Functionalization of steel substrate: influence of barrier
nature on element diffusion from the substrate
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Introduction

CIGS solar cell on steel is a challenge because Fe diftfuses in the thin film and dramatically reduces its

CRM crour

efficiency [1][2]. The usual way to prevent this is to use substrates with a very low roughness together method

with a thick barrier-thin film. This study considers the possibility of using higher substrate roughness
with a thin barrier-layer. Analyses revealed that most of the iron diffusion occurs through surface defects,

and depends on the chemical nature of the barrier layer used. Using Cr instead of Ti enables to . | ‘CI[GS
) l l h f ] . f f ] f b 0 l h 0 b h ] Steel-Ti - Shiny stainless steel + Ti (100nm) + Mo (300nm) + Se (550deg 15mn 10deg/s) N

dramatically reduce the amount of iron ditfusion from about 50%atm to less than 1%atm, but this is Steel-Cr - Shiny stainless stecl + Ox ecching + Cr (100nm) + Mo (300nm) + Se (550de 15mn 10deg/s) T1 /Cr

balanced with Cr diffusion. However, this latter should have no electric incidence on the CIGS quality Steel-CIGS = Mat stainless steel + Ti (100nm)+ Mo (300nm) + CIG + Se (550 deg - 15 min) Steel

[3][4].

Sample details:

Materials and methods

TEM lamellas have been prepared by Focused Ion Beam in-situ lift-out | Mo

Ti/Cr
The different samples have been sputtered and heated under Se atmosphere. iSteel

I _ Se

Steel-Ti and Steel-Cr

structure

Steel-CIGS structure

Results

Surface defect observation

EHT = 20.00 kv Signal A = SE2
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exposition to Selenium atmosphere

at 550degC.

Figure 1: SEM secondary electron e

@20KV of the sample Steel-Ti

Surface defect detail

Figures 2 is a magnification of a surface defect on the sample Steel-Ti. The crystal seems
to be partially under the surface. The structure of these defects has been investigated
using cross-section technique with a Focused Ion Beam (figure 3). Two sketches figure 4
and 5 illustrate the layering along two different slice-directions shown figure 2.

This defect offers an unprotected steel portion to react with the Selenium during the
heating. The crystals onto the surface is a result of this Steel-Se reaction.

Figure 2: Surface defect close-up.
SEM secondary electron image

@20kV. Sample steel+Ti

Figure 4: AA slice _ Sketch to

illustrate the cross-section of

the defect along AA-line
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Figure 5: BB slice _ Sketch to

illustrate the cross-section of
the defect along BB-line
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Ti+Mo barrier layers after (respectively e- image, Cr Kal, Fe Kal, Se La 1-2)

Sample Steel-Ti Sample Steel-Cr

Figure 1 illustrates characteristic
surface defects found on stainless .. — . i
steel substrates covered with a Figure 6: SEM EDX on sample Steel-Ti at 10KeV Figure 7: SEM EDX on sample Steel-Cr at 10KeV

TEM EDX

priority.
; e 220 Figure 9: STEM EDX Steel-Cr (tilt Odeg)
Figure YTV o J T (tilt 15deg) (respectively HAADE Cr Kal, Fe Kal, Se La 1-2,
(respectively HAADE, Cr Kal, Fe Kal, Se La Mo Kal). Substrate on the right. Red rectangle
1-2, Mo Kal, Ti Kal). Substrate on the left. area: [Fe] < 1% atm (from EELS measurement)
. . The TEM EELS (Figure 10) reaveals
TEM EELS TEM dlfﬁ' action Cr precipitates trapped between the
CIGS layer added Experiment Simulation (JEMS software) Mo layer and the CIGS active layer.
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Figure 10: Sample Steel-CIGS. On the left
STEM HAADFE, the red dotted-square locates the Figure 11: Sample Steel-Cr. One

EELS mapping area. On the right is an RGB diffraction pattern from the tilt serie
reconstruction from the EELS mapping (Red- used for the phase identification.

ADF image, Green-Cr signal 575.1-581.9¢V, Diffraction area is the red dotted-square
Blue-Fe signal 708.9-715.8¢V) on figure 9.

(respectively e- image, Cr Kal, Fe Kal, Se La 1-2)

SEM EDX results figure 6 indicates
the crystal composition for the
sample Steel-Ti is mainly a mix of Fe

and Se.

Figure 7, the elemental mapping of
the sample Steel-Cr indicates that
the crystal is mainly a mix of Cr and
Se. Only a weak Fe signal can be
observed in the central part of the

defect.

For the sample Steel-Ti (Figure 8) the
defect is mainly a mix of Fe and Se. A
weak signal of Cr is visible, and the Ti

barrier-layer is still observed.

For the sample Steel-Cr (Figure 9), the
crystal is mainly a mix of Cr and Se.
Pure Fe precipitates are observed
around the base of the defect. The Mo
layer is still here, but the Cr barrier-
layer is partially missing.

TEM analyses of the cross-sections
lead to the same conclusion that the
SEM observations, the barrier nature
seems to influence the defect
composition, therefore the diffusion

This result is in agreement with the
observation by Kessler et Al [5],
where they measured a Cr diffusion
beyond the Mo layer.

The TEM diffraction (Figure 11)
together with elemental maps
allowed us to identify the defect as
CrSe crystal .
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Conclusions

This study illustrates importance of a barrier-layer design. Using the same multilayer order and
thickness, elemental diffusion behaves radicaly differently swithing from a Ti-barrier to a Cr one.
[ron is, according to the litterature, responsible of performance decrease of solar cell. This analysis
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shows that the amount of iron measured in the surface defects can be reduced from about
50%atm down to less than a 1%atm. Cr precipitates should have no consequences on the CIGS
electrical properties [3][4]. But this should be veritied in the case of a huge amount of Cr
migrating into the CIGS, where it could possibily form conductive precipitates and shunt paths.
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