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Improvement of GaN MOSFETs by controlling GaN interfaces
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Recently, energy-loss reduction on power devices is strongly required to
save the energy. Currently, Si power devices are mostly used, but the energy-loss is large. On the
other hand, GaN power devices are expected to reduce the energy-loss due to the wide band gap. But,
lack of understanding of interfaces in the devices is a barrier for the fabrication of the devices
githlidegl performances. Here, a novel interface evaluation method using hydrogen has been

eveloped.
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N, 1% H,
n 1.04 1.07
Fg[eV] 0.95 0.74
GaN
N, 1% H,
Np-N, [cm3]  1.8x10%®  1.8x10%6
Fg[eV] 1.19 0.87
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N, 1% H,

R [W] 4.92x1010 1.28x107
C [pF] 6.65 8.05
MOS
1
MOS
process
sample dielectric layer — —
post-deposition post-metallization
annealing annealing
Al ALO, (as-grown)
A2 ALO, 300 °C
A3 AlLO, 800 °C 300 °C
B1 HfO, 300 °C
B2 HfO, 800 °C 300 °C
C1 Hf 57515 4304 (as-grown)
c2 Hf, 57Si0 4304 800 °C

L1

Al A2 A3 B1 B2 C1 C2

Relative oxide charge density

Bl B2 C2



MOSFET
MOSFET

@ ‘ | G

I

»

)

g o —

POL L e,

©
T
—e.
.
.
L

Pulse top level: 5V Pulse top level: 10 V

Charge-pumping current [pA]
w
Charge-pumping current [pA]

27 100 200 300 0 100 200 300

Time [s] Time [s]

— (c) - (d)

< 20— ‘ ‘ ‘ <217 ‘

h=1 h=1

5 ﬂ 5 A

8 5y -J\ [x\.&p‘ ] 8 216 /-,\ //\/ .\'1/ \ 7]

o o v ° .o,

£ s s - £ -\

g 1ol M.M 1]&} s | =g [\

3 Pl 1) ° 35 215f Ve ]

@ © $ @

2 i 2 )

& 50 * Pulse top level: 15V 8 14ls __ Sin-MOSFET

o 0 100 200 300 o< 50 100
Time [s] Time [s]

GaN MOSFET



4 4 0 2

Irokawa Yoshihiro Inoue Mari Nabatame Toshihide Koide Yasuo

11

Comparison of Hydrogen-Induced Oxide Charges Among GaN Metal-Oxide-Semiconductor Capacitors
with Al1203, Hf02, or Hf0.57Si0.430x Gate Dielectrics

2022

ECS Journal of Solid State Science and Technology

085010 085010

DOl
10.1149/2162-8777/ac8a70

Irokawa Yoshihiro Ohki Tomoko Nabatame Toshihide Koide Yasuo

60

Ambient-hydrogen-induced changes in the characteristics of Pt/GaN Schottky diodes fabricated on
bulk GaN substrates

2021

Japanese Journal of Applied Physics

068003 068003

DOl
10.35848/1347-4065/ac0260

Yoshihiro Irokawa 59

Effect of hydrogen on Pt/GaN Schottky diodes 2020

Japanese Journal of Applied Physics 120901-1-5
DOl

Irokawa Yoshihiro Mitsuishi Kazutaka Izumi Takatomi Nishii Junya Nabatame Toshihide Koide 12

Yasuo

Gate-Bias-Induced Threshold Voltage Shifts in GaN FATFETs 2023

ECS Journal of Solid State Science and Technology

055007 055007

DOl
10.1149/2162-8777/acd1b4




2022-142355

2022

2022-139622

2022




