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V

Radiation Effects on
A1GaAs/GaAs Solar Cells

Using 0.9 — 3.0 MeV Protons and
1.0—1.4 MeV Electrons

1. INTRODUCTION

In order to evaluate the applicability of AIGaA s for use as a solar cell mate-

rial, information Is needed on Its sensitivity to the radiation that they would be

exposed to in space. To this end AlGaA s solar cells were exposed to 1.0 and

1.4 MeV electrons, and 0. 9 and 3.0 MeV protons . The electron fluences ranged
from 1 x io14 to 3 >< 1016 electrons cm ’2 , and the proton fluences ranged from

5 X 1010 to 2. 7 x io l2 protons cm~
2.

2. EXPERIMENTAL

Cells were fabricated by conventional LPE processes, where the p-type

AlGaA s (AlA s - 0. 80) was grown on an n-type GaAs(lll)B substrate. During
growth, the p-dopant diffused into the n-layer to form a p-n junction approximately
0.3 to 0. 8 micron deep in the GaAs. Doping densities of the p-AIGaA s i- n-GaAs
substrate were 3 x io 18 cm’3 and 8 X 1017 cm ” 3 , respectively. A p-type GaAs
layer was grown on top of the AlGaA s in order to facilitate contact ing, and later
removed by a selective etch using the contact grid as a mask. Cell area was
1. 613 cm 2. These cells were not optimized for air mass zero (AMO) performance,

(Received for publIcation 29 September 1977)
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since the A1GaAs were generally too thick, reducing the blue response. Si02
deposited to a thickness of 750 A was used as an antireflection coating. AMO

efficiencies were 10-12 percent. Proton irradiation experiments were conducted

at the Van de Graaff facility at RADC/ET , Massachusetts. After each irradiation

to a given fluence, the I-V curve was measured us ing an AMO solar simulator and

a tungsten lamp as light source. Proton energies of 0. 9 and 3 MeV were used , up

to maximum fluences of 5 X 1011 p/cm2 and 3 x io 12 p/cm2
. respectively.

Electron bombardment was carried out at the Dynamitron accelerator at

RADC/ET , Massachusetts. Electron energies of 1 and 1.4 MeV were used up to

maximum fluence of 3 X io 16 e/crn2 and 3 x 1015 e/crn2, respectively. AMO
data were taken using Spectrolab solar simulators at these locations . All meas-

urements were taken at 25°C.
After initial characterization, all samples were evaluated for radiation

induced changes in their current -voltage (i-v) characteristic curves using both a
solar simulator at AMO and also a tungsten lamp. After each tungsten run, the

tungsten intensity was adjusted so as to bring the short circuit current back to
what it was before any irradiation (Isco)• In addition after the final irradiation,
the spectral response was determined for each cell. The individual irradiation

procedures were as follows.

3. ELECTRON s

The electron irradiations were made using a 1. 5 MeV Dynamitron electron

accelerator. Two samples each were mounted on either side of the aperture of a
Faraday cup so that all fluences were measured directly. The cells were open
circuited during the irradiation and the exposures were carried out at room tern-
perature in air. The electron flux was approxin~ate1y io 12 electrons cm 2 s~~ .
Two energies were used, 1.0 and 1.4 MeV.

4. PROTONS

A 3.0 MeV Van de Graaff accelerator was used for the proton exposures .
Because of the short range of protons these experiments were carried out in

vacuum, one cell at a time. Each cell was mounted in the center of a Faraday
cup which was part of the vacuum system. A collimator, electrically isolated
from the Faraday cup, defined the exposure area. The Van de Graaff is equipped
with a beam sweeping device which leads to an exposure uniformity of better than
10 percent. Proton flux levels were 1010 protons cn’s ’2 s~~ , az~d runs were made S

open circuited at 0. 9 and 3. 0 MeV. .

8 .,
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5. RESULTS

FIgures 1-8 give the individual I-V curves as a function of fluence using the

solar simulator at AMO. Figures 9-16 show tungsten lamp data for the same

exposures. Figures 17 -~~ 1 illustrate the effect of increasing the tungsten lamp

intensity so as to bring the cell output current back to its preirradiation value

(the ~~~~ case). Contact problems were encountered with 3 cells. Pertinent data

from Figures 1-16 are given in Tables 1-8. including the incomplete data for the

three cells with contact problems. The output power data is shown in Figures 22-

26. After  two weeks, the cells were checked for annealing. None was observed.

Spectral response data are shown in Figures 27-30.

6. SU~IM AR Y AND DISCUSSION

Solar cells of p-A 1Ga.As/n-GaAs were subjected to 0.9 and 3 MeV proton

radiation, and 1 and 1.4 MeV electron radiation. Values of critical fluence 0c at

which the output power was reduced by 25 percent were determined. As expected

protons with energies of 0. 9 MeV caused the most severe degradation, and a

0c = ~ x io 1° p/cm2 was determined. Fortunately because of the short range of

low energy protons , this type of radiation can be protected against by cover slips.

For 3 MeV protons , Ø~, = 5)< lO l l  p/cm2.
Critical fluences for 1.4 MéV electrons were 7-9 X i0 14 e/cm2. A total of

five cells were irradiated at electron energies of I MeV. varied between

7 x io 14 and 7 x io 15 e/cm 2 . At fluences <10~~ e/cm 2 , the relative cell para-

meters followed the characteristic radiation equation. At fluences greater than

this the relative parameters varied linearly with m O ,  as did the relative diffusion

length.
These results show that the radiation resistance of AlGaAs/GaA s solar cells

is equal to or better than that observed in conventional and violet Si cells for all

the radiation fluxes investigated here, except 0. 9 MeV protons . In the case of

1 MeV electrons, the value of = 7 x 1015 e/cm2 is believed to be the highest

observed for conventional cells. The spread in we observed is thought to be

caused by variations in junction depth , which can be optimized. So even for 1 MeV

electrons , cells of ,AlGaAs/GaA s are superior to those of SI.

Computer calculations show that the variation in ‘sc as a function of irradia-

tion level is sensitive to junction depth. Thus a shallow junction solar cell should

be more radiation-resistant than the experimental data shown here, since ‘Sc does

not change as rapidly with decreasing diffusion length as in a deep junction device.

Calculations also demonstrated that the AMO efficiency increases with AlA s

concentration in the A1Ga.As for a given thickness. This will allow operation in

9
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concentrated sunlight in the space environment because the sheet resistance of
the AlGaA s can be reduced without substantially degrading performance through
optical absorption of high energy protons in the contact layer.

Combining the radiation resistance characteristics with the ability to obtain
AMO efficiencies of 16 percent , and potentially 18 percent, makes the AlGaAs/
GaAs solar cells attractive for space applications. -
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M~~~ IC SYST~~
BASE UNfl’S:

tIuant~!y - 
Unit SI Symbol Foemida

length metre m
mass kilogram kg
tIme second $
electric current ampere A
thermodynamic temperature kelvin K
amount of substance mole mol
luminous intensity candela cd

SUPPLEMENTARY UNITS:
plane angle radian rid
solid angle steradian a

DERIVE!) C/NtiS :
Acceleration metre per second squared . rn/a
activity Iof a radioactive source) disintegration per second ... (dlslfltagratlOfll/I
angular acceleration radian per second squared ... rid/s
angular velocity radian per second .. rid’s
area square metre ... m
density kilogram per cubic metre - - kg/rn
electric capacitance farad F A/ iN
electrical conductance siemens S AN
electric field strength roll per metrn VIm
electric inductance henry It V’s/A
electric potential difference volt V WIA
electric resistance ohm V/A
electromotive force volt V WIA
energy, joule I N.m
entropy joule ~er kelv in - .

force newton N kg rnis
frequency hartz Hz IcYc~ Ya
illumina nce lux lx lmlm
luminance candela per square metre ... cd/rn
luminous flux lumen Irn cd ar
magnetic field strength ampere per metre .. A/Ill

magnet ic flux weber Wb V s
magnetic flux density teala T Wblm
magnetomolive force ampere A
power watt W JIs
pressure pascal Pa HIm
quantit y of electri city coulomb C A’s
quantity of heal joule I N•m
radiant intensity w att per s leradian . WIar
specific heat tou le per kilogram-kelvin ... J/kg.K
stres s pascal Pa HIm
t hermal co ndu .. lIvtl y w a t t  per met re- keIvL n W’m-k
ve locity metre per srn.C ,nd .~ its/s
vIscosity. - dynamic pascal-second - - Pa5
viscosity, kinematic squ ars/ metre per sIw ,Ind - -  

mIs
voltage volt V WIA

volume cubic metre lIt

wavenumber reciprocal metrr - lwava ~m
work joule I N•m

SI PREFIXES:

MultI p ILC at /O n FaI.to rs l’refl s SI Symbol

1000 000 00I1000 t o ’  I..ra
It)0(t tI00 000 s- 1(1’ giga (~

1 0(It) 000~~ it)’ 
map hi

1 000=111’ kt lo k
tOO 10’ hacto h

t O —  10’ de,ka di
0.1 — i t t _ I  dat’ d S -

001 = 1 0’  cenli’
000 1 — t0~~ 

mu ll m
fl 00fl 001 - I0~~ 

micro
0.000 000 00! tIt~~ 

nab 0
0.000 00(1 000 001 — 1 0 5 1 1  p11:0

u.ouo000 orntttoo ool 10 -”  fptmto
0.000 000 ooo tItle 11110 00! = 10—I a  alto S

To be av,,Ided where poulblI~
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MISSION
of

Rome Air Development Center

RADC plans and conducts research , exploratory and a~Jvanc ed
develop aent programs in cooxiend, control, and comsunlcations
(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The principal techni cal mission areas
are coravriunications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intelligence
data collection and handling, inf ormation system technology,
ionospheri c p rop agation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility
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