EFHREERMTTEREYI /0005 - MBEDY M VEY REEFE
ERUL. HRERBLAINDOVA IO - SViBH OIBEZ Z A

AR AMEEAY, R AT IVES REST 90— B 3
kasu@cc.saga-u.ac.jp, 090(2202)5638, 0952(28)8648

Y/ ZOA/4IRERE, KEHZ(EEX) . ERER (JAXAFHEFEHRAR)
BB /NT—FEBEYPEELE DT A VEVRFEIK
EBHERMERAN-FAVEVRTNAREZERL, A TN E4266VEERK
- BFREETIS7F/A—MLDTRS —FEBD I A VEVRT NS REER
HAZELANILD120GHzD T A0 H -2 R H COIBEEHER
Beyond5G-6GIEETREMBE LIV R EREET/N\M RIZHE

N. C. Saha, M. Eguchi, T. Oishi, and M. Kasu, “High off-state voltage (4266 V) diamond metal oxide semiconductor field
effect transistors”, Journal of Vacuum Science and Technology, B 43, 042201 (2025); DOI: 10.1116/6.0004552

N. C. Saha, M. Eguchi, Y. Muta, T. Qishi, A. Tomiki, and M. Kasu, “High power gain cut-off frequency (fyay) > 120GHz
of a 157 nm T-shaped gated diamond MOSFET with NO, p-type doping”, Japanese Journal of Applied Physics 64,
120901 (2025); DOI: 10.35848/1347-4065/ae2172

¢ ‘? SAG;é\ UgverSIty DIAMOND
R REF SEMICONDUCTOR



mailto:kasu@cc.saga-u.ac.jp
https://doi.org/10.35848/1347-4065/ae2172

1. FEPBeyond5G- 6 GICEITEHEBIRDFERKAL - S H I EOHEE

(W)
4 FLYEVRIE A
10K WEEICTRZEENALDS
hTOSEEZFFHEE
LK FBCEmTES
- /
'Em? 100 o> ®
R FALXEFR
= 10
Beyond 5G
1
0.1
,,,,, | l R
0.1 1 10 100 1000
> S (GHZ)
EI{ERIR#
SR 5AGA University FZ 3. NTT Technical Journal, Vol. 8. No. 8 (2010)
&5 1k xglls?whrggﬁbucmn ,




2. JMVES ROEBNIYIHENSHEARFEN DT /N1 R4 EE

icon Silicon

v)ay

icon Silicon Silicor ~

icon Silicon Silicon Silicon Silicon Silicon Silicon !

“"“epn Silicon Silicon

Jicon Silicon

FAXEIRE)OY
FEARDIEREE

91¥ SLVER
EVR FEFEDFE

N> RFvyT 4.9 S5E0OEE CEIME
TRARIIRE TR 9.3| 16.6 33 33fEOEEBETIF
2SR 1.2 17  17485E0LP TV RE EFR DR,

AUVAR S [ =

3,800

49,000

SHERBHNTEHIEROT )M ZHF1E

1,100

1,225

1,200180 6 GRI S AR/ D -7 )\1 4514

\ T , SAGA University
R RF

DIAMOND
SEMICONDUCTOR




3 KM N1) EFERMNZEVYATEY REEERTINAAD

ATMEN4E266VICE)_E
A0/ — B (LR

(BEREAL) 7k
V—2x KA

T ——
Ip.max=112.6 mA/mm

s Vel 1 P MERBOEHOMN A
E 1E... 1 FATARSOLEEME
g E ] AELEU, SRR

-2 1= 0 | WEERALL ATED
4108 V7|4266 | I I34266VIi ELE

ST a——— O T o Y L COERHRRET

Ve (V) Vos (V)

-d—o

SAGA University DIAMOND
TR RE SEMICONDUCTOR 4



X 4 A > N2) BFHREERMT157F XA—MNLD
TS — NEBREH DT ED I\ﬁlﬁ%ﬁ:ﬂ\{ Z’iﬁ-ﬁ%

-s L 741 nm \\\

@R SAGA University
I N~

!
—

1128l

3¢

DIAMOND
SEMICONDUCTOR

NETHFAVEUNFRERT NARIE ETRAL:
TV T ST74—FHMTHERLTWEL R, SEIF. F
FE—LZRANSEFHRBEEREM TIS7F/A—MLD
MG —FEBE R TSI EITHMLELZ, I
KU, M I0FEF - KH CIEIET I/ VEVFFE
ROERMNATREIZEYELT,



B5. 544 > B (3)F M 7 ES RBHE(RT 120GHzOE D IEIEFASD

VI B E TENE
T A Y 1= D% S N

Vgs=55V |

Vps=—40V .
UBNFIRF |

FEFTIRI)

1ol f=15GHz f,,,= 120 GHz

1 10 100
- i w BB % (GHz)
FELIZFAVEVREERDODENINBLERELI=ECA, EETERE M 120GH2zIZEYEL
f:%;h(;tv»r’m;’&m-su BRI TAAMNVENFERNENEMERIRETHAS_EERLT
LET,

(ot SAG;A UﬂverSIty DIAMOND 6
1R KF SEMICONDUCTOR




6. 5AtimA > N4) DAV —I>T 120 I\ =S RE
1B RFERE T IRtz TR

FANYEURITERBIZBELGHMBORH. D)V DESLHRXOFERERLY  INTHAE
HTHRETT . LRI FAVEVRFEERDHMEBD VAN — R TAVTON—D0 5
BEDEBIFERMEZRARLEL-. ChIZ&Y ., —KICHEEE/LAEDIETEL,

AR SAGA Universit
&) kﬂvers'y DIAMOND 7
IRT SEMICONDUCTOR




=)

RO/ —FEEYEEL DTSV EFFERK

- EHERMEZERAN-FAVEVRT/INARZERL, A TOME4266VEER
EFREETIS7H/A—MLOTRYS —FEBDIAVEVRT/INA REFE
HRAZRELANILD120GHzD YA 0K T -2 K F TODIEREEHEE

‘Beyond5G6GIEFEMB P LUVUBHERXIET /N\AMRIZ&H&xE

50 T

20 Vgs=55V ]
Vp=—40V

30L o
UEBNF &

]
o

FIF (TR
=

§ﬁﬂ%m#
i f:=15GHz  f,5= 120 GHz |
_20 1 1 1
1 10 100
BB % (GHz)

AR SAGA Universi
?;;g' jf\jgivers’ty DIAMOND
TR SEMICONDUCTOR



SEDERM

o FANVENFERTNARDKRTAVT I\ —D 0T REDRTLIE
BRifDRAFEEEDTENYET,

s FHIRE M ETOTAIOKRT ) REEEHMKII TOEEEIEIZMITT-
MEAREITLO. FAVEVRFEARDBeyond5G-6G, BEBEDAIC
[T EEEITEDTENIET,

e 2026 1A &Y. HRHELGDAEAVEVREEERTNARADY T )L ELIE-
E&%éﬁﬁtﬁb\f:bi?o

éﬂié SAGA University DIAMOND
HRRF SEMICONDUCTOR




g

A
nff

ARTICLE

pubs.aip.org/avs/jvb

High off-state voltage (4266 V) diamond metal
oxide semiconductor field effect transistors

D

Cite as: J. Vac. Sci. Technol. B 43, 042201 (2025); cloi: 10.1116/6.0004552
Submitted: 6 March 2025 - Accepted: 5 May 2025 -
Published Online: 27 May 2025

m o

Niloy Chandra Saha,'' (2 Masanori Eguchi,” (& Toshiyuki Qishi,' 2 and Makoto Kasu'®’

Japanese Journal of Applied Physics 64, 120901 (2025) LETTER
https://doi.org/1 0.35848/1347-4065/262172
High power gain cut-off frequency ( fuax)>120GHz of a 157 nm T-shaped gated Chacictor

diamond MOSFET with NO, p-type doping

Niloy Chandra Saha'* @, Masanori Eguchi?, Yoshiki Muta', Toshiyuki Qishi’, Atsushi Tomiki®, and Makoto Kasu'**

"Department of Electrical and Electronic Engineeting, Saga University, Saga 840-8502, Japan
2Synchrotron Light Application Center, Saga University, Saga 840-8502, Japan
Sinstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Sagamihara 252-5210, Japan

*Diamond Semiconductor Co., Ltd., Saga 840-8502, Japan

“E-mail: sw1632@ cc.saga-u.ac.jp; kasu@cc.saga-u.acjp

Received August 28, 2025; revised October 22, 2025; accepted November 19, 2025; published online December 3, 2025

We demonstrated a high-power gain cut-off frequency (fyax) of 120 GHz for a 157 nm T-shaped submicron-gated diamond metal-oxide—
semiconductor field-effect-transistor (MOSFET). The MOSFET was fabricated on a high-quality crystal with NO» p-type doping and an Al,O3
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ABSTRACT

In this study, diamond metal-oxide semiconductor field-effect transistors {MOSFETs) with NO, p-type doping and Al,O5 passivation layer
having a gate-to-drain length of 50 ym showed a record high off-state breakdown voltage of 4266 V. A MOSFE'T with a gate-to-drain length
of 11.5um exhibited a maximum drain current density of 409 mA/mm with a low on-resistance of 80.3 mm and a maximum available
power density (Baliga's figure of merit) of 162 MW/em®. Furthermore, the subthreshold swing was determined to be 227 mV/dec with a cor-
responding interfacial states density of 7.07 x 102 eV ™" cm™. "T'his study explores the feasibility of diamend MOSFET's in withstanding high
off-state voltage for prospective applications in power electronics.

Published under an exclusive license by the AVS. hilps://doi.org/10.1116/6.0004552
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passivation layer. The MOSFET exhibited high drain current (553 mA mm~") and was capable of operating at high drain voltages. The fiyax values
were observed to be increased with the drain bias from —10 to —40 V. The current gain cut-off frequency ( ) was 15 GHz. A fax/fr ratio of 8 was
obtained, which is an excellent feature of the diamond MOSFET and preferred for radio frequency power device applications, such as space
satellite or RADAR. © 2025 The Japan Society of Applied Physics. All rights, including for text and data mining, Al training, and similar

technologies, are reserved.
iamond is an ultrawide bandgap semiconductor
D with a bandgap energy of 547eV possesses
potential electronic properties, such as high electric
breakdown field of >10 MV cm’l,l’z) and electron and hole
mobilities of 4500 and 3800 cm?>V~'s7?, respectively,S)
which enable diamond devices for radio frequency (RF)
power amplification for micrometer wave (0.3—30 GHz) and
millimeter wave (30—300 GHz) range applications, such as
space satellite and RADAR. Diamond also possesses high
thermal conductivity of 22Wem™ K™1* indicating high
heat dissipation capability, which is important for RF power
devices.
Diamond field-effect-transistors exhibited potential RF

characterictice ench ag mavimum trancition fremmencwy (£:)

RF power amplifications in microwave and millimeter wave
range applications. The MOSFETs demonstrated excellent
high-frequency operation with a fyjax of 120 GHz at a high
drain bias of —40V. The diamond MOSFET exhibited a
high fax/fr ratio, operating at a high drain bias, indicating
high RF power amplification capability at high frequencies,
which is preferable for RF power devices.

Figure 1(a) shows the schematic cross-section of the
diamond MOSFET. High quality chemical vapor deposited
(CVD) diamond (001) layer, supplied by Element Six, was
used as the substrate. The dimension of the diamond
substrate was 4.5 x 4.5 x 0.5mm’. The diamond surface
roughness was ~5nm. The residual boron and nitrogen

concentrationg were <1 and <1 nnh resnectivelv Priar ta
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