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A systematic study of the electron transport and shallow impurity distribution in indium 
selenide above room temperature or after an annealing process is reported by means of 
far-infrared-absorption and Hall-effect measurements. Evidences are found for the existence of 
a large concentration of deep levels ( 10’2-10’3 cmw2), related to impurities adsorbed to stacking 
faults in this material. Above room temperature impurities can migrate from those defect zones 
and then become shallow in the bulk. The subsequent large increase of 3D electrons can change 
the dimensionality of the electron transport, which in most cases was 2D. The temperature 
dependence of the resistivity parallel to the c axis can be explained by the observed increase of 
the 3D electron concentration, whose motion across the layers is limited by 
stacking-fault-related potential barriers. The observed macroscopic resistivity is thus determined 
by tunneling through those barriers. 

I. INTRODUCTION 

Indium selenide (InSe) is a III-VI layered semicon- 
ductor, which is usually grown by the Bridgman method. 
Unintentionally doped crystals exhibit n character due to a 
native shallow donor level, which has been attributed to 
interstitial indium atoms homogeneously distributed 
through the crystal. l-3 

One of the main features of electron transport in InSe 
is the presence of naturally occurring 2D electron layers 
related to stacking faults with an area1 concentration of the 
order of 10” cm-‘. These 2D electron layers were first 
attributed to the existence of 2D electric subbands in elec- 
tron accumulation layers, created by planar aggregates of 
donor impurities bound to stacking faults.4 Recently a mi- 
croscopic model has been proposed which could explain 
the origin of the 2D electrons and their influence on the 
effective charge transport5 This model assumes the exist- 
ence of thin layers (Z 100 A) of the E polytype of InSe 
(P6m2 spatial group) alternating with the predominant y 
polytype (R3m spatial group), which are separated by 
stacking faults. The potential barriers originated in the 
stacking faults would provide a natural size quantization 
zone on the thin E layer, and then all electronic levels 
would be raised, in such a way that the shallow donor level 
is higher than the energy of the conduction band of the y 
polytype. Consequently, the electrons of these donors 
would be transferred outside the thin E layers and localized 
in 2D subbands by the electric field of those ionized impu- 
rities and the potential barrier associated to the stacking 
faults. The E layers are then depleted of electrons, which 
explains the high resistivity measured along the c axis. 

In this work we apply that model to give an account of 
the temperature dependence of the Hall coefficient and re- 
sistivity anisotropy above room temperature, as well as 

low-temperature results on annealed samples. The experi- 
mental procedures in this work are outlined in Sec. II. The 
results from electrical and far-infrared-absorption mea- 
surements are described in Sec. III. Section IV contains a 
discussion of these results on the basis of the microscopic 
model proposed in Ref. 5. 

II. EXPERIMENT 

InSe crystals have been grown by the Bridgman 
method from a nonstoichiometric polycrystalline melt 
Inl.,,Sec9s. Tin is introduced in the polycrystalline melt as 
a compound, SnSe.6 The percentages of tin were O.Ol%, 
0.03%, O.l%, l%, and 3%. Only a small portion of the 
doping agent remains in the crystal, the rest being segre- 
gated to the end of the ingot.7 That is, actual concentration 
of these substitutional impurities in our material is several 
orders of magnitude lower than that incorporated in the 
initial melt, as shown by far-infrared measurements.3 We 
only maintain the Sn percentages for referring to the dif- 
ferent samples. 

The samples were cleaved along the layers from the 
ingots with a razor blade and cut into parallelepipeds 
10-20 pm thick and about 3 X 5 mm2 in size, for resistivity 
and Hall-effect (HE) measurements perpendicular to the c 
axis, and 200-500 pm thick for resistivity along the c axis. 
Electric contacts were made by vacuum evaporation of in- 
dium. Contacts for HE were prepared in the classic con- 
figuration. For resistivity measurements along the c axis 
three contacts were deposited on each face: Current flows 
through the largest contacts that occupy nearly 80% of 
each face. The two smaller contacts on each face are used 
to measure the ohmic voltage and to test the homogeneity 
of the sample. 
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The electrical measurements in the high-temperature 
region (300-700 K) were performed in vacuum ( < 10m4 
Torr) to avoid surface oxidation and the magnetic field 
was 0.3 T. The HE measurements in annealed samples, 
from 30 to 300 K, were made in a closed-cycle cryogenic 
system and with a magnetic field of 0.6 T. The annealing 
was also carried out in vacuum ( < 10m4 Torr) for 15-30 
min at 300 “C. 

Far-infrared transmittance was performed in a Brtiker 
Fourier transform spectrometer. An Oxford cryostat, tem- 
perature controller, and helium pumping system were used 
to achieve low temperatures. The nonannealed samples 
were thicker than 500 pm and about the annealed ones 100 
ym thick, given their larger absorption coefficient. 

Ill. RESULTS 

A. Electrical characterization 

When one studies the temperature dependence of elec- 
tron concentration in InSe with low Sn content one finds 
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FIG. 1. Hall (a) concentration and (b) mobility for a 0.01% Sn-doped 
sample in a closed-cycle temperature variation above RT. The open sym- 
bol refers to measurements with increasing temperature, the closed sym- 
bol to those made from the highest temperature down to 300 K. Solid 
lines are guides for the eyes. 

that shallow donors become ionized between 20 and 100 
K.* Above this temperature and below 300 K the electron 
concentration is fairly constant, as if the exhaustation re- 
gime was attained. Figure 1 (a) shows the behavior of such 
samples above room temperature (RT). Above 380 K the 
electron concentration exhibits again an activated behav- 
ior, with activation energies of about 200 meV. At about 
600 K the Hall concentration saturates again and, what is 
more remarkable, after returning to room temperature 
[Fig. 1 (a)], it remains of order of 2~ 10’s cmm3. The tem- 
perature dependence of the Hall mobility pH above RT also 
exhibits an unexpected behavior. Figure 1 (b) shows the 
variation of the Hall mobility in a cycle of temperature 
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FIG. 2. Temperature dependence above RT of the Hall (a) concentration 
and (b) mobility for representative samples of the different Sn-doped 
ingots: (0) O.Ol%, (0) 0.03%, (0) O.l%, (A) l%, and (W) 3%. 
Lines are guides for the eyes. 
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RIG. 3. Hall mobility as a function of the Hall concentration at RT for 
samples of the different Sn-doped ingots: (0) 0.01% and 0.03%, (Cl) 
O.l%, (A) l%, (0) 3%, (A) lo%, (W) 0.01% after annealing at 300°C 
for 30 min, and (0) samples from 0.01% and 0.03% ingots after heating 
at 200-300 ‘C and returning to RT. Solid lines correspond to the calcu- 
lated variation of the Hall mobility with impurity concentration without 
compensation (curve 1) and assuming a compensation degree of 0.6 
(curve 2) (see Ref. 5). 

from 300 to 600 K and down to 300 K. It can be observed 
that the slope is higher when temperature decreases from 
600 to 300 K, leading to an increase of the RT Hall mo- 
bility after the heating cycle. The temperature dependence 
of those magnitudes in the measurement cycle turns out to 
depend on the tin content, and then on the departure RT 
concentration. 

In particular, we observe that the temperature at 
which the value of nH (RT) begins to grow increases with 
increasing the tin content [Fig. 2(a)]. The highest tin con- 
tent samples [n,(RT) 2 101” cms3] do not exhibit this ef- 
fect. The Hall mobility curves of some samples from the 
0.01% Sn-doped ingot [those with /LH( RT) lower than 400 
cm2/V s] exhibit a maximum [open circles in Fig. 2(b)]. 
Some other samples from the 0.01% and 0.03% Sri-doped 
ingots [with pH(RT) between 400 and 500 cm’/V s] 
present a mobility curve which tends to be constant above 
400-500 K [open squares in Fig. 2(b)]. In the other sam- 
ples (from O.l%, l%, 3%, and 10% Sn-doped ingots), the 
mobility curves exhibit a linear variation in the double 
logarithmic plot in all the temperature range, eventually 
with different slopes. 

Figure 3 summarizes the pH(nH) values at room tem- 
perature for all the samples. We can observe a great dis- 
persion of the data points corresponding to the samples 
with lower tin content (0.01%4.03%). The 0.1% Sn- 
doped samples are characterized by data points more con- 
centrated at n Hz5x 1015 cm-s and Pa between 500 and 
700 cm2/V s. After a cycle of increasing-decreasing tem- 
perature the data points concentrate at about 2~ 1016 
cmn3 with Hall mobility values of about 600 cm2/V s. An- 
nealed samples show the same values of nH but higher 
mobilities (800-900 cm2/V s) . 

Figure 4 shows the typical variation of nH and PH be- 
tween 30 and 300 K, on annealed 0.01% Sn-doped sam- 
ples. The value of n,(RT> relaxes from 1016 to nearly 1015 
cmV3 (value before annealing) a week after annealing, as 
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FIG. 4. Temperature dependence below RT of Hall (a) concentration 
and (b) mobility for an annealed 0.01% Sri-doped sample. Solid circles 
correspond to the observed dependence immediately after the annealing 
and the open circles to that measured after 1 week. Calculated curves 
assume either a single donor (dashed lines) or donor-acceptor (solid 
lines) model. 

we can see from Fig. 4(a). On the contrary, the value of 
the Hall mobility at 300 K remains nearly constant after 
several days [--,900 cm2/V s in Fig. 4(b)]. The maximum 
of the ,.&H curve takes place at lower temperature after 
relaxation [Fig. 4(b)] and its value grows Erom 6000 to 
about 20 000 cm2/V s, also of the same order of magnitude 
than before annealing. It can be outlined that the annealing 
dynamics is several orders of magnitude faster than that of 
the relaxation: lo3 s as compared to lo6 s. 

Resistivity curves along the c axis are plotted in Fig. 5 
as a function of the temperature (300-700 K). We can 
observe a large decrease of this magnitude at RT with 
increasing Sn content, in agreement with previous results 
using these materials.9 In each sample from the weaker 
Sn-doped ingots (O.Ol%, 0.03%, and 0.1%) we can ob- 
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FIG. 5. Arrhenius plot of the resistivity parallel to the c axis in the 
high-temperature region for samples of the different Sn-doped ingots: 
(0) 0.01%. (El) 0.0346, (0) O.l%, (A) l%, and (0) 3%. 

serve three well-differentiated zones: (i) 300-385 K, char- 
acterized by a weak variation with temperature; (ii) be- 
tween 385 and 500 K we can observe a faster decrease, 
which can be compared with the increase observed in the 
same temperature range for the Hall concentration curves; 
(iii) above 500 K the resistivity exhibits’an activated de- 
crease with large activation energies ( z 1 eV), in contrast 
with the evolution of izH which saturates above this tem- 
perature. 

The higher-doped samples do not exhibit this behavior 
(although the 1% Sn-doped sample slightly does), and 
only a weak increase with increasing temperature is ob- 
served. 

B. Far-infrared absorption 

Figure 6(a) shows the absorption spectra for an un- 
doped sample before and after annealing. Figure 6(b) 
shows the spectra before and after annealing for a 0.03% 
Sn-doped sample, and also the absorption spectrum of a 
0.1% unannealed sample. The spectra of 0.01% Sri-doped 
samples are quite similar to those of the 0.03% samples 
and they are not shown. The main absorption lines in all 
spectra, correspond to the Is-2p, dipole transition3 Only 
one ls-2p, transition at an energy of about 102.5 cm-i 
[Fig. 6 (a)] is observed in undoped samples, associated with 
interstitial In atoms in the crystal. l-3 This transition is also 
observed in the weakly Sn-doped samples, which also 
shows the 19-2~~ transition associated with substitutional 
Sn atoms at about 113 cm-’ [Fig. 6(b)]. The integrated 
absorption of the main absorption lines in these samples 
increases up to an order of magnitude after annealing, as 
we can observe from the spectra shown in Figs. 6. An 
increase of the integrated absorption with increasing tin 
content is also observed as shown in Fig. 6(b). The ab- 

anneall ?d 

a 
non doped I 

80 - sample I 
A 

1s9p* 

1 

-70 90 110 130 
WAVENUMBER (cm-‘) 

120 

t 

~ C Pairina / 
1 absorpioon / 

-70 90 110 130 
WAVENUMBER (cm-‘) 

PIG. 6. Measured absorption due to optical transitions of electrons bound 
to shallow donor impurities in (a) undoped samples and (b) weakly 
Sn-doped samples, before and after annealing. 

sorption line at the lower-energy side of the main peaks in 
the spectra taken after annealing is related to donor pair- 
ing. The other one at 125 cm-’ (not resolved for the 
0.03% sample) corresponds to the ls-3p, transition. 

If we take the theoretical value of the oscillator 
strength corresponding to the ls-2p, (In and Sn) transi- 
tion (0.31 and 0.29, respectively), we will be able to cal- 
culate the concentration of each donor type (In or Sn) 
from the integrated absorption intensity,3 as follows. 

(i) The native donor (interstitial indium) concentra- 
tion is about 1.6~ lOi cmv3 in the undoped and 0.03% 
Sn-doped samples before annealing, and 4x 1014 cmY3 in 
the 0.1% Sn-doped sample. The Sn-related donor concen- 
tration grows almost an order of magnitude from the 
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0.03% (1.4~ lOi cmm3) to the 0.1% sample (9~ 1014 
cm-3). 

(ii) After annealing, the In donor concentration is 
9 X 1014 cmb3 in the undoped sample and 4~ 1015 crnA3 in 
the 0.03% Sn-doped sample. The Sn donor concentration 
in the last sample is now 2~ lOI cmB3. 

IV. DISCUSSION 

The existence of a naturally occurring 2D gas in InSe 
is well established. Area1 electron concentrations of about 
101* cmm2 have been measured at low temperature in un- 
doped samples,4P1”12 and determine the measured Hall 
concentration below 20-30 K, which usually is found to be 
2 10'4 cm-3 1913 . Hence, the mean distance between the 

planar defects, where 2D electrons are confined, is esti- 
mated to be d,< 10 pm. At the same time we have inferred 
from far-infrared measurements that the shallow impurity 
concentration in either undoped or low-tin-content sam- 
ples is about 1014 cmm3. Why is Hall concentration at room 
temperature one order of magnitude higher than both 2D 
and 3D electron concentrations? 

In Ref. 5 it was shown that the calculated RT 2D 
electron mobility is about one order of magnitude lower 
than the corresponding 3D one. Let us compare the data 
points of Fig. 3 with calculated curves in the 3D limit. 
Details of the calculation and scattering mechanisms in- 
volved have been extensively discussed in Ref. 5. Curve 1 
represents the case without compensation and curve 2 the 
case of a compensation degree of 0.6, because it has been 
shown that tin atoms can also give place to acceptor 
impurities.3~8~14 We observe that only the annealed and 
high-tin-content samples exhibit a 3D character, lower tin 
content (0.01 and 0.03%) being far away from this char- 
acter and exhibiting 2D charge transport.5 At the same 

1 

time, when these low-tin-content samples are annealed for 
some minutes at about 300 Y!, a great generation of shal- 
low donors occurs, as deduced from Fig. 6. The origin of 
this shallow impurity generation and the 2D charge trans- 
port at RT can be thought to be the same: The existence of 
a large concentration of deep impurities probably adsorbed 
to the stacking faults, as was assumed in Refs. 5 and 15 to 
explain transport measurements. If we multiply the shal- 
low impurity concentration after annealing ( =: 1Or6 cmh3) 
by the mean distance between defects (l-10 pm) we can 
estimate such a deep impurity concentration to be about 
1012-10’3 cm-*, also in correspondence to the order of 
magnitude given in those works.5*‘5 As these deep impuri- 
ties are ionized electrons are excited to 2D subbands, 
which allows the growth of the 2D electron concentration 
from 10” cmm2 at low temperatures to lOI crne2 at 300 
K.S 

The temperature dependence of PH and nH below 300 
K on annealed samples confirms their 3 D character in the 
charge transport. Mobilities are calculated by using the 3D 
model of Ref. 5. The following calculated curves have been 
superimposed. 

(i) Curves with a continuous line are calculated by 
assuming a certain compensation degree for reproducing 
the experimental mobility curves. The mobility fitting pa- 
rameters are: ND-N.4= 1.5 x 1016 cms3, ,U,=O.O2 for the 
sample measured after annealing and ND--NA 
=1.22~10’~ cmw3, X,d=O.l5 when measured 1 week 
later. The 3D electron concentration has been calculated 
using the same parameters and assuming a single donor- 
acceptor model (the two shallow levels corresponding to 
In and Sn impurities have been reduced to only one with 
ionization energy ED=: 18.5 meV): 

1 
%D(T) =z ~NA + NC exp 

ED ( )I2 -e +8Nc(ND-N&ip( -2) -[ 2NA+Ncexp( -g)]]‘“). (1) 

(ii) Curves with dashed lines are calculated assuming 
a single donor model [Eq. ( 1) with NA =0], with an energy 
of 18.5 meV for the shallow level. In this case we have used 
a donor concentration that reproduces the experimental 
electron concentration at room temperature: ND 
-2.5 X 1016 cmw3 for the sample measured after annealing 
and ND= 1.2X 1015 cme3 when measured 1 week later. 

If we compare the calculated curves with the experi- 
mental results in the case of the relaxed sample (after 1 
week) we will find a satisfactory agreement above 50 either 
with or without compensation, which confirm that 3D 
electrons dominate in the sample for this temperature 
range. On the other hand, we must also pay attention to 
the strong disagreement below 50 K (the experimental 
curve tends to saturate), which only can be explained if 2D 
electrons (=2X lOI cmm3) dominate for this other tem- 
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perature range, and whose transport properties have been 
studied elsewhere. l5 

No agreement seems to exist between calculated and 
experimental Hall concentration curves in the case of the 
sample measured after annealing. This effect cannot be re- 
lated to 2D electrons. Indeed, the 3D character in the sam- 
ple measured immediately after annealing is more evident 
than after relaxation, because the experimental electron 
concentration does not tend to saturate below 50 K due to 
the higher difference between the shallow impurity concen- 
tration and the 2D electron concentration. The origin of 
this apparent disagreement can be found in the concentra- 
tion curves: The experimental slope in the Arrhenius plot 
is lower than the calculated one. The most likely explana- 
tion for this effect is that interstitial In impurities can in- 
teract for such relatively high donor concentrations, which 
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consequently lowers their ionization energy. The increase 
of the overlap between electron wave functions of neighbor 
donors can be more effective for interstitial impurities 
given their greater capability of diffusion. In fact, this is 
suggested by the absorption spectra in the far-infrared re- 
gion (Fig. 6) : An absorption line is observed at 80 cm-‘, 
whose integrated intensity is about 25% of the main ab- 
sorption line ( ls-2p, transition), and attributed to impu- 
rity pairing.3 At the same time this large absorption by 
impurity pairs make the impurity concentration deduced 
from the integrated intensity of the ls-2p, line to be un- 
derestimated by almost 50% (the oscillator strength of the 
ls-2p, transition must also be about 25% lower). There- 
fore, the real impurity concentration is in fact higher than 
that estimated in Sec. III B and closer to the concentration 
deduced from HE measurements. 

Further information about the kinetics of impurities 
above room temperature, responsible for the observed an- 
nealing process, can be deduced from the results shown in 
Figs. I and 2. The most striking example of the effect of 
that kinetics corresponds to the Hall mobility curves of 
some 0.01% Sn-doped samples, like that shown in Fig. 
2(b), which exhibits a maximum at about 400 K. At the 
same time this curve represents the clearest example of a 
change in the dimensionality of the charge transport. Let 
us assume the Hall mobility and concentration can be ex- 
pressed with the approximation of zero magnetic field for 
two different kinds of carriers’ 

nH=(n~2+n~~)2/(nzlu~+n~~~), (3) 

where the subscripts 2 and 3 refer to 2D and 3D electrons, 
respectively, n2=nJdm being the effective volumic 2D 
electron concentration. Now the aforementioned curve can 
be explained if the ratio n3/n2 strongly increases with tem- 
perature, given that p2 and ,us decrease potentially. That is, 
3D electrons become more and more important with in- 
creasing temperature and finally change the dimensionality 
of the charge transport from near 2D to 3D. The same 
conclusion is obtained from the curves of Fig. 1, in which 
a notable increase of the values of nH and PH at RT is 
observed only by heating the sample up to 300 “C for a 
short time. Indeed, we also observe that by maintaining the 
sample at such a temperature for a time interval between 
30 and 60 min, the Hall concentration remains nearly con- 
stant about lOI6 cmm3 while the Hall mobility increases 
almost a 20%. This “3D enhancing” comes from the great 
generation of shallow donor impurities that takes place 
above room temperature, whose maximum effect is ob- 
served after an annealing process at about 300 “C for 30-60 
min. 

The temperature variation of the 2D and 3D electron 
concentrations above 300 K can be roughly estimated from 
the experimental curves of nH( T) and pH( r>. However, 
several assumptions must be taken into account in order to 
avoid the great number of unknown microscopic parame- 
ters involved as follows: 
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FIG. 7. Variation of the three- and two-dimensional electron concentra- 
tions above KT for an undoped sample, estimated from the directly ac- 
cessible curves of nH and y,. 

(i) Only the first 2D subband is occupied. This as- 
sumption involves that only intraband scattering is present, 
which is less evident with increasing temperature. This ap- 
proximation produces a subestimation of the 2D mobility. 

(ii) The 2D electron concentration is of the order of 
1012 cmW2 at room temperature. This value is explained by 
the ionization of the deep impurities in the planar defects 
and it is necessary in order to have a volumic 2D electron 
concentration larger than the shallow 
concentration.5 

impurity 

(iii) Only phonon scattering mechanisms are consid- 
ered to calculate the 2D and 3D mobilities. This approxi- 
mation over-estimates the 2D mobility, given the high ion- 
ized impurity concentration in the planar defects. 

The curves deduced in this way are shown in Fig. 7, 
corresponding to an undoped sample. The curve corre- 
sponding to 3D electrons corroborates the large increase of 
the shallow donor impurities with increasing temperature 
above 300 K. At the same time, an increase of the 2D 
electron concentration is also observed simultaneously, 
which can be lower if the 2D mobility is underestimated. 
The saturation in the nH( T) curve is related to the de- 
crease of the 2D electron concentration, because the shal- 
low impurity concentration is still increasing. On the other 
hand, the temperature dependence of n3 is observed to be 
activated above 400 K. The observed activation energies 
are always of the order of 200 meV and are related to the 
escape energy of deep impurities out of the planar defects. 
The increase of the shallow impurity concentration with 
increasing tin content [Fig. 6(b)] makes the effect of the 
diffusion of deep impurities to be less important up to a 
higher temperature, if the thermal escape energy is similar 
in all ingots. As a consequence, an increase of the threshold 
temperature for the nH curves with increasing tin content is 
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expected as was observed experimentally [Fig. 2(a)]. Si- 
multaneously, a 3D enhancing of the charge transport 
should be verified, as is also observed in Fig. 2(b) . The 
random nature of the stacking fault occurrence and the 
tinal concentration of deep impurities adsorbed to them 
explains the great dispersion observed in pu,(nH) data for 
low-tin-content samples, in which a 2D charge transport 
was dominant at RT. 

The temperature dependence of the resistivity parallel 
to the c axis can be also understood within the picture of an 
impurity diffusion process from their initial sites at the 
stacking faults. The resistivity along the c axis comes from 
the motion of 3D electrons in this direction. In fact, if this 
concentration is about 1014 cmm3, as we deduced before, 
the resistivity will be of the order of 100 s1 cm, up to two 
orders of magnitude lower than that observed for less Sn- 
doped samples between 300 and 400 K. Thus, it is obvious 
that we need to take into account the probability of elec- 
trons to tunnel through the potential barriers associated to 
the stacking faults, which prevent 3D electrons from mov- 
ing along the c axis. Within this hypothesis, the resistivity 
could be expressed by 

l PII CT)= ----T&w) -1, 
en3P311 

where ~~11 is the 3D electron mobility parallel to the c axis, 
calculated like the perpendicular one but using mf , the 
electron effective mass parallel to the c axis, and T,(kT) 
the tunneling probability at the lattice temperature. This 
magnitude is then calculated by integrating the tunneling 
probability T,(E) with the Maxwell-Boltzmann distribu- 
tion function. The calculation of ~11 involves unknown 
microscopic parameters, such as the barrier heights and 
widths, and no calculations will be presented. 

When deep impurities escape out of the planar defects 
and diffuse, resistivity is observed to decrease as shallow 
impurity concentration increases. This decrease is acti- 
vated with activation energies comparable to those ob- 
served in the nH( T) curves up to 500 K. The resistivity in 
this temperature region can be explained by Eq. (4) with a 
constant value for T,(kT) of about lo-‘, which is rea- 
sonable for nonresonant tunneling across the planar de- 
fects. This is not the case when temperature increases 
above 500 K, because of the large activation energy ob- 
served in this high-temperature region ( =: 1 eV) . The large 
decrease of the resistivity can be related to a strong in- 
crease of the tunneling probability, given the slow growth 
of n3 (Fig. 7) and the slow decrease of p311 with increasing 
temperature. In our opinion, the phenomenology observed 
in the resistivity across the planar defects is analogous to 
the resonant tunneling transport problem in double-barrier 
heterostructures.16 
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In summary, we have carried out in this work a sys- 
tematic study of the charge transport and shallow impurity 
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distribution in InSe above room temperature or after an 
annealing process. We have corroborated the hypothesis 
used in previous works, related to the dimensionality of the 
electron transport and the existence of deep impurities, 
which are assumed to be adsorbed to stacking faults in this 
material. These impurities can diffuse above room temper- 
ature for occupying shallow donor positions in bulk InSe. 
The increase of 3D electrons by several orders of magni- 
tude changes the dimensionality of the electron transport 
that was near 2D for undoped or weakly Sn-doped samples 
at room temperature, in which the initial concentration of 
shallow donors was as low as 1Ol4 cme3. Resistivity mea- 
surements parallel to the c axis below 500 K are in agree- 
ment with the results along the perpendicular direction and 
have been qualitatively explained in terms of tunneling 
transport across the barriers associated to the stacking 
faults, which separates the electron depleted E zones from 
the y bulk. 
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