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Influence of RH for CIGS surface reactivity
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The X-AES transitions: phase identifications and quantification
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Non-linear versus linear least square decomposition
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Modifications induced by the aging
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In M4,5N4,5N4,5 X-AES line
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Evolution of the In M4,5N4,5N4,5 X-AES transitions over air aging

8

500 hours of 

air exposure 

@ 60% RH

1300 hours of 

air exposure 

@ 60% RH

0 hour 500 hours 1800 hours
In CIGS

In In2O3

LLS

0 hour 500 hours 1800 hours

In CIGS In In2O3

NLLS

500 hours of 

air exposure 

@ 60% RH

1300 hours of 

air exposure 

@ 60% RH

385 390 395 400 405 410 415

4.6x10
4

4.8x10
4

5.0x10
4

5.2x10
4

Kinetic Energy (eV)



1060 1064 1068 1072

2.4x10
4

2.5x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

2.4x10
4

2.5x10
4

2.6x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

2.4x10
4

2.5x10
4

2.6x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

3.0x10
4

3.2x10
4

3.4x10
4

3.6x10
4

In
te

n
s

it
y

 (
c
o

u
n

ts
.s

e
c

-1
)

Kinetic Energy (eV)

1060 1064 1068 1072

2.35x10
4

2.40x10
4

2.45x10
4

2.50x10
4

2.55x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

2.4x10
4

2.5x10
4

2.6x10
4

2.7x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

2.4x10
4

2.5x10
4

2.6x10
4

2.7x10
4

Kinetic Energy (eV)

1060 1064 1068 1072

3.0x10
4

3.2x10
4

3.4x10
4

3.6x10
4

In
te

n
s

it
y

 (
c
o

u
n

ts
.s

e
c

-1
)

Kinetic Energy (eV)

Evolution of the Ga L3M4,5M4,5 X-AES transitions over air aging
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LLS and NLLS decompositions comparison
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Decomposition of X-AES lines → 2 methods with advantages and disadvantages giving similar results

• Possibility to perform evolution along with air aging (FWHM values, positions…)

• Up to 15 arbitrary peaks to simulate two chemical environments 

• Easy to use, with only one shape per chemical environment

• No possibility to provide any adjustments with aging (FWHM values…)

Application to CIGS aging → access to a depth range probed for 2 elements within the same scale

• 3 different depths probed for Ga and In: 3, 6, and 8 nm using XPS photopeaks and X-AES lines

• Progressive oxidation from the extreme surface to the sub-surface, with a higher level of oxidation on the extreme surface

LLS

NLLS



Want to know more about the degradation of the sub surface of CIGS?

Don’t miss Anna Gagliardi’s talk

This afternoon @ 2.50 p.m.
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