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ELECTRON IRRADIATION EFFECTS ON THE SHUNT RESISTANCE
OF SILICON SOLAR CELLS

8. BANERJEE snd W. A. ANDERSON

Department of Electrical and Computsr Enginesring, State University of New York at
BufYelo, 217C Bonner Hall, Amherst, NY 14260 (US.A.)

(Received August 28, 1986 ; accepted in revised form November 18, 1986)

Summary

Shunt resistance Ry values greater than 5 X 10° Q have been measured
for high efficiency silicon solar cells fabricated by a low temperature dif-’
fusion technique, whereas lower values ((0.5 - 1.0) X 10° 2) were obtained
for ion-implanted solar cells. A degradation in R, values by an order of
magnitude was observed after electron irradiations of 1 MeV to a fluence of
1 X 10'¢ ¢~ cm™2. Temperature dependence studies indicated a rapid decrease
in Ry above a threshold tempemature which is sensitive to the device quality.
As the fluence of irradistion increased, very little shift in the threshold
temperature towards lower values was observed. The degradation in R,
causes an enhancement in the dark saturation current which is partly
responsible for degradation in the open-circuit voltage of the devices.

1. Introduction

The photovoltaic performance of solar cells is significantly influenced
by the junction characteristics of the device. It was earlier observed that the
carrier transport across the junction deviates from its ideal diffusion-limited
mechanism owing to recombination in the space charge layer, series resis-
tance R, and shunt resistance R, ([1-3]. This results in excess current
components in the experimental current—voltage (/- V) characteristics which
can be expressed as [4]

e(Vp)
kT

Vo
- 1] + leun + E— (1)
oh

Ip= Ico[“l’;

where [p is the total measured diode current, /4, is the saturation current
for diffusion-limited transport, Iz,.., is the excess current(s) due to dif-
ferent recombination mechanism(s), the last term represents the shunt
current and Vp, is the diode voitage which is related to the terminal voltage
Vby
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VD Y- IDR. (2)

The physical processes responsible for this behavior are fairly well explained
in the literature [1, 5, 8] except for that of R,. Until recently, a limited
Mwunmmhmmmn.w-mmm |
| s a curve fitting parameter to the experimental /-V characteristics (3, 7].
! During recent studies regarding Izsees in silicon metal/insulator/n-silicon/
p-silicon (MINP) solar cells [4], it was observed that Ry, varies with tempera-
ture above a threshold temperature which is extremely sensitive to the device
quality [8].Asnnutmdonotthilwotk,thhp.pcconddmtheeﬂectot
electron irradiations of 1 MeV on Ry, and the shunt current.

2. Experimental details and analysis

The silicon MINP solar cells have been fabricated on (100) oriented,
0.1-0.8 § cm resistivity boron-doped float zone silicon. The junctions
formed by the solid source diffusion of phosphorus at 950 °C for 5 min
ugsing the Carborundum solid source [4, 8] are compared with those ion-
implanted at 5.0 keV. A schematic diagram of the device structure, shown in
Fig. 1, illustrates the design features which are highlighted by front and back
surface pessivation. The experimental measurement of R, described in an
earlier report [8], utilizses -V data for V < 0.08 V in calculating R, . After
the initial testing, the devices were successively irradiated by 1 MeV elec-
trons in a Van de Graaff electron accelerator at three different fluences of
1X10% e cm™2,1X10% e cm 2and 1 X 10!* e~ cm™2. All the devices were
tested before and aftsr each stage of imradiation. Photovoltaic data
compering the various types of cells are given in Table 1. These data are
repressntative of 10 - 20 cells which were tested. A remarkably good con-
sistency was ssen from cell to cell both before and after irradiation.
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Mg 1. Schematic diagram of the MINP soler csil.

' In an esrlier study (8], it was observed that the R,, values remain fairly
| constant below a threshold temperature T, and decrease rapidly above this
I temperature which is very sensitive to the device junction quality. As a
‘ result, a rapid rise in the shunt current was observed above this temperature.
| The threshold temperature T, 2 250 K is slightly below room temperature.

When exposed to 1 MeV electrons, the most obvious change was a reduction

in Ry values above the threshold temperature as shown in Fig. 2. As the
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TABLE 1
Fhotovoltaic date before and after irradiation by 1.0 MeV electrons to 10 cm 3

Sempie Ve (V) Joe (MA cm~?)4 Shunt resistence® (S} em?)
Before After Before After Before After
18 0.032 0.494 43.1 19.7 8.4 x 108 9.3 x10%
L 0.608 0.606 40.8 2.8 6.0 x 104 1.6 x10*
3¢ 0.63¢ 0.489 43.9 28.7 2.4 x 108 1.2 x10°
‘WM@-&MWM:Mh&M:M
2.0 om?.
Sloa-implanted MINP cell where junction edges are exposed: ares, 2.1 cm?.
*Ioa-implanted without passivation: ares, 4.0 cm?,
‘Muminated at 136 mW ecm 2,
*At SO0 K.
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Fig 2. Temperatwre dependense of Ry, for a diffused MINP solar cell before end afber
clegtron irradietion of 1 MeV at diffarent fluence levels: ©, before irradiation; 9, after
10% ¢ am™%; 4 after 10% e~ em™; 8, after 10% ¢~ cm™®. R, is accurste to 1% and the
temperature 40 0.1%.

irradiation flusnce incressed, very little shift in T, towards lower tempera-
tures was observed. The change in R, values below the threshold tempera-
ture is however negligible. This bshavior can be explained in terms of the
proposed mechanism of R, (8]. The radiation-induced defects can
introduce additional energy states in the band gap of the space charge layer
{9]. The energy levels and dendities of thess states depend strongly on the
energy and fluence of the irradiating perticles. At low temperatures, tun-
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nelling through these states is the most probable mode of carrier transport
and is almost temperature independent. This causes R, to remain practically
constant in a certain temperature span. As the temperature rises, thermal
re-emission of carriers from the traps becomes appreciable and R4, tends to
drop at a faster pace. The energy level of these traps and their density are
ﬁu[:;ro important factors governing the rate of emission which is expressed
s

e s

where n, is the number of carriers trapped in the state, £, is the energy level
of the state, & is the Boltzmann constant, T is the temperature in degrees
Kelvin and v is the attempt-to-escape frequency given by

ye N."SU (4)

where N4, is the density of states in the conduction (valence) band, S is
the capture cross-section of electrons (holes) and v is the thermal velocity
of the carriers. If the density and popuiation of thess states are extremely
high and the traps are relatively shallow, thermal emission will be significant

mmw«dthomﬁonmmutdmdty [10]. As the
fluence of irradistion is increased, the defect levels become deeper {10}, and
the densities incresse further, resulting in a shift in the threshold tempers-
tures shown in Fig. 2.

Following these arguments, a low threshold temperature was expected
for ion-implanted devices before irradiation, because ion implantation
induces defects, similer in nature to those created by particle irradiation.
Results on jon-implanted devices shown in Fig. 3 demonstrate this fact quite
clesrly. Although the implantation energy was only 5 keV, and was followed
by annesaling, the higher mass of phosphorus caused sufficient damage to
the lattice. A larger change in T, after electron irradiation of 1 MeV was
obssrved for the ion-implanted devices which can be associated with the

of defects in lowering the R, values. In order to verify this, surface-
n"-p junction solar cells fabricated by ion-implantation (obtained
from the Spire Corporation) were studied. The implantation was performed
through windows in a thick masking oxide [11]. The cells were isolated by
scribing the surrounding area on the oxide. The resuits for the temperature
dependence of R, after electron irradiation, also given in Fig. 3, show a
trend similar to that observed for the ion-implanted MINP solar cells. How-
ever, the R, values in the n*-p cells remain marginally higher than in the
MINP cells even after irradiation. This small difference is due to a better
edge design in the n*-p cells.

%
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Fig. 3. Tempenature dependence of R,, on iom-implanted MINP and n'-p solar cells
before and after electron kradistion of 1 MeV st a fluence of 1 x 10% ¢~ cm~2: MINP
cell ® before and © after irvadiation; n*-p cell A after irradiation.

Ry values at 300 K for all these devices before and after irradiation
at a fluence of 1 X 10%¢ ¢~ cm™2, summarized in Table 1, indicate that the
changes in R, for the diffuséd MINP solar cells are more than those
obssetved for ion-impianted MINP and n*-p solar cells. This can be attributed
to the fact that a relatively damage-free material is more sensitive to the cres-
tion and modification of defects due to irradiation than previously damaged ;
material. However, the R, values of diffused MINP devices still remain
higher than the others after irradiation. Figure 4 shows the behavior of Ry,
at 300 K s a function of irradiation fluence. It is quite difficult to deter-
mine the exact functional form of the variation of R,. It is likely that the
variation in R, with fluence is extremely sensitive to the initial conditions
of the devices.

The effect of shunt resistance on the device is reflected in an additional
current component usually referred to as the shunt current. The magnitude
of this current can substantially increase the total diode current for a low
shunt resistance device. This study shows that the room temperature shunt
current can increase by an order of magnitude or more owing to a reduction
in shunt resistance after irradiation, as shown in Fig. 5 for a diffused MINP
cell. At times, the shunt current is as high as Iy, ., in eqn. (1), especially
after irradiation, so that it becomes quite difficult to differentiate between

W AN MW o TN T T T o )
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Fig. 4. Variation of Ry, at room temperature with irradiation fluence for two diffused
MINP solar cells.
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Fuy. 5. Voitage dependence of shunt current as a function of irradiation fluence at room

hn?-nm for a diffused MINP solar cell: , before irradiation; 4, after irradiation of
104 ¢ cm?2; 8, after irradiation of 105 ¢~ cm™2; #, after irradiation of 101¢ ¢~ cm™2.

them except in the case of temperature dependence. The overall effect is
an upward shift in the /-V characteristics. Saturation currents obtained from
such -V characteristics are much higher than those predicted by diffusion
and recombination components. This greatly affects the open-circuit voltage
V.. and iherefore the overall photovoitaic performance.
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3. Conclusions

A systematic study of shunt resistance on electron-irradiated silicon
MINP solar cells reveals considerable radiation-induced structural damage
which affects R,,. The magnitude of the change in shunt resistance after the
irradistion depends on the processing techniques and the junction quality
of the devices. It has been observed that a large decrease in shunt resistance
can cause the shunt current to increase by an order of magnitude or more,
resulting in a decrease in V.. A careful analysis of shunt resistance is there-
fore quite important to determine the reliability of the devices in the space
environment. '
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