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We desc r ibe  a ge rman ium-based  semiconductor  p r e s s u r e  t ransducer  for m e a s u r e m e n t  of shock waves in 
the range 103-10 ~ atm and give the resu l t s  of p r e s s u r e  measu remen t s  with it in a l iquid-f i l led shock tube. 

P r e s s u r e  in shock waves is usual ly  measu red  by p iezoe lec t r i c  t r ansduce r s  in which the sens i t ive  e lement  is a 
quartz  or  tourmal ine  c rys t a l  or one of the p i e z o c e r a m i c s - - b a r i u m  ti tanate or  lead t i t ana te -z i r cona te  [1,2]. Owing to 
the low st rength of these  e lements  such t r ansducers  cannot be used to m easu re  p r e s s u r e s  of m o r e  than 103 arm, and 
the use of junction devices  of var ious  kinds to" reduce the shock significantly a l t e r s  the var ia t ion  of p r e s s u r e  with t ime  
and, hence, can be just i f ied only in the case  in which the integral  c h a r a c t e r i s t i c s  of the p rocess  are  requi red .  

In [3] we found it n e c e s s a r y  to m e a s u r e  p r e s s u r e s  of 103-104 atm and suggested that s t rong shock waves might be 
measu red  with ge rman ium-based  semiconductor  p r e s s u r e  t r ansduce r s ,  whose bulk conductivity (or the conductivity 
of a contact with a p-n ]unction) depends s t rongly  on the p r e s s u r e .  The main fac tor  respons ib le  for  the change in 
conductivity of ge rmanium with p r e s s u r e  is the change in the width E of the forbidden band. This change, which was 
de te rmined  exper imenta l ly  in [4], is approximate ly  0.1 eV for a p r e s s u r e  change of 104 arm and leads to a change in 
the c a r r i e r  concentrat ion,  which is an exponential  function of E, by a lmost  an order  of magnitude. 

Below we desc r ibe  one of the possible  designs of a semiconductor  t r ansducer  for p r e s s u r e  m e a s u r e m e n t  in a 
l iquid-f i l led  shock tube in which shocks are  produced by the col l i s ion  of a liquid column acce le ra t ed  to a pa r t i cu la r  
veloci ty  in an evacuated channel with a s ta t ionary  liquid column [3]. 

A d iagram of the t r ansducer  and the method of mounting it in the shock tube is shown in Fig.  1, where 4 is the 
s tee l  chamber  containing the liquid, 2 is the contact ,  5 is the shock front.  The sensi t ive  e lement  1, made of 
ge rman ium-s i l i con  alloy (8% Si), has dimensions 1 • 1 x 0.5 mm and is embedded in epoxy res in  3 (the f i l l e r  is 
e l ec t rocorundum powder),  which is then po lymer ized .  The e lement  1 fo rms  par t  of the end face of the shock tube. 
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Fig.  1 

The e l ec t r i c a l  c i r cu i t  of the t r ansducer  is shown in Fig.  2, where  R is the load r e s i s t o r ,  C = 0.6 pF ,  B is a 
s torage  bat tery,  and T is the t r ansducer .  

The semiconductor  t r ansduce r s  were  used to m e a s u r e  p r e s s u r e s  in shock waves in the range 300-5000 arm. The 
lower l imi t  of this  range was set  in the expe r imen t s  by the sensitiv.ity of the ampl i f ie r  A used in the c i rcu i t  
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(0.25 cm/mV).  The sensi t iv i ty  of the measur ing  c i rcu i t  was at leas t  1/300 mV/atm. 
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Fig. 2 

A typical  p r e s su re  osci l logram is shown in Fig. 3 (10-#sec t ime marks) .  The min imum r i s e  t ime of the wave in 
the exper iments  was _<2 psec and depended on the presence  of the r e s i n  layer  on the surface of the semiconductor  
element,  s ince the na tu ra l  frequency of the element,  in which the velocity of sound is 4930 m / s e c  (along the direct ion 
of motion of the shock wave), is about 3 �9 107 Hz. This makes it possible in pr inciple  to resolve the front into fract ions 
of microseconds .  

Fig. 3 

The p re s su re  fluctuations behind the front, revealed by the osc i l lograms,  had a lower frequency and depended on 
the nature  of the process  under  investigation. 

German ium-based  semiconductor  p re s su re  t ransducers  a re  dist inguished by their  low res i s t ance - -usua l ly  only 
a few hundred ohms . This makes the proposed t ransducers  very free from inter ference .  

These t r ansduce r s  can be ca l ibra ted  by the detonation of explosives in a l iquid-fi l led shock tube [3]--from the 
velocity of the liquid column u at the moment  of impact: 

P = "4- LPo P J 

("l iquid-l iquid" coll ision),  where p and p are  the density and p re s su re ,  respect ively ,  on the shock front,  or by the 
stat ic method. 

The resul t s  of ca l ibra t ion  by the static method (with oil) are  shown in Fig. 4 in the form of a plot of the relat ive 
r e s i s t ance  o f the t r ansduce r  [ge rmanium-s i l i con  (1) and contact with p-n  junction (2)] aga ins t the  p r e s su re  at 18 ~ C. The 
re s i s t ances  of the e lements  were 471 and 747 ohms , respec t ive ly .  The plots are l inear ,  and in addition, the plot for 
the f i r s t  of the e lements  is l inear  up to 20,000 atm, according to the data of [4]. The presence  of a contact with a p-n  
junction great ly  increases  the sensi t iv i ty  of the measur ing  c i rcui t  (Fig. 4), but the mechanical  s t rength of the t r a n s -  
ducer is reduced.  

Figure 5 shows an oscillogram of the pressure and a diagram of the interaction of the shock waves in the shock 

tube [3]. When a "liquid-liquid" collision occurs, shock waves 1 and i' travel through the stationary and decelerated 

media, respectively. The transducer T, mounted on the end of the discharge tube, registers the first reflected wave 2. 

The increase in pressure behind the wave front 2 is due to the gradual compression of the decelerated liquid which 

continues after collision. There must be a pressure drop behind the shock front 2' reflected from the piston owing to 

the movement of the piston under the load i'. This effect is registered by the transducer after collision of the waves 

2 and 2' at point S (second jump on oscillogram). The process is then repeated. The third pressure jump on the 

oseillogram is due to reflection from the end of the tube of the wave produced by the second collision (S') of the re- 

fleeted waves. 
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As Fig. 5 shows, the p r e s s u r e  osc i l logram accura te ly  conveys all the p roces se s  occur r ing  af ter  col l is ion of the 
u id  columns.  
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Fig. 5 

The proposed t r ansducer  opera tes  re l iab ly  and can be used for p r e s s u r e s  much higher  than the l imi t  of 5 �9 101 
atm attained in the exper iments .  We have a lso  used this type of t r ansducer  in the fo rm of a probe s im i l a r  to that 
desc r ibed  in [1, 3]. 

The authors a r e  grateful  to B. l. Zas lavsk i i  for  in te res t  in the work, recommendat ions ,  and useful comments .  
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