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Effect of Sulfur Source on Properties of CZTS Particles
by Microwave Irradiation Assisted Solvothermal
Method and Thin Films

Wang Wei, Shen Honglie, Yao Hanyu , Chen Jieyi, Li Yufang
(College of Material Science and Technology. Nanjing University of Aeronautics & Astronautics, Nanjing, 211106, China)

Abstract ; The influence of different sulfur sources on the size and morphology of Cu,ZnSnS, (CZTS) nan-
oparticles is studied by the microwave irradiation assisted solvothermal method. The results show that;
500 nm sphere-like CZTS nanoparticles are synthesized with thiourea as a sulfur source. The 50 nm hol-
low sphere-like CZTS nanoparticles are obtained using L-cysteine as a sulfur source. And the average
size of CZTS nanoparticles with thioacetamide as a sulfur source is only 3 nm. The nano-ink is firstly
prepared by large size nanoparticles (average size of 500 nm or 50 nm). When this nano-ink is used to
prepare thin film by spin-coating, the as-obtained thin film has poor density and many holes. However,
when the nano-ink prepared by small size nanoparticles (average size of 3 nm) is used to prepare thin
film, the thin film with best density and uniformity is obtained. Moreover, when the best as-prepared
thin film is sulfurized,its crystallinity is obviously improved, and the CZTS solar cell with 2. 1% effi-
ciency is obtained.

Key words: Cu,ZnSnS, (CZTS) thin film; nanoparticles; microwave irradiation assisted solvothermal

method; ink method; solar cells
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Fig. 1 Schematic diagram of sulfurization furnace with

double temperature zones
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Fig. 2 Structural diagram of CZTS/CdS hetero-junction
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Fig. 3 XRD patterns of as-prepared CZTS particles

with different sulfur sources
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Fig. 4 Raman spectra of as-prepared CZTS particles by

different sulfur sources
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CZTS n RE2x W 2T ER 451

1 AR BRI i ] 45 1 CZTS 4 K ks
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SR X i SC R (23] B H Zn 3% Cu 1Y
CZTS BRIt thge. R A &AC 2 B e A
MR BT A5 g CZTS 409 K ki o Sn (1 2 &
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B T Al 4 (R 4R K BORE R Sn B B AR L Cu I
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Tab.1 Chemical composition ratios of as-prepared CZTS particles by different sulfur sources
- L2 153/ % JCE LB/ %
Cu Zn Sn S Cu/(Zn+Sn) Zn/Sn S/(Cu+Zn+Sn)
i Ik 24.23 12.74 11.10  51.93 1.02 1. 15 1.08
RN i3 24,33 14.22 9. 47 51.98 1.03 1. 50 1.08
L-2 bt & R 22.00 12.79 13.10 52.11 0. 85 0.98 1.09

h T 5 B BT B AN K BURE 9 B B AR SCR
TEM ZRAE 44 K Ok i T2 51, an &l 5 fr . il i
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il 5 1 0 K BURE RS8N 2928 3 nm, — JR A X A
YR IFORLFR Z AN K i AL CZTS W3R8
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B R . 3 RN AR R AT U A R
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Srif £ i CZTS S8BKIT T — @ WL hl .
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SR K L2 e 220 Fn e AR 2 TR VR S U5 BT o 4%
1) CZTS g4 K Uk K /N 43 31 29 2 500,50, 3 nm,
X 3 A [a] RO 1) 94 K 0K FC ) sk K L A8 J5 R
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Fig.5 TEM images of as-prepared CZTS particles by

(d) El(c)ISAEDEI &

different sulfur sources
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Fig. 6 Photographs of films fabricated by particles from

different sulfur sources
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Fig. 7 XRD patterns of films before and after sulfuriza-

tion
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Fig. 8 SEM images of as-prepared films before and

after sulfuration

B9 CZTS/CdS 5 J5i 45 K B r s iy W 1 SEM i )7
Fig. 9 Cross-section SEM image of CZTS/CdS hetero-

junction solar cell
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Fig. 10 'V characterization of CZTS hetero-junction

solar cell under AM1. 5 illumination

2 60

&

gsor

g

E 40t

g

g 30+

g

520t

g

& 10

300 400 500 600 700 800 900 1000
Wavelength / nm
(@) ShEF Rk R
2.0

- 15|

=
o

0
= 10F
=

5
= 05

0.0
1.4 1.9
hv/ev
(b) CZTSHI N2 BR
B 11 CZTS/CdS 5 i 45 K FH Hi it A9 Fh i 1 5% 3% il 28

I CZTS KL B
EQE of CZTS/CdS hetero-junction solar cell
and optical band gap curve of CZTS

3 #RIE

AR FH O WROAR A R A T
CZTS K IBURL , 3 3 028 i I8, 45 3 1 A [[) R
PhRASTRIE R B CZTS gk . R HBLIR L L2
ot R AR AR £ Bt B o3 M AR A BRI A5 3 T R
S} 4 500,50,3 nm By CZTS gk ik, H4RHR
R R ) A K SO R B8 K I A K e U R
THE AR ) S50 1 5 1 50 B A A K R R ST sk )N T
P o R ERAR & B e B i 28 1 /N RS 4 K 3

Fig. 11



%5 EoOE A BRI X B CZTS UL A BE 19 52 i 671

L TC T B A K S K Sl A T U U ) A 2 ST PR
Xt g CZTS R . 38 i i A Ak B 0 5 7 B0
PES SR A BRI R . &R&. (B TARA
2. 1A FAL R CZTS/CdS 57t B 45 A B A v

S % k-

[1] HeJ,Sun L, Chen Y, et al. Influence of sulfuriza-
tion pressure on Cu,ZnSnS, thin films and solar cells
prepared by sulfurization of metallic precursors[]].
Journal of Power Sources, 2015, 273. 600-607.

[2] Yoo H. Kim J H. Comparative study of Cu,ZnSnS,
film growth[J]. Solar Energy Materials &. Solar
Cells, 2011, 95. 239-244.

[3] Moholkar A V, Shinde S S, Babar A R, et al. Devel-
opment of CZTS thin films solar cells by pulsed laser
deposition: Influence of pulse repetition rate[J]. So-
lar Energy, 2011, 85. 1354-1363.

[4] Yoo H, Kim J H. Growth of Cu,ZnSnS, thin films
using sulfurization of stacked metallic films[J]. Thin
Solid Films, 2010, 518: 6567-6572.

[5] Schubert BA, Marsen B, Cinque S, et al.
Cu, ZnSnS, thin film solar cells by fast coevaporation
[J]. Prog Photovolt: Res Appl, 2011, 19: 93-96.

[6] Ahmed S, Reuter K B, Gunawan O, et al. A high
efficiency electrodeposited Cu,ZnSnS, solar cell[J].
Adv Energy Mater, 2012, 2. 253-259.

[7] Gao H, Shen H L, Jiang F. et al. Preparation of
Cu, ZnSnS, film by sulfurizing solution deposited pre-
cursors[ J]. Applied Surface Science, 2012, 261
189-192.

[8] Xin H, Katahara ] K, Braly I L, et al. 8% efficient
Cu, ZnSn(S, Se), solar cells from redox equilibrated
simple precursors in DMSO[J]. Adv Energy Mater,
2014, 4(11). 1301823.

[9] Zeng X, Tai K F, Zhang T L, et al. Cu,ZnSn(S,
Se), kesterite solar cell with 5. 1% efficiency using
spray pyrolysis of aqueous precursor solution fol-
lowed by selenization[J]. Solar Energy Materials &.
Solar Cells, 2014, 124 . 55-60.

[10] Guo Q J, Hillhouse H W, Agrawal R. Synthesis of
Cu, ZnSnS, nanocrystal ink and its use for solar cells
[J]. J Am Chem Soc, 2009, 131.: 11672-11673.

[11] Shin B, Gunawan O, Zhu Y, et al. Thin film solar
cell with 8. 4% power conversion efficiency using an
earth-abundant Cu, ZnSnS, absorber[J]. Prog Photo-
volt: Res Appl, 2013, 21(1) . 72-76.

[12] Lee Y S, Gershon T, Gunawan O, et al.
Cu; ZnSnSe, thin-film solar cells by thermal co-evapo-

ration with 11. 6% efficiency and improved minority

[13]

[14]

[15]

(16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

carrier diffusion length [J]. Adv Energy Mater,
2015, 5. 1401372.

Wang W, Winkler M T, Gunawan O, et al. Device
characteristics of CZTSSe thin-film solar cells with
12.6% efficiency[J]. Adv Energy Mater, 2014,4.
1301465.

Guo Q J, Ford G M, Yang W C, et al. Fabrication
of 7. 2% efficient CZTSSe solar cells using CZTS
nanocrystals[J]. J Am Chem Soc, 2010, 132:
17384-17386.

Miskin C K, Yang W C, Hages CJ, et al. 9.0% ef-
ficient Cu,ZnSn (S, Se), solar cells from selenized
nanoparticle inks [ J]. Prog Photovolt: Res Appl,
2014, 23(5): 654-659.

Zhou Y L, Zhou W H, Du Y F, et al. Sphere-like
kesterite Cu, ZnSnS, nanoparticles synthesized by a
facile solvothermal method [ ]J]. Materials Letters,
2011, 65: 1535-1537.

Wang Yu, Gong Hao. Cu,ZnSnS; synthesized
through a green and economic process[J]. Journal of
Alloys and Compounds, 2011, 509: 9627-9630.
Riha S C, Parkinson B A, Prieto A L. Solution-
based synthesis and characterization of Cu,ZnSnS,
nanocrystals [ J ]. J Am Chem Soc, 2009, 131:
12054-12055.

Singh A, Geaney H, Laffir F, et al. Colloidal syn-
thesis of wurtzite Cu, ZnSnS, nanorods and their per-
pendicular assembly[J]. J Am Chem Soc, 2012,
134 2910-2913.

Fernandes P A, Salomé P M P, da Cunha A F. Stud-
y of polycrystalline Cu, ZnSnS, films by Raman scat-
tering[J]. Journal of Alloys and Compounds, 2011,
509: 7600-7606.

Berg D M, Arasimowicz M, Djemour R, et al. Dis-
crimination and detection limits of secondary phases
in Cu;ZnSnS, using X-ray diffraction and Raman
spectroscopy[ J]. Thin Solid Films, 2014, 569, 113-
123.

Regulacio M D, Ye C, Lim S H, et al. Colloidal
nanocrystals of wurtzite-type Cu, ZnSnS, ; Facile non-
injection synthesis and formation mechanism [ ]J].
Chem Eur J,2012, 18(11). 3127-3131.

Nagoya A, Asahi R. Defect formation and phase sta-
bility of Cu, ZnSnS, photovoltaic material[ J]. Physi-
cal Review B, 2010, 81: 113202.

Khare A, Wills A W, Ammerman L. M, et al. Size
control and quantum confinement in Cu, ZnSnS, nano-
crystals [ J ]. Chem Commun, 2011, 47. 11721-
11723.



