




compensation of the built-in potential, that may lead to 
decrease of the total field in the impact ionization layer, one 
has to provide a sufficiently high doping rate of impurities in 
the pn-junction. In turn, decrease of the static electric field 
causes the lowing the impact ionization coefficient, which 
decrease the number of generated charges and, hence, the 
compensation rate of the built-in potential, and so on. For 
justification of such instabilities, we did numerous 
simulations within the drift-diffusion model of classical 
semiconductor devices. As an example, Fig.3a shows 
electron-current and hole-current densities across a pn­
junction at different time instances of self-oscillations which 
are numbered from 1 through 11. Distributions of the E-field 
across the pn-junction at different time instances are show in 
Fig.3b and numbered according to Fig.3a. One may readily 
trace the mutual dependence of the generated current 
densities and the E-field: when the currents decrease 
(increase) the E-fields increase (decrease) in that type of 
current instability. The maximal frequency of such 
oscillations is defmed by minimal time needed for the 
generated carriers to fly out of impact ionization layer. As the 
latter is much narrower of the depletion layer the maximal 
frequencies in the diode based on that current instability may 
be much higher compared to the case of conventional 
IMP ATT -diode. In addition, to obtain a negative differential 
conductivity there is no need in an external cavity, like in the 
case of IMPATT-diode. An external oscillatory system is 
needed just for the electromagnetic fields excitation with the 
oscillating current. Open Resonator might be one of an 
appropriate oscillatory system. 
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Fig.3. Current self-oscillations in reverse biased pn-junction witb 

impact ionization: (a) electron- and hole-current densities across pn-junction 
at different time instances numbered from 1 through 11; (b) distributions of 
E-field across tbe pn-junction at tbe same time instances similarly numbered. 

For abrupt pn-junctions, we developed we developed a new 

efficient numerical method enabled simulation of spatial­
temporal dynamics of currents and field in such pn-junctions. 

We have studied variety of oscillatory regimes due to 
revealed current instability: self-oscillatory and forced 
oscillatory regimes; generation with DC current injection; 
single and double frequencies generation; multi-frequency 
and chaotic self-oscillatory regimes. The major simulation 
was done for different semiconductor materials: Silicon (Si), 
Germanium (Ge), Gallium Arsenide (GaAs) and Indium 
Antimonide (InSb ). Typical doping rates of impurities were 
about (1016 - 5 1017) cm-3 and never exceeded 1018 cm-3value. 

For reducing the currents densities ensuring a partial 
compensation of the electric field created by the charge of 
impurity atoms we analyzed the current self-oscillation 
modes in an asymmetrical pn-junction. Multiple simulations 
of self-oscillatory regimes in Si, Ge and GaAs pn-junctions 
was performed for a wide range of the impurity atoms 
concentrations, injection current densities, and reverse bias 
voltage. The frequency of the current self-oscillations in Si, 
Ge and GaAs pn-junctions falls into the microwave and THz 
range and can be properly approximated by the following 
formula: f = (vns + Vp5)/2wo5, where 85 is matching 
coefficient which equals 0.515, 0.65, and 0,635 for GaAs, Si, 
and Ge, respectively. Fig. 4a shows highly anharmonic, 
relaxation, self-oscillations of the avalanche hole-current 
density J(t), (kA/cm2) in the depletion p+-region of GaAs 
p+n-junction for U /Uav = 2.05; Na = 2 1017 cm-3 ; Nd = 

2 1016cm-3. Fig.4b, displays the Fourier spectrum J(j) of 
relaxation self-oscillations of the avalanche hole-current 
density presented in Fig. 4a. Spectral lines 1, 2, and 3 
represent the first, second and third harmonics of the 
relaxation self-oscillations: ft = 0.494 THz , f2 = 

0.988THz; f3 = 1.482THz. 
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Fig.4. Reverse biased asymmetrical GaAs p+n-junction: (a) steady-state 
relaxation oscillations; (b) Fourier spectrum of relaxation oscillations. 
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