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A B S T R A C T

We present a comprehensive investigation of boron-related trapping phenomena in diamond Schottky diodes 
based on capacitance-voltage (C–V) measurements and isothermal capacitance transient spectroscopy (ICTS). 
The C–V characteristics exhibit a pronounced hysteresis, whose magnitude increases with temperature, thus 
indicating the presence of temperature-activated charge trapping within the depletion region. ICTS measure
ments reveal the presence of two distinct trapping processes. The faster process exhibits an activation energy of 
(0.39 ± 0.02) eV and an unconventional apparent capture cross-section of 1.9 × 10− 20 cm2. The extracted 
activation suggests that the trap is related to substitutional boron. By varying the filling time, we observed an 
emission process that follows a stretched exponential trend, which is ascribed to a distribution of trap levels. The 
characterization of the dynamic behavior of boron-related traps with temperature is highly relevant for studying 
the dynamic properties of diamond-based Schottky-barrier diodes and transistors.

1. Introduction

Diamond is an ultra-wide-bandgap semiconductor (5.47 eV) char
acterized by high hole mobility, exceptional thermal conductivity, and 
an extremely high breakdown electric field, making it a strong candidate 
for high-power and high-frequency device applications [1,2]. For 
diamond-based semiconductor devices, among the most common dop
ants in diamond, boron acts as the shallowest acceptor with an activa
tion energy of approximately 0.38 eV [3–5], whereas nitrogen and 
phosphorus behave as deep donors with activation energies near 1.7 eV 
and 0.58 eV, respectively [6,7]. The high activation energy of n-type 
dopants results in a non-trivial fabrication of high-performance p-i-n 
diodes [8]. As a consequence, current research increasingly focuses on 
unipolar Schottky-barrier diodes, which already demonstrated break
down voltages exceeding 1 kV [9,10] and offer a more feasible route 
toward high performance diamond power devices. For these devices, 

low-doping concentration, to sustain higher breakdown voltages in the 
drift region, and low-resistivity layers, to reduce ON-state losses in the 
contact region, are desired.

Deep-levels associated to intrinsic and extrinsic defects can worsen 
the device performance and be particularly detrimental to both DC and 
switching applications, where the dynamics of charge trapping and 
detrapping processes may pose a limit to the operating frequency. 
Moreover, since dopants with large activation energies remain only 
partially ionized at standard operating temperatures, additional tran
sient effects may arise from the trapping or release of carriers, poten
tially reducing the effective breakdown voltage of UWBG devices 
[11,12].

Capacitance Deep-Level Transient Spectroscopy (C-DLTS) [13] can 
be effectively employed to identify deep-levels and to extract their 
characteristic parameters, such as the activation energy EA, the capture 
cross-section σ and the defect density NT. Due to limitations in 
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measurement time and temperature, C-DLTS can probe only the shal
lower part of the bandgap [14]; however, the traps identified in this way 
can still be responsible for performance worsening during switching 
operations. Therefore, to probe for deeper traps, optical spectroscopy, 
such as DLOS, is preferred [15].

Taking as an example Schottky-barrier diodes (SBDs) that are 
intrinsically designed for high-speed operation, these defects can exhibit 
unusually slow capture and emission kinetics depending on the trap 
characteristic parameters. These slow processes can conflict with the 
inherently fast switching behavior of the diode degrading the overall 
dynamic performance. Guo et al. demonstrated that, in polycrystalline 
diamond Schottky diodes, slow trap kinetics characterized by carrier 
capture and emission time constants on the order of tens of seconds can 
significantly modify the current-voltage characteristics. These slow 
processes delay the reaching of steady-state conditions during mea
surements, thereby limiting the straightforward use of diodes that 
exhibit such trap dynamics [16]. Analogously, Nikolenko et al. 
demonstrated, in Schottky diodes fabricated from monocrystalline dia
mond, that deep-level defects can modify both the Schottky barrier 
height and the ideality factor as a function of the respective trap occu
pancy. [17]. Moreover, the presence of slow trap kinetics and trapped 
charge can further degrade the blocking capabilities, particularly in 
devices designed to withstand high electric fields on the order of several 
megavolts per centimeter (MV/cm). In addition, a detailed analysis of 
trap kinetics is essential for Technology Computer-Aided Design (TCAD) 
simulations, as it enables more accurate calibration of physical models 
for diamond-based power devices. With respect to slow dopant ioniza
tion and the activation of slow traps under high electric-field conditions, 
Kah et al., using TCAD simulations of Schottky barrier diodes (SBDs), 
demonstrated that under fast switching conditions the delayed response 
of these centers can reduce the effectiveness of the junction termination 
[11]. An analogous behavior was reported for another wide-bandgap 
semiconductor, namely silicon carbide (SiC) [18,19].

To date, capacitance- and current-based DLTS techniques applied to 
boron-doped Schottky-barrier diodes and similar structures have pri
marily identified deeper traps, with activation energies between 0.7 and 
1.6 eV with respect to the valence band [20,21].

This work aims to investigate trapping phenomena related to rela
tively shallow, yet dynamically slow, traps boron-doped diamond 
Schottky diodes. By combining capacitance against voltage (C–V) 
analysis with isothermal capacitance transient spectroscopy (ICTS) [22], 
we have analyzed extended measurement windows with the objective of 
identifying the underlying defect processes and evaluating their impact 
on device behavior. The spectroscopic characterization of this class of 
defects in ultra-wide-bandgap materials will facilitate future in
vestigations of their macroscopic impact and degradation behavior 
under realistic operating conditions, thereby enabling the optimization 
of diamond-based devices such as field-effect transistors (FETs).

Samples under test are described in Section 2. Employed measure
ment methodologies are described in Section 3 with a focus on the use of 
stretched exponentials to rigorously fit the stretched-exponential 
capacitance transients due to non-idealities. Results from C–V charac
teristics and ICTS are reported in Sections 4. Finally, in Section 5, we 
have compared our extracted trap signatures with currently available 
literature reports for traps in monocrystalline diamond-based devices.

2. Sample description

The devices under test consist of pseudo-vertical p-type Schottky- 
barrier diodes manufactured on a low-Boron doped layer. Homo
epitaxial layers were grown on 500-μm-thick 4 × 4 mm2 high-pressure 
high-temperature (HPHT) substrate by microwave plasma-assisted 
chemical vapor deposition (MPCVD). First, a 520 nm heavily boron- 
doped p++ ([B] > 3 × 1020 cm− 3, over the metal-insulator transition) 
layer is grown, to enhance the formation of ohmic contact and enable 
lateral current transport. Then, a 2860 nm p‾ layer with an effective 

boron concentration of about 1016 cm− 3, extracted from C–V mea
surements, has been grown as the main drift layer.

In this sample, each diode is isolated from its neighboring with a 
deep etching going through the insulating substrate. Afterwards, a 
molybdenum-based Schottky contact is deposited on top of the p‾ layer, 
and the ohmic contact is made by deposition of Ti on the p+ layer.

The schematic cross-section of a single diode is shown in Fig. 1.

3. Experimental methods

The setup employed in this work is custom-made for this purpose and 
it consists of several instruments connected as shown schematically by 
Fig. 2 (a), and it is controlled by a computer software. The main in
strument in this setup is the Boonton 7200, a fast capacitance meter that 
operates at a frequency of 1 MHz, to which an external bias voltage can 
be applied. Instead, the other instruments are a conventional arbitrary 
waveform generator (AWG) and a digital storage oscilloscope (DSO). 
The constant bias waveforms were generated by the AWG and then 
amplified in order to increase the maximum rate of output current 
variation. The capacitance meter superimposes a 50 mV AC signal to 
sense the capacitance of the DUT, which is provided as an analog voltage 
output. The resulting bias voltage and capacitance-output waveforms 
were sampled by the DSO. The acquired time windows were subse
quently averaged to reduce the noise contribution.

To evaluate the behavior in function of temperature, the sample was 
tested inside a cryogenic probe station, in vacuum conditions and under 
dark.

The samples were initially tested with “go” and “back” C–V char
acteristics (from − 10 V to 0 V and backward) at different temperatures 
between 240 K and 300 K. The presence of hysteresis between the two 
curves indicates that traps are responding to the change in carrier con
centration in the depletion region. For instance, trapping of majority 
carriers pT(t) will shift the C–V characteristic, as explained by Eq. (2), 
by reducing the net charge in the depletion region NSCR = NA − pT, 
where pT is the trapped majority-carrier charge concentration, thus 
decreasing the capacitance at the same bias voltage. The C–V charac
teristic is also helpful as a preliminary step before the ICTS to define the 
operative condition for subsequent measurements. From this charac
teristic, it is possible to test the dimension of the depletion region that 
will be swept during the ICTS and also the apparent free hole concen
tration in that region.

Then, ICTS was performed within the same temperature range. ICTS 
was employed to better manage the duration of the measurement tran
sients, which do not reach saturation in the selected time window of 
1000 s, and their non-ideal exponential shape. Under these conditions, a 
DLTS temperature-scan would be experimentally impractical due a) to 
the long acquisition times required to maintain adequate temperature 
resolution, or b) to the extremely high temperatures required to accel
erate the transients. The ICTS method [18] is based on the classical C- 
DLTS signal structure [13], which is divided into three phases: (i) prefill, 
(ii) filling and (iii) measurement, as shown in Fig. 2 (b). The (i) initial 
prefill is implemented to establish a reproducible condition before the 

Fig. 1. Schematic cross-section of the pseudo-vertical Schottky diodes under 
investigation.
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filling phase. During this stage, the device is held at the same voltage in 
the measurement phase for a shorter period of time. This step is tech
nically required because during the setup of the instrumentation before 
each transient analysis, the bias is automatically reset to 0 V. Since the 
duration of this zero-biased state can vary, the subsequent stabilization 
phase ensures that the device reaches a consistent equilibrium state 
before the start of the actual transient acquisition. Then, the (ii) filling 
phase is used to shrink the depletion region and to fill the traps previ
ously located close to the edge of the space charge region (SCR). Af
terwards, the bias is restored to the measurement value: this induces a 
change in the charge state of both dopants and traps, the latter of which 
results in a measurable and relatively slow temperature-dependent 
transient in the capacitance of the device.

In this work, we performed the filling phase at 0 V to avoid exciting 
minority-carrier traps, and we used a measurement bias of 2 V, 
balancing between the need for a visible transient and the reduction of 
field effects. The temperature range used for the ICTS measurements, 
which was also adopted for the C–V characterization, was selected to 
match the emission transients of the trapping processes with the tem
poral resolution of the acquisition system employed. This consideration 
was particularly critical in cases where the transients contained multiple 
processes with time constants differing by several orders of magnitude, 
simultaneously requiring both long acquisition windows and fine tem
poral resolution. The use of higher temperatures would have shifted the 
emission rates of the faster traps beyond the sampling capabilities of the 
system, resulting in a loss of information.

3.1. Capacitance transient fitting function

Traditionally, the junction capacitance per unit area of an SBD is 
given by [23]: 

C(V) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
q ε NSCR

2|Vbi − V|

√

, (1) 

in which ε = 5.7 ε0 is the dielectric constant of diamond and ε0 is the 
vacuum permittivity, NSCR is the net fixed charge inside the depletion 
region (almost equal to the ionized acceptor concentration NA in case of 
low concentration of defects), Vbi is the built-in voltage of the junction 
and V the bias voltage.

In the presence of electrically active traps, the time-dependent 
trapped charge density pT(t) partially compensates the ionized accep
tors, thereby modifying the effective space charge density within the 
depletion region; in that case, the effective space charge within the SCR 
is NSCR = NA − pT(t) and the previous equation modifies as follows 

C(V, t) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
qε(NA − pT(t) )

2|Vbi − V|

√

. (2) 

At the end of the transient related to measurement phase, the traps 
would have ideally emitted all the trapped holes, and so their contri
bution would go to zero, i.e. pT(∞)→0. Therefore, we can define the 

steady-state capacitance C∞(V) =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
q ε NA/(2|Vbi − V| )

√
.

Furthermore, we can consider a distribution of N non-interacting 
traps, each defined by a specific energy level and capture cross- 
section, thus a distinct time constant τi. For each trap level i, we can 
consider the solution of the generation-recombination rate equation 
dpT,i/dt = − τ− 1

i pT,i at that level for a highly ionized depletion region, 
where the capture rate can be ignored. In this condition the trap level 
will be entirely filled at t = 0, resulting in pT,i(0) = NT,i, and for t→∞, all 
trapped charge will be emitted, hence pT,i(∞)→0. Therefore, the solu
tion of the rate equation can be described as 

pT,i(t) = NT,iexp
(

−
t
τi

)

. (3) 

For multiple non interacting trap levels, the individual exponential 
emission components (3) can be summed and inserted into the general 
capacitance expression (2), yielding a composite transient that reflects 
the combined contribution of all trap states as 

C(t) = C∞

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1 −
∑M

i

pT,i(t)
NA

√
√
√
√ . (4) 

When the trap concentration is significantly lower than the ionized 
acceptor density, i.e. NT,i/NA≪1 for all traps, the capacitance expression 
can be linearized, resulting in the well-known first order approximation 
for the transient response, 

C(t) = C∞

(

1 −
1
2
∑M

i

pT,i(t)
NA

)

. (5) 

In case of spatially or energetically distributed traps, we can asso
ciate tightly packed trap levels as band of defects defined by a finite 
continuous distribution of time constants, which empirically results in 
the observation of stretched, rather than purely, exponential capaci
tance transients [24,25] as 

pT,k(t) = NT,kexp

(

−

(
t
τk

)βk
)

, (6) 

where the stretching exponent βk determines the deviation of the tran
sient from a pure exponential (for the trap band k), and so for βk ≤ 1, it 
will result in a longer transient than for the ideal case [21]. Each trap 
band is then defined by the central time constant τk and by the width of 
the band that is described by the stretch factor βk. In the limiting case 
that the band is defined by a single distinct trap level, (6) can be reduced 
to (3) by setting the stretching factor as βk = 1.

When only the rising portion of the transient, in the vicinity of its τ0, 
lies within the measurement window, the response can be approximated 
by a logarithmic dependence on time reflecting the behavior of a very 
broad trap distribution. The latter contribution is then taken out from 
the square-root term and so as 

Fig. 2. (a) Schematic of the setup used to extract the C–V characteristics and to perform the ICTS. (b) Ideal waveforms of the bias voltage and AC capacitance during 
the ICTS.
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C(t) = C∞

[ ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1 −
∑

k

pT,k(t)
NA

√

− mln
(

t
τ0

)]

, (7) 

where m and τ0 are the fitted slope and time constant for the logarithmic 
part of the transient [14,22].

The emission rate τ− 1
p depends on the effective density of states in the 

valence band NV and on the thermal velocity of holes vth, which are both 
temperature dependent quantities determined by the effective mass mh 
and fundamental constants along with trap characteristic activation 
energy EA and capture cross-section σp as [26]. 

τ− 1
p =

σpvthNV

gA
exp
(

−
q

kBT
EA

)

, (8) 

where NV(T) =
[
2(2πmhkB)

3/2h− 3
]
⋅T3/2 [27] with mh = 0.908 m0 [28]

and gA = 4 the degeneracy factor [1,5], vth(T) =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
3kB/mh

√
T1/2 = T1/2 •

7.08× 105 cm s− 1 K− 1/2.
Rewriting (8) to exploit the temperature dependence as in Arrhenius 

plot, we obtain a linear trend whose slope provides the activation energy 
EA and from the intercept y0, it is possible to extract the apparent capture 
cross-section σp as 

σp = Kσp exp
(
− y0

)
, (9) 

where Kσ = h3/

(

2 gA mh k2
B

̅̅̅̅̅̅̅̅̅̅̅̅̅̅

3(2π)2
√ )

= 8.45× 10− 23 cm2 s− 1 K− 1.

4. Results

4.1. Capacitance - voltage characteristics

Fig. 3 (a) shows the measured C–V characteristics, where at the 
lowest temperatures (240 K) the dopant starts to reach the freeze-out 
regime, resulting in a substantial expansion of the depletion region 
and almost no capacitance change for higher reverse voltages, i.e., to
ward 10 V. Consequently, the lower bound of the temperature range for 
the ICTS measurements was set to 250 K in order to ensure a sufficiently 
large capacitive transient amplitude for reliable results. By evaluating 
the apparent dopant profile from the C–V characteristics, as shown in 
Fig. 3 (c), we found that the estimated net charge NA − ND is almost 
constant over the tested voltage range. For the subsequent ICTS mea
surements, we kept the voltage sweep in the range [0,2] V, which is 
equivalent to a depletion region between 360 nm and 1800 nm. In the 
same depletion region range at T = 300 K the apparent free charge 
concentration is 1.1 × 1016 cm− 3, on average. On the other hand, the 
visible hysteresis exhibited by the C–V characteristics, whose area de
pends on temperature, as highlighted in the representative C–V char
acteristics in Fig. 3 (b), suggests the presence of a trap-related capture- 
emission phenomenon.

4.2. Isothermal capacitance transients spectroscopy

To investigate the trapping process highlighted from the hysteresis of 
the C–V measurements, we decided to carry out additional ICTS mea
surements by using a fill pulse at 0 V for 500 s, and a measurement 
voltage of 2 V, as described in Section 3. We repeated the capacitance 

Fig. 3. (a) Capacitance versus voltage characteristics of the diode repeated at different temperatures. The solid lines represent data derived from the “go” sweep, 
whereas the subsequent “back” direction is shown with a dashed line. (b) Representative C–V characteristics from (a), with the enclosed area associated with the 
hysteresis between the “go” and “back” sweeps highlighted. (c) Effective dopant concentration against depletion region as extracted from the C–V characteristics.
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transients from 250 K to 300 K, as shown in Fig. 4(a). The duration of the 
filling pulse employed for this measurement was selected to ensure 
complete trap occupancy, and insights on the impact of the filling pulse 
duration are presented in Section 4.3, whose filling pulses are shown in 
Fig. 5 (a).

The peculiar capacitance transients indicate the presence of two 
processes, due to the two changes in slope visible in the majority of the 
transients. The faster process (T1) exhibits a stretched exponential 
behavior, while the slower process (T2) does not fully saturate within 
the measurement window and partially overlaps with T1. Consequently, 
we employed a two-term stretched exponential function to fit the tran
sient response, thereby enabling the extraction of the characteristic 
parameters.

Because the slower transient T2 does not reach steady state in the 
selected measurement window and its amplitude cannot be assumed to 
be negligible, the full capacitance expression, i.e. Eq. (4), was employed 
for fitting, rather than the linear approximation valid only for small trap 
concentrations. At the same time, the approximation of the logarithmic 
transient, as in Eq. (7), cannot be applied without losing information, 
since the transients are not fully logarithmic over the whole temperature 
range. The parameters extraction for T2 is affected by its low stretch 
factor and by the overlapping with T1. Due to these reasons, the accu
racy of the fitted time constant is reduced and a description of this 
phenomena can only be done qualitatively. Therefore, we focused on the 
results from the first process T1 that showed an activation energy EA of 

0.40 eV with tFILL = 500 s, comparable with the expected one for the 
boron dopant.

ICTS measurements were repeated for various filling times in the 
range from 100 s to 102 s, and the extracted time constants were 
analyzed through Arrhenius plots, as shown in Fig. 4(b), to determine 
the variation activation energy and capture cross section associated with 
T1. The extracted parameters are also reported in the Table 1. From 
those results, we can notice that the filling time does not play a signif
icant role for time longer than 1 s, since the variations in activation 
energy and capture cross-section are quite limited.

Generally, from ICTS measurements, the trap concentration for each 
trap level can be extracted directly from the capacitive transients using 
the fitted initial value C0,k and transient amplitude C∞,k to isolate the 
single transient. If the overall initial steady-state value can be estimated 
from the capacitive transients, the accuracy of these two parameters is 

Fig. 4. (a) Capacitive transients plotted against time as dots, at different temperatures, for the measurement phase. The dashed lines are the fit of the transients 
assuming two traps: T1 and T2. (b) Arrhenius plot of the logarithm of the fitted trap time constant multiplied by the square of the temperature ln

(
τ T2) against q/kT, 

for process T1. The measurements were repeated at different filling times.

Fig. 5. Capacitive transients against logarithmic time during filling (a) and measurement (b) phase at different filling times. The labels in (a) are used to highlight the 
end of the transient for the respective filling time.

Table 1 
T1 activation energy and capture cross-section as extracted from the Arrhenius 
plot reported in Fig. 4(b).

Filling time,tFILL (s) 100 101 102 5 × 102

Activation 
energy, EA (eV)

0.40 ± 0.04 0.39 ± 0.03 0.38 ± 0.02 0.40 ± 0.02

Capture cross- 
section, σ (cm¡2)

2.8 × 10− 20 1.5 × 10− 20 7.5 × 10− 21 2.5 × 10− 20
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high enough. In that case, by combining (4) and (6) for t = 0 and t→∞, 
the trap concentration can be extracted as pT,k/NA = 1 −
[(

C0,k − C∞,k
)
/C∞,k

]2. However, in this case, since the transients of T1 
and T2 are superimposed, the initial (C0) and final ( C∞) capacitance 
values cannot be isolated reliably, preventing an accurate determination 
of the trap to dopant concentration ratio. In any case, the average fitted 
trap to dopant concentration ratio pT,1/NA for T1 is about 11%. In 
addition, the stretch factor β for T1 is almost constant with the filling 
time and slightly decreasing with temperature around (0.5 ± 0.1), 
meaning that the traps that arises to process T1 are quite spread.

4.3. Impact of filling time

To evaluate the change in the relative impact of T1 and T2 under 
different filling conditions, we repeated the ICTS measurement, varying 
the filling time logarithmically from 10− 2 s to 102 s and fixing the 
temperature at T = 265 K, where both transients are especially visible.

After the prefilling phase, the sample was always brought to the same 
condition, as testified by the completely superimposable filling tran
sients reported in Fig. 5 (a). Analysis of the filling transient reveals the 
emergence of a dominant trapping mechanism for filling times longer 
than approximately 1.1 × 10− 1 s, as evidenced by a pronounced increase 
in the amount of captured charge, as shown by the filling transients in 
Fig. 5 (a).

On the other hand, for filling times shorter than approximately 4.1 ×
10− 2 s, the transient associated with T2 becomes dominant, while the 
contribution of T1 is comparatively weaker in the measurement tran
sients reported in Fig. 5 (b). In this condition, the kinetic of process T2 
results almost logarithmic, therefore, by leveraging the relation reported 
in Eq. (7), the capacitance transient related to T1 can be isolated and 
analyzed by simply subtracting the effect of T2. In addition to that, from 
Fig. 5 (b) we can also observe that (i) there is almost no variation in the 
final values of the measurement transients, whereas there is a decrease 
in their initial value at increasing filling time, and that (ii) the slope of 
the transient for t > 200 s is almost the same since the fitting parameters 
m and τ0 are almost constant over the tested filling time range.

These results indicate that a) the kinetics and amplitude of T2 are 
largely insensitive to filling time variations, whereas b) the filling 
transient primarily reflects the capture dynamics associated with T1.

5. Comparison with literature

The trapping process T1 was found to have an average activation 
energy EA of (0.39 ± 0.02) eV and an unconventional apparent capture 

cross-section σp of 1.9 × 10− 20 cm− 2, whose results are compared in 
Fig. 6 to other DLTS-detected traps in the monocrystalline B-doped 
diamond layer found in the literature. The calculated activation energy 
value is comparable to that of substitutional boron, which is about 0.38 
eV [3–5]. The apparent cross-section, on the other hand, appears to be 
rather smaller than the one expected from the boron dopant; conse
quently, some considerations can be made. In general, the capture cross- 
section is related to the nature of the trap, and so it can take values from 
about 10− 12 cm2, for Columbic attractive centers, such as acceptor-like 
traps for holes, to about 10− 20 cm2 or less for repulsive centers, as donor- 
like traps. In the case of substitutional boron in diamond, the capture 
cross-section was estimated by other non-DLTS-based methods, such as 
capture lifetime after photoexcitation, in the range between 10− 14 cm2 

and 10− 13 cm2 [29,30], as expected for an acceptor-level [26]. It is well 
accepted that cross-section values extracted from Arrhenius plots can 
have uncertainties of several orders of magnitude, due to several factors, 
for example: a) cross-talk between defects having similar activation 
energies and different capture rates [31]; b) changes in the emission rate 
induced by electric-field [32]; c) impact of Fermi level position on the 
accuracy of extracted trap parameters [33]. On top of this, substitutional 
boron is not the only boron-related trap present in B-doped diamond, 
and other B-related complexes (e.g., boron clusters, complexes with 
interstitial hydrogen, BH2, etc.) may be present in high concentrations 
[34–36]. With the information obtained within this study, a definitive 
conclusion on the origin of the found trap T1 cannot be given; however, 
the proximity of the T1 activation energy to that of the substitutional 
boron, and the large density (11% of the dopant) suggests that this 
process is related to the boron-related defects inside the device.

Finally, in relation to the slower process T2, since its transient was 
not entirely visible in the chosen time window, it is not trivial to prop
erly characterize and identify the related defects. Despite this, under the 
tested conditions, T2 exhibited markedly stretched-exponential 
behavior, which may be related to a distributed interacting defect, 
such as a dislocation [37,38].

6. Conclusions

With this work, we analyzed the trapping processes visible at room 
temperature in boron-doped diamond Schottky-barrier diodes, with 
additional emphasis on the characterization of non-ideal trap dynamics 
and the presentation of a methodological analytical framework based on 
the stretched exponential formalism.

Hints of ongoing trapping were first noticed by go and back C–V 
characteristics that showed hysteresis, whose magnitude increased with 
temperature. In addition, the doping profile was found to be nearly 
constant at approximately 1.1 × 1016 cm− 3, at T = 300 K, over the area 
swept by the ICTS.

Further analyses using ICTS revealed two trapping processes: a faster 
one, T1, and a slower one, T2, the latter exhibiting nearly logarithmic 
behavior. Therefore, stretched exponentials were used to track the non- 
idealities of both transients, and we repeated ICTS measurements in 
different filling time conditions, focusing on the transient related to T1. 
Filling-time-dependent ICTS revealed that the amplitude of the filling 
transient is related to the amplitude of the capacitance transient by T1 in 
the measurement phase, which is proportional to the quantity of trapped 
holes.

T1 showed an activation energy of (0.39 ± 0.02) eV, which is closed 
to the one of the substitutional boron, and an apparent capture cross- 
section of 1.9 × 10− 20 cm− 2. Under the tested conditions, trap T2 
behaved similarly to a distributed or interacting defect.

It is worth noticing that the identification of boron-related signa
tures, such as the T1 trap, underscores that slow trapping mechanisms 
detrimental to device performance can originate from intentional dop
ants rather than exclusively from external contamination or intrinsic 
defects. Furthermore, a substantial trap occupancy at room-temperature 
is expected to affect dynamic device parameters, such as on-resistance, 

Fig. 6. Comparison of other DLTS-detected traps in monocrystalline B-doped 
diamond layer [20,21,34,39,40], in open dots, and the one found in this work, 
T1, in full dots. Circles are used to mark capacitance-based measurements, and 
squares for current-based ones. The dashed lines are based on the nomenclature 
of the found traps [34].
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through capture and emission processes occurring on timescales 
consistent with those characterized in this work, as in Fig. 5(a). This 
finding highlights an intrinsic challenge in diamond-based electronics, 
where the very species incorporated to enhance functionality may 
simultaneously promote the formation of performance-limiting defects.

With this work, we have found two new processes visible at room 
temperature in boron-doped diamond Schottky diodes, of which one 
suggests a relation with the substitutional boron, with a significant 
impact on device capacitance. Furthermore, we proposed a revised 
analysis of the capacitive transients for the ICTS method.
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