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Introduction Experimental

Cleaning and passivation of Germanium surfaces are of tremendous technological interest.
Germanium has various applications, for example In complementary metal-oxide-
semiconductor elements. The preparation of contamination free Germanium surfaces by
methods of wet chemistry turned out to be difficult. Several attempts have been made
preparing such surfaces by different plasma treatments [1,2]. We report cleaning and
passivation of Ge(100)-surfaces by a dielectric barrier discharge plasma at ambient
temperature In oxygen and in air studied by Metastable Induced Electron Spectroscopy
(MIES) and Photoelectron Spectroscopy (UPS(He I) and XPS). The plasma treatment is
carried out in a preparation chamber which operates up to ambient pressure and is directly
connected to the ultra-high vacuum recipient including the analysis equipment. In summary
the air plasma treatment as well as the oxygen plasma treatment result in contamination
free GeO, covered surfaces.

1 1 XPS

i ﬁ:ai clean Ge(100) Geop.—= Al K clean Ge(100) I
3/2 -

1 o O, plasma treated -
- Ge2p1/2\\ -

o

= M

- - 2

2 E

© @ E

o [ S

= )

E Ge LMM §

'E 4 © o »n O E‘

3 % % g ;o) g O KLL 3

A 2

o) 200 400 600 3800 1000 1200 1214 1216 1218 1220 1222 1224
binding energy / eV

binding energy / eV

The germanium crystal has been cleaned for the comparison of peak positions and
FWHMs with the spectra recorded after plasma treatments. The carbon
contamination of the rinsed surface amounts to about 10 %. The oxygen content is

below the detection limit.
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The O:Ge** ratio amounts to 3.63 after the dielectric barrier discharge in oxygen
and to 250 In atmospheric air. Obviously the oxygen contents are
overstoichiometric. There are no traces of carbon detectable after the plasma
treatments, furthermore no nitrogen Is incorporated during the treatment in air.
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d = 4 cosdln (Dmim ]( l, ]+1 The thickness of the oxide layer after the plasma

D, 4, ] treatment can be calculated from the
intensities |, and |, corresponding to the oxide
and metal contribution. For the oxygen
atmosphere, d amounts to 3.61 nm. Treatments

In atmospheric air yield 2.81 nm.
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D, atomic density of Ge atoms in the substrate
D, atomic density of Ge atoms in the oxide layer
A., A, Inelastic mean free path (substrate /oxide)
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The chemical composition of the clean and oxidized Ge(100) surfaces Is investigated by
XPS using the AlK, line (1486.7 eV) of a commercial non-monochromatic X-Ray source
(Specs RQ20/38C) and a hemispherical analyzer (VSW HA100). For the determination of
the electronic structure near the surface, UPS (Hel, 21.2 eV) and MIES (mainly He* 23S,
19.8 eV) are applied. All measurements are carried out in an UHV system with a base
pressure of about 5.0x10~ hPa.

Samples referred to as “clean Ge(100)” in the following are chemically rinsed by
alternately dipping them in HF (48%), deionized H,O and H,O, (30%). Finally the samples
are transferred into the UHV system, annealed at 300°C for 30 minutes and further
heated to 500°C (15 min) [3].

The plasma treatments are performed In the preparation chamber (base pressure
~ 5.0x108 hPa) which is equipped with an electrode for the dielectric barrier discharge and
a manipulator for precise positioning of the sample 1 mm apart from the electrode. A high
voltage supply generates 11 kV pulses with a repetition rate of 10 kHz and a duration of 0.6
us. The atmospheres are established by backfilling the preparation chamber with oxygen
(Linde 99,995%) or atmospheric air at pressures of 200 hPa and about 950 hPa
respectively.

MIES / UPS Results
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* The MIES process changes from Auger Neutralization in the case of clean
Ge(100) to Auger Deexitation after the plasma treatments.

* MIES and UPS show distinct peaks at 7.8 eV and 6.3 eV respectively which can be
assigned to O 2p orbitals.

* The weak contribution at around 10 eV in UPS due to the Ge-O bonds.

* Plasma oxidation in air results in a slight hydroxide contamination of the surface, proven
by two contributions at 8.4 eV and 12 eV in the corresponding MIES spectrum.

» Impurity free GeO, covered Ge(100) surfaces can be prepared by plasma oxidation
applying a dielectric barrier discharge.

» Comparable results are achieved for treatments in pure oxygen and in atmospheric air.

= The discharge operates in a wide pressure range ( 5x104 hPa — 1000 hPa).

» The sample temperature does not exceed room temperature + 10 K [4].

—> Clean and passivated germanium surfaces in one step without sophisticated processes
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