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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—Si material, it is knoWn that the ?ll factor 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 DC. power 
source, reference numeral 105 a compressor driving-motor, 

Oct. 25, 2001 

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 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. 

[0017] 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-?oWing a DC. output from the solar cell 
module into an alternating-current circuit. 

[0018] 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 DC. 
poWer outputted from the solar cell module and a DC. 
poWer obtained from the commercial alternating-current 
circuit by Way of recti?cation are connected in parallel to 
supply into a load. 

[0019] 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 ?exibility 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, 

Oct. 25, 2001 

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 ?ll factor in 
comparison With a photovoltaic element (solar cell) Whose 
?ll 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 ?ll factor 

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 
signi?cant. 

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 con?guration 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 con?guration as a part of a solar 
cell module in the present invention. 

[0038] FIG. 10 is a schematic plan vieW illustrating an 
example of the constitution of a solar cell module in the 
present invention. 

[0039] 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. 

[0042] 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. 

[0043] 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. 

[0045] A principal 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. 

[0052] Description Will be made of these tWo methods (a) 
and 

[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 ?nely adjusted. FIG. 14 is a schematic 




























