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Abstract

In this study, Zn/Sn/Cu/Se is stacked as a precursor on the
soda-lime glass substrate. The substrates are then heated to 550°C and
held for 30 minutes for selenization. By suitable adjusting the
composition of precursor, single-phase Cu,ZnSnSe, (hereinafter referred
to as CZTS) films have been successfully synthesized through this
process. The  precursors  with  atomic ratio of the
Cu/(Zn+Sn)=0.85~0.9 ~ Zn/Sn=1.2 and Cu/(Zn+Sn)=0.8 ~ Zn/Sn=1.3~1.5
can lead to the formation of single-phase CZTS film. Since phase
identification of the CZTS material cannot be simply accomplished by
XRD and Raman spectroscopy, the measurements of bandgap and
composition variations are also included for verifying pure phase of
CZTS in the selenized films. Our results from Raman spectra of CZTS
also show the monotonic dependence of the shift of Raman peak with

Al mode vibration.
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a(A) b(A) c(A) cla d(Cu-X) d(Zn-X)  d(Sn-X)
kesterite 5.731 11.423 1.99 2415 2.500 2.595
CZTSe stannite 5.729 11.385 1.99 2.400 2.494 2.621
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kesterite 5.468 10942 2.00 2.313 2.367 2.460
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Cu/(Zn+S 0.8 0.86 0.79 0.91 0.78
n)
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423 377 430 390 567 710
V,e (mV)
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#rms (R [ [ed [#6 [ [RFren (R [1F e | %6
0813 = A A B R 08512 ™ = A | BH | R
(at%) | (%) (at%) | (%)

Cu(at%) | 2222 | 2452 | +2.30 | +10.4 | [ Cu(at%) | 22.97 | 25.99 | +2.64 | +11.5

Zn(at%) 15.70 | 13.13 | -2.57 | -16.4 Zn(at%) 1474 | 11.85 | -2.89 | -19.6

Sn(at%) | 12.08 | 14.42 | +2.34 | +19.4 | |Sn(a%) | 12.29 | 13.38 | +1.09 | +8.9

Se(at%) 50.00 | 47.93 | -2.07 | 4.1 Se(at%) 50 48.78 | -1.22 | -2.4
Cu/(zZn+S | 0.8 0.89 Cu/(Zn+S | 0.85 | 1.01

n) n)

Zn/Sn 13 0.91 Zn/Sn 1.2 0.89

R | R | % | e | ¥F P | RE | FE | e | ¥F
0814 A AA | BgEF | FAE 0912 A AA | g | FAE

(at%) | (%) (at%) | (%)

Cu(at%) 22.22 | 23.42 | +1.20 | +5.4 Cu(at%) 23.69 | 25.15 | +1.46 | +6.2

Zn(at%) | 16.20 | 13.49 | -2.71 | -16.7 Zn(at%) | 1435 | 11.21 | -3.14 | -21.9

Sn(at%) | 11.58 | 14.79 | +3.21 | +27.7 | | Sn(at%) | 11.96 | 14.94 | +2.98 | +24.9

Se(at%) 50.00 | 48.30 | -1.70 | 3.4 Se(at%) 50 48.70 | -1.3 -2.6
Cu/(zn+S | 0.8 0.83 Cu/(Zn+S | 0.9 0.96

n) n)

Zn/Sn 1.4 0.91 Zn/Sn 1.2 0.75

WEEEL | XL | FE | e | B
0815 Sa | A | ge | iR
(at%) | (%)

Cu(at%) | 2222 | 2321 | +0.99 | +4.5

Zn(at%) | 16.67 | 1563 | -1.04 | -6.2

Sn(at%) 11.11 | 13.15 | +2.04 | +18.4

Se(at%) 50.00 | 48.01 | -1.99 | -4.0

Cul(zn+S | 0.8 |08l
n)

Zn/Sn 15 1.19

o~ 232 2 EPMA B2 A 47 5 % 2938 00 G $HRR

Fou R Tt o BAriE At ) CZTSe =1 A mode
PR A RER o Ae(E 4 )P 5 F ARG S E S BT
(N7 iR P4 > B CZTSe 0 Aimode & =4 &2 Cu/(Zn+Sn)i*

B > #F IS F Cu/(Zn+Sn)T *: > CZTSe = Aimode F & i+ #5
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g Ao do(BlH - ) @ 2R AT A € F 5 Zn/Sn 7 B a G %
Lo

Cu/(Zn+Sn) Zn/Sn A; mode(cm™) 2R B

0.89 0.91 194.0 0813

0.83 0.91 195.3 0814

0.81 1.19 195.5 0815

1.01 0.89 191.2 08512

0.96 0.75 192.4 0912

4 EREPE B2 HR

191 ] »

0.8 0.82 084 086 088 09 092 094 096 098 1 102 104
Cu/(Zn+Sn)

B+ - CZTSe #h Ajmode # & £ % Cu/(Zn+Sn)2 % i

S 2

PP BT et B2 iR R AT kSRR Rt 1 i
EEHEIFINAKEfx itz d (B2 a& B+= b
Zn/Sn=1.2 s 5|5 3% &t bid 0.6 dE# F] 0.85 PEpE > il M EAE
FRCP o omE P % 0612&0712 23 5 F]1 A XRD #2.3 SnSe =

S a(E R M E s 1.268V) 0 R e 2 5 1.1V
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& Cu/(Zn+Sn)=0.8 z_ - & 7[3# & ¢ %% 0813&0814&0815
ZHFBEF kR chiicira BEY HE(BlLtr a & Bt e
b) ; 23RE M 2 kex g hdct fido(Bl L 7 ) 0 %hE 08512 &% 2
MG BT E AR BT R R A sk MR H s ik
PR T O AR BRSO O B R OE R R

B4 AL A o

6.00E+009

I §§;8$j1 - (10.85/1.2099 eV
s00Ev009 Hrep (c)o 8/1 2 1.09 eV
4508009~ (ON12 /(b)0.7/|1 21.40eV
4.00E+009 o 1ucu —o (2)0.6/1.2 1.11 eV

3.50E+009 B.00E+008
o 3.00E+009 ~ emeom
2 !
-% 2.50E+009 o oo

2.00E+009 ~ 20000+

1.50E+009 - 0we004 i s

T T T
06 08 10

I (e) 1/1.2 0.78 eV
1.00E+009 — i

Eg(eV)
5.00E+008 - (d)0.9/1.20.80 eV
0.00E+000 -
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