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(57) ABSTRACT 

A Solar cell module in which a plurality of photovoltaic 
elements are installed Such that they are electrically con 
nected with each other, wherein an Overvoltage preventive 
element is electrically connected to each photovoltaic ele 
ment in parallel connection, and Said overVoltage preventive 
element exhibits a one-way continuity and has a minimum 
operating Voltage which is Smaller than an open-circuit 
Voltage of Said photovoltaic element and is greater than an 
optimum operating Voltage of Said photovoltaic element. A 
Sunlight power generation System comprising Said Solar cell 
module and an inverter. 
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SOLAR CELL MODULE HAVING AN 
OVERVOLTAGE PREVENTIVE ELEMENT AND 
SUNLIGHT POWER GENERATION SYSTEM 

USING THE SOLAR CELL MODULE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a solar cell module 
comprising a plurality of photovoltaic elements (or Solar 
cells) having an overVoltage preventive element and a 
Sunlight power generation System using Said Solar cell 
module. 

0003 2. Related Background Art 
0004. A Solar cell has such a property that because of its 
characteristics, the Voltage is varied depending on a given 
load factor. For instances the open-circuit Voltage of a Solar 
cell in a non-loaded State is always greater than the optimum 
operating Voltage at which the output of the Solar cell 
becomes maximum. In order for a solar cell to be efficiently 
used as a power generation device, the purpose can be 
achieved by actuating the Solar cell at an optimum operating 
point (that is, by imparting an optimum load resistance to the 
Solar cell). However, in the case where the load is lightened 
(that is, the load resistance value is enlarged), the Voltage of 
the direct current circuit of the Solar cell is increased, where 
when the Solar cell is in a stopped State, the Voltage is 
increased up to aforesaid open-circuit Voltage. In this con 
nection, for a power converter or the like to be connected to 
the direct current circuit of the Solar cell, it is necessary to 
withstand against Said Voltage. 
0005 Incidentally, in the case of an ordinary amorphous 
Silicon (a-Si) Solar cell whose Semiconductor layer com 
prising an a-Simaterial, it is known that the fill factor (F.F.) 
of the a-Si Solar cell is inferior to that of a Single crystal 
Silicon Solar cell whose Semiconductor layer comprising a 
Single crystal Silicon material, and when the optimum oper 
ating Voltage at which the output of the a-Si Solar cell 
becomes maximum is the same as that at which the output 
of the Single crystal Silicon Solar cell becomes maximum, the 
open-circuit Voltage of the a-Si Solar cell is greater than 
that of the Single crystal Silicon Solar cell, and wherein when 
the open-circuit Voltage is excessively large, Overvoltage is 
generated. 

0006. In this connection, in the case of a Sunlight power 
generation System in which Such a-Si Solar cell is used, an 
electric device Such as a power converter or the like used 
therein is necessary to withstand against an increased Volt 
age. 

0007 As a measure to comply with overvoltage which is 
generated when the open-circuit Voltage is large as above 
described, an Overvoltage preventive means is described in 
Japanese Patent No. 2580185 (issued Nov. 21, 1996) here 
inafter referred to as document 1. 
0008. Description will be made of the overvoltage pre 
ventive means described in document 1 with reference to 
FIG. 1. In FIG. 1, reference numeral 101 indicates a Solar 
cell panel, reference numeral 102 a reverse current preven 
tive diode, reference numeral 103 a voltage limit element, 
reference numeral 104 a constant-voltage D.C. power 
Source, reference numeral 105 a compressor driving-motor, 
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reference numeral 106 an inverter power module, and ref 
erence numeral 107 an inverter air-conditioner. 

0009. As shown in FIG. 1, to a serialized body (that is, 
a Solar cell array) comprising the Solar cell panel 101 and the 
reverse current preventive diode 102, the voltage limit 
element 103 is connected in parallel connection, and the 
paralleled circuit is connected to the compressor driving 
motor 105 as a load. In the case where the quantity of Solar 
radiation is large and the load is Small, by making a dump 
power caused in the solar cell panel 101 to be consumed in 
the voltage limit element 103, occurrence of overvoltage is 
prevented. 
0010 Besides, another overvoltage preventive means is 
described in Japanese Patent Publication No. 89302/1995 
(hereinafter referred to as document 2). Description will be 
made of the overVoltage preventive means described in 
document 2 with reference to FIG. 2. In FIG. 2, reference 
numeral 201 indicates a Solar cell, reference numeral 202 an 
inverter, reference numeral 203 a control circuit, reference 
numeral 204 a short-circuiting Switch, reference numeral 
205 a voltage-dividing circuit, and reference numeral 206 an 
induction motor. 

0011. As shown in FIG. 2, a plurality of solar cells 201 
are electrically Serialized into a Solar cell array, where the 
Switch 204 for short-circuiting part of the solar cell array 
(the serialized solar cells) and the control circuit 203 for 
controlling the opening and closing of the Switch 204 are 
provided. In the case where the generated Voltage of the 
Solar cell array becomes excessive, the control circuit 203 is 
actuated to close the Switch 204 thereby to short-circuit part 
of the Solar cell array, whereby overVoltage is prevented 
from occurring. 
0012 However, for these overvoltage preventive means, 
there are problems as will described below. 
0013 In the case described in document 1, because the 
voltage limit element 103 is connected to the solar cell array 
(the serialized body) in parallel connection, the dump power 
caused in the Solar cell array is entirely consumed in the 
Voltage limit element. In this connection, there are Such 
problems as will be described in the following. That is, the 
more the output of the Solar cell array is increased, the more 
the power consumed in the Voltage limit element is 
increased, where, for instance, when the output of the Solar 
cell array becomes Some hundreds wattage (W) or more, the 
power consumed in the Voltage limit element is markedly 
increased and as a result, the Voltage limit Switch is 
extremely heated. Therefore, it is necessary to establish a 
large Space for radiating heat from the Voltage limit Switch 
to cool the Voltage limit Switch. 
0014. In the case described in document 2, there are 
problems Such that in order to Short-circuit part of the Solar 
cell array, extra Short-circuiting wires which are extending 
from a prescribed position of the Solar cell array, the 
Specialized Switch for the short-circuiting, the Specialized 
control circuit for controlling the opening and closing of the 
Short-circuiting Switch, and the Specialized power Source for 
driving the control circuit are necessitated, and because of 
this, the System involved is unavoidably complicated. 

SUMMARY OF THE INVENTION 

0015 The present invention is aimed at solving the 
problems found in the prior art and providing an improved 
Solar cell module free of such problem. 
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0016. Another object of the present invention is to pro 
vide a Solar cell module comprising a plurality of photovol 
taic elements (Solar cells) electrically connected with each 
other, wherein each of Said plurality of photovoltaic ele 
ments is provided with an overVoltage preventive element 
electrically connected thereto in parallel connections and 
Said Overvoltage preventive element comprises an element 
which exhibits one-way continuity and has a minimum 
operating voltage (hereinafter referred to as “Vmin') which 
is Smaller than an open-circuit Voltage (hereinafter referred 
to as “Voc') of said photovoltaic element but is greater that 
an optimum operating Voltage (hereinafter referred to as 
“Vpm”) of the photovoltaic element. 
0.017. A further object of the present invention is to 
provide a Sunlight power generation System comprising 
aforesaid Solar cell module and a System interconnection 
inverter for reverse-flowing a D.C. output from the Solar cell 
module into an alternating-current circuit. 
0.018. A further object of the present invention is to 
provide a Sunlight power generation System comprising 
aforesaid Solar cell module and a System in which a D.C. 
power outputted from the Solar cell module and a D.C. 
power obtained from the commercial alternating-current 
circuit by way of rectification are connected in parallel to 
Supply into a load. 
0.019 According to the present invention, it is not nec 
essary to externally add a specialized Overvoltage-prevent 
ing apparatus to a Solar cell module, where it is not necessary 
to establish a particular place for Such overvoltage-prevent 
ing apparatus to be arranged and therefore, the flexibility for 
the installation of the Solar cell module is improved. In 
addition, in the present invention, the overVoltage preventive 
element is provided at each of the photovoltaic elements 
which are separately arranged Such the Overvoltage preven 
tive elements are Spcedly arranged So as to have a prescribed 
Space between each adjacent overVoltage preventive ele 
ments and because of this, convergence of heat caused due 
to power consumption in the overVoltage preventive ele 
ments is hardly occurred. Therefore, it is necessary to adopt 
a particular measure for radiating heat of the Overvoltage 
preventive elements (that is, for cooling the Overvoltage 
preventive elements), Such that a specialized space or the 
like for radiating heat of the Overvoltage preventive ele 
ments is provided. Further, it is not necessary to adopt Such 
complicated measure as in the prior art in that in order to 
Short-circuit part of the Solar cell array, extra Short-circuiting 
wires which are extending from a prescribed position of the 
Solar cell array, the Specialized Switch for the short-circuit 
ing, the Specialized control circuit for controlling the open 
ing and closing of the short-circuiting Switch, and the 
Specialized power Source for driving the control circuit are 
used. 

0020 Thus, according to the present invention, the pre 
vention of occurrence of overVoltage in a Solar cell module 
can be readily and effectively attained by a simple manner. 
0021 Further, according to the present invention, the 
control of the Vop (open-circuit Voltage) can be separately 
performed for each photovoltaic element (Solar cell) and 
therefore, the Selectable range for the number of Solar cells 
to be serialized is widened. This situation makes it possible 
to more freely design appropriate arrangement for Solar cells 
to be installed on a given roof of a building. In addition, 
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according to the present invention, a Solar cell power gen 
eration System having a high System Voltage and which IS 
Slight in System loSS can be readily attained. And for 
components including a power converter used in the Solar 
cell power generation System, those which are relative low 
in withstand Voltage and leSS expensive can be used. This 
Situation leads to a reduction in the production cost of a Solar 
cell power generation System. 
0022. Incidentally, in the case where the photovoltaic 
element (the solar cell) is of a large fill factor (F.F.), in 
comparison with a photovoltaic element (Solar cell) whose 
fill factor being small, the ratio between the Voc (the 
open-circuit voltage) and the Vpm (the optimum operating 
Voltage) is greater. 
0023 And in the case where the photovoltaic element 
(Solar cell) comprises an amorphous photovoltaic element 
(Solar cell) whose photoelectric conversion Semiconductor 
layer comprising an amorphous Semiconductor material 
containing Silicon or/and germanium atoms the fill factor 
(F.F.) of the amorphous photovoltaic element is generally 
inferior to that of a Single crystal Silicon photovoltaic 
element (Solar cell). 
0024. In this connection, particularly in a solar cell power 
generation System comprising a plurality of amorphous 
photovoltaic elements (Solar cells) having a photoelectric 
conversion Semiconductor layer comprising Such amor 
phous Semiconductor material as above described, the fore 
going effects of the overVoltage preventive elements are 
Significant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a schematic view illustrating an example 
of a conventional overVoltage preventive means used in a 
Solar cell panel. 
0026 FIG. 2 is a schematic view illustrating another 
example of a conventional Overvoltage preventive means 
used in a Solar cell array. 
0027 FIG. 3 is a schematic cross-sectional view illus 
trating an example of the layer constitution of a photovoltaic 
element (Solar cell) used in the present invention. 
0028 FIG. 4 is a schematic view illustrating an example 
of a photovoltaic element (Solar cell) used in the present 
invention, viewed from above. 
0029 FIG. 5 is a schematic cross-sectional view, taken 
along the line A-A in FIG. 4. 
0030 FIG. 6(A) is a schematic diagram illustrating an 
example of an overVoltage preventive element in the present 
invention, viewed from above. 

0031 FIG. 6(B) is a schematic cross-sectional view, 
taken along the line B-B' in FIG. 6(A). 
0032 FIG. 7(A) is a schematic diagram illustrating 
another example of an overVoltage preventive element in the 
present invention, Viewed from above. 
0033 FIG. 7(B) is a schematic cross-sectional view, 
taken along the line C-C in FIG. 7(A). 
0034 FIG. 8(A) is a schematic diagram illustrating a 
further example of an Overvoltage preventive element (com 
prising a current bypass element) in the present invention, 
viewed from above. 
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0035 FIG. 8(B) is a schematic cross-sectional view, 
taken along the line D-D' in FIG. 8(A). 
0036 FIG. 9(A) is a schematic diagram illustrating an 
example of a circuit configuration as a part of a Solar cell 
module in the present invention. 
0037 FIG. 9(B) is a schematic diagram illustrating 
another example of a circuit configuration as a part of a Solar 
cell module in the present invention. 
0.038 FIG. 10 is a schematic plan view illustrating an 
example of the constitution of a Solar cell module in the 
present invention. 

0.039 FIG. 11 is a schematic cross-sectional view illus 
trating an example of a complete Solar cell module in the 
present invention. 
0040 FIG. 12 is a schematic view illustrating an exterior 
of an example of a roof-integral type Solar cell module in the 
present invention. 
0041 FIG. 13 shows graphs of output characteristics of 
Solar cells obtained in examples 1 and 2 and comparative 
example 1 which will be described later. 
0.042 FIG. 14 is a schematic diagram illustrating an 
example of a circuit including an overVoltage preventive 
element provided in a Solar cell in the present invention. 
0.043 FIG. 15 is a schematic diagram illustrating another 
example of a circuit including an overVoltage preventive 
element provided in a solar cell in the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

0044) The present invention is to eliminate the foregoing 
problems found in the prior art and to attain the above 
described objects. 

0.045 Aprincipal feature of the present invention resi 
dues in an Overvoltage preventive element which is con 
nected in parallel to each of photovoltaic elements consti 
tuting a Solar cell provided in a Solar cell module. The Solar 
cell here means a Serialized body comprising a plurality of 
photovoltaic elements electrically connected with each other 
in Series connection. 

0046) The overvoltage preventive element typically com 
prises an element which exhibits one-way continuity and has 
a minimum operating voltage (Vmin) which is Smaller than 
the Voc (open-circuit Voltage) of the photovoltaic element 
but is greater that the Vpm (optimum operating voltage) of 
the photovoltaic element. 

0047 The overvoltage preventive element prevents 
occurrence of Overvoltage by controlling the Voc of the 
photovoltaic element. When the Vmin at which the over 
Voltage-preventing function of the overVoltage preventive 
element is exhibited is extremely smaller than the Vpm of 
the photovoltaic element, the output loSS of the Solar cell is 
increased. In this connection, the Overvoltage preventive 
element is necessary to be of Vmin (minimum operating 
voltage) which is greater than the Vpm (optimum operating 
voltage) but is Smaller than the Voc (open-circuit Voltage) of 
the photovoltaic elements. 
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0048. The Vmin of the overvoltage preventive element 
may be controlled by properly adjusting the kind and 
numerical quantity of constituent elements of the overVolt 
age preventive element or/and electrical connection type 
among the constituent elements with respect to the output 
characteristics of the photovoltaic element to which the 
Overvoltage preventive element is connected in parallel 
connection. 

0049. By controlling the Vmin of the overvoltage pre 
ventive element to fall in the above-described range, the 
Overvoltage preventive element greatly exhibits its overVolt 
age-preventing function while minimizing the output loss of 
the Solar cell. That is, in the current-voltage characteristics 
of the photovoltaic element having overVoltage preventive 
element, the minimum operating point of a current-voltage 
curve is Substantially not changed, the difference between 
the Vpm and the Voc is Small, and the gradient of a Straight 
line which connects between the optimum operating point 
and the open-circuit Voltage point is greater than that in the 
case of a photovoltaic element having no overVoltage pre 
ventive element. 

0050. In addition, by making the electrical connection 
type among the constituent elements of the Overvoltage 
preventive element to be, for instance, Series connection or 
parallel connection, it is possible to Selectively use elements 
which are relatively inferior in withstand voltage or ele 
ments which are relatively inferior in withstand current as 
the constituent elements of the Overvoltage preventive ele 
ment. This situation enables to prepare an overVoltage 
preventive element which is leSS expensive. 

0051. In order to prevent overvoltage, there can be men 
tioned the following two methods (a) and (b) utilizing the 
characteristics of the overVoltage preventive element, that is, 
the current-Voltage characteristics as well as in the case of a 
diode, i.e., a method (a) wherein the Overvoltage preventive 
element is connected to the photovoltaic element in parallel 
connection in a forward direction to the photovoltaic ele 
ment to prevent Overvoltage and a method (b) wherein the 
Overvoltage preventive element is connected to the photo 
Voltaic element in parallel connection in a reverse direction 
to the photovoltaic element to prevent overVoltage. 

0.052 Description will be made of these two methods (a) 
and (b). 
0053. The method (a) is that overvoltage is prevented by 
utilizing the forward characteristics of the Overvoltage pre 
ventive element. In this method, when to comply with an 
increase in the quantity of Solar radiation to the photovoltaic 
element or/and a decrease in the load connected to the 
photovoltaic element, the operating Voltage of the photovol 
taic element reaches the minimum operating Voltage of the 
Overvoltage preventive element, the Overvoltage preventive 
element conducts in the forward direction to consume dump 
power of the photovoltaic element in the overVoltage pre 
ventive element thereby to control the Voc (open-circuit 
voltage) of the photovoltaic element. 
0054) In this method (a), the overvoltage preventive 
element comprises a diode Such as a PN junction diode or a 
Schottoky barrier diode. It is possible that an electrical 
resistance element is added to the overVoltage preventive 
element as its constituent So that the minimum operating 
voltage can be finely adjusted. FIG. 14 is a schematic 
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diagram illustrating an example of a circuit constitution of 
the overVoltage preventive element in this embodiment. In 
FIG. 14, reference numeral 901 indicates a photovoltaic 
element, reference numeral 902 an overvoltage preventive 
element, each of reference numerals 902a and 902b a PN 
junction diode, and reference numeral 1401 an electric 
resistance element. 

0055. It is possible to adopt a constitution in that the 
photovoltaic element, the overVoltage preventive element 
and a current bypass element are connected in parallel 
connection. The current bypass element has one-way con 
tinuity and therefore, the current bypass element is con 
nected in parallel to the photovoltaic element in a reverse 
direction to the photovoltaic element. In this case, when the 
photovoltaic element is shaded, the current bypass element 
conducts to prevent the photovoltaic element from Suffering 
breakdown due to the impression of a reverse bias to the 
photovoltaic element. In the case where Such constitution is 
adopted, in order to finely control the minimum operating 
Voltage of the Overvoltage preventive element, it is desired 
to make Such that the minimum continuity Voltage of the 
current bypass element when a reverse Voltage is impressed 
to the current bypass element is greater than the minimum 
operating Voltage of the overVoltage preventive element 
when a forward Voltage is impressed to the Overvoltage 
preventive element. By this, it is possible to substantially 
eliminate an influence of the continuity of the current bypass 
element when the reverse Voltage is impressed to the current 
bypass element. Because of this, by virtue of the element 
constitution of the overvoltage preventive element, the mini 
mum operating Voltage of the overVoltage preventive ele 
ment can be finely controlled. 

0056 Description will be made of the method (b) 
wherein the overVoltage preventive element is connected to 
the photovoltaic element in parallel connection in a reverse 
direction to the photovoltaic element to prevent overVoltage. 

0057 This method is that overvoltage is prevented by 
utilizing a property that when a reverse bias Voltage is 
impressed to the overVoltage preventive element, a Voltage 
which is greater than the breakdown Voltage is not 
impressed. In this method (b), when to comply with an 
increase in the quantity of Solar radiation to the photovoltaic 
element or/and a decrease in the load connected to the 
photovoltaic element, the operating Voltage of the photovol 
taic element is increased to reach the minimum operating 
voltage (the breakdown voltage in this case) of the over 
Voltage preventive element, the Overvoltage preventive ele 
ment conducts in a reverse direction (that is, a reverse bias 
direction) to consume dump power of the photovoltaic 
element in the Overvoltage preventive element thereby to 
control the Voc (open-circuit Voltage) of the photovoltaic 
element. 

0.058 In this method (b), the overvoltage preventive 
element comprises a diode Selected from a group consisting 
of a PN junction diode, a Schottoky barrier diode, and a 
constant Voltage diode. Of these, a constant Voltage diode is 
preferred, particularly, a Zener diode is more preferred. It is 
possible that an electrical resistance element is added to the 
overVoltage preventive element as its constituent So that the 
minimum operating voltage can be finely adjusted. FIG. 15 
is a Schematic diagram illustrating an example of a circuit 
constitution of the overVoltage preventive element in this 
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embodiment. In FIG. 15, reference numeral 901 indicates a 
photovoltaic element, reference numeral 902 an overvoltage 
preventive element, each of reference numerals 902d and 
902e a constant voltage diode, and reference numeral 1401 
an electric resistance element. 

0059. In this embodiment, because the overvoltage pre 
ventive element is connected in parallel to each photovoltaic 
element in a reverse direction to the photovoltaic element, 
the Overvoltage preventive element is capable of exhibiting 
a current bypass function. 

0060. In this method (b), it is possible to adopt a consti 
tution in that the photovoltaic element, the overVoltage 
preventive element and a current bypass element are con 
nected in parallel connection. The current bypass element 
has one-way continuity and therefore, the current bypass 
element is connected in parallel to the photovoltaic element 
in a reverse direction to the photovoltaic element. In this 
case, when the photovoltaic element is shaded, the current 
bypass element conducts to prevent the photovoltaic element 
from Suffering breakdown due to the impression of a reverse 
bias to the photovoltaic element. In the case where Such 
constitution is adopted, in order to finely control the mini 
mum operating Voltage of the overVoltage preventive ele 
ment, it is desired to make Such that the minimum continuity 
Voltage of the current bypass element when a reverse Voltage 
is impressed to the current bypass element is greater than the 
minimum operating Voltage of the Overvoltage preventive 
element when a reverse Voltage is impressed to the over 
voltage preventive element. By this, it is possible to sub 
Stantially eliminate an influence of the continuity of the 
current bypass element when the reverse Voltage is 
impressed to the current bypass element. Because of this, by 
Virtue of the element constitution of the Overvoltage pre 
ventive element, the minimum operating Voltage of the 
Overvoltage preventive element can be finely controlled. 

0061. In any case, the overvoltage preventive element 
may be constituted by a plurality of constituent elements and 
a plurality of connection members. For instance, as shown in 
FIGS. 6(A) and 6(B), for a connection member 603, a 
constituent element 601a is connected to one end portion of 
the connection member 603 and another constituent element 
601b is connected to the other end portion of the connection 
member 603. And a connection member 602a is connected 
So as to Sandwich and hold the element 601a between the 
connection member 602a and the connection member 603 
and Similarly, a connection member 602b IS connected So as 
to Sandwich and hold the element 601b between the con 
nection member 602b and the connection member 603. By 
this, an Overvoltage preventive element can be established. 
Alternatively, as shown in FIGS. 7(A) and 7(B), three 
constituent element 701a, 701b and 701c are spacedly 
arranged in a common plane at an equal interval while being 
Sandwiched and held between two connection members 
703a and 702b and two connection members 702a and 703b 
wherein the connection member 703a is joined to the back 
side of each of the constituent elements 701a and 701b, the 
connection member 702a is joined to the upper side of the 
constituent element 701a, and the connection member 703b 
is joined to the upper Side of each of the constituent elements 
701b and 701c. In this way, by connecting a plurality of 
constituent elements 701a and 701c in FIGS. 7(A) and 
7(B) through the constituent element 701b, there can be 
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established an overVoltage preventive element comprising a 
plurality of constituent elements and a plurality of connec 
tion members. 

0062) In the embodiment shown in FIGS. 7(A) and 7(B), 
there are shown only three constituent elements for the 
Simplification purpose. It is possible to arrange more than 
three constituent elements in the Same manner as above 
described. 

0.063. In any case, it is possible to use an integrated body 
comprising a constituent element and one or more connec 
tion members as the constituent element. 

0064. By adopting such spatial connection format as 
above described, it is possible to readily prepare a more 
thinned overvoltage preventive element which more with 
Stands against externally applied mechanical shock. This 
Situation provides pronounced advantages. Particularly, in 
the case of a Solar cell module comprising a Solar cell 
(comprising a plurality of photovoltaic elements having an 
overVoltage preventive element electrically Serialized with 
each other) integrally sealed in a weatherable resin, resin 
Sealing defect and the like are prevented from occurring in 
the process of Sealing the Solar cell in the weatherable resin. 
In addition, irregularities are prevented from occurring at the 
exterior of the Solar cell module. Further, flatness can be 
assured for the Solar cell. 

0065 And because the overvoltage preventive element is 
accommodated in the Solar cell module, it is not necessary 
to externally add a specialized OverVoltage-preventing appa 
ratus to the Solar cell module and therefor, it is not necessary 
to establish a particular Space for Such Overvoltage-prevent 
ing apparatus to be arranged. Thus, the flexibility for the 
installation of the Solar cell module is improved. 
0.066 Further, the overvoltage preventive element is pro 
Vided at each of the photovoltaic elements which are sepa 
rately arranged Such the Overvoltage preventive elements are 
Spcedly arranged So as to have a prescribed Space between 
each adjacent overVoltage preventive elements. Because of 
this, convergence of heat caused due to power consumption 
in the overVoltage preventive elements is hardly occurred. 
Therefore, it is necessary to adopt a particular measure for 
radiating heat of the Overvoltage preventive elements (that 
is, for cooling the Overvoltage preventive elements), Such 
that a specialized space or the like for radiating heat of the 
overVoltage preventive elements is provided. 

0067 Further, because the overvoltage preventive ele 
ment is accommodated in the Solar cell module, it is not 
necessary to adopt Such measure as in the prior art in that in 
order to short-circuit part of the Solar cell array, extra 
Short-circuiting wires are extended from a prescribed posi 
tion of the Solar cell array. And the Solar cell module can be 
used in the same wiring pattern in an ordinary Solar cell 
module. 

0068. In the following, the present invention will be 
described in more detail with reference to the drawings. 

Photovoltaic Element 

0069 FIG. 3 is a schematic cross-sectional view illus 
trating an example of the constitution of a photoelectric 
element (Solar cell) used in the present invention. 
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0070 The photovoltaic element shown in FIG. 3 com 
prises a back reflecting layer 302, a three-layered photoelec 
tric conversion layer 303 with a semiconductor junction 
(comprising three semiconductor layers 303a, 303b and 
303c, wherein, for instance, the layer 303a comprises a 
p-type microcrystalline Silicon material, the layer 303 com 
prises an i-type amorphous material containing Silicon and/ 
or germanium atoms, and the layer 303c comprises an n-type 
amorphous Silicon material), and a transparent electrode 
layer 304 stacked in this order on a metallic Substrate 301. 
0071 Although this is not shown in FIG. 3, a collecting 
electrode is formed on the transparent electrode layer 304. 
The formation of the collecting electrode will be described 
later. 

0072 Incidentally, in each of Examples 1 to 3 and 
Comparative Examples 1 and 2 which will be later 
described, three photovoltaic elements having the above 
configuration were used by electrically Serializing these 
photovoltaic elements. 

0073. Now, a photovoltaic element having such configu 
ration as described in the above may be produced by a 
conventional process described in, for instance, Japanese 
Unexamined Patent Publication No. 21496/1994 in which a 
process of forming a photoelectric conversion layer in the 
production of a photovoltaic is described and Japanese 
Unexamined Patent Publication No. 139349/1996 in which 
a proceSS for forming a collecting electrode in the produc 
tion of a photovoltaic element is described. 

0074 The production of a photovoltaic element will be 
briefly described with reference to FIGS. 3, 4 and 5. 

0075 (1) First, as the substrate 301, there is provided a 
thin Stainless plate having a thickness of, for instance, 0.125 

. 

0076 (2) An aluminum thin film and a zinc oxide thin 
film are Sequentially formed on the Stainless plate as the 
substrate 301 by a conventional metallic film-forming pro 
ceSS Such as Sputtering or the like, whereby a two-layered 
back reflecting layer comprising Said aluminum thin film 
and said zinc oxide thin film as the back reflecting layer 302 
is formed on the Substrate 301. 

0.077 (3) As the photoelectric conversion layer 303, in 
accordance with a conventional CVD film-forming process, 
an n-type layer comprising an amorphous Silicon (a-Si) 
material as the layer 303c, an i-type layer comprising an 
amorphous Silicon-germanium (a-SiGe) material as the 
layer 303b, and a p-type layer comprising a microcrystalline 
silicon material as the layer 303a are sequentially formed on 
the back reflecting layer 302. 

0078 (4) An ITO (In O-SnO) film as the transparent 
electrode layer 304 is formed on the layer 303a by a 
conventional process Such as heat resistance evaporation or 
the like. 

0079 Thus, there is obtained a photovoltaic element 
having such configuration as shown in FIG. 3. 

0080. The photovoltaic element is then processed as will 
be described to obtain a photovoltaic element 401 with an 
electrode tub which has Such configuration as shown in 
FIGS. 4 and 5 
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0.081 FIG. 4 is a schematic view illustrating a configu 
ration of Said photovoltaic element having an electrode tub, 
viewed from above. FIG. 5 is a schematic cross-sectional 
view, taken along the line A-A in FIG. 4. 
0082 (i) The photovoltaic element obtained in the above 
is cut into a plurality of photovoltaic elements having a 
desired size, for instance, a size of 180 mmx120 mm. 
0.083 (ii) For each of the photovoltaic elements obtained 
in the above step (i), a peripheral portion of the two-layered 
region 402 comprising the photoelectric conversion layer 
(303) and the transparent electrode layer (304) is removed 
by means of chemical etching to form a void 403. The void 
is provided in order to prevent the element from Suffering an 
influence due to partial short-circuit which will be occurred 
at an end portion of the metal Substrate. 
0084 (iii) An insulating tape 404 is stuck on the isolated 
two-layered portion 402 as shown in FIG. 5. 
0085 (iv) A collecting electrode 405 (a grid electrode) 
comprising copper wires coated by an electrically conduc 
tive adhesive is laid and bonded on the transparent electrode 
layer of the photovoltaic element such that end portion of the 
collecting electrode is extended to Situate on the insulating 
tape 404 as shown in FIGS. 4 and 5. 
0.086 (v) A back electrode tub 406 comprising, for 
instance, a tinned copper foil of 0.1 mm in thickness and 1 
cm in width and a surface electrode tub 407 comprising, for 
instance, a tinned copper foil of 0.1 mm in thickness and 1 
cm in width are fixed. The distance between the back 
electrode tub 406 and the surface electrode tub 407 (see, 
FIG. 4) is made to be, for instance, 50 mm. The surface 
electrode tub 407 is made to have a relatively longer length 
in order to electrically connect the photovoltaic element 401 
to other photovoltaic element 401. 
0087. In this way, there are obtained a plurality of com 
plete photovoltaic elements having Such configuration as 
shown in FIGS. 4 and 5. 

0088 Incidentally, for the purpose of increasing the pho 
toelectric conversion efficiency of the photovoltaic element, 
the proportion of an extra wiring path (particularly, the back 
electrode tub 406) to occupy the light receiving face of the 
photovoltaic element should be as Smaller as possible, 
preferably Zero So that the proportion of the photoelectric 
conversion portion to occupy the light receiving face 
becomes as greater as possible. However, for the purpose of 
more clarifying the constitution of the present invention, 
Such configuration as above described is intentionally 
adopted. Thus, it should be understood that the present 
invention is not limited to this configuration. 

Overvoltage Preventive Element 

0089 FIG. 6(A) is a schematic diagram illustrating an 
example of an overVoltage preventive element used in the 
present invention, viewed from above. FIG. 6(B) is a 
Schematic croSS-Sectional view, taken along the line B-B' in 
FIG. 6(A). 
0090 The overvoltage preventive element shown FIGS. 
6(A) and 6(B) comprises two constituent elements 601a and 
601b, two electrode tubs 602a and 602b, and an intermediate 
connection electrode tub 603, where the two constituent 
elements are made to be a Serialized body. Particularly, as 
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shown in FIG. 6(B), the electrode tubs 602a and 602b and 
the intermediate connection electrode tub 603 are connected 
to the constituent elements 601a and 601b while being 
Staggered above and below. 
0091 By adopting such spatial connection format as 
above described, it is possible to thin the thickness of the 
Overvoltage preventive element. And flatness can be assured 
for the photovoltaic element. Particularly, in the case where 
Such Solar cell module configuration as will be described 
later in that a serialized body (a Solar cell) comprising a 
plurality of photovoltaic elements having Such overVoltage 
preventive element as above described electrically Serialized 
is integrally Sealed in a weatherable resin is adopted, resin 
Sealing defect and the like are prevented from occurring in 
the process of Sealing the Serialized body (the Solar cell) in 
the weatherable resin. In addition, irregularities are pre 
vented from occurring at the exterior of the Solar cell 
module. 

0092. The kind, performance, size, form and the like of 
the constituent element of the overVoltage preventive ele 
ment should be properly determined depending upon the 
size, output characteristics, and connection pattern of the 
photovoltaic element to which the overVoltage preventive 
element is connected and also depending upon the perfor 
mance required for the Solar cell module involved. 
0093. In any case, it is necessary to selectively adopt a 
constituent element which enables to provide an Overvoltage 
preventive element which has one-way continuity as a whole 
and a desired minimum operation voltage and which with 
Stands the actuating current of the photovoltaic element 
involved. With consideration of the flatness of the photo 
Voltaic element, the constituent element is desired to be in a 
form which is as Smaller as possible and is as thinner as 
possible. For instance, a diode is used as the constituent 
element, a chip diode or a flat diode is preferably used. 
Specifically, a PN junction diode, a Schottoky barrier diode, 
a constant Voltage diode and an electrical resistance element 
may be Selectively used as the constituent element. 
0094 Particularly in the case where the overvoltage 
preventive element is connected in parallel to the photovol 
taic element in a forward direction to the photovoltaic 
element, a PN junction diode or a Schottoky barrier diode is 
preferably used. In this case, for the PN junction diode, a 
rectifier diode and a light emitting diode are more preferred. 
0095 Now, since the output voltage of the photovoltaic 
element is generally an extent of Several Voltages, the 
withstand reverse Voltage of the overVoltage preventive 
element is Sufficient to be Somewhat greater than Several 
Voltages. 

0096. On the other hand, in the case where the overvolt 
age preventive element is connected in parallel to the 
photovoltaic element in a reverse direction to the photovol 
taic element, constant Voltage diodes Such as a Zener diode 
and an Avalanche diode are preferably used. 
0097 As each of the electrode tubs 602a and 602b and 
the intermediate connection electrode tub 603 (these tubs 
will be collectively referred to as “connection member” in 
the following), a metal foil is preferably used. As the 
material of constituting the metal foil, metals. Such as Au, 
Ag, Cu, Sn, Pb, Ni and the like which are highly electrically 
conductive and can be readily Soldered and can be readily 
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processed are preferred. These are not restrictive. Besides, it 
is possible to use plated metal memberS Such as an Au-plated 
copper member, an Ag-plated copper member, a Solder 
plated copper member, a Sn-plated copper member and the 
like. 

0098. The size of the connection member should be 
properly determined depending upon the size, output char 
acteristics, and connection pattern of the photovoltaic ele 
ment to which the Overvoltage preventive element is con 
nected and also depending upon the performance required 
for the Solar cell module involved. 

0099] To join the connection member and the constituent 
element may be performed by means of Soldering or laser 
beam welding. For the joining between the connection 
member and the constituent element, it is Sufficient as long 
as the joined portion between the connection member and 
the constituent element is ensured in terms of the mechanical 
Strength and electrical connection between the connection 
member and the constituent element is ensured. 

0100. The foregoing spatial connection format in FIGS. 
6(A) and 6(B) is not limited to the series connection but it 
may be also employed in the parallel connection. 
0101 FIG. 7(A) is a schematic diagram illustrating an 
example of an overVoltage preventive element used in the 
present invention, viewed from above. FIG. 7(B) is a 
Schematic croSS-Sectional view, taken along the line C-C in 
FIG. 7(A). 
0102) The overvoltage preventive element shown FIGS. 
7(A) and 7(B) comprises three constituent elements 701a, 
701b and 701c, two electrode tubs 702a and 702b, and two 
intermediate connection electrode tubs 703a and 703b, 
where the three constituent elements are made to be a 
serialized body. Particularly, as shown in FIG. 7(B), the 
electrode tubs 702a and 702b and the intermediate connec 
tion electrode tubs 703a and 703b are connected to the 
constituent elements 701a, 701b and 701c while being 
Staggered above and below. 
0103). By adopting such spatial connection format as 
above described, it is possible to thin the thickness of the 
overVoltage preventive element. And flatneSS can be assured 
for the photovoltaic element. Particularly, in the case where 
Such Solar cell module configuration as will be described 
later in that a serialized body (a Solar cell) comprising a 
plurality of photovoltaic elements having Such overVoltage 
preventive element as above described electrically Serialized 
is integrally Sealed in a weatherable resin is adopted, resin 
Sealing defect and the like are prevented from occurring in 
the process of Sealing the Serialized body (the Solar cell) in 
the weatherable resin. In addition, irregularities are pre 
vented from occurring at the exterior of the Solar cell 
module. 

0104. The constituent element and the connection mem 
ber in this embodiment are the Same as in the case shown in 
FIGS. 6(A) and 6(B). 
0105. The spatial connection format in FIGS. 7(A) and 
7(B) is not limited to the series connection but it may be also 
employed in the parallel connection. 

Current Bypass Element 
0106 FIG. 8(A) is a schematic diagram illustrating an 
example of a current bypass element which is preferably 
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used in the present invention, viewed from above. FIG.8(B) 
is a Schematic cross-sectional view, taken along the line 
D-D' in FIG. 8(A). 
0107 The current bypass element shown in FIGS. 8(A) 
and 8(B) comprises a PNJunction diode 801 sandwiched by 
a pair of electrode tubs 802a and 802b. By adopting such 
Spatial connection format, the thickness of the current 
bypass element can be thinned as desired. This situation 
leads to assure flatness for the photovoltaic element. 
0108. The kind, performance, size, form and the like of 
the diode used in the current bypass element should be 
properly determined depending upon the related factors 
including the size and connection pattern of the photovoltaic 
element to which the current bypass element is connected 
and the electric current used, and also depending upon the 
performance required for the Solar cell module involved. 
0109. In any case, it is necessary to selectively adopt a 
constituent element which enables to provide a current 
bypass which has one-way continuity as a whole and with 
Stands the short-circuit current of the photovoltaic element 
involved. With consideration of the flatness of the photo 
Voltaic element, the constituent element is desired to be in a 
form which is as Smaller as possible and is as thinner as 
possible. 

0110 Particularly, in the case where such solar cell 
module configuration as will be described later in that a 
Serialized body (a Solar cell) comprising a plurality of 
photovoltaic elements having Such current bypass element 
as above described electrically serialized is integrally Sealed 
in a weatherable resin is adopted, in order to prevent resin 
Sealing defect and the like from occurring in the process of 
Sealing the Serialized body (the Solar cell) in the weatherable 
resin and also in order to prevent irregularities from occur 
ring at the exterior of the Solar cell module, it is desired for 
the diode 801 to be thin. As such diode, a chip diode or a flat 
diode is preferably used. 
0111. As the electrode tubs 802a and 802b, those men 
tioned in the above as the connection member of the 
Overvoltage preventive element can be used. 
0112 Incidentally, Japanese Unexamined Patent Publica 
tion No. 302923/1995 discloses a current bypass element in 
which a chip diode is used and a proceSS for the production 
thereof. In the present invention, Such current bypass ele 
ment disclosed in this document may be used. 

Solar Cell Module 

0113. The Solar cell module according to the present 
invention comprises a plurality of photovoltaic elements 
having Such configuration as previously described, wherein 
each photovoltaic element has an overVoltage preventive 
element having Such configuration as previously described, 
and if necessary, Such current bypass element as above 
described. 

0114 FIG. 9(A) is a schematic diagram illustrating an 
example of a circuit configuration as a part of a Solar cell 
module in the present invention, where Said part is an unit 
corresponding to one photovoltaic element (the unit will be 
hereinafter referred to as “solar cell element unit”). 
0115) In the solar cell element unit shown in FIG. 9(A), 
a photovoltaic element 901, an overvoltage preventive ele 
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ment 902 and a current bypass element 903 are electrically 
connected in parallel connection. A plurality of Solar cell 
element units configured as shown in FIG. 9(A) are elec 
trically connected with each other typically in Series con 
nection or occasionally in parallel connection to establish a 
Solar cell module. 

0116. The overvoltage preventive element 902 in this 
embodiment comprises a Serialized body comprising two PN 
junction diodes 902a and 902b and one Schottoky barrier 
diode 902C. 

0117. As shown in FIG. 9(A), the photovoltaic element 
901 and the overvoltage preventive element 902 are elec 
trically connected in parallel connection in a forward direc 
tion, and the photovoltaic element 901 and the current 
bypass element 903 are electrically connected in series 
connection in a reverse direction. By this, when the photo 
voltaic element 901 is shaded, the current bypass element 
903 automatically conducts, and when the photovoltaic 
element 901 is irradiated with light and the load is lighter 
than a certain extent, the overvoltage preventive element 902 
automatically conducts. In this embodiment, a control 
device and the like are not necessitated. 

0118 FIG. 9(B) is a schematic diagram illustrating an 
example of a circuit configuration as a part of a Solar cell 
module in the present invention, where Said part is an unit 
corresponding to one photovoltaic element (the unit will be 
hereinafter referred to as “solar cell element unit”). 
0119). In the solar cell element unit shown in FIG. 9(B), 
a photovoltaic element 901, an overvoltage preventive ele 
ment 902 and a current bypass element 903 are electrically 
connected in parallel connection. A plurality of Solar cell 
element units configured as shown in FIG. 9(B) are elec 
trically connected with each other typically in Series con 
nection or occasionally in parallel connection to establish a 
Solar cell module. 

0120) The overvoltage preventive element 902 in this 
embodiment comprises a Serialized body comprising two 
constant voltage diodes 902d and 902e. 
0121. As shown in FIG. 9(B), the photovoltaic element 
901 and the overvoltage preventive element 902 are elec 
trically connected in parallel connection in a reverse direc 
tion, and the photovoltaic element 901 and the current 
bypass element 903 are electrically connected in parallel 
connection in a reverse direction. By this, when the photo 
voltaic element 901 is shaded, the current bypass element 
903 automatically conducts, and when the photovoltaic 
element 901 is irradiated with light and the load is lighter 
than a certain extent, the overvoltage preventive element 902 
automatically conducts. In this embodiment, a control 
device and the like are not necessitated. 

0.122 FIG. 10 is a schematic plan view illustrating an 
example of the constitution of a Solar cell module in the 
present invention. 
0123. In the solar cell module shown in FIG. 10, three 
photovoltaic elements 1001a, 1001b and 1001c are electri 
cally connected with each other in Series connection. 
0124. In FIG. 10, reference numeral 1002 indicates a 
Surface electrode tub (as a positive electrode), reference 
numeral 1003 a back electrode tub (as a negative electrode), 
reference numeral 1004 an overvoltage preventive element 
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(comprising any of the foregoing overvoltage preventive 
elements), reference numeral 1005 a current bypass element 
(comprising any of the foregoing current bypass elements) 
reference numeral 1006 an negative terminal electrode, and 
reference numeral 1007 a positive terminal electrode. 
0125. As shown in FIG. 10, the surface electrode tub 
1002 is connected to back faces of each adjacent photovol 
taic elements. Between the back electrode tub 1003 of and 
the surface electrode tub 1002 of each photovoltaic element, 
the overvoltage preventive element 1004 and the current 
bypass element 1005 are installed in parallel. And for the 
photovoltaic elements 1001a and 1001c which are situated 
on the opposite end Sides, the negative electrode taking-out 
electrode 1006 is fixed to the photovoltaic element 1001a 
through the surface electrode tub 1002, and the positive 
electrode taking-out electrode 1007 is fixed to the photo 
voltaic element 1001c through the back electrode tub 1003. 
0.126 In FIG. 10, the overvoltage preventive element 
1004 and the current bypass element 1005 are arranged so 
that they are visible from the light receiving face side of the 
Solar cell for the purpose of better understanding. However, 
in View of raising the photoelectric conversion efficiency of 
the Solar cell module, it is preferred for them to be arranged 
on the back side of the Solar cell module. 

Preparation of Solar Cell Module 
0127 FIG. 11 is a schematic cross-sectional view illus 
trating an example of a complete Solar cell module in the 
present invention. 
0128. The Solar cell module shown in FIG. 11 comprises 
a body comprising a serialized solar cell body 1101 which 
comprises a plurality of Solar cells comprising a plurality of 
photovoltaic elements having Such configuration as previ 
ously described and having any of the foregoing Overvoltage 
preventive elements and if necessary, any of the foregoing 
current bypass elements which are electrically serialized 
enclosed in a transparent resin adhesive 1102 (comprising, 
for instance, EVACethylene-Vinyl acetate copolymer), 
wherein Said body is resin-Sealed between a Surface protec 
tive film 1103 having weatherability (comprising, for 
instance, a fluororesin film) and a back face metallic metal 
member 1104 which makes the Solar cell module to be in a 
desired form. 

0.129 FIG. 12 is a schematic view illustrating an exterior 
of an example of a roof-integral type Solar cell module in the 
present invention. 
0130. In FIG. 12, reference numeral 1201 indicates a 
Solar cell module having Such constitution as described in 
the above, and reference numeral 1202 a back face metallic 
member which makes the Solar cell module 1201 to be in a 
desired form capable of being used as a roofing material. 
Namely, the Solar cell module 1201 shown in FIG. 12 is 
shaped to have opposite upstanding end portions 1203 
comprising the back face metallic member 1202. In the case 
where the Solar cell module 1201 is used as a roofing 
material, the Solar cell module 1201 is coupled with adjacent 
Solar cell modules through the upstanding end portions 
1203. It is possible that a plurality of Solar cell modules are 
integrated in this way to form a roof. 
0131 By varying the shape of the back metallic member 
1202, it is possible to form a roof having a desired shape and 
which excels in exterior appearance. 
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0.132. At the back metallic member 1202, a pair of output 
terminal boxes 1204a and 1204b are provided, where a 
power output connection cable 1205a extending from the 
Solar cells in the Solar cell module is drawn to the outside 
through the output terminal box 1204a, and similarly, 
another power output connection cable 1205b extending 
from the Solar cells in the Solar cell module is drawn to the 
outside through the output terminal box 1204b. The power 
output connection cable 1205a is provided with a connector 
1206a, and the power output connection cable 1205b is 
provided with a connector 1206b. These connectors 1206a 
and 1206b serves to connect the Solar cell module to other 
Solar cell modules. Through the connectors 1206a and 
1206b, a plurality of Solar cell modules are electrically 
connected with each other to establish a Solar cell module 
String. And the Solar cell module String is electrically con 
nected to a power conversion apparatus, a load and the like 
by means of the connection cables 1205a and 1205b and the 
connectors 1206a and 1206b, whereby a sunlight power 
generation System is established. 
0133. In the following, the present invention will be 
described in more detail with reference to examples. It 
should be understood that these examples are only for the 
illustrative purpose and not intended to restrict the Scope of 
the present invention. 

Provision of Photovoltaic Elements 

0134) There were provided a plurality of amorphous 
photovoltaic elements having Such previously described 
configuration. It is known that an amorphous Solar cell 
unavoidably Suffers from light degradation. Therefore, these 
photovoltaic elements were exposed to irradiation of Stan 
dard light (spectrum: AM 1.5, intensity: 1 kW/m) for a half 
year, whereby they were stabilized. The characteristics of 
each of the Stabilized photovoltaic elements under the Stan 
dard light were found to be 1.585 W for the maximum 
output, 2.032 V for the open-circuit voltage, and 1.477 V for 
the optimum operating Voltage. 
0135 These photovoltaic elements were used in the fol 
lowing examples. 

EXAMPLE 1. 

0136. In this example, a Solar cell module was prepared 
using three of the photovoltaic elements provided in the 
above. 

0.137 A specific overvoltage preventive element accord 
ing to the present invention was connected in parallel to each 
of the three photovoltaic elements to obtain a solar cell 
element unit. In this way, there were obtained three Solar cell 
element units. These three Solar cell element units were 
electrically Serialized with each other, and using this Seri 
alized body, a Solar cell module having Such configuration as 
previously described was prepared in accordance with the 
foregoing manner of preparing a Solar cell module. 
0.138. The overvoltage preventive element in each Solar 
cell element unit was made to have Such Series connection 
form as shown in FIGS. 6(A) and 6(B). Particularly, as the 
constituent element of the Overvoltage preventive element, 
there were used two PN junction silicon diode chips of 2.5 
mmx2.5 mm in size obtained from a mesa type PN junction 
Silicon diode chip produced by GI company (rise Voltage: 
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0.75 V, thickness: 0.25 mm, size: 4.5 mmx4.5 mm) by 
changing the size of the mesa type PN junction Silicon diode 
chip to a size of 2.5 mmx2.5 mm. As each of the electrode 
tubs and the intermediate connection electrode tub, there 
was used a tinned copper foil. The Size of each of the 
electrode tubs and the intermediate connection electrode tub 
was made to be 0.1 mm in thickness, 5 mm in width and 15 
mm in length. 
0.139. The joining of the electrode tubs, the intermediate 
connection electrode tub and the constituent element was 
conducted by way of Soldering. And the overVoltage pre 
ventive element was connected to the photovoltaic element 
in parallel connection in a forward direction to the photo 
Voltaic element. 

0140. In this embodiment, by adopting a serialized body 
of the two PN junction silicon diodes, the overvoltage 
preventive element was made to have a minimum operating 
voltage of about 1.5 V which is greater than the optimum 
operating Voltage of the photovoltaic element but is Smaller 
than the open-circuit Voltage of the photovoltaic element. 
0.141. By constituting each of the overvoltage preventive 
elements as shown in FIGS. 6(A) and 6(b), when the 
photovoltaic elements were integrally resin-Sealed in the 
weatherable resin to obtain the Solar cell module, resin 
Sealing defect and the like were prevented from occurring in 
the resin-Sealing process and irregularities were prevented 
from occurring at the exterior of the Solar cell module 
obtained. 

EXAMPLE 2 

0142. The procedures of Example 1 were repeated except 
for the following points. 

0143. That is, the series connection form of each over 
Voltage preventive element was changed to Such Series 
connection form as shown in FIGS. 7(A) and 7(B): as the 
constituent element, there were used two PN junction silicon 
diode chips of 2.5mmx2.5 mm in size obtained from a mesa 
type PN junction silicon diode chip produced by GI com 
pany (rise voltage: 0.75 V, thickness: 0.25 mm, size: 4.5 
mmx4.5 mm) by changing the size of the mesa type PN 
junction Silicon diode chip to a size of 2.5 mmx2.5 mm and 
one Schottoky barrier diode chip of 2.5mmx2.5 mm in size 
obtained from a Schottoky barrier diode chip produced by 
Origin Electric Company (rise Voltage: 0.4 V, thickness: 
0.25 mm, size: 4.5mmx4.5 mm) by changing the size of the 
Schottoky barrier diode chip to a size of 2.5 mmx2.5 mm; 
and three Solar cell element units were prepared in the same 
manner as in Example 1. These three Solar cell element units 
were electrically Serialized with each other, and using this 
Serialized body, a Solar cell module was prepared as well as 
in Example 1. 
0144. In this embodiment, by adopting a serialized body 
of the two PN junction silicon diodes and a Schottoky barrier 
diode, the overVoltage preventive element was made to have 
a minimum operating Voltage of about 1.9 V which is greater 
than the optimum operating Voltage of the photovoltaic 
element but is Smaller than the open-circuit Voltage of the 
photovoltaic element. 
0145 By constituting each of the overvoltage preventive 
elements as shown in FIGS. 7(A) and 7(b), when the 
photovoltaic elements were integrally resin-Sealed in the 
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weatherable resin to obtain the Solar cell module, resin 
Sealing defect and the like were prevented from occurring in 
the resin-Sealing process and irregularities were prevented 
from occurring at the exterior of the Solar cell module 
obtained. 

COMPARATIVE EXAMPLE 1. 

0146 The procedures of each of Examples 1 and 2 were 
repeated, except that no overVoltage preventive element was 
provided at each of the photovoltaic elements, to obtain a 
Solar cell module in each case. 

Evaluation 

0147 For each of the Solar cell modules obtained in 
Examples 1 and 2 and Comparative Example 1, performance 
evaluation test was conducted, where the output character 
istics (the current-voltage characteristics) of each Solar cell 
module were directly measured using a commercially avail 
able Solar cell module performance-measuring apparatus of 
type 240A (produced by SPIRE Company). 
0.148. The measured output characteristics are graphi 
cally and collectively shown in FIG. 13. That is, the curves 
shown in FIG. 13 are corresponding to current-voltage 
characteristic curves for Examples 1 and 2 and Comparative 
Example 1. In FIG. 13, each of the measured voltage value 
and the measured power value is a value converted per one 
photovoltaic element, which is corresponding to /3 of the 
Solar cell module as a whole. 

014.9 The numerical values of the important character 
istic obtained by the measurement are collectively shown in 
Table 1. 

0150. On the basis of the results shown in FIG. 13 and 
Table 1, the followings are understood. 
0151 Comparison of Maximum Output 
0152 The loss in the output by the provision of the 
overVoltage preventive element in each of Examples 1 and 
2 is very slight, particularly that in Example 2 is almost Zero. 
0153 Comparison of Open-Circuit Voltage 
0154) The proportion of a reduction in the open-circuit 
voltage is about 15% in Example 1 and it is about 6% in 
Example 2. From this, it is understood that for various 
apparatus connected to the Solar cell direct current circuit, 
those which are relatively inferior in terms of withstand 
Voltage can be used. 
O155 Comparison of Optimum Operating Voltage/Open 
Circuit Voltage 
0156 The optimum operating voltage/open-circuit volt 
age is 0.727 in Comparative Example 1, 0.789 in Example 
1, and 0.772 in Example 2. From this, it is understood that 
the use of the OVrVoltage preventive element diminishes the 
difference between the optimum operating Voltage and the 
open-circuit Voltage. 
O157 That is, according to the present invention, it is 
possible that while the output loss of the solar cell (the 
photovoltaic element) being maintained at a relatively Small 
extent, the open-circuit Voltage is decreased and occurrence 
of overvoltage is effectively prevented. Particularly, in the 
case of a Solar cell module in which a photovoltaic element 
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whose photoelectric conversion layer having a three-layered 
Structure containing amorphous Silicon and amorphous ger 
manium materials is used, by using an overVoltage preven 
tive element comprising a Serialized body comprising two 
PN junction diodes and one Schottoky barrier diode as in 
Example 2, it is possible to make the output loSS of the Solar 
cell module to be almost Zero. 

0158 Particularly, with reference to FIG. 13, in the case 
of the Solar cell module of Example 2, it is understood that 
the optimum operating point of the current-Voltage charac 
teristic curve per one photovoltaic element of the Solar cell 
module is Substantially not changed, the difference between 
the optimum operating Voltage and the open-circuit Voltage 
is diminished, and the gradient of the Straight line of 
connecting the optimum operating point and the open-circuit 
Voltage point is greater than that of the Solar cell module of 
Comparative Example 1. 
0159. Because the open-circuit voltage is desirably con 
trolled in the present invention as previously described, for 
the instruments including an inverter and the like which are 
connected to the Solar cell module, those which are rela 
tively inferior in terms of withstand Voltage can be used. 
This situation leads to more reduce the production cost of a 
Solar cell module and also of a Sunlight power generation 
System. 

0160 AS previously described, the operation of prevent 
ing occurrence of overVoltage in a Solar cell module has 
been known. However, in the present invention, a specific 
overvoltage preventive element is provided at each of the 
photovoltaic elements installed in the Solar cell module 
whereby decentralization of heat-generation Sources and 
curtailment of the installation place for a overVoltage 
preventing means which is necessitated in the prior art are 
realized, and the optimum constitution of the overVoltage 
preventive element is actualized So that the Overvoltage 
preventive element effectively and efficiently exhibits its 
Overvoltage-preventing function. 

0161 Cell Freedom 
0162 The term “cell freedom” is meant a selectable 
range for the number of the Solar cell element units to be 
Serialized. 

0163. In the above, based on the results obtained in the 
performance evaluation test, it has been described that by 
installing the Specific Overvoltage preventive element 
according to the present invention, while the output loSS is 
maintained at a Small extent, the open-circuit Voltage can be 
controlled as desired and the ratio of the optimum operating 
Voltage/the open-circuit Voltage can be controlled to be 
large. 

0164. In the following, description will be made of what 
effect the above facts bring about in a Sunlight power 
generation System, with reference to Examples 1 and 2 and 
Comparative Example 1. The “effect” here means that the 
cell freedom (the selectable range for the number of the solar 
cell element units to be serialized) in a Sunlight power 
generation System is increased, particularly in the case of a 
building's roof which has a limited area, the availability for 
Solar cells to be arranged on the roof is improved. 
0.165 For each of Examples 1 and 2 and Comparative 
Example 1, with respect to an inverter A whose usable 
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voltage range is from 155 V to 300 V and an inverter B 
whose usable voltage range is from 250 V to 450 V, the cell 
freedom was calculated. 

0166 For the solar cell element unit in each of each of 
Examples 1 and 2 and Comparative Example 1, the range of 
a Serializable number of the Solar cell element unit capable 
of being connected to the inverter A in each case is shown 
in Table 2, and the range of a serializable number of the Solar 
cell element unit capable of being connected to the inverter 
B in each case is shown in Table 3. 

0167 For the simplification purpose, the serializable 
number of the Solar cell element unit capable of being 
connected to each inverter was calculated in accordance 
with the following equations. 

0168 (i) A lower limit value for the serializable number 
of the Solar cell element unit capable of being connected to 
each inverter=an integer part of a value obtained by the 
equation: (a lower limit value for the Voltage capable of 
using the inverter)/(the optimum operating Voltage)+1. 
0169 (ii) An upper limit value for the serializable number 
of the Solar cell element unit capable of being connected to 
each inverter=an integer part of a value obtained by the 
equation: (an upper limit value for the Voltage capable of 
using the inverter)/(the open-circuit voltage). 
0170 Hence, the cell freedom can be expressed by the 
following equation. 

0171 (cell freedom)=(the upper limit value for the seri 
alizable number of the Solar cell element unit capable of 
being connected to the inverter)-(the lower limit value for 
the serializable number of the solar cell element unit capable 
of being connected to the inverter). 
0172 From Tables 2 and 3, the following facts are 
understood. 

0173 (1) By using a specific overvoltage preventive 
element according to the present invention, the cell freedom 
for the Solar cell element unit to each inverter is increased. 
This situation enables to design various arrangements for 
Solar cells in a Sunlight power generation System. 
0174 (2) By using a specific overvoltage preventive 
element according to the present invention, the upper limit 
for the number of the solar cell element unit to be capable 
of being used is enlarged. This situation enables to establish 
a Sunlight power generation System having a high System 
Voltage and which is slight in the System loSS. 
0175 Now, it is known that the higher the system voltage 
of a Sunlight power generation System is, the Smaller the 
System loSS is. 
0176 Separately, in the case where a Sunlight power 
generation System is constructed by using a plurality of Solar 
cell modules having Such configuration as previously 
described in which a plurality of photovoltaic elements 
having the overVoltage preventive element according to the 
present invention are integrally Sealed in a weatherable 
resin, it is possible to optionally design the arrangement of 
the Solar cell modules So as to comply with various roof 
forms. Particularly, when the back metallic member is 
designed So as to comply with a given roof form, it is 
possible to establish a solar cell roof which excels in exterior 
appearance. 
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0177. Further, in each of Examples 1 and 2, it is possible 
to adopt the constitution shown in FIG. 10 such that an 
appropriate current bypass element is connected in parallel 
to each photovoltaic element in each of Examples 1 and 2. 
In any of these cases, desirable current-Voltage characteris 
tics and cell freedom can be attained as well as in each of the 
foregoing Examples 1 and 2. 

COMPARATIVE EXAMPLE 2 

0.178 The procedures of Example 1 were repeated, 
except for the following point, to obtain a Solar cell module. 

0179 That is, as the constituent element of each over 
Voltage preventive element, there were used one PN junction 
silicon diode chip of 2.5mmx2.5 mm in size obtained from 
a mesa type PN junction silicon diode chip produced by GI 
company (rise voltage: 0.75 V, thickness: 0.25 mm, size: 4.5 
mmx4.5 mm) by changing the size of the mesa type PN 
junction Silicon diode chip to a size of 2.5 mmx2.5 mm. 

0180. The overvoltage preventive element is connected 
in parallel to the photovoltaic element in a forward direction 
to the photovoltaic element. 

0181. The overvoltage preventive element was prepared 
as well as in the case of the current bypass element shown 
in FIGS. 8(A) and 8(B), where the overvoltage preventive 
element was prepared by Sandwiching the PN junction 
silicon diode chip by the electrode tubs 802a and 802b. 

0182. The PN junction silicon diode used in this com 
parative example is of a rise voltage of 0.75 V. 

0183 The overvoltage preventive element used in this 
comparative example was about 0.75 V for the minimum 
operating Voltage, which was markedly Smaller than the 
optimum operating Voltage of the photovoltaic element 
used, being about a half of the optimum operating Voltage of 
the photovoltaic element. Because of this, the power loSS in 
this comparative example reached nearly 50%, and the 
power outputting efficiency was significantly descreased. 

0184. In comparison of Examples 1 and 2 with Compara 
tive Example 2, it was found that by using a specific 
Overvoltage preventive element whose minimum operating 
Voltage is greater than the optimum operating Voltage of the 
photovoltaic element but is Smaller than the open-circuit 
Voltage of the photovoltaic element, Significant overVoltage 
preventing effects are provided while minimizing the power 
loSS. 

0185. Now, it is a matter of course that when the mini 
mum operating Voltage of the overVoltage-preventive ele 
ment is greater than the open-circuit Voltage of the photo 
Voltaic element, no overVoltage-preventing effect is 
provided. 

EXAMPLE 3 

0186. In this example, a Solar cell module was prepared 
using three of the photovoltaic elements provided in the 
foregoing Step of provision of photovoltaic elements. 

0187. A specific overvoltage preventive element accord 
ing to the present invention was connected in parallel to each 
of the three photovoltaic elements to obtain a solar cell 
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element unit. In this way, there were obtained three Solar cell 
element units. These three Solar cell element units were 
electrically Serialized with each other, and using this Seri 
alized body, a Solar cell module having Such configuration as 
previously described was prepared in accordance with the 
foregoing manner of preparing a Solar cell module. 

0188 The overvoltage preventive element in each Solar 
cell element unit was made to have Such Series connection 
form as shown in FIGS. 6(A) and 6(B). Particularly, as the 
constituent element of the Overvoltage preventive element, 
there were used two Zener diode chips of 2.5 mmx2.5 mm 
in size obtained from a commercially available Zener diode 
chip (thickness: 0.25 mm, Size: 4.5 mmx4.5 mm) by chang 
ing the size of the Zener diode chip to a size of 2.5mmx2.5 
mm. AS each of the electrode tubs and the intermediate 
connection electrode tub, there was used a tinned copper 
foil. The size of each of the electrode tubs and the interme 
diate connection electrode tub was made to be 0.1 mm in 
thickness, 5 mm in width and 15 mm in length. 

0189 The joining of the electrode tubs, the intermediate 
connection electrode tub and the constituent element was 
conducted by way of Soldering. And the overVoltage pre 
ventive element was connected to the photovoltaic element 
in parallel connection in a reverse direction to the photo 
Voltaic element. 

0190. In this embodiment, by adopting a paralleled body 
of the two Zener diodes, the Overvoltage preventive element 
was made to have a minimum operating Voltage (a break 
down voltage in this case) of about 1.9 V which is greater 
than the optimum operating Voltage of the photovoltaic 
element but is Smaller than the open-circuit Voltage of the 
photovoltaic element. 

0191 Also in this example, the performance evaluation 
test which was conducted with respect Examples 1 and 2 and 
Comparative Example 1 was conducted in the same manner. 

0.192 As a result, it was found that the overvoltage 
preventive element used in this example provides desirable 
overVoltage-preventing effects as well as in each of 
Examples 1 and 2. Further, the cell freedom was calculated 
in the same manner as in Examples 1 and 2 and Comparative 
Example 1. As a result, the cell freedom in this example was 
found to be greater in comparison with that in Comparative 
Example 1. 

0193 In this example, because the overvoltage preven 
tive element is connected to each photovoltaic element in 
parallel connection in the reverse direction to the photovol 
taic element, the overVoltage preventive element also exhib 
its a current bypass function. 

0194 In the Solar cell module of this example, it is 
possible to adopt a constitution in which a current bypass 
element is connected to each photovoltaic element in par 
allel connection (that is, a constitution in which the photo 
Voltaic element, the Overvoltage preventive element and the 
current bypass element are connected in parallel connection, 
where the current bypass element and the photovoltaic 
element are connected in parallel connection in a reverse 
direction). In this case, desirable current-voltage character 
istics and cell freedom are obtained as well as in the above 
CSC. 
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0195 Commercial System-Combined Network System 
with No Reverse Flow 

0196) Description will be made of the advantages of the 
present invention when the Solar cell module of the present 
invention is used in a commercial power Supply System 
combined network System (which is occasionally called a 
direct-current System) in which one or more Solar cells are 
connected to a direct-current circuit obtained by rectifying 
Such a commercial power Supply System as shown in FIG. 
1 to Supply an electric power to a given load. 

0197). In general, in the commercial system-combined 
network System, there is a Severe restriction for the Voltage 
range in order to efficiently use the Solar cells. The reason for 
this is that when the Voltage in the commercial Supply 
System is, for instance, 200 V of alternate current, a Voltage 
obtained by rectifying this voltage is about 280 V, and 
therefore, when the Sum of the optimum operating Voltages 
of the Solar cells is not beyond this value, the electric power 
supplied to the load from the Solar cells is diminished. In 
practice, the Voltage of the electric power Supplied from the 
commercial power Supply System is of about 210 V in many 
cases, and therefore, the Sum of the optimum operating 
Voltages of the Solar cells is necessary to be at least about 
300 V. 

0198 Separately, for instance, for an inverter used for 
driving a power load Such as a fan or pump at a variable 
speed, it is optimized to the commercial power Supply 
System in order to reduce the cost. Particularly, in many 
cases, the withstand Voltage of a component Such as a 
primary Side electrolytic condenser which is used in an 
inverter for 200 V is 400 V. 

0199. In this connection, for the inverter used, the range 
for the voltage at which the inverter can be used is from 300 
V to 400. 

0200 Here, with respect to an inverter whose usable 
voltage range is from 300 V to 400 V, a lower limit and an 
upper limit for a Serializable number of the Solar cell element 
unit of each of Example 2 and Comparative Example 1 
which is capable of being connected to the inverter and a cell 
freedom in each case were calculated in accordance with the 
foregoing calculation manner. The calculated results are 
collectively shown in Table 4. 

0201 From Table 4, it is understood that the cell freedom 
of Comparative Example 1 in which no overVoltage preven 
tive element was used is Zero (0), and therefore, the use of 
the overVoltage preventive element in the commercial power 
System-combined network System (the direct-current Sys 
tem) is indispensable. 

0202) In the following, discussion will be made by com 
paring a case wherein a plurality of overVoltage preventive 
elements are externally added Such that they arranged to 
converge at one place (that is, Such a System as shown in 
FIG. 1) with a case wherein an overvoltage preventive 
element is provided at each photovoltaic element. 

0203 From FIG. 13, it is understood that the maximum 
output (1.583 W) of the solar cell module of Example 2 is 
almost the same as that (1.585 W) of the Solar cell module 
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of Comparative Example 1 (see, Table 1). Here, consider 
ation will be made of a case wherein a motor of, for instance, 
about 2 HP(=1500W) is drove by a solar cell module. Based 
on Table 4, a Solar cell module is structured by electrically 
connecting 206 Solar cell units of Example 2 with each other 
in Series connection. The total output of this Solar cell 
module becomes to be about 325 W. In order to sufficiently 
drive Said motor, about 6 Solar cell modules having this 
configuration are necessitated. 

0204. On the other hand, when no load is present, it is 
understood by way calculation that a power of about 0.6 W 
is consumed in one overVoltage preventive element. That is, 
in the case where the operating Voltage per one Solar cell 
element unit of Comparative Example 1 is equal to the 
open-circuit Voltage per one Solar cell element unit, the 
output per one Solar cell element unit of Comparative 
Example 1 corresponds the power consumed in the over 
Voltage preventive element of each Solar cell element unit of 
Example 2. 

0205 Therefore, the total quantity of the powers con 
Sumed in the overVoltage preventive elements in one of the 
above Solar cell modules becomes to be about 124W when 
no load is present. In this connection, the total loSS quantity 
of the 6 Solar cell module becomes to be about 744 W. This 
loSS quantity corresponds heat generated by a Small Stove. 
This means that Such heat generation is occurred in the 
overVoltage preventive elements. 

0206. In the case of the present invention, because the 
Overvoltage preventive element is provided at each photo 
Voltaic element, Such energy Sources are distributed over the 
entirety of a Solar cell array (comprising the Solar cell 
modules). On the other hand, in the case where the over 
Voltage preventive elements are externally added Such that 
they are arranged to converge at one place, it is necessitated 
to establish an extra Space for the Overvoltage preventive 
elements to Sufficiently radiate heat therein and in addition, 
it is necessitated to take measures for Safety. 
0207 Consequently, according to the present invention, it 
is possible to readily establish a desirable commercial power 
Supply System-combined network System in a simple man 
C. 

0208 Further, the Solar cell module according to the 
present invention is desirably used also in a Sunlight power 
generation System provided with a System interconnection 
inverter capable of reversely flow a D.C. output of the Solar 
cell module into an A.C. System. 

0209. It should be understood that the present invention 
is not restricted by these examples. The embodiments can be 
modified in various ways within the range where the prin 
ciple of the present invention is not hindered. 

0210 Further, in the examples of the present invention, a 
photovoltaic element whose photoelectric conversion layer 
having a three-layered Structure comprising amorphous 
materials containing Silicon or/and germanium atoms was 
used. However, this is not limitative. It is possible to other 
photovoltaic elements Such as a photovoltaic element having 
a photovoltaic conversion layer comprising an amorphous 
Semiconductor material containing either Silicon atoms or 
germanium atoms, a photovoltaic element having a single 
crystal Silicon layer, and the like. 
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0211 AS described in the above, the present invention 
provides Such significant advantages as will be described 
below. 

0212 (1) Because occurrence of overvoltage in the case 
where no load is present or a load is Small can be effectively 
prevented, when instruments Such as a power conversion 
device and the like which are of the Same withstand Voltage 
are used in a Sunlight power generation System, the Selective 
range for a serialization number of Solar cells (or photovol 
taic elements) used in the Sunlight power generation System 
is improved. 
0213 (2) A sunlight power generation system whose 
System Voltage is high can be established, and therefore, the 
System loSS is diminished. 
0214) (3) In the case where a plurality of serialized bodies 
each comprising a plurality of Solar cells (or photovoltaic 
elements) electrically Serialized are used, when the Serial 
ized bodies are the same in terms of the Serialized number, 
instruments Such as a power conversion device and the like 
which are relatively inferior in terms of the withstand 
Voltage can be used. Because of this, these instruments may 
be those which are less expensive. Thus, it is possible to 
attain a desirable Sunlight power generation System at a 
reasonable production cost. This situation greatly contrib 
utes in Spreading a Sunlight power generation System. Par 
ticularly, the fill factor of a photovoltaic element having a 
photoelectric conversion layer comprising an amorphous 
Semiconductor material containing at least either Silicon 
atoms or germanium atoms is interior to that of a photovol 
taic element comprising a single crystal Silicon material, and 
therefore, the above advantages are significant in a Sunlight 
power generation System in which a plurality of Such 
photovoltaic elements having a photoelectric conversion 
layer comprising an amorphous Semiconductor material 
containing at least either Silicon atoms or germanium atoms 
are used. 

0215 (4) Because a specific overvoltage preventive ele 
ment is accommodated in each photovoltaic element, it is 
not necessary to provide a specialized space for a overVolt 
age-preventing means to arrange as in the prior art. In 
addition, because Specific Overvoltage preventive elements 
are arranged So as to distribute among the photovoltaic 
elements, heat generated is not converged and therefore, 
heat radiation is readily and effectively performed as 
desired. 

0216 (5) By constituting the overvoltage preventive ele 
ment by a plurality of constituent elements, Overvoltage 
preventing effects with slight loSS can be achieved. 
0217 (6) By selecting a proper electrical connection 
pattern between the constituent elements in the preparation 
of an overVoltage preventive element, it is possible to attain 
a desirable overVoltage preventive element of a reasonable 
cost. This situation results in a reduction in the production 
cost of a desirable Solar cell module. 

0218 (7) It is not necessitated to use a particular voltage 
control device and therefore, neither a specialized space 
therefor nor wiring therefor are not necessitated. 
0219 (8) In the case of adopting a solar cell module 
configuration in which a plurality of photovoltaic elements 
are integrally Sealed in a weatherable resin, resin Sealing 



US 2001/0032664 A1 

defect is hardly occurred and irregularities are hardly 
occurred at the exterior of the Solar cell module obtained. 

0220 (9). By structuring a solar cell module by using a 
back face metallic member and an Overvoltage preventive 
member in which a thin constituent element is used, it is 
possible to attain a Solar cell module which can be readily 
processed. Particularly, in the case where a photovoltaic 
element containing an amorphous Silicon material is used, 
this advantage is significant. 

TABLE 1. 

Comparative 
Example 1 Example 2 Example 1 

optimum output (W) 1552 1.583 1585 
(96.0) (99.9) (100) 

open-circuit voltage (V) 1.722 1906 2.032 
(84.7) (93.8) (100) 

optimum operating 1.374 1471 1477 
voltage (V) (93.0) (99.6) (100) 
optimum operating 0.798 O.772 O.727 
voltage/open-circuit 
voltage 

NOTE: the figure in each parentheses of Example 1 and Example 2 is a 
relative value to the corresponding measured value of Comparative 
Example 1, which is set at 100. 

0221) 

TABLE 2 

Comparative 
Example 1 Example 2 Example 1 

a lower limit value for a 113 106 105 
serializable number of the 
solar cell element unit 
capable of being connected 
to the inverter 
an upper limit value 174 157 147 
for a serializable number 
of the solar cell element unit 
capable of being connected 
to the inverter 
cell freedom 61 51 42 
(selectable range for the number 
of the solar cell element units) 

0222 

TABLE 3 

Comparative 
Example 1 Example 2 Example 1 

a lower limit value for a 182 170 170 
serialized number of the 
solar cell element unit 
capable of being connected 
to the inverter 
an upper limit value 261 236 221 
for a serializable number 
of the solar cell element unit 
capable of being connected 
to the inverter 
cell freedom 79 66 51 
(selectable range for the number 
of the solar cell element units) 
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0223) 

TABLE 4 

Comparative 
Example 2 Example 1 

a lower limit value for a 204 2O)4 
serializable number of the 
solar cell element unit 
capable of being connected 
to the inverter 
an upper limit value 209 196 
for a serializable number 
of the solar cell element unit 
capable of being connected 
to the inverter 
cell freedom 5 O 
(selectable range for the number 
of the solar cell element units) 

What is claimed is: 
1. A solar cell module in which a plurality of photovoltaic 

elements are installed Such that they are electrically con 
nected with each other, wherein an Overvoltage preventive 
element is electrically connected to each photovoltaic ele 
ment in parallel connection, and Said overVoltage preventive 
element exhibits a one-way continuity and has a minimum 
operating Voltage which is Smaller than an open-circuit 
Voltage of Said photovoltaic element and is greater than an 
optimum operating Voltage of Said photovoltaic element. 

2. A Solar cell module according to claim 1, wherein the 
OverVoltage preventive element comprises a plurality of 
constituent elements which are connected in Series and/or 
parallel connection. 

3. A Solar cell module according to claim 1, wherein the 
Overvoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a forward 
direction, and Said minimum operating Voltage of the over 
Voltage preventive element is a minimum operating Voltage 
when a forward Voltage is impressed to the Overvoltage 
preventive element. 

4. A Solar cell module according to claim 1, wherein the 
Overvoltage preventive element comprises a plurality of 
constituent elements electrically connected with each other, 
and each of Said plurality of constituent elements is con 
nected to the photovoltaic element in parallel connection in 
a forward direction. 

5. A Solar cell module according to claim 4, wherein at 
least one of the constituent elements comprises a diode. 

6. A Solar cell module according to claim 5, wherein the 
constituent elements comprise a PN junction diode, a Schot 
toky barrier diode and a resistance element, or a combination 
of these. 

7. A Solar cell module according to claim 1, wherein the 
Overvoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a reverse 
direction, and Said minimum operating Voltage of the over 
Voltage preventive element is a minimum operating Voltage 
when a reverse Voltage is impressed to the Overvoltage 
preventive element. 

8. A Solar cell module according to claim 1, wherein the 
Overvoltage preventive element comprises a plurality of 
constituent elements electrically connected with each other, 
and each of Said plurality of constituent elements is con 
nected to the photovoltaic element in parallel connection in 
a reverse direction. 
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9. A Solar cell module according to claim 8, wherein at 
least one of the constituent elements comprises a constant 
Voltage diode. 

10. A Solar cell module according to claim 9, wherein the 
constituent elements comprise a constant Voltage diode and 
a resistance element, or a combination of these. 

11. A Solar cell module according to claim 7, wherein the 
overVoltage preventive element has a current bypass func 
tion. 

12. A Solar cell module according to claim 1, wherein the 
photovoltaic element, the overVoltage preventive element 
and a current bypass element are electrically connected in 
parallel connection. 

13. A Solar cell module according to claim 12, wherein the 
current bypass element has at least a diode. 

14. A Solar cell module according to claim 1, wherein each 
of the photovoltaic elements has a photoelectric conversion 
layer comprising a Semiconductor layer containing at least 
Silicon atoms or germanium atoms. 

15. A Solar cell module according to claim 1, wherein each 
of the photovoltaic elements has a photoelectric conversion 
layer containing at least a single crystal Silicon material. 

16. A solar cell module in which a plurality of photovol 
taic elements are installed Such that they are electrically 
connected with each other, wherein an overVoltage preven 
tive element is electrically connected to each photovoltaic 
element in parallel connection, Said overVoltage preventive 
element exhibits a one-way continuity, and Said Overvoltage 
preventive element comprises a plurality of constituent 
elements and a plurality of connection members electrically 
connected to Said constituent elements Such that one of two 
of the connection members which are adjacent to one of Said 
constituent elements is connected to an upper Side of Said 
one constituent element and the other connection member is 
connected to a lower Side of Said one constituent element. 

17. A Solar cell module according to claim 16, wherein 
each of the connection members contains at least a compo 
nent comprising one or more metals Selected from a group 
consisting of Au, Ag, Cu, Pb, Sn and Ni. 

18. A solar cell module according to claim 16, wherein the 
overVoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a forward 
direction, and the Overvoltage preventive element has a 
minimum operating Voltage when a forward Voltage is 
impressed to the Overvoltage preventive element, Said mini 
mum operating Voltage of the overVoltage preventive ele 
ment being Smaller than an open-circuit Voltage of the 
photovoltaic element and being greater than an optimum 
operating Voltage of the photovoltaic element. 

19. A solar cell module according to claim 16, wherein the 
overVoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a reverse 
direction, and the Overvoltage preventive element has a 
minimum operating Voltage when a reverse Voltage is 
impressed to the Overvoltage preventive element, Said mini 
mum operating Voltage of the overVoltage preventive ele 
ment being Smaller than an open-circuit Voltage of the 
photovoltaic element and being greater than an optimum 
operating Voltage of the photovoltaic element. 

20. A solar cell module in which a plurality of photovol 
taic elements are installed Such that they are electrically 
connected with each other, wherein an overVoltage preven 
tive element is electrically connected to each photovoltaic 
element in parallel connection, Said overVoltage preventive 
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element exhibits a one-way continuity, and Said overVoltage 
preventive element comprises a plurality of constituent 
elements and a plurality of connection members electrically 
connected to Said constituent elements, Said connection 
members comprising upper connection members and lower 
connection members, Said constituents elements being 
Spacedly arranged in a common plane while being Sand 
wiched and held between Said upper connection members 
and Said lower connection memberS Such that one of Said 
upper connection members is joined to an upper side of (a) 
one of the constituent elements, one of Said lower connec 
tion members is joined to a lower Side of Said constituent 
element (a) and also to a lower side of (b) the constituent 
element which is adjacent to said constituent element (a), 
another upper connection member is joined to an upper Side 
of Said constituent element (b) and also to an upper side of 
(c) the constituent element which is adjacent to said con 
Stituent element (b), and one of the remaining lower con 
nection members is joined to a lower Side of Said constituent 
element (c). 

21. A Solar cell module according to claim 20, wherein 
each of the connection members contains at least a compo 
nent comprising one or more metals Selected from a group 
consisting of Au, Ag, Cu, Pb, Sn and Ni. 

22. A Solar cell module according to claim 20, wherein the 
Overvoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a forward 
direction, and the Overvoltage preventive element has a 
minimum operating Voltage when a forward Voltage is 
impressed to the Overvoltage preventive element, Said mini 
mum operating voltage of the overVoltage preventive ele 
ment being Smaller than an open-circuit Voltage of the 
photovoltaic element and being greater than an optimum 
operating Voltage of the photovoltaic element. 

23. A Solar cell module according to claim 20, wherein the 
Overvoltage preventive element and the photovoltaic ele 
ment are connected in parallel connection in a reverse 
direction, and the Overvoltage preventive element has a 
minimum operating Voltage when a reverse Voltage is 
impressed to the Overvoltage preventive element, Said mini 
mum operating Voltage of the overVoltage preventive ele 
ment being Smaller than an open-circuit Voltage of the 
photovoltaic element and being greater than an optimum 
operating Voltage of the photovoltaic element. 

24. A Solar cell module according to claim 1, wherein a 
body comprising Said plurality of photovoltaic elements 
each having Said overVoltage preventive element is resin 
Sealed between at least two weatherable Supporting mem 
bers, Said Supporting members comprising a resin, a glass, a 
metal or a combination of these. 

25. A Solar cell module according to claim 24, wherein at 
least one of Said Supporting members comprises a fluo 
roresin. 

26. A Solar cell module according to claim 24, wherein 
one of Said Supporting members includes a metallic member 
which is provided at a back face of Said resin-Sealed body, 
Said metallic member having a form corresponding to that of 
a roofing material. 

27. A Solar cell module according to claim 1, wherein a 
body comprising Said plurality of photovoltaic elements 
each having Said overVoltage preventive element is embed 
ded in a Support comprising a weatherable resin. 

28. A Sunlight power generation System comprising a 
Solar cell module and a System interconnection inverter 
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capable of reverse-flowing a direct-current output from Said 
Solar cell module into an alternate current System, said Solar 
cell module comprising a plurality of photovoltaic elements 
electrically connected with each other, wherein an overVolt 
age preventive element is electrically connected to each 
photovoltaic element in parallel connection, Said overVolt 
age preventive element comprises a plurality of constituent 
elements, said Overvoltage preventive element exhibits a 
one-way continuity and has a minimum operating Voltage 
which is Smaller than an open-circuit Voltage of Said pho 
tovoltaic element and is greater than an optimum operating 
Voltage of Said photovoltaic element. 

29. A Sunlight power generation System comprising a 
Solar cell and a mechanism capable of parallel-coupling a 
direct current power from Said Solar cell module and a direct 
current power obtained from a commercial alternate current 
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power Supply System by way of rectification to Supply to a 
load, Said Solar cell module comprising a plurality of pho 
tovoltaic elements electrically connected with each other, 
wherein an Overvoltage preventive element is electrically 
connected to each photovoltaic element in parallel connec 
tion, Said overVoltage preventive element comprises a plu 
rality of constituent elements, Said overVoltage preventive 
element exhibits a one-way continuity and has a minimum 
operating Voltage which is Smaller than an open-circuit 
Voltage of Said photovoltaic element and is greater than an 
optimum operating Voltage of Said photovoltaic element. 

30. A Sunlight power generation System according to 
claim 29, wherein Said load includes a variable frequency 
variable Voltage inverter and a power load. 
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