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High-field electron transport measurements by applying short (few ns) voltage pulses on nominally undoped 
n-type Zn-polar ZnO epilayers are reported and interpreted in terms of the Boltzmann kinetic equation. The tran-
sient measurements do not demonstrate a significant change in the electron density up to 320 kV/cm electric field. 
This result together with the experimental data on the current allows one to estimate the electron drift velocity from 
the measured current: the highest value of ~2.9 × 107 cm/s is obtained at the pre-breakdown field of 320 kV/cm 
for the ZnO layer with the electron density of 1.5 × 1017 cm–3. The densities of double-charged oxygen vacancies 
(~1.6 × 1017 cm–3) and other charged centres (~1.7 × 1017 cm–3) are assumed for the best fit of the simulated and 
measured hot-electron effect. A correlation with the epilayer growth conditions is demonstrated: the higher Zn cell 
temperature favours the formation of a higher density of the oxygen vacancies (1.9 × 1017 cm–3 at 347°C).
Keywords: ZnO epilayer, charged defects, differential mobility, electron drift velocity, high electric fields

1. Introduction

Zinc oxide (ZnO) is a transparent semiconductor 
with a  direct and relatively wide bandgap [1–3]. 
Its superiority in temperature resistance and high 
electron saturation velocity [4] is also promising 
to thin film transistors for high-temperature and 
high-power operations [5–7]. Many properties of 
ZnO are similar to those of GaN. Particular ad-
vantages of ZnO over GaN include higher elec-
tron drift velocity and breakdown field [8], bulk 
growth capability, amenability to conventional 
chemical etching, low growth temperature, high 
radiation hardness and large exciton binding en-
ergy [9–13]. The  epitaxial technology of ZnO is 
less expensive, albeit relatively not so well devel-
oped compared to that of GaN.

The electron low-field mobility in ZnO is main-
ly determined by scattering on charged defects. 

There is an experimental evidence that double-
charged oxygen vacancies act as shallow donors 
and charged scattering centres [14]. The  oxygen 
vacancies were studied by an electrochemical 
method [15], optical absorption [16], optically 
detected electron paramagnetic resonance [17], 
positron annihilation spectroscopy [18], or after 
studying oxygen self-diffusion in oxygen-isotope 
ZnO [14]. The density-functional theory calcula-
tions were also applied to study oxygen vacancies 
[19]. The typical density of the vacancies exceeded 
1017  cm–3 [15, 16, 18]. The  highest electron low-
field mobility around 400 cm2/(Vs) was reported 
at room temperature in epitaxial ZnO layers with 
low residual impurity densities [20]. Polar scat-
tering by longitudinal optical (LO) phonons was 
found important at low and moderate electron 
densities [21]. The room temperature electron mo-
bility (430 cm2/(V s)) calculated for the electron 
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and donor densities of 1017 cm–3 [22] slightly ex-
ceeded the maximum measured value.

The results of Monte Carlo simulations [4, 8, 
23, 24] were used for the interpretation of the ex-
perimental studies [25–27] of high-field electron 
transport in epitaxial ZnO channels. The depend-
ence of electron drift velocity on the electron den-
sity was deduced at room temperature for doped 
ZnO [26]. High electric fields (430  kV/cm) and 
velocities (~2.7  ×  107  cm/s at 320  kV/cm) were 
reported for nominally undoped ZnO epilayers at 
room temperature [27].

The goal of this paper is to examine the electron 
scattering by charged defects through the study of 
hot-electron effects in nominally undoped ZnO 
epilayers at room temperature. The current–volt-
age dependence is measured up to high electric 
fields, and the experimental results are fitted with 
the  solution of the  Boltzmann kinetic equation. 
The  results are used for the  estimation of elec-
tron density, drift velocity and low-field mobil-
ity. The electron scattering by the double-charged 
oxygen vacancies and other charged defects is dis-
cussed.

2. Theoretical background

The Boltzmann kinetic equation is used for the in-
vestigation of electron scattering and hot-electron 
transport in nominally undoped ZnO. The highly-
efficient spherical harmonics approach [28] is 
employed for the  calculation of the  differential 
mobility deduced from a small-signal response at 
1 GHz at a constant applied electric field. The cal-
culations are performed for the  nonparabolic Γ1 
valley with the electron effective mass of 0.21 me 
and the non-parabolicity coefficient of 0.4 eV [23]. 
More details on the model are available elsewhere 
[22, 27]. Eight spherical harmonics are found 
sufficient for an accurate enough approximation 
of the electron distribution function. The change 
in calculation results is negligible if higher spheri-
cal harmonics are included.

The electron scattering on acoustic phonons, 
longitudinal optical phonons and screened point 
defects is taken into account. Deformation-poten-
tial and piezoelectric mechanisms are considered 
for the acoustic phonon scattering. The FrÖhlich 
approximation is used for interaction with the op-
tical phonons. Charged defects are treated in 

the screened Coulomb potential approach within 
the Brooks and Herring model for point scatter-
ing centres. The  electron gas degeneracy is not 
included in the present calculations. The electron 
density is considered lower than the total ionized 
centre density because of the  known compensa-
tion of the  shallow donors by other charged de-
fects acting as acceptors. The total effective densi-
ty of the charged defects is introduced as follows:

Neff = ΣNiZi
2. (1)

Here the defect density Ni of an ith type is weight-
ed by the  number Zi of elementary charges on 
a single defect of the ith type.

The differential mobility dd( )
d
vE
E

µ =  is de-
duced from the small-signal response at 1 GHz, 
and the results are illustrated in Fig. 1 as a func-
tion of the applied electric field. The curves stand 
for different values of the effective defect density 
Neff. The density of the hot-electron gas is kept 
constant at 1.8  ×  1017  cm–3. The  mobility de-
creases as the electric field increases. The curves 
merge at electric fields over 100  kV/cm, and 
the value becomes almost independent of the de-
fect scattering. The calculations are terminated at 

Fig. 1. Dependence of the  calculated differential 
electron mobility (small-signal response at 1  GHz) 
on the  applied electric field for ZnO at room tem-
perature. Curves stand for different effective density 
of charged defects, Neff: 7.2  ×  1017  cm–3 (solid line), 
10.8 × 1017 cm–3 (dashed line), 14.4 × 1017 cm–3 (dash-
dot-dots), 18  ×  1017  cm–3 (dots), 2.16  ×  1018  cm–3 
(dash-dots). The electron density is 1.8 × 1017 cm–3.

nel = 1.8 × 1017 cm–3 

7.2 × 1017 cm–3

10.8 × 1017 cm–3 
14.4 × 1017 cm–3 
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2.16 × 1018 cm–3  
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E = 120 kV/cm because electron runaway devel-
ops at higher fields unless the upper valleys are 
taken into account. The values of the differential 
mobility at low and moderate electric fields are 
compared in Fig. 2.

σ(Em) = en(Em)µ(Em), (2)

where µ(Em) is the differential mobility at E = Em 

and dj( )
dmE

E
σ =  is the  differential conductivity 

measured as the  slope of the  current density-
field j(E) dependence at E = Em. From this equa-
tion the electron density n(Em) can be estimated. 
Once the electron density is known, the electron 
drift velocity can be estimated from the  mea-
sured current density. For demonstration of these 
possibilities on ZnO epilayers, the  hot-electron 
transport experiment is carried out.

3. Samples

The investigated ZnO epilayers were grown 
by plasma-assisted molecular beam epitaxy 
(PA-MBE) at Virginia Commonwealth Univer-
sity (USA). Highly-resistive (60 kΩ mm), carbon-
compensated 2.5 µm Ga-polar (0001) GaN layers, 
prepared by metal-organic chemical vapour dep-
osition on c-plane sapphire, served as substrates. 
Two Zn-polar ZnO structures included into this 
study were grown at 670°C with two different Zn 
cell temperatures employed for the  growth (340 
and 347°C for the growth of the #1153 and #1161 
structures, respectively). Other parameters used 
for depositing a low-temperature (LT) nucleation 
layer at 300°C as well as the oxygen gas flow rate 
(1.6  sccm) and plasma power (400  W) used for 
the  growth at 670°C were identical. The  result-
ant growth rates were 115  nm/h for #1153 and 
135  nm/h for #1161. More oxygen-rich condi-
tions (#1153) as well as lower substrate tempera-
ture caused a  lower point defect density (either 
oxygen vacancies or Zn interstitials) and gave rise 
to lower electron density.

The transmission line measurement (TLM) 
patterns were processed with evaporated Ti/Au 
(25  nm/30  nm) stacks acting as ohmic contacts. 
The channel width w was 300 µm, the  thickness-
es were 350 and 375  nm for #1153 and #1161, 
respectively, and the  interelectrode distances L 
were 1.7, 3.9, and 6.9, 9.9 and 15.8 µm. The con-
tact resistance was estimated at low electric fields 
from the dependence of the sample resistance on 
the interelectrode distance. The channel resistance, 
the length and the cross section area were used to 
estimate the low-field conductivity σ0 (Table 1).

Fig. 2. Calculated differential mobility as a function of 
the reciprocal effective density, 1/Neff, at a low-electric 
field E = 2 kV/cm (triangles) and at E = 100 kV/cm 
(squares) for ZnO at room temperature. The electron 
density nel = 1.8 × 1017 cm–3.

nel = 1.8 × 1017 cm–3 

N

An almost linear dependence of the mobility on 
Neff

–1 at low fields (Fig. 2, triangles) shows that the de-
fect scattering plays the dominant role. The deviation 
from the linear dependence (triangles and line) illus-
trates a weak contribution of the phonon scattering. 
This is a strong argument that the low-field mobility 
is controlled by the ionized defect scattering.

On the other hand, the longitudinal optical pho-
non scattering becomes important at high electric 
fields. According to calculations, the  hot-electron 
differential mobility is almost independent of the de-
fect scattering (Fig. 2, squares). This conclusion is in 
contrast to the known behaviour of the hot-electron 
drift velocity: the  ionized donor scattering reduces 
the  drift velocity considerably at any fixed electric 
field (except for the extremely high ones) [22, 24].

Consequently, the value of the differential mo-
bility at high fields can be used as a  reference for 
the estimation of the electron density and the drift 
velocity if the  differential conductivity is avail-
able from the experiment. Indeed, the differential 
conductivity of hot electrons at moderate fields 
(E = Em) is
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The  electron mobility available from the  Hall 
effect measured in the van der Pauw configuration 
was substantially lower than that obtained from 
the  magnetoresistance measurements carried 
out on the TLM samples [27], and a new method 
based on the hot-electron effect was developed for 
the  electron density and the  low-field mobility. 
This enabled the estimation of the oxygen vacancy 
and other charged centre densities.

4. Experiment

Electron transport measurements at high electric 
fields were carried out on the two-electrode sam-
ples selected from the  TLM patterns. The  mea-
surement procedure and the  determination of 
current–voltage (I–U) dependence is described in 
Refs. [29, 30]. The data for evaluating the current 
and the voltage drop along the channel were ob-
tained from the oscilloscope amplitudes when ei-
ther a reference cable or the sample under test was 
present in the circuit. The employment of nano-
second pulses allowed us to minimize the  chan-
nel self-heating due to current [31]. The average 
electric field was estimated as E  =  (U  –  IRc)/L. 
Figure  3 presents the  dependence of the  current 
on the  voltage pulse width for the  ZnO sam-
ples: the highest current values are attained with 
the shortest pulse duration (3 ns).

The transient studies are carried out with short 
pulses of voltage. The current I(t) and the voltage 
U(t) are obtained from the waveforms of the trans-
mitted and reference signals. The current deduced 
during the  rise edge nearly coincides with that 
available from the falling edge. This indicates that 
the electron density remains constant in the elec-
tric field range up to 320 kV/cm [27].

The coincidence suggests that neither the sam-
ple temperature nor the  electron density change 
with time and field, i.e. n0 = n(Em), where n0 is elec-
tron density at low electric fields. In other words, 
the  sample self-heating as well as possible excess 
generation of electrons by the electric field, the hot-
electron capture and the  thermal release do not 
play an important role within the time domain of 
the short pulse of voltage. This is a good base for 
the  interpretation of the  experimental results on 
the current in terms of the electron scattering.

The electron drift velocity vdr(E) was estimated 
from the current I measured in the direction per-
pendicular to the c axis of ZnO according to the ex-
pression

dr
0

( )( ) I Ev E
en S

= , (3)

Fig. 3. Room-temperature current–field dependence 
for the  ZnO sample #1153. Voltage pulse duration 
is 3, 16 and 80 ns. Interelectrodal distance is 6.9 µm. 
Contact resistance is 33 Ω.

Table 1. Zn cell temperature, ohmic contact resistance, epilayer low-field conductivity, electron low-field drift 
mobility, electron density, oxygen vacancy density, and other charged centre (dangling bonds) density for 
the investigated ZnO epilayers at room temperature.

Wafer #1153 #1161
Zn cell temperature 340°C 347°C
Contact resistance 23±10 Ω 22±7 Ω

Epilayer conductivity σ0 4.7±0.9 S/cm 5.5±1.1 S/cm
Electron drift mobility µ0 195±39cm2/V s 178±36 cm2/V s

Electron density n0 1.5±0.3 × 1017 cm–3 1.9±0.4 × 1017 cm–3

Oxygen vacancy density N+ 1.6±0.3 × 1017 cm–3 1.9±0.4 × 1017 cm–3

Other charged centre density N– 1.7±0.3 × 1017 cm–3 2.0±0.4 × 1017 cm–3

n
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valid for the uniform electric field E and the field-in-
dependent electron density n0 (here e is the elemen-
tary charge, S = wd is the channel cross-section area).

Some samples suffered from soft damage at 
high electric fields. The damage was characterized 
by the change of the zero-field channel resistance 
measured before and after the  high-field experi-
ment. We present results up to a damage level not 
exceeding 5%. The threshold field for soft damage 
can be introduced, as reported previously [30].

5. Experimental results

Figure  4 presents the  transmitted current (a) 
and electric field (b) waveforms for the  ZnO 
sample #1161. The  highest current of 0.8  A cor-
responds to 320  kV/cm peak field at 26  dB at-
tenuation. Further, the  voltage pulse length and 
the  interelectrode distance were varied in order 
to find out the  optimal conditions for resolv-
ing the  effect of scattering on the  hot-electron 
transport.

Figure 5(a) presents the relatively long voltage 
pulse (100  ns) measurements of the  current on 
the average electric field for the sample #1153. An 
essential deviation from the ohmic behaviour ap-
pears at average electric fields exceeding 10 kV/cm 
in long channels (L  =15.8  µm, stars). Moreover, 
the deviation is sensitive to the channel length – it 
is weaker in shorter channels. In particular, 
the results for 1.7 µm samples (squares) and those 

for 3.9 µm (bullets) nearly match (within experi-
mental error) at electric fields below 50  kV/cm. 
The enhanced non-ohmic behaviour in the long-
channel samples might be an indication of either 
enhanced scattering or reduced electron density 
due to sample self-heating and hot-electron trap-
ping, respectively.

The use of short nanosecond voltage pulses 
(3 ns) enabled us to reach the highest electric field 
of 430±50 kV/cm (Fig. 5(b), squares; the error is 
due to different contact resistance) for the 1.7 µm 
long channel and attain the  maximum current 
density of 1.15 A for the L = 6.9 µm sample #1161 
(Fig. 5(b), triangles). Both current values are close 
to each other (triangles and diamonds) up to 
230 kV/cm indicating that other effects are ruled 
out except for the hot-electron effect on the mo-
bility. No soft damage was found for the channels 
#1161, and the  highest applied field was limited 
by the  setup. When the  field exceeded a  cer-
tain value, ~350  kV/cm for the  6.9  µm channel 
(Fig. 5(b), triangles), the slope of I–E dependence 
started increasing. Moreover, the shape of the cur-
rent pulse did not follow the  shape of the  volt-
age pulse. In particular, for the  3.9  µm channel 
(Fig. 5(b), diamonds), the current increased when 
the  voltage decreased at the  end of the  pulse. 
These distortions in the pulse shape might be at-
tributed to the  increased electron density caused 
either by the  impact ionization or de-trapping 
effects.

Fig. 4. Room-temperature current (a) and electric field (b) waveforms for the epitaxial ZnO measured in 
the transient mode. The interelectrode distance is 1.7 µm. The contact resistance is 25 Ω. The pulse half-
width is 2 ns.

n n
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6. Discussion

The n-type conductivity of nominally undoped 
ZnO epilayers can be caused by oxygen vacan-
cies [14, 17]. The redundant Zn atom gives its two 
electrons to the  conduction band, and the  oxy-
gen vacancy becomes positively charged. One can 
estimate the  density of vacancies by measuring 
the  density of electrons in the  conduction band. 
However, part of free electrons is captured by oth-
er charged centres (e.g. dangling bonds, impuri-
ties, and other point centres) present in epitaxial 
ZnO layers. Thus, the real density of electrons is 
always lower than the double density of vacancies.

We estimated the  density of vacancies with 
the aid of electron scattering on them. Let us de-
fine the double charged density of vacancies as N+ 
Also, N– is the  density of other charged defects, 
each capturing an electron. At the equilibrium, we 
have

N+Z+ = N–Z– + n0, (4)

where Z+ = 2 is the number of elementary charges 
per vacancy and Z– = 1 defines the negative charge 
of a dangling bond with one electron. The charged 
defects scatter electrons. In the  point scattering 
centre approximation, the  scattering is propor-

tional to the  density of point defects multiplied 
by the squared number of elementary charges of 
the  defect. Thus, after Eq.  (1), the  total scatter-
ing is proportional to the  sum of contributions 
due to positively charged vacancies plus Z2

– times 
the negatively charged defects:

Neff = N+Z2
+ + N–Z

2
–. (5)

One can approximate the results of current densi-
ty on electric field (Fig. 6 of this work or Fig. 5 in [27]) 
with lines. For the sample #1153, the Ohm’s law is 
valid at low electric field (solid line), while the dom-
inant scattering mechanism is due to optical pho-
nons at moderate fields (50 < Em < 250 kV/cm), 
and the  so-called second Ohm’s law is valid 
(Fig. 5, dashed line [27]). The differential conduc-
tivity estimated at moderate fields in #1153 from 
the slope of the dashed line is σ(Em) = 2.55 S/cm. 
The  ratio σ0/σ(Em)  =  1.84. When the  current is 
measured with the  aid of nanosecond voltage 
pulses, the  density of electrons does not depend 
on the  electric field in the  investigated samples, 
and we have σ(Em)/σ0 = µ(Em)/µ0.

We estimated the  ratio of the  mobility at 
the  low field, µ0, and the  differential mobility at 
the moderate field, µ(Em), by solving of the Boltz-
mann kinetic equation through the  spherical 

Fig. 5. The room-temperature current–field dependence for ZnO samples. (a) #1153: the voltage pulse dura-
tion is 100 ns and the interelectrodal distance is 1.7 (squares), 3.9 (circles), 9.9 (diamonds) and 15.8 µm (stars); 
(b) #1161: the voltage pulse duration is 3 ns and the interelectrodal distance is 1.7 (squares), 3.9 (diamonds) 
and 6.9 µm (triangles). The contact resistance is 25 Ω for the used TLM pattern in #1153 and 25, 27 and 18 Ω 
for #1161, respectively.

 nm
 nm
 nm
 nm

 nm
 nm
 nm

(a) (b)
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harmonics expansion method. The dependence of 
the calculated ratio on the sum Neff (see Eq. (5)) is 
illustrated in Fig. 7.

The electron degeneracy is insignificant in 
the  nominally undoped ZnO, and it is useful 
to consider the  results when the  electron den-
sity is constant with varying Neff. Once the  ra-

tio σ(Em)/σ0  =  µ(Em)/µ0 is valid, the  square and 
the arrow for the  sample #1153 leads in Fig.  7 to 
Neff  =  8.2  ×  1017  cm–3. Knowing Neff, we estimate 
the  low-field mobility µ0  =  195  cm2/(V s) from 
Fig. 2 and find the electron density n(Em) = σ(Em)/
(eµ(Em))  =  n0  =  σ0/(eµ0)  =  1.5  ×  1017  cm–3. This 
electron density value is consistent with the mag-
neto-resistance measurement results. Then we 
put Neff = 8.2 × 1017 cm–3 and n0 = 1.5 × 1017 cm–3 
values into Eqs.  (4) and (5) and find the  results 
for the  #1153 sample (Table  1). The  oxygen va-
cancy density is estimated as N+ = 1.6 × 1017 cm–3 
and the density of other charged defects is found 
as N– = 1.7 × 1017 cm–3. These numbers are in fair 
agreement with the findings by other methods [18].

The same procedure is performed for the #1161 
sample (Table  1) which was grown under higher 
Zn cell temperature (347°C). The  higher Zn cell 
temperature favours the formation of higher den-
sity oxygen vacancies (1.9  ×  1017  cm–3), as shown 
in Table 1.

Once the electron density is known, the electron 
drift velocity can be estimated from the measured 
current density j  =  I/S and the  estimated elec-
tron density according to Eq. (3). The highest ex-
perimental value for the  electron drift velocity of 
~2.9 × 107 cm/s (~2.7 × 107 cm/s) is found at 320 kV/
cm in the sample #1153 (#1161) with the electron 
density of 1.5 × 1017 cm–3 (1.9 × 1017 cm–3).

A correlation with the growth conditions is re-
solved: a slightly higher drift velocity is estimated 
for the sample #1153 with a lower density of oxygen 
vacancies. This wafer has been grown at lower Zn 
cell temperature (Table 1).

The contact resistance plays a role in the deter-
mination of the  applied electric field in the  ZnO 
channel. For example, the error of 14 Ω in the ohm-
ic contact resistance for the  sample #1161 shifts 
the highest electric from 320 kV/cm (Rc = 15 Ω) to 
300 kV/cm (Rc = 29 Ω).

7. Conclusions

The nanosecond pulsed technique is used to sin-
gle out the hot-electron transport and scattering 
in the nominally undoped ZnO epilayers at room 
temperature. The  Boltzmann kinetic equation 
is solved within the  spherical harmonics expan-
sion method for considering the  effect of elec-
tron scattering. The  approach is proposed for 

Fig. 7. The  ratio of the  calculated differential mo-
bilities at low-electric field of 2  and 100  kV/cm 
(solid line, circles) versus the  intensity of the defect 
scattering, Neff, for the  ZnO model at room tem-
perature. The  electron density in the  simulation 
nel = 1.8 × 1017 cm–3. The square and the star stand for 
the experimental values of the conductivity ratio for 
the samples #1153 and #1161, respectively.

×

×

×

×

×

Fig. 6. The current density dependence on the elec-
tric field for the ZnO sample #1161 at room tempera-
ture (triangles). A solid line stands for the Ohm’s law. 
A dashed line with a lower slope illustrates the second 
Ohm’s law. The voltage pulse duration is 3 ns. The in-
ter-electrode distance is 6.9  µm. The  contact resist-
ance is 18 Ω (triangles).

nel = 1.8 × 1017 cm–3 
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estimating the  density of oxygen vacancies (1.6–
1.9  ×  1017  cm–3) and that of other single-charged 
defects (1.7–2.0 × 1017 cm–3). The estimated density 
of the oxygen vacancies correlates with the Zn cell 
temperature.

The epilayers with the  shortest inter-electrode 
distances withstand average electric fields up to 
430±50  kV/cm. Two ranges of electric field are 
resolved. The  results on the  non-ohmic transport 
are interpreted in terms of scattering by charged 
point defects and phonons: the electron drift veloc-
ity reaches the highest value of ~2.9 × 107 cm/s at 
320 kV/cm electric field when the electron density 
is 1.5 × 1017 cm–3.
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ĮELEKTRINTŲ DEFEKTŲ TANKIO ĮVERTINIMAS NAUDOJANT KARŠTŲJŲ 
ELEKTRONŲ PERNAŠOS TYRIMUS EPITAKSINIAME ZnO

L. Ardaravičius, O. Kiprijanovič, M. Ramonas, E. Šermukšnis, A. Šimukovič, A. Matulionis

Fizinių ir technologijos mokslų centras, Vilnius, Lietuva

Santrauka
Naudojant nanosekundinių įtampos impulsų mata-

vimo metodiką ištirta karštųjų elektronų pernaša kam-
bario temperatūroje nominaliai nelegiruotuose ZnO 
epitaksiniuose sluoksniuose. Bolcmano kinetinė lygtis 
išspręsta sferinių harmonikų metodu siekiant atsižvelgti 
į karštųjų elektronų efektus. Naudojant šiuos metodus 
įvertintas įelektrintų taškinių defektų tankis (vakansijų 
1,6–1,9 × 1017 cm–3 ir sočiųjų jungčių 1,7–2,0 × 1017 cm–3), 
elektronų dreifo judris silpnuose ir vidutiniuose laukuo-
se bei elektronų tankis. Įvertintas deguonies vakansijų 
tankis koreliuoja su Zn celės auginimo temperatūra. 
Naudojant trumpus impulsus (3  ns) sumažintas savai-

minio pakaitimo efektas ir tirtuose sluoksniuose pasie-
kiami 430 ± 50 kV/cm elektriniai laukai. Išskiriami du 
elektrinių laukų ruožai, kuriuose srovės priklausomy-
bė nuo elektrinio lauko stiprio gali būti aproksimuota 
skirtingio polinkio tiesėmis. Matuojant srovės laiką aiš-
kėja, kad elektronų tankis yra pastovus, kai elektrinio 
lauko impulsas siekia iki 320  kV/cm. Nuokrypis nuo 
Omo dėsnio aiškinamas karštųjų elektronų efektais ir 
elektronų sklaida įkrautais taškiniais defektais bei fono-
nais. Įvertintas didžiausias elektronų dreifo greitis lygus 
~2,9 × 107 cm/s, kai elektronų tankis 1,5 × 1017 cm–3 su-
darant 320 kV/cm stiprio elektrinį lauką.
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