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Photo-Acoustic Sensitivity of Hematite Single Crystals
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Effect of light on elastic subsystem via magneto-elastic
interaction in hematite (x—Fe,05) single crystals nominally

pure and Al3* for Fe3*partially substituted is studied
experimentally. The phenomenon observed as a short—time
shift of acoustic eigenmode frequency under the lighting
is interpreted as a result of local photo—thermal effect
on hexagonal magneto—crystalline anisotropy.

1. INTRODUCTION

Effect of light on crystal elastic

subsystem is of interest for wire-
less remote control of high Q-
factor solid resonators, optical
signal detecting and nondestructive
evaluation of crystal quality.
Hematite single crystals are
advanced materials with elastic
parameters controllable by external
forces (magnetic fields, pressure,

light etc.)!). Effect of optical
irradiation on magneto-elastic
resonance in hematite single
crystals transparent at A> 1 pum has
been observed in visible and infra-—

red spectrum bands2?). The results

of detail study of photo—acoustic
sensitivity are presented here.

The short-time shift AF of acoustic
eigenmode frequency arising straight
away off illumination switching on
is under consideration in contrast
with slow optically induced effects

studied earlier3®at low temperature
in iron borate crystal similar to
hematite by magneto acoustic
properties.

2.EXPERIMENTAL METHOD AND RESULTS.

The experiment have been carried
out by using of disk acoustic
resonator (diameter 6 mm, thickness
3 mm ) cut out in basal plane of
single crystal a-Fe,0; or
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o= (Feq, g6Alg. 04)205. Magneto-—

elastic oscillations of"contour
—shear" eigenmode have been
excited by rf-magnetic field and
detected by inductance coil
placed near the crystal. Light
beam of He—Ne laser of maximum
power 8 mW (A= 0.63 um or A=
1.15 um) has been focused on a
sample surface at the center of

disk. Resonance frequency F and
its optically induced shift AF
have been observed and measured
by means of characteriograph.
Specific time of resonance

frequency response correspondent
to maximum AF was estimated as
0.1s by using of light intensity
modulation with variable period.
Practically linear dependence
photo—induced frequency shift
AF on light intensity has been
observed. The measured value AF

is strongly dependent on DC-
magnetic field strength and its
direction in basal plane of
crystal (see fig.1,2). The
dependencies of F and AF on
temperature for a-Fe,0; and a-—
(Feg ggAlg, 0q)205 compound are

presented in fig.3,4.
3.DISCUSSION

Magnetic field dependencies of
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photo—acoustic sensitivity
demonstrate magneto—elastic origin
of the effect. Thermal mechanism

is indicated in particular by

correspondence of AF(T) and
derivative 8F/8T in fig.3.Thus the
observed phenomenon one can
classify as photo—thermo—magneto—
acoustic (PTMA) effect. Taking
into account magneto—elastic
interaction frequency of"contour-
shear" acoustic eigenmode can be
obtained in form%):

(1) F(H)=F (1-g2(H))/3,

where F2=0.28 (Cy;=Cy=C’14/Cqq)d 2,
Cij— elastic moduli,d— diameter of
disk, C(H)— magnet-oelastic coupling

coefficient, ¢2(H)= 2HgHps " /AMH),
A(H)= H(H+H_)+2H H _(2)+2H.H, Cosé66,
D E ms

H,,Hg,Hy— effective fields of

hexagonal anisotropy, exchange and
Dzyaloshinskii-Moriya interactions,

Hps(1:2)— magnet-oelastic fields,

6 - angle between magnetic field H
and binary axis in basal plane.
The result of F(H) calculation by
formula (1) for parameters

2HpHpg (1) /Hp=125 Oe, 2HgHpg(®)/Hp=
132 Oe, 2HH,(T=300K)/Hy=14 Oe

is presented on fig.la by line.
Clearly expressed in fig.2 sixfold
anisotropy of PTMA—effect can be
explained taking into account

anomalous increasingof the
inplane anisotropy H,(T) near spin

reorientation (Morin transition)
temperature Ty (Ty= 260K for a-
Fe,0; and Ty=215 K for a—(Feg ¢
Al ).O_ ).
0.04 23
to the PTMA sensitivity has to be
proportional to derivative 8F/8H,.

Calculated curve dF/dH, is

presented in fig.lb by line.
Hematite is not transparent for
visible light so optically induced
short—time perturbations of
coupling coefficient at A=0.63 um
can be mainly localized near the
surface of sample. Such a "sub-
surface" PTMA—-effect is sensitive
to properties of near surface
layers. The results presented on
fig.3 illustrate correspondence
of local (near surface and the
focal spot) and bulk (averaged all

The main contribution

821

over the crystal) anisotropic
properties for nominally pure
oa~Fe, 05 crystal. Essential
difference of local and bulk
anisotropy for Al3*for Fe3*
partially substituted crystal
is illustrated by fig.4.
Qualitatively different
dependencies of F(T) and 8F/38T
on temperature one can explain
assuming easy axis of magnetiza-
tion near illuminated region
declined from its averaged

direction in the volume.

Removal of the discrepancy has
been observed when wide infrared
beam of A=1.15um was used.
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Fig.1 Photo—induced shift AF-(Db)
and resonance frequency F-(a)
vs magnetic field (a-Fe 03):

o=n/6, T=300 K.

Displacement of focal spot
along the crystal surface can
lead to variations of AF value
and sign as well.This effect
can be explained as a result of
distortions of crystal caused
by inhomogeneous distribution of
defects. Sensitivity of PTMA
effect to local anisotropy

may be useful for local

testing of crystal quality.

In conclusion it’s relevant to
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Fig.2 Photo-induced shift AF-(a)
and resonance frequency F-(b)
dependencies on magnetic field
direction in basal plane (a-Fe 0
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Fig.3 Photo-induced shift AF-(b)
and resonance frequency F-(a) vs
temperature (a-Fe,0;).

H=110 Qe, 6=n/6
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point out the main contribution
of magneto-elastic interaction
to photo—acoustic sensitivity of
hematite as an illustration to

the general concept!) of search
and elaboration of materials
with controllable parameters on
basis of coupled subsystem
dynamics.

F,kHz AF,Hz bh

A

400 A Ad 4

® AA
AAAGALAA

(a)

320 t ¢
220 250

Fig.4 Photo-induuced shift AF-(a)
and resonance frequency F-(b) vs
temperature for a-(Fey ggAlg, o4)

H=86 Oe, 6=m/6.
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