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Fig. 1. Diagrams of different structures: (a) p-CZTS/n-Si;
(b) p-CZTS/p-Si; (¢) n-Zn0:Al/i-ZnO/CdS/CZTS /p-Si.
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Table 1.  Simulated parameters.

ZH p-CZTS n-CdS i-Zn0O n-ZnO p-Si n-Si

PR E S 10 10 9 9 11.9 11.9

HL SR FTRE feV 3.8 4.2 4.6 4.6 4.05 4.05

BN TLE JeV 1.53 2.4 3.3 3.3 1.12 1.12
SR fem 3 2.2 x 1018 1.8 x 101 2.2 x 1018 2.2 x 1018 3.32 x 1018 3.32 x 1018
M AR B Jem 1.8 x 101 2.4 x 10 1.8 x 101 1.8 x 101 1.44 x 10" 1.44 x 10

HTERR/(cm?V s 1) 100 100 100 100 1450 1450

25 PGEREHR [ (emV Ls 1) 57.6 25 25 25 500 500

ZEBIWIE /em? Apar 0 0 0 A 0

WE EBAERE /om 3 0 1 x 10'7 1 x 10° 1 x 108 0 AR

BRFEHEE /em? 1 x 102 6 x 10 1 x 107 1 x 107 — —

L F AR AT /em? 413 x 1014 1x 107 1x 1012 1x 1012 — —

25 7 E AT /cm? 413 x 101 1x 101 1x101 1x101 — —

JEBE /um ARt 0.05 0.2 0.2 At Ap

108801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 10 (2021)

108801

3 WHEEXS®
3.1 p-CZTS/n-Si KPHAER

57 p-CZTS/n-Si K FHAE L th 25 F B AU JE 7
D5 B4 K 2 o8 p-CZTS/n-Si A BHAE H 1t 19 I
MR V. MBI EE I, WA T FF A
PCR n b n-Si EE d, o MBI E N, g, p-
CZTS WIRIE dy cyrs TIBAUIE N, cqrs AZAL.
TERE] 2(a) 11, n-SiJEEEN 400 pm HHEFER 7RG
Pk AR e KAR. 16 p-CZTS/n-Si 258, A
Y6 M p-CZTS Mtk A K PH B HL b, p-CZTS 45
BRF n-Si 7B, Bt p-CZTS Fl n-Si 43 5 7F

g 181()
) g
16 F -—"
<g |l/
< 14t
X , , , |
7 620p —
~ /
S 600 -
S
580" )
53 F
¥ 52 —
Ry —
B 51 A
5.5 ._/-—u
X 5.0 -/-/
= 4.5%
100 200 300 400 500
n-si/m
& 60
g l[(C)
o 40 "
é \-I\.
~— 20 B \
~ e
|
780 E— — 5
> "
g 760 /'
3
50 7404
720 1 1 1 1 1 1 1
~y
. 55
<
= 50 —
45 —
20
x 15 !\I\-
= 10¢ \-\
° e o

0.20406081.012141.61.82.02.22.4

dp.czrs/nm

B 2 p-CZTS/n-Si A BHBE L b 1 fiE
MBI E N, cqrs A EFR

(a) n-Si %EJ—E dn—Si7 (b) n-Si Egﬁ%mg anSiu (C) p‘CZTS EQEE dp—CZTS7 (d)

R K BH BE R Y 7 2 AT O . Y-SR R
100 pm 34K F] 400 wm B, n-Si XﬂL/\EﬂleﬁE/‘J[&W
B, PR B BE F B OGRS B4 5. n-S
JEEREARSEHE A F 500 wm B, AR Ay 7 "*TF“
=R n-Si XFASHER R ISGA RN AT H n-Si &
JEB R R TP B . anEl 2(b) iR, p-CZTS/
n-Si K B FoL L 94 7 8% H, 285 T . T I el e e
xﬁ?‘iﬁﬁ n-Si 18 4% W BE 3G I B 1Y R IR TR
BF A8 F, o P A P S G O R 2(c) A 2(d)
AIA5, R BH i HL Tt 1% 2657 5 H, U 285 B R A B R R 8
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Fig. 2. The performances of p-CZTS/n-Si solar cell with the changes of (a) the thickness of n-Si (d,.g;), (b) the doping concentra-
tion of n-Si (N,g;), (¢) the thickness of p-CZTS (d, czrs), (d) the doping concentration of p-CZTS (N, czrs)-
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Fig. 3. The (a) J-V characteristic curve, (b) spectral response, (c) generation rate distribution of the optimal p-CZTS/n-Si solar cell.

REAE IR AN TG R p-CZTS B AUk
SHEERTE AR

TEE 2w, AR p-CZTS /n-Si K FHAE 1 1t
MY ZBURE M n-Si B 400 pum. n-Si 8 2k &
1 x 10 cm®, p-CZTS JE ¥ 0.2 pm. p-CZTS
B 1 x 10 cm 3. i KHBEHEMA K H J-V
R R | OIS ) AN AR 3R T AR R A 3
frs . fE B 3(a) B, K BHRE LM I B R
739.2 mV ., S HL I B 42.6 mA /em?, B S A
T 58.92% . H iR 18.57%. K 3(b) H, fEP K
A2 300—900 nm HFEE N, K FHRE LAY Sh i+
BMF EQE KT 0.9. FEI K 1000 nm BT, X0
JtFREfEHEE n-Si AT B, K BHRE H L A A i
BRI, U n-Si R I IUZ AR L

FEA); BT b p-CZTS /n-Si Kk BH B L 3 Y
T FE B 3 AN 18.57%, 1K T+ H A B B B A S
CZTS K BHAEH %) (5 EACR P i 9538 ol
7%, 7€ p-CZTS/n-Si KFHAEHR b, p-CZTS &8
M2, n-Si BWIZE, H p-CZTS HA B e &
. & 3(c) 4y p-CZTS/n-Si A BHEE HL it il e A4
i R GIERE TP R A El, p-CZTS 3
W AR -SRI T A R 5 AL L,
VLHITE p-CZTS % HZ A KiEppemlemi gk, 2
ik n-Si M A OEAR D fiff n-Si Jo A Rl
A S, R, p-CZTS RdEA1ENE )2, X
J& p-CZTS /n-Si 45 W A7 15 1 BB . o T 75 A H]
CZTS 5 Si (Y kg R L EEARMI L A8, AS SO 554
SR BEIEAT IS CZTS K PHAEHL Hh 2544, $2 1 SR
p 8 SifEA CZTS K FHfig v th 4 JiS 1 87 25 44 n-
Zn0:Al/i-ZnO /n-CdS/p-CZTS /p-Si, fif n-ZnO:
Al F1i-ZnO % 1)2 . n-CdS 2 wh)Z . p-CZTS Wl
2. p-Si W . Z4 A H] n-Zn0O:Al/i-ZnO /n-

CdS/p-CZTS 4 MLk p-n Z5/E N ALY 7= 115
REEME. 59 Mo $AES BRI CZTS KEHBEH
HHEE, p-Si A CZTS K FH fE FL 1t A3 75 4 4 IS
B Mo SNBSS BN p-Si, HL A A1 B T
ZRARFFAL. 5 R ARERBHAER AR L, p-Si
FHIE CZTS K BHAEH M A IR AR 9 s, o
BIRHY Siwf I Xk T R R BHAE L, T
Si Je [HZAT BAL KL, WICR BN i, A RIIE—E
IS el 5 5 (o FH AR Y ST AR, Bedh,
il % CZTS KFHBEHIMH M 500 °C 72 BB AL #A
Ak HRl FEE 221 AR T o o A O B R F A
PHUEE 1000 CP, Al RERARAERE. 1B p-SifE
SR N R A A R A R B R T Mo HELA, 233
R CZTS KFHBERL ML A R RLBE, HL Si AR Al
IS REAT A5 YR RERE R L.

3.2 p-CZTS/p-Si &4

W55 Lk p-Si /E A HTE 9 n-Zn0:Al/i-ZnO /n-
CdS/p-CZTS/p-Si K FHEE HLIth 17 5522 % & p-Si &
A& AEN p-CZTS B8 il A5 7 p-CZTS/
p-Si ZERAY THRILEES J-V R i S R i
AEAF IR, 23HT p-CZTS /p-Si J 15 R UEH 2 fih.

& 4 R p-CZTS/p-Si B G A J- V5 il 28
B p-SiJEHE d,g 17 4L, p-CZTS/p-Si iy W 25
J-VEE I &3 etk ith 26, R W p-CZTS Hp-
Si R A 4% fih . BE & p-SiJE B/, p-Si IR
L BELE /N, Rt J- VAR IR i A R R B p-
CZTS /p-Si &5 1Y H BT ).

& 5 A p-CZTS/p-Si WIRE A J-V ik i £k bl
p-Si BAWKE N, W72, BEE p-Si B E
THi, p-CZTS/p-Si WLkt J-V Fetk ph £ i mbR 1
K. K6 pSiBmEE N1 x 10, 1 x 1017
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Fig. 4. J-V characteristic curves of p-CZTS/p-Si with the
change of the thickness of p-Si (d,.g;).
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Fig. 5. J-V characteristic curves of p-CZTS/p-Si with the
change of the doping concentration of p-Si (N,g;).
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Fig. 6. Band diagrams of p-CZTS/p-Si when the doping concentrations of p-Si are (a) 1 x 10" cm 3, (b) 1 x 10" cm™?, (c) 1 x 10" cm ™.
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Numerical analysis of Cu,ZnSnS, solar cells on Si substrate”
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Abstract

The CuyZnSnS, (CZTS) solar cell prepared on Si substrate has an advantage of low lattice mismatch
between CZTS and Si substrate, but the conversion efficiency of reported p-CZTS/n-Si solar cells is still low at
present. In this work, the CZTS solar cells on Si substrate are calculated numerically by heterojunction solar
cell simulation software Afors-het. The calculated results show that the p-CZTS and n-Si act as window layer
and absorber respectively in the p-CZTS/n-Si solar cell because the band gap of p-CZTS is larger than that of
n-Si. The conversion efficiency of p-CZTS/n-Si solar cell increases as the thickness of p-CZTS window layer
decreases. The highest calculated conversion efficiency of p-CZTS/n-Si solar cell is 18.57%. In the best p-
CZTS /n-Si solar cell, most of the incident light cannot pass through the p-CZTS window layer due to the high
absorption coefficient of p-CZTS, which limits the conversion efficiency of solar cell. In order to solve the
problems existing in the p-CZTS/n-Si structure, a novel n-Zn0:Al/i-ZnO/n-CdS/p-CZTS/p-Si solar cell
structure is proposed, where n-ZnO:Al and i-ZnO are window layers, n-CdS is buffer layer, p-CZTS is absorber,
and p-Si is substrate and back electrode. The dark current density-voltage (J-V) characteristic curves of p-
CZTS/p-Si structure varying with the thickness and doping concentration of p-Si and the doping concentration
of p-CZTS are calculated to investigate the feasibility of p-Si as a back electrode of p-CZTS. All the calculated
J-V characteristic curves of p-CZTS/p-Si structure are linear, indicating the formation of ohmic contact
between p-CZTS and p-Si. The photovoltaic properties of n-Zn0:Al/i-Zn0O /n-CdS/p-CZTS/p-Si solar cell are
further calculated. The built-in electric field distributed in n-ZnO:Al, i-ZnO, n-CdS, and p-CZTS contribute to
the collection of photo-generated carriers. The conversion efficiency of n-Zn0:Al/i-ZnO/n-CdS/p-CZTS/p-Si
solar cell is enhanced with the decrease of the thickness of p-Si and the increase of doping concentrations of p-Si
and p-CZTS and the thickness of p-CZTS. Without considering the effect of parasitic series resistance and
parallel resistance and defect states, the highest conversion efficiency of ideal n-ZnO:Al/i-ZnO/n-CdS/p-
CZTS/p-Si solar cell is 28.41%. The calculated results in this work show that the n-ZnO:Al/i-ZnO/n-CdS/p-
CZTS/p-Si solar cell has an appropriate structure for CZTS solar cell on Si substrate.
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