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The phase relaxation time is estimated from the magnetic field dependences of the
conductivity at liquid helium temperatures. It is shown that the phase relaxation
time is determined by the electron—phonon collisions and the lifetime of single-
particle excitations under conditions with short mean free paths.

PACS numbers: 72.20.Jv, 72.20.My, 72.80.Ey, 71.38. + i

It is shown in a number of experimental papers' that the theory of quantum
corrections to conductivity’~® which explains the phenomenon of negative magnetore-
sistance in semiconductors in the metallic conduction range, agrees well with experi-
ment. This allows using the theory to determine the parameters which describe the
behavior of the electron gas. In particular, for the simplest case of noninteracting
electrons and the standard conduction band, as in n-GaAs, the relaxation time for the
phase of the electron wave function 7, determines the change in the conductivity in a
magnetic field as follows?:

Aoy (H)=a, ZGT"\/Z Fixe), )

where G, = e*/27°#, x; = (21, /1), I, =/Dr,, fo(x,}=F(67") is the function pre-
sented in Ref. 2, [, = #ic/eH is the magnetic length, D is the diffusion coefficient, and
a, = 1. It is shown in Refs. 3 and 4 that «, can be less than unity by an amount 5 (1 ),
where 4 is the electron interaction constant and (4 ) is the function computed in Ref.
4. The remaining quantities in (1) are well known or are determined from experiment.

Figure 1 compares the experimentally measured magnetoconductivity
Aoy(H)=p~'(H) — p~'(0) ( p is the specific resistance of the specimen) as a function of
the magnetic field H in n-GaAs with electron concentration (1.7 — 83)x 10'* cm™* to
the theoretical dependences constructed using (1) with the parameters 5 and 7, giving
better agreement with experiment. The corresponding values of 8 and 7 for different
specimens are presented in Figs. 2 and 3 as a function of the electron concentration n
and temperature 7. The quantity /3 varies on the average from 0.7 to 0.3 with increas-
ing concentration (Fig. 2). The values of 7, found were compared with the damping
time for single-electron excitations H~10 and 4o, (H) and to the electron-phonon
collision frequency 4 /7,,. In order to esimate 7, in GaAs, we used the numerical
factor computed in Ref. 7. The dependences of #/7\) + #/7,, and #/72 + #/7,, on
‘the electron concentration are shown in Fig. 2 (in calculating 72, we used the average
value of the mobility for the specimen studied z = 1500 cm?/Vs). The experimental
values of #/7, agree well with the values of #/7% + #i/7,,. Figure 3 presents the
temperature dependence of #/7,, for a specimen with concentration n = 3.7X 106
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FIG. 1. The magnetoconductivity 4o as a function of the magnetic field H. The symbols indicate the
experimental values for specimens with concentration n (10'¢ cm—3): 1) 1.7, 2) 17, 3) 27, 4) 30, 5) 83; (A)~(D)
3.7; the temperature T (K) is 1-5) 4.2; (A) 2.1; (B) 3; (C) 4.2; (D) 7.5. The continuous lines indicate the
calculation of Ao (H) (1) and the dashed line indicates — Ao, (H) — do,(H).
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FIG. 2. Dependence of #/7K), B, and H_, (kG) on the electron concentration. The dots indicate experimen-
tal values. Calculation: 1) #/7%; 2) #/7%); 3) #i/7,,; 4) #/7so; 5) H,,. Dashed lines: 1a) #/7%) + #/7,,, 2a)
—H/7) + BT,
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FIG. 3. #/7, (K) as a function of temperature T (K). The points indicate the experimental values and the line
indicates the calculation of #/7,,.

cm 3 (curves 4 — I" in Fig. 1), which is close to the dependence T'>/2 predicted theore-
tically in Ref. 6 for #/T 2.

Thus, the phase relaxation time in GaAs is determined by the energy relaxation
time 7% with n~10" cm™ and electron-phonon collisions with 7~ 10'® cm™3.

We shall make several remarks. 1) The applicability of the theory in Refs. 2-5 is
restricted by the condition k; /> 1, where k. is the wave vector of the electron with
energy & p, [ is the free path. In spite of this, the values of 7, and B for specimen 1
with k; I~0.5 do not disagree with the remaining results (Fig. 2). 2) The other condi-
tion of the theory requires that the inequality /,; </ be satisfied (Ref. 2) and restricts
the possibility of comparing 4o,(H ) with the dependence (1) to values

H<H, (KG) = 10°/k; lu(cm®/Vs). 2)

For specimen 5 (u = 2000 cm?/V-s), H,, = 4.5 kG and the saturation of the depen-
dence Ao,(H ) for this specimen is possibly related to this (Fig. 1). The dashed line in
Fig. 2 corresponds to the electron concentration dependence of H,, for u = 1500 cm?/
V-s. 3) It is shown in Ref. 3 that in n-GaAs the dependence (1) change (a section with
Ao <0 appears in a weak magnetic field) if

Tso <qu’ (3)

where 7, is the electron spin relaxation time in the presence of an interaction with an
orbital angular momentum. If it is assumed that the disagreement between the experi-
mental and computed values of 4o at H < 0.5 kG for specimen 2 with #n = 1.7 10"
cm ™~ (Fig. 1) is related to this phenomenon, then in order for theory to agree with
experiment, including this range of fields, it must be assumed that #i/75, = 2#/7, and
new values of 7, and B, shown by the cross marks in Fig. 2, must be used. The same
figure shows the electron concentration dependence of #i/7g, calculated using the the-
ory in Ref. 8. It is ievident from the figure that the inequality 7, <T,T, is satisfied
for n>2X%10'® cm™3. In this case conditions (2) and (3) overlap and a dependence of
the type (1) is no longer applicable. (It is possible that in specimen 2 the dependence
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Ac,(H) at H <0.5 kG is related to contact phenomena®.) 4) It is shown in Refs. 3 and 4
that electron interaction leads to additional corrections to the magnetoconductivity:
Ag;(H) is related to the repulsion of electrons and dog(H ) is related to the spin
interaction of electrons. The correction Ao (H ) is less than 1% of the magnitude of
Ao, for all specimens at H~10 kG and it may be ignored. Taking into account
Ao, (H) (dashed line in Fig. 1) improves the agreement between theory and experi-
ment. The values of #i/7, and f in this case do not change significantly. The interac-
tion constant, necessary to calculate Ao, was calculated from Eq. (14a) in Ref. 3 and a
starting value of the interaction constant 1 =1 (this estimate of A is substantially
incorrect only if 2<1).

We are deeply grateful to A. G. Aronov and B. L. Al'tshuler for many discussions
of the problems considered in this paper, to Yu. V. Shmartsev and A. A. Rogachev for
support and interest in this work, and to A. N. Titkov for consultation on the problem
of spin-orbital splitting in n-GaAs.

1) In order to calculate 7,, we used the theoretical parameter® @ = 0.04, which characterizes the spin
splitting of the conduction band of GaAs. This parameter was provided to us by A. N. Titkov.
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