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PREFACE 
The scope of the lntersociety Energy Conversion Engineering Conference (IECEC) series 

has grown from a straightforward treatment of energy conversion engineering to a broad in­
volvement in all aspects of energy systems, including primary resource processing, utilization 
and environr,1ental issues in addition to conversion and storage. The other notable trend has 
been toward increased international participation and, as the papers in this volume attest , 
IECEC-89 ca,1 truly claim to be an international forum on energy engineering with a significant 
proportion of the papers being presented being from beyond the confines of the United States. 
It is a particular pleasure to include, for the first time, a sizeable contribution from the USSR. 

These developments are indeed appropriate for energy conversion engineering has to be 
undertaken within the broader context of energy systems and energy issues which are not 
constrained by national boundaries. The increasing and proper concern for the impact of energy 
systems not only locally but also globally is particularly reflected in the nearly 500 papers ap­
pearing in a Proceedings which has now grown to six volumes. In these, the reader will find 
a comprehensive coverage of recent work on energy systems and technologies relevant to 
the expected conditions of the 1990's and beyond. The international character of IECEC-89 
shows not just through participation from many countries but the large measure of common 
ground evident in the contributions made by the many national and international organizations 
involved in the energy engineering field. 

The organization of this large amount of interrelated material poses considerable challenges 
which have been met in the first instance by dividing the Conference and, by extension, the 
Proceedings, into a number of major topical areas. From a narrow applications viewpoint , it 
is tempting to view aerospace and terrestrial energy system issues separately since they 
generally involve meeting different criteria. This has not been done in the present Conference 
in large measure because an IECEC objective is to find and emphasize points of commonality. 
Accordingly, a blend of interests will be found throughout, as for example, in Volume 2 devoted 
to energy conversion technologies where space and terrestrial photovoltaics are grouped 
together. 

To facilitate use of the volumes, the Table of Contents is repeated in each Volume and an 
author Index appears in Volume 6. In addition, the now well-established feature of IECEC, the 
SAE cumulative index for the past four years is also included in Volume 6. This may be used 
to locate recent related work reported at the IECEC and, in due course, it will be updated to 
include the current Conference. 

The task of preparing these Proceedings has only been possible through the unstinting efforts 
of the Program Committee, Session Organizers and the IECEC-89 staff whose many contribu­
tions are gratefully acknowledged by the Editors. In fairness to other technologies in which 
the Institute of Electrical and Electronics Engineers is prominently involved, the critical role 
of computers, FAX machines and other aspects of modern communications technology in 
permitting the assembly of this body of material also deserves recognition. 

William D. Jackson, Editor 
Dorothy A. Hull, Associate Editor 

LINDA H -~ LL Lf BRARY 
KANSAS CITY, MO. 
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ABSTRACT 

The Silicon Interdigitated Back Contact (IBC) 
solar cell is a relatively new design which has 
been demonstrated to have greater than 25% effi­
ciency at 100 suns Air Mass 1.5. This is far 
superior to conventional silicon concentrator 
cells which are approximately 18% efficient. The 
purpose of this report is to assess the utility 
of these cells for space applications. The end 
of life (EOL) performance of this cell design in 
the radiation environment of space is a critical 
question since the high efficiency of the design 
requires the use of very high quality, long 
diffusion length silicon. The radiation induced 
degradation of this material is expected to lead 
to severe efficiency losses. 

Background 

Silicon solar cells have served as the photo­
voltaic converters on virtually all satellites. 
The state of the art efficiency of these cells 
has risen from approximately 10% in the 1960's to 
nearly 15% Air Mass Zero (AMO) in the mid 1980's. 
The improvements in performance have been incre­
mental during this period, resulting from the 
addition of such features as front and back sur­
face field structures, back surface reflectors, 
and textured front surfaces. Each of these 
represents a modification of the solar cell, 
however the basic structure of the solar cell has 
remained unchanged. It consists of a large area 
(4-50 square centimeters) p-n junction, with a 
metal grid for the front face contact and partial 
or complete metal coverage for the back contact. 
The features listed above are essentially modifi­
cations to the interracial regions of the cell 
where much of the device physics occurs. These 
modifications improve the cell efficiency by 
reducing either the carrier recombination rate or 
light loss at the interfaces. In 1977 a group at 
Purdue University demonstrated 15% (AM1.3, 
63 suns) efficiency and projected 20% (AM1 .3, 
300 suns) efficiency in radically redesigned 
solar cells [1], named the Interdigitated Back 
Contact (IBC) solar cell. Further work at the 
University Louvain, Belgium has confirmed these 
findings. In 1987 researchers there fabricated 
IBC cells with demonstrated [2] conversion 
efficiencies of 25.6% at 100 suns. 
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The major difference between the IBC cell and a 
conventional cell is apparent in Figure 1. In 
the IBC cell the p-n junction is at the rear of 
the device (opposite the face where light enters) 
and consists of narrow stripes under the contact 
metalization. This change in the junction area 
and location carries with it a number of implica­
tions for device performance. The placement of 
the contact grids only on the rear surface of the 
cell eliminates grid shadowing losses, which 
typically amount to 7-10%. Reduction of the 
junction area decreases the dark current which in 
turn increases open circuit voltage (V0 c). In an 
IBC solar cell most light absorption occurs in a 
region doped much lower than a conventional cell 
emitter resulting in much less recombination. 
Finally, the series resistance of this design is 
expected to be lower since then+ and p+ contacts 
are close together, resulting in higher fill 
factors. 

The Point Contact cell is similar in philosophy, 
but uses junction "islands" connected to contact 
grids rather than junction "lines" that are 
coincident with the metal grid. This further 
reduces the junction area but at the expense of 
added fabrication complexity. The predicted and 
observed performance of the two designs are 
similar. 

Apart from any efficiency advantages, IBC solar 
cells offer additional flexibility in panel 
construction methods. The absence of front 
contacts permits the use of simpler one side 
interconnect schemes without the need for wrap­
through or wrap-around solar cells. The assembly 
of this type of panel is simple and more easily 
automated than the conventional strain relief 
interconnect procedure. 

A primary concern about IBC cells in space 
applications is the expected sensitivity to 
radiation damage. The origin of the sensitivity 
is easily seen as follows. Light incident on the 
front surface of the cell is strongly absorbed in 
the first few micrometers of silicon, creating 
electron-hole pairs. These must then diffuse 
through the entire thickness of the device with­
out recombining in order to reach the doped 
contact regions at the rear of the cell which 
separate them. Thus, silicon with minority 
carrier diffusion lengths of at least 100 µmis 
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typically required. This is no problem for 
present technology, except when the effects of 

particle irradiation are included. The 
damage caused by 1 MeV electron passage through 
the cell reduces the diffusion length substan­
tially. For example empirical results [3] on 
10 ohm-an silicon show an initial diffusion 
length of 700 µm 5a11s to 34 µm after 1 .OE15 
1 MeV electron/an irradiation. A priori one 
would therefore conclude that cells of this 
design are unsuitable for radiation envirorrnents. 

The purpose of this study is to evaluate the IBC 
cell design for use in space missions that en­
counter such an environment. As described above 
the primary incentive for use of such cells is 
increased efficiency. This is especially true 
when the cells are operated under concentrated 
light. However, since concentrating photovoltaic 
arrays have only been flown as demonstrations or 
experiments, the one sun operation of IBC cells 
is emphasized. 

In order to properly simulate the operation of 
these cells, a two-dimensional solution of the 
carrier transport equations is necessary. This 
is in contrast to the situation with conventional 
cells where a one dimensional treatment is often 
adequate. The distinction in treatments arises 
because of the localized nature of the p-n Junc­
tion in IBC cells. The study methodology is to 
vary the critical design parameters and simulate 
the cell current-voltage behavior at both the 
beginning and end of life under an assumed radia­
tion environment. Basic IBC cell design para­
meters include base thickness and doping, contact 
region doping and dimensions, and front surface 
field (FSF) parameters. These are similar to the 
parameters in conventional cells except for the 
additional degrees of freedan associated with the 
localized current collector regions, since in a 
conventional cell these cover the entire cell 
area on the front and rear faces. 

The PISCES Simulator 

The PoISson and Continuity Equation Solver 
(PISCES) canputer code was developed at Stanford 
University. It is a true two-dimensional, two 
carrier device modeling program. As supplied in 
Version IIb, the range of processes included is 
quite extensive. Fermi-Dirac carrier statistics, 
Auger and Shockley-Read-Hall (SRH) recombination, 
doping induced band gap narrowing (BGN), and 
interface recombination are all treated. In 
addition, steady state and transient solutions 
are available. The program has been modified at 
Aerospace to include optical generation of 
carriers, thus allowing solar cell simulation. 
Optical generation functions for AMO and AM1 
light incident on silicon and gallium arsenide 
have been devised and implemented. 

There are several features of PISCES which make 
it particularly useful for simulating optoelec­
tronic devices such as solar cells. Because the 
solution is obtained for both carrier types, 
there is no restriction to low injection regimes. 
In addition the surface or interface recanbina-



tion velocities may be set arbitrarily, thus 
allowing independent treatment of various inter­
face types: semiconductor/oxide, semiconductor/ 
metal, and semiconductor/air. 

When used for absolute efficiency studies, as 
opposed to canparative studies, the accuracy of 
the generation function is important. In order 
to asses the accuracy of the AMO/silicon genera­
tion function, several simulations of IBC cells 
reported in the literature [4] were reproduced. 
These reports also used a two-dimensional 
simulator to investigate the reported variation 
of IBC cell efficiency with cell thickness, 
illumination intensity, and interface recanbina­
tion. In order to obtain agreement in absolute 
efficiencies, it was necessary to nonnalize the 
PISCFS results to the known intensity of AM::l 
light. This was done by canputing the ratio of 
the known AM) carrier generation in a given 
thickness of silicon [5] to the simulated short 
circuit current value obtained from PISCFS in the 
case of no recanbination. All subsequent simula­
tions of the same cell design were adjusted by 
this ratio, thus ensuring accurate absolute effi­
ciencies. Having done this, the agreement in all 
cases tested was very good not only with respect 
to relative variations, but also in the absolute 
sense. 

RFSULTS AND DISCUSSION 

Scope of the Study 

The purpose of this study is to evaluate the 
usefulness of Interdigitated Back Contact (IBC) 
solar cells in space applications. The scope of 
the study includes optimization of the IBC cell 
design under several different constraints and 
assessment of the effects of certain design para­
meters on cell performance. Since optimization 
is achieved by selecting parameters which produce 
the results desired to meet specific performance 
requirements, it is necessary to first understand 
how each parameter affects cell performance. 
Cell perfonnance is assessed on the basis of 
overall cell efficiency n, maximum power Pmax• 
short circuit current Isc• open circuit voltage 
V00 , fill factor FF, and collection efficiency. 
These are the parameters commonly used to judge 
solar cell perfonnance, with perhaps the excep­
tion of collection efficiency. This quantity 
measures the fraction of photogenerated carriers 
which are ultimately delivered as current at the 
contacts. This is distinct fran the cell effi­
ciency which is defined as the fraction of inci­
dent optical power which is ultimately delivered 
as electrical power at the contacts. The collec­
tion efficiency is related to the overall effi­
ciency through the open circuit voltage and fill 
factor. 

A subset of all the possible design parameters 
was selected for study in order to have a 
manageable task. These include cell thickness, 
contact width, spacing and thickness, front 
surface field doping and thickness, and light 
intensity. The remaining fixed parameters and 
constants are shown in Table 1. The baseline 
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cell design is specified by the parameters in 
Table 2. These particular values were selected 
as representative of established silicon tech­
nology as applied to IBC structures. The carrier 
lifetime values for radiation scenario 1 are 
canputed using an optimistic radiation degrada­
tion coefficient [6] obtained from a recent 
analysis of conventional silicon solar cell 
degradation. We regard these values as opti­
mistic because they are extracted from experi­
mental data by making certain unverified but 
reasonable assumptions. The assumed dose is 1E15 

Table 1. Constant cell design parameters 

electrode width 
p+ doping concentration 
n+ doping concentration 
p doping concentration 
p Auger recanbination 
n Auger recombination 
hole mobility 
electron mobility 
front surface recanbination 
p+/oxide recombination 
n+/oxide recanbination 
metal contact resistance 
front surface reflectivity 

25 µrn 
5E18 cm-3

3 5E18 cm-
4 -3 1. OE15 cm

6 
_
1 1 .2E-31 cm

6
s 

1. 7E-31 cm s-1 
475 cm ~V*s 
1380 cm /V*s 
1E3 cm/s 
1E4 cm/s 
1E6 cm/s 
0 
0 

Table 2. Baseline cell design 

p: width 
n width 
p+ thickness 
n+ thickness 
p thickness 
tn in base 

35 µrn 
145 µm 
1 .0 µm 
0.3 µm 
50 µm 

tn in p+ contact 

136 µs (a) 

6:1~ ~= (b) 

tp inn+ contact 

FSF doping 
FSF thickness 
Doped region spacing 

o.128(M' 
78 ns(b) 
78 ns 

f~-~s?~) 
12ns(b) 
5E18 p type 
0.5 µm 
20 µm 

(a) After radiation scenario 1: 
KL 2.5E-11 for p base 
KL= 1.10E-9 for p+ region 
KL= 3.10E-8 for n+ region 

(b) After radiation scenario 2: 
KL= 8.40E-11 for p base 
Other KL same as scenario 1 

1 MeV electronlcm2. Scenario 2 assumes the same 
dose, but with an experimentally obtained radia­
tion degradation coefficient [3] for the base 
region. As pointed out in Reference -6, this 
degradation coefficient is probably pessimistic 
because of the overly simplistic method by which 
is was obtained fran the data. The second line 
of Table 3 shows that this baseline cell has a 1 
sun efficiency of 14.87% BOL. 



Table 3. BOL effects of cell thickness 

% 11 Pmax Isc Voe 

cell mwcm- 2 mAcm-2 mV 

% FF % Collection 
efficiency 

thickness 
(µm) 1x 100x lx 100x 1x 100x 1x 100x 1x 100x 1x 100x 

25 

50 

200 

13.67 

14.87 

15.06 

15.26 18.54 20.60 42.59 47.09 541 662 80 .10 66.08 99.76 99.53 

80.54 57.04 99.49 99.03 

78.36 46.30 95.08 87.07 

14.31 20.07 

10.98 20.33 

19.31 

14.82 

45.47 

47.34 

A COM.SAT "Violet" cell was simulated to provide a 
basis for comparison with conventional silicon 
technology. A 250 µm thick cell of this type at 
1 sun gave approximately 14.67% BOL and 13.2% EOL 
(under scenario 1) efficiency. The EOL effi­
ciency under scenario 2 was 12.3%. This pre­
dicted degradation is in good agreement with 
measurements reported in [3]. 

Subsequent sections present the effect on cell 
performance of variations about this baseline 
design. Cell perfonnance at illuminations of 1 
and 100 suns were calculated to evaluate systems 
with and without light concentration. All simu­
lations were performed at an operating tempera­
ture of 25°C. 

Cell Thickness 

Cell thickness effects are relatively simple to 
interpret. Thicker cells absorb a larger frac­
tion of the incident light, especially the near 
bandgap infrared, making the cell more efficient. 
However, the increased distance to the contacts 
means that a longer diffusion length is required 
and therefore higher quality silicon. The 
increased distance also means that thicker cells 
will be more susceptible to radiation induced 
degradation. 

Cells of 25, 50 and 200 micrometer thicknesses 
were simulated. The beginning of life (BOL) 
results in Table 3 show trends of increasing 
performance at 1 sun and decreasing perfonnance 
at 100 suns as cell thickness is increased. 

At 1 sun, efficiency increases by 1.4% (absolute) 
as cell thickness is increased from 25 to 
200 µm. This increase is due to the additional 
absorption efficiency, which overcomes the 
decrease in collection efficiency arising from 
the extra diffusion distance that a thicker cell 
requires. The increased terminal current gives 
rise to a slight increase in V00 . 

At 100 suns, the BOL efficiency drops by 4.28% 
(absolute) as the cell thickness increases. In 
this case the higher carrier density throughout 
the cell causes the collection efficiency to 
decrease much more rapidly than in the 1 sun 

49.79 548 680 

47.35 548 676 
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case. At first, this result seems contrary to 
the expectation that IBC cells are highly 
efficient under concentrated light. As is shown 
below, this baseline cell does not exhibit this 
behavior strongly because the contact regions are 
far fran optimum. 

The end of life (EOL) behavior following the more 
optimistic radiation scenario is shown in the 
upper part of Table 4. Clearly the thinnest cell 
has the best EOL perfonnance, as expected. Also, 
each cell thickness shows little variation in EOL 
efficiency between 1 sun and 100 suns. The 25 µm 
cell has a 2% advantage over the 50 µm cell EOL 
for the baseline design at one sun. Table 4 
shows the behavior of the 50 µm cell under the 
more realistic scenario 2 radiation. The loss of 
almost a factor of 2 in efficiency between the 
two radiation scenarios demonstrates the need 
for accurate radiation modeling input data, which 
may be obtained from experiments on bulk material 
rather than completed cells. 

Carrier Collection Region Thickness 

The 50 µm thick cell was selected to study the 
effects of carrier collection region thickness. 
Trends observed in this cell were verified in 
simulations of the 25 µm thick cell, which are 
not presented here. 

At light intensities of 1 sun and 100 suns, BOL 
cell perfonnance improvements in efficiency, 

. + Pmax• V00 and FF were observed when respective p 
anct n+ regions were changed fran 1.0/0.3 µm to 
3.0/0.9 µm thick, as shown in Table 5. 
Collection efficiency and Isc remained constant 
as expected. There was no change in perfonnance 
when then+ collection region thickness was 
further increased to 3.0 µm. The results thus 
indicate that an approximate 0.8% increase in BOL 
efficiency can be obtained by increasing the 
thickness of the doped contact regions. 

The EOL figures included in Table 5 show that 
most of this 0.8% BOL improvement is retained at 
EOL. Therefore, the conclusion of this portion 
of the study is that thicker doped contact re­
gions will improve both BOL and EOL perfonnance. 



Table 4. EOL effects of cell thickness 

% n Pmax Isc voe % FF p+ IN+ 

cell mwcm-2 mAcm-2 mV thickness 
thickness 
(µm) 1x 100x 1x 100x 1x 100x 1x 100x 1x 100x (µm) 

251 11.49 11.83 15.51 15.97 38.15 38.80 510 560 79.72 63.31 1.0 0.3 

501 9.49 9.88 12.81 13.33 32.37 37.86 502 646 78.84 54.51 

502 5.05 5.32 6.82 7 .18 18.77 19. 70 482 600 77.78 60.80 

2001 1.00 1.05 1.33 1 .41 3-93 3.46 443 560 76.48 72.89 

251 11.98 16. 18 38.53 526 79.82 3.0 0.9 

501 10.09 13.63 33.84 506 79.58 

1 Radiation scenario 1. 
2 Radiation scenario 2. 

Table 5. Effects of p+ and N+ collection region thicknesses, BOL and EOL 

% n 
cell 
thickness 

Pmax 

mwcm-2 
Isc 

mAcm-2 
Voe 

mV 
100x 

% FF 

thickness 
(µm) ( µm) 1x 100x 1x 100x 1x 100x 1x 1x 100x 

50 14.87 14.31 20.07 19.31 45.47 

501 9.49 9.88 12.81 13.33 32.37 

50 15.62 16.22 21 .08 21.90 45.47 

501 10.09 13.63 33.84 

50 15.64 21.12 45.47 

1EOL, radiation scenario 1. 

Carrier Collection Region Width 

The 50 µm baseline cell described in Table 2 was 
again selected for study of the effects of minor­
ity (n+) and majority (p+) carrier collection 
region widths. Since the baseline cell was near 
optimum for 1 sun, the overall cell efficiency 
was expected to decrease as the region widths 
were changed. However, an incremental decrease 
in then+ region width from 145 µm to 90 µm 
resulted in higher cell efficiencies as shown in 
Table 6. This increase in cell efficiency at 
first seems contrary to intuition since the 
minority carrier diffusion length of 700 µm (BOL) 
is sufficient for these carriers to reach the 
contact effectively irrespective of its size. 
One possibility is that the increased efficiency 
is due to the reduced n+/oxide interface area, 
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49.79 548 680 80.54 57.04 1.0 0.3 

37.86 502 646 78.84 54.51 

49.85 572 696 81 .09 63.13 3.0 0.9 

506 79.58 

572 81. 19 3.0 3.0 

which results in lower interface recombination 
losses. However the table shows that while the 
contact width is reduced, the collection effi­
ciency is also decreasing. In fact the increase 
in efficiency is due to an increased V0c and fill 
factor. This can be understood by remembering 
that the dark current of the cell Io, which is 
caused by carrier injection from the contacts 
into the base region, is reduced when the area of 
the contact/base interface is reduced. Since V0 c 
varies as ln(I c/I0), an increased V0 is 
expected. Alt~ough the efficiency og£y increases 
by 0.25% at 1 sun BOL, it can be more significant 
at EOL. At 100 suns the improvement is 4.3% BOL. 
In this study we have not performed a detailed 
EOL optimization of a concentrator cell. 



Table 6. Effects of p+ and N+ Collection Region Widths on 50 µm Thick Cell, BOL 

% n Pmax Isc 
mwcm-2 mAcm-2 

1x 100x 1x 100x 1x 100x 

14.87 14. 31 20.07 19.31 45.47 49.79 

14. 79 19.96 45.41 

14.84 15.25 20.04 20.59 45.43 49.75 

14.93 16.47 20.16 22.24 45.18 49.59 

17.54 23.68 49.45 

14.90 18.40 20.10 24.84 45.10 49.42 

15.12 18.76 20.41 25.32 45.09 49.23 

15.00 18.73 20.24 25.29 44.90 49.21 

Abrupt Front Surface Field 

The front surface field (FSF) is a heavily doped 
region, p+ in the present case, which covers the 
entire front face of the solar cell. Its purpose 
is to provide an electric field that repels one 
carrier type away fran the front surface. This 
effectively reduces the surface recombination 
velocity by reducing the concentration of one 
type of carrier near the surface. The FSF is 
generally introduced by heavier doping in a thin 
layer near the interface. This doping may be a 
step function, in which case it is often referred 
to as a minority carrier mirror, or a graded 
region. The graded region, although more diffi­
cult to tailor experimentally, is somewhat more 
effective since the field is present over the 
entire region thickness. 

The effects of FSF thickness and doping level 
were studied for the baseline cell geometry at 
BOL. For thicknesses of 0.25, 0.5 and 1.0 µmat 
1E18 doping no significant effect was observed at 
1 sun. The FSF effectiveness is relatively con­
stant over a rather broad range around 1E17-1E18, 
decreasing below this level due to the weakness 
of the electric field and decreasing above this 
level due to increased Auger recanbination. 

Design Refinements 

Using the baseline cell as a starting point, the 
IBC cell design has been investigated to show how 
the parameters should be varied to produce an 
optimum design for various applications. In 
cases where radiation exposure is not present as 
the result of shielding or terrestrial use, the 
1 sun cell should be at least 50 µm thick, have 
contact doping widths approximately 90 µm for 
both minority and majority carriers with 20 µm 
spacing, and have doping thicknesses approximat­
ely 1 µm and 3 µm respectively. The efficiency 
of this cell will be near 16% AM). A 100 sun 
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Voe % FF % p+/N+ 

mV collection width 
1x 100x 1x 100x 100x (µm) 

548 680 80.5 57.0 98.98 35/145 

548 80.2 35/135 

548 681 80.5 60.8 35/125 

552 686 80.8 65.4 98.58 35/90 

681 70.3 98.30 60/90 

551 684 80.9 73.4 98.23 90190 

560 693 80.8 74.2 97 .86 90170 

560 692 80.5 74.3 97 .81 90/50 

cell will be very similar but will have an 
efficiency near 20%. 

For space use, where radiation is present, EOL 
performance must be considered. The baseline 
cell parameters are near optimum for EOL effi­
ciency. The cell is further optimized for EOL 
performance by reducing cell thickness to 25 µm 
and increasing the contact doping region thick­
ness. The gain in EOL efficiency will be nearly 
2% at both 1 sun and 100 suns as the cell is 
thinned fran 50 µm to 25 µm. Thus, the 
improvement over the baseline cell at 1 sun and 
100 suns under these conditions is a total of 
2.5%, with 2% attributable to cell thinning and 
0.5% to contact doping thickness. 

Sane additional consideration was given to 
optimization of the front surface field region 
and the doped contact spacing. The previous 
design used a 0.5 µm thick front surface field 
(FSF) uniformly doped at 5E18 and 20 µm region 
spacing. It was found tifa.t by replacing this with 
a Gaussian doping profile with a characteristic 
width of 15 µm and a peak concentration of 1E17, 
the EOL efficiency was 12.3% with a 10 µm collec­
tor region spacing. 

However, the importance of the bulk/oxide passi­
vation is greatly increased and this is under 
further study. 

Conclusion 

The design of IBC solar cells for space use has 
been investigated using 2 dimensional canputer 
simulations. Near-optimal designs have been 
presented for missions using either planar or 
100 sun concentration arrays, under high or 
negligible radiation fluences. In the low 
radiation environment the minority and majority 
carrier collection regions should be of compar­
able width, with thicknesses of 0.9 µm and 



3.0 µm respectively. The FSF should be an 
approximately 0.5 µm step with doping concentra­
tion of 5E18 cm-3. These parameters are much 
more critical for 100 sun operation. The 1 sun 
efficiency of IBC cells exceeds 15% which makes 
them canpetitive with conventional design silicon 
cells. The 100 sun efficiency is nearly 19%, 
which also exceeds the conventional silicon cell 
capability. It is also in the expected effi­
ciency range of GaAs concentrator cells, although 
the operating temperature of each is quite impor­
tant in canparing efficiencies. 

In a high radiation environment, a different 
design is used to maximize the EOL performance. 
At 1 sun after 1E15 1MeV electron fluence, the 
design presented here shows greater than 12% 
efficiency which is superior to conventional 
silicon solar cells and only slightly lower than 
a COMSAT "violet" cell simulated with the same 
silicon properties. The carrier collection 
region widths in this design are in an approxi­
mately 4 to 1 ratio, unlike the low radiation 
case. The FSF is graded over 15 µm with a peak 
doping concentration of 1E18 cm-3. At 100 suns 
the EOL efficiency approaches 16%, which is 
comparable to that expected for GaAs concentrator 
systems. The effect of proton irradiation has 
not been addressed here, but the very deep junc­
tion should lead to high resistance to low energy 
front side proton irradiation. 

The overall conclusion of this study is that 
properly designed IBC cells can yield performance 
which is comparable with (or superior to) canpet­
ing silicon and gallium arsenide technologies. 
Therefore their use in space systems should be 
considered. It is especially important with IBC 
cells to optimize the design to the particular 
mission profile. The light intensity to be used 
and the radiation environment affect the design 
to a greater extent than in conventional cells. 
In addition these cells offer added simplicity 
and flexibility in panel fabrication. 
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