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Study of compensation in insulating and metallic n-type CdSe using transport measurements
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The resistivity and the Hall coefficient of indium-doped cadmium selenide with carrier concentra-
tions spanning the insulator-to-metal transition have been measured as a function of temperature.
We demonstrate that use of the Hall mobility deduced from these data and careful analysis and ap-
plication of recent theory yield an estimate of the degree of compensation, E =N& /ND, for metallic
as well as insulating material. Combining these results with Hall coefficient measurements at room
temperature, one can then estimate both the number of donors, ND, and acceptors, N&.

I. INTRODUCTION

The transition from insulating to metallic behavior
which occurs in semiconductors as the dopant concentra-
tion is increased has been the subject of numerous studies
in recent years. Attention has focussed largely on doped
silicon and germanium, which have the important advan-
tage that the dopant levels can be well controlled and the
concentration of unwanted impurities can be kept very
small. These materials have indirect fundamental band
gaps, however, a fact which may introduce complications
in the interpretation of results and which also makes
some interesting measurements, such as Faraday rota-
tion, very difficult to perform and to analyze. On the oth-
er hand, direct-band-gap semiconductors such as CdS
and CdSe are much more difficult to prepare cleanly and
controllably. In addition to having non-negligible con-
centrations of unintended impurities, some degree of
self-compensation is unavoidable. In order to shed fur-
ther light on the metal-insulator transition, useful studies
of these materials require full and careful characteriza-
tion using a variety of different experimental probes. The
aim is to obtain information regarding impurity content,
the energy-level diagram including impurity levels, im-
purity bands and, if possible, the degree of compensation.

In this paper, we demonstrate that a careful analysis of
Hall coefficient and resistivity data obtained for n-type
CdSe with indium dopant concentrations spanning the
metal-insulator transition can be used to estimate the de-
gree of compensation, and thus both the numbers of
donors and of acceptors. Although this has been done
for semiconductors on the insulating side of the M-I tran-
sition (n & n, },albeit not always with great care, we show
that application of recent theory yields similar inforrna-
tion regarding the compensation for metallic samples
(n &n, }.

In the following, we brieAy describe our experimental
methods, and based on theory and on preliminary data
taken down to 1.2 K, we make an estimate of the critical
concentration n, . We discuss the overall features of the
Hall coefficient and resistivity data; we attribute the ex-

perimentally observed transport at high temperatures to
carriers activated into the conduction band, and we argue
that the behavior at intermediate temperature is very
likely associated with impurity band conduction. Using
the temperature-dependent mobility deduced by combin-
ing the results of the resistivity and Hall coefficient mea-
surements, we then show in detail using available recent
theory for the insulating, intermediate and metallic cases,
how to estimate the compensation for samples on the me-
tallic as well as the insulating side of the transition.

II. EXPERIMENTAL PROCEDURE

Samples of n-type CdSe doped with indium were ob-
tained from two different sources, as specified in Table I.
Five of the samples, of which four are on the insulating
side of the transition, were purchased from Cleveland
Crystals; the remaining samples, all metallic, were pro-
vided by the Institute of Physics, Polish Academy of Sci-
ences in Warsaw. For ease of identification the prefixes I
and M denote insulating and metallic, respectively. CdSe
is self-compensating so that some degree of compensation
is unavoidable. The concentrations listed in Table I were
determined from the room-temperature value of the Hall
coefficient, making the usual assumption that the ratio of
Hall mobility to drift mobility is unity, that is,
rH ——lsH lpga = l. Based on measurements of the tempera-
ture dependence of the Hall coefficient, we estimate that
all but at most 10% of the carriers have been activated
into extended states at room temperature. Based on our
estimate of 3.0X 10' cm for the critical concentration
in CdSe, four of the samples, I1 to I4, are insulating, and
the remaining are on the metallic side of the transition.

Samples were cut with their faces perpendicular to the
c axis to a size of approximately 3)&4&(0.8 rnrn . Using
the van der Pauw' method, the resistivity and the Hall
coefficient were determined both at room temperature,
and in a cold-finger cryostat between 8 and 80 K.

In addition, data were obtained down to 1.25 K for
sample I4, with a room-temperature carrier concentra-
tion no ——2.4X10' crn, and up to 200 K for sample
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TABLE I. Room-temperature resistivity p, carrier concen-
tration n, deduced from room-temperature Hall coe%cient, and

sample source. The prefixes I and M denote insulating and me-

tallic materials; the symbols CC and PAS refer to Cleveland
Crystals and to the Institute of Physics of the Polish Academy
of Sciences, respectively. The sample labeled I1 represents two
contiguous pieces cut from the same CdSe crystal. Data on Fig.
2 for sample I1 correspond to one of those pieces for high tem-
peratures and the other for low temperatures.

I.S- Sample I 4

Sample

I1
I2
I3
I4

M1
M2
M3
M4

n (10" cm-')

1.0
1.2
1.7
2.4
3.7
5.0

13.6
18.9

p (Qcm)

0.090
0.078
0.059
0.039
0.032
0.022
0.009
0.007

Source

CC
CC
CC
CC

PAS
PAS
CC

PAS

l.6-

f.5
0.6 0.7 0.8 0.9

(TEMPERATURE) {K )

I.O

M2, with no ——5)(10' cm . Hall coeScient measure-
ments were obtained in magnetic fields up to 6 kG.
Within a given run, the resistivity and the Hall coefficient
were determined to 0.5% and 3%, respectively; for both
measurements, the reproducibility from run to run was
3—4%.

III. RESULTS AND DISCUSSION

A. General features

Use of the Mott criterion,

N,' aH ——0.26+0.05,
where aH is the effective Bohr radius of the impurity
center, yields a critical concentration N, =(3.1+1.4)
)& 10' cm for uncompensated CdSe. Hirsch and Hol-
comb studied the effect of compensation on the critical
carrier concentration n, in Si:P,B. Their results agree
qualitatively with previous studies in compensated Ge,
and show an increase of n, with compensation E. They
find that the Ge data can be fit roughly by the form
n, =N, (K =0)/(1 —K), whereas their Si data approxi-
mately follows the form n, =N, (K=O)/(1 —K)'~. For
typical values of the compensation in our samples, either
of these two forms would give corrections which are well
within the error bars of our estimate for N, for CdSe ob-
tained from the Mott criterion.

Figure 1 shows preliminary results obtained for (the
logarithm of) the resistivity as a function of T '~ down
to 1.2 K for sample I4. (Data on an extensive series of
samples near the transition, and a full discussion of re-
sults, will be published in a forthcoming article. ) The be-
havior shown in Fig. 1 is consistent with Mott variable
range hopping; we have recently found similar behavior
for a slightly more concentrated (2.8X10' cm ) sam-
ple, indicating that (compensated) n-type CdSe is prob-
ably insulating up to this concentration. On the other
hand, sample Ml with 3.7)& 10' cm exhibits metallic
characteristics, so that we can place the critical concen-

FIG. 1. Logarithm of the resistivity as a function of T
for insulating sample I4. The straight line is drawn as a guide to
the eye, and indicates Mott hopping conductivity occurs in this
range of temperature.

+o3exp( —e3/kT) . (2)

The first term refers to activation of electrons to the con-
duction band, the second describes activation to the mo-
bility edge in an impurity D band of double occupancy
states and the last term, which becomes dominant at low
temperatures in compensated materials refers to Miller-
Abrahams (fixed range) hopping. At still lower tempera-
tures one expects to find Mott variable range hopping
conduction as in Fig. 1. The prefactor o.

2 of the second
term is the Mott minimum metallic conductivity

o;„=0.026e /Kid, , (3)

where d, is the average separation between impurities at
the critical concentration n, .

It is apparent that for the four insulating samples
shown in Fig. 2, there are two distinct temperature
ranges in which the resistivity is characterized by
different activation energies. The slopes of the straight
lines observed at low values of 1/T (high temperatures)
yield the parameter c.&, listed for samples I1 and I2 in
Table II, which we associate with activation to the con-
duction band. Fits of Eq. (2) to the straight-line behavior
at high values of 1/T (lower temperature) give for these
same samples the prefactors o 2 and activation energies c,2

listed in Table II which we ascribe to activation to double
occupancy states above the mobility edge in an impurity
band. We base this claim on the fact that the experimen-
tally determined prefactor cr& of Eq. (2) is consistent with

tration at (3.2+0.4)X10' cm for compensations be-
tween 30% and 50%.

The conductivity of insulating doped semiconductors
over a wider range of temperature is given by the well-
known expression:

o =o'&exp( —e, /kT)+o2exp( e2/k—T)
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FIG. 2. Resistivity as a function of inverse temperature of n-

type CdSe spanning the metal-insulator transition. The prefixes
I and M denote insulating and metallic samples, respectively.

theoretical predictions for the value of Mott's minimum
metallic conductivity in CdSe, and that compensation
levels are low enough, as we shall show later, that a D
band still exists which can support doubly occupied elec-
tron states. At the critical concentration of CdSe the
average distance d, between impurity centers, Eq. (3)
yields a Mott minimum metallic conductivity o;„of
about 690 (Qm) ' for uncompensated material. This
number must be corrected for the presence of compensa-
tion, which reduces the interimpurity separation d, and
shifts the critical concentration n, upwards. ' An esti-
mate of such a correction for typical compensations in
our samples yields an approximate value of about 800
(Qm) '. For compensated samples, however, Fritzsche
has argued that a correct calculation of the statistics of
correlated electrons yields a Fermi energy which is a de-
creasing function of temperature, with the consequence
that the apparent (measured) prefactor can be substan-
tially reduced for sufficiently large compensation. At
X=0.5, for example, this effect reduces o;„by a factor
of 2, assuming a symmetric distribution for the density of
states, and possibly even further when E~ lies in an ex-
ponentially decreasing tail of an asymmetric g(E). This
means that our theoretical estimate of o'z for K=30%
could be reduced from 800 (Q m) ' to perhaps 500 to 600

(Qm) ' which is quite comparable to our measured
value of 300 to 400 (Qm) '. In contrast, available data
on n-type Ge for a wide range of compensations and con-
centrations yield much smaller values of o 3io I ranging
between 10 and 10 for hopping processes. ' '

The resistivity of the four remaining samples, which we
have classified as metallic, is essentially independent of
temperature except for the samples M1 and M2 shown in
Fig. 2, which are closest to the transition. We note that
in addition to giving information regarding the number
of available carriers, the resistivity also reflects changes
in their mobility. We suggest that the decrease in the
resistivity observed for samples M1 and M2 as the tem-
perature increases above about 50 K reflects predom-
inantly an increase in the mobility associated with re-
duced scattering from ionized impurities. Further, the
qualitative features of the high-temperature resistivity of
the two samples straddling the transition, namely the in-
sulating I4 sample and the metallic Ml sample, are very
similar, and reflect the fact that at temperatures above
approximately 50 K, electron transport for both takes
place mainly in the conduction band.

Turning now to the Hall coefficients of the four insulat-
ing samples shown in Fig. 3, one notes that they exhibit
different activation energies in the same two distinct
ranges of temperature as the resistivity. These ranges are
separated by a small maximum or inflection point in the
Hall coefficient which signals a change from one dorn-
inant transport process to another. Except in the vicinity
of these crossover regions (or at very low temperature),
the Hall coefficient simply reflects the number of carriers,
and not their mobility.

The activation energies s, and ez deduced from the
Hall measurements for insulating samples I1 and I2 are
listed in Table II. One should note that c& is generally
smaller than the e, deduced from the resistivity, since the
latter reflects changes in mobility with temperature as
well as changes in carrier number. The metallic samples,
of which we have plotted only M1, exhibit no structure at
all, indicating that the number of carriers is constant
within the range of temperature and the accuracy of our
measurements.

An interesting feature of our data for the insulating

samples is that the Hall coefFicient and the resistivity ex-
hibit apparently different activation energies in the "c.z"
range, namely, where the dominant mechanism is activa-
tion from the Fermi energy located in a D impurity
band of single occupancy states to a mobility edge in the
D band of double occupancy states. Similar results
have been observed in other materials. In particular, the

TABLE II. For samples I1 and I2, the parameters listed are c„c,, c,&, cz, and o&. Here c.&, c&, and o.
~

are determined by fitting the measured conductivity to cr=cr&exp( —c&/kT)+o&exp( —cz/kT). The
values c~ and cz are obtained from the measured Hall coefficient. Energies are determined to within
0.2 rneV.

Sample

I1
I2

c, (rnev)

8.7
6.2

(meV)

5.4
4.3

g~ (rneV)

2.7
2.3

(meV)

2.2
1.3

o.
q (Qm)

290+10
380+10
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FIG. 3. Hall coefficient as a function of the inverse tempera-
ture for n-type CdSe samples I1 to I4 and M1.

FIG. 5. The magnetoresistance at 4.2 K as a function of the
magnetic field for two insulating n-type CdSe samples.

activation energy deduced for sample I2 from the Hall
coefficient is about half as large as that deduced from the
resistivity data. The same factor of approximately 2 was
found by Fritzsche ' in his classic work on uncornpensat-
ed (or low compensation) Ge:Ga over a reasonably ex-
tended range of dopant concentrations near the metal-
insulator transition.

The magnetoresistance at 4.2 K of two insulating CdSe
samples I1 and I4, are plotted as a function of magnetic
field up to 90 kG in Fig. 4. The resistivity decreases for
fields up to about 50 kG and then increases at higher
magnetic fields. Similar results were obtained for n-type
CdSe by Jaroszynski and Dietl, who ascribed the nega-

tive magnetoresistance at low fields to the delocalization
associated with dephasing of backscattered waves, and
the positive rnagnetoresistance to the shrinking of the
donor wave functions and consequent shift in n, at high
magnetic fields.

B. Mobility and compensation

In this section we estimate the compensation for sam-
ples on both sides of the metal-insulator transition from
the value of the Hall mobility in the conduction band.
The various scattering mechanisms which determine the
mobility will be discussed.
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FIG. 4. Mobility vs temperature for three insulating (I1, I2,
and I4) samples and one metallic n-type CdSe sample.

1. Insulating samples

Figure 4 shows a plot of the Hall mobility, calculated
from the relation pH

——RH lp, as a function of tempera-
ture for samples I1, I2, I4, and M1. For all samples, the
mobility increases with increasing temperature between
15 and 90 K.

We have argued that both the Hall coefficient and the
resistivity data indicate that at temperatures above about
50 K, transport occurs mainly in the conduction band for
insulating samples I1 to I4. As the temperature is
lowered below 50 K, impurity band conduction begins to
play an increasingly significant role.

In the temperature range between 50 and 100 K, ion-
ized impurity scattering constitutes the dominant scatter-
ing rnechanisrn determining the mobility of conduction
electrons, although neutral impurity scattering also plays
an important role. Piezoelectric scattering gives a small,
but non-negligible contribution, which we take into ac-
count in determining compensation. ' Both polar-
optical' and acoustic-phonon" scattering are completely
negligible below 80 K, although the first of these is com-
parable to piezoelectric scattering near 100 K.

The mobility due to ionized impurity scattering, p~, is
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extracted from the Hall mobility p&, by using the rela-
tion

(1/pl ) =(1/pH ) —(1/pN ) —(1/p~, ), (4)

Here NN is the density of neutral impurities, m is the
conduction-band mass' in CdSe, and e is the dielectric
constant.

The piezoelectric scattering mobility is given by Hut-
son,

16(2n )'/ h
Pz 3 em e3/2(k T)1/2

modes

(K ),„
(6)

where ke is Boltzmann's constant, e is the electronic
charge, and K is an electromechanical coupling constant.
The summation refers to longitudinal and shear modes,
and the averaging procedure is described in Ref. 9.

The assumption in Eq. (4) that the scattering processes
which determine the mobility are independent of each
other is not strictly valid. Corrections to this formula
would give a higher value for pl and, consequently, a
lower value for the compensation. '"' We take the effect
of electron-electron scattering into account in our deter-
mination of the compensation only for the metallic sam-
ples, where it plays a more significant role.

The compensation for the insulating samples I1 and I2
is obtained from the value of the mobility due to ionized
impurity scattering by using the Brooks-Herring formula,
suitably modified to take into account correlations be-
tween ionized scattering centers

27/2e2(k 7.)3/2[~3/2m el/2e3N f (x)]—1

where

and

f (x)= [In(1+x)—x /(1+x)]

x =6m*e(k~T) (A mn, e )

Here e is the dielectric constant, m' is the effective
conduction-band mass, NI is the number of impurity
centers (NI =n +2N„), n is the number of carriers at
temperature T, n, is given by

n, =n +(n +N& )[1—(n +Nz )/ND],

and XD and X„are the number of donor and acceptor
impurities, respectively. We have verified that we can
indeed use the above formula, which is valid only for the
nondegenerate limit, by comparing with results obtained
from the expression of Mansfield' for the case of arbi-
trary degeneracy.

where pz is the mobility due to neutral impurity scatter-
ing and p, is the piezoelectric scattering mobility for
CdSe. The mobility pN due to neutral impurity scatter-
ing is determined from Erginsoy's' formula:

em* 1""=2~"N

A fit of our data for samples Il and I2 to Eq. (7) allows
us to obtain an estimate of the number of ionized impuri-
ty centers, NI ——n+2N„, from which we extract the
number of acceptors N~. The donor density can then be
determined from the room-temperature Hall coeScient
which gives the exhaustion-range electron density
no =ND —N~. This analysis yields estimates' for the
compensation E =N„/ND of 0.2 to 0.25 for samples I1,
and of about 0.35 for sample I2.

Comparisons with the predictions of the Brooks-
Herring formula, and also of the modified theory of Fal-
icov and Cuevas' for low temperatures, ' ' with our ex-
perimental results for pl below 60 K indicate that as we
lower the temperature the contribution of ionized impuri-
ty scattering to the mobility drops faster than predicted
by the theoretical expressions. We believe that this is
probably due to the increasing importance of impurity
band conduction. Below 15 K, where transport takes
place mostly in the D impurity band, the value of the
mobility begins to saturate, as shown in Fig. 4, whereas
the expression of Falicov and Cuevas predicts that JMI

goes to zero as T~O. Use of the Brooks-Herring formu-
la at too low a temperature can, therefore, lead to errone-
ous determinations of the compensation ratio K.

3h @no

16m. e Nim' f(x)
(9)

where all terms are defined above, but where x is now
equal to h e(3no)' /2[e m'(Sm)' ], and where we have
lifted the condition that n =NI of Ref. 17.

Comparison with the results given by the full expres-
sion for arbitrary degeneracy confirms that these samples
are indeed in the degenerate limit. Equation (9) is ob-
tained by treating the electronic screening of the ionized
impurities in the Thomas-Fermi approximation, and as-
suming no electron-electron scattering, nor any correla-
tions between the impurity centers. Various treatments
of electron scattering which improve upon the above re-
sult pre discussed by Lax and Narayanamurti. ' A11 these
schemes include the effects of electron exchange and
correlations, but not of correlations between ionized im-
purity centers. These calculations are (1) the Green's-
function technique of Toigo and Woodruff with a
Hartree-Fock type of decoupling, (2) the Wigner distribu-
tion function method of Brosens, Lemmens, and de-
Vreese with a dynamic Hartree-Fock decoupling
leading to a frequency dependent local-field correction
G(q, co); (3) an equation of motion technique of Singwi
and co-workers with a decoupling based on
density-dependent equilibrium pair-correlation function

2. Metallic samples

The compensation for metallic samples M3 and M4 is
determined from the mobility in much the same way as in
the case of Il and I2. However, we neglect neutral im-

purity scattering. This is justified to some extent by the
fact that the Hall coefficient shows no freeze out of
charge carriers.

The expression for JMI is given in the degenerate limit

by
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combined with a self-consistent calculation of the pair-
correlation function g(r) and G(q)=G(q, to=0); (4) a
perturbation (in the electron-electron coupling) analysis
of exchange and correlation corrections by Holas, Ara-
vind, and Singwi which leads to a dynamical "local
field" G(q, to) that can be compared with Geldart and
Taylor and with Brosens, DeVreese, and Lemmens.

The corrections introduced by all these treatments can
be neatly subsumed in the f function of the above expres-
sion for pt [Eq. (9)], so that the new expression for the
ionized impurity scattering mobility becomes

3h 6 np

32m e Ntm' f, (x)
(10)

where f, (x) is a function different from the previous

f (x), and depends on the particular treatment of screen-
ing. For clarity, plots taken from Ref. 21 for f 1(x) are
here reproduced in Fig. 6.

Table III shows the values of the compensation for
samples M3 and M4. We see that in all cases K is re-
duced from a Thomas-Fermi value of about 0.45 for both
samples, to a value between 0.33 and 0.2, depending on
the particular treatment. The calculation of Brosens
et al. can give markedly different results from Toigo-
Wood~uff and Vashishta-Singwi, especially for small x. '

3. Discussion of uncertainties

Various authors have discussed the uncertain-
ties's' ' ' involved in theoretical formulations for the
ionized impurity scattering mobility in the nondegenerate
case. Based on these works, we estimate the uncertainty
in the compensations for insulating samples I1, and I2 to
be very approximately 20—30%.

Uncertainties in theoretical determinations of pi in the
degenerate case have not been heretofore discussed in de-
tail. There are three main sources of possible error: (1)
errors incurred in extracting from the total measured mo-
bility the mobility due only to ionized impurities; the
largest contribution which we have neglected is due to
piezoelectric scattering, which we estimate to be at most
5% of the total at the temperatures in question; (2) use of
the Born approximation to calculate the scattering rate,
where the criteria for its validity are only marginally
satisfied on the metallic side; using as a guide estimates of
uncertainties obtained in detailed studies of the nonde-
generate case, we suggest that this could lead to errors
on the order of 10, or at most 15%%uo', and (3) different
treatments of the screening, which yield values of com-
pensation which differ by as much as 30% for samples
M3 and M4. Our overall estimate of the uncertainty is
therefore very roughly 50%. It should be noted, howev-
er, that unlike the experimental error which is random

1.0

0.8
OIGO-WOODRUFF

0.6

I~ 0.4- EX)

0.2 ~THOMAS-FERMI

0.0
0 10

FIG. 6. Plot of function f, from Ref. 21. Labels indicate
the particular screening treatment employed in the calculation.

and on the order of 5%, the uncertainty of 50% associat-
ed with the theoretical treatment is systematic in all in-
stances. Thus, relative values of the compensation have
been determined more reliably than their absolute values.

C. Comparison with other data for CdSe

Measurements of the resistivity and of the Hall
coefficient as well as the magnetoresistance have been ob-
tained by Finlayson et al. " for Cr-doped CdSe with elec-
tron concentrations comparable to ours. We note that
the features of their Hall coefficient data differ from ours
for carrier concentrations comparable to samples I1 and
I2 of the present studies. Whereas in our data the c. I and
c2 regions are separated by an inflection point and there
is a non-negligible slope in the cz region, their data exhib-
it a clear maximum separating both regions and fairly flat
behavior in the range of impurity band conduction. Fin-
layson et al. " claim that their Hall coefficient data at
these temperatures can be ascribed to conduction above
the mobility edge in a single occupancy impurity band.
The claim that only a single occupancy lower D band
exists is based on their conclusion that D levels are vir-
tually nonexistent due to the very heavy compensation of
their samples which they estimate, using the Brooks-
Herring formula, at about 80%%uo. We note, however, that
we have applied this formula to their published values of
the mobility at temperatures of 40 and 50 K, for their
sample with np ——1.2)&10' crn, and we deduce com-
pensations of 50% or less, which is considerably lower
than the values they claim, and which would imply that
one may not be able to rule out the presence of a D
band. Although we cannot definitely rule out the possi-
bility that the D band is absent, we think it more likely
that the observed differences originate with the different
nature of the impurities ("magnetic" Cr compared to In)

TABLE III. Values of the compensation I( for samples M3 and M4 deduced from different treat-
ments of the electron screening, as discussed in detail in the text.

Sample

M3
M4

Thomas-Fermi

0.45
0.45

Vashishta-Sing wi

0.32
0.32

Toigo-Woodruff

0.29
0.30

Brosens et al.

0.22
0.24
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and jor the rather high densities of Cr added to the sam-

ples during the growth of their crystals.

IV. SUMMARY AND CONCLUSIONS

We have presented experimental data for the resistivity
and Hall coefficient between about 8 and 80 K, and the
magnetoresistance to 90 kG, of a series of CdSe samples
with donor concentrations spanning the metal-insulator
transition. The general features of the data, and mea-
surements on selected samples to lower temperature (1.2
K) yield a critical carrier concentration for (compensat-
ed) CdSe of (3.2+0.4) X 10' cm, an energy s& which we
associate with carriers activated into the conduction band
and an energy c2 which, we argue, is attributable to im-

purity band conduction at intermediate temperatures.
Using the Brooks-Herring formula for insulating ma-

terial, and an appropriate expression for the ionized im-
purity scattering mobility in metallic samples we have
used the measured Hall mobility to estimate the level of
compensation of our In-doped CdSe material for metallic
as well as insulating material.

To our knowledge, this is the first application of recent

theory to attempt to estimate compensation for metallic
samples using transport data. Our data differ from ear-
lier results on insulating Cr-doped CdSe of Finlayson
et a/. We argue that this difference is unlikely to be asso-
ciated with the heavier levels of compensation claimed by
the authors and is probably due to the different nature
and very high density of the Cr present in their samples.

Note added in proof. Recent calculations by J. R.
Meyer and F. J. Bartoli [Phys. Rev. B 36, 5989 (1987)] for
uncompensated materials indicate that multi-ion screen-
ing by electrons can lead to corrections to the theoretical-
ly predicted values of the electron mobility in degenerate
semiconductors.
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