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A model enabling the equilibrium conductivity and transient photoconductivity of semi-insulating 4H-SiC to
be simulated has been demonstrated. Using this model, the simulations of both equilibrium conductivity and
transient photoconductivity have been carried out. Both the simulation and experimental results have shown that
the evolution of photoconductivity in time after switching on the band-to-band generation of electronhole pairs
is strongly aected by the properties of deep level defects. The results of transient photocurrent measurements
conrm the simulations results indicating that the Z1/2 center is a very eective recombination center in semi-insulating 4H-SiC having detrimental eect on the transient photoconductivity.
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1. Introduction

Transient photoconductivity experiments are widely
used both for characterization of semiconductor materials and development of new electronic devices. The
phenomenon of photoconductivity comprises several processes such as photon absorption, photogeneration and
transport of charge carriers, changes in the electronic occupancy of defect energy levels and recombination that
are closely related and dependent on the material properties [1]. So, the transient photoconductivity measurements have been proved to be very useful for determination of the charge carriers lifetime as well as for studies of
defect centers properties. In particular, a powerful tool
for investigations of defects electronic properties in semi-insulating (SI) materials is the high-resolution photoinduced transient spectroscopy (HRPITS) technique [2, 3].
This method involves lling the defects levels with excess charge carriers generated by an optical pulse and advanced analyzing the photocurrent relaxation, observed
after switching the light o, as a function of temperature.
The transient photoconductivity has also been studied
by computer simulations [47]. These investigations are
based on the models with assumed properties of defect
centers and solutions of the rate equations for photoexcited charge carriers. So far, however, simple models taking into account the two charge states of gold atoms in
Si [4], the EL2 and EL3 centers in SI GaAs [5, 6] and
two-level schemes for electron and hole trapping in GaN
[7] were considered.
The purpose of this paper is to show how the defect
centers properties and concentrations in SI 4H-SiC affect both the rise and the decay of photoconductivity
induced by the optical generation of electronhole-pairs
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through band-to-band transitions. The studies are performed by the simulations of photoconductivity kinetics
using a model in which six defect centers with various
properties are assumed. These are two types of shallow
donors, shallow acceptors, deep electron traps, deep hole
traps, and recombination centers.
It is worth adding that high-purity, semi-insulating
(HPSI) 4H-SiC has recently become an important material for developing advanced photoconductive semiconductor switches (PCSS) for use in high-power and high-temperature applications [8, 9]. A very high resistivity
of this material, greater than 107 Ωcm at room temperature, is achieved by reducing the concentrations of shallow level impurities, such as residual nitrogen and boron,
and introducing native deep-level defects, such as silicon
vacancies at various charge states [2, 3]. However, the
properties and concentrations of the deep centers substantially aect the transient characteristics of the PCSS.
Acting as traps or recombination centers they have a
strong eect on the amplitude, rise time, and fall time
of the photocurrent pulses. This has an impact on device performance determining its speed, sensitivity, and
noise.
2. Model

We have developed a six-level model enabling both the
equilibrium conductivity and transient photoconductivity of 4H-SiC to be simulated as a function of defect centers properties and concentrations. In this model, two
energy levels are related to two types of shallow donors,
labeled as SD1 and SD2, which are attributed to nitrogen atoms substituting carbon atoms located in hexagonal (h) and cubic (k ) lattice sites, respectively. The other
energy levels are related to electron traps (ET), recombination centers (RC), hole traps (HT), and shallow acceptors (SA). For calculations, we have assumed that the
properties of electron traps correspond to that of the ID9
centers, which have been widely observed in bulk 4H-SiC
and were tentatively assigned to native defects [10]. As
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the recombination centers, we have assumed the Z1/2 centers, which are characteristic of 4H-SiC and presumably
related to two types of divacancies: the divacancy involving the carbon vacancy in the h site and the silicon
vacancy in the k site (VhC VkSi ) as well as the divacancy
involving the carbon vacancy in the k site and the silicon
vacancy in the h site (VkC VhSi ) [10, 11]. As the hole traps
properties, we have chosen that of the ID defect centers
and the HK3 traps that were studied in 4H-SiC by electron paramagnetic resonance (EPR) [12] and deep level
transient spectroscopy [13], respectively. The shallow acceptors in our model are the boron atoms substituting the
Si atoms located either in the h or k sites in the 4H-SiC
lattice [10]. The arrangement in the 4H-SiC bandgap at
300 K of the energy levels assumed for the conductivity simulation is presented in Fig. 1 and the properties of
defect centers introducing these levels are listed in Table.

Fig. 1. Schematic energy band diagram for SI 4H-SiC
(at 300 K) illustrating the defect levels assumed for transient photoconductivity simulation.

TABLE

Defect centers properties assumed for the conductivity simulation of 4H-SiC.
Defect
label

Defect type

SD1
SD2
ET
RC
HT
SA

shallow donor
shallow donor
electron trap
recombination center
hole trap
shallow acceptor

Activation
energy
[eV]
Ec − 0.050
Ec − 0.092
Ec − 0.555
Ec − 0.630
Ev + 1.125
Ev + 0.285

Capture cross-section
[cm2 ]
Electrons
Holes
≈ 4.0 × 10−20

≈ 4.0 × 10−20

≈ 1.2 × 10−15

1.3 × 10−14
1.0 × 10−14

≈ 3.1 × 10−14

≈ 3.1 × 10−17

The equilibrium material conductivity is dened by the
well-known formula:
σ0 = q(n0 µn + p0 µp ),
(1)
where q is the electronic charge, n and p is the equilibrium
electron and hole concentration in the conduction and valence band, respectively, and µn and µp is the electron
and hole mobility, respectively. The equilibrium concentrations of free charge carriers are given by
n0 = NC exp (EF − Eg )/(kB T )) ,
(2)

p0 = NV exp (−EF /(kB T )) ,
(3)
where NC and NV denote densities of states in the conduction and valence band, respectively, Eg is the width
of the 4H-SiC bandgap, EF is the Fermi level energy,
kB is the Boltzmann constant, and T is the absolute
temperature. Taking into account the electron and hole
density of states eective masses: mdn = 0.77m0 and
mdp = 1.0m0 , respectively, we have NC = 3.27×1015 T 3/2
and NV = 4.83×1015 T 3/2 cm−3 . The Fermi level position
in the bandgap as a function of temperature is calculated
by solving the charge neutrality equation
−
+
+
+
−
−
n0 −NSD1
−NSD2
−NET
= p0 −NSA
−NRC
−NHT
, (4)
+
+
where NSD1 and NSD2 are the concentrations of ionized
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Identication
NC in h site [10]
NC in k site [10]
ID9 [10]
Z1/2 center [10, 11]
ID center [12], HK3 trap [13]
BSi in both h and k sites [10]

−
SD1 and SD2 shallow donors, NSA
is the concentration
+
−
of ionized shallow acceptors SA, NET
and NHT
are the
concentrations of ionized deep electron and hole traps,
−
ET and HT, respectively, and NRC
is the concentration
of ionized deep recombination RC. Assuming that NSD ,
NSA , NET , NHT , and NRC are the total concentrations
of shallow donors, shallow acceptors, electron traps, hole
traps and recombination centers, respectively, the con−
−
+
+
−
+
centrations NSD1
, NSD2
, NSA
, NET
, NHT
, and NRC
can
be calculated using the FermiDirac distribution function. The expressions based on this function may be
written as
NSD /2
+
NSD1
=
,
(5)
1 + 2 exp ((EF − Eg + ESD1 )/(kB T ))
+
NSD2
=
−
NSA
=
+
NET
=

NSD /2
,
1 + 2 exp ((EF − Eg + ESD2 )/(kB T ))

(6)

NSA
,
exp ((ESA − EF )/(kB T ))

(7)

NET
,
1 + 2 exp ((EF − Eg + EET )/(kB T ))

(8)

1+

1
2
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−
NHT
=

1+

1
2

NHT
,
exp ((EHT − EF )/(kB T ))

(9)

NRC
,
(10)
1 + exp ((ERC − EF )/(kB T ))
where ESD1 , ESD2 , ESA , EET , EHT , and ERC are the
defect centers ionization energies.
−
NRC
=

1
2

According to Eq. (1), the temperature dependence
of σ0 is determined by the relations of n0 and p0 as a function of temperature as well as through the temperature
dependences of the electron and hole mobility. To calculate the Fermi level energy and the values of n0 and p0
at various temperatures within the range of 200600 K
we have taken into account the temperature changes of
the bandgap width given by the following relation [14]:
3.3 × 10−2 T 2
Eg = 3.625 −
[eV].
(11)
T + 1 × 105
The values of µn and µp at various temperatures within
the range of 200600 K are calculated using the relations [15]:
θn

µn = µn (300 K) × (T /300)

,

(12)

θp

µp = µp (300 K) × (T /300) ,
(13)
in which µn (300 K) and µp (300 K) are equal to
950 cm2 /(V s) and 125 cm2 /(V s), respectively, θn =
−2.4 and θp = −2.1.
The transient photoconductivity induced by the generation of electronhole pairs by the ux of photons with
the energy of hν > Eg is given by
σ(t) = q [n(t)µn + p(t)µp ] ,
(14)
where n(t) and p(t) are the concentrations of the excess
electrons and holes, respectively. These concentrations
may be determined by solving a set of the rate equations
taking into account the electronic transitions between the
defect levels and the conduction and valence bands
dn(t)
= eSD1 nSD1 (t) − n(t)cSD1 [NSD /2 − nSD1 (t)]
dt

+ eSD2 nSD2 (t) − n(t)cSD2 [NSD /2 − nSD2 (t)]
− eRCn nRC (t) + n(t)cRCn [NRC − nRC (t)]
− eET nET (t) + n(t)cET [NET − nET (t)]
n(t)
+ G,
(15)
τn
dp(t)
= eRCp [NRC − nRC (t)] − p(t)cRCp nRC (t)
dt
+ eHT [NHT − nHT (t)] − p(t)cRCp nRC (t)
−

+ eHT [NHT − nHT (t)] − p(t)cHT nHT (t)
+ eSA [NSA − nSA (t)] − p(t)cSA nSA (t)
−

p(t)
+ G,
τp

dnSD1 (t)
= −eSD1 nSD1 (t)
dt
+ n(t)cSD1 [NSD /2 − nSD1 (t)] ,

(17)

dnSD2 (t)
= −eSD2 nSD2 (t)
dt
+ n(t)cSD2 [NSD /2 − nSD2 (t)] ,

(18)

dnET (t)
= −eET nET (t) + n(t)cET [NET − nET (t)] ,
dt
(19)
dnRC (t)
= −eRCn nRC (t) + n(t)cRCn [NRC − nRC (t)]
dt
+ eRCp [NRC − nRC (t)] − p(t)cRCp nRC (t),
(20)
dnHT (t)
= eHT [NHT − nHT (t)] − p(t)cHT nHT (t), (21)
dt
dnSA (t)
= eSA [NSA − nSA (t)] − p(t)cSA nSA (t). (22)
dt
In these equations G denotes the generation rate of
electronhole pairs, eSD1 , eSD2 , eET , and eRCn denote
the thermal emission rates of electrons for the shallow
donors of type 1, shallow donors of type 2, electron
traps and recombination centers, respectively, and eRCp ,
eHT , and eSA are the thermal emission rates of holes for
the recombination centers, hole traps, and shallow acceptors, respectively. On the other hand, cSD1 , cSD2 ,
cET and cRCn denote the electron capture coecients for
the shallow donors of type 1, shallow donors of type 2,
electron traps and recombination centers, respectively,
and cRCp , cHT and cSA are the hole capture coecients
for the recombination centers, hole traps and shallow acceptors, respectively.
The thermal emission rates are calculated from the
well-known Arrhenius equation taking into account the
activation energies and capture cross-sections given in
Table. In these calculations, the coecients γn and γp
dependent on the eective masses of electrons and holes
are equal to 2.5 × 1021 and 3.26 × 1021 cm−2 s−1 K−2 , respectively. The capture coecients are dened as the
products of the capture cross-section and the average
thermal velocity of electron or hole. To calculate these
coecients for the assumed defect centers we have used
the capture cross-sections given in Table and the relations
vn = 7.685 × 105 T 0.5 and vp = 6.744 × 105 T 0.5 cm/s for
the temperature dependences of average thermal velocities for electron and hole, respectively. The lifetime for
electrons or holes is calculated from the formula [1]:
1
τn,p =
.
(23)
NCR σRCn,p vn,p
The set of rate Eqs. (15)(22) is numerically solved by
means of the calculation procedures using the Runge
KuttaFehlberg method.
3. Simulations results

(16)

Simulations of both the equilibrium conductivity and
transient photoconductivity of SI 4H-SiC were performed
using MATLAB software tools enabling the nonlinear
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and rate equations to be solved. The equilibrium electron concentrations on the defects levels were used as the
starting conditions for solving the rate equations. The
simulated changes of the material equilibrium conductivity as a function of temperature for the assumed concentrations of SD, SA, ET, RC, and HT that are equal to
1 × 1016 , 9.7 × 1015 , 5 × 1014 , 8 × 1014 and 7 × 1014 cm−3 ,
respectively, are presented in Fig. 2. The values of conductivity at temperatures 300, 350, and 400 K shown in
Fig. 2 correspond to the values of resistivity of 2.17×108 ,
7.80 × 106 , and 6.62 × 105 Ωcm, respectively, and the
Fermi level positions with respect of the conduction band
minimum (Ec − EF ) are 0.695, 0.715, and 0.720 eV, respectively. In other words, for the given concentrations
of defect centers, the material is semi-insulating and the
Fermi level shifts towards the midgap with increase of
the temperature. The decrease in the resistivity is due
to increase of the free electron concentration in the conduction band that at temperatures 300, 350, and 400 K
is equal to 3.03×107 , 1.22×109 and 1.98×1010 cm−3 , respectively. The rise in the electron concentration in the
conduction band results from the decrease in the electronic occupancy of the Z1/2 recombination centers.
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increase of the temperature. The second part is also inuenced by the capture of charge carriers on the deep levels
of electron traps, hole traps and recombination centers.
The electron capture coecients for the electron traps
and recombination centers at 300 K are ≈ 1.6 × 10−8
and 1.7 × 10−7 cm3 /s. The hole capture coecients for
the hole traps and recombination centers at 300 K are
≈ 3.6 × 10−7 and ≈ 1.2 × 10−7 cm3 /s, respectively. It
is worth adding that the capture coecients slightly increase with increase of the temperature. The third part
of the photoconductivity rise is aected both by capture
and thermal emission of charge carriers from the defect
levels. The most inuential is the thermal emission of
electrons from the shallow donors and the thermal emission of holes from the shallow acceptors. For the shallow
donors of SD1 and SD2, the electron emission rates at the
temperatures of 300, 350, and 400 K are: 1.3 × 106 and
2.6 × 106 s−1 , 2.3 × 106 and 5.8 × 106 s−1 , and 3.74 × 106
and 1.1 × 107 s−1 , respectively. For the shallow acceptors, the hole emission rates at these temperatures are
1.5 × 105 , 9.7 × 105 , and 4.1 × 106 s−1 , respectively.

Fig. 2. Simulated temperature dependence of SI
4H-SiC dark conductivity for the properties and concentrations of defect centers listed in Table.

Fig. 3. Eect of temperature on transient photoconductivity of SI 4H-SiC for the properties and concentrations of defect centers listed in Table. The generation
rate of electronhole pairs is 3.31 × 1022 cm−3 /s. The
inset shows the relaxation after switching o the generation of excess charge carriers.

The eect of temperature on transient photoconductivity of SI 4H-SiC is presented in Fig. 3. The curves show
the evolution of the material photoconductivity in time
after switching on at t = 0 the band-to-band generation
of electronhole pairs with a rate G = 3.31×1022 cm−3 /s
as well as after switching o the generation excess charge
carriers at t = 10 µs. The photoconductivity decay after
termination of the generation lasts 10 µs, so the duration
time of the whole transients is 20 µs. The simulation
results indicate that both the rise and decay of photoconductivity are dependent on the temperature. The
rise curves can be divided into three parts: the rst
part lasting up to ≈ 1 × 10−8 s, the second part lasting from ≈ 1 × 10−8 s to ≈ 1 × 10−7 s, and the third,
almost steady state part, lasting from ≈ 2 × 10−7 s to
≈ 1 × 10−5 s. The rst part is controlled by the lifetimes
of electrons and holes that at 300 K are ≈ 7.2 × 10−9 s
to ≈ 1.1 × 10−8 s, respectively, and slightly decrease with

At around 9 µs (Fig. 3), just before switching o the
generation of electronhole pairs, the photoconductivity reaches a steady state. At the generation rate of
3.31 × 1022 cm−3 /s, the steady-state electron and hole
concentrations at 300 K are 1.66 × 1014 , and 2.45 ×
1014 cm−3 , respectively, and for these concentrations
the quasi-Fermi levels for electrons and holes are located at around Ec − 0.30 eV and Ev + 0.30, respectively. The higher concentration of excess holes than
that of excess electrons results from the longer lifetime of
holes (τp = 1.1 × 10−8 s) compared to that of electrons
(τn = 7.2 × 10−9 s). According to the model, the electron
and hole lifetimes slightly decrease with temperature, for
their temperature changes (Eq. (23)) are controlled by
the temperature dependences of the average thermal velocities. Thus, the steady-state electron and hole concentrations also slightly decrease with temperature and
at 400 K they are 1.44 × 1014 and 2.13 × 1014 cm−3 ,
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respectively. Therefore, the signicant decrease in the
steady-state photoconductivity with temperature seen in
Fig. 3 results from substantial diminishing of the electron
and hole mobilities with increasing temperature. According to the model, these mobilities at the temperatures of
300, 350, and 400 K are 950 and 125 cm2 /(V s), 656 and
90 cm2 /(V s), and 476 and 68 cm2 /(V s).
The photoconductivity relaxation waveforms after
switching o the generation of electronhole pairs (Fig. 3)
consist of two parts. The rst dominating part is very
fast and is due to the recombination of excess electrons
and holes controlled by their lifetimes. The second part,
which is shown in the inset, is much slower and related to
the thermal emission of electrons from the electron traps
and recombination centers. The eect of temperature on
the decay rate of the waveforms presented in the inset is
clearly material seen.

Fig. 5. Eect of the Z1/2 center concentration on transient photoconductivity of SI 4H-SiC. The generation
rate of electronhole pairs is 3.31 × 1022 cm−3 /s. The
inset shows the relaxation after switching o the generation of excess charge carriers.

2.6×1013 cm−3 , respectively, and the excess hole concentrations are 2.4×1015 , 2.5×1014 , and 3.8×1013 cm−3 , respectively. The inset in Fig. 5 shows the end parts of the
relaxation waveforms after switching of the generation of
electronhole pairs. At the low Z1/2 center concentration the thermal emission from defect centers is very well
seen. At the middle concentration of this center we can
observe only the fastest part of the relaxation waveform
related to thermal emission and at the high Z1/2 center
concentration the waveform related to thermal emission
is not resolved in the photoconductivity decay.
Fig. 4. Simulated dark conductivity of SI 4H-SiC versus the Z1/2 center concentration.

In Fig. 4 we demonstrate the eect of the Z1/2 center
concentration on the equilibrium conductivity of 4H-SiC.
The substantial decrease in the conductivity with increase of the Z1/2 center concentration from 1 × 1014 to
5.0 × 1015 cm−3 is observed. In other words the material
becomes more semi-insulating as a result of the Fermi
level shift towards the middle of the bandgap from 0.635
to 0.745 eV with respect to the conduction band minimum. The rise in the material resistivity corresponding
to this shift is from 1.9 × 107 to 1.5 × 109 Ωcm.
The eect of the Z1/2 center concentration on the transient photoconductivity of SI 4H-SiC at 300 K is demonstrated in Fig. 5. It is seen that the increase in the Z1/2
center concentration results in the substantial drop of
the steady state photoconductivity. This eect was expected as in our model the Z1/2 center is the recombination center and its concentration directly determines
the electron and hole lifetimes and the steady state concentrations of the excess charge carriers. For the Z1/2
center concentrations given in Fig. 5, namely 1.0 × 1014 ,
8.0 × 1014 , and 5.0 × 1015 cm−3 , the electron lifetimes
are 5.8 × 10−8 , 7.2 × 10−9 , and 1.1 × 10−9 s, respectively,
and the hole lifetimes are equal to 8.6 × 10−8 , 1.1 × 10−8 ,
and 1.7 × 10−9 s, respectively. The steady state excess
electron concentrations are 1.6 × 1015 , 1.7 × 1014 , and

Fig. 6. Comparison of simulated transient photoconductivity at 400 K for SI 4H-SiC with dierent properties of recombination centers. The generation rate of
electronhole pairs is 3.31 × 1022 cm−3 /s. The inset
shows the relaxation after switching o the generation
of excess charge carriers.

Figure 6 illustrates the 4H-SiC photoconductivity time
evolution in the case of recombination centers with different properties. It is seen that the Z1/2 center is significantly more ecient recombination center than an acceptor center with the activation energy of Ec − 0.75 eV,
electron capture cross-section of 2.4×10−14 cm2 and hole
capture cross-section of 1.0 × 10−15 cm2 . Compared to
the Z1/2 center parameters given in Table, the 0.75 eV
recombination center is characterized by the deeper activation energy for thermal emission of electrons, approximately twice higher electron capture cross-section and by
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the order of magnitude lower hole capture cross-section.
The concentrations of the Z1/2 center and the 0.75 eV
center are the same and equal to 8.0 × 1014 cm−3 . In
view of recent results, the Z1/2 center can be removed
by a heat treatment at the temperature ≈ 1600 ◦C [16].
It is very likely that the annihilation of the Z1/2 center
is accompanied by the deformation of the 0.75 eV center
[2, 16, 17].
For the material with the 0.75 eV recombination center the lifetimes of excess electrons and holes are equal
to 3.9 × 10−9 and 1.1 × 10−7 s. These data indicate that
the hole lifetime is by more than one order of magnitude
longer compared to the electron lifetime. So, the rise
part of the photoconductivity transient for the 4H-SiC
with the 0.75 eV recombination center (Fig. 6) depicts
the changes with time of the hole concentration. At the
steady state, the concentrations of excess electrons and
holes are 9.0 × 1013 and 2.5 × 1015 cm−3 , respectively.
The inset in Fig. 6 illustrates dierent relaxation waveforms for the material with the Z1/2 center and that with
the 0.75 eV recombination center. It is clearly seen that
the photoconductivity relaxation related to the thermal
emission of charge carriers from defect levels for the material with the 0.75 eV recombination center is strongly
enhanced.
4. Experimental results

The simulated photoconductivity transients have been
compared with experimental photocurrent transients
recorded at 400 K for a sample of high purity,
semi-insulating 4H-SiC before and after annealing at
≈ 1670 ◦C.

Fig. 7. Experimental photocurrent transient at 400 K
for a sample of SI 4H-SiC not subjected to heat treatment. The Z1/2 center concentration in the sample is
≈ 7 × 1014 cm−3 .

These photocurrent transients are shown in Fig. 7 and
Fig. 8, respectively. The heat treatment of the sample
with a resistivity of ≈ 108 Ωcm was carried out in an epitaxial reactor for 1 h. The measurements of photocurrent
transients were performed using an experimental system dedicated to studies of defect levels by the HRPITS
method [2]. The transient were amplied by means of a
Keithley 428 fast picoammeter and then digitized with a
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Fig. 8. Experimental photocurrent transient at 400 K
for a sample of SI 4H-SiC after heat treatment at
≈ 1670 ◦C. Instead of the Z1/2 center, centers with the
activation energies of 750 meV and 830 meV are present
in this sample. The concentrations of these centers are
≈ 5 × 1013 cm−3 and ≈ 3 × 1014 cm−3 , respectively.

12-bit amplitude resolution and a 1 µs time resolution.
To improve the signal to noise ratio, the digital data were
averaged taking 500 waveforms. The excess charge carriers were generated in the region between two coplanar
Au/Cr ohmic contacts by UV pulses with the wavelength
of 375 nm (photon energy 3.31 eV) emitted by a semiconductor laser. The length of excitation pulses was 5 ms
and the repetition period was 500 ms. The photon ux,
controlled by the laser bias, was ≈ 2.8 × 1017 cm−2 s−1 .
The voltage between two coplanar contacts was 20 V.
The photocurrent transient measured for the non annealed sample of SI 4H-SiC (Fig. 7) is mainly aected
by the Z1/2 center detected in this sample by the
HRPITS technique. The activation energy of this center
is ≈ 630 meV and its concentration is ≈ 7 × 1014 cm−3 .
Although we have dierent values on the time axis, the
shape of the waveform in Fig. 7 is very similar to the
simulated waveform shown in Fig. 6 that was calculated
at the assumption that the Z1/2 center acts as a recombination center and its concentration is 8 × 1014 cm−3 .
It is worth adding that in the non annealed material an
electron trap with the activation energy of 560 meV corresponding to the ET trap assumed for the simulation
has also been revealed and its concentration was found
to be ≈ 1 × 1014 cm−3 .
After the annealing, the Z1/2 center disappeared. So,
the photocurrent transient shown in Fig. 8 is inuenced
by other deep defect centers that were formed as a result
of defect reactions during the heat treatment. According
to the HRPITS results, the activation energies of these
centers are 750 meV and 830 meV. Similarly as in Fig. 6,
the shape of this transient is dierent than that for the
material containing the Z1/2 center. In particular, the
height of the photocurrent pulse at the moment of switching o the optical excitation is several times lower in the
case of the presence of the Z1/2 center (Fig. 7) than that
in the case of presence of the 750 meV and 830 meV defect
centers (Fig. 8). The same feature is observed from the
simulated transient photoconductivity results presented
in Fig. 6. Thus, both the simulated and experimental
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results indicate that the Z1/2 center is the main defect
center in 4H-SiC that has a detrimental eect for the
material transient photoconductivity.
5. Conclusions

A model enabling the equilibrium conductivity and
transient photoconductivity of SI 4H-SiC to be simulated
has been demonstrated. The model is based on solving
the charge neutrality equation and a set of dierential
rate equations for the assumed parameters and concentrations of defect centers such as shallow donors, shallow
acceptors, deep electron traps, deep hole traps, and recombination centers. Using this model, the simulations
of both equilibrium conductivity and transient photoconductivity have been carried out. It is shown that the
evolution of photoconductivity in time after switching
on the band-to-band generation of electronhole pairs is
strongly aected by the recombination rate of the excess
electrons and holes, as well as by the rate of capture of
excess charge carriers from the conduction and valence
band by deep level defects and the thermal emission of
the carriers to the bands from defect levels. The results of
transient photoconductivity simulations have been compared with the experimental photocurrent transients for
a sample of high purity, semi-insulating 4H-SiC before
and after annealing at ≈ 1670 ◦C. The results of transient
photocurrent measurements conrm the simulations results indicating that the Z1/2 center is a very eective
recombination center in SI 4H-SiC having detrimental
eect on the transient photoconductivity.
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