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PROBLEMS TO BE SOLVED-B^-^SHB- ""3111 'TIE 01^ 

[0014] The present disc ties has been made 

in view of the aforementioned actual situation. It 

is an object of the present disclosurei^pyeBrfc-iree to 

provide a silicon wafer for solar cells having a low 

reflectance and less uneven brightness made by using 

a slice piece obtained by slicing polycrystalline 

silicon ingots employing fixed abrasive grain slicing 

and a production method thereof. 

MEANS FOR SOLVING THE PROBLEMS 

[0015] The inventors of the present 

disclo "LJL D-T* CE-- 3— 11 tZ- have found out that it is 

possible to obtain a silicon wafer for solar cells 

having a low reflectance and less uneven brightness 

by etching a polycrystalline silicon slice piece 

sliced by a fixed abrasive grain wire saw by use of a 

specific etching solution to reach the present 

invention. More specifically, the present 

disclosureirHventien relates to a method for 
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producing a silicon wafer for solar cells which 
comprises the step of etching a polycrystalline 
silicon slice piece sliced by a fixed abrasive grain 
wire saw with an etching solution containing mixed 
acid composed of hydrofluoric acid, nitric acid, and 
sulfuric acid at a specific ratio. 
[0 016] The summary of the present disclosure«wenfc4reR 

is described as below. 

According to the present disclosureijweafe-ireB, 

there is provided a method for producing a silicon 

wafer for solar cells which includes the step of 

etching a slice piece made of polycrystalline silicon 

with an etching solution consisting essentially of 

mixed acid, wherein the slice piece is sliced by a 

fixed abrasive grain wire saw, the mixed acid is 

composed of hydrofluoric acid represented by chemical 

formula HF, nitric acid represented by chemical 

formula HN03, and sulfuric acid represented by 

chemical formula H2S04, a composition range of the 

mixed acid is within a region surrounded by four line 

segments for connecting points in the sequence set 

forth in a triangular diagram that expresses the 

composition in weight %, the points include: point A, 

in which the hydrofluoric acid is 2.82 weight %, the 

nitric acid is 0.18 weight %, and the sulfuric acid 

is 97 weight %; point B, in which the hydrofluoric 

acid is 0.18 weight %, the nitric acid is 2.82 

weight %, and the sulfuric acid is 97 weight %; point 

C, in which the hydrofluoric acid is 8.47 weight %, 

the nitric acid is 0.53 weight %, and the sulfuric 

acid is 91 
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weight %; and point D, in which the hydrofluoric 

acid is 0.53 weight %, the nitride acid is 8.47 

weight %, and the sulfuric acid is 91 weight %, 

wherein the etching solution has a water 

concentration of 0 weight % to 10.5 weight %. 

[0016a] The present disclosure provides a method 

for producing a silicon wafer for solar cells, 

comprising the step of etching a slice piece obtained 

by slicing polycrystalline silicon using a fixed 

abrasive grain wire saw with an etching solution 

consisting essentially of mixed acid, 

the mixed acid is composed of hydrofluoric acid 

represented by chem:'< •) J [<' rmula HF . n ! i;L, ici>3 
represented by chem:' „ ̂  > > inula HNQ3 f and sulfuric 

acid represented by chemical formula H2SQ4/ 

a composition range of the mixed acid is within a 

region surrounded by four line segments connected in 

the sequence set forth in a triangular diagram that 

expresses the composition in weight %, the four line 

segments comprising: 

point A, in which the hydrofluoric acid is 

CO CM 

weight %, the nitric acid is 0.18 weight %, and the 

sulfuric acid is 97 weight %; 

point B, in which the hydrofluoric acid is 0 . 18 

weight %, the nitric acid is 2.82 weight %, and the 

sulfuric acid is 97 weight %; 

point C, in which the hydrofluoric acid is 8.47 

weight %, the nitric acid is 0.53 weight %, and the 

sulfuric acid is 91 weight %; and 
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point D, in which the hydrofluoric acid is 0,53 

weight %, the nitride acid is 8.47 w 11 and the 

sulfuric acid is 91 weight %f and 

wherein the etching solution has a water 

concentration of 0 weight % to 10,5 weight %, 

a surface of the silicon wafer has uneven parts 

formed of a plurality of bowl bottom-shaped concave 

holes formed on throughout the whole area of the 

surface thereof by etching the slice piece made of 

polycrystalline silicon obtained by being sliced by 

the 'fixed abrasive grain wire saw with the etching , 

solution, 

the plurality of concave holes each have an 

opening diameter of 2 pro to 15 pm, and 

a plurality of fine holes each have an opening 

diameter of 0.1 pm to 1.5 pro formed on inner walls of 

the concave holes, 

[0017] In the method for producing a silicon wafer 

for solar cells, particularly in the case where the 

slice piece is a polycrystalline silicon wafer sliced 

by a resin-bond wire saw, a silicon wafer for solar 

cells having a low reflectance and less brightness 

unevenness is obtainable. 

According to the method for producing a silicon 

wafer for solar cells, a silicon wafer for solar 

cells, in which a surface of the silicon wafer has 

uneven parts formed of a plurality of bowl bottom-

shaped concave holes, the plurality of concave holes 
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each have an opening diameter of 2 \im to 15 \im, and a 
plurality of fine holes each have an opening diameter 

of 0.1 jim to 1.5 ]im formed on inner walls of the 
concave holes, is obtainable. 

In the method for producing a silicon wafer for 

solar cells, the etching solution is to be used for 

etching the slice piece made of polycrystalline 

silicon sliced by the fixed abrasive grain wire saw, 

the etching solution consists essentially of mixed 

acid, the mixed acid is composed of hydrofluoric acid 

represented by a chemical formula HF, nitric acid 

represented by a chemical formula HN03, and sulfuric 

acid represented by a chemical formula H2S04, a 

composition range of the mixed acid is within a 

region surrounded by four line segments for 

connecting 
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points in the sequence set forth in a triangular 

diagram that expresses the composition in weight %, 

the points include: point A, in which the 

hydrofluoric acid is 2.82 weight %, the nitric acid 

is 0.18 weight %, and the sulfuric acid is 97 

weight %; point B, in which the hydrofluoric acid is 

0.18 weight %, the nitric acid is 2.82 weight %, and 

the sulfuric acid is 97 weight %; point C, in which 

the hydrofluoric acid is 8.47 weight %, the nitric 

acid is 0.53 weight %, and the sulfuric acid is 91 

weight %; and point D, in which the hydrofluoric acid 

is 0.53 weight %, the nitride acid is 8.47 weight %, 

and the sulfuric acid is 91 weight %, and the etching 

solution has a water concentration of 0 weight % to 

10.5 weight %. The etching solution has a 

temperature of 0°C to 45°C when the etching is 

conducted. 

[0018] In the etching solution, a saw wire to be used 

for the fixed abrasive grain wire saw may be a resin-

bond wire saw. 

Zi T)V A "NTT Q OP T'TTT? T^TFNTrn'M Jr\LJ V ± /"IvJHi O O IT xTXXLi Xxv v _L _L 

[0019] The present disclosureinvention provides a 

silicon wafer for solar cells having a low 

reflectance and less bright unevenness made by the 

use of a slice piece obtained by slicing a 

polycrystalline silicon ingot employing fixed 

abrasive grain slicing and a method for producing 

thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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CLAIMS 

1. A method for producing a silicon wafer for 

solar cells, comprising the step of etching a slice piece 

obtained by slicing faade-ef—polycrystalline silicon using a 

fixed abrasive grain wire saw with an etching solution 

consisting essentially of mixed acid, 

-8 r-s <n "I -> KT r s 4~ A n 4 TTA 
X ' X .i. *W» jQ n ' —'V—-* j-" ^ <—L~ ^ ...i— -_i ' " ' c ./ .j....' 1 t '" l £ '/ I. " t* 

s -i i-> t..r-n r-t r-^T.T vj I QTII SV X 1TT3 Q U W~J~ 

the mixed acid is composed of hydrofluoric acid 

represented by chemical formula HF, nitric acid represented 

by chemical formula HN03, and sulfuric acid represented by 

chemical formula H2S04, 

a composition range of the mixed acid is within a 

region surrounded by four line segments connected in the 

sequence set forth in a triangular diagram that expresses 

the composition in weight %, the four line segments 

comprising: 

point A, in which the hydrofluoric acid is 2.82 

weight %, the nitric acid is 0.18 weight %, and the 

sulfuric acid is 97 weight %; 

point B, in which the hydrofluoric acid is 0.18 

weight %, the nitric acid is 2.82 weight %, and the 

sulfuric acid is 97 weight %; 

point C, in which the hydrofluoric acid is 8.47 

weight %, the nitric acid is 0.53 weight %, and the 

sulfuric acid is 91 weight %; and 
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point D, in which the hydrofluoric acid is 0.53 

weight %, the nitride acid is 8.47 weight %, and the 

sulfuric acid is 91 weight %, and 

wherein the etching solution has a water concentration 

of 0 weight % to 10.5 weight %, 

a surface of the silicon wafer has uneven parts formed 

of a plurality of bowl bottom-shaped concave holes formed 

on throughout the whole area of the surface thereof by 

etching the slice piece made of polycrystal1ine silicon 

obtained by being sliced by the fixed abrasive grain wire 

saw with the •„ t- ching solution, 

the plurality of concave holes each have an opening 

diameter of 2 pm to 15 pm, and 

a plurality of fine holes each have an opening 

diameter of 0.1 pm to 1.5 pm formed on inner walls of the 

concave holes. 

2. The method for producing a silicon wafer for solar 

cells according to claim 1, wherein a saw wire to be used 

for the fixed abrasive grain wire saw is a resin-bond wire 

saw. 

3. The method for producing a silicon wafer for solar 

cells according to claim 1 or claim 2, wherein the etching 

solution has a temperature of 0°C to 45°C when the etching 

is conducted. 
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