds and water.



