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a b s t r a c t

The tetragonal c-LiAlO2 crystal, known as a promising solid breeding material in future fusion reactors,
has attracted much attention for its irradiation effects. This work focused on the Raman effects in ion-
implanted c-LiAlO2. Ga ions of 30, 80 and 150 keV were implanted on the z-cut c-LiAlO2 sample surfaces
at a fluence of 1 � 1014 ions/cm2 or 1 � 1015 ions/cm2. The average ion range varied from 230 to 910 Å.
The Raman spectra were collected from the implanted surfaces before and after the implantation.
Evident changes were reflected in the Raman modes intensities, with abnormal increments for the most
detected modes. According to the assignments of Raman modes, the Al-O vibration was enhanced to a
greater extent than the Li-Al-O vibration, and the LiO4-AlO4 vibration gained a lesser enhancement.
The discussion, including the factors of roughness, crystalline disorder and influence by Ga ions, attempts
to explain the increments of Raman intensity.

� 2017 Published by Elsevier B.V.

1. Introduction

Tetragonal c-LiAlO2 is a positive uni-axial crystal, the crystalline
structure of which can be simply described as Li+ and Al3+ alter-
nately occupying the center of the oxygen tetrahedron, resulting
in the symmetry of space group P41212 [1]. c-LiAlO2 has many
applicable properties, such as small lattice mismatch with III-V
semiconductors [2], high sound wave velocities and piezoelectric
response [3], and high sensitivity to luminescence [4], among
others. However, it is most known as a promising solid breeding
material in future fusion reactors [5]. This has attracted various
studies to its irradiation effects. Many irradiation sources were
applied, for example, neutron [6], electronic [7], x-rays and c-
rays [8], and energetic ions [9–11], among others. Characterization
methods, such as optical absorption, electron paramagnetic reso-
nance and luminescence spectra, have been reported on the defects
and microstructure changes for ion-implanted c-LiAlO2 [12–14]. In
this work, Raman spectroscopy joins the ranks of techniques char-
acterizing c-LiAlO2 with the metal ion implantation method.
Raman spectroscopy was used to present Li ion diffusion in LiAlO2

at different temperatures, and the corresponding Raman mode
assignments were tentatively given with the references of respect-
able previous works [15–17]. We followed the assignments and

focused on the changes of the observed Raman modes of c-
LiAlO2, excluding Li+ behavior.

2. Experimental methods

After being polished and cleaned, z-cut c-LiAlO2 crystal samples
with dimensions of 7 � 5 � 1 mm supplied by Shanghai Daheng
Optics and Fine Mechanics Co., Ltd., a crystal material company,
were implanted by 30, 80 and 150 keV Ga ions, respectively, at
room temperature under vacuum condition at Institute of Semi-
conductors, Chinese Academy of Sciences. For each energy level,
two fluences of 1 � 1014 ions/cm2 and 1 � 1015 ions/cm2 were
applied in turn. The ion beam was tilted 7� to the normal of a
7 � 5 mm surface to avoid channeling effects. The Raman spectra
of c-LiAlO2 on the surfaces were recorded before and after the
implantation using a Horiba/Jobin Yvon HR800 micro confocal
Raman spectrometer at room temperature. A He-Ne laser with a
wavelength of 633 nm was used as an excitation source. The diam-
eter of the laser beam spot focused on the sample surface was
approximately 1 lm.

3. Results and discussion

According to the SRIM (Stopping and Range of Ions in Matter)
program simulation [18], the average range of 30, 80 and
150 keV Ga ions in c-LiAlO2 were 232, 514 and 911 Å, respectively,
all in the near-surface range. The fluences of 1 � 1014 ions/cm2 and
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1 � 1015 ions/cm2 induced the maximum dpa (displacements per
atom) in the order of 0.1 and 1.0, respectively. Although the dpa
do not include the recovery of displaced atoms, we could still
deduce that the disorder would cover the Ga-implanted surface
partially or almost completely. Additionally, the sputtering effects
were not evaluated in this work.

The Raman spectra of c-LiAlO2 sample surfaces are listed in
Fig. 1. Fig. 1(a) demonstrated the surface Raman spectroscopy of
samples before implantation and after the implantation by
30 keV Ga ions at a fluence of 1 � 1014 ions/cm2 and at a fluence
of 1 � 1015 ions/cm2. Owing to the accuracy of experiments and
the imperfect crystals, there were only nine observed modes:

125 cm�1 (Bð1Þ
2 , LiO4-AlO4), 222 cm�1 (Bð2Þ

2 , Li-O stretching),

259 cm�1 (Bð1Þ
1 , Li-O-Al stretching), 268 cm�1 (Bð3Þ

2 , Li-O-Al stretch-

ing), 345 cm�1 (Eð2Þ, Li-O bending), 507 cm�1 (Eð3Þ, Al-O bending),

611 cm�1 (Eð4Þ, Al-O bending), 789 cm�1 (Bð4Þ
2 , Al-O stretching)

and 807 cm�1 (Bð4Þ
1 , Al-O stretching), all of which are listed in

Table 1. In Table 1, the detected Raman modes are listed corre-
sponding to the experiment and calculation results of the Ref.
[15]. The difference was no more than 2 cm�1 between the two
experimental modes, except for the 345 cm�1 mode. However,
when looking at the difference in the 789 cm�1 mode between
the experimental and calculated results, the assignment of the
345 cm�1 mode to E(2) could be reasonable.

As shown in Fig. 1(a), changes mainly occurred in mode intensi-
ties, especially for the strongest peak 507 cm�1. The intensity of
the 507 cm�1 mode tended to increase with increasing fluences.
In Fig. 1(b), for 80 keV Ga ion implantation, similar increments of
intensity occurred to the strongest peak at the two fluences. The
different behavior of the Raman spectrum of the sample implanted
at a fluence of 1 � 1014 ions/cm2 may reflect of the local differences
of the surface. However, in Fig. 1(c), for 150 keV Ga ion implanta-
tion, the increment of the strongest peak intensity decreased with
increasing fluences.

Specifically, we outlined several Raman modes and marked the
relatively increased proportion of intensity in Fig. 2. Fig. 2(a)–(e)
shows the relationship between the increased proportion of the
Raman mode intensity and the implanted energy at the two flu-
ences for 125, 259, 268, 507, and 611 cm�1. As to the rest four
modes of the nine, the corresponding intensities also increased in
different proportion. As shown in Fig. 2(a)–(e), the intensities of
the five marked modes increased to different degrees. In Fig. 2(a),
for the 30 keV ion implantation, there was a positive difference
between the increments of the 125 cm�1 mode intensities at the
higher fluence of 1 � 1015 ions/cm2 and the lower fluence of
1 � 1014 ions/cm2. The positive difference of the two increments
decreased to almost zero for the 80 keV ion implantation, and it
became negative for the 150 keV ion implantation. From another
point of view, the increment of the 125 cm�1 mode intensity
increased with increasing implanted energy at a fluence of
1 � 1014 ions/cm2 and reduced with increasing implanted energy
at a fluence of 1 � 1015 ions/cm2. Two different trends intersected
at approximately 80 keV. Similar conclusions could be drawn from
Fig. 2(b)–(e). Note that, at 80 keV, the difference of the two incre-

Fig. 1. Raman spectra of the sample surface before and after the implantation at
fluences of 1 � 1014 ions/cm2 and 1 � 1015 ions/cm2: (a) 30 keV Ga ions; (b)
80 keV Ga ions; and (c) 150 keV Ga ions.

Table 1
Observed modes of c-LiAlO2 sample and the corresponding experimental and
calculated results from the Ref. [15].

Observed
Modes (cm�1)

Experimental Modes
(cm�1) [15]

Calculated Modes
(cm�1) [15]

Assignments
[15]

125 124 117 Bð1Þ
2 , LiO4-AlO4

222 220 230 Bð2Þ
2 , Li-O

stretching
259 260 270 Bð1Þ

1 , Li-O-Al
stretching

268 268 278 Bð3Þ
2 , Li-O-Al

stretching
345 366 382 Eð2Þ , Li-O

bending
507 508 494 Eð3Þ , Al-O

bending
611 613 625 Eð4Þ , Al-O

bending
789 791 737 Bð4Þ

2 , Al-O
stretching

807 809 793 Bð4Þ
1 , Al-O

stretching
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