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ELECTRON IRRADIATION EFFECTS ON THE SHUNT RESISTANCE
OF SILICON SOLAR CELLS

& DANSER mad W. A. ANDERSON
Depar*mnet of Electrical and Computer XnebW.VrIf, State Unimrsity of Now York at
Buffalo, 21 7C Bonnet Hail, A mherst. NY 14260 (U.S.A.)
(Rsved, Avgu" 28, 1986; accepted in revisd form November 19, 1986)

Sunmury

Shunt resistance R. values greater than 5 X 106 l 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 105 92) were obtained
for ion-implanted solar cells. A degradation in R& values by an order of
magnitude wus observed after electron irradiations of 1 MeV to a fluence of
1 X 106 e- cm - 2. Temperature dependence studies indicated a rapid decrease
in R& above a threshold temperatu e which is sensitive to the device quality.
As the fluence of Iumdiation increased, very little shift in the threshold
temperature towards lower values was observed. The degradation in R&
causes an enacement in the dark saturation cumnt which is partly
responsible for degradation in the open-circuit voltage of the devices.

1. lntrodaction

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

. I [ I(VD) + 1+T] s + VD

where is the total measured diode current, 140 is the saturation current
for diffusion-limited tansport, I.., is the excess current(s) due to dif-
farmt recombination mechanism(s), the last term represents the shunt
current and VD is the diode voltae which is related to the terminal voltage
Vby
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YD-n V-IR (2)

The physical processes responsible for this behavior wre fairly well explained
in the literature [1,5, 61 except for that of Rub. Until recently, alimilted

undestaningwas available owing to the fact that R& was usually estimated
as a curve fitting parameter to the exIi-na fV cacerti.[3, 71.
During recent studies regarding 1, in silicon m~tal/nsulatar/n.sllcn/
p-aicon (MIMP) sobet cells 141, it was, observed that Rgh varies with tempera-
ture, above a threshold temprture which is extremely Sensitive to the device
quality [8]. As an extension of this work, this paper considers the effect of
electron irradiations of 1 M@V an A&~ and the shunt current.

2.L prkmna detalls and analysis

The siicon MINP solar calls have been fabricated on (100) oriented,
0.1 - 0.8 91 c resistivity boron-doped float zone silicon. The junctions
formed by the sOli source dffusion of phosphorus at 950 OC for 5 min
using the Carborundum solid source [4, 81 are compared with those ion-
implanted at 5.0 keV. A Schematic diagram of the device structure, shown in
FP* 1, ill us the dSMign batr which we highlighted by frot and beck
surace pavation. The experimental - -t of RO, described in an
ealiem report (8), utlae I- V data for V < 0.05 V in calculating Ra. After
th initWs tesing the devices were succemivey irradiated by 1 NOeV elec-
trans in a Van do Graaff electron accelertor at three diffrent fuNces of
1 X 1014 0- CM2, 1 X 10"6 0- Cm and 1 X 101" *- cm-. All the devices were
teste before and after each stope of isradistion. Photovoltaic data
comparing the various types of cells me- given in Table 1. These data are
rPresentative of 10 -20 cells which were tested. A remarkably good con-
ssscY wa -et from cell to cell both before and after irradiation.

II~T EUf U UM

P~.1. 8doad m ao ths MWN aSr euiL

In an arlier study [(81, it was observed that the Rub values remain fairly
constant below a threshold temperature Ts and decrease rapidly above this
te-mperature 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 T4,1 250 K is slightly below room temperature.
When exposed to 1 6eV electrons, the most obvious change was a reduction
in Ra values above the threshold temperature as shown in Fig. 2. As the
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TABLE 1
Ioeveltdc daft befo and atew kmdkom bI 1.O MeV eiete~m to 0oO'm -

Sah V (V) J (mA am'2)' Shmt mv * (0 m2)

hfore After Befem Afftr Befom After

I& O.3 0.494 3.1 17 8.4 x 100 9.3 x 10 s

2b0.6M 0.606 40.8 22.8 6.0 x 104 . x 104
o 0.626 0.460 42.9 26.7 2.4 x 10' 1.2 x 10'

'Diffsed MW eAd wft iffcde. pefoamed n a window in the ozild: wea.
2.0 ml.
be.g~Mg MI 0 u1 wm jeaom edgm e axpsnd: wsa, Llm2.
bm-fs~mldm without pmaiMR: me, 4.0 em
*ininaed at 135 iW amn'.
"At 300 L

aosgoL Igo

TOO

£4

* 6

2q. . Tumqemme dopadems at Agh ar a dimWW MWN m sl bOn end aftwr
kmf d of IhMV st diframut fiese iwb: 0. bacr kindistom; *). ater

1064 0- M-4t; A. ae lo0o- aM-2; a.,after low *- M-6. jtb is mmmaft to is en asd
6NOmONmOm 00 0.1%6

tuam was olbswqo& The champ in/tRs vals Weow the thresold tempara-
tun is however negligible. Ths behavior can be exphaed in terms of the
F ovmdVm mw .himm of Aa (8). Th raditon-induce tw ca=n
itoueadiona mm stte in th, band pp of the qmce charge layer
191. The u mma leelad deste of them stte depend mruly on th
emef md fhmo ofth irradiating particles. A.t low tempesmus, tun-
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milling through thus states is the most probable mods of carrer tran~iort
and is almost temperature independent. This causes Rk to remain practically
constant In a certain temperature Woan. As the temperature rises, thermal

remis~onof mc-u1 1 from the traps becomes appreciable and Rb tends to
drop at a It11 pace. The energy level of these traps and their density wre
the two important factos governing the rate of emission which is expesd
* [a]

d i n , R t u v eP ( Z!P) ( 3 )

where nt is the number of canter. trapped in the state- BA is the energy level
of the state, k is the Boltsmann comstent T is the temperature in degsess
Kelvin and, Pis the attempt-to-escape frequency given by

P N.,,Sv (4)

where No,, In the density of states in the conduction (valence) band, S is
the capture cross-section of electrons (holes) and u is the thermal velocity
of the murie- If the denasity and population of theme states ar extremely
high and the traps an relatively shallow, thermal emission will be significant
at a relativel lower temperature. The prnceM of shallow traps is also
refflected in the, activation energ values obtained from the sdope of the

temerauredependence of the saturation current density [101. As the
fluence of irradiation is increased, the defect levels become deeper [ 101, and
the densities inem further, resultinag in a shift in the threshold tempers-
tuse shown in Fig. 2.

Following these arguments, a low threshold temperature was expected
for ion-implanted devices before irradiation, becue ion implantation
induces defects, simlar in nature to those created by particle irradiation.
Results on ion-implanted devices shown in Fig. 3 demonstrate this fact quite
clearly. Although the implantation energy was only 5 keV, and wes followed
by annealing, the higher mess of phosphorus caused sufficient damage to
the lattice. A larger change in Ts after electron irradiation of 1 MeV was
obuewe for the ion-implanted devices which can be associated with the
additional damage cused by Irradiation. It is likely that the exposed junc-
tioma at the edges of the ion-implainted devices [41 can compound the role
of defects in lowering the Rk values. In order to verify this, surface-
passivated n-p junction solar cells fabricated by ion-implantation (obtained
fromn the Spire Corporation) ware studied. The implantation was performed
throughi windows in a thick masking oxide [111. The cells were isolated by
scribing the surrounding ame on the oxide. The results for the temperature
dependeUnce of R6after electron irradiation, also given in Fig. 3, show a
tren similar to that observed for the ion-implanted MINP solar cells. How-
ever, the R& values in the nt-p cells remain marginally higher than in the
MINP cell en after irradiation. This small difference is due to a better
edge design in the ne-p cells.
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R~k values at 300 K for all theen devices before and after irradiation
at a flues of 1 x 10"1 e- cm-', summerised in Table 1, ind~ct that the
change in Ra for the diffuuid MICNI solar caels are more than thorn
observe for ion-Impianted MICNP and n-p solar cells. This can be attributed
to the fact that a relatively darnage-free, material is more sensitive to the cre-
tion and modification of defects due to irradiation thai previously damaged
material. However, the Ro values of diffused MINP devices still remain
higher than the others after irradiation. Figure 4 shows the behavior of Rh
at 300 K a a function of irradiation fluence. It is quite difficult to deter
mine the exact functional form of the variation of R,1 . It is likely that the
variation in Rb with fluence is extremely sensitive to the initial conditions
of the devices.

The efflect 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 increms by an order of magntue or more owing to a reduction
in shunt resistance after irradiation, as shown in Fig. 5 for a diffused MINI
cell. At time, the shunt current is as high as, Ia... in eqn. (1), especially
after irradiation, so that it becomes quite difficult to differentiate between
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Fig. 4. Variation of Rh at room tesnperature with irrad~ton flues.. for two diffused
MDI? NOW odka
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Fig. S. Voltag dependene of shunt cwrest as a funtion of Irradiation fluen.. at room
temperture for a diffused MDI? solar cog: 0, before irradiation; &, after irradiation of
l01"*-cm--; 11,1 after irradiation of 2l1S * cm-2; *, after irradiation of 1016 @- ar

2
.

them except in the coo of temperature dependence. The overall effect is
an upward shift in the I-V characteristics. Saturation currents obtained from
such I- V cI -Actritics we much higher than those predicted by diffusion
and recombination components. This greatly affects the open-circuit voltage
V.. and Lheretfore the overall photovoltaic performance.
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3. Conchsiom

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
irradiation depends on the processing techniques and the junction quality
of the devices. It h been obuerved that a large decrease in shunt resistance
can cause the shunt cunent 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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