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JIronmun JroroB. OXAPAKTEPU3UPAHE HA JTUCJIOKAITMOHHOTO ChbBBPIIEH-
CTBO HA MOHOKPUCTAJIM OT a-LilO, ITPEJIN OIITUKO-MEXAHWYHA OBPABOT-
KA

Otnocutenno 6esnedextrn obnactu or kpuctanure Ha o-LilO; ce usnonssar 3a uspa-
00TBaHE Ha KAYCCTBEHH YCTPOHCTBA. [IposiBsiBaHETO 1 HAOJIFONCHUETO Ha AUCIOKAL[MUTE € He-
M30eKHA CTHIIKA TPH OXapaKTepU3UpaHeTo Ha Kpucramute. OOMIO-NPUETOTO OKAYECTBSBAHE
Ha M3KYCTBEHO ch3/azeHa creHa [0001] Boau 10 3aryba Ha BpeMe u cKbIti 00padoTku. [pes-
JIaraHOTO B Ta3u paboTa oxapakTepu3HpaHe Ha MPU3MAaTHYHATA CTEHA MPEAr 00paObOTKHTE MO0-
BHIIIaBa €)EKTUBHOCTTA HA M3pAa00TBaHE HA YCTPOUCTBA Ha 0a3a Ha TO3U MaTepHall.

Lyudmil Lyutov. CARACTERISATION OF THE DISLOCATION PEFECTION OF
a-LilO; SINGLE CRYSTALS BEFORE OPTICAL-MECHANICAL TREATMENT

Acrelatively defect-free region of the crystal o.-LilO, should be used for the preparation of
high-quality devices. The revealing of dislocations and their observation are necessary steps in
the crystals characterization. The widely accepted characterization of artificially created facet
[0001] brings about lose of time and expensive processing. The characterization of prismatic
facet, proposed in the present work, can be executed prior to the crystal treatment thus making
more efficient the technologies for production of active optical elements.
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1. INTRODUCTION

Crystals of a-LilO, find applications in laser optics as generator of a sec-
ond harmonic frequency and as deflector. The inconvenience that this material
is soluble in water is compensated by numerous advantages, such as a high
threshold of destruction, relatively high non-linear coefficients, and a forma-
tion of large regions with high homogeneity of the refractive index (n). The
last property allows the construction of devices with large usable apertures
(up to several centimetres), which is difficult to attain with the crystals grown
from melt.

For the preparation of high-quality devices, relatively defect-free region
of the crystal should be utilized. The importance of dislocation density and
some others defects for the applicability of the crystals is discussed in [1, 2, 3],
where the methods of revealing the dislocations and of their observation [1, 3]
are described as necessary steps in the characterization of the crystals. How-
ever, the information concerning LilO,, critically reviewed in [3], is either
scarce [4] or contradictory, or inconvenient and inappropriate [5—7].

Summarising the facts, the above-mentioned methods of characterization
follow the unique procedure: (i) cutting of the crystal perpendicular to the Z-
axis to obtain basic pinacoids [0001] [00017] (Fig. 1a); (ii) selective dissolu-
tion of the basic pinacoids, and (iii) revealing of the dislocations (Fig. 15).

Fig. 1. (a) Scheme of orientation and cutting of crystal of a-LilO, ;
(b) Scheme of etching of the basic pinacoids
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Fig. 2. Dislocations in a high quality (a) and in a low-quality (b) specimen of a-LilO,

Fig. 2 shows the actual distribution of dislocations in a high quality (a)
and in a low-quality (b) specimen. In addition to the critical comments re-
ported in [3] on the ambiguity and irreproducibility of the obtained results,
the procedures cited have an important drawback, i.e., the characterization of
separate regions is performed at a stage when the crystal treatment is almost
half-done (orientation, cutting, grinding, polishing). Therefore, we report here
a non-destructive procedure of crystal characterization prior the crucial steps
of mastering.

2. EXPERIMENTAL PROCEDURE

The effects of selective dissolution of the [10170] facet were studied using
the solvents described in literature [3, 5—7] and ours, given at table 1.

Table 1. Solvents used in the selective dissolution of facets

HNO,-H,0 30-65% (mass)

CH,COOH-H,0 50-80% (mass)

HNO,-CH,COOH-H,0 (30%, 30%, 40%, mass)

LilO,-HIO,-H,0 In concentrations close to the saturated solution

The dissolution patterns were observed by means of an Epival-Interphako
microscope (Carl Zeiss — Jena) using the bright field, incident light, and inter-
ference contrast methods.
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3. RESULTS AND DISCUSSION

We succeeded to establish an appropriate concentration and to prepare the
respective solution by taking advantage of a peculiarity of a-LilO; . The latter
has a low and negative temperature coefficient of solubility. Due to this fact
a 2% HIO, aqueous solution was saturated with LilO, at 42°C until the dis-
solution of added solid phase ceased. As far as before the last added amount of
solid phase dissolves, its crystallites became rounded. The saturation was fin-
ished, if the crystallites of last-added amount solid phase remained unchanged
and well faceted. The end of dissolution could accelerate the process acceler-
ated by evaporation. The saturated solution was separated from the solid phase
and stored in a closed vessel.

The solvents described in the experimental procedure did not lead to the
expected results except the selective solvent (LilO,-HIO;-H,0), proposed by
us. The results obtained with this selective solvent are presented in Fig. 3 as
the respective dissolution patterns. The patterns are observed as pits on the
[10170] facet, having the shape of tetragonal pyramids. The basis of a pyra-
mid is on the [1010] facet with its apex directed toward the inner portion of
crystal. The basic edge pairs of the pyramid are parallel and are perpendicular
to the Z-axis.

Fig. 3. Etching pits on the [10170] facet (incident light, bright field, interference contrast)
A reasonable explanation of the good results obtained with our solvent

(LilO4-HIO4-H,0) could be the fact that the defect regions in the crystal have
a higher thermodynamic potential than those with a lower number of defects
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(or defect-free regions). When such a crystal is brought into a contact with a
solvent of appropriate concentration, the solvent turns out to be unsaturated
with respect to the defects and saturated for the defect-free regions. There-
fore, dissolution of the defect regions will take place, with the others regions
remaining unaffected.

We recommend the following conditions of selective dissolution of the
[10170] facet: temperature of 20°C, duration of 5 to 48 h, and a ratio of the selec-
tively dissolved surface (S, to the solvent volume (V) S,/ V= 0.4 cm™.

It is possible to change these conditions in order to induce changes in the
selective dissolution.

The actual distribution of dislocation density (Fig. 4a) corresponds quite
well to the theoretical expectations [1,3], with this density being the highest at
the basis and decreasing toward the crystal apex (Fig. 4b).

Fig. 4. (a) Real distribution of the dislocation density on the [10170] facet; (») Theoretical
distribution of the dislocation density

4. CONCLUSIONS

The fair agreement between the theoretically predicted and the experi-
mentally observed distribution of defects proves that the observed dissolution
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patterns are actually dislocation sites. The distribution of defects on different
crystal specimens can be used for the characterization of perfection in the crys-
tal regions. The distribution pattern of defects in crystal can be used in practice
for selection of the most suitable regions for appropriate purpose. Moreover,
this characterization can be executed prior to the crystal treatment, thus mak-
ing more convenient the technologies for production of acousto-optical and
other elements. By that means utilisation of unprocessed crystal became com-
pletely, efficient and rationally.

REFERENCES

[1] Lodiz, R., R. Parker. Monocrystal Growth. Moscow, 1974 (In Russian).

[2] Mugnier, Y., C. Galez, J. M. Crettez, P. Bourson, C. Opagiste, J. Bouillot. J. Sol. St. Chem.,
2002, 168, 1, 76.

[3] Avdienko, K. A. Litium Iodate. Growth of Crystals, their Properties and Application.
Novosibirsk, 1980 (in Russian).

[4] Matsumura, S., Y. Uematsu. Mat. Res. Bull., 1972,7, 1, 45.

[5] Sharhatunyan, R. O., A. G. Nalbandyan, G. G. Muradyan. Izv. Acad. Sci. Armenia, Phys.
Ser., 1974, 9, 5, 438 (In Russian).

[6] Sharhatunyan, R. O., A. G. Nalbandyan, G. G. Muradyan. Kristallografiya, 1976, 21 , 1,
223 (In Russian).

[7] Atroshtenko L. B., Ya. A. Obuhovskii, H. V. Hodeeva. Kristallografiya, 1977,22, 2,414 (In
Russian).

119



