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The low-temperature charge transport inn-CuGaSe2 was investigated in zero and nonzero magnetic
field. Both the Mott as well as the Shklovskii–Efros regimes of the variable-range hopping are
observed in different temperature intervals. The complete set of the parameters describing the
properties of the localized electrons~the localization radius, the dielectric permeability, the width of
the Coulomb gap, and the values of density of states at the Fermi level! are obtained by analysis of
the conductivity in zero field, on one hand, and the positive magnetoresistance in a small field, on
the other hand. The negative magnetoresistance in low fields is observed in all specimens in both
hopping regimes. Moreover, it is interpreted as a result of quantum interference between different
paths of the tunneling electrons in conditions of scattering by intermediate centers. ©2000
American Institute of Physics. @S0021-8979~00!00720-9#

I. INTRODUCTION

CuGaSe2 ~CGS!, belonging to the I–III–VI2 family of
chalcopyrite compounds, has been studied as a very promis-
ing material for photovoltaic applications. Efficiencies ex-
ceeding 9% have been obtained for single crystal as well as
thin film solar cells.1,2

Recently, it has been demonstrated thatn-type CGS can
be achieved by codoping with Ge and Zn.3 The samples have
been doped with Ge by ion implantation and posttreated in a
Zn atmosphere. Room temperature carrier concentrations up
to 1017cm23 have been reported. The preparation ofn-type
CuGaSe2 might be helpful by improving the efficiency of
photovoltaic devices using homojunctions and therefore re-
ducing the interface recombination of conventional hetero-
junction solar cells (CuGaSe2 /CdS/ZnO).

The Hall effect, the electrical conductivity, and the
charge carrier mobility ofn-type CuGaSe2 single crystals
were studied in the temperature range between 2 and 300 K.4

The values of the gap between the conduction band and the
impurity band, the concentration of donors, and of compen-
sating acceptors were determined. Moreover, the mobility
above 100 K was described by scattering of conduction band
electrons at phonons and impurities.

In this article, we report for the measurements of the
low-temperature ~down to T52 K! conductivity of
n-CuGaSe2 single crystals in zero and nonzero magnetic
fields. The purpose of the work is to investigate variable-
range hopping conductivity of this compound. Analysis of
the experimental data is performed to determine parameters

of the localized electrons such as the localization radius, the
dielectric permeability, the density of states at the Fermi
level and the width of the Coulomb quasigap. Additionally, a
negative magnetoresistance is observed and analyzed using
different models of quantum interference between the hop-
ping electrons.

II. CRYSTAL GROWTH AND EXPERIMENTAL
METHODS

CuGaSe2 single crystals were grown by chemical vapor
transport using iodine as a transport agent. Ge ion implanta-
tion ~dose of 1 – 531015cm22, acceleration voltage 200 kV!
was performed on Cu-annealed~500 °C/120 h! single crys-
tals. In order to achieven-type conduction the samples were
annealed in the presence of Zn.3 Samples No. L1 and No. L2
were annealed for 10 min~rapid thermal annealing! to heal
the implantation damage, whereas samples No. 3 and No. 4
were slowly ramped to the annealing temperature and held at
the elevated temperature for 1 h. The parameters are summa-
rized in Table I. The magnetotransport properties of the
CuGaSe2 samples were measured in the temperature range
from 2 to 100 K at magnetic fields up to 8 T using a con-
ventional dc setup for Hall and resistivity measurements. Pa-
rameters such as donor concentrationNd and degree of com-
pensationK were calculated using the procedure presented in
Refs. 4 and 5.

III. EXPERIMENTAL RESULTS

The temperatureT dependence of the conductivitys of
the investigatedn-CuGaSe2 crystals is shown in Fig. 1~a!,
ands vs 1/T is displayed in Fig. 1~b!. It is evident that thea!Electronic mail: hendrik@lucent.com
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conductivity of CuGaSe2 has an activated character, includ-
ing two intervals with different slopes of the function of
s(1/T) @Fig. 1~b!#. The first one, at high temperatures, is
connected with the band conduction~activation of electrons
from donor levels to the conduction band! while the second
one, on the low-temperature side, is determined by the hop-
ping conductivity, or transitions between the impurity cen-
ters or localized states inside the impurity band. The low-
temperature slope is not constant but varies withT
suggesting variable-range hopping~VRH! conduction. The
resistivity versus magnetic fieldB is shown in Fig. 2~No. L1!
and in Fig. 3~No. 3! for different temperatures. The depen-
dence of lnr(B)/r(0) onB for No. 4 is quite similar to that of
No. 3 ~Fig. 3!. At small magnetic fieldsB the magnetoresis-
tance~MR! is negative MR~NMR! for all investigated speci-
mens reaching a maximum value of;20% for No. L1 ~Fig.
2! and;5%–10% for No. 3~Fig. 3! and No. 4. WhenB is
increased positive MR~PMR! is observed up to the highest
applied field~8 T!. In addition, both contributions to the MR,
the NMR, and the PMR, depend significantly on tempera-
ture.

IV. DISCUSSION

A. VRH conductivity of n-CGS for BÄ0

If it is energetically favorable for localized electrons to
hop beyond the nearest-neighbor impurity centers, so that the
average hopping length exceeds the average distance be-
tween the donors, VRH conductivity sets in.6 In conditions
of strong localization, Nd

1/3j;Nd
1/3aB!1 ~where Nd is the

concentration of the donor impurities,j is the localization
radius, i.e., the length where the wave function of the local-
ized electron is not exponentially small, andaB is the Bohr
radius! VRH can only be observed within a relatively small
temperature interval of hopping conduction. Otherwise, or
more strictly, if Nd

1/3j<0.25 @the regime of theAnderson
localization, which takes place near the metal–insulator tran-
sition ~MIT !# VRH conduction can be observed inside the
whole interval of the hopping conductivity.6

Two different types of VRH should be distinguished.
Mott ~M!-type VRH takes place when the electron density of
states~DOS! g(m), at the Fermi levelm is constant,6,7 and
Shklovskii–Efros~SE!-type of VRH is found when the DOS
has a parabolic quasigap due to the long-range Coulomb cor-
relations of the localized electrons in the energy range be-
tweenm2D andm1D.8 The conductivitys can be expressed
in both cases of VRH as

s~T !5s0 expF S T0p

T D 1/pG , ~1!

where the prefactors0 depends only weakly onT, T0p is the
characteristic hopping temperature, withp52 in the SE–
VRH or p54 in the M–VRH regimes, respectively. The
characteristic temperature,T0p , for both cases of VRH con-
duction can be expressed as7,8

FIG. 1. Temperature dependence of the conductivitys of the investigated
n-CuGaSe2 single crystals.~a! s vs T and ~b! s vs 1/T.

FIG. 2. MR r(B) of sample No. L1 as function of magnetic fieldB for
various temperatures from 2 to 50 K.

FIG. 3. MR r(B) of sample No. 3 as function of magnetic fieldB for
various temperatures from 2 to 70 K.

TABLE I. Doping parameters~implantation dose, acceleration voltage, an-
nealing time and temperature! for the investigatedn-CuGaSe2 single crys-
tals.

Sample
No.

Dose
~cm22!

Acc. voltage
~kV!

Time
~min!

Temperature
~°C!

L1 1015 150 10 380
L2 1015 150 10 400
3 1015 200 60 400
4 531015 200 60 400
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T045
b4

kBg~m !j3 , T025
b2

kBkj
, ~2!

whereb452161, b252.8, andk is the dielectric permeabil-
ity.

Assuming a rectangular shape of DOS in the interval
m2DE, m1DE for simplicity reasons,g(m) can be written
as

g~m !5H Nd /~2DE !, uE2mu<DE

0, uE2mu.DE
, ~3!

and the temperature of the onset of M–VRHT
v4 can be

obtained by8

T
v45

DENd
1/3j

~2b4!1/3kB
. ~4!

The temperature of the transition to VRH conduction
over states of the Coulomb gap~SE regime!, or the opening
of the Coulomb gap, can be expressed as follows:8

T
v25

Nd
2/3je2

2kkB
. ~5!

The values of the width of the quasigap,D, and the DOS
outside the gap,g0 , are given by8,9

D5

kB

2
AT02Tv2, g05

kB
2k3T02Tv2

16e2 . ~6!

The type of hopping conduction can be determined from the
experimental data by analyzing the local activation energy,

Ea
8 ~which is defined asEa52d ln(s)/d(kBT)21! using the

universal relation ln(s);T1/p. The value ofp can be obtained
from the slope of the plot ln(Ea /kBT) vs lnT ~see Fig. 4!.

A simple estimation for the DOS at the Fermi levelm
can be obtained using the following approximation:8

g~m !'
KNd

E0
, ~7!

where E05e2/(k0rd) is the energy of the Coulomb repul-
sion, rd5(4pNd/3)21/3 is the half of the mean distance be-
tween the donors,K is the degree of the compensation, and
k0'13.6 is the dielectric permeability of CuGaSe2 , far from
MIT.

As evident from Fig. 4, both VRH regimes can be found
in all investigated specimens. However, in No. L1 and No.
L2 the SE regime is observed much more clearly than in
samples No. 3 and No. 4, respectively. In the latter case
SE–VRH covers only the smaller part of the interval of the
hopping conduction at the lowest investigated temperatures
~below 5 K!. The parametersT02, T04, T

v2 , andT
v4 can be

obtained with sufficient accuracy by plotting of lns vs T1/p

~not shown! using Eq.~1!. Their values are summarized in
Table II.

Using Eqs.~2!, ~4!, and ~5! one can easily derive the
corresponding expressions for the localization radiijM , jSE

~where the subscript M and SE refer to the VRH regimes in
which the value of the localization radius are obtained!, the
DOS at the Fermi levelg(m), and the dielectric permeability
k as follows:10

g~m !5

Nd

2kB~T
v4
3 T04!

1/4, ~8!

jM5

b4
1/3

@kBT04g~m !#1/3, ~9!

k5

e2Nd
1/3b2

1/2

kB~2T02Tv2!1/2, ~10!

jSE5
b2e2

T02kkB
. ~11!

The values ofD andg0 can be calculated using Eq.~6!.
All these parameters are summarized in Table II.

First of all, it should be pointed out that bothjM andjSE

for samples No. L1 and No. L2 are much higher than those
found for No. 3 and No. 4. On the other hand, the values of
T02 and, especially,T04, are quite comparable for all

FIG. 4. Local activation energyEa @Ea52d ln(s)/d(kBT)21# vs lnT. The
dashed lines correspond to a slope of21/2 and21/4, respectively. They
correspond to the regimes of SE- and M-type VRH.

TABLE II. Parameters describing the properties of localized electrons inn-CuGaSe2 determined from the transport data in zero field@donor concentration
Nd , degree of compensationK, characteristic hopping temperaturesTvp , density of states at the Fermi levelg(m), density of states outside the Coulomb gap
g0 , density of states calculated using Eq.~7! gcalc, localization radiij, dielectric permeabilityk, and Coulomb gapD#.

Sample
No.

Nd

(1016 cm23)
K

~%!

T
v2

~K!

T
v4

~K!

T02

~K!

T04

~K!

g(m)
(1016 cm23 meV21)

g0

(1016 cm23 meV21)
gcalc

(1016 cm23 meV21)
jM

~Å!
jSE

~Å! k
D

~meV!

L1 0.54 33 9 50 33 1840 0.026 0.036 0.061 810 730 20 0.76
L2 0.98 22 15 47 55 3140 0.042 0.039 0.060 580 590 14 1.25
3 12 83 4 22 15 1040 1.2 1.8 1.2 270 250 124 0.33
4 19 85 5 25 19 940 1.8 2.3 1.9 250 220 116 0.42
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samples, despite of the profound differences betweenNd for
the pairs of samples No. L1 and No. L2 and samples No. 3
and No. 4, respectively. Furthermore, comparable values ofj
have been obtained for No. 3 and No. 4, in good agreement
with the observation of similar values ofT02 and T04 and
those of Nd . This allows us to suppose that the earlier
method to determine of the characteristic parameters given in
Eqs.~8!–~11! can be applied only to No. 3 and No. 4, but not
to No. L1 and No. L2 . A possible reason may be the different
methods of preparation, especially the differences in the
postimplantation annealing of these specimens, that may
lead, e.g., to the formation of impurity clusters or some ad-
ditional defects in samples No. L1 and No. L2 . In such a case
it may not be applicable to assume a homogeneous distribu-
tion of impurities in order to obtain values forNd and K.
This could lead to the observed disagreements. On the other
hand, we can compare the results listed above for No. 3 and
No. 4 ~Table II! with those found for No. 7 of CuGaSe2 in
Ref. 11~in the M–VRH regime! with a comparable value of
Nd59.631016cm23 and similarly K554%: T045580 K,
T

v4519 K, and jM5290 Å. The agreement between these
data and those obtained for No. 3 and No. 4~Table II! is
quite satisfactory to conclude that Eqs.~8!–~11! give reason-
able estimations for the corresponding parameters. More-
over, the estimations of the DOS by Eq.~7! correlates well
with both values ofg(m) andg0 found for these samples.

In the following subsection we will apply an additional
method to determine the localization radiusj, the DOS, and
the permeabilityk. However, this technique does not involve
the utilization of the values ofNd andK. We will show that
more consistent values ofj are obtained for all investigated
specimens. Although the agreement betweenjM andjSE will
not be as good as that displayed in Table II, a reasonable
explanation of this particular disagreement will be proposed.

B. PMR of n-CuGaSe2

As mentioned earlier~Sec. II!, a transition from the rela-
tively small initial NMR to a much larger PMR is observed
~Figs. 2 and 3!, when B is increased. PMR in the hopping
regime is determined by a shrinkage of the electronic wave
functions perpendicular to the field8 and exhibits, generally,
an exponential type of dependence onB.8 However, this de-
pendence is different for the different field strengths. Addi-
tionally, PMR in the VRH regime in an arbitrary field can
depend strongly on the scattering of hopping electrons by
intermediate impurity centers, resulting in a more complex
dependence onB.12 On the other hand, PMR has a universal
~and rather simple! field and temperature dependence in
weak fields, given by the conditionl@j @where l
5(\/eB)1/2 is the magnetic length#,8,12 which does not con-
tain any scattering parameters. Moreover, important informa-
tion about the localization radius and DOS can be obtained
by analyzing PMR in weak fields. Therefore, later we will
restrict our analysis of PMR to the interval of a weak mag-
netic field. Furthermore, we will compare the values esti-
mated by this method with those obtained in the previous
subsection.

In a weak field PMR satisfies the following equation:8

ln
r~B !

r~0!
5Ap~T !B2, ~12!

whereAp is given by

Ap~T !5Ap0T23/p ~13!

andAp0 can be expressed as

Ap05tp

j4e2T0p
3/p

\2 , ~14!

wheret250.0015 andt455/2016 are the constants.
Hence, a plot of lnr(B)/r(0) vs B2 in low fields should

result in a straight line starting from the origin according to
Eq. ~12!. Here we suppose, first, that the NMR and PMR
contributions to MR are additive, and, next, that NMR satu-
rates with increasingB. Therefore, the contribution of NMR
can be neglected when the field is increased. As evident from
Figs. 5 and 6, all these conditions are satisfied quite well for
all investigated specimens. In both VRH regimes we observe
a quadratic field dependence of the PMR in agreement with
Eq. ~12!. The dependencies ofAp(T) vs T3/p are linear func-
tions ~see Fig. 7!. However, the plots ofA2(T) vs T3/2 for
No. 3 and No. 4 do not start from the origin suggesting, at a
first glance, an additional temperature-independent contribu-
tion to the PMR. On the other hand, one should take into

FIG. 5. PMR in the SE regime for sample No. 3. The quadratic field depen-
dence is clearly observable.

FIG. 6. PMR in the M regime for sample No. L1 . The quadratic field
dependence is clearly observable.
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account the wider region of the M–VRH for these specimens
as compared with relatively small interval of SE–VRH,
whereas for No. L1 the intervals of both VRH regimes are
similar ~Fig. 4!. This may shift the starting point of the de-
pendence given by Eq.~13! for p52 for No. 3 and No. 4
while for No. L1 such shift is negligible. The values ofAp0

are summarized in Table III. Also, in Table III, values ofjM

andjSE using Eq.~14!, g(m) andk evaluated by Eq.~2!, and
g0 calculated with the second of Eq.~6! are displayed. A
comparison of the data of Tables II and III reveals that the
values ofjSE for No. 3 and No. 4 obtained by both methods
agree well. Furthermore, no inconsistency between the val-
ues of this parameter for No. 3 and No. 4, on one hand, and
for No. L1 , on the other hand, is observed in Table III.~They
are quite comparable, as expected from the similarity ofTop

for all specimens.! However, the values ofjM in Table III
are systematically and measurably lower than those ofjSE.
The reason for this disagreement is obvious and implies that
DOS does not have a perfect rectangular shape~as has been
assumed for M–VRH conduction! but contains a gap near
the Fermi level~which leads to the SE–VRH!. Therefore,
analysis in the M–VRH regime implies a systematic inaccu-
racy, which will be larger the broader the Coulomb gap, and
consequently, the larger interval of SE–VRH compared to
the M–VRH regime is. The difference betweenjM andjSE is
largest for No. L1 in accordance with the largest value ofD
~among samples No. L1 , No. 3, and No. 4, see Table II!. One
can also observe the measurable discrepancy betweeng(m)
and g0 in Table III, which is related to the same reason.
However, the values ofg(m) and g0 must be comparable.
Taking this into account and the fact thatT04;1/@g(m)j3#,
we can expect that both ratios,@g(m)/g0#1/3 and jSE/jM ,
would be similar, too. As evident from Table II, this relation
is satisfied within an error of;8%–15%. Finally, we would
like to mention good agreement between the values ofk for
No. 3 and No. 4 obtained with both methods.

To conclude, although the interval of SE–VRH in
samples No. 3 and No. 4 is relatively narrow, the most ac-
curate data onj andk in CuGaSe2 can be estimated in this
interval by both methods. The first method is more appropri-
ate for determination of DOS in both VRH regimes. Taking
this into account, we obtain the complete and consistent set
of parameters characterizing the properties of the localized
electrons inn-CuGaSe2 . However, for samples No. L1 and
No. L2 the first method is found not to be inapplicable, sug-
gesting significant differences between them and No. 3 and
No. 4 probably due to different crystal growth methods.

C. NMR of n-CuGaSe2

In this subsection we analyze NMR observed at small
fields in samples No. L1 , No. 3, and No. 4~Figs. 2 and 3!. It
can be expected that in nonmagnetic semiconductors NMR
has the orbital nature. Moreover, it is generally believed that
in the VRH region this phenomenon is connected with quan-
tum interference~QI! between hopping electrons.12 Exten-
sive experimental investigations in different semiconductors
have proved this point of view. However, different theoreti-
cal approaches to QI in the VRH region were put forward in
order to interpret NMR. Excluding perhaps a narrow interval
in the vicinity of the MIT,13 it is now widely accepted that
NMR in the VRH regime is a consequence of QI between
different paths, which are formed due to scattering of the
tunneling electron by intermediate scattering centers. These
centers are located within a cigar-shaped volume of the char-
acteristic lengthR and the transversal radius (Rj)1/2, where
R is the hopping length.12 Two theoretical approaches to QI
can be formulated, depending on how many scattering cen-
ters ~or scattering acts! are included inside the volume
;R(Rj)1/2, or in other words, on the degree and nature of
disorder in the material

~i! In doped crystalline semiconductors the disorder
originates presumably from the randomness of the positions
of doping atoms. In this case, the same type of atom serves
both for hopping and for scattering. Therefore, it can be
shown that the number of scattering centers would be of

FIG. 7. ParametersA4 andA2 describing the temperature dependence of the
positive MR in the M and SE regime, respectively, as function of tempera-
ture.

TABLE III. Parameters describing the properties of localized electrons inn-CuGaSe2 determined from the positive magnetoresistance@characteristic of the
temperature dependence of PMRAvp , localization radiij, density of states at the Fermi levelg(m), density of states outside the Coulomb gapg0 , and
dielectric permeabilityk#.

Sample
No.

A20

(T22 K3/2)
A40

(T22 K3/4)
jM

~Å!
jSE

~Å!

g(m)
(1016 cm23 meV21)

g0

(1016 cm23 meV21) k @g(m)/g0#1/3 jSE/jM

L1 0.14 0.030 120 220 8.3 1.4 66 1.8 1.8
3 0.045 0.049 150 220 7.4 3.7 145 1.3 1.5
4 0.047 0.046 150 200 8.1 4.5 124 1.2 1.3
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order unity. This situation was analyzed first in Ref. 14 and
the theory was further developed in Ref. 15.

~ii ! A second class of materials~including, e.g., amor-
phous or polycrystalline semiconductors! contains a large
number of defects which do not produce localized states in
the vicinity of the Fermi level but can scatter a tunneling
electron. As a result multiple scattering can be expected, us-
ing the approach that was developed in Refs. 16 and 17.

In order to distinguish between these two situations, it is
convenient to analyze NMR in the limit of very small fields
which is defined by the condition that the magnetic flux
through the interference areaR1/2j is comparable with the
flux quantumf0 .12,18 In this caseDr(B)/r(0) has a simple
form, similar for both approaches

Dr~B !

r~0!
5 f ~T !B2, ~15!

where f (T);T2q.
In the second case~ii ! the exponentq53/p depends on

the regime of VRH, whereas in the first case~i! q51 is the
same in both VRH regimes. Additionally, for this case
simple equations for the characteristic fields in the M–VRH
regime,Bmax(T)'0.8B0(T) andBzero(T)'1.3B0(T), where
Bmax andBzeroare the fields at whichDr(B)/r(0) attains the
maximum absolute value or changes the sign, respectively,
are predicted@with B054\T3/8/(j2eT04)

3/8#. Experimen-
tally, slightly different values of the exponentq are reported
for various materials, includingq50.77 and 0.83 similar to
that of the case~ii ! in the M–VRH in n-CuInSe2 ,19 and q
51.2 in n-GaAs,20 and 1.3 inn-CdSe21 similar to q51 in
the case~i!.

As shown in Figs. 8 and 9, the quadratic field depen-
dence of NMR is well observed in both VRH regimes for all
investigated specimens. The criterion of the very weak field
is well satisfied also. The functionsf (T), obtained from
Figs. 8 and 9 for each specimen are displayed in Fig. 10. As
seen from this figure, the values of the exponentq51 are the
same for No. 3 and No. 4 in both VRH regimes. In addition,
excellent agreement with the predictions earlier forBmax(T)

andBzero(T) is observed for both specimens No. 3 and No. 4
in the M–VRH interval~see Fig. 11!. Hence, we can con-
clude that NMR in these samples takes place in conditions of
the regime of single scattering~case i!. On the other hand,
for No. L1 the situation is quite different. As predicted for
the case~ii !, q53/2 and 3/4 are observed in the SE– and
M–VRH regions, respectively, while the temperature depen-
dence of both characteristic fields,B0 and Bmax, is in con-
trast to the prediction in case~i! except for a small interval
betweenT'40– 50 K. This allows us to establish that the
properties of sample No. L1 are governed by multiple scat-
tering ~case ii!. A possible reason for such nonuniversal be-
havior in one and the same material may be different condi-
tions in which the samples No. L1 , No. 3 and No. 4 have
been obtained. Disorder and defects might arise from re-
sidual implantation damage due to the short annealing pro-
cedure.

V. CONCLUSIONS

VRH conduction inn-CuGaSe2 in zero and nonzero
magnetic field was investigated. Both VRH regimes, M and
SE, are observed in different temperature intervals. The com-
plete set of the parameters describing the properties of local-

FIG. 8. NMR of samples No. 3, No. 4~left!, and No. L1 at small fields at
low temperatures~SE regime!. The dashed lines correspond to a qua-
dratic fit.

FIG. 9. NMR of samples No. 3, No. 4~left!, and No. L1 at small fields in the
M regime. The dashed lines correspond to a quadratic fit.

FIG. 10. Temperature dependence of the prefactor of the quadratic NMR for
samples No. L1 ~inset! and No. 3 and No. 4.
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ized electrons~the localization length, the dielectric perme-
ability, the width of the Coulomb gap, and the values of DOS
at the Fermi level! are obtained by the analysis of the VRH
conduction in zero field, on one hand, and PMR in a small
field, on the other. The investigated samples can be divided
into two groups~i! No. L1 ~and No. L2! and ~ii ! No. 3 and
No. 4. For the second group the results obtained with both
methods are consistent, taking into account the conditions of
their applicability. On the other hand, for No. L1 the first
~zero field! is found to be inapplicable, while the results
found by the second one (PMR;B2) agree reasonably well
with those for the second group.

NMR in low fields is observed in all the specimens in
both VRH regimes. It is interpreted as a result of quantum
interference between different paths of the tunneling electron
in conditions of scattering by intermediate centers. From the
temperature dependence of the prefactorf (T) of the low-
field ~quadratic! asymptote of NMR and those of the charac-
teristic fieldsBmax(T) and Bzero(T) it has been established
that again, the investigated samples can be divided into the
same two groups depending on what kind of scattering
~single or multiple scattering! takes place in the formation of

NMR. The possible reason for this nonuniversal behavior
lies in the different methods of the sample preparation. Re-
sidual implantation damage inn-CuGaSe2 seems to domi-
nate the properties of the localized electrons at low tempera-
tures.
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