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Abstract: The bandedge electronic structure including the optical bandgap, band-tail states, and deep/
shallow donor and acceptor levels in Cu,ZnSnS, semiconductor was analyzed by absorption, photocur-
rent and photoluminescence spectroscopy, and the theoretical reports. It is revealed that the Sn,, -relat-
ed defect in Cu,ZnSnS, with abundant defect states is one of the key factors affecting the band-edge
electronic structure. High concentration of the neutral defect cluster [2Cu,, + Sn, | can narrow the
band gap substantially, while the partially-passivated (ionic) defect cluster [ Cu,, + Sn,, ] is the main
deep donor defect. A large number of band-tail states are responsible for the obvious red-shift of the
bandedge-related photoluminescence transition energy. These detrimental defects related to Sn,, can be
effectively suppressed by properly reducing the Sn content in the copper-poor and zinc-rich growth con-
dition, which also avoids the narrowing of the optical bandgap of the Cu,ZnSnS, absorption layer.
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Fig. 1 X-ray diffraction pattern of a CZTS thin film (S1).
The inset gives the proportion of elements in the sample by en-

ergy dispersive X-ray (EDX) spectroscopy
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Fig. 2 Absorption spectra of CZTS thin film (S1) at different

temperatures. The inset plots the curve of (ahw )*~hv
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Fig. 3 Photocurrent spectra of the device S1 at different tem-

peratures. The grey area represents the signal related to the

deep defects
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Fig. 6 Photoluminescence spectra of S1 thin film at different

temperatures at the excitation power of 20 mW

R T M2 RO R FRATTF Y
TOGECR G IRLEE R A ikt g PR CR D) R
SR SOV, R DRI EAE 20 mW GEE/N T
B 5 H 50 mW G SHED) o & 6 5 ST BEAE i 7F 3%
KIF R 20 mW B AN [EEEE T BB ECR i . 1l
DLE B, fEA R T GEOR O GIEAR SR A AR AR 58
) = AN RO, o R g A B A Bl IR B
PLLLH | T S0 C e WA e 3 B 1 7 v 28 fE A B
o KOG A BRI T B L DR 0 R B
WS BEIR B T IR AT %, X 5 SCRR R 1 3
ReRL Ik 5 R My R 9 2 & R R SRR & i
IV C IR LT AN BE N & T 23 R B 19 28 Ak i
Ak, IR R O IE R T . RO R
T2 A A A R AR T R Sk
S A ) 25 BRI A BT AR, 2 TR EE T B
Fa SRR RS EIR T SR ARB TE A&
O, AR E A 155 B S A RS 2
B BB 430 B B R R T AR . R ORI R B
548 5 5 VR 11 O ZR i 2 BT e S i A SRR A



96 L1 BN 5 K U IR 39 %

I,
U+ Coexp(=E,/ k) + Coop(~Eo /b T)|

, (3)
KB)P 120K AR b, SR B R %5 2%
B, E 6 AR R b A B R A O
E, 0 N i il ok B AR AR S G A OE RE . X
AN TR EE B 9 2O GTE AT LA 45 B [ EE R 45
ROGIE By ok B I8 T B e e S B A LA
e 7 FrR . LA 2 kLI A JTERE N 11
meV il 68 meV, & Jt: & B 4 i A8 1 4 meV F 36
meV , 1Ml & 0 C A & il ok 8 A2 7 — D4 =
I B Y AR SR O 5 Al I, S RE N 66 meV., MAIE 6
WAl LA B, &Gl A (B 165N IR G BBl AR AT
AN TRRR B 9 B 3 B AR K T 0 C s T IR BB S
Bt e A o0 7 3K 1Y Fl AR MERRI A, T AR AR IR
b PR R AR A RN IR I AR m R R N g R
RIS, K AR E ARG,
AR o B R A VK

I(T) =

10°F [ —
-
..r—."
o
:::i 2 oo ‘ :
ES " a
F 10T £ ©
= o
£ A
= ]
E Pt
2 . A
£ |
BT f’" ° B
® AC
1 1 1 A
0 10 20 30 245 250
1000/TI(K)

K7 20 mW R DI ST IEAE i A G4 B3 0tk B2 15 1R
JE B 2R AU B 45
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tegral intensity of S1 thin film at the excitation power of 20

mW. The curves are fit results from equation (3)
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