Three ways to grow faster and better CIGSe:

In-Ga co-electrodeposition,
1 second laser annealing,
and Cu-rich growth
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Luxembourg baseline process
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Luxembourg Cu(ln,Ga)Se, processes
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Electrodeposition and annealing

Electrodeposition of
metals

Tube furnace
ol ~ 33 AC mint
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1.Co-electrodeposition of In and Ga could lead to more uniform
— electrodeposits on the microscale?
Mo/Culln'Ga 2. Could lead to faster deposition times.
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Advantages of electrodeposition from ionic liquids
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Aqueous electrodeposition limits
lonic liquid electrodeposition window
Wider electrochemical window enables facile deposition of low
reduction potential elements like Ga ani.lu
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Co-electrodeposition of In and Ga
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Comparison to academic literature
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Coelectrodeposition of In-Ga on Cu

A Depositions at E; =-1.2 V; constant Q; Ga/lll jineq = 0.1; 0.4; 0.7 ; T =60 °C
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Best Preliminary Device Results
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Electrodeposition and Laser Annealing

Sample inside
Quartz window
Lens Annealing

assembly chamber

Nd:YAG Laser

1064 nm H—H
T

Room
temperature Absorber
deposited layer
precursor Energy

+ Se?

Advantages of Laser Annealing?

1. heat just the local environment

2. absorber layer temperature can exceed
glass softening temperature

on sub milli-second timescales
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Is it possible to anneal an absorberin 1s?
What does annealing do?

Energy side

1. diffuse gtoms to remove chemical depth profiles
concentration gradients (Cu, In, Se)

2. grow grains }

3. drive chemical reactions

\ 4

x-ray diffraction

\ 4

4. move defects to grain boundaries
? opto-electronic properties

5. move Na or O to pacify defects at
grain boundaries
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Precursor

60 1 1 1 1
32 40 <
2 .
9D 304
=
S
© 20-

10- [Cu]

[Mo]
200 400 600 800 1000
Depth / nm
T B et uni.lu

7.0kV 3.4mm x40.0k SE(M) 3/28/2012 10:42 15 phillip.dale@uni.lu



atoms / %

JZEM No large concentration gradients of Cu, In, and Se in the bulk

Laser Annealing for 1s at 945 W.cm™
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Laser Annealing at 945 W.cm~

Precursor
Laser: 7.5mms'1, 945 Wem™
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Opto i electronic properties
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Quasi fermi level splitting in absorber indicates

PL Device, large Eg-Eq,
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Quasi-Fermi level splitting in polycrystalline layers

Only absorber Finished solar cell
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"Cu-rich": larger splitting of quasi-Fermi levels - higher V. potential
Finished cells: actual resulting V. drops at higher Cu-contents

Y splitting of quasi-Fermi levels not fully exploited for high Cu-contents
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