
 

 

76 
 

Секция 2. Радиационные эффекты в твердом теле 

10-я Международная конференция «Взаимодействие излучений с твердым телом», 24-27 сентября 2013 г., Минск, Беларусь 

10th International Conference “Interaction of Radiation with Solids”, September 24-27, 2013, Minsk, Belarus 

THE EFFECT OF FAST PARTICLES’ IRRADIATION  
ON ELECTROOPTICAL PROPERTIES OF GaP LEDs  

 
O. Gontaruk, A. Kovalenko, E. Malyj, I. Petrenko, M. Pinkovska, L. Polivtcev, V. Tartachnyk 

Institute for Nuclear Research National Academy of Science of Ukraine, 03028, Kyiv,  
 Pr. Nauky 47, e-mail: myrglory@yahoo.com; ipetrenko@ukr.net  

The electrooptical properties of industrial AL 102 GaP light-emitting diodes (LEDs) irradiated with fast particles have been 
studied. 2MeV electrons and fast reactor neutrons were used and devices’ microplsma emitting, current-voltage and 
capacitance-voltage characteristics were measured. It was shown that electron irradiation in the range (2-5)10

16
 cm

-2
 leads to 

the drop of microplasma emitting intensity, decrease of capacity and reverse currents and increase of reverse bias. The 
annealing study of current-voltage characteristics after neutron irradiation of diodes confirms the assumption about prevailing 
radiation influence on diode base due to induce of deep levels.  

Abstract 
The efficiency of emitting ability of GaP light-

emitting diodes (LEDs) depends on perfection of a 
structure of a crystal lattice. Modern epitaxial 
methods of p-n-junction growth make it possible 
obtaining transition regions with minimal dislocation 
networks, responsible for time-degradation of 
electroluminescence. Even the residual defects of 
dark lines and dark spots in the zone of temperature 
gradients, associated with Joule-Lenz heat emission, 
are the permanent sources of nonradiative 
recombination of the centers in the crystal bulk [1, 2]. 

One can solve successfully the problem of the 
improving of emitting efficiency, stability of diode 
characteristics and increasing of an operational 
resource while studying structural defects, in 
transition region especially. 

An absence of light emission at reverse bias is an 
important characteristic of LEDs, used in 
electroswitching devices. Microplasma breakdown 
can distort current-voltage characteristics in power 
diodes [2].  

The processes of appearing and fast growth of 
microplasma might originate in heat breakdown of 
devices [1]. 

At the same time as it was shown in [3], 
microplasma emission might be used for expansion 
of the stable operating band of device, defining the 
deep level parameters [4] and monitoring the quality 
of p-n structure [5].  

Microplasma is known to be caused by local 
forbidden zone thinning in the depleted p-n junction 
due to the defect clusters, dislocation namely [6]. 

Fast particle radiation makes it possible to 
change operatively the concentration of clusters and 
thus to study the origin of such emitting centers. It is 
worth to mention that there are no literary data about 
radiation effect on its main characteristics, such as 
concentration, spectral distribution and geometrical 
sizes. 

 
Experiment 

Industrial AL 102 GaP green and red LEDs, 
made by double liquid epitaxy on the substrate 
grown by Czochralsky method, have been studied. 
Structures were irradiated by fast reactor neutrons 
and by 2 MeV electrons at the accelerator of the 
transformer type at temperature not exceeded room 
temperature. Current-voltage and capacitance-
voltage characteristics were measured and main 
GaP parameters were obtained. 

Electroluminescence spectra were measured by 
MDR -23 spectrometer and microplasma 
luminescence was registered by Canon Power Shot 
A480 camera at 300К. 

 
Results and discussion 

The photos of reverse biased LEDs at different 
current values are given in Figure 1. One can see 
that the growth of Irev leads to the broadening of 
separate microplasma and appearing of new 
luminescence centers. If, for example, camera fixes 
one large bright spot and some point-spots at Irev.= 
0,2 мА, at Irev.= 17,5 мА nearly the whole diode 
surface is covered by luminescence spots with 
diffuse outline. The previous spot area increases 
strongly and other luminescence centers with large 
area appear nearby.  

 

    
 

Fig. 1. Photos of reverse biased GaP LEDs with 
microplasma at two Irev : 1 - 0,2 mkA; 2 – 17,5 mkA 

 
The shape of such region is different enough:  

from round and oval to large scale various clusters.  
And they are spread non-uniformly. The large 
microplasmas of the initial samples are the result of 
the light emitting of nearby lying breakdown cord. 

After electron irradiation the picture is changed. 
As one can see in Figure 2 radiation leads to the 
narrowing of microplasma sizes. Borders of their 
emission become sharper and small microplasma 
vanish. The centers of the point luminescence near 
large light spots die out at first and the spots trend to 
divide onto 2 or 3 spots of the less area.     

The increase of the electron fluence from 
Ф = 2·10

16
 сm

-2
 tо 5·10

16
 сm

-2
 causes the 

amplification of the effects. The number of 
microplasma drops sharply, especially small ones, 
and the large light emitting spots decrease their area. 

Thus if luminescence is not the main diode 
operating function, then one can use irradiation in 
order to improve diode’s electrical characteristics. 
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Fig. 2. Photo of reverse biased GaP LEDs with 

microplasma at 17,5 mkA 

 

For diodes under investigation the doped levels 
of p- and n-regions were nearly the same. Than 
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where Сb– barrier capacity of p-n – junction. While 
using the dependence of the capacity changes on 
fluence dCb/dU, one can evaluate the effective 
speed of carrier removal dn/dФ.  At fluence 
Ф=2×10

16
сm

-2
 for 2 МeV electrons speed dn/dФ = 

0,035 сm
-1

. The calculation gives that this value 
decreases while fluence of electrons increases and 
such trend correlates with results, received by Hall-
method at GaP single crystals. 

The decrease of the capacity with fluence of 
electrons is supported by the decrease of reverse 
currents and growth of reverse biased. 

Reverse current consists of two components 

                           Irev=IS+Ig  ,                                             (2)    
where Is is the diffusion saturation current and  Ig – is 
the current caused by the electron - hole pair’s 
generation in the space charge  region. 

One can use an expression for current from [7] 
while appreciating the reverse current dependence 
on fluence of irradiation  
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1
 – is the relative velocity of the carrier 

removal; К1 – coefficient of the life time damage. The 

last meanings are generally accepted. 
The value of GaP own carrier concentration ni at 

300K is low: 
300in  0,9291, so Irev is formed by 

generation component mainly. As Ig grows with the 
electron fluence, the observed decrease of Irev. is  
caused by another reason: the growth of resistance 
at the base of diode due to the incorporation of deep 
radiation levels. 

The study of electrophysical characteristics of 
diodes irradiated by fast reactor neutrons confirms 
above mentioned proposition. Isochronous annealing 
curves of red GaP LEDs were studied after neutron 
fluences (1-5) 10

14
 cm

-2
  and base resistance (dU/dI) 

was received (Figure 3) from the slope of forward 
current at the region U>>Uk  (Uk is a contact potential 
difference).  

 

 
 
Fig. 3. Restoring of the base resistance of two GaP LEDs 
(irradiated with fast neutrons of fluence 5x10

14
 cm

-2
) at the 

process of isochronous annealing 
 

From the Figure 3 it is clear that 250-300
O
C is the 

main annealing stage of a diode. 
This fact correlates with data, received in [8] for 

p- and n- GaP monocrystal, and testifies also that 
prevailing changes during irradiation occur at diode 
base. 

 

Conclusion 
It was shown that electron irradiation in the range 

(2-5)10
16

 cm
-2

 leads to the drop of microplasma 
emitting intensity, decrease of capacity and reverse 
currents and increase of reverse bias. Changes of 
microplasma emitting are considered to be caused 
by the inducing of additional defects at breakdown 
channels and by the decrease of the length of the 
carrier free path. Inducing of deep levels is 
responsible for reverse current decrease. The 
annealing study of neutron irradiation on current-
voltage characteristics of diodes confirms the 
prevailing radiation influence on diode base due to 
radiation defects. 
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