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Ion implantation induced effects are studied in -Ga2O3 at room temperature. The main technique applied is Rutherford 

backscattering spectrometry in channelling configuration (RBS) using He ions. Additionally, selected samples were investigated 
by optical spectroscopy and transmission electron microscopy (TEM). For the implanted P, Ar or Sn ions clear damage peaks 
are visible in the RBS spectra. The concentration of displaced lattice atoms in the maximum of the distribution (as deduced from 
the channelling spectra) increases almost continuously up to a saturation value of about 90% with increasing ion fluence. Once 
this level is reached in the maximum of the distribution, during further implantation a broadening of the distribution occurs with 
the concentration remaining at this level. RBS measurements performed with different energy of the analysing He ions reveal 
that the damage produced is characterized by randomly distributed lattice atoms. This indicates point defects, point defect com-
plexes or amorphous zones. As the channelling spectra of the implanted layers do not reach the random level, complete amor-
phisation can be excluded. Furthermore, the applied optical techniques do not exhibit significant changes in comparison to the 
signal measured for the unimplanted sample even though these studies were performed for the highest ion fluences implanted. 
Cross sectional TEM confirms this result. The diffraction pattern shows clear spots as for the unimplanted material and ex-

tended defects are almost not visible. The -Ga2O3 layers ion implanted at room temperature contain mainly point defects the 
strong influence of which on the dechannelling of the He ions in the RBS analysis is not yet understood.  

 

Introduction 
Electronic and optoelectronic devices are widely 

used in industry and they are in most of the equip-
ment in our surrounding. Therefore, there is a con-
tinuous research for new materials and new func-
tionalities. A promising new material for power device 

applications is -Ga2O3 (see [1] and references 
therein). Because of its high band gap of 4.7-4.9 eV, 
the electric breakdown voltages are estimated to be 
three times larger as those for SiC of GaN. Because 
of this and of further excellent properties of this ma-
terial, it is an interesting candidate for future device 
applications. For device production ion implantation 
is well established in the silicon technology and the 
application of ion implantation can be easily ex-
tended to other materials. However, for a successful 
application some knowledge is required regarding 
the damage formation which is inherently connected 
with this process. In this contribution the damage 

formation in ion implanted -Ga2O3 is studied for 
various ion species and a wide range of ion fluences 
with all experiments being performed at room tem-
perature. 

 
Experimental Conditions 

Single crystalline -Ga2O3 samples were im-
planted at room temperature with 240 keV P, 300 
keV Ar and 700 keV Sn ions. The ion energies were 
chosen in order to obtain a similar thickness of the 
implanted layers of about 250 nm for all ion species 
investigated. Depending on the ion species, ion flu-
ences between 1×10

11
 and 2×10

15
 cm

-2
 were im-

planted. The formation of radiation damage is inves-
tigated by Rutherford backscattering spectrometry 
(RBS) in channeling mode using He ions of energies 
between 1 and 3 MeV and a backscattering angle of 
170°. Ion implantation and subsequent RBS analysis 
were done stepwise with each  implantation  being 
followed by an immediate RBS analysis in a two-
beam chamber. In this way a wide range of ion flu-
ences could be investigated. The damage state after 

implantation of the highest ion fluence was addition-
ally investigated by optical transmission, Raman 
spectroscopy and transmission electron microscopy 
(TEM). 
 
Results and Discussion 

Figure 1 shows a typical set of RBS channeling 
spectra for different Ar ion fluences. A clear damage 
peak evolves in the Ga-part of the spectra at ener-
gies of the backscattered He ions between 1140 and 
850 keV. The height of the peak increases with in-
creasing ion fluence until a saturation of the back-
scattering yield in channeling direction (Yal) is 

reached. Similar spectra were also measured for the 
other ion species (not shown). The most striking fea-
ture is that, although a saturation is reached, is does 
not occur at the height of the random spectrum (Yra). 

To be sure about this, special care has been taken 
for measuring a proper random spectrum. For all ion 
species investigated the maximum yield in channel-
ing direction amounts to about 90% of that of the 
random spectrum. This indicates that amorphisation 
of the implanted layers did not occur. 

400 500 600 700 800 900 1000 1100 1200

0

1000

2000

3000

4000

5000 -Ga
2
O

3
: Ar (300keV)

 

 

 random

 virgin

 7×10
13

 at/cm
2

 2×10
14

 at/cm
2

 4×10
14

 at/cm
2

 2×10
15

 at/cm
2

b
a
c
k
s
c
a

tt
e

re
d

 y
ie

ld

energy [keV]

 
Fig. 1. RBS spectra of Ar ion implanted -Ga2O3 for differ-
ent ion fluences. The upper thin solid line is the random 
spectrum. For clarity only few spectra are indicated. 
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For extraction of damage profiles the two-beam 
approximation introduced by Bøgh [2] is applied with 
the dechannelling function being obtained from the 
multiple scattering distribution of Meyer [3]. However, 
it turned out that an artificial factor to the critical an-
gle had to be applied for controlling the height of the 
dechannelling background in order to obtain zero 
damage at the end of the implanted layers. Two rea-
sons may explain why this was necessary: (i) the 
assumption of uncorrelated displaced lattice atoms 
was not correct or (ii) the crystal structure is too 
complicated to be correctly treated with this simple 
model. Energy  dependent  RBS studies  were  un-
dertaken for two samples implanted with 4×10

14
 

Ar/cm
2
 and 2×10

14
 Sn/cm

2
 for investigating the type 

of damage produced during implantation. Figure 2 

shows the minimum yield min as a function of the 

energy of the analyzing He ions with min being given 

by Yal/Yra. The figure shows that min decreases with 

decreasing ion energy. This indicates the existence 
of uncorrelated displaced lattice atoms within the 
implanted layer and the difficulties being to be re-
lated to the complicate crystal structure. 
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Fig. 2. Minimum yield min versus energy E of the analysing 
He ions. The values were taken at the depth just behind the 
damaged layer. 

From the corrected damage profiles obtained 
from the channeling RBS spectra as described 
above (not shown), the maximum value is taken and 
plotted in Fig. 3 as a function of the ion fluence. For 
comparison of the results for the different ion spe-
cies, the ion fluence NI is converted to the number of 
displacements per lattice atom, ndpa, by 
ndpa=Ndispl

*
NI/N0. Herein N0= 9.558×10

22
 cm

-3
 is the 

atomic density and Ndispl
*
 is the number of primary 

displacements per ion and unit depth (taken in the 
maximum of the distribution) calculated with SRIM [4] 
and the suggested displacement energies of 
EGa=25eV and EO=28eV. From Fig. 3 three main 
features can be seen: (i) For all ion species an al-
most continuous transition towards saturation is ob-
served. This is different to what is found for other 
oxide materials such as ZnO for which a pronounced 
intermediate plateau in the damage evolution occurs 
at room temperature [5]. (ii) A unique dependence as 
a function of the normalized ion fluence does not 
occur for the different ion species. This means that 
the amount of damage produced does not solely 
depend on the total energy deposited in lattice dis-
placements. In case of lighter ions more dilute colli-
sion cascades are to be expected. This may allow for 
more efficient defect recombination during the re-
laxation of the primary collision cascades with less 
damage remaining after implantation. (iii) The rela-

tive concentration of displaced lattice atoms satu-
rates at a rather high value of about 0.9.  
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Fig. 3. Relative concentration of displaced lattice atoms, nda, 

versus the normalised ion fluence, ndpa, for -Ga2O3 ion 
implanted at room temperature. 

From the RBS investigations it can be concluded 
that amorphous layers are not produced for the im-
plantation conditions applied here. Furthermore, it is 
found that extended defects if any do not exist in 
significant amounts in the layer implanted with the 
highest ion fluence applied. In order to get more in-
formation about the kind of damage produced, opti-
cal and Raman spectroscopy was applied to investi-
gated the high-fluence implanted samples. The 
transmission spectra (UV-VIS range) did neither  
indicate a shift of the fundamental absorption edge 
nor any sub-gap absorption tails (not shown). For 
Raman spectroscopy excitation was done with a He-
Cd laser beam of 325nm wavelength. Besides a 
slight decrease in intensity no significant changes of 
the spectra after implantation were found [6]. A first 
TEM cross section measurement was conducted [6]. 
The diffraction pattern resembles almost that of the 
perfect crystal. The bright field images do not reveal 
the existence of extended defects (not shown). Areas 
with more or less sharply visible lattice planes indi-
cate the existence of strain which might be caused 
by point defects / defect complexes. 
 

Conclusion 
No amorphisation was found in -Ga2O3 ion im-

planted at room temperature. The results of the ap-
plied experimental methods are consistent and sug-
gest that only point defects or point defect complexes 
remain after implantation.  
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