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ÅCZTS : Cu2ZnSnS4

ïEg = 1.5 eV

ÅCZTSe: Cu2ZnSnSe4
ïEg = 1.0 eV

ÅCZTSSe: Cu2ZnSn(S,Se)4

ïEg = 1.0-1.5 eV

Introduction

ÅLarge absorption coefficient for hɜ> Eg

ÅNon-toxic and abundant metals

[1] N. Terada et al. Thin Solid Films

582(2015) 166

[1]
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Introduction

ÅCell structure

[1] D. B. Mitzi, et al. Phil. Trans. R. Soc. A

371(2013) 20110432 
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Introduction

ÅEfficiency limitation

[1] L. Grenet, et al. Appl. Ener. Mat.1 (2018) 2103

[1]

[1]
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Introduction

ÅVoc and Band-tails

[1] S. De Wolf et al.J. Phys. Chem. Lett., 5 (2014) 1035

[2] S. Siebentrittet al.Sol. Ener. Mat. & Sol. Cells, 158(2016) 126

[1] [2]
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ÅOrderedKesterite

Introduction

ÅDisordered Kesterite

[CuZn+ZnCu]

Å Structural observation of disorder in Cu/Zn planes:

ïNeutron diffraction [1], NMR [2], anomalous XRD [3]

Å Theoretical prediction:

ïLow formation energy of [CuZn+ZnCu] [4]

[1] S. Schorr SEM&SC95 (2011) 1482

[2] L. Choubracet al. PCCP15 (2013) 10722

[3] A. Lafondet al. Acta Cryst. B 70 (2014) 390

[4] S. Chen et al.Adv. Mater.25 (2013) 1522
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Introduction

ÅCu-Zn Disorder:

ïIncrease in unit cell volume

ïRise Valence band

[1] S. Schorr SEM&SC95 (2011) 1482 [2] S. Chen et al.Adv. Mater.25 (2013) 1522

[2]

[1]
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CZTSe Band gap and Cu-Zn (dis)order

ȹEg = 110 meV

Reversibility and continuity => order-disorder transition

T & Rquenchingannealing

Change dwell temperature

G. Rey et al.Applied Physics Letters, 105(2014) 112106



Laboratory for Photovoltaics germain.rey@uni.lu9 g.rey@unsw.edu.au

Theoretical description: Vineyardôsmodel[1]

ZnCu

S(e)

ÅLong range order parameter:

ïPerfect order S=1

ïComplete disorder S=0

ÅTheoretical description: Vineyardôsmodel [1]

ïMotion equation for direct exchange:
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[1] G. Vineyard Phys. Rev.102(1956) 981

G. Rey et al.Applied Physics Letters, 105(2014) 112106
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CZTSe Band gap and Cu-Zn (dis)order

ÅComparison band gap and order parameter

Critical temperature = 200°C for CZTSe

Eg can be used as an order parameter 
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relationship

G. Rey et al.Applied Physics Letters, 105(2014) 112106
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Cu-Zn (dis)order probed by Raman

Modification of Raman spectrum : phonon confinement

+ change in symmetry (Ord K: I4, Dis K: I42m)

[1] T. Gurelet al. Phys. Rev. B

84 (2011) 205201

G. Rey et al.Applied Physics Letters, 105(2014) 112106
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Cu-Zn (dis)order probed by Raman

ÅEvolution of  Raman spectrum during ordering at 100°C

Reversibility and continuity => order-disorder transition
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CZTSe thin film and Cu-Zn (dis)order

ÅOrdering increases the band gap by  ~ 10%

ÅTc for the order-disorder transition in CTZSe200°C

ÅThe band gap can be used as a secondary order parameter

ÅRaman spectrum reflects the changes induced by the order-

disorder transition :

ïsymmetry 

ïcoherence length
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Cu-Zn (dis)order effect on device

ÅSample preparation:

ïCoevaporationat 470°C

ÅORD DIS post-treatment

In-situ

Ex-situ


