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Abstract: As a representative of inorganic thin film solar cells, Cu,ZnSn(S,Se),( CZTSSe) thin
film solar cells have attracted much extensive attention, since the constituent elements are rich in
earth, low toxic, etc. At present, high defect density of the absorber layer and low open circuit volt-
age of device are both considered as two key factors limiting the efficiency of device. In order to
break though the two difficulties, the researchers developed the substitutions of Cu*/Zn’>*/Sn** by

another cation. This can optimize the film properties of the harmful defects, crystal structure, and
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band structure, improving the performance of devices. Here, we classify by equivalent and inequiv-

alent cation substitutions to elaborate current research development of CZTSSe thin film solar cells by

cation substitution, and summarize their advantage and disadvantage in optimizing performance of

devices.

Key words: thin film solar cell; Cu,ZnSn(S,Se),; cation substitutions

nu\«

1 7]

BEXE M A% S8 R R 4 fE B, A B L T & AR
FHA AR BRI = AR A AEATIIR T, BE
T & R i AT A BE R A 45 K BH BE L RUEE K BE
EYIRE HIPAESE . M HL K BE | b AR RE S5 X b 2
BRI Be IR, K R AR B A R B, KA
P R AN 32 b 3l ) BRI, G O B b s A
KEEAE " . Pk, IF & AR K BH A Ry A=
A S T BT S AN E . K BH R A R 5
RO EREFE Ak HATE X BBV, I A AT
T4 6 Rl 2 b hy H R DU 2 2 K B A e 2 11
e, ok 1508 O e B Ak b R Y I 2 U
A —— K P AE HL 3t A5 32 AATTOGTE .k B AT ik 5
BURT 5, B 28 & R e Sk i K BH fil it b A R 28 A
REZR A T -VIGAL G W 5 R R e s TT-V
T AL A 21 S A A BH R F b 35 K BH R FR v |
RHECEH A HILK PH A8 R 3t LR 55 8K 5 oK PH g
A X HL R EE e R GRS
A T 5 F 9t v %) 4 B 8 BT ( Cu, ZnSn (S, Se)
fA] R CZTSSe ) v JIE A PH AE H b 1) 7F 5% 20 2

T CZTSSe i[5 K FH fiE H b H AT 4 ot &R
e A AREE RO L AT k2
BB B B OB DL R W R BUB L 107
em T EEOLAT T LA T A A ROk KL
BT AR A 77, M40, B )38 1 CZTSSe T BE
o B B AL BCR A IH e B, RA 139 Y 5
LR WA RS e BH B T Y M PN S
JBT 235 R A e o {205 A e 2 DA Ay 2 R il i, b 25470 3
KPP ARHE, T Cu 5 Zn ETEHWE T
JEAPIEMIC R, “H B TR KA L 0.074
nm' 7 e CZTSSe MK HLAR %5 5 & A Cu/Zn HiE
FIIFELRE S, B Cuy, 07 SR FETE A R 40K, B &
GG 1 Cu,, 8RB R &G bl B IR R K BH
A FEL Tt A ' R B R O ok BRI N B4R
H T B 115 2% 0 U A0 R it ARE S B A At B

B 1 ofe B RS B Y Cus/Zn LR A T
i, fE55 0 CZTSSe i JE K BH A8 HL th 45 #4 4 il
P37 55 (SLG ) /%H ML % (Mo ) /CZTSSe/ %% o |2
(CdS) /% B 2 (i-Zn0) /% O J2 (1TO ) /48 )
(ALY ™Y feb JEE——Bl 45 9% 38 vT LAFE A Na U8, it
M HEAT Na B2k AL M R PE 5T, Utk Na 8
TN Jg e —Fh Ak CZTSSe T R 1 5 1Y 4 35 5
Tkt R ik ROy 37RO Ak H DT R 4
CZTSSe T 5P 5 7 1 1A B s JHL ol 46 10 0k 97 0 A
FR R Zn 1 Cu WIARHERL AL 43 3] - 0.76 V I
+0.342 V., ZFHBR A bR R 22 B BH B 7 18
Je e I U0 R vk O A7 AE B R o A o f R
FHEN A5 BE B8 4L IS /E 9 Na W BEATBH & T 8B
Fel 0 BE Ak B UL R ¥R 1 CZTSSe T IR
JB ) o B e B 5 B b 22 A, i s HL At BH RS T BRUAG
CZTSSe B Cu B Zn o ] DL AR 02 0 2 7
5 Hp BH S F 14 JC J T CZTSSe 5 CdS R Al
s B8 A58 2 1A Sy 2 L ) s it 88 12 R 1Y 5 —
K ZE BB B il (1 5717 T0U 47 & (CBM) 1 Sn
55 il S 3p #UiE A E AR PeE, iy A &
(VBM) i Cu 3d F1'S 3p Uil AH B A kg 7
PR, HAth BH 25 A a0 A 35 &5 B2 I CZTSSe 1)
AEHF 454, N RE I CZTSSe/ CAS Y5 1 2511
BT DL, SR OB 43 BH S - BRI 1 it R 42
) A A T A A PR PR R BB R o A R IF
L 33— 5 it 5 S 06 1 b UE S T R AR 4 e At ke
DL EPRAS I, 261 B4s T 4R BH B 1 BU 3 it
P CZTSSe ¥ KK B 58 H Tt 25 24 1 T B A5 7 e £
g, IWNE LT LB, S8 Cd®r E 4 Bt
Zn®* HE RO A B SR BB R LUR B Y CZTS
L RCRAR 5 ) 12. 6% , 55 CZTSSe HL it i it 7
PEIC SR T E R

AR SO 43 BH B 1 BUAC 5 i 7 £ 4k CZTSSe
T A B i P b R TR A9 I A R AT T A PR
g Jfga il — e g M E L, R
WL 7R SORE 3 SR il AT 4 288 . — R AR M P



%2

KW, A5 W3 B 7 HOFC O P 5 5 480 e 0 a5 K P Ytk Ak RE T 9 i S 257

TR, 1 PO B B T (Ge' ) BAR St ) —
M BT (Agh) A Cu*™ i T

(cd** ) Bt 7n’* [46]%;:IEZ</§F1J/I\55%?EXFQ’
BN =8 F (In® ) B zn® 260500

R1 RAFFMESFRABERFBHRE CZTSSe IR AR TS

Tab. 1 The parameters of the optimal CZTSSe thin film solar cells by different cation substitutions
N T, LB SR/ T e i/ L B FL U T AT/ "
% mV (mA + cm™?) %

(Lig g6 Cug g4 ) ,ZnSn(S,Se) 11.6 531 33.7 64.8 [51]
(Agy o5 Cup g5 ),ZnSn(S,Se), 12.5 540 32.1 72.0 [52]
Cuay Mgy, o357 Z1g 0643 Sn(S,Se) , 7.76 400 33.5 57.9 [53]
Cu, Bay o, Zn; g9Sn(S,Se), 9.14 424 32.3 66.8 [54]
Cuy Mg o5 Zng, o SnS, 8.90 418 33.7 63.3 [55]
Cu,Zn, ¢Cd, ,SnS, 12.6 640 27.8 71.0 [56]
Cu, ZnSng 45 Geg 5,5, 12.3 527 32.2 72.7 [57]
5% Ga®* - Cu,ZnSn(Ga) (S,Se), 12.3 515 34.8 68.6 [58]
CuyIng 4 Zng ¢Sn(S,Se), 4.76 364 28.8 45.4 [59]
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(a) Liions enter CZTSSe

(b) ' Li/Na exchange

Bl 1 (a)JC Na 53¢ B 45 IS 1 % #9 (Li, Cu,_,),ZnSn-
(S,Se), # M (b) B4 %5 BE B+ IS il & 19 (Li,-
Cu, _,),ZnSn(S,Se), T L)

Fig.1  (Li,Cu,_, ),ZnSn (S, Se), thin film deposited on

quartz(a) and soda lime(b) glass substrates'®’
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eloc*

B2 Cu,ZnSn(S,Se), (a) M (Cu,_ Ag ),ZnSn(S,Se),
(b)) P A F il v Tt 5L 1 Ak ) 45 00 i 5 o IR

Fig.2 Schematic diagram of the band alignment for Cu,ZnSn-
(S,Se), (a) and (Cu,_ Ag ),ZnSn(S,Se), (b)

thin film solar cells'”*!
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Fig.3 The band values of Cu,Mg Zn, Sn(S,Se), thin film

E,/eV

with different x value'™’
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Z IE+154 100 7
g F =
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1E+13 T T T T T T 3 T

0 02 04 06 08 1.0

Ba content x
K4 Cu,Zn, Ba,SnS, WEM W FHkE FHEYE Ba
BARILRT,
Fig. 4  The relationship of carrier concentration and hole

mobility in Cu,Zn,  Ba SnS, thin film with different

Ba content' ™

2.2.3 Mn*" BAK Zn®"
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5w XEMZL, & AR M &850 B R
BOERD
Relational curve graph of (ahv)® against hv for the

Cu,Mn Zn, Sn(S,Se),(0<x=<1) thin films. Inset:

Fig. 5

band gap variation as a function of the Mn content™"’.

2.2.4 Cd*"BRAK Zn*"
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FH S8 15 9 O B B sk R M ot 1190 ™ H 2
Wong %5 &k B, 3 £ & B 7 Wy hn At 2 il
CZTSSe M BHEEHIAE | AR E 1Y kesterite H % A%
M stannite 1'*"' . Zhao % W 2L #] Cu,Zn, , Cd, -
SnS, M B BB AT LATZE 1.55 eV (2 =0) 2] 1. 09
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(a)

(b)

& 6 Cu,ZnSnS,(a)%5 Cu,Zn, ,Cd, ,SnS, (b) M SEM
R P
Top-view SEM images of Cu,ZnSnS,(a) and
Cu,Zn, ,Cd, ,SnS, (b) thin film"*’

Fig. 6

2.3 HIMMEBFEMRROMEEF
MM CENA T CZTSSe 1 Cu® [ Zn"
ke Al BH B 3 43 AR ) F o R A L FRATT 4k
SEXT PHES T304 BUR S+ B AFF 93 0k i 0 A7 A
ByooE @ T EE TR, M o0 2 8 2R 0 HE
I T | 85 55 (Ge ) LA B fik 5 (Si) d R I8 T 26
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