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a  b  s  t  r  a  c  t

This  paper  presents  a  review  of models  of the  current  transport  in  different  kind  of  heterojunctions  (HJs)
and  their  characteristics.  In order  to effectively  deduce  the  dominant  electron  transport  for  the HJs  based
on ZnO  or  Zn1−xMgxO layers  grown  on Si substrate  by MBE  a comparison  is  performed  –  which  type  of
the  HJ exhibits  better  electrical  properties.  The  current–voltage  characteristics  for  the  studied  HJs were
measured  within  280–300  K. The  transport  properties  of the  HJs  are  explained  in  terms  of  Anderson
eywords:
urrent transport
unneling current
nO/Si heterojunction

model  with  reference  to aforementioned  current  transport  models.  It is found,  that  the  mechanisms  of
current  transport  for all of  the  studied  HJs  are similar.  At  a low  forward  voltage  bias  the  tunneling  current
dominates  while  at medium  voltage  bias  (0.5–1 V) multitunneling  capture-emission  prevails  with  the
electron  trap located  at 0.1–0.25  eV  below  the bottom  of a ZnO  (Zn1−xMgxO)  conduction  band.  Beyond
this  voltage  bias  space  charge  limited  current  governs  the current  transport.

© 2017  Association  of Polish  Electrical  Engineers  (SEP).  Published  by  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Carrier transport mechanisms in semiconductor devices based

nate the observed current. Various carrier transport models have
been observed by authors of published papers investigating the
ZnO-Si HJs. In Ref. [1] current transport was studied in the n-
n heterojunctions (HJs) decide on their performance. Therefore,

he knowledge about the dominant current contributions is of cru-
ial importance. Depending on the structure of a HJ, applied forward
ias and temperature, there are different mechanisms that domi-

� This article is an expanded version of the scientific reports presented at the
nternational Conference on Semiconductor Nanostructures for Optoelectronics and
iosensors 2016 ICSeNOB2016, May  22–25, 2016, Rzeszow, Poland.
∗ Corresponding author.

E-mail address: ewa.popko@pwr.edu.pl (E. Płaczek-Popko).

ttp://dx.doi.org/10.1016/j.opelre.2017.06.010
896-3757/© 2017 Association of Polish Electrical Engineers (SEP). Published by Elsevier 
ZnO grown by metal organic chemical vapour deposition technique
(MOCVD) on p-type Si (111) substrate at 650 ◦C. It was shown that
the tunneling mechanism via deep-level states was the main con-
duction process at low forward bias, while space-charge-limited
current conduction dominated the carrier transport at higher bias.
In Ref. [2] it was  shown that the current transport in n-ZnO/p-Si het-

erojunction diode fabricated by the sol–gel method was governed
by the tunneling and space charge limited currents with an expo-
nential distribution of traps in the band gap. The authors of Ref. [3]
argued that in the case of the ZnO/Si heterojunctions the recombi-

B.V. All rights reserved.

dx.doi.org/10.1016/j.opelre.2017.06.010
http://www.sciencedirect.com/science/journal/12303402
http://www.journals.elsevier.com/opto-electronics review
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dx.doi.org/10.1016/j.opelre.2017.06.010
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Table 1
Saturation current density J0, parameter A and ideality n factor for different current
transport mechanisms at a forward-biased p–n heterojunctions.

Current transport mechanism J0 A n

Diffusion J0∼ exp
( −Eg

kT

)
q

kT
1

Recombination J0∼ exp
( −Eg

2kT

)
q

kT
2

Thermionic J0∼ exp
( −q∅B

kT

)
kT3/2 q

kT
1

Multistep tunneling J0 ∼ exp(�T) const n /= const
Recombination-tunneling J0 ∼ Nt const n /= const

Multitunneling capture-emission J0∼ exp
(

−Eac
kT

)
const n /= const

V
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ation tunneling path is provided by a highly dislocated and thin
-type region created at the interface between ZnO and Si, which

s generated to relieve the strain caused by the lattice mismatch.
n Ref. [4] it is reported that a multi-step tunneling mechanism
ominates the I–V characteristics of the nanocrystalline zinc oxide
nc-ZnO) films prepared by a sol–gel process on p-type single-
rystalline Si substrates. The authors of Ref. [5] found that for ZnO
ayers grown on Si by photoinduced electro deposition method in

 low voltage region, the forward current was also dominated by
he multi-step tunneling model.

Also in the case of the HJs based on ZnO nanorods, similar trans-
ort mechanisms were reported. In Ref. [6] it was concluded that
he recombination-tunneling mechanism was dominating the for-
ard I–V characteristics in the n-ZnO/p-Si heterojunction prepared

y the hydrothermal method. In Ref. [7] the HJ of ZnO nanorods
rown by chemical bath deposition technique on Si substrate was
tudied. It was concluded that in the low forward bias region the
urrent is dominated by a trap assisted multi-step tunneling pro-
ess.

The authors of those papers agree that trap-mediated tunneling
r/and space charge limited currents dominate the current trans-
ort in the ZnO-Si HJs, no matter what is the method of the ZnO

ayer/nanorods growth. While hydrothermal bulk growth, vapour
hase transport, chemical transport techniques and flux growth
echniques are standard techniques for fabrication of bulk ZnO,

etal organic vapour phase epitaxy (MOVPE), molecular beam
pitaxy (MBE), pulsed laser deposition (PLD) and atomic layer
eposition (ALD) are used to develop advanced structures and for
esearch purposes [6–9].

This paper describes various models of current transport in an HJ
nd its characteristics to effectively deduce the dominant electronic
ransport for the HJs based on ZnO or Zn1−xMgxO layers grown on
i substrate by MBE  method. To the best of our knowledge there
s very little known about current transport in the ZnO based – Si
Js made by this method. Moreover, there are no reports on the
urrent transport for n-Zn1−xMgxO/p-Si HJs. Current–voltage (I–V)
haracteristics are measured for both types of HJs as a function
f temperature and analyzed using the models of current trans-
ort and Anderson model of an HJ. It was found that the presence
f traps of activation energy 0.1–0.25 eV, located in the ZnO (or
n1−xMgxO) layer of the studied HJs plays crucial role in the current
ransport within measured temperature range and that it is a mul-
itunneling capture-emission current. Additionally, the aim was to
xamine how the replacement of the ZnO layer by the Zn1−xMgxO
ayer affects the rectifying properties of the HJs.

. Current transport mechanisms

The current mechanisms in a p–n junction can be identified
sing the basic equation of the rectification model [10]:

(V, T) = J0(T)[exp(A(T))V − 1].  (1)

J0(T) is the saturation current, and it is usually thermally acti-
ated:

0∼ exp
(−Eac

kT

)
, (2)

here Eac stands for the activation energy and k – Boltzmann con-
tant. The formulae for various current transport mechanisms are
ollected in Table 1. In the table also the equations defining A(T)
nd corresponding ideality factors n = AkT/q are given.

The first mechanism corresponding to the ideal p–n junction

efers to the diffusion current Jdiff with the thermal activation
nergy equal to the band gap energy, Eg. The second one – to the
ecombination current at the depletion region with the activation
nergy equal to Eg/2. In the case of a single recombination level at
Fig. 1. Schematic energy band diagram for the forward-biased n-ZnO/p-Si hetero-
junction (positive bias applied to p-Si and negative bias – to n-ZnO).

the mid  gap the ideality factor n = 2. If there is a continuous trap
distribution, then the value of ideality factor 1 < n < 2.

For an asymmetric HJ, with one side of the junction heavily
doped compared to the other side, thermionic emission governs
the current transport and the HJ can be treated as a Schottky diode
[10].

Before studying possible tunneling mechanisms, let us analyze
the forward-biased n-ZnO/p-Si band diagram shown in Fig. 1. When
n-ZnO makes an intimate contact with p-Si, the carriers diffusion
current flows due to the concentration gradient. Ionized donors
in ZnO form positive and ionized acceptors in Si – negative space
charge near the interface. As a result the band bends upward in n-
ZnO and downward in p-Si. According to the Anderson model, the
conduction band offset is �Ec = �ZnO − �Si = 3.7 − 4.05 =−0.35 eV
[11] where �ZnO and �Si stand for electron affinity in ZnO and Si,
respectively. The valence band offset is �EV = EgZnO − EgSi − �Ec =
3.27 − 1.12 + 0.35 = 2.5 eV. The large difference between the band
offsets �Ec and �EV results in a much lower barrier for electrons
than for holes.

The possible tunneling mechanisms for a forward-biased HJ of p-
Si/n-Zn1−xMgxO are shown in Fig. 2a and b. In the case of the studied
here Zn0.9Mg0.1O the conduction band offset is positive and equal
to �EC = �ZnMgO − �Si = 4.1 − 4.05 eV = 0.05 eV, and the valence band
offset is �EV = Eg,ZnMgO − Eg,Si − �EC = 3.6 − 1.12 eV − 0.05 eV = 2.53 e
[12]. The conduction band offset is positive, and may result in
a spike, shown in both Fig. 2a and b. Like in the case of the
n-ZnO/p-Si HJ there is a very low barrier for electrons and a high
barrier (2.53 eV) for holes at a low forward bias. This single-carrier
electron injection behaviour results in a wider depletion layer
in the n-Zn0.9Mg0.1O side, and as it will be shown below, in the
space-charge limited forward current. Actually, the fact that the
depletion region is mainly located in the n-side of the studied HJs

has been confirmed by capacitance-voltage measurements [9].

The direct tunneling of electrons through the spike is labeled as
the transition A in Fig. 2a. A single trap-mediated tunneling mech-
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Fig. 2. Forward-biased n-Zn0.9Mg0.1O/p-Si HJ and various tunneling mechanisms (a)
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irect tunneling of electrons (A), single trap hole tunneling (B and C), multistep hole
unneling (D) and (b) multi-tunneling capture-emission (E): (1) – electron capture,
2) – hole emission. Et – trap level.

nisms are labeled in Fig. 2a as the transitions B and C and the
ultistep tunneling as the transition D. The tunneling mechanisms

, C, D and E are presented for holes tunneling from the p-side to the
-side of the HJ because in the case of the p-Si/n-Zn0.9Mg0.1O (or
nO) HJ the barrier for holes is thinner than the barrier for electrons
nd, thus the tunneling of holes is more probable than the tunnel-
ng of electrons. Moreover, it is also assumed that the defects are
ocated mainly in the ZnO or Zn0.9Mg0.1O side of the interface [3].
oth materials exhibit different lattice constants which results in

attice mismatch and high concentration of defects at the n-ZnO (or
n0.9Mg0.1O)/p-Si interface.

For the single trap tunneling mechanism the saturation current
s constant, proportional to the trap concentration J0 ∼ Nt and the
arameter A for the hole tunneling from the p-side to n-side is
xpressed by the equation [13]:

 =
(

8�

3h

)
(m∗

hε1ε0)1/2ND/[N1/2
A (NA + ND)]. (3)

In Eq. (3), m∗
h

stands for the effective mass for holes, ε1 is the
emiconductor dielectric constant, ND is the donor concentration,
A is the acceptor concentration, and h is Planck’s constant. It can
e noted, that this equation enables calculation of ND if NA is known
nd vice-versa.

In the case of the multistep tunneling the saturation current is
xponential function of temperature but the parameter A = const,
ike for the single trap tunneling. This model assumes tunneling
hrough defects to the other side of the HJ in the interface between

he two semiconductors and is shown as mechanism (D) in Fig. 2a.
s it has been discussed in Ref. [13] tunneling current by one-
tep tunneling [B or C in Fig. 2a] is always smaller than that by
ultitunneling (D in the figure).
ics Review 25 (2017) 181–187 183

For the multitunneling capture-emission process (MTCE) [14]
saturation current is a complex function, given by following equa-
tions:

J0 = B[�nvthNc exp
(

−Ec − ET

kT

)
+ �pvthNv exp

(
−EF − Ev

kT

)
, (4)

This equation was initially derived for n-amorphous Si/p-
crystalline Si (n-aSi/-p-cSi) HJ [14]. The first term in Eq. (4) describes
electron capture and the second – the hole emission, �n (�n) stands
for electron (hole) capture cross section, vth is the thermal velocity
of carriers, Nc(Nv) – density of states at the bottom of conduction
band (top of valence band), Ec − ET – the distance of a trap level
from the bottom of conduction band, EF − Ev – the distance of Fermi
level from the top of the valence band and B = const. In the case of
the studied here HJ it is assumed that the n-ZnO or Zn0.9Mg0.1O
layer plays similar role to the amorphous Si in the n-aSi/-p-cSi. The
MTCE process is shown in Fig. 2b. Carriers tunnel through defects
until they are emitted to the valence band or recombine with an
electron from the conduction band, shown as mechanisms (1) and
(2) in Fig. 2b, respectively.

It must be noted that different transport processes may  take
place at the barrier of an HJ, whereas the measured current density
will usually be dominated by only one of the transport mechanisms.
A summary of the several charge transport mechanisms is given in
Table 1 [15].

Up to this point, it was  assumed that the semiconductors were
in low injection limit, i.e. �n � nn0 in the n-type and �p � pp0 in
the p-type material. At high injection (sufficient applied bias and a
thin enough layer) the electric field is not zero in the quasi-neutral
region and the drift current becomes much larger than the diffu-
sion current. This current is known as space charge limited currents
(SCLC). It was shown, that in the absence of traps, the SCLC is a
square function of applied voltage bias, V [16]:

Jsclc = εs
�n

2L3
V2, (5)

where �n is the carrier mobility and L is the length of the space-
charge region. However in the presence of traps:

Jsclc = K · Vm, with m > 2. (6)

Furthermore, for exponential trap distribution m can reach
pretty high value [15]:

m = TT

T
+ 1, where NT (E) = N0 exp

(
E − Ec

kTT

)
. (7)

If the sample contains traps, some of the injected carriers are
trapped and others remain free. As the applied voltage increases
the injected carriers’ charge also increases and more and more
traps are filled with carriers. The voltage at which all the traps are
filled is known as the trap filled limit voltage (VTFL). SCLC is of great
practical interest because the operating of a semiconductor device
drastically changes once the VTFL is achieved [17].

3. MBE  technique of the ZnO/ZnMgO structures growth

The ZnO/ZnxMgxO structures were grown by means of the MBE
technique on p-type Si (111) substrates with resistivity equal to
0.1 	 cm.  At first the Si substrates were chemically and thermally
etched. Then, the substrates were placed in an ultra-high vacuum
chamber and annealed at 700 ◦C. In the next step the growth of a
thin (a few nm)  Zn (or Mg)  layer (to prevent Si layer from oxidation)
was followed by the growth of the ZnO/ZnxMgxO layers at the tem-

perature equal to 500 C. The cross sections of the investigated HJs
are shown in Fig. 3. The two  samples differ in a thin MgO  layer sep-
arating the Zn1−xMgxO layer from the Si substrate for the sample
1.
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Fig. 3. The cross sections of n-Zn1−xMg−xO/p-Si HJs.
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Moreover, two other types of structures were processed. These
ontained Zn1−xMgxO nanocolumns grown on Si (111) substrates
ith a low temperature buffer ZnO layers by using MBE  method.

he typical structures consisted of a 350 nm thick ZnO buffer
rown at low temperature (450 ◦C), followed by a 230 nm thick
n1−xMgxO barrier and quantum structures grown at 800 ◦C. A 10
eriod ZnO/Zn1−xMgxO multiquantum wells (MQWs) were grown
n top of these barriers. The thickness of the barrier layers was  kept
t about 2 and 15 nm,  while that of the quantum wells ranged from
.7 and 3 nm.  The cross sections of the structures containing MQWs
re shown in Fig. 4.

The crystalline quality of Zn1−xMgxO/ZnO nanostructures was
erified by RHEED during growth. The Mg  content in Zn1−xMgxO
lloy was found to be x∼10% [9].

For the electrical characterization of the HJs the ohmic contacts
ere deposited: Ti/Au on the top of the ZnO or Zn1−xMgxO layer and
i/Au on the Si substrate. The I–V characteristics were measured
ithin the 270–350 K range of temperature with the use of a Keith-

ey 2601 I–V source-meter and a Janis cryostat with a LakeShore
emperature controller.

It has to be pointed out that in the case of the samples MQW1
nd MQW2  the p–n HJ is formed between p-Si substrate and n-
nO buffer layer while for the samples 1 and 2 between the p-Si
ubstrate and Zn1−xMgxO layer. The thin MgO  layer for the sample

 can be neglected because it is thin enough to enable tunneling.
he same is true for the quantum wells, which do not affect the
urrent transport through the p–n HJ but the contribution to the
eries resistance.
ig. 4. The cross sections of the structures containing MQWs.  (a) MQW1,  (b) MQW2.
Fig. 5. Room temperature I–V characteristics of the samples 1 and 2 in a linear (a)
and semi-logarithmic (b) scales.

4. Results and discussion

4.1. HJ n-Zn0.9Mg0.1O/p-Si

In Fig. 5. the room temperature I–V characteristics of the samples
1 and 2 are shown.

In Table 2 the basic junction parameters of the samples 1 and
2 obtained from the I–V characteristics are given. Both samples
exhibit rectifying properties, but the sample 1 is much better than
the other one. The rectification ratio is larger and ideality factor
as well as series resistance are smaller for the sample 1. Built-in
voltage for the sample 1 is equal to 2.44 eV in accordance with the
Anderson model. In the case of the sample 2 it is much smaller equal
only 0.7 eV, the value frequently reported for ZnO/Si HJ [18–20]. The
main reason is presumably the presence of interface states which
leads to the Fermi level pinning at the ZnMgO/Si interface. The pres-
ence of these states confirms higher ideality factor for the latter
sample.

It was found that the saturation current for both diodes follows
the relationship given by Eq. (2). The Arrhenius plots of the satu-

ration current are shown in Fig. 6a and b. A linear fit in the high
temperature range of the plots presented in Fig. 6a and b yield acti-
vation energy of about 0.25 eV and 0.16 eV, for the samples 1 and

Table 2
Room temperature rectification ratio, ideality factor, n, built-in voltage, Vbi , and
series resistance, RS , of the samples 1 and 2.

T (K) Rectification ratio at ±2 V n Vbi (eV) (I–V) RS (	)

310 2 × 103 3.7 2.44 ± 0.07 247 ± 6
310 14 5.6 0.7 ± 0.03 907 ± 11
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Table 3
Room temperature rectification ratio, ideality factor, n, built-in voltage, Vbi , and
series resistance, RS , of the samples MQW1  and MQW2.

Rectification ratio at ±1 V n Vbi (eV) (I–V) RS (	)

sample (cf. Fig. 4a and b).

F
t

ig. 6. The Arrhenius plot of the saturation current (a) for the sample 1 and (b) for
he  sample 2.

, respectively. Both values are much smaller than the band gap
nergy of Zn0.9Mg0.1O. This supports the hypothesis that the diffu-
ion and recombination current in the depletion region are not the
ain mechanisms causing the low forward bias current, since the

ctivation energies for these two mechanisms are on the order of
he band gap energy (much larger than those determined by us).

In Fig. 7 the I–V curves for both samples are shown in a double
ogarithmic scale (at two different temperatures). For the sample 1
hree regions can be distinguished. At a low voltage bias (<0.2 V at
50 K and <0.3 V at 270 K) the slope of the plots is close to 1, indi-

ating the Ohmic region (I). This region is missing for the sample
, but this is presumably effect of poor resolution of the measure-
ents for this sample. In the second region (II), at a voltage bias up

ig. 7. I–V curves for the samples 1 and 2 at two different temperatures, shown in a doub
ransport are separated by vertical lines.
MQW1  10 2.7 1.66 1109
MQW2  10 4.2 2.72 22

to 0.8 V for the sample 1 at 350 K and up to 1 V for the same sam-
ple at 270 K the log–log plots obey the relationship characteristic
for recombination-tunneling, multisteptunneling or MTCE current.
The same holds for the sample 2, however here the tunneling cur-
rent dominates up to ∼0.5 V. Taking into account the dependence of
saturation current density on temperature (Fig. 6a and b) it may  be
assumed that this is the MTCE process which governs the current
transport in both samples in the low forward bias.

At a larger voltage bias, space charge limited current comes
to play a role. The injection current is dominated by the injected
electrons under the forward voltage and the single-carrier current
forms because the barrier is much higher for the holes than that for
the electrons (cf. Figs. 1 and 2a, b). The slope m > 2 for the sample
1 indicates the SCLC with contribution of exponentially distributed
traps. SCLC for the sample 2 obeys the V2 law indicating that all
the traps are already filled at 0.5 V but at a voltage >1 V the slope
decreases because of the series resistance. The series resistance is
decreasing with increasing temperature; therefore the influence of
the resistance is more significant at 300 K than in 350 K.

Hence, the transport mechanism in the samples 1 and 2 is
dominated by direct tunneling at lower voltages (region I), mul-
titunneling capture-emission current at medium voltages (region
II) and by space-charge-limited current at higher voltages (region
III).

4.2. HJ n-ZnO/p-Si

The samples with MQWs  differ from the samples 1 and 2 because
in these samples the junction is formed between p-Si and n-ZnO
instead of Zn0.9Mg0.1O. In Table 3 the basic junction parameters of
the samples MQW1  and MQW2  obtained from the I–V character-
istics are given. The rectification ratio is the same, ideality factor
less for the sample MQW1  but series resistance larger than for the
MQW 2. This may  be due to the wider barriers in the QWs  for this
The I–V curves and Arrhenius plots of saturation current for
the samples MQW1  and MQW2  are shown in Fig. 8. and in Fig. 9,
respectively.

le logarithmic scale. The regions I–III, governed by different mechanisms of current
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Fig. 8. Room temperature I–V characteristics for the samples MQW1 and MQW2.

Fig. 9. The Arrhenius plots of the saturation current for the samples MQW1  and
MQW2.

F
m

o
r
a

M

that the ZnO/Si HJ forms types II HJ [12] while the latter one type
ig. 10. I–V curves for the samples MQW1  and MQW2,  shown in a double logarith-
ic  scale.

A linear fit of the plots shown in Fig. 9 yields activation energy
f about 0.15 eV and 0.11 eV, for the samples MQW1  and MQW2,
espectively. Like in the case of the samples 1 and 2, both values

re much smaller than the band gap energy of ZnO.

The log–log plots are presented in Fig. 10 for both MQW1  and
QW2  samples. At a low voltage bias (<0.1 V for the sample MQW1
ics Review 25 (2017) 181–187

and 0.04 V for the sample MQW2)  labeled as region I, the slope of
the plots are close to 1, indicating the Ohmic region, due to the
tunneling current. At a larger voltage bias, region II, multitunneling
capture emission current dominates. This conclusion is based on
the same arguments like in the case of sample 1 and 2. In the region
III SCLC dominates. The slope m > 2 for both samples indicates the
SCLC with contribution of traps. It must be emphasized that the
concentration of traps in both samples is large, because neither of
the curves reach the voltage trap filled limit, VTFL. In the case of
the sample MQW1  region IV can be distinguished with a very high
value of m,  indicating exponentially distributed traps.

It may  be concluded, that the transport mechanism in the
samples MQW1  and MQW2  is dominated by multitunneling
capture-emission current at lower voltages (region I), and at higher
voltages (region II) it is dominated by space-charge-limited current.

Now we  should comment on the activation energy obtained
from the Arrhenius plots of saturation currents for all of the studied
samples. The value of activation energy is between 0.1 and 0.25 eV,
depending on an HJ. The activation energy reported in Ref. [5] was
about 0.18 eV for ZnO layers grown on Si by photoinduced elec-
tro deposition method and 0.26 eV for nc-ZnO/p-Si by the sol–gel
technique [4], thus our results are close to those obtained by oth-
ers. The question is which of the terms in Eq. (4) dominates. If the
first one than the activation energy is related to electron capture
at trap levels. The electron traps in ZnO of activation energy about
0.1 eV were reported by several authors. In Ref. [21] a defect level
with Ea = 0.065 eV was found for ZnO layers grown in Zn-rich condi-
tions by means of MBE  method. Roth and Williams have reported
a few shallow donor levels in ZnO formed by oxidation method
with activation energies within the range of 0.03–0.06 eV [22]. In
[23] a shallow donor level of 60–70 meV  is claimed to be typical for
bulk ZnO grown by vapor-phase method. Moreover, it is also sug-
gested that AlZn is responsible for such a donor level since Al is a
common contaminant in ZnO. Hydrogen is also very often consid-
ered as a cause of shallow donor levels since it is present in many
techniques commonly used for ZnO growth, even in high vacuum
systems such as MBE  [24,25].

If the second term in Eq. (4) is more significant, the hole emission
prevails and the activation energy would be a greater distance from
the Fermi level to the valence band. Based on the assumed band
diagram, shown in Fig. 2b, this term cannot be dominant because
the distance from the top of the valence band to the Fermi level is
much larger than the activation energy of 0.1–0.25 eV.

5. Conclusions

It was  found that the multitunneling capture-emission current
dominates the low forward bias current transport in the studied n-
ZnO or Zn0.9Mg0.1O/p-Si heterojunctions. It may  be assumed that
the electron trap of activation energy 0.1–0.25 eV is responsible
for the MTCE mechanism in these HJs. At a larger voltage bias space
charge limited current accompanied by traps prevails. Both current
transport mechanisms indicate that there is a large concentration of
defects at the interface of the HJs. This conclusion has been already
confirmed by deep level transient spectroscopy studies run by us
for the sample 1 [9]. Obtained results are in accordance with the
data reported by other authors for n-ZnO/p-Si HJs grown by various
technologies [6–8].

As far as the HJs n-ZnO/p-Si are compared to the n-
Zn0.9Mg0.1O/p-Si HJs it must be pointed out that the rectifying
properties are better for the latter ones. This may  be due to the fact,
I. Moreover, the presence of a thin MgO  layer at the Zn0.9Mg0.1O/Si
interface improves the rectifying properties of the diodes. It has
to be emphasized that the analysis of current transport mecha-
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