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ABSTRACT (120 words) 
 
This research project presents the effects of thermal neutron radiation of fluences ranging 
from 3 to 9×1013 neutron/cm2 on the electrical behaviour of quantum dot-in-a-well 
semiconductor samples. The samples are characterized via forward-bias and reverse-bias 
current densities measurement, capacitance-voltage measurement and temperature 
dependence measurement. After neutron irradiation of up to 9×1013 neutron/cm2, the 
leakage current increases both in forward bias and reverse bias by an order of magnitude 
and two orders of magnitude respectively. Increments are expected to be due to the 
induced displacement damage effect. Based on ideal diode equation fitting, the ideality 
factor and series resistance are some of the values that increase with the increasing 
neutron fluence, indicating a change in the current transport mechanism as well as the 
doping profile. From the capacitance-voltage measurement, the capacitance is calculated 
to reduce by up to 6.42%, which is believed to be due to the carrier removal effect. 
Reduction in the doping densities of the p-region and i-region and increment in the doping 
densities of the n-region on the other hand suggests an effect of Neutron Transmutation 
Doping. An insight on the reverse-bias leakage current mechanism reveals that the 
increase in current densities is due to trap-assisted generation-recombination and 
Frenkel-Poole effect. 
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1. INTRODUCTION 

All semiconductor devices suffer from electrical and structural properties degradation in 
the presence of defects and dislocations especially when operated in a hostile 
environment. It is well established that when semiconductor based devices such as silicon 
diode subjected to high energy electrons, protons or fast neutron radiation, the diode 
suffers damage as a result of high current increment. Among the possible reasons causing 
such damage include the displacement of atoms which created defects or traps in the mid 
bandgap of the diode as well as the creation of energetic free carriers in the device through 
ionization process. Devices exposed to high energy neutrons can be found in a variety of 
applications, for example; space based electronics systems, radiation detector and control 
system in the nuclear industry and also in medical applications. 

 The impact of this degradation on many safety-critical applications is a major issue 
and there is a need for radiation hard electronic devices. This research project study the 
electrical properties of semiconductor optoelectronics based devices that are capable of 
operating in an environment subjected to high energy particles, specifically under neutron 
and gamma radiation. This project will study commercial silicon diodes and diodes made 
from conventional bulk GaAs (group III-V) along with diodes containing stacks of InAs 
nanoislands /quantum dots (QD) within the GaAs intrinsic region. III-V materials are known 
to be more resistant to degradation when subjected to fast particles due to its heavier 
atomic number compared to silicon devices. However more recently, quantum dot 
containing devices have been shown to be even more resistant to growth defect 
propagation in the devices where the quantum dots appear to act as barriers to dislocation 
movement in epitaxial semiconductor diodes. This research aims to study the different 
types of QD based devices radiation hardness and to demonstrate that QD incorporated 
devices have a better resistance towards fast neutron and gamma rays compared to bulk 
III-V materials and silicon devices and may be the basis for a class of radiation hard 
electronic devices. 

 
2. RESEARCH METHODOLOGY 
 

a. Literature review of technical and scientific papers 

b. Design of GaAs and quantum dot diode structures  

c. Exposure of the samples to neutron radiation  

d. Room temperature current-voltage measurements  

e. Room temperature capacitance-voltage measurements 

f. Temperature dependence current-voltage measurements 

h. Result analysis 
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3. FINDINGS : Reverse Bias (RB) Leakage Current Mechanism 

 The RB leakage current mechanisms of the DWELL samples are evaluated under 
consideration of the results obtained in the previous sections. Neglecting the effect of non-
radiative Auger recombination [30], the analytical results imply that the total current density 
in the RB is a result of combination of two current mechanism components given by JTotal 

= JTAGR + JF-P where JTAGR is the trap assisted generation-recombination current and JF-P is 
the 3D frenkel poole current. 
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Fig. 1: RB I-V fittings of the sample subjected to 9×1013 n/cm2 with TAGR model and 3D F-P model. 

 According to the RB I-V fittings (shown in figure 1 and figure 2), it may be seen 
that both the TAGR model and the 3D F-P model demonstrate a good correlation with the 
RB I-V characteristics of the sample for voltage in the range of 4 to 22V. At lower voltage, 
it is assumed that the current is due to thermal excitation of carriers while at much higher 
field, the current would probably be due to field-assisted tunneling mechanism as 
suggested by [16]. A fit of the sample’s current density against electric field profile with 
that model over an increasing temperature is illustrated in figure 14. Fittings are in 
agreement with the RB I-V characteristics over the field range of >50kV/cm. Such findings 
indicate that the RB leakage current mechanisms are indeed largely due to postulated 
mechanisms. 
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Fig. 2: Excellent fittings of the sample’s RB I-V characteristic subjected to 9×1013 n/cm2 with TAGR 
model and 3D F-P model over increasing temperature. 

 Values of the defect densities and the radius of the square well potential from the 
fittings before and after irradiation are tabulated in Table 1 below. The trap densities 
derived from both TAGR mechanism and F-P mechanism showed a linear correlation with 
increasing neutron fluence. Such condition is expected as the greater the number of 
fluence, the greater the probability for neutrons to interact with the device in that specific 
period of time. Hence, causing greater number of radiation-induced trap densities inside 
the bandgap of the structure. Apart from the two parameters, linear relationship with the 
increasing neutron fluence was similarly recorded for the square well potential which 
signifies a decrease in the energy band gap value.   

Table 1: Trap densities and radius of square well potential of the sample before and after 
neutron irradiation 

Sample Type Nt(TAGR) (cm-3) b (m) Nt(FP) (cm-3) 

Pre-irradiation 5.7×103 6.6×10-9 2.3×104 
3×1013 n/cm2 8.0×103 13.1×10-9 3.0×104 
6×1013 n/cm2 9.0×103 14.2×10-9 3.5×104 
9×1013 n/cm2 9.3×103 14.8×10-9 3.7×104 
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4. CONCLUSION 
 
Neutron irradiation on various types of quantum dot (QD) samples under neutron fluences 
ranging from 3×1013 neutron/cm2 to 1.44×1016 neutron/cm2 were successfully conducted. 
Findings include increment in the forward-bias (FB) and reverse-bias (RB) leakage current 
of the InAs/GaAs QD samples as much as an order and 2 orders of magnitude 
respectively. The RB I-V temperature dependence measurements were also carried out 
for all samples and the samples exhibit dependence of the slope of Arrhenius plot with the 
applied temperature. The activation energy derived from the temperature dependence 
measurement showed decreasing trends with increasing applied field which signifies that 
the fermi level is reduced. We report that the mechanisms responsible for the I-V 
characteristics of the QD samples are due to both Poole-Frenkel (P-F) and trap assisted 
generation-recombination (TAGR). Fittings of the RB I-V characterics using P-F and 
TAGR model indicates good fit which proved that the current mechanisms are indeed due 
to the postulated mechnaisms above. As an addition, we have found out that the trap 
density due to TAGR and P-F increases with the increasing neutron exposure causing the 
carrier concentration for p+ and p- reduced. However, increment in carrier concentration of 
n substrate tells us that the possible cause of the changes in doping concentration is due 
to an effect of NTD.  
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