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Abstract

Technology trends and the present status of mm-wave transistors and MMICs are
reviewed. The low-noise performance of HEMTs and MMICs has been improved rapidly,
. lowering the noise figure to 1~2 dB for HEMTs and ~4 dB for MMICs at the 90 GHz band.
High-power performance, however, has not been significantly improved, and the output power
level is ~100 mW for HEMTs at the 90 GHz band and ~200 mW for MMICs at the 50 GHz
band. Multilayer MMICs for size reduction in transmission circuit elements are also

described.
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Fig. 1 Schematic structure of MMIC.
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Table 112, I VEIFA A —FEL 5P R%
DR LBERTOBEBRBERE BL 2 R¥ [1].
N7y IRy OBAREKIA100GHz i £ TH
K rofemid, HEMT (BETFEBEE NS VT X
y)[2] o#RE I X B[3]. % 72 GaAsMESFET
(&E - LEAEAEMERBRIN VX F) R
HEMT (b~ C 1/f 5 55/h & v HBT (A5 1
BAENARKR—F 7 rT2%) bEREN[4],
BMESRERZ CTORAPPEEER TV S,

INLEEDTCHAI TRHAR S TWAER
IYEFF P R¥ % Fig. 21277%. HEMT &
EAEER HEMT, EAETE P-HEMT B X0
InP 24 = HEMT o 3 MR S TH
D (M ED n*GaAs &, RifhkA+—3I v 7

BB E R 2T, AN S R

L Tw5. HEMT »* MESFET X v & & kM ke
PENRLDIZ, BREKOEWVICXS. Thbb
MESFET &, B OEWFTHLBEBHET 5
S50 n AP ORMBLEIZRD,
BIERICEET LAY A A > L DR ICFE
$ 5. ZhiZxt LT HEMT &, Fig. 3(a) 2/~
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AHEPEREL % S0 FICEEET T & (Fig. 4(a)
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Table 1 111-V compound semiconductor devices for mm-wave application.

A 2 Poor, O : Good, © : Excellent

Devicos Application | e iator High-power| Low-noise| Mixer Rougl'\[gﬁg] range
Schottky-barrier diode| —— —_— — » @ : >100
Gunn diode @) (@) J— — ~100
Impatt diode O @ — —_ 50 ~-100
MESFET — A A O ~50
HEMT or MODFET o O [e) o) ~100
HBT @) O A A 30~50

MESFET : Metal-Semiconductor Field Effect Transistor
HEMT : High_Electron Mobility Transistor
MODFET: Modulation Doped Field Effect Transistor
HBT : Heterojunction Bipolar Transistor
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S.1. GaAs substrate S.I. GaAs substrate | S.\. GaAs substrate $.1. GaAs substrate :
Fig. 2 mm-wave transistors.
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Fig. 3 Energy band structures of three types of HEMTs. fmax = fr/2Rq " ga

57

NI | -El ectronic Library Service



7T A= - BMEEFRE

The Japan Society of Plasma Science and Nucl ear Fusion Research

“Sturciure

Applied Vgs (gate-source) bias:Negative

Shallow

S.1 GaAs substrate

(T™T]

E1A% 1S 1995414

€

E _
(%) - £
E 500 500 £
® <
2 E
8 £
[

=] (]
B250 1250 £
Q O
2 £
s o
- (]
F oo 0

-2 1

Applied Vgs (V)

Undoped GaAs
$.1 GaAs substrate

[HEMT]

SO,_,uper-highway

Super-highway

(b)

Fig. 4 Electron transport
(a) and transconductance
(b) characteristics of TMT and
P-HEMT.
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Fig. 5 Cross-sectional SEM view of 0.lyum T-shaped
gate. '
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Fig. 6 Low-noise (a) and high-power (b) characteristics of MESFETs, HEMTs and MMICs [11].

gn BN ERE o - FHE %5 BT BRI
Y, BEEAOL L EHEIES LB
hh. E7, BEEEBEIIEH L CET W
WEBRLBBED L, FEEY 2 AHNICHET
RS ICEBILTELBELET 5.

B, TNHDOFET ICHRAEShTWA L i,

Fig. 5 127" & 912, 0.1lgm L AN JVIZFES VT n.

B, COBECHESTFHICE>TWD 0
AL Re KD 720D TH 5.

HBT[4] &, GaAs 7 & DAY EERD v, 23
SidhREnwibical sy ¥y ETEERE2E T
5252 &% AlGaAs (=3 » ¥)/GaAs (~— 2),
InAlAs/InGaAs 2 EDOANFOBES2FIHET A L
TERFEANEIKRELS LR EE#FHALT
npn % Si N4 K—F + T ¥ DRI HFET B EHE
THEMHBERENITRKEVEEY I Y FHERTLE
HBLES2:925b0THs. BHEERLZWERE
PEDSNTBY, BE, fr=175GHz[9], fnax
= 218GHz[10] 7"EK s W TRMESRIERFS
HAOE RS CCoBEI s shTw s,

Fig. 6(a) I2AFXEINTWA I Y HEMT B &
° MMIC ¥ g 23 o 5 5 & 5 1% = o~ 3 [11].
60GHz L. . Tix, P-HEMT & InP-HEMT &
N E AL, 90GHz FCTRIEZ X 2dB &, #
EDH1dB B0 RMEFREsE STV A[12].
B2 MMIC ©3% P-HEMT % H{ v T90GHz # T

59

4dB Fi 2 DM FEE (FIFE 1 3~21dB) 185
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Fig. 7 Circuit configuration of a high-power amplifier
using power dividers/combiners [17].
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Fig. 8 Multilayer MMICs: Directional coupler (a), and
circuit configuration (b) and microphotograph (c)
of a balanced modulator [21].
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