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We present a microscopic analysis of current fluctuations in a GaAsn+-n-metal Schottky barrier
diode containing electron traps in the active layer. An ensemble Monte Carlo simulation is used for
the calculations. We analyze the influence of generation-recombination mechanisms of electrons
with traps on the current–voltage characteristics and noise spectra of the diode. The presence of
traps reduces both the flatband voltage and the current level in the series-resistance regime. With
respect to the noise, significant modifications are observed in the current noise spectra. In the
barrier-limited regime, while at low-frequency shot noise is not found to change, the
returning-carriers peak is strongly modulated by the influence of the traps. Beyond flatband
conditions generation-recombination noise becomes evident at low frequency, exhibiting a quadratic
dependence on the current. ©2005 American Institute of Physics. fDOI: 10.1063/1.1879076g

I. INTRODUCTION

The level of low-frequency noisesLFNd is one of the
important parameters which determines whether electronic
devices are suitable or not for microwave communication
systems. It is well known that LFN can translate into unac-
ceptable phase noise at high frequency, which limits the per-
formance of oscillators, mixers, and other electronic
systems.1–3 On the other hand, the analysis of LFN cans be
useful not only for improving the device performance but
also as a diagnostic tool of device quality and reliability.4

The fabrication of high-quality Schottky barrier diodes
sSBDsd is necessary to achieve good high-frequency func-
tionality when used as mixers, detectors, or frequency mul-
tipliers, and it is also a key aspect for developing various
electronic devices such as metal-semiconductor field-effect
transistorssMESFETsd and high electron mobility transistors
sHEMTsd. The analysis of the noise properties of SBDs can
provide useful information on the mechanisms controlling
transport by means of the knowledge of the nature and loca-
tion of noise sources.5–8 In particular, generation-
recombinationsGRd noise can be used to detect, identify, and
locate trap levels at the interface, in the space charge, or in
the bulk regions of the diode. This is especially useful for the
development of devices based on new materials such as SiC,
GaN, etc.9,10

SBDs based on typical materials such as Si and GaAs
exhibit low levels of LFN when they are used in classical
configurations due to its relatively mature technology. But
with the development of alternative structures, such as those
with quantum dotssQDsd embedded in the active layer, GR
mechanisms appear as an important LFN source. QDs are
usually fabricated by growing nanometer-sized materials on
various substrates. These configurations offer new possibili-
ties of development of transistors, lasers, high efficiency
photovoltaic cells, information storage, etc. In particular, the

fabrication of InAs QDs grown on GaAs substrates has re-
cently attracted some attention.5,11,12GaAs layers are notably
modified by the inclusion of QDs, which lead to appearance
of a high density of electron traps. The electrical and noise
characteristics of QDs embedded in GaAs confining layers
are commonly investigated by using SBDs as test devices.
The transport and 1/f noise properties of these diodes have
been experimentally analyzed, finding that the influence of
GR mechanisms is extremely important.5,12 However, a de-
tailed study of the influence of electron traps on the current
noise in SBDs at higher frequencies is still not available.

In this paper we analyze the impact of GR processes
with electron traps on the static and noisesbeyond the 1/f
ranged behavior of the current flowing through a GaAs SBD
operating under forward bias in the proximity of flatband
conditions. As a first step we consider GR mechanisms only
in the volume of the active layer, associated with electron
traps characterized by a single energy level. We will focus
especially on the dependence of the current noise behavior
on the dc bias conditions, trying to identify the signature of
the traps in the noise spectra at different frequencies. Differ-
ent trap densities, locations, and generation and recombina-
tion rates will be studied. The Monte CarlosMCd method is
used for the calculations. This technique has been proved to
be especially powerful when a microscopic description of the
system under investigation is required.13–21 Hence, we have
developed an ensemble MC simulator where GR processes
of electrons with traps are implemented coupled with a one-
dimensional Poisson solver.

When the diode is biased in the exponential region of the
I –V curve we find the outstanding result that even if GR
mechanisms do not modify the full shot-noise behavior of
the current spectral density at low frequency, they lead to a
decrease of the noise at higher frequencies around the
returning-carriers peak. Moreover, the voltage at which the
transition from the thermionic emission to the series resis-
tance behavior of the diode takes placesthis is the appliedadElectronic mail: susana@usal.es
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voltage needed to reach flatband conditionsd changes with
the density and characteristics of the traps. Beyond this volt-
age, GR noise related to the presence of the traps becomes
evident also at low frequency. It is precisely around flatband
conditions where the SBDs are biased when they operate as
mixers and multipliers.8 Therefore, the previous facts may be
considered as an important result to be borne in mind by
circuit designers when the optimization of noise properties is
one of the keys of the applications.

The paper is organized as follows: In Sec. II the physical
system under analysis together with the details of the MC
simulation are described. In Sec. III the results obtained for
the static characteristics and current noise are reported. Sec.
IV summarizes the main conclusions and future trends of our
work.

II. PHYSICAL MODEL AND MONTE CARLO
SIMULATION

We consider a GaAsn+-n-metal SBD with dopingsND
+

=1017 cm−3 andND=1016 cm−3 for the n+ andn regions, re-
spectively, and the same length for both zones,ln+= ln
=0.35mm. The diode is similar to that analyzed in Ref. 19.
We consider traps located only in the activen region, be-
cause this zone is the major responsible of the diode charac-
teristics, and it is precisely this region that attracted the in-
terest for the fabrication of new structures with embedded
QDs.5–12

The calculations are performed by using an ensemble
MC simulator, one dimensional in real space and three di-
mensional in momentum space, self-consistently coupled
with a one-dimensional Poisson solver. The GaAs micro-
scopic model employed is the same as that used in Ref. 19.
The conduction band consists of three nonparabolic spherical
valleys sG, L, and Xd. The structure is divided into regular
meshes of 100-Å length, with the electric field updated each
2 fs. The cross-sectional area isA=4310−13 m2. Simula-
tions are performed at room temperaturesT=300 Kd. The
barrier height considered in the simulation isFb=0.737 V.
We assume thatFb remains constant with the bias and trap
density, since traps are only included in the activen region of
the device. The height of the barrier present between then
region and the metal at equilibriumsbuilt-in potentialVbid is
equal to 0.639 V in the absence of traps. This barrier is
modulated by the instantaneous concentration of trapped car-
riers. Quantum effects such as tunneling, barrier reflection,
and energy lowering of the barrier in the semiconductor-
metal contact are not included in the simulation, because our
main objective is to provide a detailed analysis of the impact
of GR processes in the volume of the active region on the
current flowing through the diode.

In our model, free electrons are provided by donor levels
close to the bottom of the conduction band, which are com-
pletely ionized at the temperature of interest. A single type of
electron traps, initially neutral and empty, at a depthEn be-
low the bottom of conduction band is present in the activen
region. It is assumed that the traps interact only with elec-
trons in the conduction band, in such a way that the electrons
provided by the donor impurities are distributed over the

conduction band and the traps. The electron trapping–
detrapping processes are included following the scheme de-
scribed in Refs. 21 and 22. There are two time constants
involved in these processes: the recombination timetr sav-
eragefree timeof an electrond and the generation timetg

saveragecaptured timeof an electrond. In the general case of
having position-dependent densities of trapsNtsxd and
trapped electronsntsxd, the recombination time depends also
on the position,trsxd, and free electrons disappear by trap-
ping at the rate23

1/trsxd = NtsxdnthshfNtsxd − ntsxdg/Ntsxdj,

wherenth=ÎkBT/m swith kB the Boltzmann constant andm
the electron effective massd is the thermal velocity of carriers
ands the capture cross section of the trapssas first approxi-
mation, assumed to be energy independent in our calcula-
tionsd. In GaAs at 300 K, nth takes a value of 2.55
3107 cm/s. In order to implement in the MC simulation this
position-dependent recombination probability, we proceed as
follows. In those meshes where traps are present, a position-
independent probability 1/tr =Nt

maxnths is considered to cal-
culate the duration of free flights,Nt

max being the maximum
value ofNtsxd along the diode. Once the free flight finishes
and the selected mechanism is a trapping process, we deter-
mine if it actually takes place by means of the rejection tech-
nique according to the probabilityfNtsxd−ntsxdg /Nt

max, which
accounts for the local density and instantaneous occupancy
of traps. To this end,ntsxd is recalculated every time step. If
the carrier is captured, it remains trappedswith null velocityd
during a timett, which is stochastically selected according to
the detrapping probability per unit time 1/tg. This generation
rate is given by 1/tg=v exps−eEn/kBTd, where v is the
attempt-to-escape frequency.23 When the carrier is released,
its velocity components are determined according to a Max-
wellian distribution at the lattice temperature.

For the characteristic parameters of traps, initially we
have considered a generation timetg of 200 ps, a capture
cross sections of 2.61310−13 cm2, and different trap densi-
ties Nt from 531014 to 1016 cm−3, leading to minimum re-
combination times swhen all traps are emptyd tr

min

=1/Ntnths ranging from 0.3 ns to 15 ps.tg corresponds to a
trap energyEn=0.14 eV, assuming a typicaln of 1012 s−1.
The capture cross section considered here is within the high-
est range measured for deep centers present in GaAs.24,25

This value ofs, together with the high trap densities, provide
lifetimes which are within the lowest ones found in GaAs,26

thus making computation times affordable.21

In a second step we will consider a constant trap density
Nt=1016 cm−3 and different values ofs and tg keeping a
constanttr

min/tg ratio of 0.075s 2.61310−13 cm2, 200 ps;
5.22310−13 cm2, 100 ps; and 2.61310−12 cm2, 20 psd.

The high values of electron traps considered in this work
allow identifying clearly the associated effects both in the
I –V curve and in the current noise. Note that the highest
value considered forNt is the same as the doping of then
region. This extreme is not typically reached in standard
SBDs, where the effects described in this work should not be
expected. However, in SBDs embedding new layers to fab-
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ricate QDs, very high densities of traps and defects can be
presentsdue to the distortion of the bonds in the capping
GaAs layerd.5,11,12

The device is biased by a constant voltageV and we
calculate the instantaneous currentIstd that passes through
the diode. We quantify the average value of this current
sstatic I –V characteristicd and its fluctuationssnoise analy-
sisd. The noise analysis is performed by means of the calcu-
lation of SIsfd, the spectral density of current fluctuations,
obtained by Fourier transform of the corresponding autocor-
relation functionCIstd, directly evaluated from the instanta-
neous current values provided by the simulations.13

III. RESULTS

In this section we analyze the influence of trapping–
detrapping processes, first on the staticI –V characteristics
and then on the noise behavior of the diode, as a function of
the density, occupancy, location, and characteristic param-
eters of traps.

A. Static characteristics

The current–voltage semilog characteristics under
forward-bias conditions are shown in Fig. 1 fortg=200 ps,
s=2.61310−13 cm2, and several values of trap densityNt in
the active region. The solid line represents theI –V charac-
teristic when no traps are considered. Due to the presence of
the barrier, only voltages higher than 0.5 V can be reliably
simulated.19 In each curve, two main transport regimes that
characterize the SBD behavior can be distinguished. The first
one, for low voltages, is the barrier-limited regime, where
thermionic emission over the barrier is responsible for the
current, which exhibits an exponential dependence on the
applied voltageV. The second one is the series resistance
regime, which occurs for higher voltages when there is no
longer a barrier, and a linearI –V dependence is observed.
The value of the applied voltage at which the transition be-
tween both regimes takes placesflatband voltageVFBd
changes with the trap density, decreasing asNt increases. As
follows from Fig. 1, under barrier-limited regime the current

is independent ofNt in spite of the modulation that the
trapped charge induces on the barrier height present between
the n region and the metalfsee Fig. 2sadg. Since traps are
only present in the activen region sinterface traps are not
included in the modeld, the total barrier that electrons in-
jected at the ohmic contact in then+ region must overcome
to reach the metal at the Schottky contact is not affected by
trapped electrons, and therefore the total overage current
found in this regime is independent ofNt. In contrast,
trapped charge has a severe effect on the electrical behavior
at high voltages beyond flatband. Due to the lower free-
electron concentration present in then region asNt increases,
SBDs exhibit a larger series resistanceRS that leads to lower
values of the current and, as it will be shown later, changes
the noise level of the device. It is interesting to note that in
applications such as mixers and multipliers, SBDs are usu-
ally biased around flatband conditions; therefore, the changes
in the flatband voltagesand in the electrical behavior above
itd associated to the presence of traps must be taken in mind
by circuit designers. Similar differences in theI –V charac-
teristics are obtained when the trap density is kept constant
and the ratio betweentr andtg is modified.

FIG. 1. Current–voltage characteristics of the SBD under forward-bias con-
ditions obtained with trap densities varying from 531014 to 1016 cm−3. s
=2.61310−13 cm2 andtg=200 ps. The solid line corresponds to the absence
of traps.

FIG. 2. Stationary profiles ofsad potential atV=0.6 V andsbd velocity at
V=0.9 V obtained with trap densities varying from 531014 to 1016 cm−3.
s=2.61310−13 cm2 and tg=200 ps. The solid line corresponds to the ab-
sence of traps. The insets show the corresponding concentration of trapped
carriers.
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Figure 2 shows the stationary profiles along the structure
of sad electric potential for a voltage bias when the
semiconductor-metal barrier persistssV=0.6 Vd and sbd av-
erage electron velocity beyond flatband conditionssV
=0.9 Vd, for the same parameters as those used in the previ-
ous figure. The insets of Fig. 2 show the density of trapped
carriers inside then region of the device for each bias. For
the lowest values ofNt, near all the traps are occupied, thus
compensating a fraction of the positive charge associated to
the ionized donors. However, due to the small value ofNt, as
compared to the doping of then region ND, the trapped
charge has a very small influence on the profiles of potential
and velocity. When the density of traps increases not all the
traps are occupied. The fraction of free traps is higher near
the metal contact, especially forV=0.6 V due to the pres-
ence of the depletion region. In this case, due to the signifi-
cant density of negative trapped charge as compared toND,
the potential and velocity profiles are noticeably affected.

For applied voltages lower thanVFB, the barrier between
the n region and the metal persists, as observed in Fig. 2sad;
its value depending on the trap density. Due to the significant
compensation of positive fixed charge originated by the
trapped electrons, the built-in potential between then+ andn
regions increases withNt. Since the potential difference be-
tween both metal contacts is the same in all casessno inter-
face traps are consideredd, the barrier between then region
and the metal decreases for increasingNt. This is also the
reason for the decrease ofVFB observed in Fig. 1. For applied
voltages belowVFB the current is the same for the different
values ofNt since, as long as the barrier is present and the
free carrier concentration in then+ region is the same, the
current depends only on the potential difference between the
terminalssand not on how it is spatially distributedd. In the
case ofV.VFB it is interesting to analyze the stationary
profiles of velocity. For lowNt, they are similar to that found
in the absence of traps. However, for higher values ofNt, the
redistribution of the electric-field profile originated by the
trapped negative charge leads to an increase of the peak ve-
locity near the metal contact, while reducing its value near
the n+-n junction. As Nt increases, higher velocity carriers
reach the metal contact. This fact will have a strong influence
on the noise characteristics of the device that will be de-
scribed later.

The distortion of the electric-field profile originated by
the presence of the trapped negative charge is better ob-
served in Fig. 3, where the influence of the trap location on
the electric-field and velocity profiles is illustrated forV
.VFB. To this end, we consider the presence of a trap density
Nt=1016 cm−3 only in some specific zones of the activen
region. For the simulation, the device is divided into meshes
of 100 Å each, 35 of them corresponding to then region. We
consider the presence of traps in seven zones formed of five
consecutive meshes, going from the boundary with then+

regionszone 1d to the vicinity of the metal contactszone 7d.
In Fig. 3sad it is observed that the distortion of the electric
field originated by the trapped negative charge, though more
pronounced around the location of the traps, extends to prac-
tically all the active region due to the short length of the
diode. When traps are located in the middle of then region

szone 4, around 0.525mmd the electric-field distortion is
more important and extends over a wider length. Indeed, for
traps in zones 4, 5, and 6 it is when the average current
beyond flatband conditions is more affected by the presence
of the traps, decreasing in value with respect to the case
when traps are absent. As observed in Fig. 3sbd, the profile of
average carrier velocity is substantially modified by the lo-
cation of traps, fact which has important influence on the
noise behavior.

B. Current noise

Figure 4 shows the low-frequencysbeyond the 1/f
ranged current noise spectral densitySIs0d as a function of
the forward currentI for the same trap densities and associ-
ated parameters as those considered in the static study. The
solid lines correspond to 2qI and ~I2 dependences, plotted
for comparison. As follows from the figure, in the low cur-
rent region scorresponding toV,VFBd the value ofSIs0d
corresponds to the typical full shot-noise behaviorfSIs0d
=2qIg caused by carriers crossing the barrier individually

FIG. 3. Stationary profiles ofsad electric field andsbd velocity for several
trap locations of equal size in then region going from zone 1 in the prox-
imity of the n+ region to zone 7 by the metal.Nt=1016 cm−3, s=2.61
310−13 cm2, tg=200 ps, andV=0.9 V. The solid line with triangles corre-
sponds to the absence of traps.
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and at random. This noise level is the same as that obtained
in the absence of the traps. This result indicates that as long
as the barrier persists and determines the current flowing
though the diode, the low-frequency value of the spectral
density does not show any influence of the GR mechanisms,
shot noise being dominant.

In contrast, for high forward currentsscorresponding to
V.VFBd SIs0d exhibits the clear signature of GR noise. In
the absence of trapssand for low trap densitiesd SIs0d ap-
proaches a value close to 4kBT/RS, corresponding to the ther-
mal noise associated with the series resistanceRS, which
limits the current in this range.19 When traps are present, a
significant increase ofSIs0d proportional toI2 stypical of GR
noised is observed in the diodes that contain the highest trap
densities, more pronounced the higher the value ofNt. This
fact indicates that the main contribution to the total noise in
this range originates from fluctuations in the carrier number
due to the trapping–detrapping processes, which prevail over
the noise associated with the series resistance. As expected
from the decrease ofVFB observed for increasingNt, the
transition from shot noise to excess GR noise behaviors in
SIs0d takes place for lower current values the higher isNt. It
must be pointed out that both theI –V and theSIs0d-V curves
show substantial deviations from the case in which traps are
absent when the distortion of the electric field in the activen
region originated by the presence of trapped electrons is
strong enough to appreciably modify the velocity of elec-
trons when reaching the metal contact. In our calculations
this happens forNtù531015 cm−3 fsee Fig. 2sbdg.

Once the low-frequency behavior of current noise has
been explained, in Fig. 5, we show the dependence of the
spectral density on frequencySIsfd in the two regimes of
operation of the SBD for the different values of trap density.
Figure 5sad corresponds toV=0.6 V and Fig. 5sbd to V
=0.9 V. In both regimes a peak at high frequency around

2 THz appears. This peak is related to the plasma oscillation
frequencies of then+ and n regions.19 Its magnitude and
frequency depend essentially on the doping and length of
these regions.27 Thus, the peak is practically independent of
the bias conditions and trap density.

For V,VFB, in the presence of the barrier, a second peak
placed about 600 GHz is present. This peak is attributed to
the so-calledreturning carriers, carriers that do not have
enough energy to surmount the barrier with the metal and
thus come back to the neutral semiconductor. As explained in
the discussion of Fig. 2sad, the barrier present between then
region and the metal decreases when the trap density in-
creases. The amplitude and frequency of the returning-
carriers peak tend to decrease when such a barrier is lower,28

which is just the behavior observed in Fig. 5sad for increas-
ing Nt. This is an outstanding result; even if in the barrier-
limited regime neither the dc behavior nor the LFN reflect
the influence of the presence of trapsffor a given applied
voltage bothI andSIs0d do not depend onNtg, at intermedi-
ate frequencies the level of noise becomes reduced. We re-
mark that this happens as result of the modification of the
electrical characteristics of the diodeslowering of the n
region-metal barrier heightd due to the trapped negative
charge and not because of the introduction of an additional
source of noise, such as GR processes.

FIG. 4. Low-frequency value of the current spectral density as a function of
the forward current for several values of trap concentration.s=2.61
310−13 cm2 and tg=200 ps. The solid line with circles corresponds to the
absence of traps. 2qI and~I2 behaviors are plotted for comparison.

FIG. 5. Spectral density of current fluctuations as a function of frequency
for sad V=0.6 V andsbd V=0.9 V, and several values of trap concentration.
s=2.61310−13 cm2 and tg=200 ps. The solid line corresponds to the ab-
sence of traps.
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The spectra change significantly if the diode is biased in
the series resistance regime, as observed in Fig. 5sbd for V
=0.9 V. Here, as expected, the peak at intermediate frequen-
cies related to the returning carriers disappears. In the ab-
sence of trapssand for low trap densitiesd, the main contri-
bution to SIsfd in this regime at low and intermediate
frequenciessbefore plasma effectsd is associated to the series
resistance:SIsfd in this region is essentially given by
4kBT/Rs. When high trap densities are present, a low-
frequency GR contribution to the noise is expected. Such a
contribution, clearly evidenced in Fig. 5sbd, exhibits a
Lorentzian dependence on frequency and is more pro-
nounced the higher isNt, as already observed in Fig. 4. The
corresponding corner frequency is related to the characteris-
tic parameters of the trapping-detrapping processes and to
the density and occupancy of the traps, being of the order of
f t=1/2pt,, with t,=trtg/ str +tgd,21,23which, for the case of
Nt=1016 cm−3 sand takingtr =tr

min=1/Ntnths, i.e., neglecting
the influence of trap occupancyd, provides f t=11.4 GHz,
close to the MC value. AsNt decreases, the cutoff of the GR
contribution takes place at lower frequencies, as observed in
Fig. 5sbd. Beyond the GR contribution and before the plasma
peak there is a range of intermediate frequencies where, in
the absence of returning carriers, thermal noise related to the
series resistance becomes dominant. Here, lower noise levels
are observed asNt becomes higher, consistently with the in-
crease ofRs with Nt already explained and detected in the
static I –V curves of Fig. 1.

To better illustrate the dependence of the GR noise con-
tribution on the characteristic parameters of the trapping–
detrapping processes, Figure 6 shows the current noise spec-
tra calculated for a constant trap densityNt=1016 cm−3 and
three sets of values ofs and tg s 2.61310−13 cm2, 200 ps;
5.22310−13 cm2, 100 ps; and 2.61310−12 cm2, 20 psd that
lead to the sametr

min/tg ratio of 0.075, so that a very similar
trap occupancy is present in the three cases. This means that
the density of trapped carriers, the value of the series resis-
tanceRs and the current flowing through the diode are prac-
tically the same for the three sets of parameters, and the
differences appearing in the noise spectra are only related to
the GR kinetics. Assuming a standard GR noise spectra, one

would expect to findSIsfd~t,I
2/ s1+2pf2t,

2d. This is con-
firmed by the results shown in Fig. 6, where the low-
frequency value of the GR contribution and the cutoff fre-
quency are observed to be proportional and inversely
proportional tot,; respectively. SinceRs is similar in the
three cases, the level of thermal noise obtained at intermedi-
ate frequencies is also very similar.

In order to optimize the technological processes of fab-
rication of SBDs it is interesting to analyze the influence of
trap location on the current noise. To this end, we will con-
sider traps present only in some specific zones of the active
region, as described in the discussion of Fig. 3 in the previ-
ous section. Results are depicted in Fig. 7. In the case of
traps placed close to then+ region szone 1d or by the metal
szone 7d, the electric-field profile is not strongly affected by
the presence of trapped electronsfFig. 3sadg, and the spec-
trum is not substantially modified with respect to the absence
of traps. The low-frequency plateau of GR noise becomes
evident in the diodes in which traps are located in interme-
diate zones of the active region, being more pronounced the
closer are the traps to the middle of then regionszone 4d. As
observed in Fig. 3sad, in these cases the distortion of the
electric field extends over a wide part of the active region,
leading to an increase of carrier velocity that reaches the
metal contactfFig. 3sbdg and couples number fluctuations in
the active region with current fluctuations at the contacts.

IV. CONCLUSIONS

An ensemble MC simulation has been used to investi-
gate the static characteristics and noise spectra of a GaAs
SBD where GR processes of electron with traps are included
in the activen region of the diode. Two main behaviors are
distinguished depending on the operating point. In the expo-
nential region of theI –V characteristics, no influence of GR
processes on the noise are observed at low frequency, but an
important noise reduction at higher frequencies around the
returning-carriers peak takes place. In the series resistance
regime, a Lorentzian GR contribution increases the level of
noise at low frequency, whose amplitude and corner fre-

FIG. 6. Spectral density of current fluctuations as a function of frequency
for a constant trap densityNt=1016 cm−3 and different sets of values ofs
and tg s2.61310−13 cm2, 200 ps; 5.22310−13 cm2, 100 ps; and 2.61
310−12 cm2, 20 psd that provide the sametr

min/tg ratio of 0.075, thus lead-
ing to a similar density of trapped carriers.V=0.9 V.

FIG. 7. Current spectral density for several trap locations of equal size in the
n region going from zone 1 in the proximity of then+ region to zone 7 by
the metal.Nt=1016 cm−3, s=2.61310−13 cm2, tg=200 ps, andV=0.9 V.
The solid line with triangles corresponds to the absence of GR processes.
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quency depend on the characteristic parameters of the traps
and their density. We have shown that the major contribution
to the current noise at the terminals is originated by the traps
placed in the middle of the active region. The level of ther-
mal noise at intermediate frequencies is reduced when the
density of traps increases due to the associated reduction of
the series resistance. The flatband voltage also changes with
the trap density. These results are relevant for modern SBD
structures embedding QDs in the active region, which lead to
high densities of electron traps.

Finally, we remark that in this work we have not in-
cluded the influence of interface traps that could change the
value of the barrier heightskept constant in our calculationsd.
The study of the influence of surface traps and associated GR
processes will be the objective of forthcoming works.
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