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5G and Beyond-compliant mm-wave Smart Radar 
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GaN HEMT Technologies



Sub-6nm Ge Fin MOSFET
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Y.-J. Lee, et. al., IEEE International Electron Devices Meeting, 33.5 (San Francisco, 2016/12/07).

VG-VTH = 0 to -1.5 V

   step = -0.2 V

Drain Voltage ( V )
-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

D
ra

in
 C

u
rr

en
t 

( 


A
/

m
 )

0

20

40

60

80

100

120

140

160

180
L

ch = 50 nm

W
T = 6 nm

NBE+NBO

ICP+  NBO

4 X



(b) Plasma-etched surface

RMS= 1.024 nm

16 nm

0 nm

RMS: Route Mean Square

F. Hemmi, et al., Solid-State Electron., vol. 137, (2017)pp. 1.
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(b) Plasma recess etching

(a) NB-etched surface

RMS= 0.452 nm
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(a) NB recess etching
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Sapphire substrate

i-GaN 2000 nm

i-AlxGa1-xN 15.6 nm

Buffer layer

S DG

The neutral beam (NB)

etching is applicable for

the GaN gate recess

etching with

suppressing the current

collapse (caused by

surface defects). As a

result, higher speed

AlGaN/GaN HEMT

can be achieved by

using NB etching.

AlGaN/GaN Gate Recess Neutral Beam Etching Surface 

and Pulsed Id-Vds Characteristics (Tohoku Univ.)

period = 10 [ms]

width = 0.5 [ms]

-5 [V]

Current collapse



High Thermal Conductivity 
(High Power Efficiency)

High Quality Growth
(N-GaN/AlGaN/N-GaN/SiC)

Recess Gate
(<10nm thick)

Defect-free Etching
(Atomic Layer Defect-free) 

High Dose Layer
(Si-doped N-GaN)

High Quality Dielectric Film ALD
(Al2O3<a few nm)

30nm

N-GaN

Fine Gate Length
(<50nm)

Research Items for N-polar GaN HEMT



Beam steering

2 Dimensional Planar Reflectarray with 
𝑁 × 𝑁 Scatterers of MEMS Switches

Antenna

Transmitter and Receiver


