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 1 Introduction  Owing to high breakdown voltage, 
high 2DEG density, and high operating temperature, the 
AlGaN/GaN HEMT is promising for high power and high 
frequency applications. However, the device long term re-
liability and stability issues related to the surface traps and 
material defects could cloud its promises and potential as 
evident by many studies being conducted in recent years 
[1-3]. It was highlighted that surface traps can cause cur-
rent collapse [1] and that material defects can lead to early 
degradation [2]. To gain an in-depth understanding of ma-
terial properties and device process imposed constraints on 
device long term stable operation, it is essential to develop 
experimental techniques capable of real-time in-situ prob-
ing of them. 
 To study the effects of surface traps on device electric 
characteristics and to reveal device non-uniform electric 
field distribution induced by device process conditions, 
electroluminescence (EL) signature of hot carrier distribu-
tion from the GaN HEMTs at on-state operation has been 
proposed [4]. It showed that the surface traps could induce 
instability in EL from GaN HEMTs. Furthermore, as re-
ported by some research groups [5, 6], a one-peak EL 
spectrum profile from GaN HEMTs is a signature of hot 
carrier induced intravalley transition, which is a different 
mechanism from other III-V compound semiconductor de-
vices showing EL profiles of Maxwellian distribution [7]. 
While surface traps and hot carrier distribution have been 
investigated, the material defects introduced during GaN 

growth and their roles in HEMTs have not been explored. 
In this paper, a novel hyperspectrum 2-dimensional imag-
ing technique is exploited to resolve the existing material 
defects in GaN HEMTs.We show for the first time EL e-
mission spots possibly related to YL-like origins being lo-
cated in HEMTs. 

2 Experimental 
 2.1 Device fabrication The AlGaN/GaN hetero-
structure was grown by metal organic chemical vapor 
deposition (MOCVD) on a SiC substrate. The device struc-
ture consists of a 0.1 µm AlN nucleation layer, a 1µm thick 
GaN buffer layer, and an undoped 250 Å Al0.28Ga0.72N bar-
rier layer. Two gate fingers with Pt/Au metal stack with a 
gate length of 0.2 μm were patterned by the electron beam 
lithography and followed by the PECVD nitride passiva-
tion. Two gate-source and gate-drain spacing were 1 µm 
for each gate. The threshold voltage was about -5V. The 
maximum transconductance and the maximum drain cur-
rent were 250 ms/mm and 500 mA/mm. 
 
 2.2 Experiment To investigate EL emission from 
HEMTs, we used a hyperspectrum imaging system as 
shown in Fig. 1, consisting of a microscope probe station 
with a high resolution  liquid N2 cooled CCD camera, and 
an Acousto-optic Tunable Filter (AOTF) as a band pass fil-
ter covering a wavelength ranging from 500 nm to 1000 nm 

Two types of light emission characteristics at the off-state 

breakdown of GaN HEMTs were observed and investigated.

One of them showed a yellow band electroluminescence cha-

racteristic at room temperature, which might be attributed to

 

the same origin of yellow luminescence (YL) defects. The

electric field dependence of this YL-like light emission was

found to be more sensitive than the other type. 
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[7]. The EL images were acquired from devices biased at 
on-state (gate voltage greater than threshold voltage) and 
off-state breakdown conditions. 
 

 3 Results and discussion As shown in Fig. 2(a) 
and 2(b), the 2D images of the on-state emission (VGS=-3 
V, VDS=20 V) and the off-state (VGS=-7 V, VDS=20 V) 
were compared. While the on-state light emission was con-
tinuous throughout the entire gate shown in Fig. 2(a), the 
off-state showed several light spots illustrated in Fig. 2(b). 
Most interestingly, those emission spots at off-state had 
two distinct wavelength dependences which were labeled 
in the figure as type A emitted the light in yellow band 
wavelength and type B emitted at a longer wavelength. 
The detailed wavelength dependence of the on-state light 
emission as well as type A and B were compared in Fig. 3. 
Both on-state and type B emission depicted a similar wave-
length dependence, showing an emission peak around 800 
nm and 850 nm. This one-peak spectrum profile at on-state 
was also reported by others [5, 6, 8]. On the other hand, the 
type A emission had a peak wavelength of about 550 nm 
with a broad band profile similar to the spectrum of PL 
(photoluminescence) of theGaN HEMT under the unbiased 
condition as shown in Fig. 4 and the reported cathodolu-
minescence (CL) and PL measured in the previous studies 
[9, 10]. 
 While the YL was measured in CL and PL, it could 
also be observed by EL for device biased at on-state condi-
tion at low temperature [6] showing a similar peak wave-
length. In order to further characterize the signatures of 
type A and B emission, their emission intensity depend-
ences on electric field were studied together with the on-
state emission. This was done by measuring the light inten-
sity at the peak wavelength while varying the source-drain 
biases for both off and on states, as illustrated in Fig. 5, for 
type A and B, and on-state respectively. The weak electric 
field dependence of on-state emission from our samples is 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The hyperspectrum imaging system. 
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Figure 2 (a) The 2D image of the on-state emission (VGS=-3 V, 
VDS=20 V) (G:gate, D:drain, and S:source) (b) The 2D image of 
the off-state emission  (VGS=-7 V, VDS=20 V). Two types of  
emission – type A (label A) and type B (label B). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 The electroluminescence profiles of type A and type B 
at the off state (VGS=-7 V, VDS=20 V) and emission at the on-
state (VGS=-3 V, VDS=20 V).  
 

 

consistent with the results reported in [5], which has attrib-
uted such a one-peak light emission profile with weak field 
dependence to the emission mechanism of the hot electron 
induced intravalley transition. By examining the type B 
field dependence in Fig. 5 and the emission spectrum in 
Fig. 3, one may assign both type B and on-state to a similar 
light emission mechanism. At an on-state condition, the lo-
cations having type B emission could also be seen although 
it was less distinctive. This is due to the masking effect at-
tributed to the presence of many hot carriers to induce light 
emission at on-state. Since the type B emission is related to 
hot carrier effects, it implies that a localized high field re-
gion may be generated due to possible device fabrication 
process variation. The type A emission was much more 
sensitive to the electric field than the type B emission, as 
evident in Fig. 5. When VDS was reduced from 20 V to 17 
V, the light intensity of the YL peak drastically decreased 
to 59 % from its original value at 20 V. When VDS was fur-
ther lowered to 14 V, the YL emission in the 2D image 
disappeared completely. Besides, we also measured the 
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temperature distribution on the surface of the device. Type 
B spots had higher temperature than other regions indicat-
ing higher current associated with them while type A spots 
did not correlate with high temperature and had tempera-
ture similar to that of the non-emitting areas. The type A 
emission could probably be related to the YL defects. It 
was reported that the YL defect revealed in CL and PL is a 
point defect which may be associated with these com-
plexes form donor acceptor pairs such as VGa – ON [11]. 
Under this hypothesis, a dipole configuration of point de-
fect would be expected to have a strong electric field de-
pendence as the case in Fig. 5. The dipole as a potential 
well can hold or trap some electrons. When higher electric 
field is applied, the positive charge and the negative charge 
are stretched away. Electrons trapped by the potential  
well can be released to enhance the YL band transition. 
That may cause type A emission is strong electric field de-
pendence. The YL defects could not be observed with a 
spectrometer during the on-state emission because the YL 
light intensity was more than 10 times weaker than that of 
on-state and was masked by the hot carrier emission spec-
trum.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 PL spectrum of the GaN HEMT under the unbiased 

condition and EL spectrum of type A emission. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 5 The relationship between drain to source voltage and 
type A & B emission at the off-state (VGS=-7 V, VDS=20 V) and 
on-state emission (VGS=-3 V, VDS=20 V). 
 
 
 

 

 

 4 Conclusion Hyperspectrum imaging of EL from 
GaN HEMTs demonstrates that it is a valuable tool for re-
vealing the abnormality from materials or device structures. 
Hot carrier induced light emission was observed at on-state 
and off-state operations. The emission at off-state (type B) 
is attributed to high current regions at off-state. A point de-
fect related origin is plausibly identified to be responsible 
for the light emission peak at 550 nm in this study.  Elec-
tric field dependence of YL defects may be one of the un-
explored intrinsic material properties which might be re-
sponsible for the device performance degradation. This 
study also suggests that the possible device failure loca-
tions identified by the light emission image be a potential 
device screening tool. 
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