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Abstract— In this paper, we investigate the presence of
minority carriers and their role in charge carrier trans-
port in silicon (Si) Schottky diodes with a high potential
barrier. Using TCAD simulations along with an analytical
model, we show that an inversion charge is induced at the
metal–semiconductor (MS) interface in a high-barrier Schot-
tky diode which imparts bipolar-type current characteristics
to otherwise a unipolar Schottky diode, even at low-injection
operation. In such a high-barrier diode, minority diffusion
also becomes important along with the majority carrier
thermionic emission and therefore cannot be neglected,
unlike in a conventional Schottky diode. The presence of
minority carriers at low injection in a high-barrierSi Schottky
diode has been experimentally verified via a prior-reported
two-diode electrical test method, reverse recovery measure-
ments, and by measuring infrared electroluminescence.
It is also shown, via TCAD simulations, that the diffusion
component becomes more pronounced in case of a reduced
Gummel number and at elevated temperatures.

Index Terms— Diffusion, electrostatic doping, metal work
function, minority carriers, p-n junctions, Schottky barrier
(SB), shallow junctions, silicon, thermionic emission (TE).

I. INTRODUCTION

CONVENTIONAL impurity doping of semiconductor
devices has become more challenging for nanometer-

scale devices with an extremely high doping gradient [1], [2].
Moreover, impurity doping is also not yet technologically
matured for emerging material systems other than silicon
(Si) such as wide bandgap semiconductors (e.g., GaN, SiC,
and ZnO), carbon nanotubes [3]–[6], and emerging 2-D mate-
rials (graphene, phosphorene, silicone, and transition metal
dichalcogenides) [7], [8], which are increasingly relevant for
future electronic as well as optoelectronic devices. From this
viewpoint, electrostatic doping ([9] and references therein)
is being extensively investigated to overcome the challenges
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of conventional doping approaches in dimensionally scaled
devices.

In this direction, the case of a shallow p-n junction
induced by a metal with a suitable work function in a 1-D
Schottky diode was previously discussed [9]–[11]. In con-
ventional Schottky barrier (SB)-based devices, the current is
governed by one or more Schottky contacts. The physics of
an SB formed at the metal–semiconductor (MS) interface has
been well described earlier [12]. There is a prevalent percep-
tion that at low injection, the SB diode is a majority carrier
unipolar device in which the current is solely governed by
thermionic emission (TE) (see [13]). However, this is not
necessarily valid in case of a high-barrier (qφb > 0.5Eg)
Schottky diode, where φb is the SB height, Eg is the bandgap,
and q is the elementary charge. For this case, excessive
band bending near the MS interface will result in charge
carrier inversion and consequently a more efficient emitter.
This will transform an otherwise unipolar Schottky device
into a (bipolar) p-n junction type device. An analytical model
and the limiting conditions for strong inversion (thus bipolar
behavior) at a 1-D Schottky electrode were derived before [9].
The model indicates that for a suitable metal work function
(φm) that governs φb, the charge carriers of the opposite
polarity to that of the substrate doping are induced near
the MS interface. Such approach of electrostatically realizing
shallow p-n-type junctions could be relevant for future CMOS
ultrathin body (UTB) devices where conventional impurity
doping is a challenge. Recently, TCAD simulation studies on
such 1-D Schottky junctions have been reported for a bipolar
transistor [10] and a tunnel diode [9]. Such junctions can also
be used for realizing light-emitting devices without the need
for chemically doped p-n junctions.

Metal-induced inversion charge using a Schottky electrode
was first speculated by Brattain and Bardeen [14] in their
point-contact Ge rectifier from their observed bipolar-like
amplification. Thereafter, there have been no reports on exper-
imental investigation of this concept. In the past, Wittmer [15],
[16] reported high-SB diodes using silicided contacts on bulk
Si and analyzed the conduction mechanisms of such diodes.
Such high φb (reported 0.982 V for IrSi/Si) would result in
inversion charge, and therefore, it is anticipated that some
deviation from the TE model should have been observed.
However, the author concluded that the measured current fully
obeyed a single-carrier TE theory in the range 200–300 K
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Fig. 1. (a) Schematic cross section of the experimental and TCAD
simulated device. Optical micrographs (not to the same scale) of fabri-
cated devices: (b) Circular electrode with diameter d = 100 μm, (c) Ring
geometry as used for the two-diode test method, (d) Hexagonal openings
(side a = 10 μm) in the circular electrode (d = 550 μm) used for IR light
emission measurements.

and did not consider the possibility of (minority) diffusion.
A possible reason for this could have been the use of a
bulk Si substrate which actually diminishes the contribution
of the diffusion component as we discuss further in this paper.
Also, measurements beyond 300 K were not reported where
diffusion would have become relatively more noticeable.

In this paper, we perform extensive TCAD simulations
and experimental investigations on the presence of minority
carriers and their role in the conduction in a high-φb Schottky
diode. This paper is organized as follows. In Section II,
we first investigate the conduction mechanism of p-Si Schottky
diodes with different φm electrodes using TCAD simulations.
In Section III, we present experimental results of high-φb

Al/p-Si Schottky diodes and compare them with TCAD sim-
ulations. In Section IV, we discuss the technological appli-
cations of such Schottky-based junctions along with some
practical considerations. Finally, the conclusions are drawn in
Section V.

II. TCAD SIMULATION

Fig. 1(a) shows the test structure that has been investigated
via TCAD simulations in Sentaurus Device [17]. We have used
a p-type Si-substrate with thickness tSi of 525 μm and a doping
level Na of 1015 cm−3. For such doping, a φm < 4.34 eV
will result in surface inversion as derived in [9] and possibly
a p-n-type operation, while φm ≥ 4.6 eV will result in a
typical Schottky-type operation (i.e., unipolar majority carrier
transport). Therefore, we adopt Schottky metal work functions
between 4.2 (p-n-type operation) and 4.6 eV (Schottky) for our
simulation study. For computation efficiency, a 2-D Delaunay
mesh with triangular elements was used. The minimum mesh
spacing near the MS interface in the center of the device
was ∼7 μm in the x-direction and ∼7 nm in the y-direction.
Also, for comparing with experiments, a cylindrical symmetry
was incorporated around the y-axis to solve the Poisson and
continuity equations. Fermi–Dirac statistics along with the
Philips unified mobility model [18] were used. For recombina-
tion, doping and temperature-dependent Shockley–Read–Hall
and Auger models [17] were included. Initially, ideal interfaces
are assumed for the conceptual understanding of the device
operation. Then, the effect of interface traps is discussed.

Fig. 2 shows the simulated band diagram and charge carrier
profile, both in equilibrium condition, for two different φm .

Fig. 2. (a) Simulated band-diagrams and (b) charge carrier profiles for
a Schottky diode with a metal work function φm = 4.6 eV and φm =
4.2 eV. The origin of the x-axis (distance) is located at the bottom of the
substrate.

Fig. 3. Simulated I–V characteristics of Schottky diodes for different
values of φb (φm). γ is calculated at −0.2 V (forward bias).

The use of φm = 4.6 eV results in a typical Schottky
condition with a depletion region at the interface and φb

of 0.58 V. However, φm = 4.2 eV results in aggressive band
bending at the interface with φb of 0.98 V. In this case,
the Fermi level at the interface is close to the conduction
band, implying surface inversion with a peak-induced electron
concentration of ∼ 1017 cm−3.

Fig. 3 shows the simulated I–V characteristics of such Si
p-type Schottky diodes for three different φb (φm). The con-
duction for the low φb = 0.58 V (φm = 4.6 eV) is solely
governed by TE of majority carriers as evident from the
excellent agreement of TCAD (both forward and reverse
currents), with an analytical TE I–V model [19]. For moderate
φb = 0.78 V (φm = 4.4 eV), the majority hole current via
TE is still dominant. However, a clear deviation from the TE
theory is observed for the high φb = 0.98 V (φm = 4.2 eV).
The TE theory only accounts for the hole current component.
The extra current component is attributed to the presence of
electron (minority carrier) diffusion. In this case, the electron
diffusion current (Ie) is comparable to the TE hole current (Ih)
and contributes significantly to the total current (I = Ie + Ih)
as indicated by a high minority carrier injection ratio γ
(Ie/I ) [19] in Fig. 3. The significantly higher reverse leakage
current than predicted by the TE model in the case of the high-
φb diode is also attributed to diffusion [Fig. 4(a)]. This bipolar
conduction is in contrast to the prevalent perception where SB
diodes are considered to be majority carrier unipolar devices
at low injection [19], [20].

Fig. 4(a) shows the electron current (Ie) components of the
simulated I–V curves (Fig. 3) for varying φb. The diffusion
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Fig. 4. (a) Electron current components (Ie) of the simulated I–V
characteristics of Fig. 3 at different values of φb (inset: Ie and Ih for
varying φb at a fixed forward bias Vd = −0.2 V). (b) Simulated electron
(minority carrier) profile across the device at Vd = −1 V forward bias for
different values of φb.

Fig. 5. (a) Simulated I–V characteristics of a Schottky diode with tSi =
100 nm for both high-φb and low-φb diodes and (b) Ie and Ih against the
temperature for the high-φb diode (Vd = −0.2 V, tSi = 525 μm).

component Ie, being governed by the Gummel number of
the substrate (Gb = ∫ tSi

0 Na(x)dx) [21], remains unchanged
with varying φb in the exponential region of the I–V curves.
However, γ [see inset in Fig. 4(a)] varies with φb because the
latter affects Ih . Therefore, Ie can be neglected for a low-φb

(low γ ) diode but cannot be ignored for a high-φb (high γ ).
It is also known that the series resistance of a Schottky diode
is higher than that of a p-n junction diode [20] because of the
poor supply of minority carriers [see Fig. 4(b)]. For φb = 0.58
and 0.78 V, the minority carrier concentration is still below
Na and, therefore, does not affect the overall series resistance
much. However, in the case of an extreme φb = 0.98 V,
the minority carrier concentration is comparable to Na that
lowers the series resistance. The effect of φb on the series
resistance can be observed from the I–V plots in Figs. 3 and
4(a) at higher biases (Vd = −1 V, forward) where the current
increases with φb.

The diffusion current can be further tuned by changing
the Gummel number of the substrate. By reducing tSi from
525 μm to 100 nm, γ increases from 0.6 to 0.99 for φb =
0.98 V as shown in Fig. 5(a). Here, a larger deviation from
the TE model is observed implying that the current is largely
diffusion dominated. However, varying tSi does not affect
the TE majority current, and therefore, the current for a
device with φb = 0.58 V is still following the TE model.
The pronounced effect of the diffusion current in high-φb

diodes could be relevant for advanced UTB devices while it
may be unnoticeable for bulk devices [15], [16].

Also the temperature dependence of diffusion is higher than
that of TE because of the relatively high potential barrier in

TABLE I
SUMMARY OF TCAD SIMULATION RESULTS FOR

VARIOUS φb, SUBSTRATE THICKNESSES,
AND TEMPERATURES (Vd = −0.2 V)

the case of the former [19]. Therefore, for the high-φb diode,
γ increases with the temperature as shown in Fig. 5(b). Such
a rise in the diffusion current at higher temperatures was also
observed experimentally in our Schottky diodes as we discuss
in Section III. Table I summarizes the results for various φb.

III. EXPERIMENTAL RESULTS

p-Si Schottky diodes were fabricated using Al as a top
electrode (Fig. 1). The choice of Al is based on its reported
low vacuum work function φm of 4.28 eV which ideally will
result in φb of 0.89 V (qφb = Eg − φm + χs), where Eg is
the Si bandgap (1.12 eV) and χs is the Si electron affinity
(4.05 eV). The substrate was utilized as the bottom electrode.
A (111) p-type Si substrate with Na of 1015 cm−3 and with
a native oxide was used. A 200-nm Al was sputtered on the
polished surface. The electrodes were then patterned using a
standard photolithography process using a positive photoresist.
The presence of the thin native oxide between Al and Si
surface avoids chemical interdiffusion and also decouples the
electron states in the Si from the metal [12], [22], which
might lower the effective φb. We also avoided annealing the
wafer to prevent alloy formation and to keep the as-deposited
metallurgical nature of the junction intact. As a reference,
to obtain a low-φb diode, an n-Si/Al wafer was also fabricated
following a similar process.

Temperature-dependent I–V measurements of the fabri-
cated Al/p-Si Schottky diodes were done using a Keithley
4200 Semiconductor Characterization System with a pream-
plifier enabling DC measurements with a combined noise level
of ∼10 fA for an integration time of 100 ms. The mea-
surements were performed under dark conditions and on a
temperature controlled chuck. A moderately high φb of 0.77 V
with an ideality factor n of 1.09 was extracted from the
Richardson plot [see Fig. 6(a)] in the exponential region
(Vd = −0.2 V) of the I–V curves. The extracted φb from
I–V (T ) measurements is also in agreement with that obtained
from C–V measurements as shown in Fig. 6(c). The relatively
low value of the extracted A∗ (4.06 Acm−2K−2) compared
to the reported value of 32 ±2 Acm−2K −2 [19], [23] for a
p-Si substrate can be partly due to the inhomogeneity at the
interface [24] as a result of the unannealed electrical contacts.
Further, the nonideality of n ∼1.09 could be attributed to
the presence of the interfacial layer (native oxide) and image
force effect [19]. However, since the effective φb > 0.5Eg/q ,
some level of surface inversion is expected in this diode.
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Fig. 6. (a) Richardson plot of the fabricated Al/p-Si diode (Ae = 7.85 ×
10−5 cm2) at Vd = −0.2 V forward bias. φb of 0.77 V was extracted
using this measurement. (b) Measured I–V at T = 298 K and T = 398
K and their fitting using TCAD simulation and analytical TE model with
experimentally extracted values of φb, Richardson’s constant A∗, and
ideality factor n. (c) φb extraction from C–V analysis in reverse bias.

Similar measurements on the n-Si/Al diode results in a low
φb of 0.53 V as desired for the comparison.

The extracted φb of 0.77 V was used as an input for
the TCAD simulation where excellent agreement with the
experimental data was obtained in forward bias, as shown
in Fig. 6(b). φb of 0.77 V results in a downward band
bending near the MS interface with a peak-induced electron
concentration of 3 × 1013 cm−3. Note that this induced
electron concentration for the moderately high experimental
φb of 0.77 V is much lower than that for the extremely high φb

of 0.98 V (φm = 4.2 eV) adapted for simulations in Section II.
Therefore, less pronounced effects on the conduction are
expected. Consequently, in our experimental devices, the cur-
rent is largely dominated by TE majority carriers, i.e., holes,
with γ = 10−3. This is further evident as experimental and
TCAD I–V characteristics are in agreement with the TE ana-
lytical model. We also considered the possibility of majority
carrier diffusion along with TE as described by the thermionic-
emission-diffusion theory [19], [25]. At T =298 K, we esti-
mated that the effective thermionic recombination velocity
(vR) � effective diffusion velocity (vd ). This implies that the
majority carrier current can essentially be described by the TE
theory only. Furthermore, as checked in TCAD, the hole quasi-
Fermi level EFp was essentially flat throughout the depletion
region which also suggests that the TE model for majority
carriers is applicable. The relative contribution of the electron
diffusion though increases at higher temperatures to γ = 10−2.
However, J is still governed by TE. Therefore, in this case,
it is not straightforward to establish the presence of minority
carriers experimentally.

To study the influence of minority carrier injection in a high-
φb diode, a prior reported two-diode method [26], [27] was
adopted. With this technique, it is possible to distinguish the
operation of a (Schottky-based) shallow p-n junction diode
from that of a conventional Schottky diode at low injection.

Fig. 7. Schematic of the two-diode test method and measurement
configuration with TCAD simulated current flow lines. The flow lines
indicate the current spreading in the device when only D − 1 is biased
(forward current bias = 1 μA) for case (a) φb = 0.98 V and (b) φb =
0.58 V. The current spreading due to minority carrier injection is observed
near the contact for the high-φb diode, while less current spreading was
observed for the low-φb diode. The switch S is in closed position when
both D − 1 and D − 2 are biased.

The schematic of the two-diode test method is illustrated in
Fig. 7 where two similar diodes, D −1 and D −2, are closely
spaced (∼ 2 μm). Here, the current of D−1 is measured when
it is operated in single mode and in parallel mode along with
D−2. In the case of a p-n-type diode, there will be a significant
contribution of minority carrier injection from the contacts
(high γ ), and as a result, the current will spread outward from
the contacts. When D − 1 is operated in parallel with D − 2,
then in the case of p-n-type diodes, the current of each diode
will be less compared to that in single-mode operation due
to influence of current spreading from the neighboring diode.
This influence can be measured from the differential current
level in the exponential part of the I–V curve. While in the
case of a conventional Schottky diode, the minority carrier
injection will be insignificant, and therefore, there will be
hardly any current spreading near the contacts. Hence, in the
case of conventional Schottky diodes, the current for both
modes (i.e., single-mode and parallel-mode operations) will
be the same, as it is governed by majority carrier injection
from the substrate and depends only on the area of the diode.
Therefore, then hardly any influence of the neighboring diode
will be noticeable in the exponential part of the I–V curve.

Fig. 8 shows the TCAD simulated electron (Ie) and hole (Ih)
currents in the case of high-φb Schottky diodes when diode
D − 1 is operated in single mode (ID−1) and in parallel mode
(ID−1�) with diode D −2. Only the minority (electron) current
is affected in parallel-mode operation, while the majority
current remains unaffected. Since in the case of a high-φb

diode, γ is high, this influence can be measured in the two-
diode test configuration.

Fig. 9(a) and (b) shows the experimental two-diode charac-
teristics for two different φb diodes. For the p-Si/Al diode
with φb = 0.77 V, a slight decrease in the diode D − 1
current (�I = ID−1 − ID−1� ) in the exponential part of the
plot when operated in parallel with diode D −2 was observed
as shown in Fig. 9(a). Here, a current discrepancy (�I/I )
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Fig. 8. Simulated electron (Ie) and hole (Ih) currents of diode D−1 when
operated in single mode (ID−1) and in parallel mode (ID−1� ) in case of
high φb (= 0.98 V) Schottky diodes. tSi = 525 μm and Na = 1015 cm−3.

Fig. 9. I–V curves showing the measured D − 1 current when operated
in single mode and parallel mode at 298 K for (a) φb = 0.77 V and
(b) φb = 0.53 V. Blue solid line: ideality factor n = 1 for reference.

of 37 % was observed in the forward bias exponential region at
Vd = −0.1 V. This indicates the influence of minority carrier
(electron) injection in the p-type Schottky diode. However,
in the case of the n-Si/Al diode with a near midgap φb =
0.53 V, the influence of the minority carrier injection from the
metal side into the semiconductor is negligible, and therefore,
the D − 1 current remains unaffected as shown in Fig. 9(b).
Here, a current discrepancy (�I/I ) of less than 7% was
observed at Vd = 0.1 V. Further, the influence of current
spreading increases at higher temperatures where a higher
�I/I = 51 % was noted at 398 K in the case of diodes with
φb = 0.77 V. This is expected as an increase in temperature
increases the diffusion component more than the TE current,
and therefore, will raise γ , in this case, by one order of
magnitude, as observed in our TCAD simulations [Fig. 5(b)].
The observed lower ID−1� in the series resistance regime for
both diodes in Fig. 9(a) and (b) is due to the high resistance
encountered during parallel-mode operation [26], [27].

The presence of minority charge carriers in high- φb diodes
was also observed via reverse recovery measurements [28] as
shown in Fig. 10(a) for both φb diodes. We measured a 42%
higher stored charge (Qs = 4.54×10−8 C/cm2) in our p-Si/Al
diode with a φb = 0.77 V compared to our n-Si/Al diode with
a φb = 0.53 V. Interestingly, the presence of a lower Qs and
consequently higher resistivity for Si Schotkky diodes with
φb < 0.8 V has been highlighted before in [29]. Qs is much
higher in the case of an extreme φb as shown with TCAD
simulations in Fig. 10(b).

Further, the presence of a minority carrier component,
although relatively small, should also result in electrolu-
minescence (EL) in Si via band-to-band recombination in

Fig. 10. (a) Reverse recovery measurements of the diodes
(Ae = 5.96 × 10−3 cm�) with different values of φb showing current
versus time plot when diode is suddenly switched from a forward-bias
state to a reverse-bias state at time T0 by applying a voltage pulse.
(b) Simulated reverse recovery characteristics for the similar devices
(Ae = 7.85 × 10−5 cm2) with different values of φb.

Fig. 11. (a) EL IR micrograph (in grayscale) of our fabricated p-Si/Al
circular diode (φb=0.77 V) with hexagonal openings [see Fig. 1(d)]. A faint
glow (white regions) was observed using IR camera from the hexagonal
openings and from the periphery of the circular electrode. (b) Measured
short-circuit current (IPD) in the external PD versus injected forward
current (ILED) for the same p-Si/Al diode. (c) Simulated p-n product at
injected current density J ∼ 25 A/cm2 for different values of φb. The p-n
product increases with φb as expected.

high- φb Schottky diodes, which otherwise is unexpected at
low injection from a conventional (unipolar) Schottky diode.
Therefore, we also performed EL measurements in our diodes.
A cooled InGaAs detector-based camera (XEVA-320 from
Xenics) with a spectral detection range of 950–1700 nm was
used for capturing the EL micrograph using an integration
time of 30 s. Low-intensity light emission in the infrared (IR)
range was observed from our p-Si/Al diodes (φb = 0.77 V) at
a constant current drive of 20 mA (J ∼25 A/cm2) at room
temperature, as shown in Fig. 11(a).

In addition, we also measured the emitted light via the short-
circuit current (IPD) of an off-chip Si-photodiode (PD) [30] as
shown in Fig. 11(b). The IPD is proportional to the emission
intensity that rises steadily with injected current ILED of
the high-φb Schottky diode. However, no measurable light
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TABLE II
SUMMARY OF EXPERIMENTAL RESULTS

Fig. 12. Simulated minority carrier injection ratio γ as a function of the
barrier height (φb) of the p-Si Schottky diode for different substrate thick-
nesses and temperatures. Inset: same plot in linear scale at higher φb .
γ is calculated at Vd = −0.2 V forward bias. Green dashed line: our
experimentally measured φb for a 525-μm-thick substrate.

emission (IPD) was observed from the lower φb (0.53 V)
n-Si/Al diode due to the relatively low minority carrier injec-
tion. The maximum injected current density of J ∼ 25 A/cm2

is at low injection (J � q Nvsat = 1.6 × 103 A/cm2,
where N is the active doping concentration and vsat is the
saturation velocity). It is commonly known that at high-
injection minority carriers do play a role even in a conventional
Schottky diode [19], [31], [32]. However, the observation
of light emission from the Schottky diode at low injection
indicates the presence of minority carriers which is also in
agreement with our simulations. The emitted light intensity
that is proportional to the p-n product [33], [34] increases
for a higher φb as shown in Fig. 11(c). The p-n product
hence the recombination rate is highest near the MS interface.
Unfortunately, in our experiment, the moderately high φb and
the indirect Si bandgap make EL from this diode too weak
to be detected by our spectrometer. Also, because of the
unannealed contacts for the reason discussed earlier, we sus-
pect that the φb is susceptible to change with the injected
current due to local heating. This also makes the detection
of a very low-intensity emission difficult in our devices. For
a stronger emission, an extreme φm that can result in a very
high φb (qφb > 0.5Eg) should be employed. The results of
our experimental investigations are summarized in Table II,
all indicating the presence of minority carriers in the high-φb

diode.

IV. DISCUSSION

Fig. 12 summarizes the φb dependence of the relative
contribution of the diffusion component. As discussed earlier,
for a high-φb Schottky diode, minority carrier diffusion is
important and, therefore, cannot be neglected particularly for

reduced substrate thicknesses or a reduced Gummel number
in general, and higher temperatures.

The pronounced effect of the minority carrier transport in
high-φb Schottky diodes at reduced substrate thicknesses could
be attractive for next generation dimensionally scaled CMOS
devices where conventional doping is a challenge. There such
Schottky-based junctions can be used to realize, for instance,
tunnel devices [11] or even low-intensity light emitters for
applications such as on-chip communication [35]. In addition,
a Schottky-based p-n-type junction could be relevant for
optoelectronic applications (for example, Schottky-based UV
LEDs [36]) in direct bandgap materials such as GaN, where
conventional doping is also not well matured.

From a technological viewpoint, the effect of interface traps
cannot be ignored for realizing a high-φb Schottky diode.
Interface traps influence φb [12], [19] and particularly in
covalent semiconductors, it is only weakly dependent on φm

as the Fermi level is pinned at the interface by a large
density of surface states. The effective φb would reduce from
its ideal value in presence of interface traps, which in turn
would decrease the induced inversion charge concentration
near the MS interface [9]. Consequently, minority carrier
transport would become less important. Interestingly, for ionic
semiconductors such as GaN, CdS, and ZnS, the Fermi-level
pinning effect is less pronounced and φb should strongly
depend on φm [19].

The use of a thin interfacial tunneling layer has also
been proposed earlier to gain better control over a resultant
φb and thus induced inversion charge [9], [22], [37]–[39].
Interestingly, interfacial layers can further be utilized to tune
the diffusion current in a high-φb diode [19].

V. CONCLUSION

We have discussed the presence of the otherwise negligible
minority carrier diffusion in high-barrier (qφb > 0.5Eg)
Schottky diodes at low injection using TCAD simulations
and experiments. TCAD simulations indicate that in a high-
barrier Schottky diode, the presence of the induced inversion
charge carriers near the MS interface imparts p-n junction-type
bipolar current characteristics to otherwise a unipolar Schottky
diode. In the case of a high-barrier diode, minority carrier
diffusion is important and therefore cannot be neglected.
The contribution of diffusion in such a diode can further
be increased by reducing the substrate thickness (Gummel
number in general) and increasing temperature. The observed
IR emission in low-injection condition, higher stored charge
during reverse recovery, and current spreading near the Schot-
tky contact using the two-diode test methodology indicate the
influence of minority carrier diffusion in such high-barrier
Schottky diode, which otherwise is negligible in a conventional
Schottky diode.
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