
TEXTURING OF MONOCRYSTALLINE SEMICONDUCTOR SUBSTRATES TO REDUCE
INCIDENT LIGHT REFLECTANCE Field of the Invention       The present
invention is directed to a method of texturing monocrystalline
semiconductor substrates in alkaline baths to reduce incident light
reflectance. More specifically, the present invention is directed to
a method of texturing monocrystalline semiconductor substrates in
alkaline baths which include hydantoin or hydantoin derivatives in
combination with alkoxylated glycols to reduce incident light
reflectance. Background of the Invention      A textured
semiconductor surface reduces reflection across wide bands of
incident light thereby increasing absorbed light intensity. Such
semiconductors may be used in the manufacture of solar cells. Solar
cells are devices that convert light energy incident on their
surfaces such as sunlight into electric energy. Reducing the
reflectance of light incident on the surface improves conversion
efficiency into electric energy. Texturing, however, is not
restricted to semiconductors in the manufacture of solar cells but
also may be used in the manufacture of photovoltaic devices in
general, optical and electrochemical detectors/sensors,
biodetectors/biosensors, catalysts, electrodes, and other devices
where reducing the reflectance of incident light improves the
efficiency of the device.      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 typically included to
control the texturing rate and to form repeatable pyramid structures.
Solutions of hydrazine or ethylene diamine or pyrocatechol can be
used instead of alkali hydroxides 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 may be used to control the etch rate of the alkali
hydroxides. The alcohol component used is either ethylene glycol or
isopropanol. Although isopropanol is included in many conventional
texturing compositions, its low boiling point and low flash point are
undesirable properties for texturing compositions.       WO
2011/052941 discloses examples of alkaline etching compositions which
exclude isopropanol for texturing crystalline silicon based wafers to
form pyramid structures. The etching compositions include at least
one alkaline compound, at least one cyclic compound having a boiling
point of 100-400 C and the balance of the formulation is water. The
cyclic compounds are included to inhibit over etching of the silicon
by the alkaline compounds. The cyclic compounds are C4-C10
heterocyclic compounds with one or more heterogeneous elements
selected from nitrogen, oxygen and sulfur. The cyclic compounds are
included in amounts of 0.1-50wt% of the etching composition. Although
there are alkaline texturing compositions which exclude isopropanol
for the formation of pyramid structures on crystalline silicon
wafers, there is still a need for an improved alkaline texturing
composition and method for forming pyramid structures on crystalline
silicon wafers. Summary of the Invention      Methods include
providing a monocrystalline semiconductor substrate; providing a
composition including one or more compounds chosen from hydantoin and
hydantoin derivatives, one or more alkoxylated glycols and one or



Ri where RI, R2, R3 and R4 may be the same or different and are
hydrogen, CI-05alkyl, CI-Ca alkoxy, hydroxyl, C1-C4 alcohol or C5-C6
aryl, and R.2 or R3 also may be -NH-C(0)NH2, and X is oxygen or
sulfur.         Examples of such compounds are hydantoin,
1-methylhydantoin, 1,3-dimethylhydantoin, 5,5-dimethylhydantoin,
allantoin and 2-thiohydantoin. Preferably, the compounds are
hydantoin, 5,5-dimethylhydantoin and 2-thiohydantoin.       In
general, such hydantoin and hydantoin derivatives are solids at room
temperature and higher. Preferably such compounds have melting points
of 170 C and greater. More preferably the melting points are 200 C to
240 C. Typically such compounds decompose before becoming a liquid,
thus they typically do not have boiling points.       The hydantoin
and hydantoin derivatives are included in amounts of 0.001wt% to
lwt%, preferably 0.005wt% to 0.5wt%, more preferably 0.01wt% to
0.1vvt%.      Solutions for texturing semiconductor substrates
include one or more alkoxylated glycols. Such alkoxylated glycols
have a weight average molecular weight of 100 g/mole and greater,
such as, for example, dipropylene glycol, diethylene glycol and
dipropylene glycol monomethyl ether. Preferably, the alkoxylated
glycols have a weight average molecular weight of 170 g/mole or
greater and a flash point of 75 C or greater. More preferably, the
weight average molecular weight of the alkoxylated glycols range from
170 g/mole to 4000 g/mole, most preferably from 190 g/mole to 500
g/mole. Flash points more preferably range from 75 C to 300 C or such
as from 100 C to 300 C. Most preferably, flash points range from 140
C to 200 C. Alkoxylated glycols used in the texturing solutions are
either water-soluble or at least water-miscible. The flash points of
75 C or greater provide non-volatile texturing solutions preventing
substantial evaporation of solution components. In addition, the
preferred alkoxylated glycols have boiling points of 190 C or greater
which further reduces the amount lost at operating temperatures.
Accordingly, the texturing solutions may be used over longer periods
of 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.      Alkoxylated
glycols are included in the solution in amounts of 0.001wt% to 3wt%
of the solution. Preferably, the alkoxylated glycols are included in
amounts of 0.1wt% to 2wt% of the 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:  HO(C,c1-12,(0).H (II) wherein m is an integer of 2 or
greater, or such as from 3 or greater, or such as from 8 to 66.
Preferably, m is an integer of 3 to 6, more preferably from 3 to 5
and x is an integer of 3 to 6, or such as from 3 to 4. Examples of
such alkoxylated glycols are dipropylene glycol, 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(CH2CH20)nH (III) 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,



OH R5z(IV) wherein R5 and R6 may be the same or different and are
hydrogen, substituted or unsubstituted (CI-Cio)alkyl, substituted or
unsubstituted (C5-Clo)cycloalkyl or substituted or unsubstituted
(CoClo)aryl, with the proviso that R5 and R6 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,
Ncyclohexylhydroxylamine 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%  to lwt%.
Preferably the oxygen scavengers are included in the solutions in
amounts of 0.005wt% to 0.1wt% to provide the desired oxygen content
of the solution.      In addition to water, the texturing solutions
can optionally include one or more organic solvents. Preferably, the
texturing solutions include one or more of such organic solvents.
Such solvents include aliphatic, alicyclic, aralkyl glycols and
cyclic amines. Examples of glycols are ethylene glycol, propylene
glycol, 1,3-propanediol, 2,4-dimethy1-2-ethyl-hexane-1,3-diol, 2,2-
dimethy1-1,3-propanediol, 2-ethyl-2-butyl-1,3-propanediol,
2-ethyl-2-isobuty1-1,3-propane-diol, 1,3-butanediol, 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 2,2,4-trimethy1-1,6-hexanediol,
1,2-cyclohexanedimethanol, 1,3-cyclohexanedimethanol,
1,4-cyclohexanedimeethanol, 2,2,4,4- tetramethy1-1,3-cyclobutanediol,
and p-xylylenediol.      Examples of less preferred organic solvents
include cyclic amines such as piperrazinebased 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-dimethy1-2- 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



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  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 example, the firing may be performed
at a first temperature in an atmosphere containing little 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.       After 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



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-butanedio12 2wt% 2wt% N-isopropylhydroxylamine3 0.1wt%
0.1wt%  Hydantoin4 0 0.05wt% Water Balance 



Balance   weight average molecular weight = 192 g/mole, flash point =
140.5 C, Boiling point = 268 C; 2Flash point = 121 C; 3 HydroguardTM
1-15 (available from The Dow Chemical Company, Midland, MI); melting
point = 221-223C (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 75C. 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 mn. 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.  Table 2 ADDITIVE (Examples 2-5)
SODIUM HYDROXIDE (g/L) TPG (wt%) TIME (minutes) TEMPERATURE (C)
ETCH/SIDE (11111) REFLECTANCE (% at 600 urn) 



Tripropylene glycol (TPG) 17.85 0.6 30 75 13.56 13.98 Tripropylene
glycol 17.85 1.2 30 75 9.66 14.89 Tripropylene glycol 17.85 1.2 30 75
10.24 16.33 Tripropylene glycol 



17.85 2.4 30 75 8.24 21.12      Although wafers textured with the
solutions of Examples 3 and 5 had etch values of below 10 gm/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 rim. 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) (unl) (% at 600
nm) 



6-7) (g/L)       1,4- 17.85 1.2 30 75 11.12 16.23 butanediol
1,4- 17.85 1.2 30 



75 11.86 16.15 butanediol              Both wafers textured with the
solutions of Examples 6 and 7 had etchings of greater than 10 gm and
reflectance values exceeding 12%. 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 (Examples SODIUM
HYDROXIDE IPA (wt%) TIME (minutes) TEMPERATURE (C) ETCH/SIDE 



(11m) REFLECTANCE (% at 600 nm) 8-9) (WI)      Isopropyl alcohol
17.85 4 30 75 14.05 12.28 Isopropyl alcohol 17.85 6 30 75 11.19 17.25



Both wafers textured with the solutions of Examples 8 and 9 had
etchings of greater than 10 gm 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 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 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  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
10-20) ADDITIVE (wt%) ETCH/SIDE (pm) REFLECTANCE (% at 600 nm)
Hydantoin 0.05 7.82 11.19 Dimethylhydantoin 0.05 8.31 11.46
Dimethylhydantoin 0.3 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 2-thiohydantoin 0.1 6.68 11.14
2-thiohydantoin 0.1 6.65 10.73 2-thiohydantoin 0.3 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
solution also included 17.85 g/L 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 21-32) ADDITIVE (wt%)
ETCR/SIDE (pm) REFLECTANCE (% at 600 nm) sodium isoascorbate
monohydrate 1.2 9.29 15.67 2-pyrrolidone 1.2 10.31 



15.57 1-(2-hydroxy)-2- pyrrolidone 1.2 11.14 16.16 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.  Examples 33-39 (Comparatives)      The process described
in Examples 10-20 was repeated except the additives 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 75C. The pH of each
solution ranged from 13-14. Table 7 ADDITIVE (Examples 33-39)
ADDITIVE (wt%) ETCH/SIDE (gm) 



REFLECTANCE (% at 600 nm) 1,3-dimethy-2- imidazolidinone 0.3 9.29
15.69 1,3-dimethy-2- imidazolidinone 1.2 10.17 12.73 1,3-dimethy-2-
imidazolidinone 1.2 7.99 13.68 4-(2- aminoethyl)molpholine 0.1 11.31
16.98 4-(2- aminoethyl)morpholine 0.3 9.85 



13.45 4-(2- aminoethyl)morpholine 1.2 10.92 15
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 um; 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  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
40-52) ADDITIVE (wt%) ETCH/SIDE (gm) REFLECTANCE (% at 600 nm)
1-(2-hydroxyethyl) piperazine 0.3 



9.24 25.27 1-(2-hydroxyethyl) piperazine 0.3 11.01 21.16
1-(2-hydroxyethyl) piperazine 0.3 12.29 12.69 1-(2-hydroxyethyl)
piperazine 0.3 14.14 14.07 1-(2-hydroxyethyl) piperazine 0.3 15.00
13.47 1-(2-hydroxyethyl) piperazine 0.3 12.23 



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)
piperazine 0.3 9.06 11.6 1-(2-hydroxyethyl) piperazine 0.3 9.19 12.54
1-(2-hydroxyethyl) piperazine 0.3 11.45 13.64 



1-(2-hydroxyethyl) 0.3 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 um
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 53-66) ADDITIVE (wt%) 



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 Benzotriazole-5- carboxylic acid
0.05 



10.48 16.96 Benzotriazole-5- carboxylic acid 0.3 6.90 16.41
Benzotriazole-2- carobxylic acid 0.05 3.24 21.58 Benzotriazole-2- 0.3
1.90 21.3  carobxylic acid    3-amino-1,2,4-triazine 0.0001 10.05
12.41 3-am no-1,2,4-triazine 



0.001 10.22 14.72 3-amino-1,2,4-triazine 0.01 13.10 29.89
3-amino-1,2,4-triazine 0.05 15.60 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 p.m and a % reflectance below 12;
however Examples 54-56 which included 0.3wt% pyrazine had etch values
exceeding 10 pm and reflectance values above 12%. While Examples 57
and 59 had etch values below 10 p.m but above 6 pm, their reflectance
values exceeded 12%. Examples 60 and 61 had etch values below 6 p.m
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 p.m and above 6 p.m 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 67-72)
ADDITIVE (wt%) ETCH/SIDE (pm) REFLECTANCE (% at 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   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 i.tm, all of the reflectance values exceed 12%.  What is claimed
is:  1. A method comprising:  a) providing a monocrystalline
semiconductor substrate;  b) providing a composition comprising one
or more compounds chosen from hydantoin and hydantoin derivatives,
one or more alkoxylated glycols and one or more alkaline compounds.
c) contacting the monocrystalline semiconductor substrate with the
composition to anisotropically texture the monocrystalline
semiconductor substrate. 2. The method of claim 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. 


