TEXTURI NG OF MONOCRYSTALLI NE SEM CONDUCTOR SUBSTRATES TO REDUCE

| NCl DENT LI GHT REFLECTANCE Field of the Invention The present
invention is directed to a nethod of texturing nonocrystalline

sem conductor substrates in alkaline baths to reduce incident |ight
refl ectance. More specifically, the present invention is directed to
a nmethod of texturing nonocrystalline sem conductor substrates in

al kal i ne bat hs whi ch include hydantoin or hydantoin derivatives in
conmbi nation with al koxyl ated glycols to reduce incident |ight

refl ectance. Background of the Invention A textured

sem conductor surface reduces reflection across w de bands of
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Ri where RI, R2, R3 and R4 may be the sane or different and are

hydr ogen, Cl-05al kyl, C -Ca al koxy, hydroxyl, Cl1-C4 al cohol or C5-C6
aryl, and R 2 or R3 also nmay be -NH C(0)NH2, and X i s oxygen or

sul fur. Exanpl es of such conmpounds are hydantoin,

1- net hyl hydant oi n, 1, 3-di net hyl hydant oi n, 5, 5-di net hyl hydant oi n,

al l antoin and 2-thi ohydantoin. Preferably, the conpounds are
hydant oi n, 5, 5-di nmet hyl hydant oi n and 2-t hi ohydant oi n. I n
general , such hydantoin and hydantoin derivatives are solids at room
tenperature and higher. Preferably such conpounds have nelting points
of 170 C and %qeater More preferably the nelting points are 200 Cto

240 C. TypNEQ 0y 178524 1 csefnserrrgmales ohplsalincisishineecopmesitiprgvhich pxplds,
thus t V., i aptoi n
and hy JpafRl £ el ARlal AR ety RBl forn pyraig KGR ol
| Wt % ¢clehg ccaimbqsn@m@ O6ludeat lvad obawl¥%linemosppnsd, er lakt yn@cy@mm@mp@md

el uab i B R a0y e Cand g B8 iRtk Blig R R S gyt

have acoigicahls av aich@ded FnBibitlo3er SMHighbf tﬁé siliBéh 18y ﬂﬁ@bﬁaﬁi&ho&fp@@ﬁ@r The
such as, for exanple, dlpropylene gl ycol dlethylene gqycol and

di pr opHcln EoTPHREE 2nedicirie hEoc Kl epmMPRYRGS SYIthAE Or e t%@&%}lleawdements
gl ycol a8 mg@ﬁ oﬁyg'emq&sﬂﬁiref‘rﬁl: BYcRLABbuR afe’ 901 h%m%[mt of
greater and a flash poin or greater. Mbre pre era ﬁ

wei ght 0. é«ﬁ@wﬁ’{i}@f thy! etchingagonwpobigthn. Aithouph thttrkewyilllaﬂleeltegmymg Icempm@@sf rom

170 g/ 000 [.m ref r abl rom 190 g/ mole t.0 500

of ot o R siidroty @) B pPIInBbE TRl #hSRaR el Rog Nt
as fr otheQOstll 4 meca@@f 40 imesited pikaliss @huying Eorasdsitfpaiant setladder foraing140
Cto 200 C, . Al koxy Iatedzaiycols used in the texturing solutions are
ei t her XA SIIUERTS 08 cpstaklinesi "Sr- i sci ble. The flash points of
75 C or greater provide non-volatile texturing solutions preventing
substantial evaporation of soPHtmew UsHBNEHIE. I n addition, the
preferred al koxyl ated gl ycol s have boiling points of 190 C or greater
which furt Mﬁrthq%dlar@é@ roradiges gmorrystalline sgpisprductoy sybshpler providiag a
ACCOfde&QJh o¥itioh R 1 we'o@gw?@{:dfﬁﬁo%ﬂﬁs merpﬁ?rﬁi‘ﬁgan%ﬁ d Rt Per i ods
of ti an nmany cohventional texturing so ons I s reduces
downt i dﬁmwﬁmesmwfr an'tmalkovgqujcct)glesdewm aredue elkalnﬂee:ofnpeupubnmd of
solution.r cenent cienc

¢ ext urfgelins RE sl potBa e RP attihad VBl e lish  duuwg iy

cost s feombiohbneassydElise ﬁﬂdcdfﬂﬁbtf)ﬁﬁibhﬁaﬁé al i ke. Al koxyl at ed
glycols are included in the solution in amunts of 0.00Iwt%to 3w %

of the sol utdmpbsitidheiRIAR bYe of MEreRblPXY@cREked ek a0 4nd agﬁ&nl n
amounts of 0.1wt%to 2wt % of the solution. The al koxyl ated glycol s
are nofrippévesconsor mrealkepdaied glycly antcenedr ewipaliialing comprends| at ed
glycols include, but are not limted to, conpounds having a eneral
formul a: ﬂ@(l@f:tquﬂazld(cgmppﬁlmnswmd & anisatiopically e uEyapnastysta

greate e

Pr of ers%m1%nd§&8 f%fphlofnotgmtgic 85\{1&% i?x[:lﬁgmg%x}l%gﬁ crots é’ﬁﬁ%‘%‘%@ﬁ’@% of s%lar
and X defls. a'lﬁhe atddﬁgmrof ohe Br tnoreGyf hgdarﬁom bmﬁhy&ammm Eerivatives ilcx@nfihsionobith

ot 1 apt bRy aHEGPIF e3u i amecs Reaiios of o atoh bbb peaie

tetr absﬂﬁwiu%a%nghe/@sadurednﬁd)ﬁdagrswhﬁfa@e@ic)sﬁ&lcmrs fd iReRhlifiigeng! lgtﬁ%smpnon
tetrapentylene gl ycol and pol ypentyl ene gl koxyl at ed

gl ycol & amﬁtp"ieﬂlﬂ qideengy f therdeviegs. Injagilitied, © i;@hycba@mbmmunéwmow the

gener 15&% CHRQA%NH (111) wherein n is an integer of 2 or
greatg%flg%ﬂgJ as ék%r ggéater or such as from5 to 200.

Preferably, n is an intege erably from3 to 4.
Exanpl es of such aIkoxylat2%£¥Pg%%¥g§%?€£é?g 1(ﬁéene gl ycol,

Figure 1 is a 1000X SEM taken at a 30° angle of a monocrystalline silicon semiconductor

wafer textured in an alkaline bath without a hydantoin compound.



OH R5z(1V) wherein R5 and R6 nay be the sane or different and are
hydr ogen, substituted or unsubstituted (Cl-GC o)al kyl, substituted or
unsubstituted (C5-d o)cycl oal kyl or substituted or unsubstituted
(Cod o)aryl, with the proviso that R5 and R6 are not hydrogen at the
sanme tinme. Exanples of such al kyl groups are nethyl, ethyl, propyl,

i sopropyl, hydroxynethyl, 2-hydroxyethyl, pentyl, t-butyl and octyl.
Exanpl es of cycl oal kyl groups are cycl opentyl, cycl ophexyl,

4- et hyl cycl ohexyl and cycl ooctyl. Exanples of aryl groups are
phenyl, naphthayl, xylyl, 4-hydroxyphenyl and tolyl. Preferred
conpounds i ncl ude N-nethyl hydroxyl am ne, N-isopropyl hydroxyl am ne,
Ncycl ohexy|Higue éxs4 Hof %Mdalﬁnmr alpet mlerqf@rwcamaﬂme silicon s@puigefaiuctor
Spavenagh thdfed AthUllannotln é&ﬁmﬂglg Lifldigd to, organic acids such as

al i phat’ Aromati c and amno car |c acids and salts thereof.
Exanpl es of carboxylic aci ionic acid, butyric
acid, pentanoic acid, 3- Iﬁ%mﬁg%% 8$t?ﬁ§§ﬁ1qnw9uﬁgc acrd citric
acid, lactig aci asc |c ac onlg aci ”

SO0 bt g Rel e ABERY BBkt SR SaBBa e st g

gI yci ninterchiahyehibbx YTHetéyls ‘@hm‘éﬂt B@cksAkad dierenMadeb’ Nere uh@lﬂﬁ!ef&angeably The
asparagi nes, gl utam ne and |ysine. Addi t i onal K gen scavengers
i ncl ud ﬂﬁmo °Re, delr B%fa%’??l&l%“ %&¢ mldrtsebelg%'@w eleHy Kerusingre

hy dr oqud e ar Y&l %Hﬂcﬂﬁi@ﬁab‘l&" TRORlSni R At 0 <98bid «&b Q%Xﬁﬂ&é& 110 mclude
met hyl tetrazone, tetranet henyl enedi am ne, DEAE 2-ket ogl uconat e
and hybntbxl;ceﬁ@muémend Fhe@ﬁlealr eé@m‘@gln@tsrebr@phyﬂngiqueam@ﬂet émsmon occurs
hydr ogui | £ S ln ner al oxyge ers
Ry beyfl ﬁgﬁnﬁc g%mer? Ql%%]secms% 1%1’%%;] Sﬂl-rentegnmfl}gs?r §301r? 8‘168'81 e wc-% g fe at
Pr ef er whick tl'id’h&lp@l)((}'fgﬁ:ﬂbnﬂmaﬁfrﬂﬂg@[lé caf & ignitddidad. The uhie “&ales!t is emsntim\eter-
anounts of 0.0 5m¢@%%o 0.1wt % to provide the desired oxygen content
of t heB@BFHEFOHA tNIt of ¢4, addition to water, the texturing sol utions

can optionally. inc|ude one or nore or?anrc solvents. Preferably, the

texturing sBlrfuf@i lgwmeiapRictdioRs eV edeliempe meariRs e e copieverealy
Such sghigiet §thbﬁﬁ£é4¢@ ﬁlﬁlé%?@é%tde@slusak L ahd; Q. = B! BW-L bPLNERESA a'nﬁlperes m
cyclic am nes. Exanpl es gl ycol $7are et’hyl ene gl ycol, propyl ene

gl ycol s nmﬁgs@nvpdnemmmhpnz—4mdmnﬁthwm-Znehhylmhewmnmn@p@-dmnknn@m@m

dineth 1-1, 3-pro edi o et hyl.=2-b I nedi ol

2" ot hy¥EiB SirBEes GG P =i S ilen SEM e e SRR R gl Y o1
1, 5- peiiltravislt;@hd IR ~Gnfigxanad |p@fcent2%eg afld kdtioB Bty et unRSSNBEN e,

1, 2- cyclohexanedrnethanol 1 ohexanedi net hanol ,

1, 4- cyrisAestapddriase erdndbsivean caemlvmabl@tm aneoidgr exeens vpeq ibisdegiend dhag| |
and p- gﬁéh}ﬁ{@g&&ng{n es are co ﬁ‘:ﬁadﬁfu tﬁ@%}gref erred organic solvents
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of 0.1wt%to 5wt % Preferably sol venf’s which have a flash point of 75
C or greater is used. Such referred sol vents include, but are not
limted to, neopentyl glycol4 —futyl carbitol,

1, 5-pentanediol, 1,6- hexanedro n- et hyl pyrrol i done (NNP),
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texturing solutions may be appliedfto a surface _of a nonocrystalline
sem conductor substrate by any suitable met hod Rnown in the art. The

texturing solutions are applied t &"a surface of the seniconductor
where Ry, Ry, R3 and R4 may be the same or different and are hydrogen, C,-Csalkyl, C;-C,4

alkoxy, hydroxyl, C;-C4 alcohol or Cs-Cg aryl, and R; or R; also may be -NH-C(O)NH,, and X

is oxygen or sulfur.



The front side of a wafer contains a netallized pattern. For exanple,
the front side of a wafer may be conposed of current collecting |lines
and current busbars. Current collecting lines are typically
transverse to the busbars and typically have a relatively
fine-structure (i.e. dinmensions) relative to current busbars.

The pattern reaches through the antireflective | ayer to expose the
surface of the sem conductor body of the wafer. Alternatively
trenches may be forned in the openings to create a selective emtter.
These trenches may be regions of high doping. A variety of processes
may be used to formthe pattern, such as, but not limted to, |aser
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solution. The alkoxylated glycols are non-cyclic but are linear or branched compounds.

Alkoxylated glycols include, but are not limited to, compounds having a general formula:
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The net hods and conpositions are used to anisotropically texture
nonocrystal l i ne sem conductors for photovoltaic devices, including
sem conductors in the manufacture of solar cells. The addition of one
or nore of hydantoin and hydantoin derivatives in conbination with
one or nore al koxylated glycols inhibit or reduce formation of flat
areas between pyram d structures on the textured nonocrystalline

sem conductors to increase incident |ight absorption and i nprove the
efficiency of the devices. In addition, the hydantoin conpounds

i mprove the efficiency of the texturing nethod. The foll ow ng
exanples are included to illustrate the invention but are not
intended to limt its scope. ExH#Cd210mH (fivo doped nmonocrystalline
silicon sem conductor wafers (obtained from Sol ar G ga) havi ng n+
doped wbetel ras arhiateRelont2 & gikatesy orsnvh asclrorn dype greafed og spri4sdrem B eno66.
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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 (II])

wherein n is an integer of 2 or greater, or such as 3 or greater, or such as from 5 to 200.
Preferably, n is an integer of 3 to 5, more preferably from 3 to 4. Examples of such alkoxylated

glycols are diethylene glycol, triethylene glycol, tetraethylene glycol and polyethylene glycol.

The combination of the hydantoin compounds and the alkoxylated glycols provide
uniform texturing as well as reproducibility of pyramid structure formation on semiconductors.
Flat areas on the surface of the wafer where pyramid structures are absent are reduced or
eliminated. This results in reduced incident light reflectance and improved conversion efficiency
of incident light into electric energy. In addition, the hydantoin compounds allow for the
effected start-up of the texturing solution to further improve the efficiency of the texturing
method. Effected start-up refers to new or fresh texturing solutions for texturing semiconductor
substrates and the initial start-up of the texturing solutions and methods such that the initial as
well as all of the semiconductors textured with the new solutions have the desired average
reflectance of below 12% at wavelengths of 360 nm to 1000 nm and etch away 6um to 10um of
silicon per side of the semiconductor. The effected start-up of the texturing solution provides
semiconductor wafers with substantially uniform texturing and reduced or no observable flat
areas on the textured surface of the semiconductors. Effected start-up prevents sacrificing
semiconductor wafers in the initial stages of texturing to prime the texturing composition or

bring the composition to its desired operating performance level.

The texturing solutions also include one or more alkaline compounds. Such alkaline

compounds include, but are not limited to, alkali metal hydroxides, such as potassium, sodium



Bal ance  wei ght average nol ecul ar weight = 192 g/nole, flash point =
140.5 C, Boiling point = 268 C, 2Flash point = 121 C, 3 HydroguardTM
1-15 (avail able from The Dow Chem cal Conpany, Mdland, M); nelting
poi nt = 221-223C (Deconposes). Each wafer was i mrersed in one of
the two texturing solutions for 10 mnutes. The sol utions were kept
at 80 C and the pH of the solutions was at 13 nmeasured with a
conventional |aboratory pH neter. Figure 1 is a SEM of the wafer
textured with solution 1 taken with an AMRAY 1510 Field Em ssion
scanni ng el ectron mcroscope taken at an angle of 30 degrees. Figure
1 shows nunerous flat areas on the emtter | ayer of the wafer anon
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texturing solutions were made as shown in Table bel ow. "Four
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1,5-pentanediamine, and guanidine.

Preferably the alkaline compound included in the texturing solution is chosen from one or
more hydroxides. More preferably, the alkaline compound is chosen from one or more alkali
metal hydroxides, such as sodium and potassium hydroxides. Alkaline compounds are included
in the texturing solutions in amounts of 0.5wt% to 15wt% of the solution. Preferably, the

alkaline compound is included in the texturing solution in amounts of 1wt% to 10wt%.

Optionally, the 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 be used.
Such metal chlorides and metal silicates may be included in the solutions in amounts of 0.01wt%

to 2wt%, or such as from 0.5wt% to 1wit% of the solution.

Optionally, one or more oxygen scavengers may be included in the texturing solutions in
sufficient amounts to maintain oxygen content of the solution at 1000ppb or less. Preferably the
oxygen content of the texturing solution during texturing is 1000ppb to Oppb, more preferably
the oxygen content of the solution is 500ppb to Oppb. Most preferably the oxygen content is
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from 200ppb to Oppb. While not being bound by theory, it is believed that the reduced oxygen
content assists in inhibiting or preventing formation of flat areas between pyramid structures on
the surface of a monocrystalline semiconductor by inhibiting isotropic etching. As mentioned
above, the flat areas increase incident light reflectance and reduce the efficiency of the

monocrystalline semiconductor.

Oxygen scavengers include, but are not limited to, hydroxyl amine compounds having a

formula:

OH

L

R5/ \Rs Iv)
wherein Rs and Rg may be the same or different and are hydrogen, substituted or unsubstituted
(C-Cp)alkyl, substituted or unsubstituted (Cs-Cjg)cycloalkyl or substituted or unsubstituted (Cq-
Cio)aryl, with the proviso that Rs and Re are not hydrogen at the same time. Examples of such
alkyl groups are methyl, ethyl, propyl, isopropyl, hydroxymethyl, 2-hydroxyethyl, pentyl, t-butyl
and octyl. Examples of cycloalkyl groups are cyclopentyl, cyclophexyl, 4-methylcyclohexyl and
cyclooctyl. Examples of aryl groups are phenyl, naphthayl, xylyl, 4-hydroxyphenyl and tolyl.
Preferred compounds include N-methylhydroxylamine, N-isopropylhydroxylamine, N-
cyclohexylhydroxylamine and N,N-diethylhydroxylamine.

Oxygen scavenges also include, but are not limited to, organic acids such as aliphatic,
aromatic and amino carboxylic acids and salts thereof. Examples of carboxylic acids are acetic
acid, propionic acid, butyric acid, pentanoic acid, 3-methylbutanoic acid, gallic acid, citric acid,
lactic acid, ascorbic acid, tartronic acid and 2,4-dihydroxybenzoic acid. Examples of amino
carboxylic acids are glycine, dihydroxy ethyl glycine, alanine, valine, leucine, asparagines,

glutamine and lysine.

Additional oxygen scavengers include hydrazine, carbohydrazide, erythorbate,
methylethylketoxime, hydroquinone, hydroquinone sulfonate, sodium salt, ethoxyquin,
methyltetrazone, tetramethylphenylenediamine, DEAE 2-ketogluconate and hydroxyacetone.

Preferred compounds are hydroquinone and hydroquinone sulfonate, sodium salt.
In general, oxygen scavengers may be included in the solutions in amounts of 0.001wt%
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nm ethylene glycol, propylene glycol, 1,3-propanediol, 2,4-dimethyl-2-ethyl-hexane-1,3-diol, 2,2-
dimethyl-1,3-propanediol, 2-ethyl-2-butyl-1,3-propanediol, 2-ethyl-2-isobutyl-1,3-propane-diol,
1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2,4-trimethyl-1,6-hexanediol,
1,2-cyclohexanedimethanol, 1,3-cyclohexanedimethanol, 1,4-cyclohexanedimeethanol, 2,2,4,4-

tetramethyl-1,3-cyclobutanediol, and p-xylylenediol.

Examples of less preferred organic solvents include cyclic amines such as piperrazine-
based compounds, morpholine-based compounds, pyridine-based compounds, piperidine-based
compounds, piperidone-based compounds, pyrrolidine-based compounds, pyrrolidone-based

compounds and imidazoline-based compounds.

Such organic solvents are included in the solutions in sufficient amounts to solubilize all
of the components. Typically such organic solvents are included in amounts of 0.1wt% to 5wt%.
Preferably solvents which have a flash point of 75° C or greater is used. Such preferred solvents
include, but are not limited to, neopentyl glycol, glycerol, butyl carbitol, 1,5-pentanediol, 1,6~
hexanediol, n-methylpyrrolidone (NMP), 1,4-butanediol, 2-pyrrolidone, 1,3-dimethyl-2-

imidazolidinone, 4-(2-aminoethyl)morpholine and 1-(2-aminoethyl)piperidine.

The texturing solutions may be applied to a surface of a monocrystalline semiconductor
substrate by any suitable method known in the art. The texturing solutions are applied to a
surface of the semiconductor substrate at temperatures of 70° C or higher, typically from 75° C
to 200° C, or such as from 90° C to 150° C. Typically, the aqueous texturing solutions are
applied to a surface of the monocrystalline semiconductor substrate by horizontal or vertical
processes, Such methods are well known in the art. Briefly, horizontal methods involve passing
the semiconductor substrate on a conveyor system and spraying the solution on the surface of the
substrate. In the vertical process the substrate is dipped in the texturing solution. Various
conventional apparatus used for such processes are well known in the art. In general, the

texturing compositions etch from 6 pm to 10 pm per side of the wafer. Such etching
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performance is highly desirable. Typically, semiconductor substrates or wafers are cut from a
block of silicon using a wire saw. The saw can leave grooves in the semiconductor surface of up
to 6pm to 10pum. If such saw damage is not substantially removed, electrons can re-combine in
the area of the saw damage and performance of the electronic device in which the semiconductor

1s used can drop dramatically.

The texturing solution is applied to a surface of the monocrystalline semiconductor
substrate for dwell times of 10 min. to 30 min. The hydantoin and hydantoin derivatives provide
substantially immediate etching of the silicon surface, thus improving etch efficiency. 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 10pum.

The monocrystalline semiconductors textured with the solution reduce reflectance from
incident light applied to their textured surfaces. Reflectance of incident light in the 360 nm to
1000 nm wavelength range is less than 12%. Typically reflectance of incident light is from 10%
to 11.5%. Reflectance values below 12% are highly desirable because, typically, reflectance
values above 12% indicate that pyramid formation during anisotropic etching is not uniform.
Reflectance may be measured using conventional reflectometers well known in the art.
Accordingly, monocrystalline semiconductors textured by the method using the solutions are
suitable for use in devices which convert incident light, such as light from sunlight, lasers,
fluorescent light, as well as other sources of light, into electric energy. Such devices include, but
are not limited to photovoltaic devices, such as solar cells, optical and electrochemical
detectors/sensors, biodetectors/biosensors, catalysts, electrodes, gate electrodes, ohmic contacts,

interconnection lines, Schottky barrier diode contacts and optoelectronic components.

Although the texturing method may be used to texture monocrystalline semiconductor
substrates for various devices, typically, the texturing method is used in the manufacture of
photovoltaic devices, such as solar cells. Typically the semiconductor substrate is in the form of
a wafer. Such substrates typically have a p-type base doping. However, texturing may be done
on semiconductor wafers prior to any doping or other processing steps. In general, texturing

may be done at any convenient time during the manufacture of the photovoltaic device.



75 11.86 16. 15 but anedi ol Both wafers textured with the
solutions of Exanples 6 and 7 had etchings of greater than 10 gm and
refl ectance val ues exceeding 12% Exanples 8-9 (Controls) The
process described in Exanples 6-7 above was repeated except that the
additive to the texturing solutions was isopropyl alcohol (IPA). The
results are shown in Table 4. Table 4 ADD Tl VE (Exanpl es SODI UM
HYDROXI DE | PA (Wt % TIME (m nutes) TEMPERATURE (C) ETCH SI DE

Typically, the semiconductor substrate is textured before the doping process is complete.

The entire back side of the monocrystalline semiconductor 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 conductive paste containing aluminum is used, the
aluminum partially diffuses into the back side of the wafer, or if used in a paste also containing
silver, may alloy with the silver. Use of such aluminum-containing paste may improve the
resistive contact and provide a “p+”-doped region. Heavily doped “p+’-type regions by previous
application of aluminum or boron with subsequent interdiffusion may also be produced.
Optionally, a seed layer may be deposited on the back side of the wafer and a metal coating may

be deposited on the seed layer by electroless or electrolytic plating.

To produce the semiconductor junction, phosphorus diffusion or ion implantation takes
place on the front side of the wafer to produce an n-doped (n+ or nt+) region and provides the
wafer with a PN junction. The n-doped region may be referred to as the emitter layer. Typically

the monocrystalline semiconductor wafer is of silicon.

The front side or emitter layer of the wafer is subjected to anisotropic texturing in order
to impart to the surface an improved light incidence geometry which reduces reflections. The
texturing is applied to the emitter layer for 10 min. to 30 min., typically from 10 min. to 15 min.
to form uniform and randomly dispersed pyramid structures on the emitter layer. The texturing
solutions have surface tensions of 72 dynes/cm? or less, preferably 40 dynes/cm? or less. More
preferably the surface tension is 20-40 dynes/cm®. 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
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include, without limitation, silicon oxide layers such as SiOy, silicon nitride layers such as SizNg,
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 TiO,. 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.

The front side of a wafer contains a metallized pattern. For example, the front side of a
wafer may be composed of current collecting lines and current busbars. Current collecting lines
are typically transverse to the busbars and typically have a relatively fine-structure (i.e.

dimensions) relative to current busbars.

The pattern reaches through the antireflective layer to expose the surface of the
semiconductor body of the wafer. Alternatively trenches may be formed in the openings to
create a selective emitter. These trenches may be regions of high doping. A variety of processes
may be used to form the pattern, such as, but not limited to, laser ablation, mechanical means,
and lithographic processes, all of which are well known in the art. Such mechanical means
include sawing and scratching. Typical photolithographic processes include disposing an
imageable material on the surface of the wafer, patterning the imageable material to form
openings in the anti-reflective layer, transferring the pattern to the wafer, depositing a nickel
layer in the openings and removing the imageable material. In one embodiment, the imageable
material is removed before the step of depositing a metal layer in the openings. In another
embodiment, the imageable material is removed after the step of depositing a metal layer in the
openings. When the imageable material is present during the metal deposition step, such
imageable material typically avoids any dyes, such as contrast dyes, that absorb in the
wavelength of radiation used during the nickel deposition step. Imageable material present
during the plating step typically contains a dye which has a minimum light transmittance of 40-

60%.

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
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oxygen and then at a second temperature under an inert atmosphere or under a reducing

atmosphere, where the second temperature is higher than the first temperature.

Following the firing process, the wafer may optionally be contacted with a buffered acid
solution, such as a buffered hydrofluoric acid solution, to remove any oxide produced during the
firing procedure. Such contact may be by spraying the solution on the wafer or by dipping the

wafer into such solution or by any other suitable means.

Adfter the front side pattern and rear side of the wafer are metallized using conductive
paste, a layer of metal is then deposited on the front side conductive pattern. Such layer of metal
may be any suitably conductive metal such as gold, silver or copper, and is typically silver. Such
metals may be deposited by methods known in the art. In one embodiment, the deposited metal
layer is composed of the same metal used in the conductive paste. For example, a silver layer is

deposited on a silver-containing conductive paste.

Silver may be deposited by light induced plating (LIP) or conventional silver
electroplating methods well known in the art. When LIP is used, the rear side of the
semiconductor wafer is connected to a source of external current (rectifier). A silver anode
placed in the silver plating composition is connected to the rectifier such that a completed circuit
is formed between the components. Typical current densities are from 0.1 A/dm? to 5 A/dm’.
The total current requirement is dependent upon the particular size of the wafer used.
Additionaily, the silver anode provides a ready source of silver 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,
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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
can be positioned horizontally in the plating cell and illuminated from above the silver plating
composition, in which case the plating cell need not have at least the minimum light

transmittance.

In another embodiment a metal seed layer may be deposited on the front side conductive
pattern instead of a metal paste. Typically the metal seed layer is nickel. The nickel seed layer
may be deposited by any conventional nickel deposition method known in the art. Typically, the
nickel seed layer is deposited by light assisted nickel deposition. If the source of the nickel is an
electroless nickel composition, plating is done without application of external current. If the
source of the nickel is from an electrolytic nickel composition, a rear side potential (rectifier) is
applied to the semiconductor wafer substrate. The light may be continuous or pulsed. Prior to
depositing nickel, surface oxides are typically removed from the conductive pattern using a

solution of 1% hydrofluoric acid.

Light which may be used in the plating process includes, but is not limited to, visible
light, IR, UV and X-rays. Light sources include, but are not limited to, incandescent lamps, LED
lights (light emitting diodes), infrared lamps, fluorescent lamps, halogen lamps and lasers. In

general the amount of light applied to the semiconductor may be 8000 Ix to 20,000 Ix.

Typically, nickel is deposited through the openings in the anti-reflective layer and onto
the exposed textured surface of the semiconductor wafer using an electroless nickel plating
composition. Examples of commercially available electroless nickel compositions include
DURAPOSIT™ SMT 88 Electroless Nickel and NIPOSIT™ PM 980 and PM 988 Electroless
Nickel. All are available from Rohm and Haas Electronic Materials, LLC, Marlborough, MA,
US.A.

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
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available electrolytic nickel baths are the NICKEL GLEAM™ Electrolytic Nickel products
obtainable from Rohm and Haas Electronic Materials, LLC.

By illuminating the front of the semiconductor wafer with light energy, plating occurs on
the front. The impinging light energy generates a current in the semiconductor. The rate of
plating on the front is controllable by adjusting the light intensity, bath temperature, reducing
agent activity, starting wafer conditions, doping level] as well as other parameters which are
known to workers in the art. If the plating bath is an electrolytic bath the rate of plating may also
be adjusted by the rectifier. A nickel layer of 20nm to 300nm thickness is typically desired, with
the exact thickness depending on various factors such as on the application, size, pattern and

geometry.

After the nickel is deposited through the openings and adjacent to the exposed surface of
the semiconductor wafer substrate, silver is then deposited adjacent to the nickel. Conventional
electroplating silver compositions may be used. The silver compositions may be cyanide

containing silver compositions or cyanide-free silver compositions.

Silver may deposited on the nickel by light induced plating (LIP) or conventional silver
electroplating methods well known in the art. The procedure of LIP plating is similar to that for
plating the silver paste described above. A silver layer of 1um to 30um thickness is typically
desired, with the exact thickness depending on various factors such as on the application, size,

pattern and geometry.

After the silver metal is deposited onto and adjacent the nickel, the semiconductor is then
sintered to form nickel silicide. Sintering is done with the silver deposited onto the nickel
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 1s 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
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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
determine the appropriate line speed. Typically, the line speed is from 330 cmi/minute to 430

cm/minute.

The methods and compositions are used to anisotropically texture monocrystalline
semiconductors for photovoltaic devices, including semiconductors in the manufacture of solar
cells. The addition of one or more of hydantoin and hydantoin derivatives in combination with
one or more alkoxylated glycols inhibit or reduce formation of flat areas between pyramid
structures on the textured monocrystalline semiconductors to increase incident light absorption
and improve the efficiency of the devices. In addition, the hydantoin compounds improve the

efficiency of the texturing method.

The following examples are included to illustrate the invention but are not intended to
limit its scope.
Example 1
Two doped monocrystalline silicon semiconductor wafers (obtained from SolarGiga)

having n+ doped zones on the front side or emitter layer and a pn-junction below the emitter

layer were textured with one of the two texturing solutions shown in Table 1.

Tablel
Component Solution 1 Solution 2
Tripropylene glycol' 2wt% 2wt%
Potassium hydroxide 6wt% (25 g/L) 6wt% (25 g/L)
1,4-butanediol” 2wt% 2wt%
N-isopropylhydroxylamine’ 0.1wt% 0.1wt%
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sol utions were heterocyclic| conpounds shown in Table 7 bel ow. Each
texturing solution also included 17.85 g/L of sodi um hydroxi de and
1.2 %tripropylene glycoll except Exanple 34 Lch included

tripropyl ene gWatal at O. 3#% Et chBagntd ne was 30 mi nut dalamwd t he
tenperature of the texturing solutions was 75C. The pH of each

sol uti owelglan‘g:elde helgnrrd@ighd= 19T alble, TAshADDI=TIHY/E (, BXalivp bag =283°89 JFlash point =
ADDI T| \A&° ?Mm@q‘r@jk{/lgp BEallelﬁﬁom The Dow Chemical Company, Midland, MI);

“melting point = 221-223°C (Decomposes).

Each wafer was immersed in one of the two texturing solutions for 10 minutes. The
solutions were kept at 80° C and the pH of the solutions was at 13 measured with a conventional

laboratory pH meter.

Figure 1 is a SEM of the wafer textured with solution 1 taken with an AMRAY 1510
Field Emission scanning electron microscope taken at an angle of 30 degrees. Figure 1 shows
numerous flat areas on the emitter layer of the wafer among the pyramid structures. Such flat
areas may have been caused by isotropic etching of the wafer. In contrast, Figure 2 is a SEM
taken at an angle of 30 degrees of the wafer textured with solution 2 which included hydantoin.
No flat areas were observed only pyramid structures. The presence of pyramid structures and
lack of flat areas indicated that only anisotropic texturing occurred on the emitter layer of the

wafer.
Examples 2-5 (Controls)

Four aqueous based texturing solutions were made as shown in Table 2 below. Four
monocrystalline silicon semiconductor wafers (obtained from SolarGiga) having n+ doped zones
on the front side or emitter layer and a pn-junction below the emitter layer were weighed using a
conventional laboratory balance. Each wafer was then immersed in one of the four texturing
solutions for 30 minutes at 75° C. The pH of the texturing solutions was 13. The wafers were
then removed from their respective texturing solutions, rinsed with water and air dried. Each
wafer was then weighed and the amount of silicon etched per side was determined as shown in

Table 2 below.,

Reflectance of the textured surface was determined using a MacBeth Coloreye
Reflectometer 7000 at the wavelength of 600 nm. The source of the incident light was a pulsed
xenon bulb. An average of 6 reflectance readings was taken across the surface of each wafer.

The average reflectance is shown in Table 2.
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REFLECTANCE (% at 600 nn) 1, 3-di net hy- 2-
15. 69 1, 3-di met hy- 2-

I m dazolidinone 1.2 7.99 13.68 4-(2-
16. 98 4-(2- am noet hyl ) norpholine 0.3 9.85

i m dazol i di none 0.3 9. 29
I m dazolidinone 1.2 10.17 12.73 1, 3-di net hy- 2-

am noet hyl ) nol pholine 0.1 11.31

Table 2
ADDITIVE SODIUM TPG TIME TEMPERATURE | ETCH/SIDE | REFLECTANCE
(Examples | HYDROXIDE | (wt%) | (minutes) C) (nm) (% at 600 nm)
2-5) (g/L)

Tripropylene 17.85 0.6 30 75 13.56 13.98

glycol (TPG)

Tripropylene 17.85 1.2 30 75 9.66 14.89
glycol

Tripropylene 17.85 1.2 30 75 10.24 16.33
glycol

Tripropylene 17.85 2.4 30 75 8.24 21.12
glycol

Although wafers textured with the solutions of Examples 3 and 5 had etch values of below

10 pm/side, the % reflectance of the wafers had values exceeding 12%.
Examples 6-7 (Controls)

Two aqueous based texturing solutions were made as shown in Table 3 below. Two
monocrystalline silicon semiconductor wafers (obtained from SolarGiga) having n+ doped zones
on the front side or emitter layer and a pn-junctions below the emitter layer were weighed using
a conventional laboratory balance. Each wafer was then immersed in one of the two texturing
solutions for 30 minutes at 75° C. The wafers were then removed from their respective texturing
solutions, rinsed with water and air dried. Each wafer was then weighed and the amount of

silicon etched per side was determined as shown in Table 3 below.

Reflectance of the textured surface was determined using the MacBeth Coloreye
Reflectometer 7000 at the wavelength of 600 nm. An average of 6 reflectance readings was

taken across the surface of each wafer. The average reflectance is shown in Table 3.

Table 3
ADDITIVE SODIUM ADDITIVE | TIME | TEMPERATURE | ETCH/SIDE | REFLECTANCE
{Examples | HYDROXIDE (wt%) {minutes) (°C) {um) {% at 600 nm)
6-7) (g/L)
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13. 45 4-(2- am noet hyl ) norpholine 1.2 10.92 15

1- (2- am noet hyl ) pi perizine 1.2 13.04 15.97 Wafers textured with
the solutions of conparative Exanples 33,35 and 37 had etch val ues
bel ow 10 um however their reflectance values still exceeded 12% The

waf ers etched with solutions of conparative Exanples 34, 36, 38 and
39 had high etch val ues exceeding 10 umas well as high reflectance
val ues above 12% Exanpl es 40-52( Conparati ve) The process
described in Exanpl es 10-20 was repeated except the additives to the
texturing solutions were conpounds shown in Table 8 bel ow
Compa lve Exanples 40, 41, 42 and 43 also included 11 g/l

14.5¢g/ L, 121. 5¢/ L E®p 25¢/ L Isbdi um BYdr oxi de, 75 especti Vely. The 16.23
r emai Ndefnedbl the sol uti ons included 17./85 g/ L of sodi um hyds oxi de.
Each solutionjalso included 1.2wt % tripropyl ene glycol except

conpar at ilde Exanpl7e8s 44| and .25 whi gb incl uders tri propyl.eae gl ycak.isn
amount SuRfeqidr 6W % and 0{9wt % respectivyely. Etching tinme was 30
m nut s and the tenperafjure of tlhe textjuring solutiions was Y5 C. The

pH of each sRHERR té}&ﬁﬂﬁ%iﬁlrtﬁé%olﬁi&éofﬁﬁﬁhge& N} Hddvécm,ggs%%@}e%&r than
40-52) ADDITIVE (W% ETCH SI DE ( rp REFLECTANCE (% at 600 n

1- ( 2- h{®irevapdreflacianeg pfémzew@dmgég

Examples 8-9 (Controls)

The process described in Examples 6-7 above was repeated except that the additive to the

texturing solutions was isopropyl alcohol (IPA). The results are shown in Table 4.

Table 4
ADDITIVE SODIUM IPA TIME TEMPERATURE | ETCIVSIDE | REFLECTANCE
(Examples | HYDROXIDE | (wt%) | (minutes) (°C) (pmy) (% at 600 nm)
8-9) (/L)
Isopropyl 17.85 4 30 75 14.05 12.28
alcohol
Isopropyl 17.85 6 30 75 11.19 17.25
alcohol

Both wafers textured with the solutions of Examples 8 and 9 had etchings of greater than

10 pm and reflectance values exceeding 12%.
Examples 10-20 (Working Examples)

Eleven aqueous based texturing solutions containing hydantoin, dimethylhydantoin or 2-
thiohydantoin, 17.85 g/L sodium hydroxide and 1.2 wt% tripropylene glycol were made. Eleven
monocrystalline silicon semiconductor wafers (obtained from SolarGiga) having n+ doped zones
on the front side or emitter Iayer and a pn-junction below the emitter layer were weighed using a
conventional laboratory balance. Each wafer was then immersed in one of the eleven texturing
solutions for 30 minutes at 75° C. The pH of the solutions ranged from 13-14. The wafers were
then removed from their respective texturing solutions, rinsed with water and air dried. Each

wafer was then weighed and the amount of silicon etched per side was determined as shown in
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9.24 25.27 1-(2-hydroxyethyl) piperazine 0.3 11.01 21.16

1- (2- hydroxyet hyl ) piperazine 0.3 12.29 12.69 1-(2-hydroxyethyl)

pi perazine 0.3 14.14 14.07 1-(2-hydroxyethyl) piperazine 0.3 15.00
13.47 1-(2-hydroxyethyl) piperazine 0.3 12.23

Table 5 below.

Reflectance of the textured surface was determined using the MacBeth Coloreye
Reflectometer 7000 at the wavelength of 600 nm. An average of 6 reflectance readings was

taken across the surface of each wafer. The average reflectance is shown in Table 5.

Table 5
ADDITIVE (Examples ADDITIVE (wt%) ETCH/SIDE (um) REFLECTANCE (% at
10-20) 600 nm)

Hydantoin 0.05 7.82 11.19
Dimethylhydantoin 0.05 8.31 11.46
Dimethylhydantoin 03 8.55 11.44
2-thiohydantoin 0.01 6.51 11.13
2-thiohydantoin 0.05 7.09 11.27
2-thiohydantoin 0.05 6.79 11.15
3-thiohydantoin 0.1 6.68 11.14
2-thiohydantoin 0.1 6.65 10.73
2-thiohydantoin 03 7.00 11.36
2-thiohydantoin 0.3 7.08 11.53
2-thiohydantoin 0.5 7.01 11.48

The wafers textured with the aqueous alkaline texturing solutions which included
hydantoin, dimethylhydantoin or 2-thiohydantoin all had etching values below 10 um and
reflectance values below 12%. Wafers textured with the hydantoin and hydantoin derivative
texturing solutions showed improvement in both etching as well as in incident light reflectance

compared to the controls of Examples 2-9.
Examples 21-32 (Comparatives)

The process described in Examples 10-20 was repeated except the additives to the

texturing solutions were heterocyclic compounds shown in Table 6 below. Each texturing
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12. 64 1-(2-hydroxyethyl) piperazine 0.05 11.61 13.37

1- (2- hydroxyethyl ) piperazine 0.1 12.37 13.18 1-(2-hydroxyethyl)

pi perazine 0.3 9.06 11.6 1-(2-hydroxyethyl) piperazine 0.3 9.19 12.54
1- (2- hydroxyet hyl) piperazine 0.3 11.45 13.64

solution also included 17.85 g/I. of sodium hydroxide and 1.2 wt% tripropylene glycol. Etching
time was 30 minutes and the temperature of the texturing solutions was 75° C. The pH of each

solution ranged from 13-14.

Table 6
ADDITIVE (Examples ADDITIVE (wt%) ETCH/SIDE (um) REFLECTANCE (% at
21-32) 600 nm)
sodium isoascorbate 1.2 9.29 15.67
monohydrate
2-pyrrolidone 1.2 10.31 15.57
1-(2-hydroxy)-2- 1.2 11.14 16.16
pyrrolidone
d (-) isoascorbic acid 1.2 7.29 16.05
Histidine 0.3 9.78 15.03
Niacin 1.2 9.54 21.13
Nicotinamide 1.2 9.93 19.95
Adenine 0.3 6.93 15.54
Quinoxaline 0.3 10.08 22.35
Capralactone 1.2 9.49 19.62
Capralactam 1.2 9.50 21.28
Pyridizine 0.3 5.70 16.84

With the exception of comparative Examples 22, 23 and 29, the wafers textured with the
solutions containing the heterocyclic compounds of Table 6 had etching values of less than 10
pm. However, the reflectance values for all of the wafers etched with the texturing solutions
exceeded 12%. The wafers textured with the solutions containing hydantoin and hydantoin
derivatives of Examples 10-20 showed improved reflectance values in contrast to the wafers

etched with the comparative examples.
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1- (2- hydroxyethyl) 0.3 10.40 11.78 pi perazine 1- (2- hydr oxyet hyl )
0.5 11.97 13 pi perazine Only the wafer textured wth the
sol ution of conparative Exanple 48 had both an etch val ue bel ow 10 um
and a reflectance bel ow 12% Overall the wafers etched with the

sol utions of 1-(2-hydroxyethyl) piperazine were inferior to the
wafers etched with the hydantoin and hydantoin derivatives of
Exanpl es 10-20. Exanples 53-66 (Conparatives) The process
described in Exanpl es 10-20 was repeated except the additives to the
texturing solutions were conmpounds shown in Table 9 bel ow. Each
solution also included 17.85 g/L of sodi um hydroxi de and 1.2w %
tripropyl ene glycol. Etchin§xtmpies k32 Grmaanaitves) and t he tenperature
of the texturing solutions was 75 C. The pH of each sol ution ranged

f r om 13- 14 Thepeicessyleagnibed in/Exanmlemtd s wasrep@iedamprnt Khyddikves to the
texturing solutions were heterocyclic compounds shown in Table 7 below. Each texturing
solution also included 17.85 g/L of sodium hydroxide and 1.2 wt% tripropylene glycol, except
Example 34 which included tripropylene glycol at 0.3wt%. Etching time was 30 minutes and the

temperature of the texturing solutions was 75° C. The pH of each solution ranged from 13-14.

Table 7
ADDITIVE (Examples ADDITIVE (wt%) ETCH/SIDE (um) REFLECTANCE (% at
33-39) 600 nm)
1,3-dimethy-2- 0.3 9.29 15.69
imidazolidinone
1,3-dimethy-2- 1.2 10.17 12.73
imidazolidinone
1,3-dimethy-2- 1.2 7.99 13.68
imidazolidinone
4-(2- 0.1 11.31 16.98
aminoethyl)morpholine
4-(2- 0.3 9.85 13.45
aminoethyD)morpholine
4-(2- 1.2 10.92 15
aminoethyl)morpholine
1-(2-aminoethyl)piperizine 1.2 13.04 15.97

Wafers textured with the solutions of comparative Examples 33,35 and 37 had etch values
below 10 pm; however their reflectance values still exceeded 12%. The wafers etched with
solutions of comparative Examples 34, 36, 38 and 39 had high etch values exceeding 10 um as

well as high reflectance values above 12%.
Examples 40-52(Comparative)

The process described in Examples 10-20 was repeated except the additives to the

texturing solutions were compounds shown in Table 8 below. Comparative Examples 40, 41, 42
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ETCH SIDE (gm REFLECTANCE (% at 600 nm Pyrazine 0.05 7.99 11.91
Pyraz ne 0.3 10.72 12.23 Pyrazine 0.3 11.10 13.01 Pyrazine 0.3 8.58
13.13 Benzotriazole 0.3 7.73 14. 28 Benzotri azol e-5-

0. 05

carboxylic acid

and 43 also included 11 g/L, 14.5g/L, 21.5g/L and 25g/L sodium hydroxide, respectively. The

remainder of the solutions included 17.85 g/L of sodium hydroxide. Each solution also included

1.2wt% tripropylene glycol except comparative Examples 44 and 45 which included tripropylene

glycol in amounts of 0.6wt% and 0.9wt%, respectively. Etching time was 30 minutes and the

temperature of the texturing solutions was 75° C. The pH of each solution ranged from 13-14.

Table 8
ADDITIVE (Examples ADDITIVE (wt%) ETCH/SIDE (um) REFLECTANCE (% at
40-52) 600 nm)

1-(2-hydroxyethyl) 0.3 9.24 25.27
piperazine

1-(2-hydroxyethyl) 0.3 11.01 21.16
piperazine

1-(2-hydroxyethyl) 0.3 12.29 12.69
piperazine

1-(2-hydroxyethyl) 0.3 14.14 14.07
piperazine

1-(2-hydroxyethyl) 0.3 15.00 13.47
piperazine

1-(2-hydroxyethyl) 0.3 12.23 12.64
piperazine

1-(2-hydroxyethyl) 0.05 11.61 13.37
piperazine

1-(2-hydroxyethyl) 0.1 12.37 13.18
piperazine

1-(2-hydroxyethyl) 0.3 9.06 11.6
piperazine

1-(2-hydroxyethyl) 0.3 9.19 12.54
piperazine

1-(2-hydroxyethyl) 0.3 11.45 13.64
piperazine
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10. 48 16. 96 Benzotri azol e-5- carboxylic acid 0.3 6.90 16.41
Benzotri azol e-2- carobxylic acid 0.05 3.24 21.58 Benzotriazole-2- 0.3
1.90 21.3 carobxylic acid 3-am no-1, 2,4-triazine 0.0001 10.05
12.41 3-amno-1, 2,4-triazine

1-(2-hydroxyethyl) 03 10.40 11.78
piperazine

1-(2-hydroxyethyl) 0.5 11.97 13
piperazine

Only the wafer textured with the solution of comparative Example 48 had both an etch
value below 10 pm and a reflectance below 12%. Overall the wafers etched with the solutions of
1-(2-hydroxyethyl) piperazine were inferior to the wafers etched with the hydantoin and
hydantoin derivatives of Examples 10-20.

Examples 53-66 (Comparatives)

The process described in Examples 10-20 was repeated except the additives to the
texturing solutions were compounds shown in Table 9 below. Each solution also included 17.85
g/L of sodium hydroxide and 1.2wt% tripropylene glycol. Etching time was 30 minutes and the

temperature of the texturing solutions was 75° C. The pH of each solution ranged from 13-14.

Table 9
ADDITIVE (Examples ADDITIVE (wt%) ETCH/SIDE (im) REFLECTANCE (% at
53-66) 600 nm)

Pyrazine 0.05 7.99 11.91
Pyrazine 0.3 10,72 12.23
Pyrazine 0.3 11.10 13.01
Pyrazine 0.3 8.58 13.13
Benzotriazole 0.3 7.73 14.28
Benzotriazole-5- 0.05 10.48 16.96

carboxylic acid
Benzotriazole-5- 0.3 6.90 16.41

carboxylic acid
Benzotriazole-2- 0.05 124 21.58

carobxylic acid

Benzotriazole-2- 0.3 1.90 21.3
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0.001 10.22 14.72 3-amno-1,2,4-triazine 0.01 13.10 29.89
3-amno-1,2,4-triazine 0.05 15.60 28.06 3-amno-1,2,4-triazine 0.3
17.57 32.22 Conpar ati ve Exanple 53 which included 0.05wm %
pyrazi ne had an etch value below 10 p.mand a % refl ectance bel ow 12;
however Exanples 54-56 which included 0.3wm % pyrazi ne had etch val ues
exceeding 10 pm and refl ectance val ues above 12% While Exanples 57
and 59 had etch val ues below 10 p. m but above 6 pm their refl ectance
val ues exceeded 12% Exanples 60 and 61 had etch val ues below 6 p. m
and refl ectance val ues exceedi ng 12% Exanples 10-20 which incl uded

t he hydantoin and hydantoin derivatives showed overall better results
si nce| t he “BHicgdf ues |were bel ow 10 p m and above 6 p m and all of

t hei r +eH-eetgnrce—valtres—were "I w1 """“' e—6/—2—(Conpaf-at--ves
The p'og'e”'?'sf'o SRR i n Exé@&p s 10- zO was (g%%at ed except {f?%i

addi t lbres o—the texturi ng sol Ut ons Were coppounds own—in Table 10|
bel ow] BAERCIGHIE8h al so i iePlided 17.85 g/ I L1822 sodi um hydro%‘-a% and
1. 2wt Y%tripropvli ene gl \/r‘nl Et chi ng tilme was 30 m nutes and the
terrpe’aﬁiﬁ‘fna“"éﬁ“t“ﬁ’ém‘ie turi ng09dl utiond was 758-9 The gH of ead®h?

solut|on ranged from 13-14. Table 10 ADDITIVE (Exanples 67-72)

ADDI T| VE-apigpd@-4tmrepy S| DE ( pnf.OREFLECTANCE (%8360 600 nr) 28.06

3-amino-1,2,4-triazine 0.3 17.57 32.22

Comparative Example 53 which included 0.05wt% pyrazine had an etch value below 10
pum and a % reflectance below 12; however Examples 54-56 which included 0.3w1% pyrazine
had etch values exceeding 10 pm and reflectance values above 12%. While Examples 57 and 59
had etch values below 10 pm but above 6 pm, their reflectance values exceeded 12%. Examples
60 and 61 had etch values below 6 um and reflectance values exceeding 12%. Examples 10-20
which included the hydantoin and hydantoin derivatives showed overall better results since the
etch values were below 10 pm and above 6 um and all of their reflectance values were below

12%.
Example 67-72 (Comparatives)

The process described in Examples 10-20 was repeated except the additives to the
texturing solutions were compounds shown in Table 10 below. Each solution also included
17.85 g/L of sodium hydroxide and 1.2wt% tripropylene glycol. Etching time was 30 minutes

and the temperature of the texturing solutions was 75° C. The pH of each solution ranged from

13-14.
Table 10
ADDITIVE (Examples ADDITIVE (wt%) ETCIUSIDE (nm) REFLECTANCE (% at
67-72) 600 nm)

2-mercaptobenzoxazole 0.05 2.05 15.74
2-mercaptobenzoxazole 0.05 6.81 15.09
2-mercaptobenzoxazole 0.3 5.13 18.26
5-mercapto-1-tetrazole 0.3 9.23 16.58

24



2- mer capt obenzoxazol e 0.05 2.05 15.74 2-nmercapt obenzoxazole 0.05 6.81
15. 09 2-mer capt obenzoxazole 0.3 5.13 18.26 5-nercapto-1l-tetrazole 0.3
9.23 16.58 5-nercapto-1-tetrazole 0.05 8.03 12.21
5-mercapto-1-tetrazole 0.3 7.68 14.68

5-mercapto- 1-tetrazole 0.05 8.03 12.21

5-mercapto-1-tetrazole 0.3 7.68 14.68

Although the etch values for comparative Examples 67-72 are all below 10 pum, all of the

reflectance values exceed 12%.
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Al t hough the etch values for conparative Exanples 67-72 are all bel ow
10 i.tm all of the reflectance values exceed 12% \Wat is clained
is: 1. A nethod conprising: a) providing a nonocrystalline

sem conductor substrate; b) providing a conposition conprising one
or nore conpounds chosen from hydantoin and hydant oi n derivatives,
one or nore al koxyl ated gl ycols and one or nore al kal i ne conpounds.

c) contacting the nonocrystalline sem conductor substrate with the
conposition to anisotropically texture the nonocrystalline

sem conductor substrate. 2. The nethod of claim1, wherein the one or

nore of hydantoin and hydantoin derivatives range from 0. 005w % to
0.09mﬂﬁgﬁiﬁﬁkﬁnébﬁbosition. 3. The nethod of claim1, wherein the one

or nore al koxyl ated gl ycol s have nol ecul ar wei ghts of 100 g/ nole and
gr eat et-. AqethpdcomrisB@ of claim 1, wherein the solution further
conprises one or nore oxygen scavengers. 5. The nethod of claiml1,
wher ei 1#) piesiding amprerrysial inresemicompvdtersybsir@e.or nore organi ¢ sol vents.
6. A conposition conprising one or nore conpounds chosen from

hydant &) proaisinga ermpnrositiongemprising oesor noere compernde chisko fyndtydantgineod| s

and Oy TR B KR 0 SR T d i HIE o AITROS L Bl Sl BBl

wher ei € one or nore o (0] erirvatil ves range

from0,,006ww % tq 0,09w % qf the.co sitjion, 8 he conposition of
o aim @, <qicfnk hednonsivetoflpe s ieGPARET shisis iy be SR BERER §' O
conposaidiscadpiRhllgleatund e nidnbédyenlliae sauiicSidugtopAtbsBiite.NOr € or gani c

sol vents. 10. The conposition of claim6, wherein a pH of the

conpost.t Tehmethod 3f didim 1, wherein the one or more of hydantoin and hydantoin derivatives
range from 0.005wt% to 0.09wt% of the composition.

3. The method of claim 1, wherein the one or more alkoxylated glycols have molecular weights

of 100 g/mole and greater.

4. The method of claim 1, wherein the solution further comprises one or more oxygen

scavengers.
5. The method of claim 1, wherein the solution further comprises one or more organic solvents.

6. A composition comprising one or more compounds chosen from hydantoin and hydantoin

derivatives, one or more alkoxylated glycols and one or more alkaline compounds.

7. The composition of claim 6, wherein the one or more of hydantoin and hydantoin derivatives

range from 0.005wt% to 0.09wt% of the composition.
8. The composition of claim 6, further comprising one or more oxygen scavengers.
9. The composition of claim 6, further comprising one or more organic solvents.

10. The composition of claim 6, wherein a pH of the composition is 13-14.
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