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Study of Mn — implanted n - type Ge
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Abstract: Mn " irons were implanted into n —type Ge (111) single crystal at room temperature by ion

implantation method with energy of 100keV and a dose of 3 x 10'° ¢cm 2

. Subsequently annealing was per —
formed at 400°C. Structural and morphological properties of samples were analyzed by X — ray diffraction
measurements (XRD) and Atomic force microscopy (AFM). Compositional properties were studied by
Auger electron spectroscopy (AES). Magnetic properties were investigated by Alternating gradient mag —
netometer (AGM) at room temperature. Results show that as — implanted sample is amorphous and after
annealing the crystal structure of Ge is restored. There are no new phases found. Manganese ions are
deeply implanted into germanium substrate and the highest manganese atomic concentration is 8% at the

depth of 120nm. The annealed sample shows ferromagnetic behavior at room temperature.

Key words: ion implantation; germanium; ferromagnetism; diluted magnetic semiconductors

: 2004 -05 -17; : 2004 - 06 - 28
G60176001  G60390072, G20000365  G2002CB311905
(1977 -) s (E = mail 1fliu@ red. semi. ac. cn).



16 11

1 10 =200 cm Ge
Diluted Magnetic Semiconductors,
DMSs
10min
10min H.O0. HF H.0=1:1:4
2min Ge
A MnBY A" MnBY, ( <1 x107Pa)
AT BV AT BY VLIV 100keV 3 x
Mn 1 [1-41 i Ge 10'cm ™2 ~ 150pA
400°C
[5-7] 1h Mn
Ge  DMSs Park Ge
Mn,Ge, _. 1
Mn 25 ~ 116K 2
Mn 71" Sunglae Cho
Mn 6wt%  Ge 3
285K Franco D’ Orazio 3.1
Mn Ge PHI - 610/SAM
] Ge Ge: Mn
AES l1a b AES
Mn [10] 2 Mn Ge C O C O
Ge  DMSs Mn C
n Ge C
0
2 Mn
Mn * 1(b)
Ge n Ge(l11) Mn Ge 120nm
100
(a) Surface profile (b) Depth profile
£
. g 60
5 Ge Mn 15 g
% C ) g 40+
. L ! |
0 400 800 1200 ! 200 400 600
Kinetic energy / eV Depth/ nm
(a) surface profile (b) depth profile

Fig. 1 Auger electron spectroscopy of sample 2
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