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The purpose of this work is to report a theoretical study for resonance tunneling 

current density (J) of electrons tunneling through semiconductor super-lattice 

system. The system that we have considered is (a-Si/Si1-xGex) hetero-junction 

such system, we determined the (J) dependency on number of barriers (N) and the 

mole fraction (x). The results shown in this work not only shed new light on the 

physics of resonant tunneling in electric barrier structure but are also helpful in 

designing quantum devices based on multi-barrier tunneling structures.

 Nano-science, Super-lattice, Resonance tunneling current density.
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1. Introduction

for resonant tunneling may be realized using 

semiconductor by variation of doping in the 

same semiconductor material, but the most 

successful approach is to use heterojunction 

consisting of different types of semiconductor 

materials [1]. A good combination of hetero-

junction devices is two materials of similar 

lattice constant, but different in energy gap 

(E_g) [2]

low-dimensional structure is an epitaxial 

grown QW, which is formed by two hetero-

junctions or three layers of materials such that 

the middle layer which has a lowest (E_c) for 

an electron well or the highest (E_v ) for a hole 

well, It is well known that a (QW) structure has 

plus exited states) for electrons and holes. In 

quantum physics, properties are dominated by 

the wave-nature of electrons (or holes), related 

to the quantum mechanical wave function 

(eigenvalue) associated with it.  Recently, 

extensive research works have been carried 

out on hetero-junctions between amorphous 

silicon (a-Si), and crystalline semiconductors, 

because of their use in many semiconductor 

devices, such as metal-amorphous silicon 

amorphous-crystalline hetero-junctions is 

not clearly, understood yet [3]. On the other 

hand, very little work has been done on the 

(a-Si/Si1-xGex) hetero-junction, although (a-

Si) exhibits a series of important properties 

(e.g. wide optical band gap, mechanical 

strength) and (SiGe) is the most well-known 

semiconductor material, so that the (a-Si/

Si1-xGex) hetero-junction could be very 

useful in many semiconductor devices [4]. In 

(1969), research on quantum structures was 

initiated with a proposed of an “engineered” 

semiconductor super-lattice (SL) by Esaki and 

Tsu [5]. The (SL) consider an alternating thin 

layers of two or more materials with different 

equilibrium lattice constants [6], coherent 

layers on nanometer thickness scale may 

be deposited by molecular-beam epitaxial 

or metal-organic vapor deposition, so thus 

building up a super periodic structure on layer 

scale [7]

of the order of the de Broglie wavelength, 

the wave nature of the electrons becomes 

important [8].

  In classical mechanics, carriers are 

only those carriers with excess energy higher 

than the barriers can escape. But in quantum 

mechanics point of view, a particle can 

tunnel through a potential barrier of height 

higher than that of the incident particle. The 

necessary conditions for tunneling are: (1) 

Occupied energy states exist on the side 

from the electron tunnels. (2) Unoccupied 

energy states exist at the same energy level 

on the side to which the electron can tunnel. 

(3) The tunneling potential barrier height is 

low and the barrier width is small enough 
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and  (4) the momentum is conserved in the 

tunneling process [2]. Tunneling through a 

Kramers-Brillouin (WKB) approximation by 

David Bohm in (1951)[9]. 

  In this paper, we have considered the 

tunneling current density of ground state level 

(J_0) in the (MBS) as a comprehensive manner 

by using the energy of incident particles is 

less than (V_0) with applied bias voltage 

(V_bias). In addition, we have examined the 

dependence of resonant tunneling current 

density on various factors like the number of 

barriers (N) and the mole fraction (x) of the 

system.

    

    It will be better, if we consider a model to 

understand the tunneling of electron through 

multi barrier semiconductor hetero-junction. 

In such model, we have a super-lattice 

structure contains alternately semiconductor 

hetero-junction of (a-Si/Si1-xGex) for (x=0.2 

to 0.8). These two materials have similar band 

structure, but different energy gap, where the 

(Si1-xGex ) has the small gap to form the well, 

and (a-Si) has the large energy gap to form the 

barrier. In this structure, the barriers thickness 

(b), thickness of well (a) and the super-lattice 

period (c) are related with each other (c=a+b).  If 

these systems consist of (N) barriers then one will 
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Suppose an electron of energy (E) and mass 

(m*) is incident from the left of an arbitrary 

shaped, one-dimensional, continuous potential 

V(x), in order to calculate the probability 

of transmission through the double barriers 

width [10]

To solve the transmission probability, the 

Propagation-Matrix Method (PMM) is used, this 

method has among its advantages computational 

simplicity and good accuracy.   The transmission 

probability T(E
l
) is given by [12]:

Where  m*i and m*(i+1) are the effective 

electron masses in the regions (i) and (i+1), 

respectively, k_i and k_(i+1) are the electron 

wave numbers in the regions (i) and (i+1), 

respectively, C and A are the transmission 

barrier into the collector.

If electrons (n) in the system with area (A), 

the current density (J) in the system:

The net current (J) is due to the electrons 

going from the left-hand side with energy 

the distance between the contacts on the two 

sides,   ( J) is obtained by Esaki formula[13]:



Rusul Adnan Al-Wardy

54 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies

Vol. 11, No. 21 and 22 P. (49-58), Jun., 2020

 3 .Results and Discussion:

of (a-Si/Si1-xGex) super-lattice with                           

(x=0.5,a=b=1.2nm,N=7). The net tunneling 

current, at zero applied voltage, is zero, as 

voltage is applied (V_bias=0.1 V) to the 

increases strongly as

voltage(V_p=0.9 V), see region (b), when the 

energy of the incident electron coincides with 

of the bias voltage detunes the resonance and 

current decreases sharply as

and creates the negative differential resistance 

(NDR). Still with further increase of the 

voltage (Vbias=1.3 V), the excess current 

level there are no empty states  available on 

(4a). Therefore, the net tunneling current at 

zero applied voltage is zero. Physically, the 

current maxima occur at certain voltages 

such that the resonant energies (E_o  state) 

the left of the barrier [14]

decrease in current with the increase in applied 

voltage results from the fact that this band of 

decreasing current after the peak gives rise 

to the negative differential resistance (NDR)

[15, 16]. Still with further increase of the 

voltage, the excess current start to dominant, 

electrons at the left of the barrier.
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level there are no empty states  available on 

(4a). Therefore, the net tunneling current at 

zero applied voltage is zero. Physically, the 

current maxima occur at certain voltages 

such that the resonant energies (E_o  state) 

the left of the barrier [14]

decrease in current with the increase in applied 

voltage results from the fact that this band of 

decreasing current after the peak gives rise 

to the negative differential resistance (NDR)

[15, 16]. Still with further increase of the 

voltage, the excess current start to dominant, 

electrons at the left of the barrier.

Also shown that (J_o ), at (V_bias=V_

o=0.9 V), represents the peak current density 

(J_p ).

current density for ground state level (J_o 

) versus bias voltage (V_bias) for (a-Si/

Si1-xGex) super-lattice structure with  

(N=3,a=b=1.2nm) and different in mole 

fraction of the composite about  (x=0.2,0.4,0.5 

and 0.6). It is clear that when the mole fraction 

of the composite increases the resonant 
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tunneling current density (Jo ) will decrease, 

this behavior comes in agreement with the 

results in experiment by S. Mukherjee et al 

[18], and the values of (Jp)  for each (x) will 

be determined as the corresponding value of 

bias voltage (Vbias) that is equal to the barrier 

high (Vo).The explanation of this behavior is 

expected when increasing the mole fraction 

of (Ge) it will cause an increase in the barrier 

height (Vo) due to poor tunneling through the 

barriers, because the necessary conditions for 

tunneling occur when potential barrier height 

is low and the energy gap of quantum wells. 

See Table (2).

of the composite.

be decrease so (Jo ) will decrease as Eq. (8).

 Table (3) is put to illustrate how (Jp ) 

values had taken when (Vbias=Vo) for each 

concentration.
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4.Conclusions
  In this work, a theoretical model for 

computation of resonant tunneling current 

density (J_o ) has been studied to (a-Si/Si1-

xGex) with (x=0.2 to 0.8) super-lattice hetero-

junction structure. We have found that   when 

increasing the number of barriers, (J_o ) will 

increase. while (J_o ) will be decreased with 

the increasing of a mole fraction (x). Also, We 

have found that   that the effect of increasing 

the bias voltage will shift the quantized levels 

inside the well and the energy levels, which 

are tunable by some voltage, would exhibit 

peak current-voltage (I-V) characteristic.
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