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Fig. 1. (color online) Property change of GalnP2/
GaAs/Ge cell after 1 MeV electron irradiation and ab-

sorb solar spectrum by subcells.

SEFH R TR, AR R T 4y g
GaAs/Ge HIMLAE L J5T 5 T PR B S o A
RIS FRL I P I AR 1 S ) 2, 4R s TR FH L
FET PN B T B s R S R, SR Bl )
HL T4 R L 45 GaAs/Ge K FH L 56 20t 2 A,
Ik PC1D A 0L A K FH FRL v 1 S 3 e B2 A1 T-V
FetEh 2, 25 2 B TRk E D B0 T
MEKESERETFREAFEEMNRR, #2018
7 K P R HE R ) A BE LB, H TR T
FA 2 R 1 2 TR) R M 9T, 22 D H M R R R AT
9 B S8 AV R 3 AT, X K BH RE L AN JE 25 1
AT Pl BT B 7 T RE >, Hd Emelyanov
POV HT GaAs BT BUK BE7E 3 MeV HL T4
FE VN 3 x 1015 em =2 26440 F ARk, DL
AR Z 1) 53 A AT PG SO 2% (DBR) Ja HLB G
T B, 56 IE TN I DBR 45 4 i PodE R BAS wT
Ak E AR DO MR T AMO 24 F 29.3% sk R
1% A DBR 454 1) = g5 b B it (E2 s/ 4R

SR SEIRISIE. X AR STHR A CL A AR A b R
AT AR T 5 S8, 721 MeV, RBER
1x 10" em™2 45T, W 7 o Bt i b i i 43
PIRCTE IR S, 25 Y T rp R O R LS
JZ, I A A AL DBR 450 I BT 5 N =45
TR Lt AN E 5 H v, A2 AR A B BEAT B 45 =
TP B 2 T FLH R S A A A R LR

SEIGFE i 1% ) GalnP/GaAs/Ge = 45 K FH H
b, SR &R A HUL SV AT (MOCVD) il
e, BN 4 em x 6 cm, KIS EE 2 Pog.

Front contact

Cap
ARC
£ | n-GalnP Emitter 0.2 pm
=
a:* p-GalnP Base 1 pm
3
S pAlGalp  BSE 02um
p-AlGaAs TJ 0.01 pm
n-GaAs TJ 0.01 pm
2 n-AlGaAs ‘Window 0.1 pm
:CEF n-GalnAs Emitter 0.2 pm
+
wn
<g p-GalnAs Base 3 pm
g
p-GalnP BSF 0.2 pm
— p-AlGaAs 2. 0.01 pm
n-GaAs TJ 0.01 pm
= n-GalnAs Buffer 0.5 pm
D [n=Ge Emitter 0.1 pm
b=
o | p-Ge Substarte 145 pm
-l
Rear contact

2 (MTIE/) 20 GalnP/GaAs/Ge — 45 K BH
SRR

Fig. 2. (color online) Structure chart of GalnP/
GaAs/Ge solar cells.

SN T I A R T X O B Rt F Y DR D S
Wi, LGSR 1 MeV ML, f81 H ELV-8IT HL ¥ i
#25%F GaInP/GalnAs/Ge A BH H it 3F 47 48 8 14 56
R 15 St T 252 205 0L 3 3 6 P 45 AR UL X ) 1]
EHCHEFEE N x 101 em~2s71, RFUERN
1 x 10" cm™2. 28K PH A th [ Bl b ofe 1121 78
25 °C A AMO(4& I 8 136.7 mW-m—2) 25F T,
{4 i Spectrolab X25 Mark 1T %4 K FHAR DL 2%, X 48
HERT J5 FHURE 1 B S 03T K. {48 A PVE300
X FH g FLth B 228 A, I 300—960 nm [
FL - R T 5 S BH 6 F vk 1 6 B o 7

108801-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 10 (2016) 108801

3 BRE5T®
MR E S AR

MR R 1 AR AT e i R R A, A A
P 1 A2 A [ R BT AR 06 0 i 12l 2R R, HL T
A5 TR = 5 R B Lt A R O R LB R B, 2
HLF AR IR IA B 1 x 1015 em =2 B, TiLL JEC HL I 11
A BT AR ARAAN K i A PR T A R
T, R Y A R AE AN BTSRRI R T
PRETR, S ol o T P T ) 2.4 3%, TR I v LV A 4
M rh 2 g R ™ B, RO R ) = 2 it L RARL Y 5%
SEIAT. N AR RS A I R, AR
THr L R TR R RE.

R EEIEHTE T T R A R AR
Table 1. Photocurrent density change of middle and

3.1 =4

top subcells after electron irradiation.

R /mA-cm ™2

Th CRLEERT &I
AT 17.20 17.56 T P it PRI
WA 16.65 16.23 Hh R RV
TR 0.55 1.33 TR L 2.4

BN T RER =T S R T R AEALR
RE R BUE I, b H T AE GaAs MR R 1AL 88
BRI AE Y 245 keV, 38 S 115 36 A BT LUE AR NG
T 5 R T YRS, m AR T IR ) AE EA
s T AR T, SRR EITIRIG AL E, TE R
R Mtk b 9], T Le BRI AT 2 B A O R
A3 /0 T3 A FEA, O BE4i e, a3k 7 3 A 8 20
P ORAN BT TR 2 1] FL A XA 4 S [ R 37 70 B
MRAER G, REFEORHHBBIER T .

HT A I R o T F 1 R 5 o0 R B SR (1
R R R @ B L DY) B

NT = KOQ (2)

Her Ko N RFE R AL A Er= B R
G, R TR AR R, YT
PRI R o, MBEE D>y KT IR A
1 1
7z = f% + K19, (3)
Hrr) Lo A1 L4y BN R ETS A9 8O BE, Ko
PR BUK B R 2L

X AR RIS, 6 A RS
TP SAE B 9] B Ige oc L, H AT BIE
Pl L) v Y T ) AR A B R, I o S O
B, AR BRI FE R R, SRBUL TR
SN A R e &

it — B R AR S O FE R R2 e, X
LI BT FLVB S, DR TR 45 4 rh Ll i X
FE93 pm, B 3y B RN 3 pm (17
e SZ 4R BT 5 RO X B, B4 R TR B i S X R A
3,2, 1.5, 1.2 um M TH . A Bt i o 7t 28

100 1.0
90 | —=— FEBERET-Mid
F—a—1 X
70 > L
L b
x 60 10.6
= I
o 50 3
g a0l 4
0 40.
I A
30 A
L A
20 1; 40.2
10 A

0 0
300 400 500 600 700 800 900 1000 1100
Wavelength /nm

3 (MTIER) GalnAs  HUMAR HE AT S 16 G B2 LA
Jo GalnAs B U 22 5L

Fig. 3. (color online) Spectral of the photoresponse
change of a GalnAs subcell after electron irradiation

and curve of absorption coefficient of the GalnAs ma-
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Fig. 4. (color online) Spectral of the photoresponse of
GalnAs subcells with different thickness of base.
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Fig. 5. (color online) Reflectivity spectra with differ-
ent pairs of DBR.
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Fig. 6. (color online) Reflectivity spectra of theory and

practice about 15 and 20 pairs of DBR.
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Fig. 7. (color online) Solar cells with different structure: (a) The original cell; (b) cell with base 1.5 pm;

(c) the new cell with DBR structure.

2 PR R R L

Table 2. Performance about the different structure of solar cells.
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Fig. 8. (color online) Spectral of the photoresponse of

GalnAs subcells with different structure.
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Abstract

At present, solar cells are the main sources for spacecrafts. For a long time the bulk of the space power installations
has been the solar arrays based on single junction silicon and gallium arsenide solar cells. In recent years a trend has
been the active use of triple-junction GaAs solar cell with higher efficiency instead of single junction solar cells. One
of the most important characteristics of solar cells used in spacecrafts is the resistance to radiation damages caused by
high energy particles of the near-Earth space. According to the spectral response of triple-junction GaAs solar cell and
the damage characteristics of the current under the condition of electron irradiation, the physical mechanism of cell at-
tenuation can be determined: the current degradation originates mainly from the GalnAs subcells. These damages form
additional centers of nonradiative recombination, which results in the reduction of the minority charge carrier diffusion
lengths and in degradation of the solar cells photocurrent.

The radiation damage caused by the electron irradiation will shorten the diffusion length of the base region and
affect the collection of photo generated carriers. The ways of improving absorption of long wavelength light in GalnAs
subcells with a thin base in using the distributed Bragg reflector can be investigated by the mathematical simulation
method based on calculating the light propagation in a multilayer structure by means of the TFCalc software which
can design optical structure. To estimate the validity of these methods for solar cells structures with distributed Bragg
reflector, the spectral dependences of the photoresponse and the reflection coefficient with different base thickness values
are calculated and compared with experimental results. Based on the physical mechanism of the degradation, the thick-
ness of middle subcell base layer is reduced, and an appropriate structure of the distributed Bragg reflector is simulated
by the TFCalc software.

As a result, the new structure solar cells are that the thickness of the base layer is 1.5 um compared with
the different middle subcell thickness values, and the distributed Bragg reflector structure with 15 paris of the
Alo.1Gap.oAs/Alp.oGap.1As with 850 nm central wavelength is embedded in the middle subcell of the base layer, the
distributed Bragg reflector has a highest reflectivity of more than 97% in the actual test, and a bandwidth of 94 nm,
which can satisfy design requirement. After irradiating the new structure of solar cells, the decay of its short-circuited
current is reduced by 50% compared with that of the original structure, and the remaining efficiency factor is increased
by 2.3%.

Keywords: distributed Bragg reflector, triple-junction solar cell, irradiation damage, diffusion length
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