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Abstract:
Research is constantly being done to determine the best materials for use as interlayer
dielectrics in microelectronics. The role of these dielectrics is to insulate the metallizations
leading to transistors, preventing unwanted current and crosstalk between the leads. A material’s
ability to insulate can be determined by the nature of how the electrons travel through it. This
thesis seeks to develop a fundamental understanding of the electron transport mechanisms in one
such material of interest, silicon carbide. We have explored how electron transport is affected by
both temperature and electric field. This research was done using samples from Intel and in
collaboration with other graduate and undergraduate students in the Semiconductor Spectroscopy
Lab.
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Introduction:
A heavily researched aspect of semiconductor manufacturing is producing materials with
a low dielectric constant, k, for interlayer dielectrics. Ignoring all other factors, the integrated
circuit with the lower dielectric constant interlayer dielectric will perform faster. This creates
competition in creating the fastest integrated circuits, as customers simply want the fastest
running machine. Creating devices that have a lower dielectric constant interlayer dielectric
allows for the continued improvement and scaling of microelectronic devices. Moore’s Law
describes a trend in history that the number of transistors used in an integrated circuit doubles
about every two years , and this is doubling in numbers is coupled to a comparable improvement
in performance. For this trend to continue, the speed of the integrated circuit must continue to
improve. By finding the materials with the lowest k-value possible while still retaining insulating
properties we can contribute to this process [1].
In parallel plate capacitors, the dielectric constant (k-value) of a material between the
plates is the ratio given by the capacitance of the capacitor using that dielectric divided by the
capacitance of an identical parallel plate capacitor in which the plates are separated by a vacuum.
The formula for capacitance is the following: C = (Aκϵo)/t, where ϵo is the permittivity of free
space, A is the area, C is the capacitance, κ is the dielectric constant of the material, and t is the
thickness of the dielectric. Additionally, we can envision the speed of an integrated circuit in
terms of an RC time constant where R is an effective resistance and C is the capacitance. A
major contributor to this capacitance is the capacitance of the interlayer dielectric, which scales
with κ [2].
Thus, the lowering the k-value lowers the capacitance, resulting in a smaller time
constant and a faster circuit. The issue is that, as circuits have advanced this dielectric has gotten
smaller and smaller, increasing the capacitance. Transistors have become much closer together
as technology has advanced, increasing the probability of charge buildup and crosstalk.
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Crosstalk is when the signal from one circuit or channel adversely affects another circuit or
channel. Thus a goal in integrated circuit research and development is to reduce this k-value.
To do so, the polarizability of the material must be reduced. This is accomplished by reducing
the number of atoms per unit volume, which in turn disrupts the molecular bonding. This
disruption in the molecular bonding is what gives us the deep level traps (a problem) and
porosity (an advantage) in the interlayer dielectrics. Deep level traps are called so because there
is significant energy required to move a trapped electron to the valence or conduction band. The
k-value of air is 1.00, meaning that as more gaps are introduced into a material, the lower the kvalue will be and thus the faster the time constant. However, creating these gaps can negatively
influence the insulating properties of the material. Thus, the challenge is finding a material with
the lowest dielectric constant while also being able to act as an insulator. Silicon dioxide (SiO2)
is currently the most popular dielectric used in semiconductors with a dielectric constant of
3.9. Some of the other current leading candidates for dielectric materials are SiOC, SiN, SiNC,
and SiC. Figure 1 shows some recent trends in the area of low-k dielectric research, showing
considerable improvements in k-value beyond 3.9.

Figure 1 (taken from [2]): Trends in Low-K Dielectric Research
This shows some recent trends in the area of low-k dielectric

research,

showing considerable improvements in k-value beyond 3.9
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Background:
With respect to electron transport within highly defective interlayer dielectrics, the
methods we will be most interested in exploring are Poole-Frenkel transport and variable range
hopping (VRH) [3]. In Poole-Frenkel transport, the electrons are trapped in defect wells as they
travel through the given material. This trapping gives rise to a Coulombic potential barrier. This
process can in a way be thought of as a “catch and release” process of transmission. When an
electric field is applied, the shape of the barrier is shifted asymmetrically and the Coulombic
potential is lowered until the electron can bounce to the next trap. This asymmetric shift is
shown clearly in Figure 2 below. The solid line represents one of these “traps” without the
application of an electric field. The dashed line, however, represents the effect of the electric
field. The barrier shifts so that the trap becomes shallower on one side, allowing the electron to
escape.

Figure 2 (taken from [3]): Poole-Frenkel Transport
This shows the effect an applied electric field has on the shape of the traps

Through Poole-Frenkel emission two things are known to happen: first the number of
free electrons within the conduction band is increased. Secondly, the conductivity is known to
increase exponentially [4].
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With respect to the total current generated by Poole-Frenkel emission, we first look at the
drift current generated. The deep level traps act to restrict this current flow due to the “catch and
release” process described before. The drift current is given by:
J  qnE

The carrier density is affected exponentially by depth of the specific trap:

 q 
qE 
 B 

n  n0 exp 


kT




Combining these formulas, we see that the current can be described by the following formula:

In this formula ε0 is the permittivity of free space, q is the elementary charge, ΦB is the voltage
barrier (qΦB is the charge trap potential depth), kB is Boltzmann's constant, T is the temperature,
and E is the applied electric field [5]. While we see from the expression that temperature is a
factor in conduction, the dominating factor is the applied voltage potential.
The second method of electron transport within interlayer dielectrics that we are
interested in is called variable range hopping, derived by Neville Mott [6]. In variable range
hopping, conduction occurs at low temperatures in very disordered systems with localized states.
VRH is of particular interest to semiconductors because of the potential savings that would result
from using glass-layers in the place of single-crystals. The conductivity in VRH has a
characteristic temperature dependence and is governed by the following formula:

4

We see from the T -¼ relationship that this method of transport has a weaker temperature
dependence than Poole-Frenkel, while Poole-Frenkel also has a strong E1/2 electric field
dependence. The theory behind Mott’s variable range hopping method of transport is that
electrons gain the additional energy required to hop from phonons. An electron in a deep-level
trap cannot travel easily into the next trap if that trap happens to have a level at a significantly
different energy. Thus, the electrons gain the additional energy from the lattice vibrations caused
at higher temperatures to facilitate this transport as seen in Figure 3:
Figure 3:

Figure 3: Variable Range Hopping transport
Shown is a schematic of variable range hopping. The lattice vibrations give
the electron the additional energy needed to “hop” in the next well at a
different energy level

We would thus expect to see that as the temperature of the system is increased, more of
this energy from the environment is transferred to the mobile electrons, causing an increased
current through our dielectric. In variable range hopping, an electron in motion will always try
to find both the shortest “hopping” distance, as well as the lowest activation energy. The
5

problem is that it is difficult to satisfy both of these conditions at once, resulting in an ideal or
optimum “hopping” distance that maximizes the probability of the electron jumping. This
probability is governed by the following formula [7]:

In this formula ΔE is the activation energy, a is the localization length, and kB is the Boltzmann
constant. Below is the derivation of Mott’s variable range hopping [6].

In Mott’s VRH states are considered to be a distance R apart. The left state is at energy
level E1 and the right state is at E2. An electron can hop from the left to the right by absorption
of a phonon, with a hopping rate of:

Here, ω is the phonon energy. The electron hopping rate for the opposite direction is:

The current can be described as

; so combining these formulas we get:

We then get our conductivity to be

where

is the overlap term and favors short hops and

is the energy activation
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and favors long hops. Our activation energy can be described by the following:

where N(0) is the density of states at the Fermi level. Finally, by maximizing the product of the

overlap term and the energy activiation term

we get our final conduction

formula:

In 1975, Efros and Shklovskii proposed a model in which variable range hopping would
follow a temperature dependence of T-1/2, in contrast to Mott’s model of T-1/4. The VRH
transport model proposed by Mott was based on the assumption that near the Fermi level, the
density of states is constant. Efros and Shklovskii proposed that the Coulombic interaction
between electrons of adjacent traps would reduce the density of states near the Fermi energy.
This Coulombic interation leads to the difference in temperature dependence as seen in the
formula below:

They also state that there is a critical temperature, Tc, at which the influence of the Coulomb gap
can be neglected. Thus, at temperatures below Tc, this gap is important and should play a role in
conductivity at low temperatures [8]. Above this critical temperature, Mott’s variable range
hopping is said to dominate.
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Experimental:
The goal of our experimental setup was to ultimately determine how temperature and
electric field would effect the current density through our silicon carbide samples. Our samples
came in the form of silicon carbide films deposited on 300mm silicon wafers. The films were
provided by Intel Corporation. These samples were created using plasma enhanced chemical
vapor deposition (PECVD). A schematic model of our sample setup can be seen below, modeled
as an MIS capacitor where M stands for metal, I for insulator, and S for semiconductor.

Figure 4: MIS Capacitor Schematic
Shown is a schematic of our MIS capacitor. Mmetal, I-insulator, S-semiconductor

The metal on top is composed of a thin layer of copper on top of a thin layer of titanium.
Copper is used because Intel uses copper in their metallizations, and the titanium helps prevent
the copper from oxidizing. The insulator is our silicon carbide sample, acting as our interlayer
dielectric. The bottom layer is the thicker silicon wafer semiconductor. Together the metal and
the silicon semiconductor form what can be viewed as the “plates” of a parallel plate capacitor.
Liquid nitrogen is used to achieve the lower temperatures in our range of measurements.
This nitrogen was stored in a metal dewer, connected to a long, glass chill gas transfer dewer.
This glass transfer dewer is then connected to a glass cold finger which houses the sample as
well as a thermocouple. There is a heater within the metal dewer as well as the glass transfer
tube. These, along with the thermocouple are connected to a Variable Temperature Unit. Our
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sample is connected to a Semiconductor Parameter Analyzer, which is connected to a laptop. A
sketch of this setup can be seen below:
Figure 5:

Figure 5: Schematic of test rig
Shown is a labeled schematic of our experimental setup

For each run, we put the silicon carbide samples through conditions ranging from 95K to
room temperature (roughly 295K). We also applied a voltage to sweep the electric fields for
each sample from 0 MV/cm through roughly 2 MV/cm. Since the thicknesses of the silicon
carbide samples varied from sample to sample, the applied voltage had to be adjusted for each
individual run to achieve the desired electric field ranges.
At the beginning of each run, the sample was first placed into the cold finger gently, as to
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not disrupt the wirebonding of the metal to the gate or the silicon to the substrate connections.
Once in the cold finger the tube was covered with a black piece of fabric to block out any light
from hitting the sample, as the energy from the light could contribute to the conduction, skewing
our data. We then took our first measurement which was at room temperature (295K). The
LabVIEW software on the laptop allowed us to manipulate the range of the voltage sweep sent to
the sample. The parameter analyzer then allowed us to see how much current flowed across our
interlayer dielectric as the voltage increases. A picture of this chart is shown below:
Figure 6:

Figure 6: Current vs. Voltage LabVIEW chart
Shown is a current vs. voltage chart taken from
the laptop live data collection program

Once the room temperature measurement was taken we started utilizing the liquid
nitrogen to cool the sample down to 95K. To do this we turned on the heater in the metal dewer,
causing the nitrogen to evaporate into the glass transfer dewer at 77K. This liquid nitrogen,
combined with the Servo system of the thermo couple cooled our MIS capacitor sample down to
95K. Once at the desired temperature, we took another voltage vs. current measurement. This
process was repeated in increasing increments of 10K, up to 255K. The temperature was
controlled by the amount of liquid nitrogen evaporating into the transfer tube, the heater in the
10

transfer tube, and the thermocouple in the cold finger.
The following are pictures of the experimental setup:

Figure 7: Metal dewer & heater
The heater is shown here before being submerged into the liquid
nitrogen in the metal dewer

Figure 8: Glass transfer dewer
The glass transfer dewer is shown here, connecting the
metal dewer to the cold finger housing
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Figure 9: Mounted sample, cold finger, thermocouple
A mounted sample is shown here along with the cold
finger and the thermocouple

Figure 10: Cold finger assembly
This is the cold finger assembly with the mounted sample
and thermocouple inside. This also shows how the black
fabric is used to shield the sample from light
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Figure 11: Variable Temperature Unit
Shown here is the Variable Temperature Unit. The black
knobs control the heaters in the metal dewer and the glass
transfer dewer

Figure 12: Laptop, Semiconductor Parameter Analyzer
Shown here is the laptop used to run the experiments with
the Semiconductor Parameter Analyzer behind it
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Figure 13: Wafer plate
Shown here is a plate of wafers from Intel. Our experiment
used the larger dots for our samples

14

Results:
There were nine silicon carbide samples used in this experiment. These sample
compositions are listed below, along with their relative thicknesses in angstroms.
Wafer ID
210
798
146
50
17
4
1
9
49

28.23%
29.85%
29.25%
31.18%
32.57%
36.44%

Composition
SiC:H#1
SiC:H#2
SiC:H#3
Si, 26.63% C, 45.15%
Si, 27.54% C, 42.61%
Si, 28.28% C, 42.47%
Si, 29.47% C, 39.35%
Si, 28.95% C, 38.48%
Si, 31.48% C. 32.08%

H
H
H
H
H
H

Sample Name
SiC:H#1
SiC:H#2
SiC:H#3
SiC:H#9
SiC:H#10
SiC:H#11
SiC:H#12
SiC:H#13
SiC:H#14

Thickness (A)
897
988
1130
1154
1254
1348
1489
1535
1629

Figure 14: SiC Sample Data (1)
Shown is a table of all of our SiC samples, along with their
compositions and relative thicknesses in angstroms

The following charts show the log of the current versus the temperature at a specific
voltage. This voltage for each of the silicon carbide samples was chosen so that the transport
mechanism could be analyzed at an electric field as close to 2 MV/cm as possible. In Figure 1530, Mott’s variable range hopping is reffered to as VRH-Mott while Efros and Shklovskii’s
variable range hopping is reffered to VRH-ES. Analysis of the trends will be provided in the
Discussion.
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Figure 15: Sample 210 (1)
SiC:H#1, Data compared to Poole-Frenkel and Mott’s Variable Range Hopping

Figure 16: Sample 210 (2)
SiC:H#1, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros &
Shklovskii’s Variable Range Hopping
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Figure 17: Sample 798
SiC:H#2, Data compared to Poole-Frenkel and Mott’s Variable Range Hopping

Figure 18: Sample 146
SiC:H#3, Data compared to Poole-Frenkel and Mott’s Variable Range Hopping
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Figure 19: Sample 50 (1)
SiC:H#9, Data compared to Poole-Frenkel and Mott’s Variable Range Hopping

Figure 20: Sample 50 (2)
SiC:H#9, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros &
Shklovskii’s Variable Range Hopping (shifted)
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Figure 21: Sample 17 (1)
SiC:H#10, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and
Efros & Shklovskii’s Variable Range Hopping

Figure 22: Sample 17 (2)
SiC:H#10, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros
& Shklovskii’s Variable Range Hopping (shifted)
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Figure 23: Sample 4 (1)
SiC:H#11, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and
Efros & Shklovskii’s Variable Range Hopping

Figure 24: Sample 4 (2)
SiC:H#11, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros
& Shklovskii’s Variable Range Hopping (shifted)
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Figure 25: Sample 1
SiC:H#12, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and
Efros & Shklovskii’s Variable Range Hopping (shifted)

Figure 26: Sample 9
SiC:H#13, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros
& Shklovskii’s Variable Range Hopping (shifted)
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Figure 27: Sample 49
SiC:H#14, Data compared to Poole-Frenkel, Mott’s Variable Range Hopping and Efros
& Shklovskii’s Variable Range Hopping (shifted)

Figure 28: Sample 4, T comparison
SiC:H#11, Exponential temperature comparison. T -1 represents Poole-Frenkel, T-1/2 represents Efros &
Shklovskii’s Variable Range Hopping, and T-1/4 represents Mott’s Variable Range Hopping
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Figure 29: Sample 798, Root electric field comparison
SiC:H#2, Log current vs. root electric field at a large temperature difference

Figure 30: Sample 9, Normalized current vs. voltage
SiC:H#13, Normalized current vs. voltage
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Film
SiCx:H-14

XRR
Density
(g/cm3)
2.5

"k"
Dielectric
Constant
7.2

Leakage
@1
MV/cm
(A//cm2)
2.04E-05

SiCx:H-13

2.3

6.9

4.97E-07

45.86

SiCx:H-12

2.18

6.8

2.89E-07

37.55

SiCx:H-11

2.03

6.5

2.77E-08

34.92

SiCx:H-10

1.9

6.2

2.47E-09

38.58

SiCx:H-9

1.85

5.8

2.61E-10

30.79

SiCx:H-8

1.76

5.2

2.44E-10

21.78

SiCx:H-7

1.6

4.8

3.90E-11

49.29

SiCx:H-6

1.4

4.4

5.10E-13

28.35

SiCx:H-5

1.3

4

2.45E-11

27.59

SiCx:H-4

1.2

3.7

3.50E-11

3.30

SiCx:H-2

1.1

3.2

6.67E-11

11.01

SiCx:H-1

1

2.8

1.85E-11

4.98

EPR cm3
(1016/cm3)
65.34

Figure 31: SiC Sample Data (2)
Leakage and ESR data for the SiC samples
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Discussion:
When attempting to make conclusions about why a certain phenomenon is happening, a
few things are very important. First, there must be patterns to the data. You must collect enough
data so that when certain trends are seen, they are not isolated cases. Second, there must be a
physical explanation supporting the trends seen. For our experiment we collected a great deal of
data. We used nine sample of silicon carbide, covering a wide range of k-values and defect
densities as seen in Figure 31. The goal here was to identify which transport mechanisms exist
as an applied voltage causes a current to flow through our MIS capacitor.
After collecting the data for each run, the first chart of interest was a temperature vs.
current chart at a specific voltage as seen in Figures 15 through 27. As mentioned before, this
voltage allowed us to analyze the current at an electric field as close to 2 MV/cm as possible.
These figures allowed us to compare our data to the models of Mott’s VRH, Efros and
Shklovskii’s VRH, and Poole-Frenkel conduction. SiC:H#1, sample 210, showed a strong VRHMott T-1/4 correlation up until around 155K, but then appears to transition to another type of
transport. Once the theoretical T-1/2 Efros and Shklovskii VRH model was added to the chart we
see that after 155K the data lines up very well with this type of transport. SiC:H#1 has a
dielectric constant of 2.8 and a defect density of 4.98 x 1016/cm3.
Measurements on samples SiC:H#2 and SiC:H#3 showed very similar trends among their
transport methods. Both samples, as seen in Figures 17 and 18 showed a strong correlation
between the experimental data and the theoretical VRH-Mott transport. SiC:H#2 has a dielectric
constant of 3.2 and a defect density of 11.01 x 1016/cm3. The results on SiC:H#9 seems to show
very little temperature dependence as the current stayed relatively constant until the temperature
reached about 215K. After 215K, the current begins to show an exponential temperature
dependence, corresponding closely to the Efros and Shklovskii VRH model as seen in Figure 20.
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The results on SiC:H#10 appears to follow a strong T-1/4 temperature correlation up until 185K
and then begins to veer off in Figure 21. However, when the Efros and Shklovskii VRH T-1/2
model is shifted over, we see that this theoretical model fits the data very well. A closer look at
our conduction formula shows why we are able to shift our theoretical model for variable range
hopping.

  Ae

B
Tn

The variables A and B in this formula are dependent on specific parameters of the deep level
defects. Because these values are unknown, it allows us to shift our theoretical model to better
fit the data.
We begin to see slightly different trends beginning with Samples SiC:H#11 through
SiC:H#14. As seen in Figures 23 through 27, each of these samples appear to have very little to
no temperature dependence until reaching a certain temperature, very simliar to the trend we saw
in SiC:H#9. In samples SiC:H#11 and 13 this sudden temperature dependence is reached around
185K. For SiC:H#12 and 14 this temperature is reached a little earlier, at 165K. When the Efros
and Shklovskii VRH transport model is shifted over, the SiC:H#11 and 13 experimental data
lines up almost perfectly as seen in Figures 23 and 26. SiC:H#12 follows this Efros and
Shklovskii VRH model very closely as well, but only for a narrower temperature gap, from 165K
to 205K as seen in Figure 25. At tempteratures above 205K the transport appears to revert to the
T-1/4 dependence of VRH-Mott. SiC:H#14 shows an earlier temperature dependence, but seems
to follow closely to the T-1/2 Efros and Shklovskii VRH model.
From the models discussed above, it appears that the main transport methods seen in our
samples are a combination of simple tunneling, Mott’s variable range hopping, and Efros and
Shklovskii’s variable range hopping. Figure 28 attempts to identify a difference in transport
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models by finding sections of linearity on the curves. The log of the current was plotted against
T-1, T-1/2, and T-1/4. Ideally, the linear sections of each graph would show us where that type of
transport dominated. Sample 4, SiC:H#11, was chosen as the example because Figure 24 shows
that it follows a strong Efros and Shklovskii VRH correlation. However, as seen in Figure 28, it
is very difficult to differentiate between the three models. They all seem to show very similar
patterns of linearity and non-linearity. A reason for this could be explained by the fact that the
variable range hopping theoretical formulas are based on unrealistic denisty of states
assumptions. Mott’s VRH model was derived for the case of a constant density of states while
Efros and Shklovskii’s VRH model was derived for the case of a parabolic density of states in
the energy range essential for hopping conduction [9]. However, in reality the density of states
within a given sample can most likely be best described as random as opposed to constant or
parabolic.
Because none of our models showed even a slight resemblence to a T-1, E1/2 PooleFrenkel relationship, we sought to further disprove this transport method through Figure 29. In
this figure we plot the log of the current against the root of the electric field at two temperature
extremes. This is because the Poole-Frenkel theoretical model contains an E1/2 relationship.
Similar to the theory behind Figure 28, if our experimental data followed the Poole-Frenkel
transport model, the graph should be linear. Sinha and Smith’s reported to see Poole-Frenkel
transport as their primary conduction mechanism and supported it with the same graph we show
in Figure 29, however their range of electric field was much narrower and their material of
interest was Si3N4 as opposed to SiC [10]. As shown in our figure, we see a very non-linear
relationship between the log of the current and the root of the electric field, further proving that
Poole-Frenkel transport is not the conduction mechanism occuring in our silicon carbide
samples.
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Figure 30 seeks to display evidence as to why we see a lack of temperature dependence in
certain samples, namely SiC#11 through 14. This figure plots normalized current versus voltage
for a range of temperatures. We see that the run at each temperature follows the same general
pattern where current increases significantly until abruptly leveling off. This “leveling off”
temperature independence can be physically explained by looking at the effect an increasing
electric field has on the band diagram of our MIS capacitor.

Figure 32: Band diagram with voltage applied
The drop in the conduction and valence bands are due to the applied electric field. The
voltage applied is equal to the electric field times the thickness of the dielectric

Without an applied electric field, the valence and conduction bands are level. However,
these bands begin to angle downward as more and more electric field is applied to the sample.
As seen in the diagram, this electric field can bend the bands so much that the tunneling barrier
width becomes very narrow. Thus at a certain temperature, the additional energy typically
needed from lattice vibrations to faciliate electron transport are no longer necessary. While this
is an explanation as to why we see simple tunneling at higher electric fields, it does not do well
to explain why we see a sudden temperature dependence relating to Efros and Shklovskii VRH
28

transport. It is also worth noting that Efros and Shklovskii said that their form of variable range
hopping is only relevant up to a certain critical temperature, Tc, above which Mott’s variable
range hopping takes over. We seem to encounter almost the exact opposite trend, except in the
case of SiC:H#12, and even then the relationship does not appear strong. A physical explanation
for the trends that we see requires the reference of Figure 31 and the relative defect densities of
our samples. Though it does not follow a perfect trend, we see that as our sample number
increases, so does our relative defect density (SiC:H#14 being the highest with 65.34 x
1016/cm3). In our data we see that the trend of simple tunneling to Efros and Shklovskii VRH
transport occurs in samples SiC:H#11 through 14. I assert that the reason we see this is because
with the higher defect densities of these samples, the deep level traps are much closer together.
Given the close proximity of these traps, the lattice vibrational enegry from phonons is not
required to facilitate electron transport. However, at these lower temperatures, electrons are
prevented from hopping into traps already filled with another charge because it cannot overcome
the Coulombic repulsion. This Coulombic repulsion is overcome by the additional energy
gained by the electrons at the higher temperatures in our experiment, which is why we see the
transition. Samples SiC:H#1, 9, and 10 show the pattern of a transition of transport methods
from VRH-Mott to VRH-ES. SiC:H#1 and 9 have lower defect densities than #’s 11through 14,
the caveat here being that #10 has a higher defect density than #11 and 12. For this reason I
believe there may be a critical defect density in this range that determines whether an electron
first transports according to simple tunneling or VRH-Mott before transitioning to Efros and
Shklovskii’s VRH. With lower defect densities, the traps are further apart, making simple
tunneling much more unlikely. With traps a little more spaced apart, the vibrations from the
temperature phonons even at lower temperatures allow the electrons to overcome differences in
potential well depths by gaining or losing this available energy from the environment. However,
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like before, it is not until a certain critical temperature that the electrons are able to overcome the
energy required to hop into a trap already occupied by a charge. This is why we see the
transition from Mott’s VRH to Efros and Shklovskii’s VRH for these samples.
Further experimentation would require that our samples be run under a wider range of
temperature conditions, in particular high temperatures, as these devices in real life applications
would become much hotter than our highest temperature measurement of 295K, which is roughly
room temperature. It would also be worth investigating how increasing the field even higher
would affect the transport mechanisms. One would think that increasing the electric field would
cause the deep level traps to bend so much that the electron would easily “roll” out and into the
next well, as described by the Poole-Frenkel transport model. However, one might also think
that increasing the electric field would warp the band diagram so much that the tunnel barrier
width would shrink to almost nothing, pointing towards simple tunneling as the chief method of
conduction.
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