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5.5% by magnetron sputtering A. Fairbother et al. 2013
9.2% by co-sputtering K. Sun et al. 2016
11% by sputtering Cu/ZnS/Sn + RTP CYan et al. 2018
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Results of SCAPS™ simulations:
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* Solar cell CAPacitance Simulator http://scaps.elis.ugent.be
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Results of SCAPS™ simulations:
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DC magnetron sputtering +
RTP In AS-ONE

AN

Different RTP with Sulfur

Processing conditions:

* Deposition Material properties:
parameters* * Ratios or Composition
* Ratios e Crystallinity Opto-electrical properties:
* Stack thickness e CZTS (k) phase  Efficiency
e Stack ordering*  Band gap
* Pre-annealing * Absorption

e Urbach energy
* Carrier concentration
* Mobility

* M. Zhukova et al. PVSEC 2017 conference proceedings
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Substrate

Different RTP with Sulfur
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parameters*
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e Stack thickness:

Small, Medium, Large

e Stack ordering*

* Pre-annealing
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e CZTS (k) phase

CorrelatiOn p)

* M. Zhukova et al. PVSEC 2017 conference proceedings

DC magnetron sputtering +
RTP In AS-ONE
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* M. Zhukova et al. 8t EU Kesterite workshop 2017 (non-published)
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Different RTP in AS-ONE
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Different RTP in AS-ONE
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List of samples
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List of samples
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Results of composition by EDX
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Results of composition by EDX
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Results of composition by EDX

——|REC/CRM Group
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* Small: Cu-poor, Zn-rich

* Medium and Large: Cu-correct/rich, Zn-poor

M. Zhukova — UCL/ICTEAM EU MRS Spring 2019 26-31 May 2019



ENT = 15.00KV
Mags 100KX

EHT = 1500kV.
Mags 100KX

Sigral A= SE2
WD= 60mm

Results of morphology by SEM

29 Jn 2018
91635

Sigral A= SE2
WD= 58mm
LA

SigralA = SE2
W= 59mm

M. Zhukova — UCL/ICTEAM

EHT=1500W  SgralA=SE2 EHT = 1500V
Magx 100KX  WD= 60mm

EHT = 1500KV
Mags 100KX

EHT = 1500k
Mags 100KX

Signal A= SE2 2942018

Mags 100KX  WD= 59mm

W TR G TR e X

[ 10m
—

EHT = 1500 KV
Mags 100KX

SigralA= SE2
WD= 60mn

SignalA = SE2 SignalA= SE2
WD= 59mm o

Y EHT = 1500 KV
TFe02018
WD = §9mm

o Hage_100KX

"y

EHT = 1500 KV 2942018
Mag= 100

SigalA = SE2
mn 123110

=>» Rough
=» Different textures

=>» Thickness Small ~ 1 um
Medium ~ 1.5 um
Large ~ 2 um

EU MRS Spring 2019 26-31 May 2019 9



ENT = 15.00KV
Mags 100KX

EHT = 1500V
Mags 100KX

RO NTECIY

Results of morpholo

Signal A= SE2

Sigral A= SE2
WD= 58mm .

SigralA = SE2
Lt L)

M. Zhukova — UCL/ICTEAM

EHT = 1500 KV

EHT = 1500V
Mg« 100KX

Signal A= SE2
WD= 59mm

Sigral A= SE2
WD= 60mm

29402018

120750

EHT = ﬁonw swm«z
Mags 100KX  WD= 60mm

o

=» Grain size

e Small~ 10 nm
3 ’“m Medium ~ 100-800 nm
Large ~ 50 - 600 nm

EHT=1500KV  SignalA=SE2 204002016
Mags 100KX mn . 123110

EU MRS Spring 2019 26-31 May 2019 9



EHT=1500KV  SigalA=SE2
Mags 100KX  WD= 60mm

T ame R -
EHT=1500W  SignalA= SE2 2 | EHT=1500W  SigalA= SE2
Mags 100KX Mags 100KX  WD= $9mm

Signal A= SE2

EHT=1500W  SignalA= SE2 7 B WOOK
9mm Mg 100KX WD 59mm

Mags 100KX

EHT=1500K  SnalA=SE2 20302016 EHT=1500K SignalA=SE2
_Mogs 100KX__WD= 9 _womwsn __ngrzs | [F— _Neg= 100KX WO 60mni .

M. Zhukova — UCL/ICTEAM

29 Jan2018

105004 _

29402018

120750

=

EHT= ﬁonw
Mags 100KX

AR
A

EHT = 1500 KV

EHT = 1500 KV
Mags 100KX

sg\amm
WD= 60mn

e

5-gwA=.sEZ
™

Spal €2
_wo

2942018

123110

=» Grain size
Small ~ 10 nm
Medium ~ 100-800 nm
Large ~ 50 - 600 nm

=» Voids/ Bubbles

EU MRS Spring 2019 26-31 May 2019 9



Results of morphology by SEM
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Results of morphology by SEM
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Results of crystal structure

Raman XRD

CZTS(k) ZnS
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=>» CZTS (k) phase is present in all samples
=>» Secondary phases SnS, ZnS
=>» XRD needs quantitative analysis
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Results by UV-vis spectroscopy
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Results by UV-vis spectroscopy
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Results by UV-vis spectroscopy
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Results by UV-vis spectroscopy

____________
-t g

Absorption, 10%/cm
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X C. Persson Electronic and optical properties of
Cu2ZnSnS4 and CuZnSnSe4 J. Appl. Phys. 107 (2010)
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Results by UV-vis spectroscopy
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Results by UV-vis spectroscopy
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Results by UV-vis spectroscopy
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Correlation with composition

» 0. Vigil-Galan et al., J. Ren. Sust. Energy 2013
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=>» Copper concentration impacts the carriers density
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Conclusions and perspectives

* Simulation predicts:
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Conclusions and perspectives
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Results of SCAPS™ simulations:
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* Solar cell CAPacitance Simulator http://scaps.elis.ugent.be
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Re<yits by UV-vis spectroscopy
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