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1 Abstract 
The temperature dependence of barrier height and ideality factor values extracted from current-voltage 

(I-V) characteristics of a Ni/GaN Schottky contact at 50-400 K is evaluated using an adapted approach to 

Werner and Güttler’s parallel conduction model. Instead of assuming the lateral inhomogeneity at the 

interface takes the form of a single or multi-Gaussian distribution, it is shown that the non-ideal forward 

characteristics of the Schottky diode is best modeled by employing a single modified log-normal 

distribution.  Further, it is shown that this approach can describe the voltage dependence of the lateral 

barrier distribution revealing that for effective barrier height values calculated at increasingly higher 

voltages, the distribution begins to converge on a single value of 0.77 eV.  This value is in good agreement 

with the flat-band barrier height of 0.77±0.02 eV extracted from capacitance-voltage measurements on 

the same device.  Finally, the same procedure is used to describe the parallel conduction path apparent 

at low temperatures, revealing its behavior is indicative of an additional Schottky region with an increased 

density of low barriers which are more heavily perturbed by external bias. 

2 Highlights 
 Effective barrier height and ideality factors extracted from I-V characteristics of Ni/GaN 

Schottky measured from 50 to 400 K 

 Fitting procedure which uses a modified log-normal distribution is used to estimate the 
form of lateral inhomogeneity at the metal-semiconductor interface 

 Barrier height distributions calculated at increased applied biases shows agreement with 
flat-band barrier heights extracted from C-V measurements 

 Modeling applied to parameters extracted from parallel conduction region present at 
low temperatures reveals it origin is a separate Schottky interface with higher density of 
low barriers and increased voltage dependence 

3 Introduction 
Gallium nitride (GaN) has proven to be an excellent material to implement power semiconductor devices.  

This is largely because of its breakdown field strength, high temperature performance, and the availability 

of conductive substrates so that vertical device topologies are possible.  Fabricated Schottky barrier diodes 

(SBDs) can act as both a high frequency and low turn-on voltage rectifying device and as a means of quickly 

evaluating the semiconductor material quality.  On GaN however, the current-voltage (I-V) characteristics 

frequently deviate from ideal thermionic emission over a single barrier.  These inconsistencies are typically 

attributed to a lateral variation in the barrier at the interface between the metal and semiconductor [1-

3].  Carrier transport across this non-ideal interface has been analyzed with various models [4, 5] however, 

the continuous distribution model first discussed by Song et al. [6] and formalized by Werner and Güttler 

[7] presents a method by which the interface inhomogeneity can be characterized by a probabilistic 



distribution without first having to make assumptions about the source of inhomogeneity.  Ideally, if the 

cause of non-ideality can be accurately represented through these models, work can be done to link 

specific material growth and device fabrication methods to spurious electrical device behavior. 

By first assuming that the fabrication of a real Schottky diode will have some lateral variation in the 

interfacial barrier height and that this variation takes the form of a Gaussian distribution, Werner and 

Güttler present a straight-forward method to determine the mean and standard deviation of said 

distribution.  Then, assuming a bias dependence of the effective barrier height distribution, they show 

that voltage dependence of the mean and standard deviation cause experimentally extracted values of 

ideality factor larger than unity.  The technique was developed further using the same analysis method to 

describe interfaces with multiple non-interacting Gaussian distributions [8, 9] and then again using 

iterative solving techniques to describe interfaces with interacting Gaussian peaks [10].  Although these 

methods tend to provide agreement with experimental data, application to the sample presented in this 

work yielded results which did not fit the data or implied spurious behavior according to the underlying 

assumptions.  It was found that instead of using a single or multi-Gaussian distribution model, a single 

modified log-normal distribution could be used.  Additionally, work was done to understand the effect 

that voltage has on the barrier distribution, ultimately revealing that the log-normal distribution can be 

used to describe the interface as the diode approaches flat-band conditions.  This process is then applied 

to the typically ignored low current parallel conduction path observed at low temperatures, revealing that 

it can be explained as stemming from a region of the M-S interface with a lower barrier and higher voltage 

dependence. 

4 Inhomogeneous Schottky Model 
The current (𝐼) induced across a Schottky barrier diode (SBD) according to thermionic emission theory for 

an applied voltage (𝑉𝐴) is given by the following equation [11]: 

 
𝐼(𝑉𝐴) =  𝐴𝐴∗𝑇2 exp (

−𝑞𝜙𝑏0

𝑘𝐵𝑇
) [exp (

𝑞(𝑉𝐴 − 𝐼𝑅𝑠)

𝜂𝑘𝐵𝑇
) − 1] 

( 1) 

 

Where 𝐴 is the metal-semiconductor (M-S) contact area, 𝐴∗ is the Richardson constant of GaN 

(26.4 𝐴/𝑐𝑚2𝐾2), 𝑇 is the temperature, 𝜙𝑏0  is the M-S interface barrier height at zero-bias,  𝜂 is the 

ideality factor, and 𝑅𝑠 is the series resistance.  Werner and Güttler explain that the interface is likely not 

homogenous and perturbation due to surface roughness, metallic diffusion, and even dopant atom 

concentration abnormalities can create lateral variation in the barrier height [7].  The resulting I-V 

characteristics is thus a superposition of thermionic emission currents across an interface characterized 

by a distribution of barrier heights.  Additionally, it is possible that the distribution itself is voltage 

dependent.  The current equation can be rewritten to include this distribution such that: 

 
𝐼(𝑉𝐴) =  𝐴𝐴∗𝑇2 [exp (

𝑞(𝑉𝐴 − 𝐼𝑅𝑠)

𝑘𝐵𝑇
) − 1] ∫ 𝑃(𝜙𝑏

𝑉)exp (
−𝑞𝜙𝑏

𝑉

𝑘𝐵𝑇
) 𝑑𝜙𝑏

𝑉
∞

−∞

 
( 2) 

 

Where 𝑃(𝜙𝑏
𝑉) represents the probability distribution of barrier heights apparent at the M-S interface 

under an applied voltage and must satisfy, 



 

A consequence of a laterally varying barrier height is both an additional temperature and voltage 

dependence of the I-V characteristics.  Werner and Güttler show that if thermionic emission over these 

regions is dominating, the M-S interface can be modeled as a single effective barrier height which is both 

temperature and voltage dependent according to: 

 
𝐼(𝑉𝐴) =  𝐴𝐴∗𝑇2 exp (

−𝑞𝜙𝑏
𝑒𝑓𝑓(𝑉, 𝑇)

𝑘𝐵𝑇
) [exp (

𝑞(𝑉𝐴 − 𝐼𝑅𝑠)

𝑘𝐵𝑇
) − 1] 

( 4) 

 

Here,  𝜙𝑏
𝑒𝑓𝑓(𝑉, 𝑇) is the effective barrier height.  For SBD’s suffering from lateral inhomogeneity, values 

of zero-bias barrier height extracted from I-V measurements are considered equivalent to 𝜙𝑏
𝑒𝑓𝑓(0, 𝑇).  An 

expression of the effective barrier height dependence on the lateral barrier distribution can be found by 

setting Equation ( 2) equal to ( 4). 

 

Typically, the ideality factor is used to indicate that the observed I-V characteristics deviate from pure 

thermionic emission.  However, in the context of an M-S interface with an inhomogeneous barrier, the 

ideality factor quantifies the voltage dependence of the distribution.  Again, assuming thermionic 

emission is the dominant current conduction mechanism and that the ideality factor itself is not voltage 

dependent, Werner and Güttler showed that the effective barrier height voltage dependence at a fixed 

temperature can be found by setting Equation ( 1) equal to Equation ( 4).  This results in the following, 

 

Here 𝜙𝑏0(𝑇) and 𝜂(𝑇) are the values of zero-bias effective barrier height and ideality factor at the 

measurement temperature, 𝑇, from experimental I-V measurements, respectively.  We can see that for 

SBD’s with an ideality factor of 1 the effective barrier is voltage independent, otherwise it will increase 

linearly with the quantity 1 − 1/𝜂(𝑇). From Equations ( 5) and ( 6), work can be done to relate a proposed 

probability distribution and its voltage dependence to experimentally extracted values of effective barrier 

height and ideality factor, respectively. 

By assuming the interface can be described by a single Gaussian distribution, Werner and Güttler show 

that the experimentally extracted values of effective barrier height and ideality factor from a range of 

temperatures can be plotted according to Equations (14) and (17) in [7], respectively.  This results in linear 

trends which can be fit to determine the Gaussian mean and standard deviation along with the voltage 

dependence of these parameters. Using the same process, Chand and Kumar [8, 9] showed that in cases 

where the effective barrier height and ideality factor plots yielded multiple regions of linearity, the lateral 

inhomogeneity can be described by multiple Gaussian distributions.  However, for this to be true only one 
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𝜙𝑏

𝑒𝑓𝑓(𝑉, 𝑇) = (1 −
1

𝜂(𝑇)
) ∙ 𝑉 + 𝜙𝑏0(𝑇) 

( 6) 



distribution should be active at each temperature range (non-overlapping distributions) and that data 

analysis will yield increasingly larger Gaussian means at higher temperatures.  If experimental results do 

not follow this, Jiang et al. [10] showed that the integral in Equation ( 5) could be re-evaluated with a 

summation of Gaussian distributions and experimental data could be fit using sets of Gaussian mean, 

standard deviation and weighting factors as input parameters in an iterative solver. 

It was found that application of the above methods either resulted in poor fitting or violations of the 

underlying assumptions.  Instead, good agreement with experimentally extracted zero-bias effective 

barrier heights across a wide temperature range could be made by modeling the interface with a modified 

log-normal distribution.  Additionally, the ideality factor data was used according to Equation ( 6) to 

evaluate the effective barrier height at increasingly larger voltages and graphically show the evolution of 

the probability distribution.  The results suggest that a value for the flat band barrier height can be 

determined, showing good agreement with that extracted from capacitance vs. voltage (C-V) 

measurements.  Additionally, values of effective barrier height and ideality factor extracted from the 

additional linear region apparent at temperature <256 K are evaluated with the same process showing 

that this portion of the I-V characteristics can be considered to come from a portion of the M-S interface 

with differing Schottky characteristics. 

5 Experimental Procedure 
The sample used in this work is an n-type GaN film grown on a sapphire substrate by MOCVD.  Film 

thickness is 1 um with an n-type doping of 3𝐸16  𝑐𝑚−3 extracted from C-V measurements.  The sample 

was first sonicated in acetone then isopropyl alcohol for 10 minutes and rinsed in deionized water.  Then 

a bath of aqua regia was used to remove metal ions from the surface of the sample followed by a 49% HF 

bath to remove any surface oxide layer, each sitting at room temperature for 10 minutes.  Again the 

sample was rinsed in deionized water followed by a nitrogen drying step.  Next, an optical lithography 

process and 1 min oxide removal BOE dip followed by a Ti/Al/Ni/Ag (30/100/50/150 nm) metallization 

stack deposited by E-beam was used to define the top-surface ohmic contacts.  The ohmic contacts were 

annealed at 700 °C under a continuous flow of dry N2 for 5 minutes.  Schottky contacts were formed with 

circular Ni/Ag (50/150 nm) E-beam deposited films with no subsequent heat treatment.  After fabrication, 

the sample was mounted to a temperature controlled stage in an MMR microprobe station with a CTI 

Model 22 cryostat where measurements were performed between 50 and 400K in steps of 4 K on a 190 

µm diameter sample.  After temperature stabilized to within ±0.1 K of the target temperature for >30 s, 

the I-V characteristics of the reported device was measured by a Keithley 2400.  C-V characteristics were 

recorded over the same temperature range using a DC sweep from 0 to -5 V and a 1MHz probing signal 

from a SULA fast capacitance meter. 

6 Results and Discussion 
The results of the I-V measurements taken at temperatures between 50 and 400 K are shown below in 

Figure 1.  As Equation ( 1) predicts, when displayed on a semi-log plot each I-V measurement has a region 

of linearity characteristic of thermionic emission over a barrier followed by a roll-over at higher currents 

(>10 µA) due to series resistance.  Additionally, measurements made at low temperatures (<256 K) exhibit 

two regions of linearity and roll-over indicative of a parallel conduction path.  It is assumed this additional 

region stems from a Schottky interface with characteristics that don’t allow it to dominate across the full 

temperature and voltage range, thus it is labeled the parallel Schottky (PS) region.  One possible source 

of this phenomenon is a region with a voltage dependent barrier height which causes pinch off resulting 



in higher barrier regions to dominate as bias is increased.  Later analysis will show that extracted values 

of ideality factor support this argument.  In light of this additional region, Equation ( 1) is modified to 

include the current contribution from parallel SBD’s at the same M-S interface.   

 
Figure 1.  Measured forward bias current-voltage characteristics of the Ni/GaN Schottky diode from 50 to 400 K.  The portion 
of the I-V characteristic measurement dominated by the low temperature parallel conduction is labeled ‘Parallel Schottky 
(PS) Region’. (Note: I-V characteristics shown in increments of 8 K). [Single Column Fitting Image] 

 
𝐼(𝑉𝐴) =  𝐴𝐴∗𝑇2 ∑ exp (

−𝑞𝜙𝑏𝑖

𝑒𝑓𝑓(0, 𝑇)

𝑘𝑇
) [exp (

𝑞(𝑉𝐴 − 𝐼𝑅𝑠𝑖
)

𝜂𝑖𝑘𝐵𝑇
) − 1]

𝑛

𝑖=1

 ( 7) 

 

Here, the variables 𝜙𝑏𝑖

𝑒𝑓𝑓(0, 𝑇), 𝜂𝑖, and 𝑅𝑠𝑖
 are the zero-bias effective barrier height, ideality factor and 

series resistance of the 𝑖-th SBD respectively and in the case of the reported sample, 𝑛 is 2 for I-V 

measurements from 50 to 256 K, otherwise only one set of parameters was required and 𝑛 is 1.  

Determination of these values was accomplished by using them as the input parameters to a damped 

least-square fitting procedure utilizing Equation ( 7).  Fitting the full current and voltage range produced 

values of 𝑅2 > 0.999 for I-V measurements at each temperature.  The zero-bias effective barrier height 

and ideality factor values which provide the best fit are plotted versus temperature in Figure 2(A) and (B), 

respectively. 
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Figure 2.  (A) Values for the effective barrier height extracted both from inside () and outside () the PS region are plotted 
versus temperature and 𝟏/𝟐𝒌𝑩𝑻.  The dashed line represents the best fit curves utilizing the modified log-normal distribution.  
(B) The extracted values of ideality factor at each temperature are plotted as 𝟏 − 𝟏/𝜼(𝑻) according to Equation ( 6).  [(A) and 
(B) Single Column Fitting Images] 

In both Figure 2 (A) and (B), parameters extracted from the PS region of the I-V curve are denoted by a 

downward triangle (▽) while all others are represented by an upward triangle (△).  Extracted values of the 

effective barrier height were also plotted according to Werner and Güttler’s single Gaussian distribution 

model, Equation (14) in [7], shown as the red data points in Figure 2(A).  Reviewing the I-V curves, it is 

likely that at temperatures >350 K, extracted values of effective barrier height and ideality factor deviate 

from the actual value due to the dominance of series resistance.  For this reason, values of effective barrier 

height and ideality factor extracted from I-V characteristics measure above 350 K were not used in 

subsequent fitting. 

As discussed previously, if the interface is dominated by a single Gaussian distribution, plotting the 

effective barrier height vs. (2𝑘𝐵𝑇)−1 would linearize the data across the full temperature range however, 

this is clearly not the case.  Because this deviation implies the interface cannot be represented by a single 

Gaussian distribution, the effective barrier height vs. (2𝑘𝐵𝑇)−1 data was fit with multiple lines.  Fitting 

the barriers extracted from all but the PS region indicated the existence of three Gaussian distributions 

according to Chand and Kumar’s method [8, 9].  However, calculated values of each distribution’s mean 

did not increase monotonically with temperature and each of the distributions implied significant overlap 

thus violating the underlying assumptions.  Finally, an attempt was made to fit the extracted barrier 

temperature dependence by iteratively varying the mean, standard deviation and weight of two Gaussian 

distributions following work done by Jiang et al. [10].  Good agreement was found however, the results 

indicated that one of the distributions was characterized by a mean of 1.4 eV, a value larger than the 

theoretically predicted barrier height at a Ni/GaN interface (~1.2 eV). 

Broadly speaking, an arbitrary distribution of barrier heights could be used to fit the effective barrier 

height data according to Equation ( 5) however, the dominance of lower barrier regions in the I-V 

relationship effectively hides contributions from higher barrier regions at the M-S interface.  Unless 

inhomogeneity is minimal or measurements are taken at high enough temperature, values of effective 

barrier height indicative of the higher barrier regions will not be observed.  Thus, the density of the 

unobserved barrier heights become imperceptible and a single optimal form of the distribution cannot be 
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found.  By constraining 𝑃(𝜙𝑏
𝑉) with a defined probability density function, the form of the distribution 

outside of the observed range will be defined by the observed data and an optimal solution can be 

reached.  In this work it was found that the range of effective barrier heights could be appropriately fit 

with a single modified log-normal distribution defined by Equation ( 8) below. 

 

Here 𝐴, 𝐵, and 𝐶 are used as input parameters to an iterative fitting routine that minimizes the error 

between generated effective barrier heights according to Equation ( 5) and the experimentally 

determined values.  In addition to these parameters, the lower limit of integration (𝜙𝐿𝐿) was used as an 

input to the fitting procedure while ensuring that Equation ( 3) was met by scaling the resulting 

distribution on each iteration.  This effectively estimates the form of the distribution at temperatures 

below what was measured but instead of requiring the distribution to continue infinitely to negative 

values of effective barrier height, it is weighted to zero below 𝜙𝐿𝐿. 

The fitting was first applied to effective barrier heights extracted from all but the PS region, represented 

with △ in Figure 2(A), and the result is overlaid, shown as dashed lines.  The good agreement with the 

experimental data indicates that a single modified log-normal distribution can be used to describe the 

inhomogeneous nature of the Ni/GaN SBD.  The resultant fitting parameters 𝜙𝐿𝐿, 𝐴, 𝐵, and 𝐶 used to fit 

the effective barrier heights extracted from all but the PS region are 11.5 𝑚𝑒𝑉, 0.94, −1.76 and 0.20 

respectively. 

With an appropriate probability density function established, the voltage dependence of the distribution 

can be examined.  Continuing with the parameters extracted from all but the PS region, effective barrier 

height vs. temperature plots are generated at incremental steps in voltage using Equation ( 6) and 

extracted values of ideality factor.  In Figure 3(A), values of effective barrier height are evaluated in steps 

of 100 mV from 0-600 mV, shown as scatter plots, while the best fit effective barrier height curves from 

are shown as solid lines.  The modified log-normal fitting procedure was repeated for each voltage step 

and the resulting probability distribution set is shown in Figure 3(B). 
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Figure 3.  (A) The effective barrier height temperature dependence generated from extracted values of zero-bias effective 
barrier height and ideality factor according to Equation ( 6) in steps of 100 mV from 0 to 600 mV (scatter).  Fitting each set of 
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1

𝐶(−𝜙𝑏
𝑉 + 𝐴)√2𝜋

exp (−
[𝑙𝑛(−𝜙𝑏

𝑉 + 𝐴) − 𝐵]
2

2𝐶2
) 

( 8) 



data with the modified log-normal distribution resulted in the solid lines of best fit.  (B) Normalized best fit probability 
function curves from the same voltage range. [(A) and (B) Single Column Fitting Images] 

Referring to the calculated set of effective barrier heights in Figure 3(A), the data suggests that as the 

forward voltage is increased, regions at the M-S interface characteristic of lower effective barrier height 

(<0.65 eV) are strongly perturbed upward to higher values while those indicative of a higher effective 

barrier height are only slight perturbed as voltage is increased.  Physically, this effect is consistent with 

the model proposed by Tung [4] where pinning at the M-S interface can induce a voltage-dependent 

conduction band saddle-point within the semiconductor.  This saddle-point can become more strongly 

affected by voltage when the associated ‘patch’ is small and/or when strong pinning is present. 

The resulting normalized best fit barrier distribution at each voltage step is shown in Figure 3(B).  In the 

plot we can see that as the voltage is increased, the distribution tails on both sides of the peak move 

toward each other and the form begins to converge to a prominent barrier value.  On the low side of the 

distribution this is expected, assuming barrier ‘pinch-off’ is occurring however, this cannot explain the 

behavior of the distribution tail on the high side.  As mentioned earlier, the temperature dependence of 

the effective barrier height is influenced more heavily by lower regions of barrier height according to 

Equation ( 5).  As the effective barrier height is generated at higher voltages, the trend begins to flatten 

out and the effect that lower barrier regions typically have is minimized.  Thus, as the voltage is increased 

and the range of effective barrier heights begins to converge, the fitting procedure can more accurately 

represent the high side of the distribution.  Comparing the barrier distribution at 600 mV with flat-band 

barrier heights extracted from C-V measurements, it becomes apparent that the value at which the 

probability distribution converges is the flat-band barrier height.   

Capacitance vs. voltage measurements were taken from 50-400 K in steps of 4 K from zero bias to -5 V.  

Below in Figure 4(A), the measured capacitance versus voltage characteristics have been replotted to 

show the linear A2/C2 trends which are used to extract flat-band barrier height from the extrapolated 

value of the x-intercept according to Equation ( 9). 

 
(A) 

 
(B) 

Figure 4. The (A) A2/C2 data calculated from C-V measurements and (B) the values of flat-band barrier height calculated at 
each temperature.  The previously calculated barrier distribution at 0.6 V from I-V measurements is compared. [(A) and (B) 
Single Column Fitting Images] 
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𝜙𝑏

𝐶𝑉 = 𝑉𝐹𝐵 +
𝑘𝐵 𝑇

𝑞
ln (𝑁𝐶/𝑁𝐷) + 𝑘𝐵𝑇/𝑞 

( 9) 



 

Here, 𝑉𝐹𝐵 is the voltage required to induce flatband conditions and is equal to the extrapolated value of 

the x-intercept on the A2/C2 plot.  𝑁𝐶  is the temperature dependent conduction band density of states 

calculated from 4.3𝐸14 ∙ 𝑇3/2, and the effective free carrier concentration , 𝑁𝐷, is calculated from the 

slope of the A2/C2 plot according to Equation ( 10).   The value 𝜀𝑟 is the dielectric constant of GaN (8.9) 

and 𝜀0 is the permittivity in vacuum.  Flat-band barrier heights calculated from the extrapolated values of 

𝑉𝐹𝐵 are shown in Figure 4(B) versus temperature.  On the right side of the graph, the barrier distribution 

calculated for effective barrier heights at 0.6 V is plotted for comparison.  The effective barrier distribution 

peak occurs at 0.77 eV and the extracted values of flat-band barrier height are 0.77±0.02 eV across the 

full temperature range.  Good agreement between these two plots shows that the value at which the 

barrier distribution begins to converge is in fact the flat-band barrier height. 

To understand the behavior of the PS region, the effective barrier heights were analyzed using the process 

outlined above.  However, subsequent calculations of the effective barriers at increased voltages 

according to Equation ( 6) had interesting effects.  Figure 5 shows the evolution of the effective barriers 

extracted from the PS region () as compared to those extracted from I-V characteristics outside of this 

region ().   

 
Figure 5. Effective barrier heights extracted from within () and outside () the PS region of the I-V measurements 
calculated at 0, 0.2, 0.4, and 0.6 V according to Equation ( 6). [Double Column Fitting Images] 

The zero-bias barriers extracted from the PS region () increase with temperature until ~250 K at which 

point the parallel conduction is no longer detectable in the I-V characteristics.  Because the lower barrier 

region will dominate the I-V characteristics, it’s theorized that the PS region disappears because the 

associated barrier height is the same as or larger than other areas at the M-S interface.  When voltage is 

increased, as shown in the figure above,  the effective barriers extracted from the PS region () increases 

and as the trend moves upward, the point at which it crosses those extracted from outside the PS region 

() occurs at increasingly lower temperatures.  Accordingly, this implies that the PS region within each I-
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𝑁𝐷 =

2

𝑞𝜀𝑟𝜀0
𝑑(𝐴2/𝐶2 )

𝑑𝑉

 ( 10) 



V measurement should transition at lower voltages as the temperature is increased.  Reviewing the I-V 

characteristics in Figure 1, it can be seen that this is indeed the case.  Similar to Tung’s model [4], physically 

this effect could be caused by multiple patches at the M-S interface, each with characteristics that induce 

different voltage and temperature dependencies including size, pinning level and neighboring barrier 

properties. 

7 Conclusion 
In this work, we presented Ni/GaN Schottky diode I-V characteristics which could not be explained by the 

single Gaussian model proposed by Werner and Güttler [7] or multi-Gaussian models proposed by Chand 

and Kumar [8, 9] or Jiang [10].  To explain the temperature and voltage dependent effective barrier height 

behavior, a modified log-normal distribution is utilized and shows good agreement with experimental 

data.  Next, it was found that subsequent calculations of the effective barrier height at increased voltages 

could be well explained using this distribution.  Analysis of the probability distribution at these voltages 

revealed that the trend begins to converge on a prominent barrier height (0.77 eV) which agrees well with 

that extrapolated from C-V measurements under flat-band conditions (0.77±.02 eV).  Finally, examination 

of the barriers extracted from the PS region of the I-V measurements reveal its behavior is indicative of 

an additional Schottky region characterize by a lower zero-bias barrier and stronger voltage dependence 

compared to those extracted outside of this region. 
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