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2. Theory 
 

Time-independent Hamiltonian eigen equation is given by [7] 
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To describe the transfer matrix method the simple scenario in Fig. 1 will be 

considered first. In region 1 the wave function is termed Ψ1 and the potential is zero, in 
region 2 the wave function is termed Ψ2 and the potential is V0 and in region 3 the wave 
function is termed Ψ3 and the potential is again zero. The solution to the Hamiltonian eigen 
value equation (1) in these three regions are 
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The wave function (2) and its derivative is required to be continuous at the 

discontinuity between adjacent regions, i.e. z=0 and z=a. Using the continuity conditions 
between region 1 and region 2 yields the two equations 
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which gives the following restrictions on the coefficients 
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These conditions can be written in matrix form 
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(9) can be written as 
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M12 is known as discontinuity matrix, it describes the propagation of the wave function 
across boundary. Using the transfer matrix technique (TMT) the final equation for a double 
barrier single well RTD can be formulated as 
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where, (A,B) and (K,L) are coefficients of matrices for wave function profile of contact 
layers. Ms is known as system matrix. 
(10) can be written as 
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Transmission coefficient can be formulated as the ratio between the flux incident from left 
side in the barrier and the transmitted flux in the right side, when no incident wave from the 
left. 
 

 
MA

K

f

f tran

11
22

2

int

1
                                                   (14) 

 
When electric field is applied Schrödinger’s equation will be modified as  
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Where ζ(z) is the electric field applied along the direction of confinement. Considering new 
coefficients (A,B) and (C,D) for contact layers, transmission coefficient can be obtained from 
the following expression 
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We are considering T2 as T(E) and T1 is the bare single barrier transmission probability.  
In order to get unity effective transmission coefficient of the emitter barrier, T1 can be 
considered as [8] 
 

l

L2
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where, L is the quantum well length, l is the mean free path which is related to mobility of 
carrier by the relation given below [9] 
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where, vavg is the average velocity, τn is the mean free time which is related to electron 
mobility in GaN layer (µn). Doping concentration and temperature dependent mobility of 
electron in GaN is given by [10]  
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where, µmin, µmax, Nref, β1, β2, β3, β4 and α are fitting parameters for this mobility model of 
GaN. 

Considering both scattered and incoherent electrons in transmission, the effective 
transmission coefficient Teff can be written in terms of mobility of electron in GaN layer 
grown on virtual buffer [8] 
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where Γn is the resonance width of n-th energy level given by [8] 
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where, En is the resonant level energy measured from the bottom of the quantum well. En is 
given by [8]  
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