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1. Introduction
The solar cell is a very useful device for clean electric

power generation and its performance has been conti-
nuously improved through intensive research in this field. A
solar cell is generally characterized using the equivalent
circuit of the single diode model as shown in Fig. 1 and the
relation between the current I and the voltage V is given by
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where Iph, I0, Rs, Rsh, q, ,n, kB, T are the photocurrent, the
saturation current of the diode, the series resistance, the
shunt resistance, the electron charge, the ideality factor, the
Boltzmann constant, and the temperature, respectively. The
equivalent circuit includes many parameters. Each value of
the parameters shows characteristics of each element in a
solar cell and can be made a diagnosis of a solar cell. Espe-
cially, the diagnosis is essential in the development of a
new type of solar cell such as an organic solar cell [1] or a
dye-sensitized solar cell [2, 3]. Therefore, it is crucially
important to precisely estimate all the parameters of a solar
cell for improvement of its performance. Many meathods
for determining the parameters of a solar cell have been
already reported [4]. However, most of the previously re-
ported methods neglect a shunt resistance Rsh or requires an
assumption that is valid under only a special condition.
Here, we have proposed a new extensively valid and stable
method for estimating all the parameters of a solar cell.

2. Theory
Our method requires only one assumption, which fol-

lows:
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where Voc is the open circuit potential. The assumption (2)
is generally valid enough for various solar cells. Under the

assumption (2), −dV/ dI is given by
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(3)
in order to determine the ideality factor n and the series
resistance Rs, temporary parameters Rs0 and n0 are intro-
duced to Eq. (3), which yields
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where  is defined by
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When ||<<1, Eq. (4) is given by
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The condition, ||<<1 can be valid when the parameters,
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Fig. 1: The equivalent circuit (single diode model) of a
solar cell.
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Fig. 2: The flow chart of our method employed to derive
the values of solar cell parameters.
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Rs0 and n0 are close in value to the series resistance Rs and
the ideality factor n, respectively. Note that the series resis-
tance Rs and the ideality factor, n disappear from the deno-
minator in the right-hand side of Eq. (6) by introducing the
temporary parameters Rs0 and n. Then, the series resistance
Rs and the ideality factor, n are derived by the y-intercept
and the slope of the plot of −dV/dI as a function of
[Isc−I−{V−Rs0(Isc−I)−n0kBT/q}/Rsh]

-1 under the condition
||<<1, respectively. In order to find the appropriate values
of the temporary parameters, the estimation of series resis-
tance, Rs and the ideality factor, n according to Eq. (6) is
iterated using 0 as the initial value of each temporary pa-
rameter as shown in Fig. 2. On the other hand, from Eq. (6),
the initial value of the shunt resistance Rsh is given by
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At the first iteration count of the loop, the values of the
series resistance, Rs and the ideality factor, n include large
errors because ||<<1 is not generally satisfied when Rs0 =
0 and n0 = 0. However, they are close to the appropriate
values as compared with the initial ones, respectively. More
accurate values are obtained by using the values of the se-
ries resistance, Rs and the ideality factor, n given at this step
as those of Rs0 and n0. The most appropriate values are fi-
nally yielded by repeating this procedure until Rs = Rs0, n =
n0, and || = 0 as shown in Fig.2.

3. Application to analysis of solar cells
Figure 3 shows the experimental I-V curve of an organ-

ic solar cell with triple heterojunctions (solid line) [1] and
the I-V curves calculated using the value of the parameters
derived by our method (broken line) for instance. The cal-
culated I-V curve was in excellent agreement with the ex-
perimental data, to the extent that they could not be distin-
guished from each other. The values of parameters of
another solar cell determined by using our method and pre-
vious method are compared to each other in Table I. It is
clearly seen that our method is adaptable for analysis of
various kinds of solar cells.

4. Conclusions
We have proposed a stable method for deriving all the

parameters from a single I-V curve, which requires only the
valid assumption for a general solar cell. We have demon-
strated that our method is very stable and is adaptable for
analyzing various solar cells. Our extensively valid and
stable method is very useful for analyzing various new so-
lar cells, leading to an improvement of their performance.
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Fig. 3: The experimental I-V curve of an organic solar
cell with triple heterojunctions (solid line) [1] and the I-V
curves calculated using the value of the parameters de-
rived by our method (broken line).

Table I: The values of solar cell parameters derived by our method and the previous work, previously and .

Cell or Module Voc (V) Isc (A) Iph (A) I0 (μA) Rs (Ω) Rsh (kΩ) n T (°C) 
Si (R.T.C France) a 0.5728 0.7608 0.7608 0.3223 0.0364 0.0538 1.484

33
8.9×10-7

A previous work b
  0.7609 0.4039 0.0364 0.0495 1.504 

This work 0.57 0.76 0.77 0.20 0.037 0.032 1.4 5.6×10-7

Si (Photowatt-PWP-201) a 16.778 1.030 1.0318 3.2876 1.2057 0.549 48.450
45

8.3×10-6

A previous work b
  1.0359 6.77 1.146 0.2 51.32 

This work 17 1.0 1.0 2.3 1.3 0.83 47 6.3×10-6

Silicon c
 0.0500   3.3  2.5

17
3.4×10-3

This work 0.52 0.050 0.050 0.99 0.73 0.16 1.9 4.5×10-5

Organic solar cell d
        

This work 1.2 0.0046 0.0047 0.92 48 1.4 5.8 20* 1.1×10-3

DSSC(C4) e 0.704 0.00206 - 0.035 43.8 3.736 2.5  
This work 0.70 0.0021 0.0021 0.023 42 3.2 2.5 20* 4.9×10-5

a See Ref.[5] , b See Ref.[6], c See Ref.[7], d See Ref.[1], e See Ref.[2]
* No information on the temperature, T in the reference.
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