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Abstract 

A brief overview of the latest achievements in Verti-
cal GaN device technology is presented here, underlining 
the key issues that were overcome in the last decade. The 
remaining challenges are discussed for each device type. 

 
1. Introduction 

GaN technology is an ever-expanding topic of research 
and development, proving its potential to solve several 
challenges in power conversion that cannot be addressed by 
Si. For instance, medium voltage (650-900V) devices using 
the HEMT configuration [1] have been able to reduce form 
factor at the system level by driving circuits at higher fre-
quencies (100KhZ-1Mhz) and eliminating heat sinks or re-
ducing cooling requirements. This alone sparked the interest 
in GaN research to save space, energy and ultimately cost of 
power conversion. However, in power conversion the de-
mand of high current from a single chip for a rated voltage 
is a standard need. Particularly when the market is favorable 
towards electrification of cars and other means of transpor-
tations, GaN must expand its scope to provide high power 
solutions with higher power density compared to Si, and 
even SiC. Vertical devices have been the choice of power 
device engineers for economic use of the material and 
maximum use of its physical properties (which allow high-
est possible blocking field, field mobility, etc.). GaN vertical 
devices [2-11], therefore, carry all the advantages offered by 
vertical geometry and are being explored increasingly with 
emphasis on material and device needs. 

  
2. Results and Discussion 

In this work, we will go over the three types of vertical 
devices for power conversion that we are pursuing in our 
group and go over the achievements and challenges in each. 
 
 Current Aperture Vertical Electron Transistors (CAVETs) 
 
CAVETs [2,3] were the first vertical devices that demon-
strated the potential of GaN vertical devices. CAVETs are 
realized with Mg-ion implanted current blocking layers 
(CBLs) with regrown channel (Figure 1(a)). Alternatively 
they can have Mg-doped CBLs with a regrown channel lay-
er on a trench. We have explored either way of realizing 
CAVETs with successful results and challenges around ob-
taining an effective CBL. Recently with p-GaN gating 
structure, over 450V was achieved with a CAVET with its 
channel was regrown using ammonia Molecular Beam Epi-
taxy (MBE)[7]. Devices showed no dispersion at 5µs pulse 
widths (see Figure 3(a)). The p-GaN gated CAVET showed 

a significant improvement over current state-of-art Al-
GaN/GaN CAVETs with ion-implanted CBL [2], both in 
terms of increased breakdown voltage of over 500V, as well 
as reduced off-state leakage at a given bias. However, two 
key issues that are yet to be addressed are the out diffusion 
of implanted [Mg] during high-temperature regrowth pro-
cess and the difficulty in achieving normally OFF operation. 
In a parallel study [8] we explored an all-MOCVD based 
CAVET with Mg-doped CBL. In this paper, a trench CA-
VET based on a bulk GaN substrate was designed and fab-
ricated using a metal organic chemical vapor deposition 
(MOCVD) regrown channel and aperture. The schematic of 
the trench CAVET is shown in Fig. 1(b). Instead of using 
Mg-implanted p-GaN for the CBL, the trench CAVET 
adopts MOCVD-grown Mg-doped p-GaN as the CBL mate-
rial.  
The buried Mg-doped p-GaN CBL was activated success-
fully implementing a post-MOCVD regrowth annealing 
process. The buried p-n body diode sustained remarkably a 
high breakdown electric field of 3.8 MV/cm. The maximum 
saturation current was limited to 62 A/cm2, due to high 
source contact resistance as a consequence of low source 
metal annealing temperature (600 °C), as well as 
Mg-incorporation into the regrown AlGaN/GaN sidewall. 
The transistor breakdown voltage of 225 V was limited by 
gate to drain leakage  
The source-to-drain body diode offering a reverse character-
istic blocking up to 1 kV, demonstrated a blocking electric 
field of 3.8 MV/cm. This is as high as the theoretical break-
down field of GaN. 
 
Static Induction Transistors (SITs) 
The concept of Static induction transistor (SIT) was intro-
duced by Nishizawa and in 1975, experimental SITs were 
fabricated and the drain current of this device was shown to 
follow the predicted space-charge injection mode. 

Figure 1. (a) CAVET with implanted [Mg]-GaN as CBLs. (b) 
Trench CAVET with MOCVD p-GaN as CBLs.  
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A typical recessed gate SIT structure with bottom and side-
wall contacts was shown in Fig. 2(a). SIT is a class of 
short-channel Field Effect Transistors. The current, which 
flows vertically between the source and the drain, is con-
trolled by electrostatic potential barrier induced by the two 
opposed gates. Thus, SIT shows a triode-like unsaturated 
output characteristics (see Fig. 3(b)). SiC SITs have shown 
the potential for high power and high frequency applications. 
With higher electron mobility and higher saturation velocity 
than SiC, GaN SITs have the potential to operate at higher 
frequency with higher output power. In our work, we suc-
cessfully designed and fabricated the GaN SIT using 
self-aligned process [9]. 
    
Oxide Gated-FET (OG-FET) or MOSFETs 
 
To date, most successful results have come out of 
MOSFETs. MOSFETs with an un-doped GaN interlayer as 
a channel and in-situ MOCVD oxide, called OG-FET (Fig. 2 
(b)), reported by Gupta et al. have demonstrated superior 
performance with low specific on-state resistance (Ron) [10]. 
We have successfully performed device scaling of the 
OG-FET to realize high output current as shown in Figure 
3(c-d) [11]. 

 
OG-FETs have shown promising blocking voltages for high 
power performance. During the presentation we will share 
our latest data showing >1KV blocking voltage with 
Ron<3mΩcm2. 
Although CAVETs look promising in the mid-voltage range 
(600V-1KV) offering high frequency operation (due to the 
2DEG formed by AlGaN/GaN), it relies on robustness of the 
buried p-n junction. SIT on the other hand alleviates the 
need of any p-type GaN but required very tight scaling to 
realize good pinch-off characteristics. 
While OG-FETs have shown promising performance, they 
are plagued by the limitation imposed by the buried p-n 
junction.   
In this presentation we will also go over the challenges 
faced by each of these device types and discuss paths to 
overcome those.  
 
 3. Conclusions 
   Three types of vertical GaN devices are presented and 
their latest results together with their pending challenges are 
discussed.  
Acknowledgements 
   We would like to express sincere thanks to ARPA-E, 
DOE, and DARPA for funding various portions of the work 
described here. 
 
References 
 
1. S. Chowdhury and U. K. Mishra, IEEE Transactions on Elec-

tron Devices 60, 3060 (2013). 
2. S. Chowdhury, B. L. Swenson, and U. K. Mishra, IEEE Elec-

tron Device Letters 29, 543 (2008). 
3. S. Chowdhury, M. H. Wong, B. L. Swenson, and U. K. Mish-

ra, IEEE Electron Device Letters 33, 41 (2012). 
4. H. Nie, Q. Diduck, B. Alvarez, A. P. Edwards, B. M. Kayes, 

M. Zhang, G. Ye, T. Prunty, D. Bour, and I. C. Kizilyalli, 
IEEE Electron Device Letters 35, 939 (2014) 

5. T. Oka, T. Ina, Y. Ueno, and J. Nishii, 2016 28th International 
Symposium on Power Semiconductor Devices and ICs 
(ISPSD) (2016). 

6. D. Shibata, R. Kajitani, M. Ogawa, K. Tanaka, S. Tamura, T. 
Hatsuda, M. Ishida, and T. Ueda, 2016 IEEE International 
Electron Devices Meeting (IEDM) (2016). 

7. S. Mandal, A. Agarwal, E. Ahmadi, K. M. Bhat, D. Ji, M. A. 
Laurent, S. Keller, and S. Chowdhury, IEEE Electron Device 
Letters 38, 933 (2017). 

8. D. Ji, M. A. Laurent, A. Agarwal, W. Li, S. Mandal, S. Keller, 
and S. Chowdhury, IEEE Transactions on Electron Devic-
es 64, 805 (2017). 

9. W. Li, R. Tanaka, S. Mandal, M Laurent and S. Chowdhury 
International Workshop on Nitrides, 2016 

10. C. Gupta, S. H. Chan, Y. Enatsu, A. Agarwal, S. Keller, and 
U. K. Mishra, 2016 74th Annual Device Research Conference 
(DRC) (2016). 

11. D. Ji, C. Gupta, A. Agarwal S. H. Chan, C. Lund, W. Li, M.A. 
Laurent, S. Keller, U. K. Mishra and S. Chowdhury, 2017 75th 
Annual Device Research Conference (DRC) (2017). 

	

 

n+ GaN 
Source

Gate Gate

n+ substrate 
Drain

Lgtg

n- GaN     

Lg

   
Fig. 1. Cross-sectional view of GaN recessed gate SIT with bottom and 
sidewall gate Schottky contacts.  
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Figure 2. Schematic of (a) SIT without any need for p-type 
GaN  (b) OG-FET with in situ oxide and regrown GaN inter-
layer 

Figure 3. Drain Characteristics of  (a) CAVET overlaid with 
its pulsed I-V characteristics (b) SIT showing triode-like be-
havior (c) OG-FET unit device and (d) scaled OG-FET  
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