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We have measured the ultrasonic attenuation in single crystals of bismuth
germanium oxide, Bl,; Ge 0y {BGD) at frequencies (w/2w) from 10 to 190 MHz at
temperatures (T) from 4.2 to 260K. We have studied both undoped crystals and
crystals doped with AR, Ga, Pb, 2n, Cr, P + Ga and Cr + Ga. 'The doped crystals
were very kindly provided by Frau Dr. Grabmeier and R, Oberschmid of Slemens,
Mitnchen.

BGO im one of a group of 1somorphous crystals whose formula is approximately
Bij; MOy where M represents a metal (usuwally, but not necessarily,
quadrivalent). These are cublc crystals, space group I23, and have interesting
plezoelectrie, photoconductive and optical properties which have found
applications in surface acoustic wave and electro-cptic devices.

Some of our measurements in undoped BGO are shown in Figures ! and 2 and
confirm previous results by Rehwald and his co-workers (1.2) | The most atriking
Eeature ie a very strong attenuation peak at low temperatures only for those
modes which involve the elastic constant €y, such as the transverse modes,
T{l00,001) and T {110,001} but not for the longitudinal mode L(LOO,LlO0). Thi?
attenuation peak is typlcal of an anelastic relaxation due to point defects”
with the attenuation (a) given by

a A ——-—7—"’21 (1)
T {1+ w?r?)

where A 1s a constant proportional to the defect concentration and the relaxa-—
tion strength. T 18 a relaxation time which is well described by the Arrhenius
relation

(T} = t_ enp(8/T) 2)

where kp9 158 an activation energy and the attémpt Erequency, 1/1_, is of the
order of that for a lattice optical phonon. Our data has been fitted to
equation (1}, as shown in Figure 2, for the T; (100,001) mode, to obtain values
of A, 9 and L/v_.

The magnitude of this attenuatlion peak in BGO is strongly affected
by the presence of dopants, as shown in I-".lqus? 3.poping with the Group II element
Zn {dopant fraction per formula unit £0.009 reduced the peak to .77 of its
undoped value while doping with A£(0.033), Ga {0.004) and Pb {-0.5) removed
the attenuation peak completely. However, doping with Cr (0.009) increased
the attenuation by a factor of 2.3. The crystals with two dopants, Ga (0.006)
+er (5x10°%), P (0.029) + Ga {0.004), also showed no large attenuation peak
although some very small relaxation peaks may be dlscerl}ible in the data.

Theve measurements complement the work by Rehwald et al 2 on crystala of the
1somorphous crystal, bismuth sllicon oxide (BSO), doped with Group IIT elements.
They found that Ga {0.002) and (0.003) reduced the corresponding peak fin BSO
while AL (0.008) removed it completely.

We have also investigated the effects of annealing on the ultrasonic
attenuatlon by measuring the low temperature relaxation peak before and after
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annealing at 425°C either in a vacuum or in a pure O; atmosphere. For an
undoped crystal no change in the attenuation peak was found. However, for the
Cr doped sample the attenuation was reduced by vacuum annealing to 0.57 of its .
original value and was restored by oxygen annealing as shown Ln Pigure 4. |
There seems to be a strong correlation between the ultrasonic attenuation, :
a, and the optical absorption, ¢, in these crystals.. BGO is an insulator with a’
direct band gap of 3.25 eV but the undoped crystals are a pale yellow colour andi
have considerable optical absorﬁ%lon in the visible region below the band edge. J
This absorption is not present in those doped crystals which show no |
ultrasonic attenuation peak and these crystala are nearly transparent. Similar -
results in BSO were found by Rehwald et 2l1{2), Hence it seems probable that thef
same defoct centre may be responsible for both the (%pt.lcal absorption and the :
ultrasonlc attenuation in these erystals. Tanguay ) found that the optical
absorption in undoped BSO was unaffected by vacuumor Op annealing and, by :
inference, this correlates with our results on the annealing of undoped BGO ' '
crystals, However, for Cr doped BsC Tanguay found strong photochromic behaviour-
with very atrong optical absorption bande which could be bleached by oxygen i
annealing and restored by vacuum annealing. This is exactly the opposite to
the behaviour of the ultrasonic attenuation in our Cr doped crystal (which
is almost black).

The defects responsible for these effects are not yet known. If we assume a
peint defect is responsible for the ultrasonic attenuation then we can obtain |
its symmetry from selection rules 3}, since the relaxation affects Cyi but nol:
(Cy-C)2} then the defect must have trigonal symmetry. It must therafore be :
associated with the oxygen atoms in the Ge0, tetrahedra which 118 at the cubic |
(23) sites in the crystal. Several possible defects have been suggested for the
optical absorption, a recent proposal (L] being a B1* fon on a Ge site with a
hole on one of the surrounding Cbg‘2 sites. Buch a defect would have the correct’
symmetry to produce the ultrasonic attenuation observed. Several mechanisma for.
the dopant-bleaching of the optical and ultrascnic absorptiomscan be envisaged
but more work is needed to elucidate the exact mechanism.

For the photochromic effects Tanguay (5) has suggested that a charge transfer
mechanism between neighbouring substitutional Cr and Bi ions on tetrahedral ;
sites could produce two metastable states (absorbing and non-absorbing). Our '
data on Cr doped BCO suggests that one of these ntates may be the centre :
responsible for the ultrasonic attenuation. .

We would like to thank Frau Dr. Grabmeier and R. Oberschmid for supplying |
the doped crystals and for details of their extensive electrical and optical |
measucements on these crystals. We are grateful for the asalstance of S. Sen, 1
A.K. Petts and other members of the Physice Department. 1
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Ultrasonic attenvation In undoped BGO for several acoustic modes
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Fig.2 Attenuatfon of T (100,001) mode in undoped BGO fitted to
eq. (1) with A = 34.8 dBK/om MHz, 0O

460K, 1/t = 4.6x10!2u=
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Fig. 3 Attenu_ation of ’l‘l (110,001) mode in doped BGO
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Fig. 4 Attenuation of T (110,001} mode in Cr coped BGO, after
annealing in vacuum and in oxygen
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