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1. Introduction  
    GaN has been widely investigated for future high 
power switching devices owing to its high breakdown field 
with high electron mobility. Schottky barrier diodes (SBD) 
are indispensable in power switching systems, for which 
both high breakdown voltage and low on-state resistance 
are required to enable their low loss operation [1, 2]. Re-
ducing the carrier concentration in the drift layer increases 
the breakdown voltage in the SBDs, however, the im-
provement is limited in case of GaN because of high resid-
ual carrier concentration in the order of 1016 cm-3. Thus, a 
new technique to increase breakdown voltage with highly 
doped GaN has been strongly desired. 
    In this paper, we propose a novel technique to increase 
the breakdown voltage of vertical GaN SBDs utilizing 
so-called pseudo-superjunction (PSJ) structures. The PSJ 
structure consists of selectively ion-implanted insulating 
layer in the drift layer over which the Schottky metal is 
formed. The channel drift layers and insulating layers are 
alternately stacked as is demonstrated in Si-based super-
junction structures [3]. The PSJ structure utilizes insulating 
layer instead of p-type layer in conventional Si-based su-
perjunctions because selective formation of high concentra-
tion p-type GaN layer is a technical challenge. Detailed 
device simulation and device fabrication results are pre-
sented confirming the technical advantages of the 
PSJ-SBD. 
 
2. Concept of PSJ-SBD 
    Figure 1 shows the schematic cross section of the 
PSJ-SBD structure. Since virtually no ionized donor to be 
neutralized exists in the Boron ion-implanted insulating 
layer, the depleted depth is deeper in the insulating region. 
The narrow channel region is depleted laterally from the 
insulating region as well as the vertical depletion. The re-
sultant depleted depth in the channel of PSJ-SBD is deeper 
than that in the conventional SBD at a given reverse volt-
age. The deep depletion relieves the maximum electric field 
so that the breakdown voltage is increased. Figure 2 shows 
the simulated edge of the depletion layer for various reverse 
voltages comparing the proposed PSJ-SBD and the conven-
tional one. Figure 3 shows the simulated depth profile of 
the electric field in the channel for both the PSJ-SBD and 
the conventional structure at the reverse voltage of 150 V. 
The maximum electric field at the surface is effectively 
reduced by the PSJ especially with deeper insulating layer. 
Since summation of the electric field at the entire depths is 
the applied reverse voltage, the applicable maximum re-

verse voltage is higher in the PSJ-SBD than in the conven-
tional SBD utilizing the relieved electric field at the surface 
region. In addition to the depth of the insulating layer, other 
device dimensions such as the widths of channel and insu-
lating region in the PSJ need to be optimized. Figure 4 
shows simulated relaxation of electric field as a function of 
duty of channel opening over the stacking pitch which is 
represented as A/(A+B). The results indicate that the reduc-
tion of the duty at shorter pitch effectively reduces the 
maximum electric field. Low on-state voltage is another 
requirement for the low-loss operation, which in general 
has a trade-off relationship with the breakdown voltage. 
Figure 5 shows the simulated breakdown voltages and 
on-state voltage varying the carrier concentration of the 
drift layer. On-state voltage is defined at which the forward 
current is 100 A/cm2. The results show that the breakdown 
voltages can be higher in the PSJ-SBD keeping low 
on-state voltages with the high carrier concentration in the 
order of 1017 cm-3. Thus, the presented PSJ structure is ad-
vantageous for low-loss SBDs using highly doped GaN. 
 
3. Fabrication and Performance of PSJ-SBD  
    The used epitaxial structure consists of 4 µm-thick 
n--GaN drift layer with the carrier concentration of 2.5×1017 
cm-3, n+-GaN layer on sapphire grown by metalorganic 
chemical vapor deposition (MOCVD). The selective insu-
lated layer with the depth of 2 µm was formed by 
ion-implantation of Boron. The Ti/Al Ohmic electrode is 
formed on the n+-GaN, and Pd Schottky gate electrode is 
formed on the epitaxial surface.  
    Figure 6 shows the experimentally obtained break-
down voltages as a function of duty of channel opening 
(A/(A+B)). The breakdown voltages are increased by the 
reduction of the duty, where the simulated enhancement of 
the breakdown voltage well agrees with the experimental 
results. The breakdown voltage in the SBD without PSJ is 
still far lower than the ideal value probably because the 
breakdown field in the vertical structure is low due to the 
epitaxial dislocations. Further improvement of crystal qual-
ity would increase the breakdown voltages in the PSJ-SBDs. 
Table I summarizes the typical characteristics of the fabri-
cated SBDs comparing them with and without PSJ structure. 
The breakdown voltage is increased in the PSJ-SBD keep-
ing low on-state voltage demonstrating the advantages of 
the presented structure. 
 
4. Conclusion 
    We demonstrate a novel vertical pseudo-superjunction 
SBD, in which narrow channel and insulating region is al-

Extended Abstracts of the 2006 International Conference on Solid State Devices and Materials, Yokohama, 2006,

-972-

E-10-2

pp. 972-973



ternately stacked. The proposed PSJ structure helps to re-
duce the maximum electric field with deep depletion layers. 
The fabricated PSJ-SBDs exhibit higher breakdown volt-
ages keeping the low on-state voltage. The proposed 
PSJ-SBD is promising as a future power switching device 
with low-loss operation. 
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Fig. 3 Depth profile of the electric field in 
the channel for both PSJ-SBD (channel 
width = 1 µm, insulating region width = 2 
µm) and conventional SBD at the reverse 
voltage of 150 V. 

Fig. 5 Simulated breakdown voltages and 
on-state voltages varying the carrier con-
centrations (inserted values). The channel 
and insulating region widths of the 
PSJ-SBD are 0.5 µm and 1 µm, respec-
tively.                            
 

Table I Typical on-state and breakdown voltages of 
fabricated PSJ-SBD and conventional SBD. 

Fig. 2 Simulated edge of depletion layer for various reverse bias in (a) PSJ-SBD 
(channel width = 1 µm, insulating region width = 2 µm) and (b) conventional SBD.  

Fig. 4 Simulated relaxation of electric 
field as a function of duty of channel 
opening over the stacking pitch. 

Fig. 6 Breakdown voltages of the fabricated 
PSJ-SBDs as a function of duty of channel 
opening over the stacking pitch. 

Fig. 1 Schematic cross section of the 
fabricated PSJ-SBD structure. 
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