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(54) ETCHING COMPOSITION AND METHOD FOR ETCHING A SEMICONDUCTOR WAFER

(57) An etching composition for a semiconductor wa-
fer is provided, including 0.5-50wt% base, 10-80wt% al-
cohol, 0.01-15wt% additive and water. A method for etch-
ing a semiconductor wafer is also provided. When the
etching composition is applied to the entire surface or a
partial surface of the semiconductor wafer at 60-200°C,
the etching composition reacts on the semiconductor wa-
fer to form a foam that etches the semiconductor wafer

and includes a solid, a liquid and a gas. At the same time,
the additive forms an oxide mask on the surface of the
semiconductor wafer. Therefore, an excellent texture
structure is formed on the surface of the semiconductor
wafer, and only a single surface of the semiconductor
wafer is etched.
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Description

BACKGROUND

1. Technical Field

[0001] This disclosure relates to etching compositions, and, more particularly, to an etching composition that forms a
texture structure on a surface of a semiconductor wafer and a related method for etching a semiconductor wafer.

2. Description of Related Art

[0002] In order to solve the problems of environment pollution and power shortage, solar industry develops rapidly. A
solar cell converts light into electricity.
[0003] In order to increase the conversion efficiency of a solar cell, a chip installed in the solar cell has to be controlled
in an efficient manner. For example, the roughness of a front surface and the smoothness of a rear surface may affect
the efficiency of the chip. In a passivated emitter and rear cell (PERC) and an interdigitated back contact (IBC) solar
cell, a silicon chip, if having a texture structure formed on the front surface and a smooth rear surface, may increase the
conversion efficiency of the cells.
[0004] In a conventional process of fabricating a solar cell, the rough front surface and the smooth rear surface of a
chip are obtained by immersing the chip in an etching solution. The chip is first immersed in a roughness etching solution
to form a roughness structure on both surfaces of the chip. Then, a protection cover is formed on one surface of the
chip, and the chip is immersed in a smoothness etching solution. As a result, the chip has one surface roughed and the
other surface smoothed. However, in the conventional process the chip is easily damaged or has a thickness reduced.
Besides, the forming and removal of the protection cover increase the cost of the chip. US7,858,426 discloses a method
of texturing solar cell and a method of manufacturing a solar cell by employing a batch-type wet etching process. Because
the wet etching process is conducted on both surfaces of a chip, the chip is easily damaged and has a further reduced
thickness.
[0005] US2003/0194309 relates to transporting rollers for transporting essentially flat articles, to holding-down means,
and to a transporting system. A chip is guided by the transporting rollers and undergoes a sequence of wet etching.
Although a texture structure is thus formed, the entire chip is still immersed in an etching solution and has thickness
reduced on both surfaces thereof. Moreover, the chip thus fabricated has the roughness structure formed on both
surfaces thereof, and does not meet the requirement for a high efficiency silicon solar cell. A smoothness process has
to be performed on the chip additionally. Since immersed in the high temperature etching solution, the transporting rollers
have to be coated with a Teflon layer, which increases the cost significantly.
[0006] US6,663,944 discloses a textured semiconductor wafer for a solar cell. In fabrication of the textured semicon-
ductor wafer, a photoresist is sprayed, a baking process is performed to form a local covering mask on a single surface,
and an immerse and etching process is then performed, to form a chip with one surface roughed and the other surface
smoothed. However, the batch-type wet etching process still likely damages the chip, and the usage and removal of the
photoresist increase the cost of the material and fabrication time.
[0007] US7,927,498 discloses a solar cell and a method of texturing a solar cell. The method includes applying a paste
having metal particles onto a silicon chip by screen printing; heating the silicon chip to remove an organic solvent to
form a metal mask; and immersing the silicon chip in an etching solution to form a single-surface reflective structure.
However, the batch-typed wet etching immersion easily damages the chip, and the application and removal of the paste
having the metal particles increase the material cost and production time.
[0008] US2005/0247674 discloses an etching media in the form of etching pastes for etching selected areas or the
entire area of silicon surfaces and layers, by screen printing or pattern etching. However, such a paste-formed etching
media is difficult to be removed, which results in the thinning of the chip and increases the possibility of breaking the
silicon. Moreover, the use of the paste-formed etching media cannot form a high-quality textured and uniform structure.
[0009] In summary, persons in the technical field eager for a novel etching method of fabricating a textured solar cell,
in which only one surface is textured and etched, and the chip is not easily damaged during the etching process or has
a reduced thickness.

SUMMARY

[0010] The present disclosure provides an etching composition, comprising: (A) 0.5-50wt% base; (B) 10-80wt% alcohol;
(C) 0.01-15wt% additive, the additive comprising at least one selected from the group consisting of boron oxide, boric
acid, potassium boric acid, sodium tetraborate, aluminum chloride, aluminum hydroxide, phosphoric acid, silicon phos-
phoric acid, boron phosphate, aluminum phosphate, sulfuric acid, formic acid, acetic acid, citric acid and nitric acid; and
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(D) water, wherein the etching composition reacts on a semiconductor wafer at an etching temperature to form a foam
that etches the semiconductor wafer and includes a solid, a liquid and a gas.
[0011] In an embodiment, when the etching composition is applied to the entire surface or a partial surface of the
semiconductor wafer at 60°C-200°C, the etching composition reacts on the semiconductor wafer to form a foam that
etches the semiconductor wafer and includes a solid, a liquid and a gas. The additive forms an oxide mask on the surface
of the semiconductor wafer. In another embodiment, the etching composition is applied to the entire surface or a partial
surface of the semiconductor wafer at 60°C-200°C, and the etching composition reacts on the semiconductor wafer to
form a foam that includes a solid, a liquid and a gas and etches the semiconductor wafer. At the same time, the additive
forms an oxide mask on the surface of the semiconductor wafer.
[0012] A method for etching a semiconductor wafer is further provided, including: applying a first etching composition
to a first surface of a semiconductor wafer; and etching the semiconductor wafer at an etching temperature, wherein the
first etching composition comprises: (A) 0.5-50wt% base; (B) 10-80wt% alcohol; (C) 0.01-15wt% additive, the additive
includes at least one selected from the group consisting of boron oxide, boric acid, potassium boric acid, sodium tetrab-
orate, aluminum chloride, aluminum hydroxide, phosphoric acid, silicon phosphoric acid, boron phosphate, aluminum
phosphate, sulfuric acid, formic acid, acetic acid, citric acid and nitric acid; and (D) water. In an embodiment, the additive
forms an oxide mask on the surface of the semiconductor wafer at the etching temperature at the same time.
[0013] Through the use of the etching composition and the method, an excellent texture structure is provided on the
surface of the semiconductor wafer. The etching composition and the method can also etch only a single surface of the
semiconductor wafer, and there is no need to cover a protection mask on the other surface of the semiconductor wafer.

BRIEF DESCRIPTION OF DRAWINGS

[0014] The disclosure can be more fully understood by reading the following detailed description of the preferred
embodiments, with reference made to the accompanying drawings, wherein:

FIG. 1 is a flow chart of forming a texture surface of an embodiment according to the present disclosure;
FIG. 2 is a pattern of a single surface of a substrate that is self-foaming etched;
FIG. 3 depicts oxide separated from the single surface of the substrate;
FIG. 4 depicts a surface of a silicon chip etched by an etching composition of an embodiment according to the
present disclosure;
FIG. 5 depicts a surface of a silicon chip etched by an etching composition of a comparative example according to
the present disclosure;
FIG. 6 depicts a surface of a silicon chip etched by an etching composition of another comparative example according
to the present disclosure;
FIG. 7 shows a relation between wavelength segments and the reflectivity of a foamed and etched silicon chip in
an embodiment and in a comparative example; and
FIG. 8 shows a relation between wavelength segments and the reflectivity of a foamed and etched silicon chip in
an embodiment and a batch-typed immersed and etched silicon chip in a comparative example.

DETAILED DESCRIPTION

[0015] In the following detailed description, for purposes of explanation, numerous specific details are set forth in order
to provide a through understanding of the disclosed embodiments. It will be apparent, however, that one or more em-
bodiments may be practiced without these specific details. In other instances, well-known structures and devices are
schematically shown in order to simplify the drawing.
[0016] FIG. 1 is a flow chart of forming a texture surface of an embodiment according to the present disclosure. The
method comprises: providing (A) base, (B) alcohol, and (C) additive; oscillating and mixing the base, the alcohol and
the additive by supersonic waves; applying the mixed base, alcohol and additive to one surface of a substrate; performing
a heating and self-foaming process; simultaneously separating oxide on a surface of the substrate; and completing the
texturing and etching process on the surface.
[0017] As shown in FIG. 1, an etching composition for a semiconductor comprises base, alcohol, and additive, wherein
the etching composition reacts on the semiconductor wafer at an etching temperature to form a foam including a solid,
a liquid and a gas that etches the semiconductor wafer.
[0018] At an appropriate etching temperature, the etching composition forms the foam spontaneously, thereby forming
on a surface of the semiconductor wafer a colloidal foam in which solid, liquid and gas co-exist in equilibrium, as shown
in FIG. 2. The liquid of the etching composition can be maintained in the colloidal foam and prevented from flowing to
a non-etching surface. In other words, the etching composition is easily controlled. Therefore, through the use of the
etching composition according to the present disclosure the etching can be performed. According, it is not necessary to
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immerse the semiconductor wafer and the step of forming a protection cover on the non-etching surface is omitted. In
an embodiment, the etching temperature ranges between 60°C and 200°C. In another embodiment, the etching tem-
perature ranges between 80°C and 150°C.
[0019] In the etching process, the additive reacts on the semiconductor wafer to form oxide that covers the surface of
the semiconductor wafer randomly, as shown in FIG. 3. Through the use of the etching composition, a texture structure
can be formed on a surface of a semiconductor to reduce the reflectivity. In an embodiment, the etching composition
according to the present disclosure is used to form a silicon chip having a texture structure on a surface thereof, so as
to fabricate a silicon chip solar cell having high conversion efficiency.
[0020] In an embodiment, the base comprises at least one selected from the group consisting of sodium hydroxide,
potassium hydroxide and potassium carbonate; the alcohol comprises at least one selected from the group consisting
of ethylene glycol, diethylene glycol, glycerol, and triethylene glycol; and the additive comprises at least one selected
from the group consisting of boron oxide, boric acid, potassium boric acid, sodium tetraborate, aluminum chloride,
aluminum hydroxide, phosphoric acid, silicon phosphoric acid, boron phosphate, aluminum phosphate, sulfuric acid,
formic acid, acetic acid, citric acid, and nitric acid.
[0021] In an embodiment, the etching composition comprises 0.5-50wt% base, 10-80wt% alcohol, and 0.01-15wt%
additive.
[0022] In an embodiment, the semiconductor wafer is made of silicon, germanium or a combination thereof. In an
embodiment, if the semiconductor wafer is made of silicon, the silicon is monocrystalline silicon, polycrystalline silicon
or a combination thereof.
[0023] In an embodiment, the etching composition comprises an additional component such as water.
[0024] The method of etching a semiconductor wafer comprises: applying a first etching composition to a first surface
of a semiconductor wafer; and etching the semiconductor wafer at an etching temperature, wherein the first etching
composition comprises: 0.5-50wt% base, 10-80wt% alcohol, 0.01-15wt% additive, and water, and the additive comprises
at least one selected from the group consisting of boron oxide, boric acid, potassium boric acid, sodium tetraborate,
aluminum chloride, aluminum hydroxide, phosphoric acid, silicon phosphoric acid, boron phosphate, aluminum phos-
phate, sulfuric acid, formic acid, acetic acid, citric acid, and nitric acid. In an embodiment, the etching temperature ranges
between 60 °C and 200 °C. In another embodiment, the etching temperature ranges between 80°C and 150°C.
[0025] In the embodiment, the method further comprises: applying a second etching composition to a second surface
of the semiconductor wafer; and etching the semiconductor wafer at 60°C to 200°C, wherein the second etching com-
position comprises: 0.5-50wt% base; and 10-80wt% alcohol.
[0026] In an embodiment, the additive of the first etching composition comprises at least one selected from the group
consisting of boron oxide, boric acid, potassium boric acid, sodium tetraborate, aluminum chloride, aluminum hydroxide,
phosphoric acid, silicon phosphoric acid, boron phosphate, aluminum phosphate, sulfuric acid, formic acid, acetic acid,
citric acid, and nitric acid.
[0027] In an embodiment, the base of the first and second etching compositions comprises at least one selected from
the group consisting of sodium hydroxide, potassium hydroxide, and potassium carbonate, and the alcohol of the first
and second etching compositions comprises at least one selected from the group consisting of ethylene glycol, diethylene
glycol, glycerol, and triethylene glycol.
[0028] In an embodiment, the first etching composition comprises 0.5-50wt% base, 10-80wt% alcohol, and 0.01-15wt%
additive.
[0029] In an embodiment, the second etching composition comprises 0.5-50wt% base and 10-80wt% alcohol. In an
embodiment, the semiconductor wafer is heated to the etching temperature before the application of the etching com-
position. In another embodiment, the semiconductor wafer is heated to the etching temperature after the application of
the etching composition.
[0030] In an embodiment, the second etching composition comprises an additional component such as water.
[0031] The application of the first and second etching compositions can be performed by spray coating, spin coating,
screen printing or a scraper.
[0032] The features and efficacy of the present disclosure are described according the specific embodiments, which,
however, are not used to limit the scope of the present disclosure.

<Embodiments>

The preparation of the etching composition

[0033] Table 1 lists the components of the etching composition and their wt% in embodiments 1-8 and comparative
examples 1-5. In embodiments 1-8, the etching composition prepared mainly comprises: 0.5-50wt% base; 10-80wt%
alcohol; and 0.01-15wt% additive. In comparative examples 1-4, the etching composition prepared mainly comprises:
0.5-50wt% base; and 10-80wt% alcohol. In comparative example 5, the etching composition prepared mainly comprises:
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1.5wt% potassium hydroxide; and 3wt% isopropyl alcohol.
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[0034] Twelve silicon chips are provided. The etching compositions in embodiments 1-8 and comparative examples
1-4 are applied to the surface of the twelve silicon chips by screen printing. Then, the silicon chips are heated to 120°C
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for eight minutes. Last, the etching composition is washed out. Therefore, the silicon chip has a textured surface.

Batch-typed immerse etching

[0035] A silicon chip having a protection cover formed on a rear surface thereof is provided. The silicon chip is immersed
in the etching composition in comparative example 5 that is heated to 80°C. The silicon chip is etched for 30 minutes.
Then, the etching composition is washed out. Last, the protection cover is removed. Therefore, the silicon chip has a
textured surface.

Observing and evaluating the textured surface

[0036] The textured surface of the silicon chip is observed by a scanning electron microscopy. As shown in FIG. 4, a
plurality of dense pyramid structures, i.e., an excellent texture structure, are formed on the surface of the silicon chip.
FIG. 5 shows the surface of the silicon chip etched by the etching composition in comparative example 3. It can be seen
from FIG. 5 that the texture structure is not obvious. FIG. 6 shows the surface of the silicon chip etched by the etching
composition of comparative example 5. It can be seen from FIG. 6 that the pyramid structure is dense, but it takes longer
time to etch in comparative example 5. Besides, since the etching composition in comparative example 5 contains
isopropyl alcohol that has a low boiling point, the etching composition consumes rapidly and needs to be refilled all the
time, which increases the cost of the etching material and manufacturing equipment. Moreover, the batch-typed immerse
etching makes the chip have rough structures on both surfaces thereof, which adversely affects the fabrication of a high-
efficiency silicon chip solar cell.
[0037] As shown in Table 2, the standards for evaluating the textured process effect are as follows:

o excellent
s good
Δ : acceptable
3 : poor

Measurement of reflectivity

[0038] The reflectivity of the etched surface of the silicon chip is measured with JASCO V670 Research UV-Visible
Spectrophotomer. FIG. 7 shows a relation between wavelength segments and the reflectivity of the foamed and etched
silicon chip in embodiment 7 and comparative example 3. As shown in FIG. 7, the reflectivity of the silicon chip, after
etched by the etching composition containing boric acid in embodiment, is low. In other words, the silicon chip has

TABLE 2

Etching composition Etching manner Textured process effect

Embodiment 1 spontaneous foaming and etching Δ

Embodiment 2 spontaneous foaming and etching s

Embodiment 3 spontaneous foaming and etching o

Embodiment 4 spontaneous foaming and etching o

Embodiment 5 spontaneous foaming and etching s

Embodiment 6 spontaneous foaming and etching s

Embodiment 7 spontaneous foaming and etching o

Embodiment 8 spontaneous foaming and etching o

Com. Ex. 1 spontaneous foaming and etching 3

Com. Ex. 2 spontaneous foaming and etching 3

Com. Ex. 3 spontaneous foaming and etching 3

Com. Ex. 4 spontaneous foaming and etching 3

Com. Ex. 5 Batch-typed immerse etching o
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excellent anti-reflectivity. FIG. 8 shows a relation between wavelength segments and the reflectivity of the silicon chip
in embodiment 7 and comparative example 5. As shown in FIG. 8, the reflectivity of the silicon chip, after etched by the
etching composition containing boric acid in embodiment 7, is low. In other words, the silicon chip has excellent anti-
reflectivity.
[0039] It will be apparent to those skilled in the art that various modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and examples be considered as exemplary only, with a true scope of
the disclosure being indicated by the following claims and their equivalents.

Claims

1. An etching composition, comprising:

(A) 0.5-50wt% base;
(B) 10-80wt% alcohol;
(C) 0.01-15wt% additive, the additive comprising at least one selected from the group consisting of boron oxide,
boric acid, potassium boric acid, sodium tetraborate, aluminum chloride, aluminum hydroxide, phosphoric acid,
silicon phosphoric acid, boron phosphate, aluminum phosphate, sulfuric acid, formic acid, acetic acid, citric acid
and nitric acid; and
(D) water,

wherein the etching composition reacts on a semiconductor wafer at an etching temperature to form a foam that
etches the semiconductor wafer and includes a solid, a liquid and a gas.

2. The etching composition of claim 1, wherein the semiconductor wafer is fabricated from silicon, germanium or a
combination thereof.

3. The etching composition of claim 1, wherein the semiconductor wafer is fabricated from monocrystalline silicon,
polycrystalline silicon or a combination thereof.

4. The etching composition of claim 1, wherein the base comprises at least one selected from the group consisting of
sodium hydroxide, potassium hydroxide and potassium carbonate.

5. The etching composition of claim 1, wherein the alcohol comprises at least one selected from the group consisting
of ethylene glycol, diethylene glycol, glycerol and triethylene glycol.

6. The etching composition of claim 1, wherein the etching temperature ranges between 60°C and 200°C.

7. A method for etching a semiconductor wafer, comprising:

applying a first etching composition to a first surface of a semiconductor wafer; and
etching the semiconductor wafer at an etching temperature,
wherein the first etching composition comprises:

(A) 0.5-50wt% base;
(B) 10-80wt% alcohol;
(C) 0.01-15wt% additive, the additive includes at least one selected from the group consisting of boron
oxide, boric acid, potassium boric acid, sodium tetraborate, aluminum chloride, aluminum hydroxide, phos-
phoric acid, silicon phosphoric acid, boron phosphate, aluminum phosphate, sulfuric acid, formic acid, acetic
acid, citric acid and nitric acid; and
(D) water.

8. The method of claim 7, wherein the first etching composition is heated to the etching temperature after the first
etching composition is applied to the first surface of the semiconductor wafer, wherein the etching temperature
preferably ranges between 60°C and 200°C.

9. The method of claim 7, wherein applying the first etching composition is performed by spray coating, spin coating,
screen printing or a scraper.
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10. The method of claim 7, wherein the semiconductor wafer is fabricated from silicon, germanium and a combination
thereof.

11. The method of claim 7, wherein the semiconductor wafer is fabricated from monocrystalline silicon, polycrystalline
silicon or a combination thereof.

12. The method of claim 7, wherein the base comprises at least one selected from the group consisting of sodium
hydroxide, potassium hydroxide and potassium carbonate.

13. The method of claim 7, wherein the alcohol comprises at least one selected from the group consisting of ethylene
glycol, diethylene glycol, glycerol and triethylene glycol.

14. The method of claim 7, wherein the additive forms an oxide mask on the first surface of the semiconductor wafer
at the etching temperature.

15. The method of claim 7, further comprising:

applying a second etching composition to a second surface of the semiconductor wafer; and
etching the semiconductor wafer at 60-200°C,
wherein the second etching composition comprising:

(A) 0.5-50wt% base;
(B) 10-80wt% alcohol; and
(C) optionally water.
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