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Fig. 1. Structure of GaSb/CdS thermo photovoltaic
cell. (a) Structure with light shining on front; (b)

FIEAMEH |~

structure with light on back.
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Table 1. Parameter of GaSb and CdS materials.

GaSb Cds
PN 14.4 10
BT IR eV 4.06 4.45
BRHT T E JeV 0.726 2.4
S UEEE /cm™3 2.1 x 1017 2.2 x 1018
B WA EE /em—3 1.8 x 1019 1.8 x 1019
HFIERH /(cm2/V-s) 50 34
Z7GEEE /(cm? /V s) 16 10
ZEBRKE/cm3 1 x 1017 0
B AT /em 3 0 1 x 1018
T HOE R / (cm/s) 5.8 x 10° 1 x 107
Y HBUE A/ (cm /) 2.1 x 10° 1 x 107
FEE /(g/cm3) 5.61 4.82

FR1HIH TR AR S5, &
ARG R R AT A% R ORN R R R Sz 56 = ) &
GaSb 1 CdS #E MRS, HoAth 250 b Sk [7] 3K
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Fig. 2. (color online) Carrier recombination rate as a

function of GaSb defect density.
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Fig. 3. Energy band of structure with different GaSb
defect density in lighting conditions. (a) GaSb de-
fect density is 106 cm—3; (b) GaSb defect density is

1019 cm—3.
P FARB R R ANA ZE T I i 7 20 A

i, Hem 5w RU e A aEw RS, 1
GaSh i i A4 44 sk [ 25 K9 53 397 20 A 1 22 Ak _E 78
A& LA — BOR ) Tl R A At R A,
WU GaSb A4}k A5 5 L AT DL ZS BN ] 5 BT,
Hpisk L vt RAHE R, /i HERRR
o RAS, AR A RS, AW A e A
fF BB A B AT R E N 1010 em ™3, 6 92K
ARty R AN B L Ja 0 LA R B, 7T LA BN 0
R a, it S Hre S i 7 0 A B S b 2 2k

096102-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 096102

AR, BEAE R AT A I, O % L AR e
PRIF 30— (R B, R TR R L/ T e i g
B B 2. 2 RSN 101 em ™ 4L
BN, W RESE LT GaSh A RS T,
MR — R T . XA ELR AT LA
B 7 B REHT BR AR, AT LU 31 il R A 5 b A
10" cm—® BEHIN, GaSb G Ab T HE KB
M HETOKRER A H A, TSN E AR
TR, (A5 A I LI A,

12 T T T

10 \

MR )%
)

2%

701 T~ i

BT/ %

44 L

a2 " " ~_ -

a0f ]
38f ]

LI/ (mA /cm?)

36 B
360 L

b5l
-

JFi B /mV
w0
S

300 ~_ i
14 16 18 20
lgN(E)

4 SREESHEE S ERMYERERI R AR, BEARFRIUR X #
Fig. 4. GaSb/CdS Cell performance as a function of
GaSb defect density.
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Fig. 7. Energy band of GaSb/CdS structure when
band tail density is 1019 cm—3.
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Fig. 8. GaSb/CdS cell performance as a function of
GaSb thickness.
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Fig. 10. PN junction of p-GaSb/n-GaSb/CdS structure.
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Abstract

Enthusiasm in the research of thermo-photovoltaic (TPV) cells has been aroused because the low bandwidth semi-
conductors of ITI-V family are coming into use. GaSb, as a member of III-V family, has many merits such as high
absorption coefficient, and low band gap of 0.725 eV at 300 K etc.. At present thermo-photovoltaic cells are usually
based on GaSb wafer, and it can be manufactured by the vertical Bridgeman method. Thermo-photovoltaic cell based
on GaSb films is one of the effective ways to reduce the cost of the thermo-photovoltaic system. GaSb polycrystalline
films can be grown by physical vapor deposition (PVD) which has advantages in using fewer materials and energy, and
also in doing little harm to the environment. Because of residual acceptor defects VigaGagp, GaSb thin film is usually
of p-type semiconductor. So we should find n-type semiconductor material to form pn junction. We choose CdS as the
emission layer of a cell structure. CdS belongs to n-type semiconductor with a narrow band gap of 2.4 €V and high light
transmissivity. CdS thin film grown by chemical bath deposition (CBD) has passivation properties for GaSb. CdS layers
can remove native oxides from GaSb surface and reduce the surface recombination velocity of GaSb. This paper focuses
on theoretical analysis of GaSb/CdS thin film photovoltaic structure. By way of AFORS-HET simulation, we analyze
the defect state density and interface density in GaSb and CdS, and their effects on cell performance. According to the
simulation, the defect density in GaSb absorption layer is the very important factors that affect cell performance. When
GaSb defect increases, the major factor to affect the cell is the fill factor that leads to low efficiency. On condition that
there exists high GaSb defect density, the thickness of GaSb should be kept at 1000 nm. GaSb with a thickness above
1000 nm can bring about a high recombination rate, which reduces the efficiency of the cell. As an emission layer, the
defect density in CdS should not affect the cell performance obviously. When the increase of CdS defect density is of four
orders of magnitude, the cell efficiency is only decreased by 0.11%. In order to demonstrate the interface between GaSb
and CdS, we use an inversion layer n-GaSb according to the passivation properties of CdS thin film grown on GaSb.
When the defect density of inversion layer increases, the efficiency of the cell will decrease rapidly. And the GaSb/CdS
structure will act as a resistance when the defect density in the inversion layer reaches 10%° cm 2. So the defect density

in GaSb layer and the interface is the very factor to affect thermo-photovoltaic performance.

Keywords: GaSb, CdS, thermo-photovoltaic
PACS: 61.43.Bn, 61.72.uj, 61.82.Fk DOI: 10.7498/aps.64.096102
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