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Abstract In this paper, three different growth mechanisms of photovoltaic material CZTSe based on CZTSe phase 
diagram were analyzed in details: (1) growth pathway based on zinc-rich phase, (2) growth pathway based on Cu2SnSe3-
ZnSe reaction and (3) growth pathway based on Cu-rich phase. Then, the optimal reaction pathway was summarized for the 

and different phase change processes corresponded with different temperature change pattern. These conclusions would be 
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Fig. 1 The calculated chemical potential region of the CZTSe

and various defects in the Zn, Sn phase 15 The black area

shows the stable chemical potential of the CZTSe phase
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Fig. 2 The chemical potential region of CZTSe under the

temperature of 420-480 , in which temperature region

the Sn-Se phase is volatile The black area shows the stable

chemical potential region of the CZTSe phase
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Fig. 3 The chemical potential region of CZTSe under the

temperature of 490 In this temperature region the Sn-

Se phase is volatile and Cu-Sn-Se phase decomposes. The

black area shows the stable chemical potential region of the

CZTSe phase
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Fig. 4 The coevaporation system with 4-chamber-8-source developed at SIAT
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Fig. 5 The diagram of the temperature measurement

system with double thermocouples
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Fig. 6 a Typical substrate temperature pro les for the

CZTSe growth under different conditions, b Substrate

temperature pro le for the CZTSe lms grown under

Cu2SnSe3-ZnSe phase pathway
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Fig. 7 Cross-sectional SEM a , XRD b , and Raman result of the coevaporated CZTSe lms c
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