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Two types of samples were studied. In the material with higher donor
concentration four electron traps labelled by us'as E1 to £E4 were found.
For the traps £2 and E3 energies obtained from Arrhenius plots are equal
to 0.24 eV and 0.36 eV, respectively. Electric field enhanced electron emis-
sion from the levels E1 and E4 was observed and described in terms of
Frenkel-Poole mechanism. Capture process from the traps £2 was found to
be thermally activated with energetic barriers equal to 0.20 eV for E2.

PACS numbers: 71.55.—1, 71.55.Gs

1. Experiment and samples

Deep level transient spectroscopy (DLTS) since its invention [1] has been
a well-known powerful method of studying deep levels in semiconductors. This
method has been used by us to study semiconducting compound Cdg.9sMng o3 Te
of shallow donor concentration Np = (1—5) x 101 cm~3. The Schottky contact
was prepared by vacuum evaporation of gold 1 mm? layer on chemically cleaned
surface of CdMnTe sample. The soldered indium served as an ohmic contact. The
material comes from Prof. W. Giriat from IVIC Venezuela. Our DLS-82E system
is based on 1 MHz capacitance bridge and lock-in integrator.

The DLTS signal temperature scans were taken within 80-420 K temperature
range. The DLTS measurements performed on our samples revealed the presence
of several deep levels, marked by us from E1 to E4. The DLTS measurements
were taken for different values of reverse bias and depolarization pulse heights. In
that manner different values of electric field were realised. Exemplary temperature
dependence of DLTS signal is shown in Fig. 1.

2. Results and discussion

The electron emission rate e, obtained from DLTS data divided by tem-
perature square plotted as a function of reciprocal temperature — which is the
so-called Arrhenius plot — provides the value of energy activation of the trap
Er and its apparent capture cross-section on. From the Arrhenius plots shown
in Fig. 2 we calculated Et and o, by the least squares method. For the E2 trap
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Fig. 1. Exemplary DLTS signal (in arbitrary. units) of Cdo.goMno.01Te:Ga samples.
Filling pulse width 1 ms. '
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Fig. 2. Arrhenius plots corresponding to the traps E1—FE4. The plots for the traps E1
and E4 are at relative high electric field 1.2 x 10° V/cm.

for which there was no influence of electric field on emission rate we obtained
Ets = (0.2440.02) eV and oy3 = 3.3 x 10712 cm?. Three of the traps: E1, E3,
and F4 have shown electric field enhanced emission rate. Arrhenius plots are
given also for them yielding trap energies Er; = 0.13 eV, Er; = 0.36 eV, and
E14 = 0.4 eV at the relative high electric field equal to 1.2 x 105 V/cm.

Electric field dependence of electron emission rates from the traps was inves- '
tigated. Detailed description of the isothermal differential DLTS (DDLTS) mode
of operation of our DLS-82E system used for this study is given in [2]. Usially
the influence of electric field on emission rate can be explained in the terms of
Frenkel-Poole effect [3]. Due to the electric field superimposed on a defect po-
tential a lowering of effective emission barrier occurs. The thermionic electron
emission from the trap is easier now but it is possible only if a defect center ac-
quires a net charge upon carrier emission which means that the trap has to be
donor-like in n-type material and acceptor-like in p-type material. The lowering of
effective emission barrier as compared to zero electric field Etyp in the presence of
electric field of intensity F' is equal to '

AEPF = O!(F)l/2, . (1)
where
a = e(Ze/n[e)'/?, . (2)

and where e is electron charge, Z is a charge state after emission and ¢ is semi-
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Fig. 3. Emission rate as a function of electric field for the trap E1 at several tem-
peratures. Solid lines were calculated by the least squares method. Slopes of the lines:
@1 = (4=5) x 10™* ((eV)%cm/V)!/2,

conductor’ dielectric constant. According to the model the semilogarithmic plot of
entission rate e, versus -square root of electric field divided by kT product gives
a straight line of slope a. The theoretical value of a calculated for Z = 1 for
the Cdg.0oMng.o; Te material should be equal to 2.2 x 10% ((eV)2cm/V)!/2. For
example in Fig. 3 the Ine, = f(F/(kT)) for the traps E1 is shown for several
temperatures. For each of the traps the slope of the lines is temperature indepen-
dent. However, only in the case of the trap E4 the experimental value is close to
the theoretical one: ag = (3—3.5) x 10~4 ((eV)2cm/V)'/2. For the trap E3 it is
around 1 x 10~* ((eV)2em/V)'/2 which is twice less than the theoretical value.
On the other hand, we have too high value of e = (4=5) x 10~* ((eV)2cm/V)/2.
Too low value of ag trap can be attributed to higher localization of impurity po-
tential for £3 trap. In turn, too high value of a; = (4—5) x 10~% ((eV)%em/V)!/2
can be explained either by contribution of phonons in emission process or by dou-
bly charged defect center resulting according to Eq. (2) in 1.4 times higher value
of . Experimentally obtained values of o and energy activation at zero electric
field Exg are given in Table. Due to the weak electric field dependence of emission
rate for the trap £3 the value of Eros = 0.38 €V is close to Ers = 0.36 €V obtained
from Arrhenius plot in Fig. 2. Corresponding capture cross-section obtained from
the same Arrhenius plot is o3 = 5.5 x 10715 em~2.

The DLTS measurements were taken also for different time duration of filling
pulses. In this way different level of filling the traps was realized. No influence of
the trap filling degree on electron emission from the trap was observed. As the
value of activation energy is independent of the width of filling pulse we could
assume that we deal with point defects. However, for the traps E2 a significant
decrease in DLTS signal with decreasing lock-in frequencies was observed. We were
able to explain this behaviour assuming strong temperature dependence of capture
cross-section. In order to study the capture cross-section we applied the method
proposed by Henry and Lang [4]. For the levels E2 the capture cross-section was
found to depend exponentially on inverse of temperature according to relationship

On = Oneo eXP(—EB/kT) . (3)
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TABLE

Experimentally obtained values of o and energy activation at zero elec-
tric field Eo.

Trap label | o from experiment E1o [eV] energy activation
"] [((eV)2em/V)H?] | extrapolated to zero electric field
El 4.5 x 1074 0.28
E3 1x10-4 0.39
E4 3.3x 104 0.51

with Ep equal to 0.20 eV. Such a strong temperature dependence of a capture
cross-section can be explained with the help of the so-called large relaxation model
(LLR) [5]. According to the model electron emission from the trap level accom-
panies relaxation of the lattice surrounding related defect and energy activation
is necessary for the carriers to be captured again at the level. As thermal activa-
tion energy for the levels £2 obtained from Arrhenius plots is equal to 0.24 eV
the distance of these levels from the bottom of conduction band is equal only to
0.04 eV.

Energetic barriers for capture were also observed in CdTe [6] and related
CdZnTe [7] and CdMnTe (8, 9] compounds. In indium doped CdTe [6] the level
labelled as ET2a of energy 0.34 eV with energy barrier for capture equal to 0.28 eV
results in true distance of the level from the bottom of conduction band as 0.06 eV.
In Refs. [8, 9] the level of energy 0.25 eV with thermal energy barrier for capture
equal to 0.11 eV was found in gallium doped Cdg 97Mng.g3Te. These data are close
to the data obtained by us for the level E2.
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