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Electric signals during shock compression are investigated in p- and n-type silicon single crystals
containing various amounts of impurities. It is shown that the nature of the observed phenomenon is
connected with volume redistribution of the ionized atoms of the impurities during the course of the
shock compression of the crystals. The surface density of the bound charges in the investigated
materials is estimated within the framework of the phenomenological theory of shock polarization.

'WE have established earlier'™ that shock compres-
sion of single crystals of silicon and germanium is
accompanied by occurrence of an emf, which was
registered in an external circuit of the experimental
setup, see Fig. 1a. Since the sign of the emf in the
silicon samples did not depend on the sign of the
charge carriers, and its values were much higher than
the expected thermal emf (temf), the observed effect
was attributed to volume polarization of the single
crystals due to the passage of the shock wave (SW). In
our paper!?! we advanced the hypothesis that shock
polarization of these substances, which consist of
electrically neutral atoms of the main lattice and im-
purity ions, consists in a directed displacement of the
latter during the passage of the SW. It was noted that
the concentration of the impurities contained in the
sample suffices to explain the value of the observed
emf. On the other hand, Dremin, Rozanov, and
Yakushev!®! proposed that the observed effect can be
due to a considerable degree to surface phenomena—
temf or electrochemical effects on the interface be-
tween the shock-compressed phases of the metal and
the investigated substance.

The present paper is devoted to a further investiga-
tion of the phenomenon and to an explanation of its
nature. The investigations were performed on single-
crystal p- and n-type silicon, in which the impurity
content was varied in a range of several orders of
magnitude.

EXPERIMENT

1. The experimental setup is shown in Fig. 1a. The
samples were compressed by a plane SW perpendicular
to the (111) plane. The geometry of the explosive de-
vices and the dimensions of the samples were such that
the attenuation of the SW and the influence of the
lateral relaxation in the sample could be neglected.
The measuring electrode (see 1 of Fig. 1a) was a
cadmium disc, whose acoustic stiffness was close to
that of silicon. This prevented reflection of the SW
from the electrode. The parameters of the SW in the
samples were calculated from the known state of the
screen (aluminum, copper) and the dynamic adiabat of
silicon!*), The experiments were performed at pres-
sures (p) of 20, 40, and 200 kbar. It is known that the
Hugoniot elastic limit of silicon along the (111) axis is
40 kbar, and that at p = 112 kbar silicon experiences a
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FIG. 1. a—Diagram of experimental setup: 1—measuring electrode;
2—sample; 3—screen; R = 100 ohm—input resistance of OK-33 oscillo-
scope. The arrows show the direction of propagation of the SW front.
b—equivalent circuit for the estimate of the thermal emf: 2) 2")—com-
pressed (uncompressed) part of the sample; 3) 3")—compressed (uncom-
pressed) part of the screen—cable—electrode system. I, III—sections of
the sample, II—-section formed by the SW front.

phase transition connected with the transition from a
semiconducting state into the metallic state. Therefore
at p = 20 or 40 kbar there propagates through the
sample a single elastic wave with velocity D = 8.5
km/sec, and at p = 200 kbar there propagates a con-
figuration of three compression waves (elastic wave,
first plastic SW, second plastic SW), the amplitudes of
which amount to 40, 72, and 128 kbar, respectively.

We subjected to shock loading samples of silicon
doped with boron (Si of p-type) and phosphorous
(n-type). Data on the specific volume resistance of the
sample p, and the impurity contents in them N are
given in Table 1. According to Pearson and Bardeen[sl,
N corresponds approximately to the number of car-
riers. The sample length was [ ~ 0.1—1 cm and the
diameter ~2—3 cm. A layer of aluminum 2—3 pu thick
was deposited on the end surfaces. The sample surface
adjacent to the screen 3 was completely coated with
aluminum. The opposite end of the sample was covered
with aluminum only under the measuring electrode
(area S =1 cm?).

In the experiments we registered the time-varying
voltage drop U(t) across the input resistor R of the
oscilloscope. Since R > p,l/S, it follows that U(t) is
equal to the emf produced in shock-compressed sam-
ples. Typical U(t) oscillograms are shown in Fig. 2.

The experimental results have shown that the voltage
across R is produced at the instant when the SW enters
the sample (t = 0). The instant of emergence of the
elastic wave from the sample (T =1/D) corresponds
in all cases to a drop in the voltage U(t). In compar-
ing the experimental results it is best to use the
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Table I. Volume resistivity and number of impurity atoms

in the initial samples. Experimental (P,) and calculated

(P) values of the polarization, electric field intensity, and

thickness of double layer in shock-compressed samples at
40 kbar pressure

Si Po, cm-cm| N, cm™ [P, C-cm"? Py, C-cm™ A,cm E, Veem™!

2.102| 6.10% | 5.1077 2.4077 2.4078 | 2.107

type 4,5 1.401% | 7.10-® 4.1078 4.10-% | 4.10%
ptyp 7,5 7.105 | 6-4(~° —3.10-8 6-107¢ | 3.10¢

3,5:40¢ | 5.101 | 1.40711 | — (2.40-12+-2.10710) ** 3.102 2

4,5 2.40% | 2.1079 —5.10 4.107 | 5.108

n-type 7.5 9.1014 | 3.10~° —5.4078 6.1076 | 5.104
45 1.40% | 4.40-10 —1.10-® 4.1075 | 3.10°

*In accordance with [°], the value of N given in ['] should be regarded as too low by

about one order of magnitude.

**The first value corresponds to the condition ® < tg, the second to @4 > to. The
actual value of P, therefore lies in the indicated range.

y <
A -

FIG. 2. Characteristic oscillograms of the voltages U(t) for Si: 1—5—
p-type, 6—8—n-type, 1-3 and 6-U=0.15V;4, 5,and 7, 8—U= 1.5 V.
The oscillograms were obtained in experiments with p equal to 20 kbar
(1), 40 kbar (2, 3, and 6), and 200 kbar (4, 5, and 7, 8). po (in chm-cm)
and / (in cm) are respectively: 1—0.02 and 0.28; 2—4.5, 0.38; 3—7.5;
0.3;4-4.5;0.49; 5-3.5 X 10%, 0.48; 6—4.5, 0.29; 7-4.5, 0.26; 8—7.5,
0.98. The arrows show the instants of entrance and emergence of SW
from the samples. The sweep is from left to right. Time markers—0.1
usec.

quantity U, (the value of U(t) extrapolated to t = 0"
inasmuch as the initial part of the U(t) plot (the region
of the transients with characteristic time t, ~ 10°°
sec) could not be resolved by the apparatus, and was
possibly distorted also by the fact that the SW did not

DFor most plots of U(t), the value of U, obtained by extrapolation
does not exceed 30% of the experimentally registered values. However,
in cases similar to those shown, for example, in oscillograms 2 and 3 of
Fig. 2, the extrapolated value may differ from the experimental one by
a factor of 2.
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FIG. 3. Dependence of U, on the pressure at the SW front for p-Si
(a) and n-Si (b) at the following values of p: X-0.02; O—4.5;03-17.5;
A—3.5-10%; ®@—45 ohm-cm.

enter the sample all at once. In a number of experi-
ments, the front of the signal U(t) extended over a
time on the order of T and the plot of U(t) is a curve
with saturation (Fig. 2, 8). In this case U, is taken to
be the value of U(t) in the saturation region. This
case will be discussed separately below.

2. The results of experiments on p-Si are shown in
Fig. 3a (see oscillograms 1 and 5 of Fig. 2), where
plots of U, against p are given for samples with dif-
ferent p,. Each point on the plot is a result of a
separate explosion experiment. An analysis of the
experimental data has shown that, unlike the polariza-
tion of signals obtained with dielectrics!**! the char-
acter of the U(t) plots and the value of U, do not
depend on [ (0.2—1 cm), S (1—7 cm?), or R (93—1053
ohm),

3. The results of the experiments on n-Si are shown
in Fig. 3b (see also oscillograms 6 and 8 of Fig. 2).
The data in Fig. 3 demonstrate the complicated char-
acter of the dependence of U, on the type of the car-
riers, the number of impurity atoms, and the pressure
on the SW front in the investigated samples.

Let us note the following peculiarities in the plots
of U(t) for both types of silicon:

a) All the plots of U(t) can be approximated either
by the formula U ~ exp(-t/7) or by U ~ 1 —exp(-t/n)?)
(where 7 and n are certain time constants), or else
U = const. The dependence of the form of the regis-
tered signal on the parameters of shock-compressed

samples is illustrated by Table II.

2D An exponential growth of U(t) was first observed by Novitskii
et al. in an investigation of polystyrene [°].



594

V. N. MINEER, et al.

Table II. Dependence of the registered signal on the
parameters of shock-compressed samples

Sin-Si Si p-Si
Formula for U (t) T ) T, Msec n, hsec
Po, ohm-cm |p, kbar| ohmechrt p, kbar
45 1:0:40] 4.5 20: 40 |
U~ e '* { 7.5 40 | 2.4072 | £0; 40; 200 | 0.2—0.4| <<0.1
45 20 — _
4.5: 7.5; 45| 200 7.5 40; £00
U~1—e _ — | 3.5.100 300 }0'1—1
[J = const — — 4.5 40; 200

b) Not only U, but also U(t) is independent of T
when p = const. For example, for n-Si(p, = 4.5
ohm-cm, p = 200 kbar) at values of T equal to 0.19,
0.3, 0.61, and 1.1 psec, each succeeding plot of U(t)
duplicates the corresponding parts of the preceding
plots.

c) At p = 200 kbar, U(t) decreases when t > T to
the resolution limit of the measuring apparatus within
times on the order of 0.05—0.2 usec. At all other
pressures, when t > T, the current in the measuring

circuit decreases to zero within a time ~0.2—0.5 usec.

d) For plots in the form U ~ exp (-t/7) with
t > T, the current in the circuit is opposite in direc-
tion to the current at t < T. In all other cases the
directions of the currents in the measuring circuit at
t> T and t < T coincide (see Fig. 2).

DISCUSSION

1. It is clear from general physical considerations
that the nature of the considered effect is connected
either with volume or with surface phenomena occur-
ring upon shock compression of semiconductors. We
shall show that the latter group of phenomena cannot
lead to the experimentally observed values of the emf.
To this end we turn to Fig. 1b and estimate the tem-
peratures in the characteristic cross sections of the
sample.

A feature of the sections III (att > 0) and I (at
t > T) is that in these sections there is produced a
contact between two shock-compressed substances
heated to different temperaturesm. In the course of
time, there is established in these sections a tempera-

T, + kT,

ture
I=—51 k=( )

(A, c, and 6 are the thermal conductivity, the specific
heat per unit volume, and the density of the substances
in contact; the parameters with index 2 pertain to the
hotter substance). The dimension of the region v with
stationary temperature increases like v = Vdyt, where
X is the thermal-conductivity coefficient, equal to

~1 cm?% sec (copper) and 1072 cm?/sec (silicon) under
normal conditions. Within times t, ~ 10™® sec (the
resolution time of the apparatus), v ~ 10™—10"° cm,
An estimate shows that at p = 40 kbar we have T‘I’II

= 318 and T{ = 326°K. The calculation was carried out
under the assumption that the ratio of the values of ¢
and 1 of shock-compressed silicon and copper (Sec.
III), and also of silicon and cadmium (Sec. I) is the
same as under normal conditions. The temperature of
the shock-compressed silicon was determined from the

A8y
€02

relation Ty = T5(58/00), where 6 and 6, are the
densities of the silicon ahead of and behind the elastic-
wave front and y is the Gruneisen constant, equal to
0.43!*), At p = 40 kbar we have T = 275°K (T}

= 273°K).

The calculated value of the temf at AT® = 35°, with
allowance for the static dependence of the Seebeck ef-
fect on the pressure (assumed to be the same as for
GaAs["’], a semiconductor similar in its thermoelectric
properties to silicon) was 35 mV, which is smaller by
one order of magnitude than the experimentally
registered emf values. Another experimental fact that
cannot be attributed to the influence of surface effects
is that a current flows in the measuring circuit at
t > T, when AT = 8°, One more fact confirming the
volume character of the observed emf is the independ-
ence of the sign of the emf in the investigated range of
p of the sign of the carriers (for example n-Si and
p-Si with N = 9x 10* and N =7 x 10" cm™, respec-
tively). This fact cannot be attributed to the reversal
of the sign of the carriers in the silicon upon shock
compression, as was the case in Kennedy’s experi-
ments[w], where it was shown that the reversal of the
sign of the carriers in n-Si (p = 35 kbar) takes place
only at N =< 7.5 x 10** cm™. Finally, the assumption
that the effect has a thermoelectric nature is contra-
dicted also by the following estimate. If the data of the
plots of Figs. 3a and 3b are represented in the form of
the functions a = U,/AT® = £(InN) at constant p, then
the linear sections of these relations have slopes from
86 to 1300 uV/deg. According to semiconductor
theory!*'), on the other hand, the maximum slope of the
a =f(ln N) curves does not depend on the scattering
mechanism, the degree of degeneracy, or the elec-
tronic effective mass, and cannot exceed 86 uV/deg.

Thus, the presented facts indicate that the nature of
the observed emf is not connected with surface phenom-
ena and consequently is due to a volume redistribution
of the charges, occurring following the shock compres-
sion of the investigated semiconductors (shock polari-
zation).

2. Let us calculate the volume density of the bound
charges P(t). In differential form, the connection be-
tween the shock polarization P(t) and the parameters
of the measuring circuit and of the investigated sub-
stance, for an active load R, is written in the form(*?

P(t) = xTt.F" (1) + [uT(teLn+%+ 1)—(x— 1)t]F’(t)

(6t +

A

d )

%ﬂ— )t—(x—n]p(t),

where k = €0/€,; €, and € are the dielectric con-
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stants of the substance in front of and behind the shock
wave; 0 = §/8,; to = RC, is the relaxation time of the
measuring circuit, Co = €,/47 (S =1 cm?), ©,

= po€o/4m, ® = pe/4m, po, p—volume resistivities of
the matter in front of and behind the SW;

F(t) = exp (-— gtu-} J](l') exp (EtT) dt’
is the density of the charges on the measuring elec-
trode and j(t) = U(t)/R is the density of the polariza-
tion current.

In our experiments T ~ 10~ sec, t, ~ 10~ sec, and
®o~ 107%~107* sec. For semiconductors compressed
by weak SW we have p ~ p,!*®). Let us assume that in
the range of pressures under consideration we have
€ ~ €y Inthiscase H~ 1 and @ ~ @,.

Let us consider the case when

w~10, Lt LT. (2)

These conditions are satisfied for all the investigated
samples with the exception of p-Si with p, = 3.5

x 10% ohm-cm. Taking (2) into account, Eq. (1) takes
the form

” 1 1 , 1 _
P+ (g +g) PO+ ggFO=

@"Vea,

P(t)
xTt,

3)

Let us compare the terms in the left side of the ob-
tained equation. Assuming that the function F(t) in-
creases in such a way that after a time t ~ T the
increment of F is of the order of F itself, we obtain

F'(ty ~F|T°, F'(t) ~F|T. (4)

Then, taking (2) into account, Eq. (3) at t > @, takes
the form

wlte .,
T i =po). )

This means that for substances with good conductivity
on both sides of the SW front, unlike dielectrics, P(t)
can be readily obtained from j(t). Thus, in spite of the
fact that the thickness of the double layer is small

(A ~ @,D, see Table I), nonetheless j(t) contains in-
formation concerning the processes of mechanical de-
polarization behind the SW front!**], In the particular
case when the polarization is established jumpwise and
a double layer propagates behind the shock-wave front
(1< T or @ <T), formula (5) coincides with that
previously obtained in'*),

Although the solution (5) is valid only for t > @,,
nonetheless it makes it possible to estimate the value
of P(t)closeto t =0, since ®, K T. If it is assumed
that there is a polarization jump on the SW front, then,
unlike in dielectrics, where P, = jokT, in substances
with good conductivity, other conditions being equal,
the value of j, turns out to be smaller by a factor
to/®,. In terms of the equivalent electric circuit, the
appearance of the factor t,/®, = R/p,l can be inter-
preted as the shunting influence of the resistance of
the investigated sample.

For t > T we assume in analogy with (2) that @,
< to € t - T. Then, taking (4) into account, we obtain
from (29) of!*?)

xTt,

o P)=P)—P(t—T), (6)

where jp(t) is the relaxation current!****], Subtract-
ing (5) from (6), we find that after a time t - T ~ t,
we have

%Tto

o

Aj = —P(tﬂ)! (7)

where Aj = jp(T) - j(T). Thus, if the polarization on
the SW front reaches its maximum value within a time
t <t,, then a jump of the current will be observed at

t = T, in accordance with (7).

Inasmuch as the coefficient in (5) xTto/®,
= kR/poD, it follows that j(t) is independent of the
sample thickness. This conclusion is confirmed by
experiment.

We shall show that the current i(t) in the circuit
does not depend on S. Indeed, since the emf in the
circuit of the polarization pickup does not depend on
the load, and the circuit resistance consists of R and
the sample resistance, we get

(r+2)uwr=(r+E) 0,

where i,(t) and i»(t) are the polarization currents in
samples with areas S, and S.. At @, <K toor pl/S,
< R and pl/S; € R we have i,(t) =i,(t). In the case
of dielectrics, when pl/S > R, we get i,(t)/S,
=i5(t)/Ss, i.e., i(t) = j(t)SU,

The greater part of the obtained experimental data,
with account taken of (5), can be described by a single
formula

P(t) = Poe~[1 — &=, ®)

The physical meaning of (8) is that it represents in the
general case the process of establishment of polariza-
tion and mechanical depolarization in a shock-com-
pressed substance. The term with exp (-t/7) is the
consequence of the physically plausible assumption
that the process of mechanical depolarization per unit
volume of the medium is determined by the time that
this volume remains behind the SW front!'"), The
second term represents the polarization-establishment
process connected, for example, with the finite region
of the real shock transition. As a first approximation,
the time dependence of this process is taken in the
form of an exponentially growing function, which de-
scribes qualitatively the experimentally obtained plot
of U(t) with a stretched out signal-establishment
front. We note that whereas at p = 200 kbar the value
nD is comparable with the region of the phase trans-
formation, at p = 40 kbar the quantity nD is apparently
much larger than the width of the shock transition.
The function (8) has a maximum at

tr=nln(141/n), )
T\ VY ¢
P =P, — —_—
(t)=Pi(1+ Tl) . (10)
differentiating (5) and taking (8) into account, we obtain
n:poﬁg(d")" (11)

xR ’Et— i~ty )
If tp < T, then expressions (9)—(11) make it possible
to find Py, 7, and 1. In the particular case when
7 > T or n — 0, Eq. (8) simplifies to

P = Py[1— e'] (12)

13)

or
P = Pe''".
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FIG. 4. Values of (T/n) and (T/7) for the theoretical curves: 1—1(1);
2-1(0); 3—10(0); 4—0.1(0); S—oo(1); 6—°0(10); 7—22(0.1).

Table III
‘ Si n-si Si p-si
Po, ohm-cm 4.5 7.5 5 7.5
Pg, C-cm™ 1,6.10-¢ 1.1.107¢ 8.1G-8 1077
, Msec 0,97 0.75 0.55 0.1

The values of P, and 1 can be determined from (11)
and (12), and P, and 7 can be found from (13) at t = t,
and t = T. The value of T can also be obtained from
the polarization jump at t = T:

v=T{ln[1—j(T) /i ()]}

The curves of the polarization current (0 <t < T)
and of the relaxation current (T <t < 2T) calculated
from (5) and (6), with account taken of (8), for different
values of 7 and 7, are shown in Fig. 4. A comparison
of the calculated and the experimental U(t) curves
shows a qualitative agreement between experiment and
calculation. The values of P, = f(N) calculated from
(5) at p = 40 kbar are given in Table I. The values of
P, and n at p = 200 kbar, for different values of p,,
determined from (11) and (12), are listed in Table III.

3. The mechanism of the shock polarization of sili-
con is not clear in many respects. However, the large
values of 7 and 7n obtained from the reduction of the
experimental data, and also the fact that P, increases
with N, offer evidence in favor of the hypothesis ad-
vanced by us earlier[""’], namely the volume redistri-
bution of the ionized impurity atoms during the course
of the passage of the shock wave through the silicon.

It can be assumed further that as a result of the
smaller dimensions of the impurity ions (the radius of
the boron anion is 0.89 A and that of the phosphorus
cation is 1.1 A), compared with the silicon atoms

(1.17 A") and the low binding energy of the impurities
with the main lattice (0.044 eV!'®)), the mechanism of
volume polarization consists in the following: 1) forma-
tion of bound or separated Frenkel pairs possessing an
electric moment by the impurities under the influence
of the shock wave, and 2) orientation of these pairs in
the direction of motion of the shock wave. This as-
sumption is confirmed by the data of!'®), where it is
shown that with increasing degree of doping of the
silicon the number of point defects produced after
shock loading increases.

The electric field produced upon polarization be-
comes cancelled out after a time ® by the field of the
carriers. This state of matter is analogous to the

V. N. MINEEV, et al.

state of the ‘‘short circuited’’ electret, in which the
total field is equal to zero at nonzero polarization[”].
However, whereas the electret can remain in such a
state for a sufficiently long time, in the case of a shock-
compressed semiconductor this time may be compara-
ble with the characteristic time of the experiment (T).
The process of establishment of the thermodynamic
equilibrium will be characterized by a time 7 and can
consist in the fact that during the time ~ 7 the ions of
the impurities occupy the vacancies. This depolariza-
tion process will cause a change in the electric field of
the carriers. If 7 & @, then the law governing the
variation of this field with time will coincide with the
law governing the change of polarization.

Let us estimate the order of magnitude of the
polarization of silicon within the framework of the
hypothesis under consideration. We assume that all
the ionized atoms of the impurity are displaced by one
lattice period along the direction of propagation of the
shock wave relative to the lattice of the host material.
Then the polarization of 1 cm?® of matter is P = qN¥3,
where N is the number of ionized impurity atoms with
charge q equal to the electron charge. The results of
the calculation are listed in Table 1. Comparisons of
the values of P obtained from the foregoing estimate
and from the reduction of the experimental data with
the aid of the phenomenological theory (see Table I)
show these quantities to be in qualitative agreement.

From the fact that P, depends on N and p it
follows that the direction of the displacement of the
impurity ions in the SW front relative to the lattice
of the silicon itself is a function of N and p. Thus,
for example, it must be assumed that at p = 200 kbar
the phosphorus cations move against the direction of
propagation of the shock wave, and the boron anions in
its direction (independently of the number N). At
p = 40 kbar and p, = 4.5 ohm-cm, the displacement of
the phosphorus and boron ions in the SW front is in the
direction of the SW propagation.

The presence of shock polarization in a substance
with good conductivity ahead of and behind the SW
front means that a double electric layer of thickness
A = @D propagates in such a medium together with the
front (at n =0). Assuming that the potential difference
across this layer is equal to the value of U, observed
in the experiment, let us estimate the field intensity E
in this layer: E = Uo/A. The obtained values of A and
E for the investigated samples at p = 40 kbar are
listed in Table I.

We note that the conclusions of the phenomenologi-
cal theory of shock polarization, drawn in the present
paper, can apparently be extended also to substances
with better conductivity than the investigated semicon-
ductors. We note in this connection that an emf of the
order of 10—-100 mV was observed by the authors in
shock compression of a number of metals (bismuth!*]]
beryllium, zinc, magnesium, ytterbium) at
p = 100—1000 kbar. It is possible that it is precisely
the shock polarization of the metals which explains the
results of a number of authors!?*?>»" who investigated
the emf of the shock-compressed pair nickel-copper.
In the cited papers, the observed emf (~10—30 mV)
turned out to be 2—4 times larger than the expected
emf,
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In the case of U(t) = const, one cannot exclude the
possibility that the observed emf is due to volume
processes with short transient times, for example with
electronic polarization. Let us estimate the maximum
value of the emf behind the SW front due to electronic
polarization of the medium, from the condition that the
field intensity E in the double layer does not exceed
the breakdown values. Putting E ~ 10° V, we find
U~ EtD~ 5mV, where £ ~ 107" sec is the relaxation
time of the electronic polarization. An emf of this
order of magnitude cannot be discerned in shock com-
pression of dielectrics (in view of the tremendous
internal resistance possessed by the dielectric when
regarded as the source of the emf), but can be meas-
ured in the case of motion of a shock wave through
semiconductors or metals.

We note that we found no acceptable explanation for
the following facts:

a) The emergence of the elastic wave at the meas-
uring electrode (t = T) is accompanied in all cases by
a decrease of U(t). This means that P(t) should also
be determined only by the parameters of the elastic
wave, i.e., U(t) should be independent of the pressure
in the pressure interval from 40 to 200 kbar. This,
however, is not confirmed by the experiment.

b) As indicated above, the change of p from 40 to
200 kbar leads to a radical difference in the structure
of the SW front. However, in view of the insufficiency
of the experimental data, it is impossible to estimate
the contribution made to P(t) by each of the three
waves at p = 200 kbar,

CONCLUSIONS

1. The emf observed following shock compression
of silicon is due principally to volume processes be-
hind the SW front, i.e., to shock polarization. The de-
pendence of the surface density of the bound charges on
the SW front on the number of impurity atoms, and also
the large times of establishment and destruction of the
polarization, indicate that the mechanism of the phe-
nomenon is apparently connected with the ionized im-
purity atoms.

2. Unlike in dielectrics, the polarization current re-
corded in the external circuit following shock compres-
sion of semiconductors is determined only by the time-
varying polarization.

3. The thermodynamic equilibrium in the electric
phenomena under consideration is characterized by the
relaxation times 7 ~ 0.1—1 usec. Times of the same
order are characteristic of shock-polarization pro-
cesses in ionic crystals!™! and in organic substances
consisting of polar molecules (see, for example,!**),
This indicates the absence of a strictly thermodynamic
equilibrium behind the SW front in the substances un-
der consideration®. However, the noted effect is small,
since the change of the external energy of these sub-
stances due to the shock polarization amounts to
107—=10739, of its total increment on the SW front
(~10' erg/cm?).

3 A similar conclusion was drawn by Luzin [2*] on the basis of a
theoretical analysis of the motion of shock waves in an ideal crystal
lattice.
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A further study of the mechanism of shock polariza-
tion of semiconductors is expected to be connected with
investigations of the phenomenon of the growth of
polarization behind the shock front, with clarification
of the roles of elastic and plastic waves in the polari-
zation of silicon, and also with physical interpretation
of the reversal of the sign of the polarization with
changing pressure on the SW front.
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