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SOLAR CELL AND PROCESS FOR PRODUCING
THE SAME

[0001] This application is based on application No. 2003-
019335 filed 1n Japan, the content of which 1s incorporated
hereimnto by reference.

BACKGROUND OF THE INVENTION

0002] 1. Field of the Invention

0003] The present invention relates to a multicrystalline
silicone substrate and a process for roughening surface
thereol, preferably used 1n a field of solar cell or the like.

0004] 2. Description of the Related Art

0005] Solar cell 1s a device that converts light energy
incident on its surface such as sunlight into electric energy.
Various approaches have been attempted 1n order to improve
celliciency 1 converting light energy into electric energy.
One of such approaches 1s technique that reduces reflectance
of light incident on the surface of the substrate. Reducing the
reflectance of light incident on the surface allows the con-
version efliciency into electric energy to be improved.

[0006] The main types of solar cells are classified by
material used into crystalline silicon solar cells, amorphous
silicon solar cells, compound based solar cells and the like.
Most of the solar cells that are distributed in the market are
crystalline silicon solar cells. The crystalline silicon solar
cells are further classified into single crystal type and
multicrystalline type. Single crystal silicon solar cells have
the advantage that the conversion efliciency 1s relatively
higher because of the high quality of the substrates. How-
ever, they have the disadvantage of high production cost of
the substrates. In contrast, multicrystalline silicon solar cells
have the disadvantage of inferior substrate quality making it
difficult to improve conversion etliciency, while they have
the advantage of low production cost. In addition, as a result
of recent improvement in substrate quality of multicrystal-
line silicon solar cells and advancement of cell fabrication
technology, conversion etliciency on the order of 18% has
been achieved at laboratory level for multicrystalline silicon
solar cells.

[0007] Meanwhile, multicrystalline silicon solar cells at
mass-production level have been hitherto on the market
because of their low cost. The demand has recently been
turther increasing under circumstances where environmental
1ssues are of great concern. Accordingly, they are required to
have higher conversion efliciency in addition to the low-cost
benefit.

[0008] In fabricating a solar cell using a silicon substrate,
ctching a surface of the substrate in a predetermined con-
dition with an alkaline aqueous solution such as a sodium
hydroxide solution results 1n formation of textures on the
surface, which reduces reflection of light at the surface to
some extent.

[0009] When a single crystal silicon substrate with (100)
orientation 1s used, a pyramidal pattern called textured
structure can be formed umiformly on the surface of the
substrate by such a process.

[0010] However, when fabricating a solar cell using a
multicrystalline substrate, since texture etching with an
alkaline aqueous solution depends on the crystal orientation,
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such a pyramidal pattern cannot be formed uniformly. For
this reason, this poses the problem that the overall reflec-
tance cannot be reduced eflectively.

[0011] In order to overcome such a problem, preparing a
surface having fine textures by means of Reactive Ion
Etching has been proposed for the case where a solar cell 1s
fabricated using a multicrystalline silicon substrate (for
example, in the patent document [1]). By this method, fine
textures can be uniformly formed independent of the 1rregu-
lar orientation of the crystals of multicrystalline silicon. In
particular, reflectance can be more eflectively reduced in
solar cell using multicrystalline silicon.

[0012] [1] Japanese Patent Laid-Open Publication No.
1997-102625

[0013] Multicrystalline silicon substrates are generally
tabricated by slicing a block or 1ngot of silicon obtained by
a casting process. Widely used is slicing with use of an ID
blade or multi-wire saw. Silicon substrates fabricated by
such a process include a layer that 1s mechanically damaged
by the slicing remaining on the surface, which causes
degradation of the solar cell performance. The damaged
layer needs to be removed 1n order to use the substrate for
a solar cell. The thickness of the damaged layer 1s, although
it varies depending on the machining process, generally on
the order of 10 um.

[0014] However, since the required depth to which the
surface 1s etched by the foregoing reactive 1on etching for
forming fine textures 1s several microns at the largest, the
damaged layer 1s hardly removed.

[0015] In order to form fine textures on the surface of a
substrate for solar cell by reactive ion etching, the damaged
layer 1s preferably removed prior to the formation.

[0016] Except for mechanical etching, various processes
can be employed for the removal of the damaged layer.
Although any of them may be used, in particular, wet
ctching with chemicals 1s a simple and easy process. In
general, the easiest and mexpensive process 1s considered to
be an etching with use of an alkaline aqueous solution
including sodium hydroxide or potassium hydroxide.

[0017] However, it has been revealed that removal of the
damaged layer by alkaline etching prior to reactive 1on
ctching for forming fine textures sometimes results 1 for-
mation of too complex irregularities on the substrate, and
that the performance of solar cells fabricated using such
substrates are degraded.

[0018] The object of the present invention is to provide a
multicrystalline silicon substrate and a process for rough-
ening a surface thereof that eflectively improves the solar
cell performance even in a condition of removal of the
damaged layer by alkaline etching prior to reactive 1on
ctching for forming fine textures.

[0019] A multicrystalline silicon substrate according to the
present mvention comprises: a substrate of multicrystalline
silicon having relatively large irregularities formed on a
surface thereol by etching with an alkaline aqueous solution;
and a multiplicity of relatively fine textures formed over the
relatively large 1irregularities by dry etching, wherein a ratio
r expressed as r=a/b, which 1s the ratio between the length
a of a virtual line connecting individual peaks of the rela-
tively fine textures at a vertical cross section thereof and the
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length b of a straight line connecting the endpoints of the
virtual line, 1s not smaller than 1 and smaller than 1.1.

10020] This multicrystalline silicon substrate allows fine
textures to be formed uniformly with even heights, thereby
cllectively reducing reflectance 1 a solar cell fabricated
using the substrate. Solar cells with high conversion efli-
ciency can thus be fabricated.

[0021] It is preferable that the fine textures have a height

and a width of 2 um or less, respectively. More preferably,
the fine textures have a height and a width of 1 um or less,
respectively.

[0022] Preferably, the fine textures have a height-to-width
aspect ratio of 2 or less. At aspect ratios greater than 2, the
fine textures may sufler breakage during the production
process causing large leak current to occur 1n the fabricated
solar cell, which therefore fails to have good output perfor-
mance.

10023] A process for roughening a surface of a solar cell
substrate according to the present invention comprises the
steps of: etching a surface of a multicrystalline silicon
substrate with an alkaline aqueous solution for forming
relatively large irregularities having a surface area-to-planar
surface area ratio R of larger than 1 and smaller than 1.1; and
a dry etching step for forming a multiplicity of relatively fine
textures over the relatively large 1rregularnities.

10024] This process allows fine textures to be formed
uniformly, thereby eflectively reducing reflectance in the
solar cell fabricated using the substrate. Solar cells with high
conversion elliciency can thus be fabricated.

BRIEF DESCRIPTION OF THE DRAWINGS

10025] FIG. 1 illustrates a solar cell using a multicrystal-
line silicon substrate that 1s surface textured by a process of
the present mnvention.

10026] FIG. 2 illustrates a reactive ion etching device used
in a process for roughening a surface of a multicrystalline
s1licon substrate according to the present invention.

[10027] FIG. 3 is a SEM image of a surface of a multic-

rystalline silicon substrate textured by a surface texturing
process of the present invention.

[10028] FIG. 4 is a diagram 1illustrating the definitions of
surface area and planar surface area according to the present
invention.

10029] FIG. 5 is a graph showing a relationship between
surface area-to-planar surface area ratio R after alkaline
etching and conversion efficiency of the fabricated solar cell.

[0030] FIG. 6 1s a schematic cross-sectional view showing
fine textures 22 formed by reactive ion etching over a
surface of a silicon substrate 21 after removal of a damaged
layer by alkaline etching.

[0031] FIG. 7 is an electron microscope image for illus-
trating aspect ratio in the case of fine textures formed over
a surface of a silicon substrate.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

[0032] A specific embodiment of the present invention
will be hereinafter described in detail with reference to the
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accompanying drawings taking a bulk crystalline silicon
solar cell as an example. However, the present invention 1s
not limited to this example and applicable to solar cells of
other types including thin film solar cells using a glass
substrate.

10033] FIG. 1 1s a cross section showing a structure of a
solar cell fabricated by a substrate processing method of the
invention. Referring to FIG. 1, numeral 1 denotes a silicon
substrate, numeral 2 denotes textures formed on the silicon
substrate 1, numeral 3 denotes an impurity diffusing layer on
the light-reception surface side, numeral 4 denotes an 1mpu-
rity diffusing layer (BSF) on the back surface side of the
silicon, numeral 6 denotes a surface electrode, and numeral
7 denotes a back surface electrode.

[0034] On the surface side of the silicon substrate 1,
impurity diffusing layer 3 in which another type impurity
against the substrate 1s diffused 1s formed. This 1mpurity
diffusing layer 3 1s provided for forming a semiconductor
junction within the silicon substrate 1. For example, for
diffusion of an n-type impurity, a vapor phase diffusion
technique using POCI,, spin-on diffusion using P,O- or 1on
implantation for directly introducing P™ 1ons into the sub-
strate by electric field 1s used.

[0035] The layer 3 including an opposite-type semicon-
ductor impurity 1s formed to a thickness of 0.3-0.5 um.

[0036] An antireflective film 5 1s formed on the surface
side of the silicon substrate 1. The antireflective film 5 1s
provided to prevent light from retlecting at the surface of the
s1licon substrate 1 so as to eflectively introduce light into the
silicon substrate 1. As a result of taking into account of the
difference in index of refraction between the silicon sub-
strate 1 and the antireflective film and the like, the antire-
flective film 5 comprises a material having an index of

refraction on the order of 2, and 1s a silicon nitride film or
silicon oxide (Si0,) film with a thickness of 500-2000 A.

[0037] Preferably, a layer 4 doped with a same-type semi-
conductor impurity as that of substrate at a high concentra-
tion 1s formed on the backside surface of the silicon substrate
1. This layer 1s called Back Surface Field (BSF) layer. The
BSF layer 4 doped with a first-type semiconductor impurity
at a high concentration 1s provided to create an internal
clectric field on the backside of the silicon substrate 1 so as
to prevent recombination of carniers in the vicinity of the
backside surface of the silicon substrate 1, thereby prevent-
ing lowering of the ethiciency.

[0038] In the above described structure of the solar cell,
carriers generated 1n the vicinity of the back surface of the
silicon substrate 1 are accelerated by the electric field, and
as a result, electric power can be generated effectively. In
particular, photosensitivity to light at long wavelengths 1s
enhanced, so that degradation of the solar cell performance
at high temperatures can be alleviated. The sheet resistance
on the backside of the silicon substrate 1 formed with the

BSF layer 4 1s on the order of 15 £/sq.

[10039] A surface electrode 6 and a back surface electrode
7 are formed on the surface side and backside of the silicon
substrate 1, respectively. These surface electrode and back
surface electrode are formed by screen printing of Ag paste
and thereafter baking Ag paste mainly composed of Ag
powder, a binder and 1rit, and then by forming a solder layer
thereon.
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[0040] The surface electrode 6 1s constructed with a large
number of fingers (not shown) formed at pitches of about 3
mm across a width of about 200 um, and two busbars
interconnecting the large number of fingers.

[0041] The back surface electrode 7 is constructed with a
large number of fingers (not shown) formed at pitches of
about 5 mm across a width of about 300 um, and two busbars
interconnecting the large number of fingers.

[0042] The silicon substrate 1 is a multicrystalline silicon
substrate. This substrate 1 may either be of p-type or n-type.
The multicrystalline silicon substrate 1 1s formed by the
casting method or the like. Being mass-producible, multic-
rystalline silicon 1s quite advantageous over single crystal
silicon 1n terms of production cost. A silicon substrate 1s
produced by cutting a silicon block formed by a crystal-
pulling method or casting method into mgots of 10 cmx10
cm or 15 cmx15 cm 1n size, and then slicing the ingot into
pieces of about 300 um thickness.

10043] A typical method used for slicing the ingot is
sawing with an ID (Inside Diameter). blade or multi-wire
saw. Because silicon 1s sliced by such a mechanical method,
residual stress 1s present on the ground surface, which
therefore arises a number of defects 1 the vicinity of the
surface of the silicon substrates. Accordingly, 1n the manu-
facture of multicrystalline silicon solar cells, the damaged
layer as above needs to be removed since 1t causes solar cell
performance degradation.

10044] In order to remove the damaged layer, a process
that causes no additional damage to the surface of the silicon
substrate 1s necessary. Wet etching 1s generally used as such
a process.

[0045] The most frequently used process 1s etching with
sodium hydroxide or potassium hydroxide because of the
case and mexpensiveness. The etching with alkaline aque-
ous solution has a selectivity depending on the crystallo-
graphic orientation selectivity preference when etching mul-
ticrystalline silicon.

[0046] Among the multicrystalline silicon grains, grains of
(100) orientation are etched at the fastest etching rate, while
grains of (111) orientation are etched at the slowest etching
rate. The preference in the etching rate 1s also eflected
among individual crystal grains within the multicrystalline
s1licon substrate so that the etching proceeds to reveal (111)
orientation planes ultimately.

10047] As a process for forming irregularities utilizing the
foregoing feature, there 1s a process for forming a textured
surface with use of an alkaline aqueous solution. In this
process, etching i1s performed, for example, with a 5%
sodium hydroxide aqueous solution at about 70° C. If the
crystal grains are of (100) orientation, a myriad of pyramidal
structures having four (111) planes are formed on the
surfaces of the crystal grains. Accordingly, in cases where a
single crystal silicon substrate of (100) orientation 1s used,
pyramidal structures are formed on the whole surface of the
single crystal silicon substrate. Where there are the pyrami-
dal structures formed, since they function to reduce retlec-
tion of light, the light absorption 1s increased, thereby
improving the solar cell performance. For this reason, sili-
con substrates of (100) orientation are frequently used for
single crystal silicon solar cells.
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[0048] In the case of a multicrystalline silicon substrate,
pyramidal structures are formed on the (100) oriented planes
by alkaline etching. While other planes are not formed with
pyramidal structures, since the etching proceeds so as to
reveal the (111) planes, textures are formed correspondingly.
If etched to a depth of about 15 um with alkaline solution,
the sizes of the textures formed by alkaline etching are about
several um to less than 20 um.

[0049] In the present invention, a reactive ion etching
(RIE) process 1s additionally performed after the removal of
the damaged layer with an alkaline aqueous solution, so as
to form fine textures. This 1s because i1t 1s 1mpossible to
remove the damaged layer effectively by RIE process. The
RIE process etches only several microns at most when
forming fine textures on all the surfaces of the crystal grains
of different orientations present on the surface of the mul-
ticrystalline silicon substrate.

[0050] The RIE process is an etching process, in which
gases are introduced into an evacuated chamber, and while
the pressure 1s kept constant, a RF voltage 1s applied to an
clectrode situated 1n the chamber so that a plasma 1s gen-
erated, which yields active species such as 1ons and radicals
that act on the surface of the substrate, thereby etching the
surtace.

[0051] 'This process is generally carried out using a device
as shown in FIG. 2.

[0052] In FIG. 2, there are shown a mass-flow controller
8, a silicon substrate 1, an RF electrode 9, a pressure
regulator 10, a vacuum pump 11, and an RF power source
12. Gases are mtroduced into the chamber from the mass-
flow controller 8. A plasma 1s generated at the RF electrode
so that 10ns and radicals are excited and activated to act on
the surface of the silicon substrate 1 placed above the RF
clectrode 9, thereby etching the substrate.

[0053] In etching processes where active species are pro-
duced, the method in which the effect of the ions on the
etching 1s particularly enhanced 1s generally called reactive
ion etching. A process similar to this 1s plasma etching,
where the principle of plasma generation 1s basically the
same. The reactive 1on etching differs from the plasma
ctching only in that the distribution of the active species
acting on the substrate i1s altered to a different one by the
arrangement of the chamber, electrode or frequencies gen-
crated, and 1s the same as the plasma etching in other
aspects. Accordingly, the present invention applies not only
to reactive 1on etching, but more widely to plasma etching
in general.

[0054] In the present invention, for example, with a CI,
gas tlow of 0.01 slm, an O, gas flow of 0.06 slm and a SF,
gas tlow of 0.04 slm, etching 1s performed under a reaction
pressure of 7 Pa and at an RF power of 5 kW for generating
plasma for about 5 minutes. By this process, fine textures are
formed on a surface of the silicon substrate.

[0055] Although silicon 1s etched and essentially vapor-
ized during the etching, a part thereotf 1s not vaporized and
molecules coalesce each other to remain on the surface of
the substrate as a residue. The main component of the
residue 1s silicon.

[0056] Ifthe conditions of the gases, reaction pressure, RF
power and the like are set so that fine textures are formed and
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the residue as mentioned above remains on the surface of the
substrate, fine textures are formed by etching that proceeds
utilizing the residue as a mask. Accordingly, textures can be
tormed reliably. However, as described later, the aspect ratio
of the fine textures needs to be optimized by satisiying a
specific condition.

[0057] FIG. 3 shows a surface where fine textures are
formed by reactive 1on etching after removal of damaged
layer by etching with an alkaline aqueous solution. The
lower photograph of FIG. 3 1s enlarged one of the upper
photograph.

|0058] The sizes of the fine textures formed by reactive
ion etching are about 0.1-1.0 um, which are one order of
magnitude smaller than the textures of the texture formed by
etching with an alkaline aqueous solution.

[0059] In addition, since the formation of textures poorly
depends on the crystal orientation 1n reactive 1on etching, a
multicrystalline silicon substrate has been texture etched to
form uniform fine textures with reactive 1on etching after
removal of the damaged layer with use of the alkaline
aqueous solution.

[0060] FIG. 4 1s a schematic diagram showing a random
irreguralities formed on a surface of a multicrystalline
silicon substrate with use of an alkaline aqueous solution.

Some 1rregularities are drawn as a group of small triangles
A to .

[0061] In this specification, an area in which the areas of
textures of the surface of the silicon substrate are included
(in FIG. 4, the sum of the areas of the tniangles: A+B+C+
D+E+F+G+H+1+7J) 1s referred to as the “surface area”, and
a projected area that i1s the area viewed from a direction
perpendicular to the silicon substrate (S 1n FI1G. 4) 1s referred
to as the “planar surface area”. The surface area can be
measured with AFM (Atomic Force Microscope) or SEM

(Scanning Electron Microscope) for three-dimensional sur-
face measurements.

10062] Irregularities formed by alkaline etching have sur-
face area-to-planar surface area ratios R of about 1.1 to 1.3.
By definition, the ratio R 1s never smaller than 1.

[0063] When fine textures are further formed over the
irregularities by reactive 1on etching, the surface area formed
by etching of irregularities with alkaline aqueous solution
further increases. As the surface area increases, difference
due to the different crystal orientations becomes prominent.
It has been found that, for this reason, when an antireflective
film 1s formed by the CVD method 1n a later process, color
unevenness 1s caused by the film thicknesses that differ from
crystal grain to crystal grain, leading to degradation of the
solar cell performance. Also 1n view of the solar cell
performance, a smaller surface area 1s preferable, because as
the surface area increases, saturation current increases lead-
ing to an increase in the leakage of the current. In other
words, the surface of the silicon substrate before the forma-
tion of fine textures by reactive 1on etchuing 1s preferably as
flat as possible.

[0064] After a number of experiments, it has been discov-
ered that 1n order to effectively form fine textures by reactive
ion etching after removal of the damaged layer on the
surface of a multicrystalline silicon substrate by alkaline
ctching, 1t 1s preferable that the surface area-to-planar sur-
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face area ratio R after the removal of the damaged layer by
alkaline etching be smaller than 1.1.

[0065] By this arrangement, the thickness of the antire-
flective film can be maintained almost constant irrespective
of the crystal grains on the surface of the substrate, so that
the performance can be improved sufliciently.

[0066] FIG. 5 is a graph showing a relationship between
surface area-to-planar surface area ratio R of a substrate after
removal of a damaged layer by alkaline etching and con-
version efliciency of a solar cell fabricated by forming fine
textures by reactive 1on etching using the substrate. The
graph shows that high conversion efliciencies are achieved
when the surface area-to-planar surface area ratio R after

removal of the damaged layer by alkaline etching 1s smaller
than 1.1.

[0067] FIG. 6 is a cross-sectional view showing fine
textures 22 formed on a surface of a silicon substrate after

removal of a damaged layer by alkaline etching.

[0068] The present invention is arranged such that ratio r
(r=a/b) between the length a of a virtual line (the bold line
in FIG. 6) connecting individual peaks of the fine textures 22
at a cross section thereot and the length b of a straight line
connecting the two endpoints 23 and 24 of the virtual line 1s
smaller than 1.1, that 1s r<1.1. This indicates that the heights
of the peaks of the fine textures 22 are even. Meanwhile, by
definition, the ratio r 1s never smaller than 1.

[0069] In order that the ratio R between the surface area
and planar surface area after removal of the damaged layer
by alkaline etching i1s smaller than 1.1, and/or the ratio r
between the length a of a virtual line connecting individual
peaks of the fine textures 22 at a cross section thereof and the
length b of a straight line connecting the two endpoints of
the virtual line 1s smaller than 1.1, performing removal of the
damaged layer with the alkaline etching as fast as possible
would be eflective.

[0070] This can be accomplished, for example, by a pro-
cess 1n which a 25 wt % sodium hydroxide aqueous solution
1s heated at 85° C., and a silicon substrate 1s etched 1n the
solution. In the present mnvention, the features that ratio R
between surface area and planar surface area i1s smaller than
1.1, and ratio r between the length a of a wvirtual line
connecting individual peaks of the fine textures at a cross
section thereof and the length b of a straight line connecting
the two endpoints of the virtual line 1s smaller than 1.1 can
be accomplished by performing the alkaline etching at a
high speed.

[0071] As shown in FIGS. 6 and 7, the fine textures form
conical shapes or strings of conical shapes. The size thereof

can be changed by the gas concentration or etching time 1n
the RIE process.

[0072] The fine textures are formed to have a width and a
height of 2 um or less, respectively. In order to controllably
form fine textures so as to uniformly and precisely cover all
over the required area of the surface of the silicon substrate
1, the width and height are preferably 1 um or less, respec-
tively.

[0073] The aspect ratio used for describing the present
invention 1s defined, as shown in FI1G. 7, as the ratio between
the height and the base of a triangle that 1s formed by the

generally straight lines of the both sides observed at a
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cross-section of the fine textures (height/width of an tex-
ture). Where the cones of the fine textures form a string, the
cross-section of the fine textures mentioned above refers to
a vertical cross-section taken along the string.

[0074] Since the height and width of the fine texture in
FIG. 7 are 1.3 um and 1 pum, respectively, the aspect ratio 1s
1.3.

[0075] In the present invention, the aspect ratio of the fine
textures 1s preferably 2 or less. When the aspect ratio 1s
greater than 2, breakage of the fine textures occurs 1n the
manufacturing process, and leakage current 1s great in the
tabricated solar cell, which therefore fails to have good
output performance.

[0076] While a specific embodiment of the present inven-
tion has been described so far, implementation of the present
invention 1s not limited to the foregoing embodiment, and
various modifications may be made within the scope of the
present invention.

1-6. (canceled)
7. A solar cell comprising:

a multicrystalline silicon substrate;

irregularities formed on a light-reception surface of the
substrate; and

a multiplicity of textures formed on the irregularities,
wherein the textures are smaller than the irregularities,

wherein a ratio r expressed as r=a/b, which 1s the ratio
between the length a of a wvirtual line connecting
individual peaks of the textures at a vertical cross
section of the substrate and the length b of a straight
line connecting the endpoints of the virtual line, 1s
equal to or larger than 1 and smaller than 1.1.

8. The solar cell according to claim 7, wherein the textures
have a height and a width equal to or less than 2 um,
respectively.

9. The solar cell according to claim 7, wherein the textures
have a height and a width equal to or less than 1 um,
respectively.

10. The solar cell according to claim 7, wherein the
textures have a height-to-width aspect ratio (height/width)
equal to or less than 2.

11. The solar cell according to claim 7, wherein the
irregularities are formed by etching with an alkaline aqueous
solution.

12. The solar cell according to claim 7, wherein the
textures are formed by dry etching.

13. The solar tell according to claim 7, further comprising

an antireflective film provided on the light-reception surface
of the substrate.

14. The solar cell according to claam 13, wherein the

antiretlective film 1s provided on the textures on the sub-
strate.

15. The solar cell according to claim 7, further comprising
an electrode provided on a surface of the substrate.

16. The solar cell according to claam 15, wherein the

clectrode 1s provided on the light-reception surface of the
substrate.

17. A solar cell comprising:

a multicrystalline silicon substrate;
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irregularities formed on a light-reception surface of the
substrate; and

a multiplicity of textures formed on the irregularities,
wherein the textures are smaller than the irregulanities,

wherein a surface area-to-planar surface area ratio R of
the substrate 1s larger than 1 and smaller than 1.1.

18. The solar cell according to claim 17,

wherein a ratio r expressed as r=a/b, which 1s the ratio
between the length a of a wvirtual line connecting
individual peaks of the textures at a vertical cross
section thereof and the length b of a straight line
connecting the endpoints of the virtual line, 1s equal to
or larger than 1 and smaller than 1.1.

19. The solar cell according to claim 17, wherein the
textures have a height and a width equal to or less than 2 um,
respectively.

20. The solar cell according to claim 17, wherein the
textures have a height and a width equal to or loss than 1 um,
respectively.

21. The solar cell according to claim 17, wherein the
textures have a height-to-width aspect ratio (height/width)
equal to or less than 2.

22. The solar cell according to claim 17, wherein the

irregularities are formed by etching with an alkaline aqueous
solution.

23. The solar cell according to claim 17, wherein the
textures are formed by dry etching.

24. The solar cell according to claim 17, further compris-
ing an antireflective film provided on the light-reception
surtace of the substrate.

25. The solar cell according to claim 24, wherein the
antiretlective film 1s provided on the textures on the sub-
strate.

26. The solar cell according to claim 17, further compris-
ing an electrode provided on a surface of the substrate.

27. The solar cell according to claim 26, wherein the
clectrode 1s provided on the light-reception surface of the
substrate.

28. A process tor producing a solar cell, comprising;

a step of forming irregularities on a surface of a light-
reception surface ol a multicrystalline silicon substrate
by etching; and

a step of forming multiplicity of textures on the irregu-
larities, wherein the textures are smaller than the 1rregu-
larities,

wherein 1n the step of forming multiplicity of textures, a
ratio r expressed as r=a’/b, which 1s the ratio between
the length a of a virtual line connecting individual
peaks of the textures at a vertical cross section thereof
and the length b of a straight line connecting the
endpoints of the virtual line, 1s equal to or larger than
1 and smaller than 1.1.

29. The process for producing a solar cell according to

claim 28, wherein the irregularities are formed by etching
with an alkaline aqueous solution, and the textures are

formed by dry etching.

30. The process for producing a solar cell according to
claim 28, further comprising a step of providing an antire-
flective film on the light-reception surface of the substrate.
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31. The process for producing a solar cell according to
claim 30, wherein the antireflective film 1s provided on the
textures on the substrate.

32. The process for producing a solar cell according to
claim 28, further comprising a step of providing an electrode
on a surface of the substrate.

33. The process for producing a solar cell according to
claiam 32, wherein the electrode 1s provided on the light-
reception surface of the substrate.

34. A process for producing a solar cell, comprising:

a step ol forming irregularities on a surface of a light-
reception surface of a multicrystalline silicon substrate
by etching, wherein a surface area-to-planar surface
area ratio R 1s larger than 1 and smaller than 1.1,

a step of forming multiplicity of textures on the irregu-
larities, wherein the textures are smaller than the 1rregu-
larities.
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35. The process for producing a solar cell according to
claim 34, wherein the irregularities are formed by etching
with an alkaline aqueous solution, and the textures are
formed by dry etching.

36. The process for producing a solar cell according to
claim 34, further comprising a step of providing an antire-
flective film on the light-reception surface of the substrate.

37. The process for producing a solar cell according to
claim 36, wherein the antireflective film 1s provided on the
textures on the substrate.

38. The process or producing a solar cell according to
claim 34, further comprising a step of providing an electrode
on a surface of the substrate.

39. The process for producing a solar cell according to
claiam 38, wherein the electrode 1s provided on the light-
reception surface of the substrate.
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