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Abstract 
This paper investigates the current-voltage characteristics (CVC) strain of p-n-junction in a strong 
microwave (MW) field and shows that the deformation increases the current generated in the p-n- 
junction. We analyze the current-voltage characteristics of p-n-junction in which three-dimensio- 
nal space (I,U,ε) gives more complete information than the two-dimensional. 
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1. Introduction 
The first experimental study of the heating of the charge carriers by the strong electric field in inhomogeneous 
semiconductors began with thermopower measurements of hot charge carriers occurring at the p-n-junction. [1] 
[2] studied the current-voltage characteristics (CVC) and investigated the variation of photoelectric characteris-
tics of silicon p-n-junctions in strong microwave fields. And in [3] [4], the results of theoretical and experimen-
tal studies of the effect of occurrence of negative differential resistance of the diode structures based on p-n- 
junction theoretically described experimentally observed effect of occurrence of negative differential resistance 
mode and switch to the tunnel diode when exposed to high levels of microwave power. EMF of hot carriers Uoc, 
generated at unsymmetrical p-n-junction in the microwave electromagnetic field, despite the fact that the elec-
tron temperature much higher than that of the holes is determined by the hot holes [5]. In [6] theoretically stud-
ied the effect of lattice heating on the kinetics of the establishment of the thermopower of hot carriers in the 
p-n-junction. It is shown that the heating of the lattice leads to an additional third stage of establishing thermoe-
lectric current and thermopower of hot carriers with a relaxation time determined by the thermal conductivity 
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and heat capacity of the sample. In [7] studied the effect of distortion of the heating wave on the recombination 
currents and electromotive force generated at the p-n-junction in a strong microwave field. It is shown that 
high-frequency perturbation of the surface potential and the height of the p-n-junction in the mode of the short 
circuit current decreases the effective barrier height, and idling to anomalously large values of the EMF. In addi-
tion, the effect of deformation on the electrical properties of semiconductor devices was presented in many pa-
pers [8]-[10], where it showed the action of the pressure change-voltage characteristic of p-n-junctions, Schottky 
diodes, transistors and other semiconductor devices. The study of these phenomena is of interest from two points 
of view. Firstly, changes in the characteristics of semiconductor devices can be used for indicating pressure or 
other mechanical quantities in pressure sensors, audio receivers and similar devices. Secondly, these phenomena 
are of interest in terms of the definition of the physical processes causing the reliability of semiconductor de-
vices, as the deformation occurring in the unit, for whatever reasons, lead to disturbances in his work. However, 
the above studies did not investigate the influence of deformation on the CVC p-n-junction in a strong micro-
wave field. 

According to the concept of elementary excitations of a semiconductor is the electron-hole and phonon gas. 
Electromagnetic wave (microwave, light) excites an electron-hole and phonon system. In the pulsed mode of 
microwave waves or light mainly heats the electron-hole system. Phonon system remains unexcited. When the 
impact of variable deformation excited phonon system, and the electron-hole system is rebuilt to the changes of 
the crystal lattice. Thus, the microwave and the deformation from different sides excites semiconductor systems, 
from the electron-hole and phonon system. Investigation using the microwave [1]-[7] and the variable deforma-
tion [8]-[10] allows two different sides examine the semiconductor structure. 

Investigation of the effect of deformation on the current and voltage in strong microwave fields of interest, 
both from a physical point of view, and in the practical application. When the strain changes the energy spec-
trum, in particular, the band gap can change the saturation currents of p-n-junction. This can greatly affect the 
currents generated in the p-n-junction of the microwave field. On the other hand, p-n-transitions in strong mi-
crowave fields may often be exposed to strong mechanical vibration. It may also affect the current and EMF 
generated by p-n-junction. You can expect a change CVC p-n-junction with simultaneous exposure to the mi-
crowave field and deformation. 

However, the previous studies [1]-[10] did not consider the simultaneous influence of mechanical deforma-
tion and the microwave field at the CVC p-n-junction. 

The aim of this work is to study the effect of deformation on the CVC p-n-junction in a strong microwave 
field. 

2. Calculations of the CVC Strain of p-n-Junction in a Strong Microwave Field 
The average value of the total current through the diode under the influence of an electromagnetic wave consists 
of the electron and hole currents [5]. 

At high power wave when e hT T T≠ ≠ , CVC is determined by the formula [5]: 
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their diffusion length; pn  and np —the concentration of minority carriers. 
If the value of the diffusion coefficient, diffusion length, mobility and concentration of electrons and holes for 

a silicon p-n-junction to take as in [5] [11], and given the dependence of the intrinsic concentration of charge 
carriers from the lattice temperature and the band gap of silicon [11]: 
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then the formula (1) can be written as follows: 
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If in this equation will take into account permanent deformation that: 

( ) ( ), 0g gTε ε ε ε= + ∆                                   (5) 
Then the formula (4) has the following form: 
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Using formula (6), first consider the CVC p-n-junction for different strains (Figure 1). From these results it 
follows that with increasing strain the current p-n-junction increases. 

Now consider using the formula (6) CVC p-n-junction (Figure 2): 1) without distortion and the microwave 
field (when 0ε = ; 300 KТ = ; 300 KeT = ; 300 KhT = ; 0.2 BBU = ; 0 0.5 Вϕ = ; 910 сеτ

−= ; 710 сhτ
−= ; 

1.21 Вg эε = ); 2) under strain without the microwave field (when 310ε −= ; 300 KТ = ; 300 KeT = ; Th = 300 
K; 0.2 BBU = ; 0 0.5 Вϕ = ; 910 сеτ

−= ; 710 сhτ
−= ; 1.21 Вg эε = ); 3) without distortion at microwave expo- 

sure (when 0ε = ; 300 KТ = ; 500 KeT = ; 400 KhT = ; 0.2 BBU = ; 0 0.5 Вϕ = ; 910 сеτ
−= ; 710 сhτ

−= ; 
1.21 Вg эε = ); 4) upon deformation and microwave exposure (where 310ε −= ; 300 KТ = ; 500 KeT = ; 
400 KhT = ; 0.2 BBU = ; 0 0.5 Вϕ = ; 910 сеτ

−= ; 710 сhτ
−= ; 1.21 Вg эε = ). 

Figure 2 shows that the strain increases currents through the p-n-junction in the absence of the microwave 
field (Figure 2, curves 1, 2) and under strong heating (Figure 2, curves 3, 4) of electrons and holes. 
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Figure 1. CVC p-n-junction under strain: Тe = 300 K, Тh = 300 
K; 1—ε = 0; 2—ε = 0.001; 3—ε = 0.005; 4—ε = 0.01.             

 

 
Figure 2. CVC p-n-junction: 1—without distortion and the mi- 
crowave field; 2—under strain without the microwave field; 3 
—without distortion at microwave exposure; 4—upon defor-
mation and microwave exposure.                             

 
Figure 3 shows the IV characteristics of p-n-junction in three-dimensional space I , U , ε : without mi-

crowave (when Te = 300 K; Th = 300 K field); when exposed to microwave (when Te = 500 K; Th = 400 K; Te = 
600 K; Th = 500 K) field. 

We showed that as the microwave is free and deformation increases currents of hot carriers in the p-n-junction. 
This is due to the fact that the microwave effect on the electron-hole gas, and the deformation changes the en-
ergy structure of semiconductors. It turned out that even in a strong microwave field deformation increases cur-
rents at the p-n-junction. This is due to the fact that the currents of p-n-junction affect both the heating of the 
electron-hole gas and the change in the deformation of the band gap of the semiconductor.  

3. Conclusions 
Firstly, we examined voltage-current characteristic strain p-n junction in a strong microwave field. The variation 
of the band gap semiconductor due to deformation influences the concentration of minority carriers in p-n junc-
tion. This leads to increase saturation currents of the diode. The strongly changing of the saturation increases the 
currents of hot electrons and holes through the p-n junction. It is shown that the deformation increases the cur-
rents generated in the p-n junction which is located in the microwave field. 

We analyzed current-voltage characteristics of p-n transition in three-dimensional space ( ), ,I U ε . This gives  
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Figure 3. CVC p-n-junction in the three I, U, ε space: 1—no 
microwave (when Te = 300 K; Th = 300 K) field; 2—when 
exposed to microwave (when Te = 500 K; Th = 400 K) field; 3 
—when exposed to microwave (when Te = 600 K; Th = 500 K) 
field.                                                  

 
more complete information about the mode of deformation of the diode under various values in a strong micro-
wave field. 
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