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It is important to develop technologies of ultra-high-speed electron devices such high-speed
and high-frequency llI-V compound semiconductor transistors for opening and utilizing high-fre-
quency bands as new radio wave and frequency resources. This is because the bands such as
millimeter- and terahertz-wave bands (30 GHz-3 THz) have not been fully used, and these transis-
tors can operate at a frequency over 100 GHz. These electron devices are expected to be key de-
vices to realize next-generation mobile communication systems after 5G and beyond (such as
Beyond 5G / 6G). This paper describes the fabrication procedure and device performance of na-
noscale-gate InGaAs- and GaN-channel high electron mobility transistors (HEMTs) as examples of
[II-V compound semiconductor devices and ultra-high-speed electron devices technologies in
NICT.
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B Cf,,. 2%1 THz (= 1,000 GHz) %8 2 72— b
TV AYT, BIKE T CHEETRETH L Z L5,
IV T I W CEIET @ EH - KA
BB, WIRE - SO L Y IRA A=Y
7 T D345 v FARME 2 B IR 2% (Low Noise Amplifier:



4-2-2 BEREBFT/I\A AFKH~LEWMEEET /N1 A F i~

7 —
a-AIN
6 ; 210
S g
° 9 = €
> £ £
S 4t 1 1310 £
c . c
o a-GaN \/ @
a 3| o
§> 5! A'PE AlAs AlSb <§>v
§ 2t 2 GaP o 620
[a] . GaAs InP |I'l° 53GaAs
<h .0
1 ainn 51 Si® N\ “Gash 11240
£, Ged®O g
£ IInAsl 0

0 1 1
3 35 4 45 5 55 6 65 7
Lattice constance (Angstroms)
2 FEEMROBFERENY RFvy T

LNA). #&f5es (Multiplier) % 2 % (Mixer). &1 32
¥ a2 —% M LNA Z SIS EETH 5 [41H6]
InGaAs I& GaAs & B\WETBEIE (1) R°E 1A Al
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REEMGES R RFAFEAMT b T & 72, T, v =
N A XD GaN RO HE - AF0WHREE 2 ), Hil
RBGEREDRIEE A 2 v, B 7 HEMT &% H
GaN f5f DB o N b L)1k o7- B D4 (e) BR),

€ HemT BRI

HEMT O - BEMEICIE, 2.2 THRARZZ L9 12
HlR Gz SRR IEF IR, FryrIVgx
BV LR v BWEFHE(C — MRy ) TIRELN)
b OEME R FERERVPLEATT R THL L LD
2. TE Y X2 v VRERE O KT8 ORRE O fediik
FFOEETH D, S5, 7N A EO R EAL,
FR2r— MPR(L) R — NEmE F v 4 OVE & O
(7F— b - F v ROVHEEEE: Lo 22N ENEM L.
F X ANVFREZIH L 21U e b ewv, /20 V—
A FUA MM ERE (L) ORE b LA KT
Hbo TNHIFET# (Electron Beam: EB) VvV 7 F
T4 Fr R oL YA MEEEEE T, BT e
N T R L S AP S O QO - Wl e
AL (A7 =19 > 7)) LTw5[9]10], 3 T,
InGaAs 52 HEMT K OF GaN % HEMT OfE# 7o+ X |
F12100 nm LT O L, 29 %5 HEMT Ot 7o+
A& DC KU RF 45, 51213 ) R O
PEIZOWTHIAT %,

3.1 HEMT OfEE 7Ot R
3.1.1 InGaAs %& HEMT

EB L VA FMENEBERBH N R HED AT —
Vo7 TlEF /) A= M= —THNEEbEE L
FIUEZ 5, 7 ot X #4412 L, HEMT H$—
FT-720CT% LD HEMT Z 7 lAA EF £
1) v 7 £ FE Al % (Monolithic Millimeter-wave
Integrated Circuit: MMIC) ®#% £ ) L3 % %1t
XRLUEEMEDRDH D, 2D LD S InGaAs 52 HEMT
DBENTzTNA AFEZ AR L. AT ) HBE -
B L&k a 2 b OFIESTRE R ER 7 10 &
ZDIMO CTEETH b,

X 3(a) I3 T B — » %49 % InGaAs 52 HEMT
OEET O A Th D, il T I — N EBIEEIE=
JEEBL VA MNIHEOADEBHELE VT T IV
7t Xz faabE, (1)L, 8. (2) n-InGaAs
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DOEEMER L, BB Ex HY & L7z SI0, B4 7%
ERW Lz, ZBEB LY A b (ZEP/PMGI/ZEP)
W) 7 b 7L TR T/Pt/Aur 3 v b
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L7

9 4 (2) 13 TnypGagsAs/ Ty Al As-HEMT 0 BFTHiRS
AT, 3 A »F (100) H AL InP 254K F 12 MBE #:12
THESN[12e F v A VL In ML 75 % ®
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WEWInMRIETL ¥y 22 v VERENTREE 2
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3.1.2 GaN % HEMT
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12, B 94 GHz T67 W/mm b OEW i IE %
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+
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7 — NEMIC T/PY/AuZfH L7z, & B. GaN A&
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(Metal-Semiconductor) % HEMT (F 7z1% Schottky %!
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Wi X TH 5 [20]21], TEZ FT v IVEE LT
GaN /¥y 7 72 1600 nm. AIN AR_R—H%—J& | nm K&
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N, ¥ — MEHL (o) 2> % 27 MEST (R) &R —)Villl

Ti/Pt/Au
MIS-gate

n*-Ing75Gag ,5As cap 10 nm
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LA TiPYAU
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Channel

Si-planar doping (1x10" cm™?)
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i-GaN

(d)

Source

(e)
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()

4 (a)InP B4R L In,,:Gay25A5/1Ng5,Al 5AS-HEMT DRIEETNE. INGaAs/INAIAS-HEMT O (b) BiE R U (c) T 244°— REBHED 7w ~EB (L= 35 nm) D TEM {&.
(d) Ing 1AL N/AIN/GaN-HEMT OBFEEHE. GaN E47_E GaN-HEMT 0 (¢) BiER U (f) T 24°— NBED 7w M (L,=70 nm) @ TEM &
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6 DC 45k (g, 1)  (a) InP EAR L Ing;5Gay,5As/INgsAl AS-HEMT (L= 50 nm) . (b) GaN £4x_E MES & In;5Al,;,N/AIN/GaN-HEMT (L,;=45 nm)
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THETEBY TH o720 /2. GaN ZERBIZAELE

WRFREEIXT X 10 ecm™ AT & 7 74 7 R USIC

FEWEDHK 2 x 10°cm™ & RT2H UL EL D2
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3.2 HEMT D7 /\1 R4

3.2.1 DC B U RF %%
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M (T Ve g 57 235 (2) XU 6 (a) 12, $72RF
BEA X7 (@) 12" REFEEAY VT —=2T7F 5
A ¥ (HP8510C) % FvT 0.25 GHz #*5 50.25 GHz DG
FCTS /8T 2 —% 2l L, EiFEo - Bk
2B\, -20 dB/decade TOAMFEIZ LY £, # BFfED -
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HEMT 2B WTf,, #7500 GHz % #8 2 % ik - )8
WAFEATR S 7z [12],

GaN # M b 12 & # L 72 MES # GaN-HEMT
(L,=45 nm) ® DC ¥t % 4 5 (b) XX 6 (b) 12, 72
RFEFEZIX 7 (b) 1I27RT o 3 nm JED InysAlye,N 731
7w L 72 HEMT 12 8 W, g,=091 S/mm.
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