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Precursor sol solution preparation: 

The precursor solution was prepared by dissolving 

Cu(CH3COO)2·H2O (0.4 mol/L, AR), Zn(CH3COO)2·2H2O 

(0.25 mol/L, AR), SnCl2·2H2O (0.2 mol/L, AR) and SC(NH2)2 

(1.6 mol/L, AR) into in 2-methoxyethanol (AR) while stirring 

at 50 ºC for several hours to get dark yellow solution. After 

aging at room temperature in air for several days, the prepared 

precursor solution was converted into sol solution and then 

proper Monoethanolamine (1% molar concentration) was add-

ed and stirred to avoid cracks during spin coating. All chemi-

cal reagent were purchased from Sinopharm Chemical Rea-

gent Co., ltd.   

CZTS thin film preparation:  

The precursor sol solution was spin coated on molybdenum 

coated sodalime glass (SLG) substrate at 3000 rpm for 30 s 

followed by annealing at 200 ºC for 5 min on a hot plate in air. 

This coating step was repeated ten times to get thick CZTS 

precursor thin film. After that, the prepared precursor thin film 

was annealed at 560 ºC in sulfur atmosphere (evaporation of 

solid sulfur) for one hour to obtain desired crystallinity.  

Na-doping preparation: 

 Three different concentration of Na-doping (0.5%, 1% and 

2%) were adopted in the formation of CZTS precursor solu-

tion. In this paper only the concentration of 1% Na-doping 

was reported.  

HCl etching preparation: 

 To show the improvement of device performance, one an-

nealed Na-doping CZTS thin film was etched with the solution 

of HCl (5% v/v, 75 ºC) for 300 s to remove the superficial 

ZnS.  

In-depth Raman Spectroscopy measurement 

The CZTS thin film sample was put on the area of target 

and etched by using RF magnetron sputtering for different 

time to get different in-depth for CZTS thin films. 

CZTS solar cell device fabrication:  

Firstly, CdS buffer layer was deposited on prepared 

CZTS/Mo/SLG at 80 ºC for 10 min using chemical bath depo-

sition (CBD). The solution of CBD consisted of deionized 

H2O (160 mL), NH4OH (25%, 20 mL), 0.3 M CdSO4 (10 mL, 

AR) and 1.5 M thiourea (10 mL, AR). Next, 50 nm i-ZnO 

followed by 600 nm ZnO:Al layer were deposited by RF and 

DC magnetron sputtering. Finally Ni followed by Al was 

thermally evaporated on ZAO layer to form top contact fingers 

via shadow mask. 

Characterization and analysis:  

The surface and cross-section morphology of thin films 

were characterized by SEM (FEI Quanta-200 and NOVA Na-

noSEM 230) and Atomic Force Microscopy (Veeco NanoMan 

VS). The X-ray diffraction (XRD) data, Raman spectra and 

TGA data were collected by using Rigaku3014, LabRAM 

ARAMIS and DSC-TGA (SDT Q600,TA Instruments-Waters 

LLC, containing 10% Oxygen) respectively. Energy Disper-

sive Spectrometer (EDS, EDAX-GENSIS60S) and X-ray pho-

toelectron spectroscopy (XPS K-Alpha 1063) were used to 

check the elemental composition and valence states of CZTS 

thin films. Current density-voltage (I-V) characterization for 

solar cells were performed using Xe-based light source solar 

simulator (Newport, 91160 and KEITHLEY 2400) to provide 

simulated 1 sun AM 1.5G illumination which was calibrated 

with a standard Si reference cell, traceable to the National 

Renewable Energy Laboratory. The EQE were measured by 

7SCSpec series spectrum performance testing system of solar 

cells. 
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Table S1. The EDS and XPS data of CZTS thin films and precursor solution 
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Figure S1. The Element Mapping images analysis of CZTS 
thin film without Na-doping

 

Figure S2. The completed CZTS solar cell device with 
structure of NI:Al/ZAO/i-ZnO/CdS/CZTS/Mo/glass 

The device parameters are calculated based on total 
device area (0.25 cm2) which include areas shaded by 
Ni:Al fingers , and the active area is about 0.20 cm2 

 

Figure S3. The quantum efficiency of Sample 1#  cell 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013


