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Current-voltage characteristics of GaAs tunnel diodes are studied experimentally and theoretically.
In theoretical calculations contributions of three different transport mechanisms are considered:
direct tunneling processes, nonresonant multiphonon tunneling processes via defects, and resonant
tunneling processes through defects. The comparison between theoretical results and experimental
data reveals resonant tunneling as the dominant transport mechanism at voltages corresponding to
the peak current. At higher voltages this mechanism is replaced by nonresonant tunneling, which is
in its turn replaced by over-barrier transport at even larger voltages. © 2008 American Institute of
Physics. �DOI: 10.1063/1.3013886�

I. INTRODUCTION

Tunnel diodes have been the subject of intensive experi-
mental and theoretical studies for the past decades. The in-
vestigation of tunnel diode systems is based on their appli-
cations in various semiconductor devices, such as digital
logic and high-frequency oscillators as well as series connec-
tions between tandem solar cells. Monolithically stacked
multijunction solar cells based on III–V semiconductor
materials1 can exploit the solar spectrum very profitably and
hence have reached high efficiencies of up to �=40.7%.2

The electrical interconnection element for the individual sub-
cells is a critical component of such multijunction solar cells.
A high-quality tunnel diode, exhibiting both high optical
transparency and low electrical resistivity, would be a good
candidate for this task. In our work we studied current-
voltage characteristics of GaAs tunnel diodes experimentally
and theoretically.

An adequate theoretical description of the current-
voltage characteristic requires the correct identification of the
dominant tunneling mechanism for different applied volt-
ages. The theoretical basis of tunneling mechanisms and
their application to various devices has been studied in nu-
merous papers �see, for example, Refs. 3–13�. The three im-
portant transport mechanisms are band-to-band, phonon-
assisted, and resonant tunneling. In many cases the measured
tunneling current is too large to be explained by the direct
band-to-band tunneling process. Tunneling through defect
states in a space-charge layer of the junction in the device is
therefore considered as the dominant transport mechanism.
The latter process can be performed as defect-assisted mul-
tiphonon tunneling3–10 or as resonant tunneling through
defects.5,11–13 For instance, for programmable oxide-nitride-
oxide read only memories it has been shown that band-to-
band tunneling is negligible, while tunneling via defects
dominates the charge leakage across the oxide-nitride-oxide

sandwich structure.5 The electrons stored on the floating gate
were captured by traps in the 100 Å wide bottom oxide and
subsequently emitted into the nitride layer by multiphonon-
assisted or resonant tunneling processes. For comparatively
low electric fields, multiphonon-assisted tunneling plays the
dominant role, while for higher fields resonant tunneling
takes over.5 Tunneling processes via defects were also shown
to be important for carrier recombination in Hg0.8Cd0.2Te n+p
junctions with a trap concentration of Nt=1018 cm−3.3 Fur-
thermore in Si the trap-assisted tunneling mechanism was
shown to be more important than direct band-to-band tunnel-
ing in a wide range of applied voltages.4 It was also found
that resonant tunneling through oxide defects can essentially
enhance the gate leakage currents through thin SiO2 gates in
metal-oxide semiconductor field-effect transistors with an
oxide thickness smaller than 15 Å at area defect densities
larger than 1011 cm−2.6–8 According to Refs. 9 and 10 a sig-
nificant increase in current in a p-n diode is evident at zero-
bias depletion layer widths of less than about 300 Å or,
equivalently, above a dopant concentration of several
1018 cm−3. This increase in current is due to trap-assisted
tunneling. In Ref. 11 it was shown that the impurities in the
insulating layer of a metal-insulator-metal junction can en-
hance the conductance of the junction due to resonant tun-
neling and that intentional high-concentration doping can be
used to adjust the conducting properties of the junction in a
predictable manner. In Ref. 12 it was suggested that resonant
tunneling through defect-related states is an important
mechanism for high-field carrier injection into thin SiO2

films of metal-oxide-semiconductor structures and for high-
field insulator breakdown.

In this work we have applied all above-mentioned tun-
neling mechanisms in order to explain theoretically the
current-voltage characteristic of n-GaAs / p-GaAs tunnel di-
odes obtained in our experimental studies. It will be shown
that resonant tunneling via defect-related states in the deple-
tion layer of the junction is the dominant mechanism respon-
sible for the high peak current in the diode at low applied
forward voltages. Section II addresses the experimental data.
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Section III represents the theoretical models used in our cal-
culations. A current-voltage characteristic of the tunnel diode
is calculated in Sec. IV. Finally, conclusions are given in Sec.
V.

II. EXPERIMENTS

An AIXTRON multiwafer metalorganic vapor phase ep-
itaxy reactor �AIX2600 G3� with 8�4� configuration was
used to grow the tunnel diode structures on �100� Ge sub-
strates. The n-GaAs and p-GaAs layers were highly doped
with Te �Nd=1�1019 cm−3� and C �Na=3�1019 cm−3�, re-
spectively. About 1% of In was added to the GaAs in order to
achieve lattice match to Ge. Ellipsometric characterization
confirmed the optical parameters to correspond well to those
of GaAs in the literature.14 In the following these
Ga0.99In0.01As layers will be referred to as GaAs. The tunnel
diode devices have been processed by common wet-chemical
processing. They were etched to mesa structures with 0.7
mm diameter and plated with metal contacts on top and bot-
tom. The current-voltage �I-V� characterization presented in
Fig. 8 by solid circles was performed via a four-wire mea-
surement technique at 25 °C without illumination �dark IV�.
More than 50 different diodes with different areas have been
measured and reproduce all well. A peak current density of
21.0�3.8 A /cm2 was determined.

III. THEORETICAL MODELS

In this section, we describe the theoretical model of the
junction used in our calculations and present the tunneling
mechanisms. Calculations of the transmission coefficient
were performed by the global transfer matrix �GTM� tech-
nique described below.

A. Theoretical model of a junction

We consider the tunnel diode as an abrupt junction of
degenerate n-type and p-type semiconductors. Coordinate
dependences of the conduction and valence band edges Ec�x�
and Ev�x� across the depletion layer of the junction are given
by15

Ec�x� = �Ec,0
�n� +

2�e2

�n
n0x2, x � dn

� −
2�e2

�p
p0�d − x�2, dn 	 x � d ,�

Ev�x� = �Ec�x� − Eg
�n�, x � dn

Ec�x� − Eg
�p�, dn 	 x � d ,

� �1�

where �=Eg
�p�−Ec,0

�n� +Ev,0
�p� −Uapp, e is the elementary charge,

Uapp is the applied voltage, Eg
�n� and Eg

�p� are the band gaps,
and �n and �p are the dielectric permittivities of the n and p
materials, respectively �for a homojunction Eg

�n�=Eg
�p�=Eg

and �n=�p=��. d=dn+dp represents the total thickness of the
junction, whereas dn and dp are the thicknesses of the deple-
tion layers in the n-type and p-type semiconductors, respec-
tively, given by

dn =	 �n�pp0U

2�en0��nn0 + �ppo�
, �2a�

dp =	 �n�pn0U

2�ep0��nn0 + �ppo�
. �2b�

U=Uc−Uapp, where Uc is the contact potential difference. n0

and p0 are the concentrations of major charge carriers in the
bulk of the n-type and p-type semiconductors, respectively.

We assume that the distribution of electrons and holes on
each side of the junction is given by the Fermi distribution
with appropriate quasi-Fermi levels Fn and Fp. For the
n-type and p-type degenerate semiconductors they can be
calculated according to15

Fn = Ec,0
�n� + k0T
3	�

4Nc
n0�2/3

, �3a�

Fp = Ev,0
�p� − Ec,0

�n� − Uapp − k0T
3	�

4Nv
p0�2/3

, �3b�

where Nc and Nv are the densities of states in the conduction
and valence bands, respectively; Ev,0

�p� is the valence band
edge in the bulk of the p-type semiconductor. Note that all
energies are measured from the conduction band edge Ec,0

�n� in
the bulk of the n-type semiconductor and all coordinates are
measured from the starting point of the depletion layer in the
n-type semiconductor.

B. Tunneling mechanisms

Tunneling currents through the n-GaAs / p-GaAs homo-
junction are calculated on the basis of the following three
tunneling mechanisms: direct band-to-band tunneling,
defect-assisted multiphonon tunneling, and resonant tunnel-
ing via defects.

1. Direct band-to-band tunneling

The probability to tunnel through the potential barrier is
determined by the transmission coefficient TD�E�. This quan-
tity depends on the energy E of the charge carriers. We as-
sume the potential V to be a function of only the x coordinate
perpendicular to the junction �so the system is translationally
invariant in the yz plane�. The current density in the tunnel
diode jbb related to the tunneling of electrons from the con-
duction band of the n-type semiconductor into the valence
band of the p-type semiconductor �see Fig. 1�a�� can be cal-
culated according to16

jbb =
e

2�

�

0

Ev,0
�p�

�n2D�Fn − E� − n2D�Fp − E��TD�E�dE ,

�4�

where

n2D�E� =
mnk0T

�
2 ln�1 + eE/k0T� �5�

represents the density of electrons in a two-dimensional elec-
tron gas in the yz plane, mn is the effective mass, k0 is the
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Boltzmann constant, and T is the lattice temperature.

2. Defect-assisted tunneling

In sufficiently strong electric fields tunneling of elec-
trons �holes� from the conduction �valence� band to the trap
state Et,0 associated with the defects in the depletion layer of
the p-n junction can significantly contribute to the conduc-
tance of the junction. According to the recombination model
proposed in Refs. 9 and 10 the current density related to the
defect-assisted tunneling can be calculated according to

jd = e�
0

d

Rt�x�dx + C , �6�

where C= jnp+ jpn and

Rt�x� =
n�x�p�x� − ni

2

�p

1 + �p
�n�x� + nie

Ē/k0T� +
�n

1 + �n
�p�x� + nie

−Ē/k0T�
,

�7�

where p and n denote the local concentrations of free elec-
trons and free holes in the depletion layer of the junction, ni

is the intrinsic carrier concentration, Ē=Et,0−Ei is the differ-
ence between the trap level and the middle of the band gap,
and �n and �p are the recombination lifetimes of electrons
and holes, respectively. jnp and jpn are the electron and hole
current densities due to recombination in the neutral p and n
regions, respectively. Taking tunneling into account one ob-
tains for the effective recombination lifetimes �n

eff=�n / �1
+�n� and �p

eff=�p / �1+�p�, where the factors �n and �p are
determined as9,10

�n =
1

k0T
�

0

En

eE/k0TTD�E�dE , �8a�

�p =
1

k0T
�

0

Ep

eE/k0TTD�E�dE . �8b�

These factors account for the effects of phonon-assisted tun-
neling on the enhancement of both the density of captured
carriers by the traps and the emission rates of carriers from
the traps. Instead of thermal emission over the entire trap
depth, which is the only escape mechanism possible in the
absence of an electric field, carriers can also be emitted by

the thermal excitation over only a fraction of the trap depth,
followed by the tunneling through the remaining potential
barrier. So, �n and �p are given by integrals over the trap
depth of the product of a Boltzmann factor, which gives the
excitation probability of a carrier at the trap level to an ex-
cited level E and the tunneling probability at this energy
level from the trap to the band. Because of the detailed bal-
ance, the same can be said for the recombination process on
the trap level �see Fig. 1�b��. The value of the trap level
Et�x�=Ec�x�−Et,0 is position dependent since the conduction
band minimum Ec�x� and the valence band maximum Ev�x�
are functions of x. Hence, the integration intervals in Eqs.
�8a� and �8b� are position dependent. If the trap level Et�x�
lies below the conduction band minimum Ec,0

�n� at the neutral n
side of the junction, tunneling can occur only at an energy
level between Ec�x� and Ec,0

�n� because below Ec,0
�n� there are no

states available that an electron can tunnel from �and into�. If
the trap level lies above Ec,0

�n� the integration interval is the
whole trap depth, i.e., En�x�=Ec�x�−Et�x�. For holes a
similar criterion holds. The expression for the integration
intervals can be written as

En�x� = �Ec�x� − Ec,0
�n� , Et�x� 	 Ec,0

�n�

Ec�x� − Et�x� , Et�x� � Ec,0
�n� ,
�

Ep�x� = �Ev,0
�p� − Ev�x� , Et�x� � Ev,0

�p�

Et�x� − Ev�x� , Et�x� 	 Ev,0
�p� ,
� �9�

For week electric fields, when �n ,�p�1, formula �7� re-
duces to the conventional Schokley–Read–Hall recombina-
tion mechanism.17

3. Resonant tunneling through defects

For resonant tunneling of electrons through defects in a
depletion layer of the tunnel diode we use the model pro-
posed in Ref. 13. According to this model, a defect potential
energy in a junction can be represented by a square well
dividing the whole potential barrier into two regions. Then
resonant tunneling through defects can be considered as a
double barrier problem. The defect energy level is repre-
sented by the resonant tunneling energy level in the system,
which can be adjusted by selecting the well width dW and
depth VW. The electron transmission through a depletion
layer with defects is divided into two modes. In the first
mode electrons directly tunnel through the area without de-
fects. In the second mode electrons tunnel through the area
with a single defect. Combining the two modes of transmis-
sion, the total transmission coefficient Ttot for one type of
defect with the concentration Nt and the constant capture
cross section � is given by13

Ttot�E,xd� = �Nt
2/3Tres�E,xd� + �1 − �Nt

2/3�TD�E� , �10�

where xd is the spatial coordinate of the defect and the reso-
nant transmission coefficient Tres�E ,Xd� is given by

FIG. 1. �a� Schematic representation of direct band-to-band tunneling and
�b� nonresonant tunneling through defects.
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Tres�E,xd� =
T1�E,xd�T2�E,xd�

1 + R1�E,xd�R2�E,xd� − 2	R1�E,xd�R2�E,xd�cos �
, �11�

where T1�E ,xd�, T2�E ,xd� are the transmission coefficients
through the potential barriers surrounding the potential well
�representing the defect� at the left and right sides, respec-
tively, R1=1−T1, R2=1−T2 are the corresponding reflection
coefficients from the barriers, �=2kdW+�1+�2 is the phase
angle determined by the electron wave number k in the well,
and �1, �2 are the phase changes during the reflection from
the left and the right walls of the well, respectively. The
corresponding current density can be calculated again ac-
cording to Eq. �4� using Ttot from Eq. �10� instead of TD. The
resonance takes place at energy Eres that satisfies the condi-
tion �=2�n with integer n. The transmission rises dramati-
cally near the resonance and it reaches its maximum value of
unity if the structure is symmetric in the sense that

T1�Eres,xd� = T2�Eres,xd� , �12�

when perfect total transmission through the double barrier
occurs however opaque the individual barriers are. Condition
�12� depends on xd and thus, this is the case for Tres, too. If
defects are distributed within a narrow sheet of the depletion
layer, such as interfacial defects �surface defects�, then the
partial contribution of resonant tunneling to the total current
is significant only for defects within an extremely narrow
range of spatial locations and only a small part of free charge
carriers can participate in this process �see Fig. 2�a��. Any
small disturbance of the symmetry condition �12�, for in-
stance, by changing the electric field or by shifting the trap
position, would damp the resonant transmission peak in a
dramatic manner. Therefore, in practical situations these de-
fects should not lead to a significant increase in the tunneling
current due to resonant tunneling through defects. Further-
more, our structures have no designed surface doping. In-
stead, there are uncontrollable defects by impurities in the
crystal. To be particular, we assume that there are vacancies
related to oxygen that are uniformly distributed in the junc-
tion with concentrations of up to Nt1015 cm−3. Therefore,
for an adequate theoretical description of our experimental
results, the case of uniformly distributed defects should be

considered. In this case a much larger part of free charge
carriers can participate in the resonant tunneling process �see
Fig. 2�b�� and accordingly, the contribution of resonant tun-
neling to the total conductance of the diode should be much
more significant than in the case of a narrow sheet with de-
fects.

It is worth noting that in the case of the uniform defect
distribution, there is also a possibility of tunneling through
several defects placed in series. The probability of such
“multidefect” tunneling events depends on the ratio r̄def /d,
where r̄def=Nt

1/3 is a typical distance between defects and d is
the thickness of the junction. For typical tunnel diodes, d
ranges between 100 and 200 Å. The distance between the
defects for Nt=1015 cm−3 is about r̄def=1000 Å, which is
much larger than d. Therefore tunneling through several se-
quential defects is improbable and we neglect this effect.

C. Global transfer matrix technique

In order to evaluate the transmission coefficient in ex-
pressions �4�, �8a�, �8b�, �10�, and �11�, we use the GTM
technique.18,19 According to this method, the arbitrarily
shaped actual potential of width d should be replaced by N
rectangular constant potentials Vi of width di=d /N �see Fig.
3�. The total transmission coefficient of the carrier with en-
ergy E0 can be obtained according to

T =
1

M22
, �13�

where M22 is determined from the global matrix

M = 
M11 M12

M21 M22
� . �14�

The global matrix, in its turn, is obtained by sequential mul-
tiplication of partial transfer matrices, each characterizing the
transfer of a free charge carrier through an interface of indi-
vidual rectangular barriers,

FIG. 2. �a� Schematic representation of resonant tunneling through defects
for surface doping and �b� for a homogeneous distribution of defects.

FIG. 3. An arbitrarily shaped actual potential barrier as a set of N rectan-
gular barriers with thickness dj and height eVj for the GTM technique.
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M = P0�
i=1

N

SiPi, �15�

where

Si =
1

2�1 +
ki

ki−1
1 −

ki

ki−1

1 −
ki

ki−1
1 +

ki

ki−1

� �16�

characterizes the transfer from region i to i−1 and

Pi = 
exp�− kidi� 0

0 exp�kidi�
� �17�

is the matrix for carrier propagation between two interfaces;
ki=	2em�eVi−E0� /
 is a wave number of the carrier.

IV. CURRENT-VOLTAGE CHARACTERISTICS

In order to calculate the energy diagram of the tunnel
diode and to estimate the tunnel currents at given voltages,
the values of the material parameters required for the equa-
tions given in the previous section have to be determined.
For these parameters we take the values gathered in Table I.

The energy diagram of the n-GaAs / p-GaAs tunnel diode cal-
culated according to Eq. �1� under conditions of thermal
equilibrium is presented in Fig. 4.

Calculations performed according to Eq. �4� taking into
account only the direct band-to-band tunneling as shown in
Fig. 5 result in extremely low tunneling currents as com-
pared to experimental data shown in Fig. 8. Therefore this
tunneling mechanism can be neglected in the whole range of
the applied voltages.

In order to consider the defect-assisted tunnel current,
the energy level of the defect center has to be found. We
assume that the major defects in our structures are similar to
the oxygen-related defect with energy level Et,0=0.75 eV
�Ref. 20� homogeneously distributed in the depletion layer of
the n-GaAs / p-GaAs junction.

The values of the current density obtained on the basis of
formulas �6� and �7� for the defect-assisted nonelastic tunnel-
ing shown in Fig. 6 are much higher than those in the case of
the direct band-to-band tunneling �see Fig. 5�. In these cal-
culations, the recombination lifetimes of electrons and holes
controlled by traps were determined using the relation be-
tween the recombination lifetimes and the corresponding re-
combination coefficients �n and �p: �n= �Nt�n�−1 and �p

FIG. 4. Energy diagram of the n-GaAs / p-GaAs homojunction in thermal
equilibrium.

FIG. 5. Current-voltage characteristic of the n-GaAs / p-GaAs tunnel diode
for direct band-to-band tunneling. The line is a guide to the eyes.

TABLE I. Parameters of the n-GaAs / p-GaAs homojunction in thermal
equilibrium.

Parameter Value

Nd 1019 cm−3

Na 3�1019 cm−3

Eg
a 1.43 eV

� a 12.9
mn

a 0.063me

mp
h a 0.051me

mp
l a 0.082me

d 175 Å
dn 135 Å
dp 40 Å

Fn=Fp 0.232 eV

aReference 14.

FIG. 6. Current-voltage characteristics of the n-GaAs / p-GaAs tunnel diode
for phonon-assisted tunneling through oxygen-related defects with the de-
fect concentrations �a� Nt=5�1014 cm−3 and �b� Nt=8�1015 cm−3, and for
different values of �p: 5�10−10 cm3 s−1 �rectangles�, 2�10−9 cm3 s−1

�circles�, and 4�10−9 cm3 s−1 �triangles�. Lines are guides to the eyes.
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= �Nt�p�−1. The value �n7�10−9 cm3 s−1 is known.20 The
value �p for oxygen-related centers in GaAs is, however, not
known exactly. Figure 6 shows the calculated current-voltage
characteristics in cases of light and heavy holes for various
values of �p and Nt. One can see that the variation of �p in
the range �p5�10−10, . . . ,5�10−9 cm3 s−1 does not
change the current-voltage characteristics essentially and that
the current in the case of light holes is significantly higher
than for heavy holes. Because of their comparatively large
effective radius, the light holes contribute more to the tunnel-
assisted currents than heavy holes do. Since the effective
mass of light holes mp0.082me is only slightly larger than
the effective mass of electrons mn0.063me, and also the
oxygen-related energy level in GaAs lies nearly in the
middle of the energy gap, the above-considered values of �p

chosen close to �n seem reasonable. The results are sensitive
to the choice of the defect concentration Nt. From comparing
the data in Fig. 6 with the experimental results in Fig. 8 one
can conclude that the nonresonant tunneling cannot account
for the experimental data in the range of voltages corre-
sponding to the maximum of the current. The values of the
observed maximum of the current could be achieved assum-
ing the concentration of defects as high as Nt8
�1015 cm−3. This concentration is unreasonably high.
Moreover, even in such a case the voltage corresponding to
the maximum of the current would be much higher than the
one observed experimentally, as shown in Fig. 8. Further-
more, at such high defect concentrations the resonant tunnel-
ing process considered below would give much larger cur-
rents than those shown in Fig. 6 and those measured
experimentally. Therefore one can exclude the nonresonant
current as dominating process in the range of voltages corre-
sponding to the maximum of the current.

Let us now discuss resonant tunneling through defects.
According to Eqs. �10� and �11�, important parameters for
calculation of the resonant tunneling current are the capture
cross section � and the concentration of the defects Nt. The
cross section can be determined according to �=�n�v̄T�−1,
where v̄T is the thermal velocity of an isolated electron. For
T=300 K we have �7�10−16 cm2, which is in good
agreement with experimental data.20

Using Eqs. �4�, �10�, and �11�, we obtain an I-V charac-
teristic shown in Fig. 7 for different concentrations of defects
Nt in the range between 1014 and 1015 cm−3. By comparing
these results with the experimental data in Fig. 8 we come to
the conclusion that resonant tunneling through defects is able
to account for the maximum current at the appropriate ap-
plied voltage, provided the concentration of defects in our
system is about 5�1014 cm−3. Therefore we conclude that
resonant tunneling is the dominant transport mechanism at
voltages corresponding to the current maximum. Further-
more, a comparison between experimental data and the the-
oretical calculations allows to estimate the concentration of
defects Nt in the sample under study.

For higher voltages the resonant tunneling current de-
creases rapidly due to the decreasing number of states avail-
able for electrons to transfer into the valence band of the
p-type semiconductor. Under these circumstances phonon-
assisted tunneling provides the only possibility for electron

tunneling and this process should be taken into account. By
further increasing the applied voltage, phonon-assisted tun-
neling, in its turn, is replaced by overbarrier transport with
exponential current-voltage dependence as the dominant
mechanism.15 In the range of intermediate applied voltages,
which is larger than the voltage corresponding to the current
peak, both phonon-assisted tunneling and overbarrier trans-
port give comparable contributions to the transport process.
Therefore, for an adequate description of the experimental
data in the range of such intermediate voltages, the overbar-
rier transport should also be taken into account. This was
done in a semiempirical manner. If one uses the logarithmic
scale for the experimental I-V characteristics shown in Fig.
8, it becomes clear that for Uapp�0.8 V the I-V dependence
is purely exponential. The extrapolation of this dependence
for lower voltages leads to the following expression for the
current job, related to the overbarrier transport mechanism:

FIG. 7. Current-voltage characteristics of the n-GaAs / p-GaAs tunnel diode
for resonant tunneling through oxygen-related defects with capture cross
section �=7�10−16 cm2 and different defect concentrations: Nt=1�1014

�rectangles�, 2.5�1014 �circles�, 5�1014 �down triangles�, 7.5�1014 �up
triangles� and 1�1015 �diamonds�. Lines are guides to the eye.

FIG. 8. Theoretical current-voltage characteristic of the n-GaAs / p-GaAs
tunnel diode including all possible transport mechanisms �solid line�; �=7
�10−16 cm2, Nt=5�1014 cm−3. Circles represent the experimental data.
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job = A exp�BVapp� , �18�

with A9.68�10−3 A cm−2 and B7.2 V−1.
Figure 8 represents the current-voltage characteristic cal-

culated by a combination of resonant and nonresonant tun-
neling through oxygen-related defects �with Et,0=0.75 eV�,
homogeneously distributed in the depletion layer of
n-GaAs / p-GaAs tunnel junction as well as the overbarrier
transport mechanism. The best agreement between the theo-
retical results and experimental data has been obtained for
�p2�10−9 cm3 s−1 and Nt5�1014 cm−3.

The question that might arise is whether this type of
defect, which we considered as the dominant in our sample,
provides the highest possible peak currents through the p-n
GaAs junction. In Fig. 9 we show the result of calculations
of the current resulting from defect-assisted resonant tunnel-
ing for different positions of the defect energy level, keeping
the concentration of defects and the capture cross section
equal to those found for the oxygen-related defects. The peak
current appears to be a nonmonotonic function of Et,0 with a
maximum for 0.85 eV.

V. CONCLUSIONS

The current-voltage characteristics of n-GaAs / p-GaAs
tunnel diodes as an interconnection element in multijunction
solar cells are studied experimentally and theoretically. A
high peak current �25 A cm−2� at relatively low applied
voltages �0.1 V� is observed. Experimental data were ana-
lyzed taking into account direct band-to-band tunneling,
phonon-assisted tunneling through defects homogeneously
distributed within the depletion layer of the junction, and
resonant tunneling through these defects modeled as poten-
tial wells surrounded by two potential barriers. For low ap-
plied voltages resonant tunneling through defects is shown to

be the dominant transport mechanism responsible for the
high peak current in the tunnel diode. A good agreement with
experimental data has been obtained in the case of oxygen-
related defects with an energy level Et,0=0.75 eV and con-
centration Nt=5�1014 cm−3. Direct band-to-band tunneling
can be neglected in the whole range of the applied forward
voltages. For intermediate values for the applied voltages,
phonon-assisted tunneling through defects becomes the
dominant transport mechanism. Good agreement with ex-
perimental data has been obtained assuming that the light
holes play the decisive role in the tunnel-assisted recombina-
tion processes and the corresponding recombination coeffi-
cient has the same order of magnitude as the recombination
coefficient of electrons. For high applied voltages the over-
barrier transport mechanism becomes dominant with the con-
ventional exponential current-voltage dependence.
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