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Infrared photodetector instabilities of semiconductor gas discharge structure (SGDS) are studied experimentally for a wide range of the gas 

pressures p, interelectrode distances d and different diameters D of the detector areas. While being driven with a stationary voltage, the system 
generates current and discharge light emission (DLE) instabilities with different amplitudes of the oscillations. Instabilities of spatially 
nonuniform distributions resulting in the formation of multiple current filaments with increasing voltages above the critical values have been 
observed. It is shown that under the experimental conditions the interelectrode distance only played a passive role and was not responsible for 
the appearance of the current instability. A SGDS with an N-shaped CVC was analyzed using both the current and DLE data which shows the 
electrical instability in the GaAs photodetector.  
 
INTRODUCTION.  

The theory and experiment [1] showed that the current 
flowing through a semiconductor can os-cillate if a sufficiently 
high dc bias is applied to the sample. These oscillations are 
caused by domains of high electric field that travel from 
cathode to anode. The SGDS are generally non-linear devices, 
which may yield to a variety of instabilities. The behaviours of 
structure cells with photosensitive IR detectors are of special 
interest. Recently [2], we have observed complicated behavior 
of a SGDS with a GaAs detector. The operation principle of 
such a semiconductor gas discharge structure is based on the 
control of the current density in a thin gas discharge gap by 
semiconductor photodetector acting as a gap electrode. We 
have found that application high-voltages to this system gives 
rise to nonuniform spatial distribution of the current, which 
disturbes the operation of the device. 

Therefore, in this work, electrical instability in a GaAs 
detector of the SGDS is studied experimentally in a wide range 
of the gas pressures p (28-550 Torr), interelectrode distances d 
(45-330 µm) and different diameters D (5-22 mm) for the first 
time. It is suggested that active properties of semi-insulating 
(SI) GaAs photodetector that manifest themselves at high 
electric fields play an important role in the observed 
phenomena. It has been unambiguously proved that 
instabilities in the SGDS may be provoked by a detector, 
depending on the experimental conditions. The results 
obtained led us to the conclusion that the IR detector exhibits 
an negative differential conductivity (NDR). 
 
EXPERIMENTAL.  

In this work, we compare transport properties of structures 
of the two types, one of which contains a SGDS with a SI 
GaAs photodetector. When the current was passed through 
such a structure, the spatial distribution of the DLE intensity in 
the gap reproduced the distribution of the conductivity of the 
IR detector. Both structures (see Fig.1a,b) sequentially operate 
with the same GaAs photodetector. The setup used here is 
similar to that applied earlier [3], where a semiconductor gas 
discharge structure with a GaAs photodetector (ρ ∼108 Ωcm) 

was studied at room temperature. A Cr-doped SI GaAs [4] is 
used as a semiconducting photodetector. We used n-type high 
resistivity (ρ ∼ 108 Ωcm) plate oriented (100) in the plane of 
natural growth of the crystal. The GaAs:Cr crystal is 
photosensitive up to a wavelength of 1,6 µm. The diameter and 
the thickness of the GaAs photodetector are 50 mm and 1 mm, 
respectively. 

 
 
Fig.1 Investegated structure (a) in the absence and (b) in the 

presence of a gas discharge gap:  
           1 - Ni contact; 2 - GaAs photodetector; 3 – gas dis-

charge gap; 4 - anode. 
 

On the illuminated side of the GaAs photodetector, a 
conducting vacuum-evaporated Ni-layer with approximately 
40 nm thick is coated. The IR radiation excites the 
photosensitive detector of the cell thus controls the current 
density and DLE from the gas discharge gap. The physical 
reason is that a photosensitive detector is incorporated into these 
devices and operates in the internal photoeffect mode. GaAs is 
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a direct semiconductor with a band gap of 1.42 eV at room 
temperature. The anode is a disc of glass (with 50 mm 
diameter and 2 mm thickness) coated with a thin layer of a 
transparent conductor SnO2 . By applying a high voltage V0 
between the Ni contact and the SnO2 layer, a discharge is 
ignited in the gap. This corresponds to a discharge operation in 
the Townsend regime (this stable form of discharge is 
employed in spectral image converters [5,6] with 
photosensitive GaAs detector possessing linear current–voltage 
characteristic (CVC)). 
 
RESULTS AND DISCUSSION 

We assume that a homogeneous stationary Townsend 
discharge is established in the gap at appropriate breakdown 
voltage VB. This mode of discharge is observed for low 
currents between the point of ignition and the point where 
NDR is observed in the gas characteristic. Being electrical 
systems with nonlinear transport properties, the SGDS in 
general demonstrate the dependence of dynamic characteris-
tics on the range of variation of j. The appearance of discharge 
is accompanied by the active current in the discharge circuit 
and by the light emission from the discharge area. As a result, 
first stages of the discharge occur when the voltage on the gap 
(and, correspondingly, the active current) are higher in 
comparison to a corresponding steady state value. It is just this 
effect that provides the operation of the device as an image 
converter. The time dependence of the current behaviour under 
pressure 52 Torr at a different feeding voltage V0, under a 
maximum illlumination intensities of light L2, is shown in 
Fig.2.  

The lowest two curves (i.e. for V0 =250 and 325 V) exhibit 
oscillations of a relatively small amplitude of the 
prebreakdown current. The third curve corresponds to the 
breakdown voltage (VB  = 345 V), at which the oscillation of 
current tends to be stabilized. The upper three curves 
correspond to voltages V0 = 600, 800 and 1000 V, as shown 
over to the curves. It should be noted that monotonic steady 
state current behaviour is observed for V0 > VB  up to 1000 V. 
Meanwhile, as seen in Fig.2 the value of the steady state 
current increases by increasing V0. For further step, we will 
consider a dynamic behaviour based on the ordinary electron 
avalanche multiplication mechanism in a gas and on stripping 
of electrons from the cathode as a result of ion emission and 
the photoelectric effect. At the same time, the CVC of the 
system is very close to a linear curve if V0  > VB, which reflects 
the Ohmic behavior of the photodetector. The voltage drop at 
the discharge gap for this discharge mode is independent of the 
current. 

Therefore, the slopes of the CVCs provide the resistances 
of the GaAs photodetector. Then, the specific conductivities 
can be computed from this resistances and the geometric 
dimensions. The resistivity of the GaAs photodetector 
decreases monotonically when the intensity of the external 
irradiation is raised. At the same time, the expanded range of 
current oscillations are observed for different diameters D of 
the photodetector areas. Curves in Fig.3 represent the CVCs 
(i.e. in darkness and under a weak L1 and maximum 
illlumination intensities of light L2, respectively) when the 
resistivity of the photodetector is decreased from ρ1 = 1.5 x 108 
Ωcm to ρ3 = 4 x 107 Ωcm by the illumination. The range of 
current oscillations depend on the diameters D of the detector 
areas. Considering these results for the converter with different 

diameters D of the detector areas, one can note the following: 
a) for small values of the diameters D (e.g. D = 9 mm) the 
current oscillations only exist for the pressures (44÷160 Torr) 
and they are observed at 1,0x10-5 A at first; b) for large values 
of the diameters D (e.g. D =22 mm) the current oscillations 
start at approximately 1x10-4 A. 

 

 
Fig.2. The time dependence of current behaviour in the semi-

conductor gas discharge structure in darkness           
and different feeding voltages V0 :  for V0 <VB  (i.e. 
curves for V0 = 250 and 325 V); curves at  335 V           
and 345 V correspond to VB; for V0 > VB  (i.e. curves 
for V0 = 600, 800 and 1000 V). The system           pa-
rameters are p = 52 Torr, D = 22 mm, d = 45 µm 

 
Moreover, in the case of NDR, the current I decreases with 

increasing voltage V0, and vice versa, which normally 
corresponds to an unstable situation. The actual electric 
response depends upon the attached circuit which in general 
contains - even in the absence of external load resistors – 
unavoidable resistive and reactive components like lead 
resistances, lead inductances, package inductances, and 
package capacitances. These reactive components give rise to 
additional degrees of freedom which are described by 
Kirchhoff’s equations of the circuit (for detailed information 
see [7]). In [7] Schöll also show that if a semiconductor 
element with NDR is operated in a reactive circuit, oscillatory 
instabilities may be induced by reactive components, even if 
the relaxation time of the semiconductor is much smaller than 
that of the external circuit so that the semiconductor can be 
described by its stationary CVC and simply acts as a nonlinear 
resistor. Self-sustained semiconductor oscillations, where the 
semiconductor itself introduces an internal unstable temporal 
degree of freedom, must be distinguished from those circuit-
induced oscillations. Examples for internal degrees of freedom 
are the charge carrier density, or the electron temperature, or a 
junction capacitance within the device. 

However, we denote that for feeding voltages at which the 
current starts (i.e. region between Vcr and V0 at which the 
current begins to rise again with increasing voltage V0) to 
decrease the current and DLE oscillations with large 
amplitudes are observed. This behaviour of the current is 
clearly showed in Fig.3 (curves for 640 and 645 V). It is vital 
because this behaviour of the structure gives rise to 
nonuniform spatial distribution of the current, which may 
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negatively affect the characteristics of the devices based on SI-
GaAs detector. 

 
 
 

 
Fig.3 CVC of a semiconductor gas discharge structure in 

darkness and under a weak and a maximum illlumina-
tion intensity L1 and L2, respectively. The curves rep-
resent the CVC for different diameters D of the GaAs 
photodetector. The system parameters are p = 44 Torr, 
d = 323 µm. 

 
Detailed information regarding to the time dependence of 

current pulsations of large amplitude inside N-shape region of 
CVCs  is represented in Fig.3. It is also clear that the current 
pulsations of large amplitute inside N-shape region decrease 
by increasing of V0 (see in Fig.4 N-shape region of CVCs at 
640÷675 Volt). These dynamics of the current instabilities 
resemble structures of the “guiding center” type which has 
been extensively studied in the case of chemical reactors 
featuring oscillatory reaction regimes [8]. It should also be 
noted that the current oscillations in the unstable regions may 
negatively affect the characteristics of instruments based on 
SI-GaAs detector [9]. 
 
CONCLUSION 

The results presented here demonstrate that in SI GaAs 
detectors the nonlinearity of the electrical conduction process 
may be accompanied by the formation of high-contrast, 
spatially nonuniform distributions of the current. Such 
distributions include regions with a locally high current 

density (current filaments). It is established that the presence 
of the deep electronic levels of defects, the so called EL2 
centers, gives rise to the N-type NDR of the material, as a 
consequence, to oscillations in current when a dc voltage of a 
high enough magnitude is applied to a GaAs photodetector. 
 
 

 
Fig.4 The time dependence of current oscillations (i.e. inside 

N-shape region of CVCs) in the structure with the gas 
discharge gap under maximum illumination intensity 
L2 and different feeding voltages V0.  

 
Thus, the current instability with low-frequency 

oscillations which are due to dynamical of electrical domains, 
namely, by their generation, movement and decaying are 
observed in the system. A comparative study of the steady-
state properties of two semiconductor structures (in one of 
them the anode is a gas discharge region and in the other it is 
an evaporated metal electrode) demonstrated that the 
instability of a spatially uniform disstribution of the current, 
which was observed in the structure with a discharge gap, is 
due to the effects which take place in the photodetector. It 
should also be noted that the dynamic spatially 
inhomogeneous structures in the current distributions may 
negatively affect the characteristics of instruments based on 
SI-GaAs photodetector.  
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