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Abstract

Cu2ZnSnS; (CZTS) is an attractive p-type semiconductor material. However, the power conversion
efficiency of CZTS is limited by the losses of the open circuit voltage, which is resulted by a large
number of Cuz, and Znc, antisite defects. Researchers have tried many methods to reduce this loss
and improve the power conversion efficiency. Among them, the replacement of Cu sites in CZTS
with Ag ions is a more effective approach. This article summarizes the recent research progress on
(Cu1.xAgx)2ZnSnS, (CAZTS) and Ag,ZnSnS, (AZTS) (x = 1).
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1. 5|8

KBH G —FP il S 5 TS REIR . SRR FnT DLAEOK BHBE B Ak v iR, TR RO M BT it 92
i, HAl CdTe Al Cu(In, Ga)Se,(CIGS)iH 5 A BH A B it A 78 52 3 1) 32 5638, S S  20% 1) 4
R[] [2], H2Z, In Al Te A S Hib 52 g 880, Cd AA#FME, XR$] T CdTe Al CIGS )R
RIFA[3] [4] [5] [6] [7]o DML, FFZETFRHBICR TR, SGil v HoGH# s i) ] LU AR CdTe M
CIGS Hikt k. BRI, Cu,ZnSnSy(CZTS)HA 5 CIGS ML S ALK = AT Z%2(107*~107 cm
YLK 5 A B A FEL A DTS (0 B (1.45~1.5 eV), M HI o REMFT h iR R T L&, EFE
A FISRHIE S8R IR A P AR K B R L B TRSCZ AR 8 T

RGBT RN CZTS MEBRCR A 32.2%, (H5E HRIFTH 4 CZTS MR A B A8 FLit 1) %
AR 8.4% [9], HHIR(HIEH R ZEE . PRI Mo R 32 m I R 3R B2 CZTS Mokl A & (1) —1k
BRBEQRAER ZnS Cu® Rl Zo™ B 5 T B BRI T dm). WU RIL, BHES T AU AT LU 23]
KRR sk RS IREER T AW E [0 [11]. Hd, Ag B FRELN Cu Ml Zn 877
KAG%, DT A] LA Cug, A1 Zng, RAZERFE . B F0 A 148 L AE(Cuy Agy)»ZnSnS, - S KL 7 T 1%
NIRNIIWF T o A LLRIR T I EE R (CuyAgy)-ZnSnS, M2 Ag,ZnSnS4(AZTS)FE L M Su6 77 TH I 7832 2 o

2. ERIHHERMRER

HT Ag'(1.14 AT £t Cu’(0.74 A)F1 Zn*'(0.74 A) KRB Z B 112, NI Ag # ¥ Cu f AR H
T CZTS ' Cu F Zn AL A2 51 B S 5 A sk, IR Ag B4R CZTS 1 Cu A2 F A B oI = CZTS
e SARMRME B — G AT B0 . Yuan [12]F1 Chagarov [ 13145 % Fl % B2 ok BLE (DFT) 15159 441,
BT ER A D A T Ag BB TR SHZIE KT Cu Ml Zn 7 RSF, 1 H BT AZTS B 04K T
CZTS(k 0.74 eV), FUILTE AgoZnSnS, T Agz, AT ERFERITE A e BH 2 K T7E CZTS 1 Cug, RAZERFE 1)
TERLAE LA AE AZTS 1 AggytZngg Rl 2Ags,+Snz, ARSI S0 AR 1) [12], [RIIE, AZTS
r A R A R FE TIE 23 L CZTS IR D — N E G (LK 2) [12] [13]. #4h, 5 Ag T Zn AHOCHBREA A%
REGIR /N, H EI A SR FA AR 51 RS AR R R i e e/ T CZTS. Bk, 78 CZTS HARH Ag rHUREE
75 A5 ) PH S T e RRE A R AT HE RN, TR P LA B8 e A P R FR P 28R T B T KR B

EPHE NGBS — M R SR T AgoZnSnS, MERI T8 R & B AL E DL HAh
FIRL S 2 (B A e B, THESE BAF ] Ag,ZnSnS, AR T G5 My 45 5, Ag BUR Cu 77T LA &%
HUBE K CZTS HIZERT v B AR Fr B B A 45 . RN, BT Ag,ZnSnS, 5 Cu,ZnSnS, B A A[F 17
TR AU )7 B 1 S5 IS, TR Ag BUR Cu A3 v] LLRFAIK CZTS B AL B I B X 5217 i AR MR
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Figure 1. The calculated formation energy change as a function of the ele-
mental chemical potentials (growth conditions) for low-energy defects and
defect complexes in Ag,ZnSnS, [12]
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Figure 2. (a) The transition energy levels of intrinsic point defects in the band
gap of Ag,ZnSnS, and b) the band edge shift caused by the low-energy defect
complexes [12]

[ 2. (a) AgyZnSnS, TR I ANIE SEFERIEKT BE R FN(b) HIKEEE Gk
FES I RAFIAFBEI12]

N[14] [15]0 3K Ee#EAT AR GF R W] Ag BUR Cu A7 RERIIF AL CunZnSnS, HEMARL 948 58 5 K i i
PASRTHOLHLPERE -

Jing Tao S5 NJEILH— LB G AZTS BAT /XU AN LA RURERIE ], AR T6E
B TR B HAE [1001A1[010775 [a] i 25 XA &5 B W] K TR [001 175 1A 922 OH Rst B, B
T T B o FiAh, I[001177 [ (e A 23 S /INI A 2050 s T PRk e A8 e AR w0 A R . IE D
AGZnSnS, AMUEA R R, AT B O T, T H B A BRI AR RE [ 16], Rl
STRBHAEA IR R 23 . X LB Fe R B, AZTS 7E K BH A% Ftb 2 RO A A K e = A ST TR
AL N A -

3. SR
3.1. Ag BIERER

HHET, AZTS & ACZTS T HAL R MRS, HAE e R Wb Rl i sz 56wk 70t H B RN .
(CuyxAg,),ZnSnS, WU 2 1 1] & R LAE I L) — AN H 55 . Gong [17]ZE X AN A Ag/(Ag+Cu) b 491 1)
(Cu,Ag),ZnSnS(CAZTS) ) SRS A2 AT T KRG T, 45 RIE CAZTS A I 58 s Bin 45
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¥o 188 OFHERETS A, B Ag A REAE 0~0.2 Hi, CAZTS MRS B EKMED), ML 0.2~1.0
W, e B KM s). #in Ag &8, CAZTS R BRAE(Eg)M 1.49 eV(x = 0.0) FF£3] 1.47(x = 0.2),
SRIGHEINE] 2.01 eV(x = 1.0), Rk CAZTS HIAHFBELE 1.5~2.01 eV LA, FLA7 B i 28 B 5/ i

H1F Cu A1 Zn R B AR HEIE,  [CuzntZne, JSRFGHRAE CZTS Hh B A BURKITE MAE AL = 1
W, FEAETREMEZ A0, MIRH T HBE M. Chen S5[18]4 K 7 H A KHFE H s B AT 8 1)
(CuxAg)ZnSnSy PK Ao (CuiAg)oZnSnS, K & 47 BR v] LLIE I 1757 Ag/(CutAg) b A7) >k 42 1l .
Mott-Schottky HH 2 ) 57115 2% B T & I (Cuy . Agy),ZnSnS, 9K F AR #R & p AL SAR(LIE 3). i LA H,
BEE Ag BUREMIGIN, (CuixAg).ZnSnS, 4K fn v Mott-Schottky HiI 2 (1R} 2 J0if /N EH K. 24 Ag HX
REN 2%, MR RARKIR R, RUFZIUCE N (CuixAg),ZnSnS, KGR F A i i B 7K LA
RIIERIE . X PR AT DL Ag,ZnSnS, 155 n B4 S HU P RARRE . 1 H 2% Cu B4X Ag B, W EHR
PRI T IR AR AR B BRI, X R ITE p B CAZTS R4irh Ag BB LT AT BEAEAE. 2015 4F, Wei
[19]453@ 14 2048 Ag/(CutAg) LR HI% TEF BN T CAZTSe. FEHE Ag S BN TTE 1.06 eV £
1.3 eV U WESLLL, £ Ag/(CurAg)IJEF N 0.1 BHFE] T HAT(Cu,.Ag,),ZnSnS, I K BHfE Hith
AR B R AR (4.09%) (LI 4) o 3X T T AE T BEA B T IR Cu,ZnSnS, K FH 8 FL WA G AL A FT I 26

£TF S. Chen ZWF LI Ag AR Cu 7T LD Cug, SOAZERIE FIBCE 20 EE 1S, Wei Li 25l I #4
ZRFAEYE Mo HIANES 3RS EUTAA R Ag )=, AR)E LIRS TR Cu-Zn-Sn B, 2 JEAER U N il i
AT B R (CuyAgy),ZnSnS, T 21].
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3.2. Ag HOSEREM
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Figure 3. Mott-Schottky plots for (Cu,_,Ag,),ZnSnS, nanocrystals [18]
[ 3. (Cuy..Ag,),ZnSnS, K &A1 HY Mott-Schottky [ 18]
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Figure 4. Light J-V characteristics of the CAZTSSe solar cells with different

S/Se content [19]
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Figure 5. Top-view SEM images of (a) CZTS; (b) A (2%) CZTS; (¢) A (5%)
CZTS, and (d) A (10%) CZTS films [22]
5. (a) CZTS; (b) A (2%) CZTS; (c) A (5%) CZTS FA(d) A (10%) CZTS
SRS SEM Bf%[22]

T p B AZTS #fE. IS EBEA L 1.5 eV BAFBREA 219.24 cm v s IS SGER R, XALE R
B KB AE M B 8 . 2 5 45 T LA Mo/AZTS/CAS/ZnO/ITO/Ag 45K 1 K B g Lt (LI 8),

I HSZHL T 1.38% %% [24].
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Figure 6. XRD patterns of obtained nanoparticles prepared at 350°C with Ry,
= 0.75 (a) and at 250°C with Rz, = 1.0 (b). Unidentified peaks are marked
with asterisks. Reference patterns of AggSnSg, tetragonal Ag,ZnSnS,, and cu-
bic ZnS are also shown [23]

& 6. 7E(a)350°C; Rz, =0.75 F(b)250°C; Ry, = 1.0 T HIZEBEIHIH
KBRA XRD B, KRIRFWIEHFREES. XERT AgSnSe. U7
Ag,ZnSnS, M3 F5 ZnS HIEE EE([23]

Figure 7. TEM images of particles synthesized at 250 (a) and 350°C with Ry,
= 1.0 (b) and at 350°C with Rz, = 0.75 (c) (d) Image d is a high-resolution
image of the same sample in image ¢ [23]

7. ¥E Ry, = 1.0 BF 250°C(a)FA 350°C (b)FA Ry, = 0.75 B 350°C (¢) (d) T~
A RRHERIAY TEM Bl . B1& d B c FRI—HAR S 0 ¥R ER (23]

AgyZnSnS, [25], HLHIAE B BRE b 1y R Bl 2 B 23 AS [RIFE 2.08~2.56 eV Z (Al a PR (ILIE 9). [RIR, &
THERVAE 350~1750 nm K A IZ SRR R TR (L] 10), IR i 0 B oRE OGS AR I 2D AR X s
N 70%E B .
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Figure 8. (a) Current-voltage curve for AZTS thin film solar cells (b) effi-
ciencies of six fabricated cells based on one piece of AZTS film (c) schematic
demonstration of the device configuration (d) the picture of a finished device
[24]
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Figure 9. X-ray diffraction patterns of samples prepared with various reac-
tion parameters [25]
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Figure 10. Transmittance and reflectance spectra of samples in this study [25]
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