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Fig. 2 (color online) The ﬁrst SIA emission in He15V under the 2% strain. The white circles are initial W atoms in HeV.
The red circles are He atoms. Other circles are the ﬁnal W atoms in He15 V.
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Enhanced Transmittance in Crystal LiTaO3 by Heavy
Ions Implantation
Pang Lilong and Wang Zhiguang

In our experiments, we used congruent samples of 1 mm thickness, single crystal LiTaO3 . The samples were
implanted at room temperature (RT) by 3.25 MeV Fe, 6 MeV Xe, 1 MeV Bi ions respectively, with projected ion
ranges of 1.36, 1.23, 0.12 µm calculated by SRIM2008. Note that inert ion Xe is chosen for eliminating the potential
eﬀects of new phases resulting from chemical process during implantation, compared to metal ion Fe and Bi. The
ion ﬂuences were varied between 1×1012 and 2×1015 cm−2 . The optical transmission spectra of the implanted
samples were measured by PerkinElmer Lambda 900 UV/VIS/NIR Spectrometer with a scanning step length of 1
nm. During measurement, the incidence non-polarized light was perpendicular to the surfaces of the samples. The
surface morphology of samples was characterized by OM and AFM. Rutherford backscattering-channeling (RBS-c)
and XRD were used to examine ion-induced structural changes in samples.
Figure. 1 shows the transmission spectra of LiTaO3 implanted with Fe, Xe, Bi ions respectively at diﬀerent
ﬂuences. It is very surprise that there is no extra optical absorption in all implanted samples comparing with unimplanted sample. However, the transmittance increases over a broad spectral range of 340 ∼ 2 500 nm when the
ﬂuences are over certain values. This is quite diﬀerent from the previous reports that ion implantations cause the
intense optical absorption, particularly in VIS region[1−3] . Note that some of transmittance curves at low ﬂuences are
not presented in this Figure, as they almost overlap with virgin. With increasing ﬂuences, all transmittances increase
but no-uniformly. In the case of Fe-ion implantation at a low ﬂuence of 2×1014 cm−2 , however, the transmittance
near ultraviolet region slightly decreases, even lower than the virgin. Finally, it increases and exceeds the virgin
at high ﬂuence, meanwhile, the transmittance curve shows oscillation that should result from optical interference.
There is little diﬀerence between Fe and Xe, Bi ion implantations. Xe or Bi implantation seems to could create
more eﬀective transmittance increasing in UV region than infrared region. The transmittance increases maximum
up to about 82.2% near 565 and 750 nm corresponding to Xe and Bi implantation respectively.

Fig. 1

(color online) The transmission spectra of LiTaO3 implanted with Fe, Xe, Bi ions respectively at diﬀerent ﬂuences.
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RBS-c is a very eﬀective method to detect the damage level in implanted samples, especially for single crystal.
Figure. 2 shows the RBS-c spectra of implanted LiTaO3 with diﬀerent experimental parameters. It is clear that
the irradiation damage level increase with the increasing ﬂuences in all samples. At high ﬂuences, the high value of
de-channeling could indicate that the presence of amorphous implanted layers. For the Bi irradiation, as its short
projected ion range in LiTaO3 , there is an obvious damage peak near the surface. However, it is diﬃcult to present
the damage peaks for the Fe or Xe ions irradiation as their long projected ion ranges. The high level of damage in
materials often indicates large amounts of defects which always prove to be center of optical absorption. But it is
very strange that there is no extra optical absorption in all implanted samples (as shown in Fig.1).

Fig. 2 (color online) Rutherford backscattering-channeling (RBS-c) spectra of implanted LiTaO3 at diﬀerent experimental
parameters.

Ion implantation could create a large number of defects in solid materials due to elastic collision. In the case
of optical crystal, some of defects, evolving into color centers could cause optical absorption. The defects based on
the oxygen vacancies, such as F-Center, F+ -Center, small polarons, and oxygen vacancy complex are all contribute
to the optical absorption. Besides, at RT, point defects produced by irradiation always contribute to the swell
of lattice. Pang etal[3] also found that lattice distortion plays an positive role in optical absorption in implanted
LiTaO3 . There is less of the optical absorption in samples with small distortion. Here Xe-ion implantation was
taken for instance to inspect the strain in sample by XRD. Figure. 3 shows the XRD spectra of LiTaO3 implanted
by 6 MeV Xe ions at diﬀerent ﬂuences. Since X-ray can penetrate LiTaO3 to a depth below implanted layer, the
intensity of main peak from substrate remains strong. This peak can serve as a useful calibration. As it can be
seen, a new weak shoulder peak appears on the left side of main peak only when the ﬂuence achieves 1×1014 cm−2 .
However, with the ﬂuence increasing to the 1×1015 cm−2 , this new peak disappears. Compared with large strain
produced by light ion implantation, the strain in Xe implanted samples is very weak. It indicates that few surviving
point defects cause a small distortion, despite the heavy ions create high levels of irradiation damage. Therefore
it should be understandable for little or no optical absorption in heavy ion (Xe/Bi/Fe) implanted LiTaO3 . We
suggest that the low Z ions implantation in LiTaO3 could produce a larger number of point defects, (such as oxygen
vacancies), however, the high Z ion implantation in LiTaO3 could produce the serious disorder, creating large defect
clusters even amorphization, and it is diﬃcult to produce the point defects of oxygen vacancies which could give
arise to optical absorption.

Fig. 3

(color online) The XRD spectra of LiTaO3 implanted by 6 MeV Xe ions at diﬀerent ﬂuences.

Figure. 4 shows the OM images of LiTaO3 implanted with Fe, Xe, Bi ion at diﬀerent ﬂuences. It can be seen that
at high ﬂuences, surfaces of samples transform into rough from original smooth; high density micron-size particles
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distribute on the surfaces, i.e., the special surface textures were formed. In the case of Bi ion implantation, more
details about surface of implanted sample are depicted in AFM images, as shown in Fig. 5. The average size of
particles is about 2 µm, and the roughness degree is about dozens nm. It is reasonable that this special surface
texture at high ﬂuences should be the key for the transmittance increasing. They sever as an antireﬂection thin
ﬁlm of which refractive index is n (no =2.175< n < n0 =1); where no and n0 are substrate and air refractive index
respectively. Actually, due to this attraction, many researchers have fabricated special texture or nanostructure
on surface of samples serving as a coating to antireﬂection by using diﬀerent methods, for example, Song et al[4]
disordered antireﬂective nanostructures on GaN-based light-emitting diodes using Ag nanoparticles for improved
light extraction eﬃciency. Du etal[5] study Hollow Silica Nanoparticles in UV Visible Antireﬂection Coatings for
Poly (methyl methacrylate) Substrates, and Kadoka etal[6] used co-implantation of H and Ar ion and thermal
annealing to fabricate surface texture structures suitable for antireﬂection applications in Si photovoltaics.

Fig. 4

(color online) OM surface morphology images of LiTaO3 implanted with Fe, Xe, Bi ion at diﬀerent ﬂuences.

Fig. 5

(color online) AFM morphology of Bi ions implanted sample at 1×1015 cm−2 .

In this work, since heavy ions have higher collision cross section and charge state than light ions, heavy ions
bombardment alone could make larger modiﬁcation on the surface without other ions co-implantation and thermal
process. At the highest ﬂuences, the top layers of samples should be amorphous from RBS results. Micron-size
amorphous particles scattering on the surface can make a great contribution to the formation of high-density and
high-aspect-ratio surface textures required for eﬀective suppression of light reﬂection[6] .
In conclusion, we found a new phenomenon that high Z heavy ions implantation in LiTaO3 could cause no optical
absorption, instead of giving rise to antireﬂection in a broad spectral range (340∼2500 nm), particularly in the UV
region. According to these advantages, it indicates a potential approach for light antireﬂection in ferroelectric crystal
/LiTaO3 . It can be implemented just by single low energy heavy ion irradiation, without any sophisticated follow-up
chemical process. Moreover, with no optical absorption, it could oﬀer /provide some useful guide/reference for other
ion beam modiﬁcation of optical material as well, for example, ion etching, fabricating wave guide by high Z ion
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implantation, and so on.
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Fe and He Ions Irradiation Characterization Studies
in Ti3 AlC2 ∗

Pang Lilong, Li Bingsheng, Shen Tielong, Gao Xing, Fang Xuesong, Gao Ning, Yao Cunfeng, Wei Kongfang,
Cui Minghuan, Sun Jianrong, Chang Hailong, He Wenhao and Wang Zhiguang
In this work, we have used the Fe-ion irradiation and He-ion implantation successively (Fe+He) to produce an
environment with lower appm He/dpa than the single He-ion implantation. Samples of Ti3 AlC2 were irradiated by
3.5 MeV Fe-ions to the ﬂuences of 1.0×1016 ions/cm2 , to produce amount of defects in advance. Then, irradiated
samples were implanted with 500 keV He-ion to the ﬂuence of 1.0×1017 ions/cm2 .
We have used the SRIM 2008 code[1] with the “Kinchin-Pease quick calculation” mode to simulate damage
caused by Fe-ion irradiation and He-ion depositional concentration, as shown in Fig. 1. The damage near the peak
is about 10 dpa.
The GIXRD patterns of the virgin and the irradiated samples at diﬀerent ﬂuences are shown in Fig. 2. It is
shown that the intensities of diﬀraction peaks decrease signiﬁcantly and the some peak widths broaden with original
(103), (105) after irradiation, similar to the structural changes reported in Ti3 AC2 (A=Al/Si)[2−5] , which indicates
the lattice distortion due to various defects and the lattice micro-strain induced by irradiation.

Fig. 1 (color online) Damage level (dpa) created by Feion irradiation and He-ion depositional concentration
produced by He-ion implantation vary with depth in
Ti3 AlC2 . Data were calculated by SRIM2008 code.

Fig. 2 (color online) GIXRD patterns of virgin and irradiated samples at various parameters.

For the single Fe-ion irradiation with 1.0×1016 ions/cm2 , a shift of (102) peak towards higher diﬀraction angle
implies the changes of lattice parameters. Besides, two new peaks at 44.3◦ and 61.4◦ (2θ) appear after the irradiation.
These phenomena have also been found in Xe-ion irradiated Ti3 AlC2 [3] , revealing the phase transition from α phase
to β phase. For the sample with (Fe+He) irradiation, the intensities of peaks decrease further, meaning the lattice
structure suﬀers from more serious distortion. But there are no another new peaks appearance and no evidences
of TiCx formation. Irradiated Ti3 AlC2 samples retain a high level of crystallinity and present a good tolerance of
amorphization.
Figure. 3(a) gives a low-magniﬁcation TEM micrograph of the full Ti3 AlC2 sample with (Fe+He) irradiation.
The band between two white dash lines is identiﬁed as He depositional region at the depth of ∼1.24 µm. This is

