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@ Solar cell containing low melting point glass layer.

@ A solar cell includes a substrate 1, a compound
semiconductor, which is a laminated film having
compound semiconductor layers 3, 4, 5 and 6, and
low melting point glass layers 2 and 7. When the
solar cell is heated by fire, the low melting point
glass layers melt to seal the compound semiconduc-
for so that toxic substances contained in the com-
pound semiconductor are not released into the air.
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The invention relates fo a solar cell having low
melting point glass and a compound semiconduc-
tor, which contains heavy metals such as Cd, Se
and the like.

A solar cell including a CdS laminated film and
a Chalcopyrite-type compound thin film such as a
CulnSe, film has been well known. Even though
this solar cell is thin, its conversion efficiency is
extremely high at about 15%. Like amorphous sili-
con-based solar cells, moreover, the properties of
the solar cell including the laminated film are not
deteriorated by light, and this solar cell is expected
to replace crystal silicon-type solar cells which are
currently in use. (See Katsumi Kushiya, Nihon Kin-
zoku Gakkai Kaihou (Bulletin of the Metallurgy So-
ciety of Japan), vol. 30,pp.930-935, 1991.)

However, this solar cell with the laminated film
also has a problem, since it contains heavy metals
such as Cd, Se and the like, and these heavy
metals are likely to be released at high tempera-
ture, as in a fire, thus polluting the environment.

An object of the invention is to provide a solar
cell having a compound semiconductor, which
does not release heavy metals such as Cd and Se,
when exposed to high temperatures.

This and other objects and advantages of the
invention are attained by a solar cell comprising a
compound semiconductor and at least one low
melting point glass layer. The compound semicon-
ductor is a laminated film comprising compound
semiconductor layers, and the low melting point
glass layer is formed on at least one surface of the
compound semiconductor.

It is preferable that the low melting point glass
layer is formed on the entire surface of the com-
pound semiconductor.

It is also preferable that the low melting point
glass layer is formed partially on the surface of the
compound semiconductor.

It is further preferable that the low melting point
glass layer is formed on both the top and bottom
surfaces of the compound semiconductor.

It is preferable that the low melting point glass
layer has a softening temperature lower than
500° C.

It is also preferable that the low melting point
glass layer is 0.1-10um thick.

It is further preferable that the low melting point
glass layer is made of at least one material se-
lected from the group consisting of PbO-B;0Os-
Si0,-Al O3 glass and Zn0-B»03-Si0; glass.

It is preferable that the low melting point glass
layer is formed by a dry deposition process.

It is also preferable that the dry deposition
process is a sputtering method.

It is preferable that the low melting point glass
layer is formed on a soda-lime glass substrate, and
that the compound semiconductor layers are lami-

10

15

20

25

30

35

40

45

50

55

nated on the low melting point glass layer.

It is preferable that the compound semiconduc-
tor is a Chalcopyrite-type compound semiconduc-
tor.

It is also preferable that the compound semi-
conductor comprises at least one element selected
from the group consisting of Cd, S and Se.

It is further preferable that the compound semi-
conductor comprises at least one layer selected
from the group consisting of a Cu(In,Ga)(Se,S),
layer and a CdS layer.

Fig. 1 shows a thermo-gravimetric curve of
CdS when CdS is heated in air.

Fig. 2 shows a thermo-gravimetric curve of
CulnS, when CulnS; is heated in air.

Fig. 3 shows a thermo-gravimetric curve of
CulnSe2> when CulnSe; is heated in air.

Fig. 4 is a cross-sectional view of a super-
straight CdS/CulnSe; solar cell of a first embodi-
ment of the invention.

Fig. 5 is a cross-sectional view of a substraight
CdS/Culn(S, Se), solar cell of a second embodi-
ment of the invention.

Fig. 6 is a cross-sectional view of a fandem
CdS/CdTe//CdS/CulnSe, solar cell of a third em-
bodiment of the invention.

Since the low melting point glass layer is
formed on at least one surface of the compound
semiconductor of the solar cell of the invention,
heavy metals such as Cs, Se and the like con-
tained in the compound semiconductor are not
released at high temperature such as through a
fire. More specifically, the low melting point glass
layer softens to cover the compound semiconduc-
tor before the semiconductor is decomposed into
Cd, Se and the like by heat, so that the release of
toxic substances such as Cd and Se into the envi-
ronment is prevented. In addition, the low meliing
point glass layer can be formed partially on the
surface of the compound semiconductor, since the
low melting point glass softens and spreads at high
temperatures to seal the compound semiconductor.

PbO-Bzoa-Si02-A|203 glass, Zn0-8203-3i02
glass, B203-PbO-ZnO glass or B203-Pb0O-SiO-
glass is used for the low melting point glass layer
of the invention.

Thermo-gravimetric analyses were directed to
CdS, CulnSz and CulnSe:; in the invention. Fig. 1 is
a graph showing the correlation between the tem-
perature and the weight of CdS. The vertical axis of
the graph indicates the fluctuation of the weight in
percentage when the weight of CdS at 0°C is set
to be 100%. According to Fig. 1, the weight of CdS
starts to increase at around 600°C, and then de-
crease at around 800°C. The increase in the
weight of CdS is caused by the formation of sulfate
(804) while the decrease results from the decom-
position of sulfate and the release of sulfer oxide.
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In addition to sulfer oxide, Cd is partially released
at the same time.

Fig. 2 is a graph showing the correlation be-
tween the temperature and the weight of CulnS;.
As in Fig. 1, the vertical axis of the graph indicates
the fluctuation of the weight (%) while the weight of
CulnS; at 0°C is set at 100%. According to Fig. 2,
the weight of CulnS; starts to increase at around
500°C, and then decrease at around 600°C. The
increase results from the formation of SOs while
the decrease is caused by the decomposition of
S04 and the release of sulfer oxide. Besides sulfer
oxide, Cu and In are partially released at the same
fime.

Fig. 3 is a graph showing the correlation be-
tween the temperature and the weight of CulnSe:;.
As in Figs. 1 and 2, the vertical axis of the graph
indicates the fluctuation of the weight (%) while the
weight of CulnSe; at 0°C is set at 100%. Accord-
ing to Fig. 3, the weight of CulnSe; starts to
decrease at around 500°C. The decrease in the
weight is caused by the thermal decomposition of
CulnSe> and the release of selenic oxide. Besides
selenic oxide, Cu and In are partially released at
the same time.

Based on the results of the thermo-gravimetric
analyses, all of the compounds (CdS, CulnS; and
CulnSez) are confirmed to be stable at tempera-
tures lower than 500°C and to decompose at
500 ° C or higher. Therefore, it is preferable that the
low melting point glass layer of the invention soft-
ens at a temperature lower than 500°C so as fo
seal the compound semiconductor.

The invention will be explained in detail with
reference to the attached figures and the following
examples. The examples are illustrative and should
not be construed as limiting the invention in any
way.

Example 1

Fig. 4 is a cross-sectional view of the super-
straight solar cell of a first embodiment.

A 1um thick low melling point glass layer 2
shown in Fig. 4 was coated on a soda-lime glass
substrate 1 at room temperature and in an Ar
atmosphere by a high-frequency magnetron sput-
tering method. More specifically, the sputtering was
directed for 10 minutes with 1KW applied voltage
and at 8x1073Torr degree of vacuum while a
15x15 square inch PbO-B203-Si02-Al, 03 glass
was used as a target. The distance between the
target and the substrate was 10cm. The speed of
depositing the PbO-B,03-Si0,-Al> O3 glass on the
substrate was about 0.1um per minute. The ma-
terial of low melting point point glass layer 2 was
Pb0-B203-Si02-Al,03. The coefficient of thermal
expansion of the substrate is preferably the same
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as the coefficient of thermal expansion of CulnSe;,
thus equal to 87x1077/°C.

Moreover, a 1.0um thick ZnO transparent con-
ductive layer 3 was formed on low melting point
glass layer 2 by a sputtering method. A 0.2um
thick CdS layer 4 was then deposited on ZnO
transparent conductive layer 3 as an n-type window
layer; a 2.0um thick CulnSe; layer 5 was formed
on CdS layer 4 as a light absorbing layer; a 0.1um
thick Au layer was formed on CulnSe; layer 5 as a
back contact electrode layer 6; a 10um thick low
melting point glass layer 7 was deposited on back
contact electrode layer 6 by a sputtering method.
Thus, a solar cell was formed. This sputtering
method was directed under the same conditions as
the sputtering conditions applied for forming low
melting point glass layer 2. The solar cell of this
example was then inserted into a metallic frame.

In order to reduce stress generated by the
difference in the coefficients of thermal expansion
between the substrate and low melting point glass
layer 2, the thickness of the glass layer is prefer-
ably from 0.1um to 2um. The thickness of low
melting point glass layer 7, in addition, is prefer-
ably 2-10um so that CdS layer 4 and CulnSez
layer 5 can be sufficiently sealed by the low melt-
ing point glass.

When a solar cell is a superstraight type, ZnO,
CdS and CulnSe, layers are formed at tempera-
tures lower than 300°C so that a substrate coated
with low melting point glass can be applied to the
solar cell. The strain point of low melting point
glass of the invention is 361 ° C; the annealing point
is 370°C; the transition point is 366°C; the yield
point is 389 ° C; and the softening point is 440 ° C.

Low melting point glass layers 2 and 7 soften
at a temperature lower than the thermal decompo-
sition temperature of the compound semiconductor
of the example confaining heavy metals such as
CdsS, CulnSez and the like, and seal the compound
semiconductor when a building where the solar cell
of the example is installed is on fire. The softened
low melting point glass, in addition, is active
enough to seal heavy metals such as Cd, Se and
the like by a chemical reaction with the compound
semiconductor so that the toxic substances such
as Cd, Se and the like are not released into the air.

In order to test the safety of the solar cell of
the example, the solar cell was heated in a gas-
eous atmosphere, which was a mixture of 80% by
volume of N> gas and 20% by volume of O, gas,
to 850°C. (850°C is the peak temperature of a
normal fire.) Gas generated from the solar cell was
absorbed in a nitrate solution and analyzed by an
ICP (Inductive Coupled Plasma) emission spec-
troscopy. Heavy metals such as Cd, Se and the
like were hardly detected by the analysis.
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Example 2

Fig. 5 is a cross-sectional view of the sub-
straight-type solar cell of a second embodiment.

A 1.0um thick bottom electrode 12 shown in
Fig. 5 was formed on a soda-lime glass substrate
11 as a Mo layer by a sputtering method. A 3.0um
thick Cu(lnggGag2)Sez layer was formed on bottom
electrode 12 by a four source evaporation method
as a light abosorbing layer 13; a 0.05um thick CdS
layer 14 was formed on light absorbing layer 13 by
a chemical bath deposition method; a 1.0um thick
ZnO/ITO ftransparent conductive layer 15 was
formed on CdS layer 14; a 2.0um thick Ni/Al layer
was partially deposited on ZnO/ITO transparent
conductive layer 15 as a contact grid 16. A 10um
thick Zn0O-B,03-Si0O; low melting point glass layer
17 was formed on ZnO/ITO transparent conductive
layer 15 and contact grid 16 under the same con-
ditions as the sputtering conditions applied for for-
ming low melting point glass layer 2 in Example 1.
The top surface of the low melting point glass layer
17 was then coated with cover glass, and the gap
between the low melling point glass layer 17 and
the cover glass was filled with EVA (ethylene vinyl
acetate).

Low melting point glass layer 17 softens at a
temperature lower than the thermal decomposition
temperature of the compound semiconductor of the
example containing heavy metals such as CdS,
CulnSe, and the like, and seals compound semi-
conductor when a building where the solar cell of
the example is installed is on fire. The softened low
melting point glass, in addition, is active enough to
seal heavy metals such as Cd, Se and the like by a
chemical reaction with the compound semiconduc-
tor so that the toxic substances such as Cd, Se
and the like are not released into the air.

In order to test the safety of the solar cell of
the example, the cell was heated in a gaseous
atmosphere, which was a mixture of 80% by vol-
ume of N2 gas and 20% by volume of 02 gas, to
850°C. Gas generated from the solar cell was
absorbed in a nitrate solution and analyzed by an
ICP emission spectroscopy. Heavy metals such as
Cd, Se and the like were hardly found by the
analysis.

Even if a (Cd, Zn)S layer was used as a
window layer and a Culn(Se, S), layer or a Cu(ln,
Ga)(Se, S), layer was used as a light absorbing
layer, Cs, Se and the like could not be detected by
ICP emission spectroscopy.

Example 3
A tandem solar cell including two laminated

solar cells, which have different light absorbing
wavelengths from each other, can absorb a solar
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spectrum efficiently and has a high conversion
efficiency. An example of a tandem solar cell is
shown in Fig. 6 and is explained in this example.

The tandem solar cell shown in Fig. 6 includes
a CdS/CdTe solar cell and a CdS/CulnSe; solar
cell. The light absorbing wavelength of a CdTe
layer and a CulnSez layer is about 0.85um and
about 1.2um respectively. Therefore, light with less
than 0.85um wavelength is absorbed by a CdTe
solar cell while light with 0.85-1.2um wavelength is
absorbed by a CulnSe; solar cell.

In Fig. 6, a substrate 18 was made of Corning
glass #7059. ITO/ZnO layers were formed on the
substrate as a transparent conductive layer 19 by
the same sputtering method as Example 1. On
transparent conductive layer 19, a 0.3um thick CdS
layer 20 as a window layer and a 5um thick CdTe
layer 21 as a light absorbing layer were formed by
a hot wall evaporation method. In this hot wall
evaporation method, CdS layer 20 and CdTe layer
21 were deposited on the ITO/ZnO layers, while
the space between the evaporating source and the
substrate was covered with a cylinder, and the
cylinder was heated during the deposition pro-
cesses. A 1.0um thick SnO. layer was formed on
CdTe layer 21 as a transparent conductive layer 22
by a sputtering method, thus manufacturing the
CdTe solar cell. The thickness of the ITO layer of
transparent conductive layer 19 was 0.2um, while
the thickness of the ZnO layer of the conductive
layer was 0.8um.

On transparent conductive layer 22, about 2um
thick PbO-B,03-Si02-Al; O3 low melting point glass
layer 23 was formed by an electron beam evapora-
tion method at a room temperature and 2x107®
Torr degree of vacuum and with 0.3A filament
current and 10KV acceleration voltage. The current
value and acceleration voltage may be different,
depending on the size of the chamber of an evap-
oration device, the distance between the filament
and the evaporating source and the size of the
evaporating source. The speed of depositing the
low melting point glass on transparent conductive
layer 22 was 0.05um per minute. As in Example 1,
a ZnO layer 3, a CdS layer 4, a CulnSez layer 5
and an Au layer 6 were laminated on the PbO-
B20;-Si02-Al; 03 low melting point glass layer,
thus manufacturing the superstraight CulnSe; solar
cell. A 10um thick Pb0O-B,03-Si02-Alz O3 low melt-
ing point glass layer 7 was formed on Au layer 6
under the same conditions as Example 1.

Low melting point glass layers 7 and 23 soften
at a temperature lower than the thermal decompo-
sition temperatures of the compound semiconduc-
tors containing heavy metals such as CdS, CdTe,
CulnSe> and the like, and seal the compound
semiconductors when a building where the solar
cell of this example is installed is on fire. Thus,
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toxic substances such as Cd, Se, Te and the like
are not released into the air from the tandem solar
cell of this example.

In order to test the safety of the tandem solar
cell of the example, the cell was heated in a
gaseous atmosphere, which was a mixture of 80%
by volume of Nz gas and 20% by volume of Oy
gas, to 850°C. Gas generated from the solar cell
was absorbed in a nitrate solution and analyzed by
an ICP emission spectroscopy. Heavy metals such
as Cd, Se, Te and the like were hardly found by
the analysis.

The invention may be embodied in other spe-
cific forms without departing from the spirit or
essential characteristics thereof. The embodiments
disclosed in this application are to be considered in
all respects as illustrative and not restrictive, the
scope of the invention being indicated by the ap-
pended claims rather than by the foregoing de-
scription, and all changes which come within the
meaning and range of equivalency of the claims
are intended to be embraced therein.

Claims

1. A solar cell comprising a compound semicon-
ductor and at least one low melting point glass
layer, wherein said compound semiconductor
is a laminated film comprising compound
semiconductor layers, and wherein said low
melting point glass layer is formed on at least
one surface of said compound semiconductor.

2. The solar cell according to claim 1, wherein
the low melting point glass layer is formed on
an entire surface of the compound semicon-
ductor.

3. The solar cell according fto claim 1 or 2,
wherein the low melfing point glass layer is
formed partially on the surface of the com-
pound semiconductor.

4. The solar cell according to any of claims 1 to
3, wherein the low melting point glass layer is
formed on both a top and a bottom surface of
the compound semiconductor.

5. The solar cell according to any of claims 1 to
4, wherein the low melting point glass layer
has a softening temperature lower than 500 ° C.

6. The solar cell according to any of claims 1 to
5, wherein the low melting point glass layer is
0.1-10um thick.

7. The solar cell according to any of claims 1 to
6, wherein the low melting point glass layer is
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10.

11.

12

13.

made of at least one material selected from
the group consisting of PbO-B20;-SiO--
Al>Ozglass and Zn0-B»03-Si0» glass.

The solar cell according to any of claims 1 fo
7, wherein the low melting point glass layer is
formed by a dry deposition process.

The solar cell according to claim 8, wherein
the dry deposition process is a sputtering
method.

The solar cell according to any of claims 1 fo
9, wherein the low melting point glass layer is
formed on a soda-lime glass subsirate, and
wherein the compound semiconductor layers
are laminated on said low melting point glass
layer.

The solar cell according to any of claims 1 fo
10, wherein the compound semiconductor is a
Chalcopyrite-type compound semiconductor.

The solar cell according to any of claims 1 fo
11, wherein the compound semiconductor
comprises at least one element selected from
the group consisting of Cd, S and Se.

The solar cell according to any of claims 1 fo
12, wherein the compound semiconductor
comprises at least one layer selected from the
group consisting of a Cu(In,Ga)(Se,S), layer
and a CdS layer.
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