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Abstract: Co-electrodeposited mechanism of the quaternary precursor prepared by cyclic voltammetry
was studied. And the annealing phase transition mechanism of synthesized CZTS films was analyzed
by XRD,SEM, EDS and Raman technologies. The results show that the concentration of Cu*" and
Sn®" not only affects the deposition rates of its own, but also influences the deposition rates of other
metal elements in the solution, while the concentration of Zn®" only affects its deposition rate. The
quaternary precursors are electro-deposited by atomic layer epitaxy, Cu*" firstly reduces to Cu on the
substrate surface under the negative potential, then reacts with S atoms to forms CuS near the sub-
strate. SnS and ZnS are alternately deposited on the substrate in the same way. The binary precursor
sulfides gradually transform into Cuy, SnSs,, and Cu,ZnSnS, with the increasing annealing tempera-
ture. The atom ratio of the quaternary co-electrodeposition Cu,;ZnSnS, films synthesized at 550°C for
lhis Cu:Zn: Sn: S=23.72: 12.22 : 13. 07 * 50. 99. The photocurrent of the synthesized CZTS
film reaches about 60nA without bias voltage.
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Fig. 1

The cyclic voltammeter curves (a)matrix solution with Na;S; O3 «

5H,O; (b)quaternary co-electrodeposited solution
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XRD patterns of the annealed precursors at different temperatures for 1h on Mo substrate
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() F I ; (1)200C; (02400 C;(d)550C
(a)room temperature; (h)200C ;(c)400C ;(d)550C



FA3E W4

B Cu, ZnSnS, I 79 5T 3 L T AR AL I 5 38 AR 4% A2 71

11.19 = 63. 28, #fE il KA H B % 19 CuS/SnS/ZnS 5¢
B2, B X EE RNERCR CuS, 4545 E 8 (a) FIS
G3 AT A 25 SRR S5 T S A IR B 1 T LB

28 200 CiR A5 IR i & B B BOm 8 4HE L 2
TFUG B =0 Cusesy SnSy, fiT i, th A D i CZTS
A, B 8(h) Sy 200 C R o JF WEEE B (Y Sl oW e B,
KR 5T 53 A AEBUE W I Z R, HIR R B & — e
KRB ZICRA L YA . 22 400 C 3B K . )2 i Bl ok
FE#R = 1 CZTS it i e, FEA UL EE N 2] 4% AH W 1) A7 7
MIE8Ce) ] LA, R K /N B 35 5] — 30, i )2
W R BUE A R /N 7R 400 C TR IR KIFAS BB A 5
FRAY BOE K CZTS Yy H . B2 b Al Be AR AR A 7E =
JUERALYI A . ARPEIE 7(b) 4T, 7E T 400 C Y TR E

TR AR B B AR T © AR B CZTS brifEfi
S PRI, HG v o S e T 4R (101D, (112) 4, (200D,
(220),(312),(400),(332), M43 kA # 550C
4% ST AT BT 5 CZTS By A% 17 5 1B 33 5 4 %
o — 35, B2 B Sl Y 5 U A oR s AR R R, P
JZ 550 CiRk 1h By 43 43 Hr i 18 9 Ca) fr s 4 i vh
ZILEME T A Cu: Zn: Sn: S=23.72: 12.22 ¢
13.07  50. 99, 3 A 5 CZTS b & Wit &tk —5., K
25 5 By HAH SRS # X8 3 B 5 i AT b = 4
E 9 (h) fros ., 45 3 &k B AE ~ 253, ~284, ~ 336,
~352cm 'l ~372cm T R =g, Hof ~ 336cm !
Qb Sy Fi v 0 L 3X 5 SCRR L9 R 1B 1y CZTS $i 2ol i
A,

(@ S (b) 336
Mass Atom
Element ¢raction/% fraction/%
SK 29.77 50.99
SnL 28.24 13.07
CuK 27.44 23.72
ZnK 14.55 12.22 284
352
Sn 53 372
Cu
Zn
0 2 4 6 8 10 260 280 300 320 340 360 380 400
Energy/eV Roman shift/cm-’
B9 Fil)E 550 CiE k 1h B EDS 4387 (2) AL 2 i (b)

Fig. 9 EDS analysis(a) and Raman spectra(b) of the precursor by annealing at 550 C for 1h

1 PR JE N 4 R AE R 45 1) CZTS W F ARSI 4,
PRIESI 25 CZTS M B R AR fioh . >R FH DU $R 415 43 31
T 25 AR 4R BT TR 3mW « em™ * 6 I8 I 15

M LV g, e B E 10 Fias. M LV il
BFE R AT, & 10 (b) 6w R ik 45 8 78
TE AN I R R % L A B 20 60n A L JiF 52 T

6.0

75

(a) (b)
<
:é 20t % 45t
= o
$ 00Ff =
g 3 30
=] o
O-20¢t °
—— Dark T 15+
40 R
Light off
6.0 : , ; 0 . s s s ]
0.4 -0.2 0.0 0.2 0.4 0 50 100 150 200 250
Voltage/V Time/s

10 550 CiRk 1h J5 il 4 CZTS W i 1 fiE

() FV il & 5 (b) S [

Fig. 10 The photoelectric properties of CZTS film annealed at 550 C for 1h  (a) 'V curves; (b) photocurrent response

£ 00 CZTS IR BLA AR 5 G 1) 6 ma i 4
3 i

(1) g 4% i 22 H vk A A 45 2 100mL 3 W Be J7 -

0. 3g CuSO, + 5H,0, 0. 4g ZnSO, + 7H,0, 0. 31g
SnCl, « 2H,0,0. 4g Na,S, 0, « 5H,0,0. 34g NaOH,
3.26g C;H;Na; O, , 2. 28¢ C,HsOq, UL 4l Mo K h %
JEE S ULR A — 1. 2V UL ] 4 Smin,



72 MR TR

2015 4F 4 A

(2) LT RL A rpr, Cu®' R Sn™ " ik BE A8 £k 5% i L
A B AU AL ST R TR BRI Zn” " ik AR A i)
HOAR BT BGE DU oT 3k o TR )2 AR T2 A AE
SHHUER 7E GO AR R L Cu® ™ Se e TR AR 6 Ui 2 1
HYS Sz 4 i CuS, Sn Fl Zn & 1 LLUE KL 7 =0
LRV,

(3) ook Ak M 20 1 ) 1 ) J2 B R IR BE T B
T AH BN S e AR SR = TR AR ) Cuse, SnSsq, A1IY JT
WAk CZTS, 550 CiB & 1h &My CZTS i i J5 1
bk Cut Zn: Sn: S=123.72 : 12,22 + 13,07 :
50.99,5 CZTS fb A Wit & A — 2, BHfl &1
CZTS W fE S W P 4F

& % Lk

[1] JIANG F, SHEN H L, WANG W, et al. Preparation and prop-
erties of CuyZnSnS; absorber and Cu;ZnSn S, /amorphous silicon
thin-film solar celllJ]. Appl Phys Express,2011,4(7):074101.

[2] SCHUBERT B A, MARSEN B, CINQUE S, et al. Cu;ZnSnS,
thin film solar cells by fast coevaporation[ J]. Prog Photovolt:
Res Appl.2011.19(1) ;93— 96.

[3] YOO H, KIM J. Growth of Cu;ZnSnS; thin films using sulfuriza-
tion of stacked metallic films[J]. Thin Solid Films, 2010, 518
(22):6567—6572.

[4] NAKAVAMA N, ITO K. Sprayed films of stannite Cu;ZnSnS,
[J]. Appl Surf Sci,1996,92:171—175.

[5] KISHORE K Y B, SURESH B G, UDAV BP, et al. Preparation
and characterization of spray-deposited Cu;ZnSnS, thin films[ ] ].
Sol Energy Mater Sol Cells,2009,93(8) ;1230 —1237.

[6] TANAKA K. FUKUI Y. MORITAKE N, et al. Chemical com-
position dependence of morphological and optical properties of
CuyZnSnS; thin films deposited by sol-gel sulfurization and
Cuy ZnSnS; thin film solar cell efficiency[J]. Sol Energy Mater Sol
Cells,2010,95(3) : 838—842.

[7] YEH MY, LEECC, WUU DS. Influences of synthesizing tem-
peratures on the properties of Cuz; ZnSnS, prepared by sol-gel spin-
coated deposition[J]. J Sol-Gel Sci Tech,2009,52(1):65—68.

[8] FISCHEREDER A, RATH T, HAAS W, et al. Investigation of
Cuy ZnSnS, formation from metal salts and thioacetamide [ ] ].
Chem Mater,2010,22:3399— 3406.

[9] SCHURR R, HOLZING A, JOST S, et al. The crystallisation of
Cu,ZnSnS; thin film solar cell absorbers from co-electroplated Cu-
Zn-Sn precursors[J]. Thin Solid Films, 2009,517:2465—2468.

[10] ARAKI H, KUBO Y. JIMBO K. et al. Preparation of

CuyZnSnS; thin films by sulfurization of co-electroplated Cu-Zn-
Sn precursors[]J]. Phys Status Solidi C,2009,(6):1266—1268.
[11] ENNAOUI A, LUX-STEINER M, WEBER A, et al
CuzZnSnS, thin film solar cells from electroplated precursors:

novel low-cost perspective[ J]. Thin Solid Films,2009,517:2511

—2514.

[12] SCRAGG ] J, DALE P J. PETER L M. Synthesis and charac-
terization of CuzZnSnS; absorber layers by an electrodeposition-
annealing route[ J]. Thin Solid Films,2009,517 ;2481 —2484.

[13] SCRAGG ] J, DALE P J, PETER L M, et al. New routes to
sustainable photovoltaics: evaluation of Cu;ZnSnS, as an alter-
native absorber material[J]. Phys Stat Sol(B), 2008, 245(9):
1772—1778.

[14] ARAKI H, KUBO Y, MIKADUKI A, et al. Preparation of
CuzZnSnS; thin films by sulfurizing electroplated precursors[J].
Sol Energy Mater Sol Cells,2009,93(6—7):996—999.

[15] SCRAGG J J, DALE P J, PETER L M. Towards sustainable
materials for solar energy conversion: preparation and photoelec-
trochemical characterization of Cu;ZnSnS; [ J]. Electrochem
Commun,2008,10(4) :639—642.

[16] PAWARSM, PAWARA BS, MOHOLKARA AV, et al. Sin-
gle step electrosynthesis of Cu;ZnSnS, (CZTS) thin films for so-
lar cell application[J]. Electrochimica Acta,2010,55(12) ;4057
—4061.

[17] yLE, Rl CupZnSnS, i K H I BH A sl 19 B7F 5% 3E e [T .
ik, 2011,32(6) . 758 — 759,

JIANG F, SHEN H L. Research progresses on Cuz;ZnSnS, film
and related solar cell[J]. Semiconductor Optoelectronics, 2011,
32(6):758—759.

[18] GREGORY B W, STICKNEY ] L. Electrochemical atomic layer
epitaxy(ECALE)[J]. ] Electroanalytical Chem,1991,300;543—
561.

[19] VILLEGAS I, STICKNE J L. Preliminary studies of GaAs dep-
osition on Au(100),(110) and (111) surfaces by electrochemical
atomic layer epitaxy[]J]. ] Electroanalytical Chem, 1992, 139:
686—694.

[20] ZHANG X, SHI X Z, YE W C, et al. Electrochemical deposi-
tion of quaternary Cu,;ZnSnS, thin films as potential solar cell
material[J]. Appl Phys A,2009,94:381—386.

[21] JEON M, TANAKA Y, SHIMIZU T, et al. Formation and
characterization of single-step electrodeposited Cu,ZnSnS, thin
films: effect of complexing agent volume[ J]. Energy Procedia.
2011,10:255—260.

[22] CUIYF, ZUO S H, JIANG ] C, et al. Synthesis and charac-
terization of co-electroplated Cu,ZnSnS, thin films as potential
photovoltaic material[ J]. Sol Energy Mater Sol Cells, 2011, 95
(8):2136—2140.

E£TH:HEKARRFESEIIHE (61176062)  TLH A 1+ )5 i 4
BEHI(1302005A) 5 g 57 T4 2% b 26 B 1 BF 0T 3% B 51 B (ZKJ201302) 5
B o T AR 2 g K 2 2R BB BB B B 30 H (N20140206)

Wim E#:2014-01-24; &iT H#§ : 2014-09-10
BIAEE B R 1974—) , B WA, @ 3082, A 35K B A it R 2 M
o R AT B0 O L 5 AT 5 L I0E R Ml - VT 9N 4 R T RS o TR A B
Ak TR 2% B (211167) , E-mail ; hexiancong@njit. edu. cn

[ ]



