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Experimental Investigation of t he  Electron-Phonon 

Interact ion i n  111-V Semi conductors 

Introduction 

The previous progress report discussed t h e  experimental 

work done on attenuation measurements i n  InSb a t  10 Kmc and 10 mc 

frequencies. 

t he  temperature dependence of attenuation a t  10 mc. The continuation 

of measurements a t  10 Kmc were temporarily delayed by the  moving of 

the RIAS laboratory t o  i t s  new building. 

The present report  contains the  description primarily of 

1. 10 Kmc Phonons -- 

I n  the  previous report  it was s ta ted  t h a t  a new I n s  c rys ta l  

re fe r red  t o  as  c rys ta l  C was obtained. This c rys t a l  was Shawn t o  have 

a very low dislocation density compared t o  c rys ta l  B. 

considerable unexpected d i f f i c u l t i e s  have been experienced i n  the 

cutt ing,  aligning, and polishing of c rys ta l  C. I n  t he  ul t rasonic  

cutt ing,  it was very d i f f i c u l t  t o  obtain a complete rod without 

breaking during t h e  cut t ing process. Th i s  d i f f i cu l ty  was not experi- 

However, 
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enced a t  a l l  w i th  crystal  B although it had been experienced with 

c rys ta l  A. Finally two rods were obtained. However, during the 

coarse polishing the  rods seemedto develop small t r iangular  chips 

i n  the  surface. The t r iangular  chips were character is t ic  of cleavage 

along three (110) surfaces, each one making an angle of 33' w i t h  the 

(111) polished surface. T h i s  i s  not surprising since (110) planes a re  

known cleavage planes i n  InSb. During the  f ine  polishing, the  surface 

became concave, as i l l u s t r a t e d  i n  Figure 1. T h i s  was observed when 

checking the  surface f o r  f la tness  w i t h  an opt ical  f l a t .  

interference rings were observed on the  InSb surface. 

behavior, which was not experienced i n  c rys ta l  Bseemedto indicate 

tha t  c rys ta l  C was considerably sof ter  than c rys ta l  B. 

About 3 or  4 

A l l  of t h i s  

Several methods are  being t r ied  t o  overcome the development 

of a concave surface during f ine  polishing. A sof te r  glass blank w i l l  

be t r i e d  as well as, slower polishing speed and d i f f e r e n t  types of 

polishing compounds. It i s  essent ia l  t ha t  t h i s  d i f f i cu l ty  be overcome 

since the  concavity amounts t o  several acoustic wavelengths across the  

surface. Meanwhile another crystal  i s  being obtained i n  the  hope t h a t  

it w i l l  not suffer  from the same weakness- After long discussions 

with J. D. Venables and D r .  E. N. Pugh of the metallurgy department a t  

R I A S ,  who have had extensive experience wi th  InSb, it became apparent 

t ha t  such a var iab i l i ty  in  i t s  mechanical properties i s  quite common. 

Moreover, it has not yet been possible t o  correlate  t h i s  va r i ab i l i t y  

with any other observable property of the  material. 
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2. 10 mc Phonons -- 

Measurements of phonon attenuation a s  a function of temperature 

a t  10 mc were performed w i t h  the  equipment shown i n  Figure 2. 

of G a A s  and InAs were obtained f o r  these measurements along with the  

InSb c rys t a l  C. 

approximately 2.2 cm i n  diameter having a t  78% a r e s i s t i v i t y  of 

Crystals 

The GaAs c rys ta l  i s  a 1 c m  long s lab cut from an ingot 

0.28 Q cm, a Hall mobility of 7.1 x 10 3 2  cm / (vol t  sec) and a net 

negative ca r r i e r  concentration of 3.1 x 1015 

was a l so  1 cm long and cut from a roughly t r iangular  shaped ingot 

approximately 2.3 cm on a side. 

r e s i s t i v i t y  = 0.007 Q cm, Hall mobility = 3.3 x 10 

net negative ca r r i e r  concentration of 2.7 x 10 c m  . 

The InAs c rys t a l  

I t s  e l e c t r i c a l  properties a t  7 8 " ~  are: 
4 2  cm / (vol t  sec) and 

16 -3 

The transducers used for  the  measurements were x-cut quartz 

obtained from Valpey Crystal Company. The measurements for  GaAs  were 

made between 29k0K and 78% us ing  a glycerin bond between the  transducer 

and the  crystal .  

became indis t inc t  as  though t h e  transducer were ringing. 

t h e  system was immersed i n  l iquid nitrogen a t  78% the echoes were 

again restored but with a higher attenuation. The same behavior was 

observed when Dow Corning's DC 200 with a v i scos i ty  of 30,000 cs was 

used as  a bonding material. 

It was found tha t  a t  about 120% the echoes suddenly 

However, when 

The attenuation resu l t s  f o r  GaAs obtained from the  exponential 

decay of t h e  pulse echoes i s  given i n  Figure 3. These measurements 

w i i i  be continued down t o  4% and a fur ther  investigation of tne 

J 
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phenomena near 120°K w i l l  be examined. 

transducer goes i n t o  an undamped vibration and t h a t  t h i s  depends on 

t h e  bonding material. 

It i s  most l i ke ly  t h a t  the  

Some measurements were made w i t h  t h e  InAs c rys t a l  also. A t  

29k6K t h e  attenuation measured was 0.23 2 0.02 db/cm 

comparison t h e  attenuation was also measured a t  29.5 mc. This value 

was 0.83 - + 0.08 db/cm. 

0.79 - + 0.07 db/cm and f o r  29.8 mc it was 1.97 - + 0.22 db/cm. 

f o r  10.1 mc. For 

A t  78%, the  attenuation f o r  9.6 mc w a s  

The attenuation measurements on the InSb had t o  be delayed 

due t o  breakage of the crystal .  The s lab which we referred t o  as 

c rys t a l  C had been cut i n  half s o  t h a t  one half  could be used f o r  these 

10 mc measurements while t he  other half  could be cut in to  rods and 

polished f o r  t he  10 kmc measurements. 

able d i f f i cu l ty  was experienced i n  t h i s  cut t ing and polishing of t h e  

rods due t o  the  ease wi th  which the c rys t a l  crumbled and broke. The 

same d i f f i cu l ty  plagued the  half  used f o r  10 mc measurements such 

t h a t  it broke a t  the transducer bond when cooled t o  78O~. 

c rys t a l  has not been received yet but t he  temperature and frequency 

dependence of t h e  ul t rasonic  attenuation i n  the neighborhood of 10 mcps 

w i l l  be measured after the c rys ta l  i s  received. 

A s  was mentioned above, consider- 

The new 
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InSb Rod 

Fig. 1. I l l u s t r a t ion  of the concave polishing ef fec t  on 
inSb crys ta l  C. 

Oscil lator 

x-cut i o  rnc 
Quartz Transduce 

1- b i g .  2. Schematic dizgram of equipment used i n  10 mc ultrasonic 
attenuation measurements. 
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Fig. 3 .  Ultrasonic attenuation of GaAs as a function of temperature at 10 mcps. 


