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Excimer laser (X = 308 nm, -c = 10 ns) and electron beam (W = 7 MeV) irradiation effects in 
57Fe : LiNbO3 have been studied on samples of two crystallographic orientations. 
Complementary information regarding radiation induced changes to the optical absorbance 
of the crystal, valence states of Fe, phase composition and morphology of the irradiated 
regions was obtained by optical absorption measurements, M6ssbauer spectroscopy, 
scanning electron microscopy (SEM), energy dispersive X-ray (EDX) spectroscopy, 
microRaman and Read thin film camera analysis. The relationship between irradiation 
treatment conditions and induced property modifications in iron-doped lithium niobate is 
reported within the frame of available defect models. 

1. Introduction 
Crystalline lithium niobate exhibits interesting 
piezoelectric, pyroelectric, electrooptic, and non-linear 
optical properties. In its ferroelectric phase, the 
LiNbO3 structure has an R3c space group and is 
based on an approximate hexagonal packing of oxy- 
gen atoms. All three cationic sites (the Li site, the Nb 
site and a vacant site) have distorted octahedral co- 
ordination by oxygen to give C3 point symmetry. Dop- 
ing with transition metal atoms markedly influences the 
optical properties of lithium niobate. In the LiNbO3 
structure, Fe impurities probably substitute for Li ca- 
tions [1], although a small fraction posi- 
tioned at the Nb or intrinsic vacant sites cannot be 
ruled out. Despite the fact that iron in the Fe z +-Fe 3 + 
system is generally recognized as one of the main active 
impurities, the role of structural defects responsible for 
the photorefractive effect is not yet understood [2-12]. 

Due to its relation to optical damage, the photo- 
refractive effect is of particular importance with regard 
to the use of lithium niobate as a substrate material for 
preparation of optical waveguides and hybrid op- 
toelectronic devices [13]. Since lithium niobate is not 
easily processed by conventional mechanical or chem- 
ical techniques, laser ablation is increasingly being 
used for micromachining, fashioning reticulated 
waveguiding structures, direct writing of optoelec- 
tronic circuits, and for the deposition of thin films on 
semiconductor substrates [14]. In order to optimize 
these processes, the relationship between irradiation 

parameters and laser induced property changes in the 
lithium niobate crystal has to be ascertained [15]. 

Moreover, electron beam irradiation of undoped 
lithium niobate has been found to represent a promis- 
ing approach to obtaining correlation between certain 
point defects and their corresponding absorption 
bands [-6]. From this viewpoint, electron beam ir- 
radiation of S7Fe:LiNbO3 is expected to provide 
a deeper understanding of the types and chemistry of 
structural defects formed in its crystalline lattice, due 
to the presence of M6ssbauer probe nuclei. 

In order to obtain new information on the funda- 
mental effects underlying the interaction of excimer 
laser and electron beams with 57Fe:LiNbO3, radi- 
ation-driven modifications and microstructure evolu- 
tion during irradiation are studied in the present work 
by optical absorption measurements, M6ssbauer 
spectroscopy, SEM, EDX, microRaman and Read 
thin film camera analysis. Correlations between radi- 
ation induced changes to structural and optical prop- 
erties of iron-doped lithium niobate are discussed in 
the light of available defect models. 

2. Experimental procedure 
2.1. Sample preparation 
57Fe:LiNbO3 single crystal doped with 0.22% 
Fe203, 95% enriched in 57Fe was congruently grown 
from the melt by the Czochralski technique. Platelets 
with the plane parallel and, respectively, perpendicu- 
lar to the c-axis were cut from the bulk crystal. 
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Samples of 0.2 mm thick for M6ssbauer measure- 
ments were obtained by mechanical polishing. 

Iron-doped lithium niobate platelets were further 
exposed to the )~ = 308 nm radiation generated by 
a XeC1 excimer laser (Lambda Physik), having the 
pulse width at half maxima, z = 10 ns. Single pulse 
energy densities of w = 40 mJ mm -2 (known to be 
above the ablation threshold) were achieved by focus- 
ing with a cylindrical fused silica lens to a spot size of 
about 0.25 x 10 mm 2. Samples with both crystallo- 
graphic orientations were isochronally irradiated with 
10 and 20 laser pulses per spot at 100 mJ pulse- 1 and 
a repetition rate of 10 Hz. Laser beam scanning of the 
sample surface, which was placed on an x -y - z  mi- 
crometer translation stage [-16-18], resulted in a re- 
ticulated structure of the irradiated areas with a 
characteristic spacing of 0.25 mm. All specimens were 
irradiated in air at room temperature. 

A different set of 5VFe:LiNbO3 platelets was sub- 
jected to high energy electron beam irradiation. The 
electrons had an energy, W = 7 MeV and radiation 
doses of 50 and 200 Mrad were employed. 

2.2. Experimental techniques 
Optical absorption measurements of as-grown, laser 
treated and electron irradiated 57Fe : LiNbO3 samples 
were performed using a Cary 2400 spectrophotometer, 
covering the wavelength range from 350 to 800 nm. 

Room temperature transmission M6ssbauer 
measurements were made with a constant acceleration 
spectrometer (Ranger Scientific). The 25 mCi y-ray 
source was 57Co in a rhodium matrix, maintained at 
room temperature. M6ssbauer spectra of as-grown, 
laser treated and electron irradiated 5VFe:LiNbO3 
platelets of both crystallographic orientations were 
collected with incident gamma rays perpendicular to 
the plane of the samples. 

SEM investigations were performed using a Jeol 
electron microscope at 25 keV, operating in the sec- 
ondary electron emission mode. In order to avoid 
charging effects, the samples were sputtered coated 
with gold-palladium. 

Raman microanalysis was performed on an Instru- 
ments S.A. Ramanor U-1000 spectrometer, coupled to 
an Olympus research grade microscope. Laser excita- 
tion was via an argon ion laser (Coherent 305) operat- 
ing at 488 nm. The laser power incident on the sample 
was about 30 mW. The incident laser light was polar- 
ized, but the polarization state of the scattered radi- 
ation was not analysed. The beam was focused to 
a spot size of approximately 1 gin, allowing measure- 
ment of Raman scatter from small features within the 
damaged regions. Signals were detected using a cooled 
GaAs photomultiplier (Hamamatsu) and collected in 
180 ~ scattering geometry. To improve signal-to-noise 
ratios, several scans were recorded and averaged. The 
spectrometer resolution was 1.8 cm-  1, much less than 
the intrinsic line widths of the collected spectra. 

X-ray diffraction data were obtained with a Read 
thin film camera using nickel filtered copper radiation. 
The X-ray beam was orientated at an angle of 15 ~ 
from the plane of the sample. 

3. Results and discussion 
3.1, Optical absorption measurements 
Fig. 1 a shows the optical absorption spectra of the 
57Fe:LiNbO3 crystal in the as-grown state (curve 1) 
and after pulsed excimer laser irradiation (curves 
2 and 3). Despite some persisting controversy [2-12], 
one can regard as reliable the inference that the main 
absorption bands in the spectrum of undoped lithium 
niobate in the as-grown state are located around 480, 
390 and 750 nm (2.6, 3.2 and 1.6 eV, respectively). 
They are most likely due to two-electron oxygen va- 
cancies (F centres), singly ionized oxygen vacancies 
(F + centres) and the (Nb 4+) electron-polaron state, 
respectively. In doped lithium niobate crystals, how- 
ever, additional absorption bands are present, which 
are associated with electron transitions to the higher 
lying energy levels of the impurity centres. In particu- 
lar, the absorption band around 500 nm (2.5 eV) is 
associated with the intervalence transition 
Fe 2 + -* Nb ~ +, while an electron transition from the 
valence band to the Fe 3 § level is accompanied by 
optical absorption in the 400 nm (3.1 eV) band [19]. 

As a result of pulsed excimer laser irradiation 
()~ = 308 nm, z = 10 ns, E = 100 mJ pulse -1) with 10 
pulses per spot at a repetition rate of 10 Hz, the 
iron-doped lithium niobate samples were observed to 
become a dark grey colour. Fig. 1 a shows a corres- 
ponding growth in the optical absorbance of the 
57Fe: LiNbO3 crystal, as a result of the laser treat- 
ment performed (curve 2). The increased absorption of 
the 57Fe: LiNbO 3 samples can be associated with the 
occurrence of reduction effects (and the corresponding 
increase in the Fe 2 § concentration), the formation of 
structural defects due to laser irradiation and the 
onset of laser induced changes in surface 
stoichiometry. Furthermore, it can be seen in Fig. 1 a, 
for the 57Fe: LiNbO3 platelet irradiated with 20 laser 
pulses per spot, that the rapidly saturating growth in 
the optical absorbance extends over the whole visible 
range and exhibits no clearly discernible features 
(curve 3). This plot also suggests that a higher concen- 
tration of defect centres is formed in the sample irra- 
diated with an increased number of laser pulses per 
spot. Consequently, the laser induced changes to the 
optical absorption of the 57Fe:LiNbO3 samples are 
found to depend on the values of the irradiation para- 
meters. One may note that a wide absorption band 
(from 350 to 700 nm), similar to that observed in the 
present excimer laser irradiation study, was reportedly 
produced by irradiating the lithium niobate crystal 
with 7 quanta, X-rays or neutrons [19-21]. 

Fig. 1 b shows the optical absorption spectra of the 
5VFe: LiNbO3 samples in the as-grown state (curve 1), 
and after 7 MeV electron beam irradiation at radi- 
ation doses of 50 and 200 Mrad (curves 2 and 3, 
respectively). The observed dose dependent changes to 
optical absorption induced by fast electron irradiation 
suggest an increased intensity of the polaron absorp- 
tion band at 750nm at the expense of the short 
wavelength part of the spectrum. These radiation 
driven modifications are consistent with a decrease in 
the concentration of both Fe z + and Fe 3 +, as well as 
F and F + centres. 
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Figure 1 (a) Excimer  laser induced  effects ()~ = 308 nm,  �9 = 10 ns) 
on  the  opt ical  abso rp t ion  spectra  of  57Fe: L iNbO3.  - -  Curve  1, as-  
g rown  crystal; (- - -) curve  2, after 10 laser pulses  per  spot; ( - . . )  curve  
3, after 20 laser  pulses  per  spot. (b) Elec t ron  b e a m  i r radia t ion  effects 
(W = 7 MeV) in the  opt ical  abso rp t ion  spectra  of  57Fe: L iNbO3.  
- -  Curve  1, a s -g rown  crystal; (- - -) curve  2, after 50 Mrad ;  ( - - . )  curve  
3, after 200 Mrad .  

In order to correlate the changes in optical absorb- 
ance to structural and morphological modifications 
induced by excimer laser and electron beam irradia- 
tion of SYFe : LiNbO3, the use of complementary in- 
vestigation techniques is necessary. 

3.2. M6ssbauer spectroscopy 
measurements 

Fig. 2 a,d shows the room temperature transmission 
M6ssbauer spectra of the as-grown SYFe:LiNbO3 
crystal, recorded with the y-ray propagation direction 
parallel and, respectively, perpendicular to the crystal- 
lographic c-axis. Both spectra are dominated by 
two quadrupole split doublets. The corresponding 
values of the quadrupole splittings and isomer 
shifts: AEQ = 0.42 __ 0.1 rams- l ,6  = 0.37 __+ 0.05 mms -1 
and AEQ --- 1.79 __ 0.01 mm s- 1, 6 = 1.05 + 0.05 mms - 1 
indicate the presence of high spin Fe 3§ and Fe 2+ 
valence states, respectively. The determined values of 
the hyperfine parameters are in good agreement with 
previously reported data on 57Fe : LiNbO3 absorbers 
obtained by diffusion enrichment [22]. The Fe 3+ 
concentration in the as-grown .lithium niobate 
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crystal (estimated to be 70% of the iron dopant) ex- 
plains the broad absorption feature superimposed in 
the room temperature M6ssbauer spectra. This fea- 
ture is characteristic of slow electronic relaxation be- 
tween the three crystal field states (Kramers doublets) 
of the 6S5/2 ion [23-25]. The I -+ 1/2 > states of Fe 3 + 
are known to relax faster than the other two electronic 
states at the same temperature r26], and account for 
the partially resolved quadrupole doublet present in 
the spectra shown in Fig. 2. 

The quadrupole doublet corresponding to Fe z+ 
ions shows an angular dependence of the line intensity 
ratio consistent with a local environment of axial 
symmetry (vanishing asymmetry parameter), lattice 
vibrational isotropy (absence of Goldanskii-Karyagin 
effect) and thin absorber approximation (no satura- 
tion effects). Indeed, under these assumptions the rela- 
tive intensity of the Am = + 1 line to the Am = 0 line 
of the quadrupole doublet is given by [27J 

Rq = (3/2) (1 + cosZ0)/[1 + (3/2) sinZ0] 

where 0 is the angle between the direction of the 
electric field gradient, Vzz, and the y-ray propagation 
direction. Consequently, extreme line intensity ratios 
of 3 : 1 and 3 : 5 are expected in the cases of parallel 
(0 = 0 ~ and perpendicular (0 = 90 ~ orientations of 
the y-ray direction and the direction of Vzz. The 
relative line intensities observed in the spectra of 
Fig. 2a, d for SYFe: LiNbO3 platelets of both crystallo- 
graphic orientations clearly illustrate these predic- 
tions. 

Room temperature M6ssbauer spectra of 
S7Fe: LiNbO3 samples exposed to pulsed excimer 
laser irradiation (X = 308 nm, -c - 10 ns, E = 100 mJ 
pulse- 1) with 10 and 20 laser pulses per spot at a rep- 
etition rate of 10 Hz are shown in Fig. 2b,e corres- 
ponding to the y-ray propagation direction parallel 
and perpendicular to the crystallographic c-axis, re- 
spectively. Analysis of the relative line intensities indi- 
cates a 1% increase in the Fe 2 + versus Fe 3 + concen- 
tration, corresponding to a slight overall reduction of 
the lithium niobate samples under the laser treatment 
conditions used. Considering the high heating and 
cooling rates associated with excimer laser irradiation 
[16, 17], this result is not unexpected, since rapid 
quenching from high temperatures typically results in 
an overall oxygen deficiency and the corresponding 
formation of Fe 2+ ions in these systems [28]. One 
may note that the same iron percentage was reported- 
ly converted to Fe 2+ upon 10h irradiation with 
)~ = 366 nm from a- high pressure Hg lamp [29]. 

Consequently, compared to the as-grown crystal, 
a small increase in the Fe 2 + versus Fe 3 § concentra- 
tion was determined by the present M6ssbauer 
spectroscopy measurements on laser irradiated 
57Fe:LiNbO3 samples. However, since the optical 
absorption band related to Fe 2§ ions [19] is located 
at 500 nm (2.5 eV), the increased optical absorbance 
over the whole visible range observed in Fig. 1 a for 
the laser treated platelets cannot be assigned to reduc- 
tion effects only. These results suggest that irradiation 
induced defect centres and a modified surface 
stoichiometry play an important role in explaining the 
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Figure 2 Room temperature transmission M6ssbauer spectra of 57Fe: LiNbO3 crystal, recorded with the "g-ray propagation direction parallel 
(a-c) and perpendicular (d f) to the crystallographic c-axis, respectively. (a,d) as-grown; (b,e) after pulsed excimer laser irradiation with 10 
pulses per spot; (c,f) after pulsed excimer laser irradiation with 20 pulses per spot. 

increased optical absorption of excimer laser treated 
iron-doped lithium niobate samples. 

For  irradiation by 308 nm laser pulses, hv ~ Egap. 
One photon absorption produces free electrons and 
holes, which subsequently may recombine or be trap- 
ped. The formation of small polarons through capture 
of electrons (by Nb s + ions) and holes (by 0 2- ions or 
lithium vacancies) is accompanied by lattice distor- 
sions. While vacancy and interstitial defects are pro- 
duced in the bulk, these lattice perturbations may 
initiate ionic motion at the microscopic scale, such 
that a Nb polaron may be transferred to a lithium ion 
site. Indeed, the assignment of the broad absorption 
band peaking at 750nm (1.6 eV) to the (NbLi 4+) 
bound small polaron has been recently confirmed 
unambiguously by optically detected magnetic reson- 
ance techniques [10]. The increased intensity of the 
polaron absorption band due to ultra violet (u.v.) laser 
irradiation observed in Fig. la  partially accounts for 
the observed optical absorption spectrum of the iron- 
doped lithium niobate samples. Most of the underly- 
ing optical absorption, however, is due to the wide 
absorption band (from 350 to 700 nm) originating in 

reduced, laser ablated regions and related to heavy 
lattice rearrangements. Complementary information 
on the occurrence of laser induced morphological and 
stoichiometrical changes, obtained by SEM/EDX, 
microRaman and Read thin film camera analysis of 
the excimer laser irradiated iron-doped lithium nio- 
bate samples are presented in the next sections. 

Fig. 3a shows the room temperature transmission 
M6ssbauer spectrum of the as-grown STFe:LiNbO3 
sample, recorded in a narrow velocity range with the 
y-ray propagation direction parallel to the crystallo- 
graphic c-axis. Fig. 3b,c shows the M6ssbauer spectra 
of iron-doped lithium niobate platelets exposed to 
7 MeV electron beams at radiation doses of 50 and 
200 Mrad, respectively. The dramatic decrease in the 
resonant absorption area obtained from the M6s- 
sbauer spectra of electron irradiated samples is consis- 
tent with displacement of some iron ions to a lattice 
site exhibiting a reduced recoilless fraction for the 
STFe probe nuclei (presumably, intrinsic vacant sites 
or interstitial positions). This correlates with the de- 
crease in the concentration of both Fe 3 + and Fe z + 
centres, responsible for the 400 and 500 nm bands in 
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Figure 3 Room temperature transmission M6ssbauer spectra of 
57Fe: LiNbO3, recorded with the 7-ray propagation direction par- 
allel to the crystallographic c-axis: (a) as-grown, (b) after 7 MeV 
electron beam irradiation with a radiation dose of 50 Mrad, and (c) 
after 7 MeV electron beam irradiation with a radiation dose of 
200 Mrad. 

the optical absorption spectra of iron-doped lithium 
niobate samples, as inferred from Fig. lb. On the other 
hand, it is known that oxygen vacancies near.Fe or 
a change in the coordination number of iron should 
result in a broader distribution of hyperfine para- 
meters [27]. Therefore, the increased widths of the 
resonance lines in the M6ssbauer spectra of the elec- 
tron irradiated 5VFe: LiNbO3 samples (Fig. 3b,c), cor- 
responding to a distribution of quadrupole splittings 
and isomer shifts, suggest the occupation of several 
inequivalent lattice sites by the iron ions, as an effect of 
radiation induced displacement damage. Indeed, the 
energy of the fast electrons used in the present irradia- 
tion study is known to be higher than the 1 MeV 
energy threshold for the formation of defects in the 
lithium niobate structure, due to atomic displacement 
[6, 18]. As in the case of laser irradiated samples, 
heavy lattice rearrangements account for the broad 
band in the visible, underlying the optical absorption 
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spectrum of electron beam irradiated STFe:LiNbO3 
samples (Fig. lb). In addition, the dose dependent 
decrease in the absorption bands corresponding to 
F type centres and simultaneous increase in the inten- 
sity of the polaron absorption band at 750 nm indicate 
ionization of the F centres and selfcapture of the freed 
electrons onto Nb 5--. This transfer process between 
radiation induced bands is similar to the behaviour of 
optical absorption bands produced by thermal reduc- 
tion and further supports previously reported results 
on the formation of oxygen vacancy centres in un- 
doped lithium niobate due to ionizing radiation 
[6, 19]. 

3.3. SEM/EDX investigations 
In order to gain additional information on the struc- 
tural and morphological changes responsible for the 
increased absorbance of the laser damaged 
SVFe: LiNbO3 crystalline samples, SEM examinations 
of the laser treated surfaces have also been performed 
(Fig. 4a-c). They reveal the presence of a reticulated 
structure, consisting of alternating light and dark re- 
gions, located at the edges and centre of the laser 
irradiation area, respectively. The dark zones (denoted 
as D zones in Fig. 4c) penetrate deeper inside the laser 
irradiated surface, indicating the occurrence of abla- 
tion related effects. For the 308 nm laser radiation 
[14], the absorption coefficient is ~ ~ 250 cm- 2, such 
that an exponential absorption profile versus depth 
results and 99% of the photons are absorbed in 
a thickness of ~ 200 gm. 

Intriguing features regarding the morphology of the 
laser ablated regions, which exhibit a black appear- 
ance due to oxygen deficiency [301, can be observed in 
Fig. 5a. The SEM micrograph shows the formation of 
pores and cracks on the irradiated surface. The pres- 
ence of pores in the laser ablated regions is parti- 
cularly relevant for demonstrating intense gas circula- 
tion through the sample surface during laser treat- 
ment. Indeed, it has been recently suggested that in the 
ablation regime, oxygen is sputtered preferentially 
from the lithium niobate sample [14], such that oxy- 
gen vacancies and a modified stoichiometry may re- 
sult in the near surface region. Moreover, the surface 
modifications resulting in the formation of cracks in 
the laser treated platelets indicate that the reduced 
regions formed as an effect of pulsed excimer laser 
irradiation should contribute to the strong back- 
ground (Fig. la) in the optical absorption spectrum of 
the laser damaged .hVFe : LiNbO3 crystal. 

It can be seen in the SEM examinations of Figs 4c 
and 6a, that the light regions (denoted as B-zones) 
formed at the edges of the laser impact area are char- 
acterized by the presence of micrometre size crystal- 
lites, corresponding to the phases formed during the 
laser induced melt vaporization and recrystallization 
phenomena. Moreover, a distinctive surface morpho- 
logy is exhibited by the zones separating the laser 
recrystallized from the laser ablated regions (and de- 
noted by C-zones in Fig. 4c). EDX analysis of select 
microvolumes in the irradiated zones typically showed 
a 5% increase in the Nb content of the recrystallized 



Figure 5 (a) SEM photograph ( x 3600) and (b) EDX examination of 
the laser ablated regions formed in the 5VFe:LiNbO3 crystal by 
pulsed excimer laser irradiation. The Nb and Fe peaks correspond 
to the crystal; A1 and Cu impurities come from the holder and tape, 
whereas Au and Pd peaks represent the coating. 

s toichiometry and nature of  the recrystallized phases 
formed as an effect of  the excimer laser t reatment  
performed, the investigations recognized the use of  
mic roRaman  and Read thin film camera analysis for 
probing select areas in the irradiated regions. 

Figure 4 SEM examinations of 57Fe : LiNbO3 crystal, after pulsed 
excimer laser irradiation (X = 308nm, �9 = 10ns, E = 100mJ 
pulse- 2, repetition rate 10 Hz) with 20 pulses per spot. The magnifi- 
cation employed had the values: (a) x 20, (b) x 100, and (c) x 200. 

areas (Fig. 6b), as compared  to the laser ablated re- 
gions (Fig. 5b). Consequently,  in order  to characterize 
further the laser induced modifications to surface 

3.4. MicroRaman and Read thin film camera 
analysis 

The Raman  spectra corresponding to the as-grown 
and excimer laser irradiated 57Fe : LiNbO3 crystal are 
shown in Fig. 7a-d.  R a m a n  microanalysis of  the laser 
exposed platelets was performed at different locations 
of the irradiated areas relative to the centre of  the laser 
impact  zone. Thus, Fig. 7b shows the Raman  spec- 
t rum of a microcrystallite formed in the laser recrystal- 
lized regions. R a m a n  microanalysis of  this surface 
feature is indicative of tr igonal lithium niobate. The 
observed line broadening as compared  to the Raman  
spectrum of the non-irradiated sample (Fig. 7a) sug- 
gests the occurrence of  quenching stresses, originating 
in the high heating and cooling rates associated with 
pulsed excimer laser irradiation. 
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TABLE I Read thin film camera analysis of pulsed excimer laser 
irradiated 57Fe: LiNbO3 crystal 

Distance 20 d-spacing Estimated intensity 
(mm) (deg) (nm) (arbitary units) 

48.650 24.45 0.3640 12.0 
50.750 26.88 0.3320 20.0 
56.450 33.46 0.2678 8.0 
58.450 35.77 0.2511 100.0 
60.150 37.73 0.2384 90.0 
61.700 39.52 0.2280 12.0 
62.350 40,27 0.2240 5.0 
64.650 42.92 0.2107 8.0 
69.750 48.81 0.1866 5.0 
71.450 50.77 0,1798 5.0 
72,900 52,45 0.1745 12.0 
74.300 54.06 0.1696 8.0 
76.800 56.95 0.1617 8,0 
80.150 60.82 0.1523 20,0 
84.600 65.95 0.1416 12.0 
86.700 68.38 0.1372 8.0 
95.500 78.54 0.1218 8.0 
98.350 81.83 0.1177 8.0 

102.300 86.39 0.1126 8.0 
104.850 89,33 0.1097 8.0 
122.900 110.17 0.0940 12,0 
126.450 114.26 0.0918 20.0 

Figure 6 (a) SEM photograph ( x 800) and (b) EDX examination of 
the recrystallized regions formed in the 57Fe:LiNbO3 crystal by 
pulsed excimer laser irradiation. The Nb and Fe peaks correspond 
to the iron-doped lithium niobate sample. 

The Raman spectra taken at the margins and centre 
of the laser ablated regions are shown in Fig. 7c,d, 
respectively. They are indicative of niobate materials, 
with characteristic bands in the 580-630 cm-1 and 
850-900 cm-  1 region. However, these spectra exhibit 
additional bands which cannot be assigned to trigonal 
LiNbO3. X-ray diffraction data obtained by Read thin 
film camera analysis (Table I) indicate that the addi- 
tional phases formed as a result of the excimer laser 
treatment performed exhibit a textured polycrystalline 
component and can be assigned [31] to LiTNbO6 and 
Nb2Os, the latter occurring in noticeably smaller 
amounts. On these grounds, the different niobium 
partitioning inferred from EDX analysis of the laser 
ablated and laser recrystallized areas (Figs 5b and 6b) 
is attributable to an unequal distribution of lithium- 
rich niobate and niobium pentoxide phases. 

4. C o n c l u s i o n s  
Pulsed excimer laser irradiation 0~ = 308 nm, 

= 10 ns) of 57Fe : LiNbO3 crystalline samples results 
in a significant increase in the optical absorbance over 
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the whole visible range, dependent on the number of 
applied laser pulses. As probed  by the laser induced 
changes to the valence states of Fe, the modification of 
optical properties is accompanied, however, by a small 
global reduction of the lithium niobate crystal. Ttius, 
irradiation induced point defects and surface modifi- 
cations of the laser damaged areas are mainly respon- 
sible for the dramatic growth in optical absorbance of 
the irradiated lithium niobate samples. Laser recrys- 
tallized regions result at the edges of the irradiated 
areas and consist of trigonal LiNbO3 microcrystals. In 
the centre of the laser impact zones, however, laser 
ablated regions are formed, These are characterized by 
the presence of Li7NbO6 and NbzOs crystalline 
phases. At the boundary of the laser recrystallized and 
laser ablated regions, trigonal LiNbO3, LiTNbO6 and 
Nb2Os crystalline phases are observed to coexist. Ex- 
cimer laser irradiation has proven to be a powerful 
tool for studying non-conventional aspects of mater- 
ials response by selectively inducing localized changes 
in the ferroelectric crystal under investigation. By the 
use of appropriate high resolution characterization 
techniques, fundamental effects underlying the inter- 
action of excimer laser radiation with ferroelectric 
crystals were demonstrated in the present w o r k  on 
57Fe:LiNbOa: increased optical absorbance, reduc- 
tion, ablation and laser induced recrystallizatton of 
multiple phases. 

High energy electron beam irradiation 
(W = 7 MeV) of 5VFe:LiNbO3 crystalline platelets 
was shown to induce dose dependent changes to op- 
tical absorption. The observed increase in the intensity 
of the polaron absorption band at the expense of the 
short wavelength part of the spectrum was found to be 
consistent with ionization of F centres and selfcapture 
of the freed electrons onto Nb 5 +. Moreover, radiation 
induced displacement damage was demonstrated by 
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Figure 7 Raman  microanalysis of 57Fe: LiNbO3 performed at different locations of the irradiated areas relative to the centre of the laser 
impact zone: (a) non-irradiated crystal, (b) spectrum taken in a laser recrystallized region, (c) spectrum recorded at the boundary of a laser 
recrystallized and a laser ablated region, and (d) spectrum corresponding to a laser ablated ~egion (see Fig. 4c for identification of the 
irradiated areas). 

the observed decrease in the recoilless fraction and 
simultaneous broadening of the resonance lines in 
the MSssbauer spectra of electron irradiated 
57Fe: LiNbO3. 
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