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A B S T R A C T   

The charge transport mechanism in amorphous silicon nitride (a-SiNx) is experimentally analyzed in a wide range 
of electric fields and temperatures. The Frenkel effect with thermally assisted tunneling (TAT) and the multi-
phonon mechanism were used to describe the trap ionization. It is shown that the widespread Frenkel effect with 
TAT formally describes the experiment, but the agreement with the experiment is obtained if a small frequency 
factor (109 s− 1) and a large tunneling effective mass (m*=3m0) are used. Thus, the Frenkel effect does not 
describe the charge transport in a-SiNx. The charge transport in a-SiNx is satisfactorily described by the multi-
phonon trap ionization mechanism with the following parameters: m* = 0.6m0, thermal and optical energies - 
WT = 1.6 eV and WOPT = 3.2 eV, respectively.   

1. Introduction 

By its definition, a dielectric, unlike a metal and a semiconductor, 
must not conduct electric current. Currently, dielectric films with a 
thickness of 3 - 10 nm are widely used in silicon devices. The voltage of 3 
V applied to such dielectric forms the electric field 1 - 3 MV/cm. In such 
strong electric fields, there is a tunnel injection of electrons (holes) from 
silicon or a metal into a dielectric [1]. In most dielectrics, the charge 
transport is accomplished using deep centers (electron and hole traps). 
Most dielectrics, such as amorphous silicon nitride (a-SiNx) [2–4], BN 
[5], Al2O3 [6], ZrO2 [7,8], Ta2O5 [9–11], GeO2 [12], HfO2 [13] and 
low-k dielectrics [14] have a high trap concentration (1018-1021) cm− 3. 
a-SiNx is one of the key dielectrics in semiconductor electronics and is of 
both scientific [15] and practical interest [16]. It has a high concen-
tration of deep (≈ 1.5 eV) traps with a giant retention time of electrons 
and holes in a localized state (10 years at 85◦C), where the hole trap 
levels are measured from the valence band top, and the electron trap 
levels are measured from the conduction band bottom. This is the 
so-called memory effect in silicon nitride [17]. The memory effect in 
a-SiNx is used in modern terabit-scale flash memory devices. In such a 
memory element, electrons or holes localized on traps in a-SiNx induce 
or do not induce an inversion conducting channel in a field-effect 
transistor, which corresponds to a logical “1” or “0”. The charge stor-
age time in a flash memory cell based on silicon nitride depends on the 
trap energy spectrum in a-SiNx. There are contradictory data on the trap 

spectrum in a-SiNx in the literature. Thus, in [2], the electron and hole 
traps, which are described using a discrete monoenergetic level for 
electrons and holes, are discussed. At the same time, the continuous 
spectrum of electron traps in a-SiNx in the range 0.6–1.8 eV is considered 
in [18–20]. In [21], a continuous spectrum of electron and hole traps in 
a-SiNx was reported in the range of 1.6–2.6 eV and 2.0–2.8 eV, 
respectively. 

Experiments show that, in strong electric fields, the leakage current 
in a dielectric is increased exponentially with the increasing electric 
field. In 1938, Frenkel proposed a simple visual model, where the 
Coulomb trap ionization probability exponentially increases propor-
tionally to the square root of the electric field value. 

At present, it is generally accepted that the trap ionization in a-SiNx is 
described by the Frenkel effect [2–4,24,25]. The trap ionization in 
semiconductors, as a rule, is interpreted within the multiphonon ioni-
zation theory [26–28]. Recently, the exact quantum theory of multi-
phonon trap ionization has been used to describe the charge transport in 
various dielectrics: BN [5], Al2O3 [6], Ta2O5 [11], HfO2 [13,29] and 
low-k dielectrics [14]. In [26], the Bessel functions are used in the for-
mula to describe the multiphonon ionization process. In [28], a simple 
analytical formula for the multiphonon trap ionization was proposed for 
high electric fields. 

The aim of this work is to experimentally study the charge transport 
mechanism in a-SiNx in wide temperature (130 - 600 K) and electric field 
(2 - 7 MV/cm) ranges, respectively, and compare the experiment with 
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the calculation taking into account the two-band conductivity model. To 
describe the trap ionization probability, two theories were used: the 
Frenkel effect, along with the thermally assisted tunneling (TAT), and 
the multiphonon trap ionization theory [26,28]. 

2. Samples, experimental method and calculation 

a-SiNx (d = 92 nm thick) was grown on an n-Si substrate by the 
pyrolysis of silane-and-ammonia mixture at ratio 1:20 in a hydrogen 
flow at 8500 С. An aluminum metal contact with the area of 5× 10–3 cm2 

was deposited onto a-SiNx through a mask. The temperature 

dependences of current in Si/a-SiNx/Al structures (at a fixed potential on 
the Al electrode) were measured in a cryostat in the temperature range 
130 – 600 K. The rate of temperature change was ~ 20 K/min. 

The energy diagram of the Si/a-SiNx/Al structure is shown in Fig. 1: 
(a) without applied voltage [30] and (b) with a positive potential on Al. 
The electron and hole components of the currents are marked with ar-
rows in Fig. 1. 

To consider the charge transport in a-SiNx, a one-dimensional two- 
band model was used. The trap recharging was described using the 
model [4,31] in which we considered the electron and hole transport. 
The inhomogeneous electric field in a-SiNx was calculated using the 

Fig. 1. Energy diagram of Si/a-SiNx/Al structure: (a) without applied electric field (b) with a positive potential on Al. The current of electrons and holes is shown 
with arrows; the dashed lines are the energy levels of electron and hole traps. 
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Poisson equation. The equations for describing the charge transport in 
a-SiNx are as follows: 

∂n(x, t)
∂t

=
1
e

∂jn(x, t)
∂x

− σeυn(x, t)(Ne − nt(x, t)) + nt(x, t)Pe(x, t)

− σe
rυn(x, t)pt(x, t) (1)  

∂nt(x, t)
∂t

= σeυn(x, t)(Ne − nt(x, t)) − nt(x, t)Pe(x, t) − σh
r υp(x, t)nt(x, t) (2)  

∂p(x, t)
∂t

=
1
e

∂jp(x, t)
∂x

− σhυp(x, t)
(
Nh − pt(x, t)

)
+ pt(x, t)Ph(x, t)

− σh
r υp(x, t)nt(x, t) (3)  

∂pt(x, t)
∂t

= σhυp(x, t)
(
Nh − pt(x, t)

)
− pt(x, t)Ph(x, t) − σe

rυn(x, t)pt(x, t) (4)  

∂F(x, t)
∂x

= −
∂2U(x, t)

∂x2 = − e
(nt(x, t) + n(x, t) − pt(x, t) − p(x, t))

εε0
, (5)  

where n(x,t) and nt(x,t) are free and trapped electron concentrations, p 
(x,t) and pt(x,t) are free and trapped hole concentrations, respectively, 
Pe, h(x,t) is the ionization rate at a given electric field value (F(x,t)) and 
temperature (T), U(x,t) is the electric potential, Ne, h(x,t) is the trap 
concentration, σe,h is the capture cross-section, σe,h

r is the recombination 
cross-section between free electrons with localized holes and free holes 
with localized electrons, e is the electron charge, ε = 7.5 is the low- 
frequency dielectric constant of a-SiNx [4] and ε0 is the electric con-
stant. It was assumed that, at first, nt(x,0) = 0 cm− 3 and pt(x,0) =
0 cm− 3, n(x,0) = 0 cm− 3 and p(x,0) = 0 cm− 3. As a boundary condition 
in a-SiNx for Eq. (5), the external voltage value U applied to the structure 

is used; for Eqs. (1)–(4), n(0, t) = jinj
n /eυ, p(d,t) = jinj

p /eυ. Here, jinj
n , jinj

p are 
the electron injection currents from the Si substrate and holes - from Al, 
respectively, which were calculated using the Fowler–Nordheim mech-
anism with the thermally assisted tunneling [30]. As the electric field, 
for the Fowler-Nordheim model, we took the field at the Si/a-SiNx 
interface and the Al/a-SiNx interface calculated on the basis of Poisson 
equation and used the same effective masses for electrons and holes as in 
the a-SiNx bulk [19]. The electron and hole currents density is related to 
the concentration of free electrons and holes by the following expres-
sions jn(x) = en(x)υ and jp(x) = -ep(x)υ, where we assumed that diffusion 
currents are negligible and both holes and electrons move with the same 
saturates drift velocity υ = 107 cm/s, assumed independent of the field in 
the field region of interest, i.e. 2-7 MV/cm [31–33]. Carriers freely 
passed at the opposite ends of the SiNx sample: electrons - into the metal 
and holes - into the semiconductor. We did not consider the forces of the 
image based on the experimental results of [34]. The numerical solu-
tions of Eqs. (1)–(5) are necessary to describe the a-SiNx polarization 
process after applying (changing) a voltage pulse. In some time (~ 10− 3 

s), after changing the voltage pulse, the electric current in the system 
becomes steady-state. The Poisson equation assumes that the traps Ne(x, 
t) and Nh(x,t) are initially neutral. This consideration is suitable for 
describing the charge transport using the multiphonon trap ionization 
mechanism. To describe the charge transport using the Frenkel model, 
we will assume that the SiNx bulk contains: Ne(x,t) - positively charged 
traps for electrons and Nh(x,t) - negatively charged traps for holes, and 
Ne(x, t) = Nh(x,t). The electron capture onto electron traps leads to the 
appearance of an uncompensated negative charge from Nh(x,t). 
Capturing a hole by hole traps leads to the appearance of an uncom-
pensated positive charge from Ne(x,t). This assumption makes it possible 
to use the system of Eqs. (1-5) when considering both the multiphonon 
trap ionization mechanism and the Frenkel effect with TAT. We did not 

Fig. 2. Energy diagrams for two trap ionization mecha-
nisms: (a) the Frenkel effect with TAT marked as: 1 - 
Frenkel effect, 2 - TAT, 3 – pure tunneling, Wt - Coulomb 
trap energy, (b) multiphonon trap ionization mechanism; 
on top of the figure is the electron tunneling through a 
potential of zero radius (neutral trap); below are adiabatic 
terms: U1 - potential energy of a trap filled with an elec-
tron, U2 - potential energy of an empty trap, UW - potential 
energy of an empty trap in a strong electric field, Q - 
configuration coordinate, WT and WOPT are the thermal and 
optical trap ionization energies, respectively.   
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include Ne(x,t), Nh(x,t) in the Poisson equation in the form of (Nh(x,t) - 
Ne(x,t)) because this difference will always be zero. 

To calculate the trap ionization probability, we used the Frenkel 
model, along with TAT, (Fig. 2(a)) and the multiphonon ionization 
mechanism (Fig. 2(b)). According to the Frenkel effect, the trap 

ionization probability is determined as in [22,23]: 

PF = νexp
(

−
Wt − β

̅̅̅̅
F

√

kT

)

; β =

̅̅̅̅̅̅̅̅̅̅̅̅

e3

πε∞ε0

√

. (6)  

Fig. 3. Experimental I-V characteristics measured in a-SiNx (circles) at different temperatures (in Frenkel coordinates).  

Fig. 4. The current vs temperature curves measured in a-SiNx, as plotted in the Arrhenius coordinates for different applied external electric field values: circles – 
experiment and solid lines - calculation (Frenkel model with TAT). The following trap parameters were used in the calculations: ν = 109 s− 1, We

T = 1.5 eV, Ne = 8×

1018 cm− 3, σe = 5× 10− 13 сm2, σe
r = 5× 10− 13 сm2, Wh

T = 1.5 eV, m∗
e = 3m0, Nh = 8× 1018 cm− 3, σ h = 5× 10− 13 сm2, σh

r = 5× 10− 13 сm2 and m∗
h= 3m0. 
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Here, Wt is the trap energy, βis the Frenkel constant, ε∞=4.0 is the high- 
frequency dielectric constant [4], k is the Boltzmann constant and ν is 
the frequency factor. In the original contributions by Frenkel, only the 
thermal ionization of Coulomb traps is considered. We expanded the 
Frenkel model [5], considered pure tunneling and TAT (Fig. 2(a)): 

PTAT =
ν

kT

∫Wt − β
̅̅̅
F

√

0

dWexp

⎛

⎝ −
W
kT

−
2
ℏ

∫x2

x1

dx
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
m∗(eV(x) − W)

√
⎞

⎠, (7)  

V(x) = Wt −
e

4πε∞ε0x
− Fx.

Here, W is the excited energy level, m* is the tunneling effective mass, 
values x1, x2 are classical turning points: 

x1,2 =
1
2

Wt − W
eF

(

1 ±

(
eF

πεε∞(Wt − W)
2

)1/2)

(8) 

The ionization rate by the Frenkel mechanism, along with TAT, was 
calculated with the formula: 

PF,TAT = PF + PTAT (9) 

To calculate the trap ionization probability, the multiphonon ioni-
zation model is also used [26]. Within this model, the trap ionization 
probability is given by the expression: 

PMF =
∑+∞

n=− ∞
exp
[

nWph

2kT
− Scoth

Wph

2kT

]

In

(
S

sinh
(
Wph
/

2kT
)

)

Pi
(
WT + nWph

)
,

(10)  

Pi(W) =
eF

2
̅̅̅̅̅̅̅̅̅̅̅̅̅
2m∗W

√ exp
(

−
4
3

̅̅̅̅̅̅̅̅
2m∗

√

heF
W3/2

)

, S =
WOPT − WT

WT
,

where WT and WOPT are the thermal and optical trap ionization energies, 
respectively, Wph is the phonon energy and In is Bessel modified 
function. 

3. Results and discussion 

The experimental current-voltage (I–V) characteristics measured in 
a-SiNx at different temperatures (130 -660 K) in the Frenkel (lg(j)-

̅̅̅
F

√
) 

coordinates are shown in Fig. 3. As can be seen in the figure, in the lg(j)- 
̅̅̅
F

√
coordinates, the experimental I–V characteristics demonstrate a 

good straightening. As a rule, the I–V characteristic straightening, in the 
lg(j)-

̅̅̅
F

√
coordinates, is considered as a sufficient basis for the applica-

bility of Frenkel mechanism [22,35]. Our subsequent analysis shows 
that this approach is not correct. 

The experimental current vs temperature curves (circles) measured 
in a-SiNx, as plotted in the Arrhenius coordinates (lg(j)-T− 1), and their 
calculation (solid lines) using the Frenkel effect with TAT are shown in 
Fig. 4. All measurements were carried out at a positive potential at the Al 
electrode. It can be seen in the figure that the current value weakly 
depends on temperature at Т < 200 K. The weak current dependence on 
temperature indicates the tunneling mechanism of trap ionization. An 
increase in temperature leads to a transition from the tunneling to TAT 
(Fig. (2a)). 

The best agreement between the experiment and calculation was 
obtained for the following trap parameters: ν = 109 s− 1, We

t = 1.5 eV, m∗
e 

= 3m0 (where m0 is a free electron mass), Ne = 8× 1018 cm− 3, σe = 5×

10− 13 сm2, σe
r = 5× 10− 13 сm2, Wh

t = 1.5 eV, m∗
h = 3m0, Nh = 8× 1018 

cm− 3, σh = 5× 10− 13 сm2 and σh
r = 5× 10− 13 сm2. In the original work 

by Frenkel [22], the frequency factor was estimated by the formula ν =
Wt/h and in our case, it is ν ≈ 1015 s− 1. The electron tunneling effective 
mass mh,e = 0.4m0 in a-SiNx was estimated in [30]. Thus, the Frenkel 
effect, with TAT taken into account, describes the experiments on the 
charge transport in a-SiNx in the entire range of electric fields and 
temperatures, while the frequency factor value used in the calculations 
is unphysically small. In addition, Frenkel theory predicts anomalously 
large tunneling effective mass values for electrons and holes, with TAT 
taken into account. An early small frequency factor value was obtained 
when describing the charge transport in the Frenkel model in a-SiNx [2, 
30], BN [5], Ta2O5 [11]. 

The experimental current vs temperature curves (circles) measured 
in a-SiNx, as plotted in the coordinates lg(j)-T− 1, and their calculation 
(solid lines) using the multiphonon ionization theory of traps [26] are 

Fig. 5. The current vs temperature curves measured in 
a-SiNx, as plotted in the Arrhenius coordinates for 
different applied external electric field values: circles – 
experiment and solid lines - calculation (multiphonon 
mechanism of trap ionization, exact model). The 
following trap parameters were used in the calcula-
tions: We

T = 1.6 eV, We
OPT = 3.2 eV, We

ph = 0.064 eV, Ne 

= 6× 1018 cm− 3, σe = 5× 10− 14 сm2, σe
r = 5× 10− 13 

сm2, m∗
e = 0.6m0, Wh

T = 1.6 eV, Wh
OPT = 3.2 eV, Wh

ph =

0.064 eV, Nh = 6× 1018 cm− 3, σh = 5× 10− 14 сm2, σh
r 

= 5× 10− 13 сm2 and m∗
h = 0.6m0.   
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shown in Fig. 5. The following trap parameters were used in the calcu-
lations: We

T = 1.6 eV, We
OPT = 3.2 eV, We

ph = 0.064 eV, m∗
e = 0.6m0, Ne =

6× 1018 cm− 3, σe = 5× 10− 14 сm2, σe
r = 5× 10− 13 сm2, Wh

T = 1.6 eV, 
Wh

OPT = 3.2 eV, Wh
ph = 0.064 eV, m∗

h = 0.6m0, Nh = 6× 1018 cm− 3, σh =

5× 10− 14 сm2 and σh
r = 5× 10− 13 сm2

. The calculation gives a satis-
factory agreement with the experiment for the entire range of electric 
fields and temperatures (Fig. 5). 

The calculation shows that, in weak electric fields (~ 2.4 - 3 MV/cm), 
the captured charge with a concentration of ~ 1015 cm− 3 is distributed 
uniformly over the a-SiNx thickness at all temperatures. 

The electric field created by the charge with such a low concentra-
tion, practically, does not change (does not screen) the external field. 
The electric field remains constant throughout the a-SiNx sample. For 
this reason, for a given external electric field, the trap ionization prob-
ability is the same in the entire a-SiNx sample and changes only due to a 
change in temperature. In the high electric field region, over the entire 
temperature range, the carriers injected into a-SiNx are captured mainly 
near the contacts (Fig. 6(a)). With decreasing the temperature, the trap 
ionization probability is decreased. This leads to an increase in the 
trapped carriers concentration near the contacts and to an increase in 
the external electric field screening, and, as a consequence, to a decrease 
in the Fowler-Nordheim current. The changes of the electric field dis-
tribution in a-SiNx, depending on temperature, are shown in Fig. 6(b). It 

can be seen in the figure that the electric field is inhomogeneous near the 
Si/a-SiNx interface, where it varies in the range from 4.0 to 7.5 MV/cm. 

For high electric fields, an approximate formula is proposed for 
calculating the trap ionization probability [27,28]: 

P =
F

2
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
2m ∗ WOPT

√ exp
(

−
4
3

̅̅̅̅̅̅̅̅
2m∗

√

ℏF
W3/2

OPT + 4b
m∗ω

ℏ
W2

OPT

F2 cth
(ℏω

2kT

))

;

b =
4(WOPT − WT)

WOPT
; ω =

Wph

ℏ
.

(11)  

This theory is valid for electric fields over Fmin [28]: 

Fmin =
ω
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
2m ∗ WOPT

√

e
, (12)  

where ω is the trap “core” vibration frequency which can be estimated 
from the expression ω ≈ Wph/ħ. The estimate yields Fmin = 4.3 MV/cm. 
The calculation for this model is shown in Fig. 7. The following pa-
rameters were used in the calculations: We

T = 1.65 eV, We
OPT = 3.3 eV, 

We
ph = 0.05 eV, m∗

e = 0.6m0, Ne = 6× 1018 cm− 3, σe = 5× 10− 14 сm2, σe
r 

= 5× 10− 13 сm2, Wh
T = 1.65 eV, Wh

OPT = 3.3 eV, Wh
ph = 0.05 eV, m∗

h =

0.6m0, Nh = 6× 1018 cm− 3, σh = 5× 10− 14 сm2 and σh
r = 5× 10− 13 сm2. 

The calculation demonstrates a good agreement with the experiment for 

Fig. 6. Calculation in a-SiNx at a fixed potential (62 V) on Al for different temperatures: (a) the distribution of electrons and holes in the traps; (b) the electric field 
distribution. The following parameters were used in the calculations using the multiphonon trap ionization mechanism: We

T = 1.6 eV, We
OPT = 3.2 eV, We

ph = 0.064 eV, 

Ne = 6 × 1018 cm− 3, σe = 5× 10− 14 сm2, σe
r = 5× 10− 13 сm2, m∗

e = 0.6m0, Wh
T = 1.6 eV, Wh

OPT = 3.2 eV, Wh
ph = 0.064 eV, Nh = 6× 1018 cm− 3, σh = 5× 10− 14 сm2, σh

r 

= 5× 10− 13 сm2 and m∗
h = 0.6m0. 
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electric fields above 5 MV/cm. At lower electric fields, a discrepancy 
between the experiment and calculation is observed. 

At low temperatures (130 K) in high electric fields, the main trap 
ionization mechanism is the direct carrier tunneling through a trian-
gular barrier with the WOPT energy without phonon participation [27, 
28] (Fig. 2(b)). In this case, the ionization probability in the presence of 
an electric field is given by the expression: 

P =
eF

2
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
2m∗WOPT

√ exp
(

−
4
3

̅̅̅̅̅̅
2m

√
∗

ℏeF
WOPT

3/2
)

. (13) 

In Fig. 8, for temperature T = 130 K and electric fields more than 
4.3× 106 V/cm, an experimental current-voltage characteristic is 
plotted in the coordinates lg(j/F)-1/F. From the slope of the obtained 
dependence (Fig. 8), for the high electric field region, the electron 
tunneling effective mass was estimated for the optical energy of the trap 

Fig. 7. The current vs temperature curves measured in 
a-SiNx, as plotted in the Arrhenius coordinates for 
different applied external electric field values: circles – 
experiment and solid lines - calculation (approximate 
multiphonon trap ionization model). The following 
trap parameters were used in the calculations: We

T =

1.65 eV, We
OPT = 3.3 eV, We

ph = 0.05 eV, m∗
e = 0.6m0, N 

e= 6× 1018 cm− 3, σe 
= 5× 10− 14 сm2, σe

r = 5× 10− 13 

сm2, Wh
T = 1.65 eV, Wh

OPT= 3.3 eV, Wh
ph = 0.05 eV, Nh =

6× 1018 cm− 3, σh = 5× 10− 14 сm2, σh
r = 5× 10− 13 сm2 

and m∗
h = 0.6m0. The arrows indicate the correspon-

dences between the calculated and experimental 
curves.   

Fig. 8. I-V characteristics measured in a-SiNx at 130 K in j/F-1/F coordinates.  
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WOPT = 3.2 eV, which was m* = 0.47m0. 
The value m* = 0.47m0 estimated from the slope of the lg(j/F)-1/F 

dependence (Fig. 8) turned out to be less than the mass me = 0.6m0 
obtained in the experimental simulation, taking into account the for-
mulas (1-5). Such a discrepancy can be attributed to the fact that, when 
assessing the trap ionization probability in the first case, the mean field 
(F = V/d) was used, and, in the second one, the local (coordinate- 
dependent) electric field obtained by solving the Poisson equation, 
taking into account the captured charge inhomogeneity in the a-SiNx 
bulk. 

There arises a question as for why, when using the Frenkel effect 
together with TAT, it is necessary to use a small frequency factor and an 
anomalously large tunneling effective mass in the calculations, but not 
in the case of the multiphonon ionization mechanism. The main reason 
lies in the fact that an electron in the multiphonon mechanism tunnels 
through a barrier, which, depending on the electric field and tempera-
ture, varies in the range from 0 to WOPT. In high electric fields, an 
electron tunnels through a barrier with an energy WOPT (formula 11), i.e. 
with an energy of ~ 3.2 eV. A similar effect was observed in SiO2 [36], 
where it was shown that the electron trap has an energy of ~ 3.0 eV. At 
the same time, when using the Frenkel effect, along with TAT, the en-
ergy Wt, which is ~ 1.5 eV, is used in the calculations. The same spec-
ulations are applicable for trapped holes. 

The multiphonon trap ionization model in a-SiNx assumes a strong 
polaron effect (a large difference between thermal and optical ionization 
energies). Earlier, the polaron model of electron and hole traps in a-SiNx 
was discussed in [37,38]. According to this model, the capture of elec-
trons and holes in a-SiNx is carried out onto the minimum silicon cluster 
(Si-Si bond). The polaron model assumes that the Si-Si bond, or a silicon 
cluster consisting of several silicon atoms, is a deep trap for electrons, a 
deep trap for holes and a recombination center. The quantum-chemical 
modeling of the Si-Si bond in a-SiNx qualitatively confirms this hy-
pothesis [39–41]. 

4. Conclusion 

In this work, the charge transport mechanism in amorphous a-SiNx 
was studied experimentally and theoretically. The experimental results 
(the current dependence on the temperature at different electric field 
values) were compared with the calculations. The model based on the 
Frenkel effect, along with TAT, formally describes the experimental 
results, but, in this case, it is necessary to use an anomalously large 
tunneling effective mass and an unphysically small frequency factor. 
The multiphonon trap ionization mechanism satisfactorily describes the 
experimental results for acceptable physical parameters. The simplified 
model [28] based on the multiphonon trap ionization mechanism for 
high electric fields also describes the experimental results for electric 
fields above 4.3 MV/cm. One and the same parameters were obtained 
for electron and hole traps. Our analysis indicates that the trap spectrum 
in a-SiNx is discrete. For a quantitative description of charge transport, 
there is no need to introduce the concept of an energy-continuous trap 
spectrum (Eq. 10). 
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