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ABSTRACT 

 
Two-dimensional analysis of breakdown characteristics 

of field-plate AlGaN/GaN HEMTs is performed by 
considering a deep donor and a deep acceptor in a buffer 
layer. It is shown that the introduction of field plate is 
effective in improving the breakdown voltage, but it can 
decrease with the fielld-plate length, and hence its optimum 
length should exist. It is also shown that the breakdown 
voltage of the source field-plate structure is a little smaller 
than that of the gate field-plate structure when the field-
plate length is short, because the electric field at the drain 
edge of the gate becomes higher. 
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1 INTRODUCTION 
 
AlGaN/GaN HEMTs are now receiving great attention 

because of their applications to high-power microwave 
devices [1]. It is well known that the introduction of field 
plate (like Fig.1) enhances the power performance of 
AlGaN/GaN HEMTs [2, 3]. This is because the 
introduction of field plate reduces the current collapse [4-6], 
and increases the off-state breakdown voltage [7-9]. 
Usually, the breakdown voltage increases with increasing 
the field-plate length [7], because the electric field at the 
drain edge of the gate decreases. However, in devices with 
small dimensions, the situation may become different. 

In this work, we have made two-dimensional analysis of 
field-plate AlGaN/GaN HEMTs with a short gate length 
(0.3 μm) and a relatively short gate-to-drain distance (1.5 
μm), and found that the breakdown voltage can decrease 
with the field-plate length and its optimum value exists. We 
also compare the breakdown voltages between gate and 
source field-plate structures. 

 
2 PHYSICAL MODELS 

 
Fig.1 shows device structures analyzed here. Fig.1(a) 

shows a gate field-plate structure, and Fig.1(b) shows a 
source field-plate structure. The gate length LG is 0.3 μm, 
and the gate-to-drain distance LGD is set to 1.5 μm. The 
field-plate length LFP is varied between 0 and 1 m, but 
typically set to 1 m. The thickness of SiN passivation 
layer d is 0.1 m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          (a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          (b) 
 
Figure 1: Device structures analyzed in this study. (a) Gate-
field-plate structure, (b) source-field-plate structure. 
 
 

In a buffer layer, we consider a deep donor and a deep 
acceptor [10-12]. The deep acceptor’s energy level is set 
0.6 eV above the top of valence band. The deep donor’s 
energy level is typically set to 0.5 eV below the bottom of 
conduction band [9]. As values of the deep-acceptor density 
NDA, we consider a case with high NDA of 1017 cm-3. To 
mitigate the short-channel effects, a study indicates that an 
acceptor density in a buffer layer should be higher than 1017 
cm-3 [13]. The deep-donor density NDD is set higher than the 
deep-acceptor density. In this case, the deep donors donate 
electrons to the deep acceptors, and hence the ionized deep-
donor density NDD

+ becomes nearly equal to NDA under 
equilibrium, and the deep donors act as electron traps. 
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Basic equations are Poisson’s equation including 
ionized deep-level terms, continuity equations for electrons 
and holes including a carrier generation rate by impact 
ionization and carrier loss rates via the deep levels [9, 14-
16]. These equations are expressed as follows. 

1) Poisson’s equation 

                                                                                          (1) Di D

2) Continuity equations for electrons and holes 

                                                                                          (2) 

                                                                                          (3) 

where NDD
+ and NDA

 are the ionized deep-donor and deep-
acceptor densities, respectively. RDD and RDA represent 
carrier recombination rates via the deep donors and the 
deep acceptors, respectively. G is a carrier generation rate 
by impact ionization, and given by 

                                                                                          (4) 

where n and p are ionization rates for electrons and holes, 
respectively, and expressed as 

                                                                                          (5) 

                                                                                          (6) 

where E is the electric field. An, Bn, Ap, and Bp are deduced 
from [17], as in [9] and expressed as 
 

(cm-1)            (7) 

 

                                                                    (V/cm)          (8) 

where x is Al content in AlxGa1-x N. 
 

3 CALCULATED RESULTS AND 
DISCUSSIONS 

 
Fig.2 shows calculated drain current ID – drain voltage 

VD curves and gate current IG – VD curves of gate field-plate 
AlGaN/GaN HEMTs when the gate voltage VG is  8 V, 
which corresponds to an off state. The parameter is the 
field-plate length LFP. It is seen that for all cases, an 
increase in the gate current corresponds well to a sudden 
increase in the drain current, that is, breakdown. The gate 
current is almost composed of hole current, and hence in 
this case the breakdown occurs due to impact ionization of 
carriers. From Fig.2, we see that by introducing a field plate 
(LFP > 0), the breakdown voltage becomes higher. This is 
because the electric field at the drain edge of the gate is 
reduced by introducing a field plate. However, when LFP 
becomes long, the breakdown voltage seems to decrease. 
We will discuss below why this happens.  

Fig.3 shows electric field profiles along the AlGaN/GaN 
heterojunction interface. Fig.3(a) shows the case without a 
field plate (LFP = 0), and Fig.3(b) shows the case of LFP = 1 
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Figure 2:  Calculated  ID – VD curves ((a)) and IG – VD 
curves ((b)) of gate field-plate AlGaN/GaN HEMTs, where 
LGD = 1.5 m and NDA = 1017 cm-3. VG =  8 V 
 
 
 
m. Without a field plate, the increase in VD is entirely 
applied along the drain edge of the gate, leading to the 
breakdown around VD = 80 V. On the other hand, with a 
field plate (LFP = 1 m), the electric field at the drain edge 
of the gate is weakened, and it is not so influenced by 
increasing VD. However, the electric field at the field-plate 
edge increases with increasing VD. And, in this case where 
LGD = 1.5 m, the distance between the field-plate edge and 
the drain becomes very short (0.5 m), and hence the 
electric field in this region becomes very high, leading to 
the breakdown around VD = 250 V. This phenomenon that 
the off-state breakdown voltage becomes small with 
increasing the field plate length is also experimentally 
reported recently [18]. 
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Figure 3: Comparison of electric field profiles along the 
heterojunction interface. NDA = 1017 cm-3 and VG =  8 V. 
(a) Without field plate (LFP = 0), (b) with field plate (LFP = 1 
m). 
 
 

Fig.4 shows a comparison of electric field profiles along 
the AlGaN/GaN heterojunction interface for different LFP. 
Here, LGD = 1.5 m and VD = 240 V. For shorter LFP, the 
electric field at the drain edge of the gate is higher (but not 
so high to reach breakdown), and the electric field between 
the field-plate edge and the drain becomes weaker because 
the distance between the field-plate edge and the drain is 
longer, and hence the breakdown voltage should be higher. 
Therefore, the breakdown voltage decreases when the field-
plate length LFP becomes long. 

Fig.5 shows a compariosn of breakdown voltage as a 
function of the field-plate length LFP between the gate and 
source field-plate AlGaN/GaN HEMTs. It is seen that the 
breakdown voltage for the source field-plate structure is 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Electric field profiles along the heterojunction 
interface with different values of LFP. LGD = 1.5 m and NDA 
= 1017 cm-3. VG =  8 V and VD = 240 V. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Off-state breakdown voltage Vbr as a function of 
field-plate length LFP for the two field-plate structures. LGD 
= 1.5 m. 
 
 
 
lower in the reagion where LFP is short. This is due to the 
higher electric field at the drain edge of the gate for this 
structure, because in this structure the field-plate voltage is 
fixed to 0 V and the gate voltage is  8 V whereas in the 
gate field-plate structure the field-plate voltage and the gate  
voltage are the same ( 8 V). Finally, from Fig.5, it should 
be mentioned that there is an optimum length of LFP to 
achieve a high breakdown both in the gate and source field-
plate AlGaN/GaN HEMTs. 

 
4 CONCLUSION 

 
A two-dimensional analysis of off-state breakdown 

characteristics of field-plate AlGaN/GaN HEMTs is 
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performed by considering a deep donor and a deep acceptor 
in a buffer layer. It has been shown that the introduction of 
field plate is effective in improving the breakdown voltage 
because the electric field at the drain edge of the gate is 
reduced. However, the breakdown voltage can decrease 
with the fielld-plate length, because the electric field 
between the field-plate edge and the drain becomes high, 
and hence an optimum value of the field-plate length to 
obtain the high breakdown voltage should exist. It has also 
been shown that the breakdown voltage of the source field-
plate structure is a little smaller than that of the gate field-
plate structure, because the electric field at the drain edge of 
the gate becomes higher in this structure. 
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