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A quartz ampoule
with Cu, In, Se, and Na
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Bridgman Growth Apparatus
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Bridgman-grown ingot




Bridgman-grown ingot
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Before abrasion
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After abrasion
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XPS survey scans for different locations
of an ingot
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Nals scan

—cylindrical

surface of 1. middle
v . of the ingot
> IngOt 2. cylindrical
_,‘ﬂ ~ surface
: L] L]
5 —interior of
o i 1cm

iIngot

—

|

1080 1075 1070 1065 1060
Binding Energy (eV)

11




= N W B U0 O
o O O O O O

Atomic percentage (%)
o

Nals scan

HMB56 (3 at. % Na) curved

Cu

I I —*'_A(

Na

0 50 100 150
Ar ion etching time (s)

200

12



[Cu]surf VS. [Na]surf
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[Cu]surf Vs. [Na]melt
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Conclusions

The present results in Bridgman-grown CulnSe,,, demonstrate that:

(1) The main variations in ternary composition occur in the first 100
nm from the ingot surface, even without Na addition.

(2) With increase of up to about 1 at. % of added elemental Na to
the melt, the relative surface concentration of Cu is decreased and
that of Se, in p-type (bulk) material, is increased.

(3) The Nais mostly present in a 0.2 micron surface layer and
none is detected by XPS in the bulk.

(4) The reduction of Cu proportion at the surface occurs with and
without added Na but is accentuated with up to 1 at. % of added Na
In the melt.

(5) Some of the XPS results may have been affected by the
abundant carbon present.

(6) For samples exposed to air, the addition of Na gives rise to the
ext]rca compounds CuSe,, Na,SeO,, and Na,SeO,, at least at the
surface.
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