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* Transparent electronics

* CuCrO,: Structure, properties and applications
* AA-MOCVD deposition system
* CuCrO, deposition optimization

* ITO/ CuCrO,/ ZnO: An interesting case of transparent diode

3 ° Conclusions



Transparent electronics

Electrical conductivity * Transparent p-n junctions
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;l‘—”l; CuCrO,:stuctures, properties and applications

LMGP B
Delafossite structure (A*1B*30-2)> p-type TCO 10° 10% Gem
Direct energy gap:=>3.1-3.3 eV AR ' ’
Resistivity : 0.1 Q.cm
Charge carrier density: 10?1 cm

Applications:
transparent electrodes, TFT [2], HTL in solar
cells[3], photocatalyst...

carrier moblilty i _(cmst)

MAPbDI,

CuCro,

charge carrier density, n_(cm™)

[1] Fleischer et al., Materials, 2017

[2] Shengbin et al. J. Mater. Chem. C, 2018, 6, 1393
[3]A. Dunlap-Shohl, J. Mater. Chem. A, 2018,6, 469-477
[4] Y. Thimont et al. 2015




&  CuCrO,: AA-MOCVD deposition technique
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CuCrO, Deposition optimization

. . Cu .
Effect of Partial concentration (Cu+Cr) and Total molar concentration (C;)
Cu Cr
350°C 0.01 mol/I 0.02 mol/I
Cu (Il) acac | Cr (lll) acac
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Control of film composition

* Deposited at T=350°C

Cu/(Cu+Cr) in film (%)
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[1] Cameca Camebax MBX Microprobe overview.



& Structural properties

LMGP Bl
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& Structural properties
LMGP .

= CuCrO, related modes
e Cu,O0 related modes
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& Electrical properties

LMGP
4-probe measurement Effect on Cu incorporation on electrical properties
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[1] J. Crépelliere et al. J.Mater.Chem.C, 2016, 4, 4278



& Optical properties

LMGP
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Figure of Merit for TCO’s
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Defined by Haacke [1]

TlO

FoM = (Q1)

Average transmittance in the visible range
(390 nm-700 nm)

[1] Haacke, G. (1976). New figure of merit for transparent conductors. Journal of
Applied Physics, 47(9), 4086—4089.



&  Effect of Cu/(Cu + Cr) and (C;):Summary

LMGP A
* CuCrO, Deposition optimization:

Control of the film composition with AA-MOCVD

Cu

Successfull deposition of CuCrO, phase for different e

Cu
Cu+Cr

transmittance of 52% in the visible for 55 nm film

Best performances for 59%= —>p=7 * 107%Q * cm and an average




CuCrO,/Zn0: An interesting case
of transparent diode

Performances of the basic device for future development in transparent electronic
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£ CuCr0O,/ZnO0 thin films: Transparent diode

LMGP
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;l‘—”l; CuCrO,/ZnO properties and applications

CuCrO, Zn0O

Delafossite structure (A*B*302)—> p-type TCO Wourtzite lattice> n—type TCO
Energy gap:—>3.1-3.3 eV Energy gap : 3.4eV

Resistivity : 1 Q.cm Resistivity : 2.8X10%Q.cm

Charge carrier density: 10?1 cm Charge carrier density: 1.10° cm™
Type |l band alighement CuCroO, Zn0O

/ B / . -1.5to 1.5V Ton'oolfa, K. et al. Thin
chram¥@®E¢1], magnetdt®sistancpsf24n0/zZn0/CuCr0,:Mg/ITO >80% Solid Films 2008, 515,
70 2415-2418..
_ Chiu, T.-W. et al.
PLD 500°C r0,:Mg/ZnO/AZO/ITO > tfzzs v >70% Vacuum 2008, 83, 614~
617.
_ Chen, L. et al. Japanese
Sputtering CuCrOz CuCrO,:Mg/Zn0O/ITO 4to+aV >75% Journal of applied
ITO 85.9 physics 2013, 52, 2-5.

[1] W ketir et al. JOURNAL|OF env&RKRINE GlaS S5 1004 -074{2012)

16 [2] X. R. Li. Journal of Appli€d PhysIcs 116, 223701 (2012)
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&) CuCrOZIZnO thin films: Processes step

AA-MOCVD

ITO covered Deposition of CuCrO, SALD
glass Deposition of ZnO

Solution ’\
* Total concentration:
0,01mol/I

Cu .
in solution: 50%
Cu+Cr

Deposition W tips &
e T=350°C

Contact I
Mechanically pressed Al foil




&) CuCr0,/ZnO0 thin films: Performances

100 ——————————— Rictilfy iovg éxsitavhsr

[/

o)
o
|

Insta@itlyiobabadioammples

(o))
o
|

I
o
|

corning glass
— |TO

—— ITO/CuCr0O,-350°C-60min
—— ITO/CuCr0O,/Zn0O-350°C-60min

Transmittance (%)

8]
o
|

| v | v |
500 1000 1500 2000

Wavelength(cm™)

Current (A)

Junctions with 65% transmittance in the visible s L
range (390nm-700nm) el /= 14080

10-10 2 ] .
-1 0 1

Voltage (V)

ZnO as anti-reflection layer




Py

$5) Summary

LMGP B
* ITO/CuCr0O,/Zn0 thin films:

Zn0 as antireflection layer improving optical properties
Rectifying behaviour I/l ¢ (£1V)=14000

Degradation of the performances with time
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Cu/(Cu+Cr) in film (%)

Supporting information
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Morphology
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& Supporting information

* Cu,0O
= Carbon

76%=Cu/(Cu+Cr)

5 ]
8 ]
2 ] Cu,0 350°C
(,) —
a7
L 7
LN
E . Cu(ll) acac
pas T — T — — T T
0 500 1000 1500 2000

Raman shift (cm™)




((2=logT ) hy”"
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Supporting information

Intercept = -130,85351, Slope = 41,1943
X Intercept = 3,1765

2

®  54% = Cu/(Cu+Cr)
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Energy (eV)

Calculation of the energy gap by Tauc Relation

K'.((2- logT)hu)2 = (hv — Ej)




& Supporting information
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Supporting information

T
P-type: CuCrO, by AA-MOCVD at 400°C

N-type: ZnO by SALD
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2) 100 cycles at 50°C
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& Supporting information
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Reduction of performances
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;l‘—”]; CuCrO,/Zn0 thin film:In situ creation pn junction

Division in two regions and bias (x1V) measuring the current
during the thermal annealing

Current in negative region (-1V) reduced of 2 order of magnitude
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