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Abstract

In this paper, three CdTe solar cells with different shunt resistances were selected for comparative
study. We found that as the light intensity decreased, the short-circuit current density (Js¢), open
circuit voltage (Voc), unit output power (Pou), and fill factor (FF) of CdTe solar cells all decreased.
The results showed that the CdTe solar cells with larger shunt resistance have slower decay of
performance parameters. By analyzing the change of the shunt resistance with the light intensity,
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we found that the shunt resistance value increased in a way that approximated a power function.
In the end, we believe that the shunt resistance mainly affects the weak light characteristics of
CdTe solar cells.
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1. 5|8

HAT, (RIDFEE N B (UE R AL B ES . I R REERL N R A5 IR H R EERD B[], K
ZHARTFER S HA TSRS, HREE TS i, X RSO HIIE ik & 6
FBUA . (EE R, FIHDGAR Hh R X L 5 45t A BEAR G AR e aX — Il A1 AR Ha s 1) =5 PN
AR5 % KIE .

EENFDEIABE T, KBH A 5 R 5 R i R R 4 T2 B ARG, A FKH E b 55
PEREZE AR K [2]-[ 7] 14— Fh-G3d& BIOKBH it A T2 P S A 2 A HE EE B2 o T AL 4R (Cd Te) A PH FRZE 44
BEJ7 A B AR LH, BN, CdTe s B MR AMEL, YEREIR R . JF B el WG RicRe 3k H
58, 1 um CdTe BIR]SEZEL 90% LA LA AT WG 8],  H Al CdTe AFH HLHLAE 556 4 R85 TH HI0F 78 LA )
W, TRYLEEN[9IKBLLE 0.015 sun IYE5E T, CdTe APHH AP e IERE, e F B R (PCE)
EENT 9.2%, AN EALE H ThER (Pou)i X B T 138 pW/em®s

NEMR, BAVEZ WA T BE /NG5G (Led 20~1000 Lux), RAMHFF T CdTe APHHL it
IF9ETERE . 45 B A ILAE Led 1000 Lux i, CdTe ABH Hi il (1 B A7 4 H TR Al ik 76.63 pW/em?, X i
CdTe XPFHHLMTEYGBRTE S Led HIF FKIRREORFFECLFIITERE . DRHAE = JBAR = B FH 7 T, CdTe
X BH HE AR E A TR KR R 7

2. KO

AR CdTe RBHEIBIIH] & T2 R 1) 2Rl HEERE, 28 7R R TiEE, il
BT . 2) I HEEE IR v H 4 MZO . 3) T A A A HE(CSS) HE S B, SR CdTe
EYEEMR . 4) ZJE7E CdTe WK L2&4E— )2 JALH(CACH I, FHFHEATHGR KALHE. 5) SR 205
FKPE R RMA CACT R, FAE R BE(MB) YA O RS BE T Z il DA &0 & % CdTe R AE L
MEEMNY. 6) [EFRHEZT BRI TFIERS ZnTe:Cu FrUERZ. 7) WG RIFEH E SR GE K TR
BE Au HLRZE . BERT, HEAS CdTe YR BT B E sl bl & se ik, B AEROAE ZOE AN 0.16 cm’.

CdTe X BH Lt 550G I S A6 7E — AN 52 J8] B DG 22 52 i 1 95 06 - & b AT 1) o BNt 150 45
& TIRIEIE(LED: A6, 18 W, 80 Im), —AMNHRGEFEIER LI e, —ANREEH(TES-1330A, #E
Wi +3% rdg, +0.5% fis), — ANHRIBUKBH P28 . seieid i, 1Bk 2N e &g, ses
S BN HA IR 3 BARTZ , @B HI4T T LED T B9 ECE AN 516 M 7 1 R £ & LA
KI5 5 A BH e 22 ] ) B S Sk SE G BRAE 0~1000 Lux 2 (8] 4% . i @it 5956 0 & 0T FH ke 4h 4
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N T ATH M 7T CdTe KBH LI IS ek fE . FRATIESE TARUEYEHR F(AM 1.5 G 100 mW/em®) B A #
Bt s AR, (E IR B BA ZE R EBOR ) = A8 45498 FTO/MZO/CdTe/ZnTe:Cu/Au (4 1(2))ff] CdTe
KEH I AT R LT E . #E AM 1.5 G bréEJGHE N =4 CdTe KFHHHI(A. B. C)ITERES RS FE L |
o, R - ERE L - WE 1o FTR.
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Figure 1. (a) Schematic diagram of cadmium telluride solar cell structure; (b) Weak light test platform (see the experimental
part for details); (c) The J-V curves of three CdTe solar cells (A, B, C) at AM 1.5 G

& 1. (a) FLIRAPHERMAEHRER; (b) FBAMRNFEEGEENBIWESY); () £ AM 1.5 GEf, =4 CdTe X
BHEE (A, B. C)AY J-V Hhk

Table 1. Performance parameters of three CdTe photovoltaic devices (A, B, C [10] [11]) with the same structure under the
standard light intensity of 100 mW/cm® (about 10° Lux)
F 1. = MEFILHIAY CdTe HRBH(AL By OFF 100 mW/em® (975 10° Lux [10] [11])AIFRERIBTRIMEES B

Voc[V]  Jsc [mA/em?] FF [%] PCE[%]  Pou[uW/cm?] Ry [Q-em?] R, [Q-cm?] E, [eV]
A 0.82 28.68 58.18 13.74 13683 1627 3.79 145
0.82 27.79 58.14 13.24 13249 1560 3.14 145
C 0.81 27.81 55.02 12.41 12394 1250 4.10 1.45

L 55 & MER(E 1(b)), BAERT A, B, C =4 CdTe HIBTEANFEIF AL T J-V
P21 2)FF LR T 536 ERE(K 3), JesRIE A 20~1000 Lux. [ 3(a)45HH T AL B. C =/ CdTe AFH
FEL I R T % L (Vo o) B DGR A8 . IR RT LAE B, =AY CdTe KBHHLILI Vo #BZ I H B 58 9
55 2 X BN AR U . YNEE G R AR EE 200 Lux LU, =S e (0 I 2% H IS G bR A
M 3(b) AT LA 3, R 9 R FL U FEE (Jso) BE A DG BRI D55 S LRI R 55, A HIIBIR) Jsc IR 2%
B KT B A1 C M. FF BECHRIRTS AR A0 3(c) R, A B IIE SR T-(FF) FEARIR & i/, B AL
W2, C B FF BRI 5 K . B 658 1000 Lux i35 % 20 Lux, A Hh#] FE M 65.1%B& MK % 63.4%.
B H [ FF M 63.4%[& K % 48.5%.C H UL FF M 60.1%F K 2 38% AT 45341 A B, 24658 4E 200~1000
Lux Z [AJE, =ANE FF FARIEEEA K, 10 A G G KA 200 Lux BARE, =ANHI0E FF Pk
FEf%e MIE 3()HTATAES], A, B, C =AHLILH Py BEAE G IR ES #E RIS . AL
SRIE A 1000 Lux I, A HIBEIH I ThZE A 76.63 nW/em?, B F1 C BIBHIH H ThZ 43518 72.94 pW/em?
A1 70.44 pW/em®, T 6 HEGREERE 2 20 Lux I, A BB Poy FRMEE 1.06 uW/em®, B Fll C B Py, K
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Figure 2. J-V characteristics of CdTe solar cells
under low light conditions
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Figure 3. Performance parameter diagram of CdTe solar cell under low
light conditions: (a) open circuit voltage; (b) short-circuit current densi-
ty; (c) fill factor; (d) unit output power density

3. CdTe KFREEMEARFH THIMRESEE: () FFERRRIE; (b) 52
BEREE; (o BRRET; () RAWMEIhREE

MRAEARSARIE, FF AR B R AT Ry, JERIREMA[0]0 K] 4(a)h T 9576 2641 T B BB L BEL(RO) IR R A 175
Do MR AT =AU R B SRk 5 BB A AL, I HEE BN 396N, &
M Jsc AR/, Ry AFRAGFEMEAR DN, T HEATEAFRDEI T KA SUHLL, BRI =~ s it g
JEPERERI AT s AT AN R R BRI,  TIE L5 T8 Ry, AL, FFHT0 b g et RE A ma R R . A
K 4b)hEATRT AE R, = A R IR A P (R BE G BRI S O AR A A S AR ZZ IR . 0 T el A, RIDAR
HEGIR T R (EBOR AT, FEAE G IR AT, LTI L PHLE LA bl o K i 07 QBRI SE K. 3 T4E AM
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1.5 G F Ry, BUKHI B B F1 C, FERRIGHDEERT, Ry EMRRAXT A BbEU/N . ZRE LB, FATAT
AR, 5§58 FIE AR T FF 82 Ry M, HF H Ry B M CdTe ABH Bt I 556 RF A XTI AT
4 H T FIIAEE T =AY e R A 1 AR DR ()5 e ) MR HL 3L 5 () B SR R AR A e 3, 25 L
7N, =AS CdTe LR ERAR K7 n A0S [A) VLR LIS Jp 028 ABAR /N
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Figure 4. (a) Three battery series resistance R, and
(b) Parallel resistance Ry, change curve with light
intensity; (c) Ideality factor and reverse saturation
current curve with light intensity change

B 4. (a) =NERithEREXFEPR R F(b) FEKEEPHE Ry,
RESEIRTALRIEIZ ; (o) BRIBEFAR [EIAFIER
RESEIR LR Lk

4. &g

FATHFF 7 ANHHG5E 20~1000 Lux JGEIN CdTe APHEMAIFGHERE. 4R EH, Ry AR CdTe
K PBH R, L5561 SR AT . 76 1000 Lux I, Ry, 82 K CdTe A FH R ) B A7 4 HH D) AT ik 76.63 uW/em?.
22 ERTA, FATIAIEBERBHE KK CdTe ABH HLIBAE 45 5 PR T AR ¥ £ Ak vl 05 T K B AT 56 A i o7 FH 7%
VAR

E&WE

2019 FFT 7R 48 B R AU A TR H G = A0 SRR RS 284 2019B010132004); [ R4 H /R
F 4T H (2015A030313645); 1B K% 2018/2019 4F K244 G158 Gk I 2541 %1 150 H (201811349071 +
201811349167 . 201811349168 . 201911349277); i & K% 2019 FHF 7 £ #EH 01 F i % 5 B
(YJS-JGXM-18-01); FE K2 2018 FFEZMIN H (JX2018025); H.E K2 2019 EHE I H (JX2019004).
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