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Motivation l) Precursor deposition Variations: Elemental ratios:
Koctor . - . - 1 cycle (,1x1%) Cu/Zn ~ 1.8

esterite (Cu,ZnSnS,) is a promising photovoltaic absorber - 2 cycles (,2x1/2) Cu/Sn ~ 2.3
rgat.erlal. Mo Back Glass - 4 cycles (,4x1/4%) /n/'Sn ~1.3
ut. Contact —Several _ 8 CyC es (”8x‘ /8“) - Zn and Cu

Well performing solar cells with more than 3 % conversion
efficiency are only obtained in long-term (> 5h) annealing
processes [1,2].

The question is:

Is this due to a limited mobility of the different elements during film
formation?
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- co-evaporation of all costituents  excess.
(,co-evap®)

Constant: Total film thickness (~ 2.2 um)

Il) Energy Dispersive X-Ray Diffraction (EDXRD) during annealing

The Precursors
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- Layered precursor structure.

- ZnS with high SE-contrast. Reaction sequence:
- Starting phases: CuS, ZnS.

- Crystallization of SnS.
- - Start of Cu,ZnSnS,-formation.
3 = - Transformation of CuS to Cu,_S.

- Consumption of copper- and tin-
sulphides.

Intensity, normalized on Mo K,

Annealing of the precursors + in-situ EDXRD
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-Large CuS-crystallites on film surface.
-Zn-excess remains in ZnS-precursor position.
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-In the bottom part: no change of Zn/Sn-ratio in depth,
increasing Cu-amount. —» Cu,ZnSnS,(+CusS).
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- the limiting component SnS is completely transformed.
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T -Large CuS-crystallites on film surface.
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- ZnS-contrast exhibits the Qualitative result: | | bright spots in SE-image).
layered structure. Decreasing thickness leads to lower temperature for kesterite formation. -Elemental ratios roughly constant in the bottom layer.
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Estimation of kinetic parameters from the EDXRD-data | =
Case (A): Disappearance of 0.15
. SnS (vertical lines, extracted e
Assumptions: . : ’ £ _
. . er . f r graph = o10]
- 1-dimensional, diffusion controlled reaction of educt stacks. Er?crllg:)ri\r?t;hferorrena_ctlon 'om upper graph)) 5 .
- a three-stack reaction can be described by sequential two-stack ' Case (B): Significant drops in the S
reactions, with the slowest cation controlling the reaction. derivate of the kesterite diffraction 2 '
Signal. %i 0.09-
Parameter determination: | T DT T ST
The total thickness of formed kesterite is then given by [3]: o _ _ _ " Sutrate omporatre (] .
Parameter determination for different reaction endpoints:
For T=const. (isothermal): For dT=p*dt (this study): o1 8x1/a | Axi/a | 2x1/2° T x| K c | I'heoretical T sl
& | " ” " 2 | developmentfora = |
NG 8 | [°Cl | [°Cl | [°C] | [°C] |lem®s] | fky/mol] | “=YEOP 5
K T) = o Aoy e *7 ot | KT =[xt THdT (A)| 310 | 360 | 400 | 430 |7x10°| 105 | drusion L@ 010
_ _ [@)] 320 | 380 | 410 | 430 [1x102| 110 |Contolledreaction & |
Coye: NO. Of evap.cycles kyq: preexp. factor (diffusion slowest cation) with parameters ~ § oo
B: heating rate EAqi: activation energy (diff. slowest cation) of case (A). = b o
R gaS COnStant o0 +.1(.)0. 200+++ HHSOO' 400
Example calculation: Substrate temperature [°C]
— with T for x(T)=2.2 um (reaction endpoint) for the different At 500 °C a 2 um thick layer is formed in about 70-90 seconds (according to case (A) and (B) respectively).
precursors, Kyqis and E, g can be calculated numerically. - the formation of kesterite is fast !
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Conclusion
An activation energy of about 105 kd/mol and a preexponential factor of 7x10-3 cm?/s are estimated for diffusion controlled growth.
- Fast formation of kesterite from sulfide-based precursors.
— The long anealling times for well performing kesterite absorbers are not owing to a general kinetic limitation of kesterite formation.
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