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Abstract

'The sensitivity of crystals of LiTaU3 to hdlogram formation
has been observed to vary with impurity concentration from a
value comparable to the most sensitive doped LiNbO3 for an impure
crystal to a value more than five orders of magnitude smaller
for a purer crystal. Fatigue effects were observed upon write-erase

cyclihg. These effects were dependent upon writing and erasure
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work by Chenl has indicated that LiTaO3

than LiNbO3 to laser induced refractive index changes. Other

worker52 have found some LiTaO3 crystals to be insusceptible to

laser damage. Our measurements indicate that, although a pure

LiTa03 crystal is less sensitive to phase hologram formation than
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pure L:LNbO3 , impurities in LJ.TaO3 can increase the sensitivity to

a value comparable to that of the most sensitive doped LiNbO3 .

In LiTa0, the sensitivity to hologram formation was observed to

decrease after repeated cycles of writina and ootical.erasure, i.e.
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2.
to fatigue. The sensitivity to Hologram erasure was constant.
Proper choice of writing and erasure polarization and power results
in virtual elimination of fatigue and is an important consideration
in the use of LiTa0O_ as a medium for éptical information storage.
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“Poled single crystals of LiTa0, were placed in the apparatus
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shown in Fig. 1. The argon ion laser was frequency stabilized by

use of an internal etalon and was tuned to 514.5 nm., 488.0 nm.,

or 457.9 nm. The 632.8 nm. He-Ne read laser beam was incident on

the crystal at the Bragg angle with its polarization such that

the eleétric field is in the plane of the beam and the crysﬁal,

¢ axis (denoted as E i ¢). The crystal c axis was in the plane of

the two argon-laser write beams énd normal to ﬁheir bisector.

Off—Bragg‘optical erasure was accomplished by ﬁoving a mirror

until it intercepted the argon-laser beam and directed it onto

the crystal a£ near normal incidence. The polarization rotators

allowed the use of any polarization for both writing and erasure.
Two 0.5 cm. thick crystals of LiTaD3 were used. One crye;tal5

had é higher impurity content than the others. A difference in

the optical absorption of Ehe two crystals was observed. The

absorption edge was less shafply defined and was shifted toward

the visible in the impure sample. This resulted in the inpure

crystal havingiiyéllow color as contrasted to the purer crystal

which was clear. Preliminary efforts to employ electron paramagnetic

resonance to help identify the regponsible defect (s) were inconclusive.



The sensitivity of a cryéfél to hologram formation was
defined as the maxiﬁum slope of the diffraction efficiency vs.
exposure curve and had unité of %/jOule/cmz. The”sensitivity of
‘both crystals was measured for a writing wavelength of 488.0 nm.
The.léss pure crystal‘had a sensitivity more than five orders of
magnitude greatér‘than‘the purer crysﬁal whose sensitivity Qas
;2::{10'_5 %/joule/cm2 and whose maximum diffraction effiéiency was
less than 0.02%. The purer crystal was not ctudied further
because of its low sensitivify.

The initial sensitivity was defined as the sensitivity.
measured for the first writiné exposure ‘after the crystal had been
thermally erased at 300°C for 2 h@urs. The initial sensitivity of
the less pure crystal was found to be independent of the writing
polarization. ¥For a w;iting wavelength of 48é.0 nm. the sensi-
tivity increaéed with power from a value of 5.8 + 1.4 %/joule/cm2
at 0.3 watts/cm2 to a value of 10 + 1 %/joule/cm2 at 7.5 wétts/cmz.
At low writing power (0.3 watts/cmz) the initial sensitivities were
0.78 = 0.06, 5.8 £ 1.4, and 8.9 * 0.9 %/joule/cm2 for the writing
wavelengths 514.5 nm., 488.b nm., and 457.9 nm. respectively.

The maximﬁm aiffraction effiéiency was between 70 and B0 percent
for all powers, polarizations, and wavelengths used.

The responsé of the crystal to repeated cyclés of writing

and optical erasure was measured at a wavelength of 488.0 nm.
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For all combinations of writing and erasure power and polarization
the qualitative response of the crystal was the same. The writing
sensitivity measured after optical erasure was less than the
.initial writing sensitivity and this sensitivity continued to
dec?easé through several write-erase cycles. After three or four
.ﬁrite—e:ase cycles the writing sensitivity reached a stable value,
called the fatigued sensitivity, which was constant through all
subsequent write-erase cycles.

" Quantitative measurements of the fatigued sensitivity were
made. Variations of up to a factor of fifty in the fatigued
sensitivity were produced by changes in writing and erasure polari-
zation and power. There were no significant changes in the
erasure sensitivity associated with the changes in writing'
sensitivity.

Figure 2 shows the dependence of the fatigued sensitivity
on the writing power for a constant erasure power of 0.3 watts/cmz.
The writing beams were polarized E L c. The two curves are for
erasure polariéations E ; c and E || ¢. The fatigued writing
gsensitivity is seen to be dépendent upon the erasure polarizati@n
and to increase with increased writing power. Although not shown
by Fig. 2, the fatigued sensitivity was observed to decrease with
increased erasure éower. When the writing and erasure powers

were equal there was an increase in.the fatigued sensitivity
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with increased power as shown in Table I. .The degradation of the
sensitivity upon cycling can be virtually eliminated by choosing
the writing polarization E || ¢, the erasure polarization E L c,
and by using higher powers. The fatig;ed sensitivity at 7.5 watﬁs/cm2
for this combination of polarizations was 8.2 # 0.3 %/joule/cmg;
the initial sensitivity was 10 = 1 %/joule/cmz.

The sensitivity was found to be dependent only upon the
writing and erasure conditions for the previous three or four
cycles. Optical treatment prior to the last few cycles had no
‘effect on the sensitivity.

No scatter of either the wfite or read beams due to large
scale reffactivé index inhomogeneities was obse%ved after a total
exposure of 50,000 jOules/cmz.

Holograms in LiTa0. were observed to decay less than 1% per

3

day at room temperature while exposed to a 1 milliwatt 632.8 nm.

laser beam,
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Table I. Fatigued sensitivity wvalues for various powers and

polarizations for a write and erase wavelength of 488.0 nm.

Power Polarization Fatigued
Write & Erase Relative to Sensitivity
(watts/cm”) Crystal c¢ Axis (%/ (joule/cm™))
Write Erase
L I 0.36 + 0.04
L i 1.25 £ 0.25
1.1
I ) 2.1 £ 0.1
f EX 2.45 + 0.15
L I 0.9 % 0.1
L L 4.1 * 0.2
7.5
I I 4.7 & 0.3

I L 8.2 + 0.3




Figure 1.

Figure 2.

Figure Captions
Experimental Apparatus.

Experimental writing power dependence of the
fatigued sensitivity of LiTaO3 for two erasure
pelarizations. Writing polarization: E L c.

2 .
Erasure power: 0.3 watts/em™. Write and erase

wavelength: 488.0 nm.
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