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ABSTRACT

Using a new solar spectral irradiaticn com-
puter model, a procedure has been devised which
allows the calculation of -short-circuit current
(Isc) sensitivity to atmospheric variables. This
procedure, which has applications for photovol-
taic reference cell calibrations, clearly shows
the ISc sensitivity %o spectral distribution
changes without the influence of the total irra-
diance level.. Example outputs are presented for
four different solar cell types.

METHODOLOGY

The short-circuit current of a 1linear,
single-junction solar cell can be expressed as

1., = A 2B QORGDAA (1)
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where A& is the active area of the device, R(})
the spectral response (A/W), _E;(A) is the
ineident spectral irradiance (W/m“/nm}, and 3 the
wavelength (nm). Varying Ei(ix) in eguation 1
will show variations in I but the resulting I
changes will be due to both spectral and total
(integrated) irradiance changes. To isolate the
two effects, equation 1 can be divided by the
total irradiance, or
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The ratic of I to the total incident irradiance
is defined as the calibration number (CN}, which
15 independent of total iIrradiance changes. Aan
added benefit of using CN is that absolute spec-
tral irradiance is not needed because Ei(X)
appears in both the numerator and the denominator
of equation 1. Because absolute measurements of
active area and spectral response are difficult
to obtain, it would be useful if these could be
normalized as well. This can be accomplished by
normaiizing the calibration number tc a fixed set
of reference atmospheric conditions, or
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where CN is the normalized calibration number and
E.op(2) 1s the spectral irradiance which corre-
sponds to the reference atmospheric conditions.
Notice that the active area has been eliminated
and all spectral quantities appear in both the
numerator and the denominator. Therefore,
changes in CN which oceur from varying E; (1) are
due to spectral changes alone and are relative Lo
Eref(l)'
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Figure 1.
a-Si:H (box) devices used in this study.
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External quantum efficiency vs. wavelength for silicon (+), GaAs (x), CdS/CulnSe, {diamond) and

0160-8371/85/0000-0951 $1.00 © 1985 IEEE



Turpidity Turbidity Turbidity

Turbidity

Figure 2. CN vs. water vapor, turbidity at 0.5
um, and zenith angle (degrees) for silicon device

C.25 cm water vapor
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PRCCEDURE

The computer model which was used to vary
E;(X) outputs both a direct beam and a global
spectrum for a given seft of input atmospheric
variables (1). Therefore, it was possible to
obtain simultaneously the global and direct
sensitivities for a given solar cell. The model
provides for a large number of variables to be
input such as atmospheric turbidity, surface air
pressure, water wvapor and ozone content, solar
zenith angle, and ground albedo for a cloudless
sky. In order to restrict the input to three
independent variables, it was necessary to fix
all other variables except the water vapor con-
tent, atmospheric turbidity, and the solar zenith
angie. Fortunately, most of the other variables
except the air pressure elither do not vary much
or have a rather small effect on the spectrum.
The reference conditions chosen for this study
are water vapor, 1.42 cm; atmospheric turbidity
at 500 nm, 0.27; air pressure, 10i3.25 mb (sea
level}; ozone, 0.34 em; ground albedo, 0.2; and
zenith angle, 1§.19° (corresponding to air mass
1.5) (2).

Four measured spectral responses were chosen
for study, and the quantum efficiencies of these
devices are rresented in figure 1, The input
variable matrix used consisted of 21 values of

turbidity, 29 zenith angles, and four water
vapors, which resulted in 4,872 different
spectra. These were used in equation 3 with the

spectral resonses te calculate the normalized
calibration number for each case. The resulting
19,488 CN's are presented in figures 2-%. Each
CN was sorted into bins as follows:

<+ CN = 0.9800 to 0.9867;
X CN = 0.9867 to 0.9933;
2 CN = 0.9933 to 1.0000;
E§ CN = 1.0000 to 1.0067;

CN = 1.0067 to 1,0133;
< TN = 1.0133 to 1.0200,

Therg{ore, gach character maps a location where
the CN is within a given range of unity and on
any given plot, the total area marked shows the
region where CN is within 2% of unity.

DISCUSSION

Some major trends are evident upon examina-
tion of Figs. 2-9, From the total number of
points marked in each series, it is seen that
gsilicon is the least sensitive while a-3i is the
most sensitive. Galls is very similar toe silicon
in form although it is slightly more sensitive.
In terms of outdoor performance measurements,
this means it will be much less likely that a set
of conditions will exist that produces the refer-—
ence calibration number (CN = 1} for amor-—
phous silicon and CuInSe2/CdS than rfor silicon or
GaAs, As a rule, increasing =zenith angle
increases CN except for a-Si, which decreases.
Also, increasing water vapor inereases CN exclu-
ding CuInSeg/CdS for which water vapor has very
little effect. The information obtained clearly

956

shows how the CN will change under varying atmos-
pherie conditions,

Finally, the form of equation 3 indicates
that the normalized calibration number can be
used to correct cutdoor performance measurements
if the atmospheric conditions at the time . of
measurement are known. Once CN has been calcu-
lated, the measured calibration number is cor-
rected by dividing by CN , giving the reference
calibration number.
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