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Abstract:  In a MOSFET device in inversion, the oxide voltage must be corrected by the experimental band 

bending at the oxide/semiconductor interface instead of the theoretical band bending.  Following this premise, 

the conduction band barrier height in n-channel 4H-SiC MOSFET device in inversion is found to reduce from 

2.92 eV with the oxide voltage corrected by the theoretical band bending to 2.816 eV with the oxide voltage 

corrected by the experimental band bending at 298K, close to the confirmed model value of 2.79 eV at 298 K.  

This example can be extended to barrier heights at other temperatures also in the device where the oxide 

voltage was originally corrected by the theoretical band bending.   The barrier heights with the oxide voltage 

corrected by the experimental band bending is expected to match with the model values at all temperatures and 

thus support the model for the temperature dependence of the Fowler-Nordheim tunnelling current in a MOS 

device proposed by the author in an earlier study. 
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I. Introduction 
This note corroborates the model for temperature dependence of Fowler-Nordheim tunnelling current 

in a metal-oxide-semiconductor (MOS) device through the calculation of the conduction band (CB) barrier 

height in a 4H-SiC MOS device at room temperature of 298 K at which the correct and confirmed value is 

known.  The oxide voltage is calculated by subtracting the experimental band bending at the 

oxide/semiconductor interface of the metal-oxide-semiconductor field-effect-transistor (MOSFET) device in 

inversion from the gate voltage in place of subtracting the theoretical band bending from the gate voltage.  The 

device has a gate oxide of 53 nm thickness [1].  The barrier height thus obtained is 2.816 eV and very closely 

matches with the confirmed barrier height of the model at 298 K of 2.79 eV [2].  It is to be noted that the barrier 

height comes down to this value of 2.816 eV from 2.92 eV by correcting the oxide voltage by the experimental 

band bending.  There could be small errors in calculations which are mentioned later.  The barrier heights at 

other temperatures are also expected to match with the model values by using the experimental band bending 

with the MOSFET biased in inversion [2].  

 

II. Theory 
Fowler-Nordheim carrier tunnelling current equation through a MOS device in accumulation or inversion is 

given by [2-8]: 

  )/exp(
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oxox EBAEJ    (1). 

Here, A  and B are constants given as follows: 
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In the above constants A and B , e  is the electronic charge in Coulombs, m  is the free electron mass in Kg, 

oxm  is electron mass in the oxide in Kg,  is the reduced Planck’s constant, 0 is the electron barrier height in 

eV, and B is called the FN tunnelling slope constant at a particular temperature in Kelvin, and oxE is the oxide 

field in V/cm.   Equation (1) models the current-voltage characteristics through the amorphous thermal silicon 

dioxide at high electric field oxE . 

 The oxide voltage in a metal-gated MOS device in accumulation is corrected only by the measured 

flatband voltage [5], whereas the oxide voltage in a metal-gated MOSFET device in inversion should be 

corrected by the experimental band bending at the oxide/semiconductor interface [7, 8].  The oxide voltage for 

the MOSFET in inversion corrected by the theoretical band bending is given as [1]: 

)( sfbgox VVV       (4). 

Here, gV is the gate voltage, fbV is the flatband voltage and s is the surface band bending in the 

semiconductor at the oxide/semiconductor interface in inversion which is equal to twice the bulk potential in the 

semiconductor given by: 
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Here, in is the intrinsic carrier concentration in the semiconductor which for 4H-SiC is 10
-8

/cm
3
 at 298 K and 

AN is p-type doping which is typically 10
17

/cm
3
 in 4H-SiC. 

The oxide voltage for the MOSFET in inversion corrected by the experimental band bending is given as [7-8]: 
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i
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Here, TV is the experimental threshold voltage that can be seen from the specification sheet of the commercial 

MOSFET device [1], dQ is the depletion charge per unit area in the device in inversion, and iC is the insulator 

(oxide) capacitance per unit area in the device. The depletion potential id CQ / can be calculated.  In an n-

channel MOSFET device, TV is positive and dQ is negative.  The depletion charge per unit area dQ for a 

grounded MOSFET is given as: 

sArd NqQ  02     (7). 

 

Here, the relative dielectric constant r for SiC is 9.7.  Equation (6) should be used with the MOSFET in 

inversion in place of equation (4).  The oxide field is then simply oxide voltage divided by the oxide thickness. 

 

III. Results and Discussion 
In the experimental research paper by O. Avino Salvado et al., the CB barrier height in the 4H-SiC 

MOSFET is determined to be 2.92 eV at 298 K using the correction in the oxide voltage by the theoretical band 

bending [1].  This gives the slope constant B of 220.84 MV/cm using equation (3).  The calculations below 

replace the theoretical band bending by the experimental band bending and show that the barrier height becomes 

nearly equal to the model value of 2.79 eV at 298 K thus corroborating the model.  The basic parameter values 

for the calculations are tabulated in Table I, and the calculated parameters are tabulated in Table II below. 
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Table I.  Basic parameters used in calculation of slope constant and band bending in the MOSFET device. 

oxm  d (nm) s (V) dQ (Coul/cm2) iC (F/cm2) 
TV (V) fbV (V) 

0.42m 53 2.98 28.617 x 10-8 6.5 x 10-8 3.3 -5 with Al gate. 

 

Table II.  Calculated slope constant, depletion potential and band bending in the MOSFET device. 

B (MV/cm) 
id CQ / , (Volts) 

Experimental band bending 

)/( idT CQV  , 

(Volts) 

Theoretical band bending 

sfbV  ,(Volts) 

Theoretical minus 

experimental band 
bending,  

(Volts) 

220.84 -4.40 -1.10 -2.02 -0.92 

 

If the theoretical band bending is replaced by experimental band bending, then to calculate the oxide voltage, 

)/()()}({ idTsfbsfbgox CQVVVVV    

gbandbendinerimentalltheoreticaVVV sfbgox )exp()}({    

)92.0()}({  sfbgox VVV   

Thus, 0.92 V more has to be subtracted from the gate voltage if the experimental band bending replaces the 

theoretical band bending at the oxide/semiconductor interface in the particular 4H-SiC MOSFET device in 

inversion.  This converts to 0.173 MV/cm oxide field for the 53 nm oxide.  In the calculation of the slope 

constant from the current-voltage data at high oxide fields in a device as seen from equation (1), 

 )/1(/)/ln(
2

oxox EEJB      (8). 

Here, it is observed that the term in the natural logarithm is “compressed” and so does not cause much change in 

the slope constant.  The denominator causes significant change and it is shown next how it affects the slope 

constant.  Two high oxide fields of 6 MV/cm and 7 MV/cm are taken and the change in )/1(/1 oxE is 

calculated. 

42)}7/16/1/(1{)/1(/1  oxE . 

Subtracting 0.173 MV/cm from both the fields gives; 

781.39)}827.6/1827.5/1/(1{)/1(/1  oxE  

The new corrected slope constant becomes; 

cmMVxB /17.209)42/781.39(84.220  . 

 

The conduction band barrier height calculated from this slope constant of 209.17 MV/cm using 

equation (3) and the electron effective mass in the oxide as 0.42m now becomes 2.816 eV, which reduces from 

2.92 eV and becomes almost same as the confirmed value of 2.79 eV.  The important point is to note the effect 

of using the experimental band bending in place of the theoretical band bending that cures the difference in the 

barrier heights.  Two main sources of error could be the oxide thickness which needs to be within ±1 nm for a 

thick oxide of say 53 nm, and small changes in the numerator of equation (8) due to change in the oxide fields.  

The results and discussions above clearly support the model for the temperature dependence of FN tunnelling 

currents in the MOS devices proposed by the author in the earlier study [2].  It is based on the application of the 

equipartition theorem for energy in the thermal silicon dioxide where classical Maxwell-Boltzmann distribution 

is shown to be applicable [9-11].   

 

IV. Conclusions 
It is concluded that the oxide voltage in a MOSFET device in inversion must be corrected by the 

experimental band bending instead of the theoretical band bending at the oxide/semiconductor interface.  All the 

barrier heights in the experimental study by O. Avino Salvado et al. at different temperatures are expected to 

match the barrier heights of the model values from the proposed model of the temperature dependence of FN 

tunnelling currents in a MOS device by the author in an earlier study, thus corroborating the proposed model.  

The model is based on the application of equipartition theorem for electron energies in the oxide which agrees 

with the Maxwell-Boltzmann distribution of non-interacting electron particles in a dilute semiconductor like the 

amorphous thermal silicon dioxide. 
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