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Effect of Trace Ni-Doping on Electrical Properties of
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Abstract: In order to study the effect of trace Ni-doping on the crystallinity, defect concentration and
electrical properties of Cu,ZnSn(S,Se), thin films, without affecting other cations (Cu,Zn and Sn),
we introduced trace Ni ions into the Cu,ZnSnS, precursor solution, and prepared the Ni-doped
Cu,ZnSn (S, Se), films through a spin-coating, sintering and selenization process. We conducted
testing and analysis by using X-ray diffraction, Raman spectroscopy, X-ray photoelectron spectroscopy,
inductively coupled plasma optical emission spectrometry, scanning electron microscopy. UV-Vis
spectrophotometry, Hall effect and conductive atomic force microscopy. The results show that when
the Ni-doping percentage is 0.5% , the {ilm achieves optimal crystallinity and the concentration of
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deleterious Sny, defect is minimized. The carrier concentration is 3. 58 X10' ¢cm *, the average surface

current is 4. 67 nA, and the electrical properties of the film reach its optimum.
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Table 1 ICP measurement results of CZTSSe samples with different Ni-doping percentages

Ni B2 HG 58/ % n(ND /n(Cu+Zn+Sn) n(Cw) /n(Zn-+Sn) n(Zn)/n(Sn) n(S) /n(S+Se)
0 0 0. 842 1. 161 0.059
0.5 0.002 0. 832 1. 183 0. 060
1.0 0. 007 0. 837 1. 160 0.063
1.5 0.012 0. 831 1.168 0. 060
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Fig. 1 XPS of CZTSSe samples with Ni-doping percentage of 0.5%
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Fig. 2 Effect of different Ni-doping percentages on structure of CZTSSe thin films
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Fig.3 Surface and cross-sectional SEM images of CZTSSe samples with different Ni-doping percentages
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Fig. 4 Diffuse reflectance spectra (A), Tauc plot (B). band gap (C) and n(S)/n(S+Se)

values (D) of CZTSSe samples with different Ni-doping percentages
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Fig.5 AFM images and c-AFM images of CZTSSe samples with different Ni-doping percentages
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Table 2 Average surface roughness and surface current of CZTSSe thin films with different Ni-doping percentages

NiBzans/ % P #HUBE B/ nm AR I HLL/nA
0 91.90 2.10
0.5 65. 31 4.67
1.0 87. 34 3.95
1.5 90. 31 2.95

K3 AR NBEEDE CZISSe HERWH R FIRE

Table 3 Carrier concentration of CZTSSe samples with different Ni-doping percentages

Ni B2 H 5350/ % 0 0.5
10 X EHFHRE/cm * 3.55 3.58
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i Sn, BLIEIRER BB, B FHRER 3.55X10° cm *$#E 5] 3. 58X 10 em ®, WHEAE 2 VIRE
HE R RMHE TN 2. 10 nA #2755 5] 4. 67 nA, L. Ni (EEBZ2E 5%k 0.5%.
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