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We present our studies on low energy electron beam in-
duced damage to gallium nitride semiconductor material. 
We have observed a clear reduction in InGaN single 
quantum well and bulk GaN band-to-band emission in-
tensity induced by low energy electron beam irradiation. 
The dose and energy of the e-beam were 0 - 500 C/cm2 
and of 5 - 20 keV, respectively. We attributed the dam-

age mechanism to electron beam induced defect elec-
tromigration. The electromigration is caused by a local-
ized electric field generated by high local current density. 
However, further studies are needed to confirm the dam-
age mechanism. These results should be considered in 
electron beam related fabrication, characterization and 
usage of GaN-based materials. 
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1 Introduction 
 Gallium nitride (GaN) is a wide band gap semi-
conductor commonly used in short wavelength emitters 
and high power transistors. Gallium nitride and its alloys 
can be utilized to form quantum well (QW) structures 
emitting at blue- and UV-frequencies [1, 2]. Gallium ni-
tride is also a chemically hard material and considered to 
be well resistant to different types of radiation making it a 
suitable material for rough environments [3]. Moreover, 
GaN devices can operate at high temperatures and with 
high voltages making it a suitable material for amplifier 
applications.  

In the fabrication of modern semiconductor de-
vices, high accuracy patterning and characterization are es-
sential. Especially, when preparing nanostructures, elec-
tron beam (e-beam) based methods are common. In sample 
surface imaging, scanning electron microscopy (SEM) is 
often used having a resolution of few nanometers at best 
[4]. Patterning of nano-scale devices on the sample surface 
can be done using electron beam lithography (EBL) [5]. 
The wide usage of e-beam techniques in semiconductor 
device fabrication gives motivation to study the effect of 
the e-beam exposure on semiconductor structures. There 
are several studies (e.g. [6–10]) where e-beam exposure 
has been observed to be detrimental. For example, reduc-

tion of cathodoluminescence (CL) intensity of light emit-
ting GaN-based samples has been reported during trans-
mission electron microscopy (TEM) [7, 8]. More surpris-
ingly, SEM and EBL, which use relatively low energy  
e-beams (few tens of keV) can also be harmful. For exam-
ple, GaAs- [9] and InP-based [11] materials have already 
been reported to be sensitive to a low energy e-beam. 
Moreover, we recently observed a strong photolumines-
cence (PL) reduction in GaN/InGaN based QW structures 
emitting at the wavelength of 470 nm [12]. 

In this paper the effects of low energy e-beam on 
bulk GaN and InGaN single QW are studied. We report a 
strong reduction in the InGaN single quantum well (SQW) 
and bulk GaN band-to-band emission intensity induced by 
low energy electron beam irradiation. The mechanism of 
the PL intensity reduction is discussed and associated with 
electron beam induced dislocation electromigration under 
high beam current. These results give more insight to low 
energy e-beam effects, and have an important impact on 
GaN-based device fabrication and characterization. 

 
 2 Experimental  
 The bulk GaN and InGaN QW samples were 
grown on c-plane sapphire (Al2O3) by metal organic vapor 
phase epitaxy (MOVPE). The precursors for N, In and Ga 
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were ammonia, trimethylindium, and trimethylgallium, re-
spectively. In all the samples a 3- m-thick undoped  
c-plane GaN buffer layer was first grown on sapphire with 
the two-step method [13]. For the QW samples a single  
3-nm-thick QW layer of InxGa1-xN was grown on the buffer 
at 750 °C with compositions of x = 0.12 and x = 0.20. The 
QWs were then covered with a 20 nm GaN capping layer. 
The thickness of the QW and the capping layer were con-
firmed with x-ray reflectivity measurements [14]. 

The sample surfaces were exposed to an e-beam 
using Zeiss Supra 40 SEM. The exposure was done by rap-
idly sweeping the focused (2.1 nm cross section)  
e-beam on a specific (700 m x 700 m) area of the sam-
ple surface. Varying e-beam currents (0 – 4.0 nA) were 
used to generate exposure doses of 0 - 500 C/cm2. More-
over, acceleration voltages of 5 - 20 kV for the beam were 
used to achieve different e-beam kinetic energies. The PL 
spectra of the designated sample areas were measured be-
fore and after the e-beam exposure using a monochromatic 
He-Cd laser (325 nm emission wavelength, 80 W/cm2 
power density, spot diameter 200 μm) as an excitation 
source. An unexposed area was preserved on each sample 
to have an unaltered source of emission for PL reference. 
The PL spectra of the bulk GaN samples were measured at 
30 K and the QW samples at room temperature. 

To exclude possible surface contamination ef-
fects, post-exposure acid treatments were performed on se-
lected samples. Hydrochloric acid, sulfuric acid and nitric 
acid (HCl, H2SO4 and HNO3, respectively, 2 minutes each) 
were used to remove possible organic and metallic con-
tamination from the sample surface. A series of thermal 
annealing treatments (using Jipelec JetFirst 200 Bench Top 
system) were also performed to study the possible PL in-
tensity reawakening due to heating. 
 
3 Results and discussion 

The integrated band-to-band emission PL intensi-
ties of two InGaN SQWs and a bulk GaN samples are plot-
ted in Fig. 1 as a function of the 10 keV e-beam exposure 
dose. Exponential dependence of the PL intensity on the 
exposure dose can be seen in every sample. This is in good 
agreement with the previously reported exponential de-
pendence of InGaN/GaN QW PL intensity on the low-
energy e-beam dose [12]. An interesting discovery is that 
the GaN band-to-band PL intensity seems to reduce faster 
as a function of exposure dose than the SQW PL intensity. 
Therefore, it is plausible that the damage introduced in the 
bulk GaN is actually responsible for the reduction of the 
SQW sample luminescence: majority of the carriers exci-
ted by 325 nm laser are generated in the bulk GaN layer 
and reach the QW by diffusion. Thus, non-radiative re-
combination centers generated in the bulk film have a 
strong effect on the QW emission intensity. Furthermore, 
there are studies suggesting indium diffusion under e-beam 
irradiation [7] which could be a contributing mechanism 
considering the PL intensity reduction in our InGaN SQW 

samples. However, since the positions of the SQW PL 
peaks did not change with decreasing PL intensity, this 
seems unlikely. 
 

Figure 1 PL intensities of the exposed sample areas as a func-
tion of the (10 keV) e-beam dose for both x = 0.12 and x = 0.20
indium composition SQWs and bulk GaN. 
 

Figure 2 shows the PL spectra of the bulk GaN 
sample measured at 30 K. It can be clearly seen that the PL 
intensity of both the free and bound exciton peaks de-
creases equally with increasing 10 keV e-beam exposure 
dose. Furthermore, since the positions of the exciton peaks 
do not change, it can be stated that the strain of the GaN 
layer remains unaltered [15]. 
 

Figure 2 Photoluminescence spectra of the bulk GaN sample ir-
radiated with 10 keV e-beam. Free (354.75 nm) and bound (355.30
nm) exciton peaks are easily distinquished. 
 

 Hydrocarbon deposition on the sample surface-
under low energy e-beam irradiation has been reported 
[16]. It is possible that this contamination could affect the 
measured PL intensity by changing the optical properties 
of the surface. Table 1 shows the normalized PL intensities 
of an InGaN SQW sample that has first been exposed to an 
e-beam irradiation and then treated with acid and thermal 
treatments. It can be seen that acid and thermal treatments 
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(both reported to desorb hydrocarbon contaminants [17]) 
do not recover the PL intensity. This rules out surface con-
tamination effects as the cause of PL intensity reduction. 

 
Table 1 Normalized PL intensities of a sample irradiated with 10 
keV e-beam having a dose of 204 μC/cm2 and then exposed to 
acid and thermal treatments. 

 
Our previous study showed that the damage of the 

near-surface InGaN QW is larger when the e-beam energy 
is reduced from 20 keV to 5 keV [12]. This has been ex-
plained with electron beam energy dissipation (Bethe-
Bloch model) to the material, which shows that with lower 
energies, most of the beam is absorbed rapidly near the 
surface. Combined with the exponential dependence of the 
PL intensity to the irradiation dose, it can be quite confi-
dently stated that the damage mechanism must be very 
strongly dependent on the actual amount of e-beam dose 
absorbed into the material volume. Further studies are cur-
rently being done to evaluate if the PL intensity reduction 
is a function of the material conductivity, i.e. p- or n-type 
doping of the GaN, which could give evidence of the role 
of local electric charging. 
 If we consider the local current generated by the 
passing e-beam on the focus spot, we see that the momen-
tary current density is in the order of 104 A/cm2. This could 
cause a significant electromigration effects in the material. 
Intense e-beam irradiation has been previously reported to 
create defect complexes in Mg-doped GaN [18]. The study 
suggests that during the intensive e-beam irradiation, sec-
ondary electrons created by the e-beam are redistributed 
generating an electric field within the e-beam–material in-
teraction volume leading to defect migration and creation 
of non-radiative complexes. This seems the most plausible 
mechanism explaining the PL intensity reduction also in 
our case. These defect complexes are local and, thus, un-
able to influence layer strain which explains why the exci-
ton PL peak positions are unaltered. However, further stud-
ies are needed to verify the presence and nature of e-beam 
generated defects in InGaN and in bulk GaN.  
 
 4 Conclusions The results presented in this pa-
per show clear damage to the optical quality of both bulk 
GaN and InGaN QW structures under low-energy e-beam 
irradiation. The damage is dependent on the amount of the 
charge introduced to the material volume. We strongly be-
lieve that the damage is associated with the electromigra-

tion of the point defects that introduces non-radiative com-
plexes to the lattice. Due to these results, usage of low en-
ergy e-beam based methods such as SEM or EBL, should 
be carefully considered in fabrication of (In)GaN based 
structures. 
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Process step Normalized PL in-
tensity (a.u.) 

Unexposed 1.000 
Exposed with 204 μC/cm2 0.315 
Acid treatments 0.358 
Thermal anneal 600 °C 0.384 
Thermal anneal 700 °C 0.269 
Thermal anneal 800 °C 0.325 


