
1893LETTERS TO THE ED ITOR

GoAs

TKMR 77 K

The author wishes to express his thanks to D .o Dr. D. A.
Jenny for making available the samples of the inter-
metallic compounds and to. . . '

d
Dr. A. R. Moore for stimulating discussions relate to
the problem.

s Ph s. Rev. 86, 647 (1952).' J. R. Haynes and H. B. Higgs, Phys' Lehovec, Accordo, and Jarngochian, y' Blunt, Hosier, and Frederikse, Phys. Rev.
4 H. Welker, Physica 20, 893 (1954).

I-
tn

4

CO

Ih

nfrared Absorption in Indimin Antinmnt e*
W. G. SPITZER AND H. Y. FAN

Pardae University, Lafayette, Indiana
(Received July 25, 1955)

0.70

Sample Thickness~ 0.05I cm

45-

x—I-x 2i0oK
78 K

+=-—~5'K

5 IO l5
Wave Lengttl (k) in microns

FIG. 1. Transmission as a function o -w gavelen th for an
InSb sample; Kg=10'5 cm 3.
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has been measured from 5 to 150 microns and atIg.

diferent temperatures. A residual ray monmonochromator
was used for wavelengt s eyii be ond 35 microns. A number
of lattice absorption bands were observed whic in i-r
cate that there is some ionic binding in the crystal.
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radiation increased as the temperature o t e sam
was lowered.

Further results on radiative transitions in semi-
conductors will be presented at a later date.
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there is a strong absorption band near 52 microns at
both temperatures. Furthermore, there is also high
absorption beyond 100 microns at 297'K. This is
borne out by the transmission curves shown in Fig. 1.
The sample is nearly intrinsic with )t=P=2.4X10te
cm ' at 297'K, while P~10" cm ' and rt((10" cm s at
78'K. The 52-micron band is thus independent of the
carrier concentration and is therefore a lattice band.
The high absorption beyond 100 microns, observed at
297'K seems to be caused by the carriers, ' since the
absorption becomes small at 78'K.

ReAectivity measurements at 297'K on an e-type
sample of )t = 10" cm ' and a p-type sample of p= 10"
cm ' confirm the above interpretation. The same 52-
micron band is present in both samples. Beyond 100
microns, the m-type sample shows an even higher re-
Qectivity than the pure sample at 297'K while the
p-type sample has the low reflectivity shown by the
pure sample at 78'K. Thus we see that the high re-
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FIG. 2. Refiectivity as a function of wavelength for an
InSb sample; E~= j.0'5 cm 3.

Rectivity at long wavelengths is- caused by absorption
due to the conduction electrons.

The strong lattice band near 52 microns indicates
some degree of ionic binding. This absorption gives a
contribution to the complex susceptibility,

InSb. Using the expression'

4orlVe*' (rt'+2)'

3Mcop

This is higher than the mobilities observed around this
temperature for holes as well as electrons, the latter
having a small effective mass.

It is interesting to note that the transmission up to
35 microns decreased with decreasing temperature
within the extrinsic range; at 297'K the sample is
intrinsic. As reported previously, in samples with
S~ ~& 10'~ cm ' the transmission decreases steadily
from 297'K down.

This work was stimulated by some preliminary re-
flection measurements made by E. J. Johnson at the
suggestion of Professor K. Lark-Horovitz.

*Work supported by a Signal Corps Contract.' H. Y. Fan and M. Becker, Symposium Volume of the Reading
Comferercce (Buttervrorth Publishing Company, London, 1951).
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where M is the reduced mass of the atoms and e is the
short-wavelength refractive index, the effective ionic
charge is estimated to be e*=0.34e.

The question arises whether partial ionic binding
would be compatible with the high carrier mobilities
observed. The formula of mean free path for polar
scattering' has been derived for kT&&Aco~, where or~ is
the frequency of longitudinal waves. At 80'K, Ace&

=3.4kT, this gives a mobility
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where Ae, is the contribution to the static dielectric
constant. By comparing the reRectivities on the short-
and long-wavelength sides of this band we estimate
he, (1.5. The dashed curve (Fig. 2) was calculated
with 6)0=3 5X10 sec and 'y=1 3X10 ~ sec ~ and the
limiting value he, =1.5 was used to get the high re-
Qectivity. The discrepancy between this curve and the
curve measured at 78'K may be due to poor resolution.
In fact, the measurements at 52 microns were made
with three NaCl and an InSb crystals as residual
ray plates; with four NaCl plates the measured re-
flectivity was 50% instead of 65%. These observa-
tions confirm the narrowness of the reQection band in
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ECKNT measurements of well etched, mounted,
and contoured A T shear vibrating quartz crystals,

shown by Fig. 1, indicate that the Q decreases inversely
proportional to the frequency up to 100 Mc/sec. This
result is indicative of a relaxation. To verify the exist-
ence of such a relaxation, measurements of internal
friction of single crystals have been made from 1.5'K
to 300'K and in the 5- to 80-Mc/sec frequency region.
The, results for a 5-Mc/sec crystal are shown by Fig. 2.


