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i In this study, we have calculated transfer characteristics of a
complementary logic gate composed of silicon carbide p- and n-channel junction field-effect

transistors (JFETs) and developed lateral power transistors simultaneously made with JFETs. We have

shown the design rule of JFETs which enables stable operation from room temperature to high

temperature. The lateral metal-semiconductor-oxide field-effect transistors was successfully

fabricated with JFETs and showed blocking voltage of more than 600 V.




n p - - MOS

200 n p
MOSFET
SiC n
p SiC
MOS
JFET
JFET
JFET
n p JFET CJIFET
CJIFET n p JFET
JFET
n p JFET 400 [Kaneko and Kimoto IEEE EDL
39 (2018) 723] CJFET SiC CJFET
SiC
JFET
JFET SiC CJFET
8 T T T T T

Square Root of Drain Current [x10= A4]

Gate Voltage [V] Gate Voltage [V]

Square Root of Drain Current [x10= A4]

1 SiC n- p-JFET -400 [Kaneko and
Kimoto IEEE EDL 39 (2018) 723]

SiC CJFET
JFET MOSFET



-JFET
gradual channel approximation p-JrEl
—<—
SiC ID
Vin O— Vout
D
MOSFET JFET —>)
n-JFET S
2: CJFET
-JFET
Sorer
2 CJFET CMOS
MOSFET  JFET L
Vpp
Vin Vpp/2
p-JFET  n-JFET
AN W
p
3:CIFET
2
B _ (Voo/2 + Vrp) o
By (Vop/2 —Vrp)?
ﬁn (.Bp) n-JFET  p-JFET .Bn = 4€qunﬂnn/LnanND (.Bp =
4eSquypp/LpapNA) Vrn (VTp) n-JFET(p-JFET)
0.95V - 0.95V
2V JFET 3
€h) 4(a)
v Si CMOS
Si CMOS p n
Wo/Wy, ~ 2
900K 0.18V D
4(a) €Y
€Y
(a)1.20 Vep=2V . 2.5(b) 2.0 ————== .
1,15} Wo = 15 Hm. W, =04 um — 300k |
| = ——500 K
1.10F 2.0 % 1.5H 700 K .
, ——900 K
< 1.05¢ Vi shift 15 ;f . Highe{
_‘c | empera ure_
£ 1.00 =3 é=<VDD/2+VTp)z' ________________ ?.. 1.0
0.95¢ B \Vop/2=Thy 1108 300K = 900 K
0.90 [« 'V(VDD/2+ Vippd o 3 o5t ]
N Voo/2— Van/ 1 0-
085 Sl __ /2Tl
Y’ \
0.80 — ' — Pn 0.0 0.0 ' '
300 450 600 750 g, 900 0.0 0.5 1.0 1.5 2.0
Temperature [K] Input Voltage [V]
4: (a) (1) 1)

W/ Wh (b)



(@)
1.20 —2P =7

1.15h W=
110}, A

1.05F ' _
1.00
0.95} RS =)
0.90
0.85

5pm, W,=0.4 pm

Vi [V]

é%%”H%W'
B \Vpn/2—Vrn

VDD/2+ Vl"p 2
i (VDD/Z_ VI‘n)

1 1 1 O
450 600 750 900

Temperature [K]
1)
(b)

0.80
300

5: (a)
W/ W,

4(b) 4(b)

o
5(2)
900K  0.02V
nJFET

(€))
pJFET

1v
5(b)
900K

€h)
w, /W,

JFET MOSFET
n MOSFET
6 3
p- n-JFET
6

CIFET

Lp = 10-40 pm
1x 10 cm
8 NO

MOSFET
7

8(a) NoO

MOSFET
MOSFET

8(b) NO

MOSFET

N
o

=
o

=
o

o
o

(b) -
' - ‘*;:}/ 300 K
— 900 K#*~ ——300K|
2, L Higher 500K} |
) 1.5 Temperature 700K
= 900 K| |
S 10f ]
5
o
5
O 0.5t .
0.0 - L —
0.0 0.5 1.0 1.5 2.0
Input Voltage [V]
1)
| Top View | Semi-insulating SiC

Gate

17

[ Lol
Sio, ‘
10 ym Lp
10-40 pm
Cross Sectional View |
6: MOSFET
03 o t0wm
V =8V
€ 0.2
g
=
O
C
3 0.1 7V
()]
6V
0.0
0O 1 2 3 4 5
Drain Voltage [V]
7. MOSFET



—~~
QD

=
~
O
~

L
— 10um 10 ———1OEm
— _gg :jm —_ 1 J——20um
E —woun E -
= Tlloim B 01 {77 loum
o soum 2 . 30ﬁm
8 T o40um 8 0.01§ - - -40 pm
c c
T T 0.001 4
()] ()] ,
1E-4} 3
Vg=0V
1 1 1 1 1 1 1E_5 1 1 1
-2 0 2 4 6 8 10 0 200 400 600
Gate Voltage [V] Drain Voltage [V]
8: MOSFET (a) (b)
Lp Lp = 40 pm 600 V
JFET MOSFET
Si102/SiC MOS
MOSFET NO NO
MOSFET 8(a) ()
Si02/SiC
NO NO
MOSFET
NO MOSFET
8(a) NO
ov
NO MOSFET
SiC CJFET
CJFET
MOSFET MOSFET
MOSFET

MOSFET



3 3 1 0

Nakajima M. Kaneko M. Kimoto T. 40

Normally-off 400 ° C Operation of n- and p-JFETs With a Side-Gate Structure Fabricated by lon 2019

Implantation Into a High-Purity Semi-Insulating SiC Substrate

IEEE Electron Device Letters 866 869
DOl

10.1109/LED.2019.2910598

Kaneko Mitsuaki Grossner Ulrike Kimoto Tsunenobu 963

SiC Vertical-Channel n- and p-JFETs Fully Fabricated by lon Implantation 2019

Materials Science Forum 841 844
DOl

10.4028/www.scientific.net/MSF.963.841

Kaneko M. Nakajima M. Jin Q. Kimoto T. 67

Experimental Study on Short-Channel Effects in Double-Gate Silicon Carbide JFETs 2020

IEEE Transactions on Electron Devices 4538 4540

DOl
10.1109/TED.2020.3017143

4 0 4

Masashi Nakajima, Q. Jin, Mitsuaki Kaneko, Tsunenobu Kimoto

Experimental Study on Short-Channel Effects in Side-Gate SiC JFETs

International Conference on Silicon Carbide and Related Materials (ICSCRM 2019)

2019




Mitsuaki Kaneko, Tsibizov Alexander, Tsunenobu Kimoto, Ulrike Grossner

Breakdown Characteristics of Lateral PIN Diodes Fully Fabricated by lon Implantation into HTCVD-Grown High-Purity Semi-
Insulating SiC Substrate

International Conference on Silicon Carbide and Related Materials (ICSCRM 2019)

2019

Masashi Nakajima, Q. Jin, Mitsuaki Kaneko, Tsunenobu Kimoto

Impacts of Channel Length on Electrical Characteristics in Side-Gate SiC JFETs

The 9th Asia-Pacific Workshop on Widegap Semiconductors (APWS2019)

2019

Q. Jin, Masashi Nakajima, Mitsuaki Kaneko, Tsunenobu Kimoto

Lateral spreads of Al and P atoms implanted into a high-purity semi-insulating SiC substrate

2020 International Conference on Solid State Devices and Materials (SSDM2020)

2020







