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Abstract - In the last few decades, the function of non-equilibrium green (NEGF) formalism has been proposed for the 

development of nanoscale unit simulation tools because it is particularly convenient to handle open unit systems based on 

quantum mechanics and allows handling inelastic scattering. In particular, it may explain the inelastic effects on electrons 

and thermal current and voltage and energy. The non-equilibrium Green Function (NEGF) method is commonly used to 

predict transmission in atomically resolved nano drivers and generates enormous numerical loads when it includes 

inelastic scattering on phonons. This enables a solution for transporting scattered electrons on phonons in atomically 

dissolved nanowires with a cross section greater than 5 nm × 5 nm. Inelastic scattering is handled in a quantum transport 

model based on the function of non-equilibrium green (NEGF). The simulation has performed on the MATLA simulation. 

The first script uses a simple leader described by a (2x2) Hamilton matrix to highlight the core principles, shows how to 

directly extend the model to any leader described by any (NxN) Hamilton matrix. Numerical results are given in both 

cases, highlighting the subtle influence of inelastic scattering on quantum transfer. 
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INTRODUCTION 

The role of inelastic scattering in electronic transmission through mesoscopic systems is a topic of current theology and 

experimentation. Recent experiments have revealed the importance of electron-phonon interactions in measurement in certain 

mesoscopic systems. In particular, the non-dispersive results were not directly quantified in the STM (Scanning tunneling 

microscope) measurements of the molecular control behavior in the fuel cell. Theoretically, the effect of elastic scattering on 

electron transmission in mesoscopic semiconductor devices has been studied in a variety of ways, starting with the Green function 

technique to Fermi's rule. Some theoretical models are also proposed to explain the effect of molecular overload on the molecular 

electronic input associated with STM. Recent work provides a way to calculate the development of electrons with a telephone, the 

temperature limit of electrons passing through a one-gauge conductor. These methods have given rise to important insights into 

the behavior of specific systems. In the absence of inelastic scattering and electronic bonding, Landauer Theory provides a general 

system for the calculation of electronic waves through a mesoscopic conductor with a single conductor and a multi-channel 

conductor. It connects the electron current with the ability to transmit the electronic events from the lead source by spreading the 

elastic of the conductor and entering the drain. The transmission capability is found by solving the problem of scattering the 

quantity of a single electron. When we consider instability processes such as phonon emission and absorption, electron scattering 

has become a multi-body phenomenon, in which electrons and electronic systems are happy. [1] Proposed a non -mixed method to 

address the problem of dispersing a system with a mesoscopic conductor (phonon support mode) combined with the ideal 

conduction of a single channel as an electron source and drain. Their approach approaches the problem of multiple bodies by the 

problem of multiple single electronic transmissions that can be successfully solved. Here, each channel corresponds to the high-

speed moving conditions of the mesoscopic conductor. Through their methods it is possible to determine the probability of 

transmitting and reflecting all the non-dispersive and elastic phenomena that may be felt by the electrons in the conductor from the 

source to the source. Drain. Hans Kosina et. al [2] It is generally believed that electron-scattering (EES) alters the high energy 

tailings of the energy distribution function [3][4], and therefore plays an important role in the degradation model. Physics-based 

heat generators. It is able to distinguish the static model by considering the equilibrium distribution of the partner electronics and 

the independent model that considers the weight distribution of the partner team. The latter method is suitable for determining the 

relationship of the hot electron tube and the cold electron pool in the water discharge area. This case is being discussed in the 

present work. We briefly examined the details of the reduction of the single-element scattering rate and the sensitivity of the 

complete parabolic and band systems in the Monte Carlo simulator. Ivan Shulepov et al. (2020) examined the effect of rotation of 

a Ti-6Al-4V cord at 1000 ° C on changes in elasticity and dispersive electron spectra [5]. It reveals the inequality of the elasticity 

and the dispersed electron spectra compared to the properties of the primary Ti-6Al-4V lead. The dependence on the energy 

change and the strength of the scattering electronic spectrum at the angle of inclination of the surface area was first recorded. The 

change in energy and shape is the result of a change in the structure of the mixed crystal with evolution. The change leads to a 
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change in the lattice angle, a rearrangement of the position of the atom and a change in the energy intensity of the electrons in the 

atom. This in turn converts the value of the energy obtained from the initial charge to the scattering of plasmons. 

PROPOSED MODEL  

We model the simplest structure that can have inelastic scattering. This structure is a conductor with two energy levels. In 

addition, to specifically examine the effects of inelastic transport, we assume that these levels are only associated with the 

dispersion process, and each level is connected to only one contact, as shown in Figure 1. 

The Hamiltonian for the two-level model is given as:  

H=
Ɛ1 0
0 Ɛ2

 

 Are the two energy levels of the system? This models a 1-D conductor with two points at two different energies as in 

fig.3.The off diagonal elements are 0 because they are not connected. Therefore the current can only flow due to inelastic 

scattering between the two points. The transport equations are based on the NEGF formalism as described in [6]. Self-consistent 

born approximation was used to incorporate scattering in the model. 

US = [
0 𝐴

𝐴∗ 0
] 

Where A is determined by parameters of a specific problem and dependent on specific scattering mechanism and is in general 

complex. The product AA* gives the magnitude of the interaction A0 (N+1) and A0 (N) for emission and absorption respectively.  

In this model it is assumed that the scatterers are of a single energy and are described by a Bose Einstein distribution. The tensor 

D is given by kronecker product of Us and Us* followed by average over the random phase of the scattering potential. Therefore: 

D =Us ikjl  Us ik j 

The in-scattering and out-scattering for emission and absorption and the self energy due to scattering for the        two-level 

model. 

 

 
FIG. 1 

TWO ELECTRONIC LEVEL MODEL IN THE ZERO BIAS CONDITION 

 

The shaded area of the switch represents the electrochemical potential of the switch. Assume that the conductor is immersed 

in a spreading bath with a specific temperature Ts, which may be different from the temperature T in the switch. We can also 

apply a voltage difference to the contacts. The transmission equation is based on the NEGF form described in [7]. The rate of 

spread between energy levels is based on Fermi's golden rule, which is described in detail in [8]. 

The transport equations developed are independent of the basis in which the Hamiltonian and Self energy matrices are written 

[9-12]. The scripts developed work with any basis and size of the Hamiltonian. The method considers all the elements of the D 

during the calculation of the scattering rates [13]. This ensures generality in the various scattering processes that can be handled 

[14]. Different scattering mechanism may have different shapes for the scattering potential depending on the basis chosen for the 

Hamiltonian. Therefore it is important to consider all the elements of the tensor D while calculating in-scattering and out-

scattering terms. To test the validity of calculation under basis independence, all the matrices were transformed to different bases 

generated by random unitary matrices and calculated with original Hamiltonian as described before [15-19]. The transformation 

matrices are set to Identity matrices in the scripts and the generation steps for the random unitary matrices are observation 

elsewhere. While running the scripts, to test the basis independence of the final results uncomment the generation steps and run 

the scripts. Check the H and D matrix from the Array Editor in MATLAB to view different basis transformed matrices [20].  

At zero bias and with same temperature of the electrons and scatterers (equilibrium condition) there should be no current [21-

23]. If the bias is kept zero, but the temperature of the scattered bath and the contacts are different, the electron+scatterer system is 

no more in equilibrium and we should expect to see a current flow [24]. This is evidenced in real systems like solar cells where 

the scatterers (photons) have the temperature of the surface of the sun during the day and therefore we can get a current from the 

device [25]. However in the dark the solar cells do not work due the equilibrium between photon bath and contacts. If a bias is 

applied between two contacts we expect a current to flow. If we can obtain currents that are emission or absorption limited, i.e. 
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primarily due to the emission or absorption of the scatterers, we should expect the currents to be in the ratio of N+1:N, where N is 

the number of scatterers given by the distribution function of the scattered bath. There is extra broadening of the two levels due to 

scattering (this is additional broadening over the broadening introduced by the contacts). This should be observable in the 

magnitude of current as well 

RESULT AND DISCUSSION 

Initial the Developed a MATLAB script to simulate the transport through a two-level conductor with inelastic scattering. If both 

the levels (in the two-level model) are connected to the contacts, what is the effect of scattering at zero bias but with scattered and 

electrons at different temperatures. 

 

 
FIG. 2 

ELECTRON DENSITY VS ENERGY (EV) 

 

 
FIG. 3 

ENERGY LEVEL EXTRA BROADENING OF THE TWO LEVELS DUE TO SCATTERING 

 

Current-voltage characteristic- The current using a varying voltage difference between the contacts. It is assumed that the 

energy level does not change due to the bias used. Under high positive bias, the left contact is full, and under high negative bias, 

the right contact is full. Therefore, the current is emitted under high positive bias mainly. while the current is mainly absorbed 

under high negative bias. The ratio of emissivity to absorption is given by N + 1: N, which is also reflected in the ratio of 

saturation current. At zero voltage, the current is zero. Show in fig 4. 
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FIG. 4 

CURRENT AT LEFT CONTACT 

 

If we change the temperature Ts in the diffuser (Figure 4), we can see that the current is no longer zero below zero bias 

voltage, so due to the imbalance between the electron and the scattering, we get a limited short-circuit current. We also see that 

the current ratio due to the change in the number of diffusers N is different. 

 
FIG. 5 

CURRENT AT LEFT CONTACT 

 

 
FIG. 6 

CURRENT AT RIGHT CONTACT WITH CHANGE IN SCATTERER TEMPERATURE 

 

Current at a Single Bias: To calculates the current at a given bias. It is assumed that the bias used does not change the 

energy level in the device, but will change the Fermi energy level in the switch. Figure 7 shows the energy dissolution current 
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from the left and right contacts and the current due to the scatter. When the left switch is full and the right switch enables the 

energy levels ε1 and ε2, respectively, this is a bias (1V). In this case, the current is due to the emission of the scatter because ε1 is 

at the selected higher energy. That scattering acts as the third point of contact in the device; it absorbs electrons from higher 

energy and injects them back at lower energy. Due to the current conservation, the total current generated by the spread is zero. 

 

 
FIG. 7 

PLOT OF ENERGY RESOLVED CURRENT AT CONTACTS (LEFT) FOR LOW BIAS TRANSPORT WITH INELASTIC SCATTERING THROUGH A 1-D NANOWIRE 

 

Current-Temperature characteristics: The spreading temperature changes and keeps the voltage difference between the 

contacts zero. In this case at high diffuser temperature (Ts), since the left contact is almost empty and the right contact almost full 

at energy ε1 and ε2, the current is mainly absorbed. The number of diffusers is given by the Bose-Einstein distribution, which 

increases exponentially at high temperatures, giving an exponentially increasing current. Since the number of electrons in left 

contact with energy ε1 is small but limited, a small current will be generated at low temperatures. In this case, N is close to zero, 

but since the current is mainly emission and the spreading rate is proportional to N + 1, there is still a small amount of current. 

When T = Ts, the current is exactly zero. Shown in fig 8 

 

 
FIG. 8 

CURRENT AT RIGHT CONTACT WITH CHANGE IN SCATTERED TEMPERATURE 

CONCLUSION  

This result show explain recent inelastic electron scattering observations with different temperature and different energy level and 

the effects obtained using inelastically scattered electrons, and also shows that such inelastic scattering for quantum transport 

model based on the function of  non-equilibrium green (NEGF). The equations developed are independent of the basis in which 

the Hamiltonian and Self energy matrices are written. The scripts developed work with any basis and size of the Hamiltonian. The 

method considers all the elements of the D during the calculation of the scattering rates. This ensures generality in the various 

scattering processes that can be handled. Different scattering mechanism may have different shapes for the scattering potential 
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depending on the basis chosen for the Hamiltonian and simulate the transport through a two-level conductor with inelastic 

scattering. If both the levels in the two-level model are connected to the contacts, what is the effect of scattering at zero bias but 

with scattered and electrons at different temperatures. 

REFERENCES 

[1] Feist, A., Rittmann, T., Harvey, T., Priebe, K.E., Rathje, C., Kfir, O., & Ropers, C. (2019). Probing Nanoscale Optical Fields and                Phase-Shaping 

Electron Beams by Inelastic Electron-Light Scattering. In European Quantum Electronics Conference (p. eg_2_3). Optical Society of America. 

[2] Hans, K. Markus Kampl Effect of Electron-Electron Scattering on the Carrier Distribution in Semiconductor Devices. International Conference on 
Simulation of Semiconductor Processes and Devices (SISPAD), 2018. 

[3] Shulepov, I., Lomygin, A., Roman, L., Kashkarov, E., Narkevich, N., Syrtanov, M., & Botaeva, L. (2020). Investigation of the Electronic Structure of Atoms 

in Modified Metal Alloys in Analysis of the Elastic and Discrete Scattered Electron Spectra. In 7th International Congress on Energy Fluxes and Radiation 
Effects (EFRE), 881-885. 

[4] Mil’nikov, G., Mori, N., & Kamakura, Y. (2012). Equivalent transport models in atomistic quantum wires. Physical Review B, 85(3). 

[5] Charles, J., Sarangapani, P., Golizadeh-Mojarad, R., Andrawis, R., Lemus, D., Guo, X., & Klimeck, G. (2016). Incoherent transport in NEMO5: realistic and 
efficient scattering on phonons. Journal of Computational Electronics, 15(4), 1123-1129. 

[6] Guo, J., Javey, A., Dai, H., & Lundstrom, M. (2004). Performance analysis and design optimization of near ballistic carbon nanotube field-effect transistors. 

In IEDM Technical Digest. IEEE International Electron Devices Meeting, 703-706.  

[7] Datta, S. (2000). Nanoscale device modeling: the Green’s function method. Superlattices and microstructures, 28(4), 253-278. 

[8] Luisier, M., Schenk, A., Fichtner, W., & Klimeck, G. (2006). Atomistic simulation of nanowires in the s p 3 d 5 s* tight-binding formalism: From boundary 

conditions to strain calculations. Physical Review B, 74(20). 

[9] Gupta, A.K., Maity, T., Anandakumar, H., & Chauhan, Y.K. (2021). An electromagnetic strategy to improve the performance of PV panel under partial 

shading. Computers & Electrical Engineering, 90. 

[10] Sengan, S., & Chenthur Pandian, S. (2012). Authorized Node Detection and Accuracy in Position-Based Information for MANET. European Journal of 
Scientific Research, 70(2), 253-265. 

[11] Kumar, K.G., & Sengan, S. (2020). Improved network traffic by attacking denial of service to protect resource using Z-test based 4-tier geomark traceback 
(Z4TGT). Wireless Personal Communications, 114(4), 3541-3575. 

[12] Abo-Seida, O.M., El-dabe, N.T.M., Refaie Ali, A., & Shalaby, G.A. (2021). Cherenkov FEL Reaction with Plasma-Filled Cylindrical Waveguide in 

Fractional D-Dimensional Space. In IEEE Transactions on Plasma Science, vol. 49, no. 7, pp. 2070-2079. 

[13] Osama M. Abo-Seida, N.T.M. Eldabe, Ahmed Refaie Ali, & Gamil. Ali Shalaby. (2020). Far-Field, Radiation Resistance and temperature of Hertzian Dipole 

Antenna in Lossless Medium with Momentum and Energy Flow in the Far- Zone. Journal of Advances in Physics, 18, 20–28.  

[14] El-Dabe, N.T.M., Ali, A.R., & El-shekhipy, A.A. (2017). Influence of Thermophoresis on Unsteady MHD Flow of Radiation Absorbing Kuvshinski Fluid 
with Non-Linear Heat and Mass Transfer. American Journal of Heat and Mass Transfer, 4(3), 75-94. 

[15] Abo-Seidaa, O.M., Eldabeb, N.T.M., Abu-Shadyc, M., & Alic, A.R. (2020). Electromagnetic non-Darcy Forchheimer flow and heat transfer over a 

nonlinearly stretching sheet of non-Newtonian fluid in the presence of a non-uniform heat source. Solid State Technology, 63(6), 18561-18583. 

[16] El-Dabe, N.T., Ali, A.R., El-shekhipy, A.A., & Shalaby, G.A. (2017). Non-linear heat and mass transfer of second grade fluid flow with Hall currents and 

thermophoresis Effects. Appl. Math, 11(1), 267-280. 

[17] Chhabra, H., Mohan, V., Rani, A., & Singh, V. (2019). Trajectory tracking of Maryland manipulator using linguistic Lyapunov fuzzy controller. Journal of 
Intelligent & Fuzzy Systems, 36(3), 2195-2205. 

[18] Rawat, A., Jha, S.K., Kumar, B., & Mohan, V. (2020). Nonlinear fractional order PID controller for tracking maximum power in            photo-voltaic 

system. Journal of Intelligent & Fuzzy Systems, 38(5), 6703-6713. 

[19] Aakanksha, S., & Sharma, D.K. (2020). Generalized ‘Useful’ Rényi & Tsallis Information Measures, Some Discussions with Application to Rainfall Data. 

International Journal of Grid and Distributed Computing, 13(2), 681-688. 

[20] Kumari, R., & Sharma, D.K. (2019). Generalized ‘useful’             non–symmetric divergence measures and inequalities. Journal of mathematical 
inequalities, 13(2), 451-466.  

[21] Hooda, D.S., & Sharma, D.K. (2019). On Characterization of Joint and Conditional Exponential Survival Entropies. International Journal of Statistics and 

Reliability Engineering, 6(1), 29-36. 

[22] Kumari, R., & Sharma, D.K. (2018). Generalized ‘useful’ AG and ‘useful’ JS-Divergence Measures and their Bounds. International Journal of Engineering, 

Science and Mathematics, 7(1), 441-450. 

[23] Joseph, F.J.J., & Auwatanamongkol, S. (2016). A crowding multi-objective genetic algorithm for image parsing. Neural Computing and Applications, 27(8), 
2217-2227. 

[24] Sharma, D.K., Singh, B., Raja, M., Regin, R., & Rajest, S.S. (2021). An Efficient Python Approach for Simulation of Poisson Distribution. In 7th 

International Conference on Advanced Computing and Communication Systems (ICACCS), 1, 2011-2014. 

[25] Kavin, B.P., & Ganapathy, S. (2021). A new digital signature algorithm for ensuring the data integrity in cloud using elliptic curves. Int. Arab J. Inf. 

Technol., 18(2), 180-190. 


