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Ultra-High-Speed Semiconductor Devices for
Data Communication Applications
— Digital GaAs IC’S and HEMT’S —
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ABSTRACT GaAs, one of the [ -V compounding semicondnctors, has been widely employed as base materia-
Is for the fabrication of the ultra-high-speed devices in the fields of DBS, optical communications, MMIC'S and
digital IC'S. There have been some reports on 4K X 4bit SRAM by D/E MESFET’S, 4K bit SRAM by HEMT’
S, and receiver front ends for X-band by MMIC technologies, respectively. This paper reviews GaAs materials,
wafer fabrication processes, device applications, and design aspects, and, finally, discusses the future of the ultra-
high- speed devices.
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Depletion Mode Metal-Semiconductor Field
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ment Mode MESFET’ S (E-MESFET’ S),Hi-
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GaAsE ©°]£& microwave® £ A+ mesa §
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drain7te] & A5 Agg LA 37 A3 4
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E-beam$ o]&3to] F 3t A% lift-off 7|1E€ 2
A3 2E Azt F2 A ZHAE SiO.
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A 714l platingHoll 28] AuZA viad ¥
o, a2ga HF 32 AL AdMA Ti/Aug
Z# A7) ¥ ion millingwoz 3z AL
atech, HEH0Z GaAs waferd SHEE #H
oo} oFAl utEF 7t died ¥ AlF=h
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mask

| Gate |

SI GaAs

386 T-3 gate & o]43 SAG
A SAG using a T- type gate.
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A Yok, 2 6 A=l Axe wiet Fo
AlE n* o] FYAldl maskZ A& Aol
t}. T-3 gater CF./O, plasmaZ o &3}o]
Ti/WE etching3td abE 4 ek ot G337
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NTT 9 SAINT (Self-Aligned Implantation
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(4) Photolithography
Discrete GaAs &3 =+ 73l A A 3 g A
2Zt& vacuum contact lithography 71&% Al&
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(6) Gate 3% XM=

Ti/Pt/Aus} Ale] 713 gho] A5 S+
Gate &4 & oich, Ti/Pt/Au &% AHlA
PtthAlddl Mo, W E+
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22 o|9bd e AEEL Aucll v]siA  Uut
Moz ¥ Aeg Z2a g7 el dA 2%
Mg Aol Fo|F 838

rlo

(7) ddE 35 X7

First level 37> source/drain® Gate #}
olo] AH3z FAE A L3}t Second
level 47 & hAd AAHslz AxS A 2
23 Fielch =l AR I AE e AA Y
AfA o] Hojof dek, whebA Ti/Pt/Au7tzt
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Y g slet, olw level 7He] A4l Si0, & FE2
wko] 29 level 7+e] AL Via & F8 A 7}
sapeh,

Air Bridge ¥4l-& parasitic £%& Fol|7l

A4 F2 A 24 F71E o]-&she Holct

(8) Packaging™} M= AlH

a4-9] digital GaAs % A 3] 22| packaging
3 A% AE uhe dAEAE AT A F9
dhtolrt, 234 A4 3|2 9] packaging Ald] i
gisfiok & AlStEL ofg3 el () AlE A}
2AQAIZE HARoR ‘%";_1 A, (b) 53z} 7H4]

Pd %ol A-&57 =gt

£ AT A, (AL 24, (U2 A A,
(e) dxj2] FA2} (fipower bus 324 =24 5
ol e},

o] 8-3-9] Digital GaAs A3 =2 =zt 34}
€& oA 74A silicon A3 2ol A] A5 oL
DC % A3} VLSIC Al g4+ ¢ $83ta glvh
a8y 234 FA3l2 45 AFEE HdEAe
E 9% A ¥ )2} Packages 7+ 7 = o] of Flvl,

C}. Digital GaAs ZXEZ Ml
D-MESFET'S-& o] &3 A A3 2] AHA

T Voo

l"—*

VSS
(a) BFL
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o
o> —¢
o——D-I—-o
o——{>+_—<b r-—————e

Vs -
(b} SDFL

2@l 8 D-MESFET's & o} 8% sli+ejsa,
Basic Logic circuits using D-MESFET'S,
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o] A48 5ol & =8 224178
A} Ade=lo] 9l wpel zto] BFL3t SDFL %
o] olch,

3 Zol= GaAs Substrate A&-71E 3 33 7]
%9 w2 E-MESFET’S ¢] AAle} =t
oA T7F A gYs]|of ghet o]olzre E-MESFET’S
& o] 43 7| ¥ *2| 324+ DCFL, =+ L-
PFL $3} 2 zio24 21790 Aso] 9l
t}. GaAs% o]-&3 AAs = dAlw CAD
(Computer Aided Design) o] ¢lai 4] 4] A&

o] 7H55teh.

VDD

(a) DCFL

(b) LPFL(Low Pinchoff FET Logic)

J89 sEcesz

Basic Logic circuits.

2. Digital GaAs EX3 22| S8

Silicong o] &3t 14428t} GaAs L5 £
2] wlg switchingSEd AL AdLR 59
o] Mal Fol| e AT7F FFHAL Azlel HR
3} 249 AldfAq] 42 Bt MES AF
o] digital GaAs A 3|Ro|t},

Digital GaAs 3|29 g&Foks A=
supercomputer, T35 ARz Y Hefod Az}t

160

2 5olch, TFAAQl dlZ#+ clock rate 7t =i
2 wl & counters, prescalers, shift registers,
multiplexers ¢} demultiplexers & o]t} olo}3t
2 AA3 2] A5l AFF B2 ol 7}
toggle 53}7} 5.6GHzol 1 gate Delay+13.7
PSolci®

GaAs+ siliconel] ®l3§ A radiationol =%
sta, AEeE ezt o Ao, o)L &
$ o] 83 L= A3 2 54U E =
AbEo 25 gro] S&-sivh

7)ol AAZ LT, AF Fupgob 1
GHzol4kel A3 2w #5A4Al A §8H+
ek, Hel4 GaAsE o] 83 3adHdl 3=
TAE &3 Fazt A3 2o Arido] ol A sl v,

oL

Mook

Oh. HEMT MZt 7|& 88 X 88

HEMT’S ¢ Azt ¥4 7|%5-& MBE«| 2]t
epitaxial 2| A4 S AYstit GaAs
MESFET’s 9 F371%3 A2 v, 53 E- -
HEMT’s ¢] Al zell 2lo} 4% - channel A g
5} threshold 2lote] W 5] olel¢ EAAE
o] i}, E3F channel & F77F % & 3
A2 qlal 4 x| 29}l plasma etching 32} &4
Aol active 2] T F& EelHql S4o] ¥
#}w odA] threshold xte| W3slE X skA] =
e},

o} A 712 Wk GaAs £z T4 HBT’s ¢
Fz7} 7} BA3sicl, HBT s+ vertical 4=}
oltt, webA 2uE HA4L ok based ot
GaAs 9} AlGaAs &| Az} o] F ol 7]aldte},
o9} 78 B4 wFoll o5 - E2 Ho] 100
~200GHz 7t A & 7153 4 =fojrt. X7 thre-
shold# Sto] GaAsot AlGaAs 42| band gap®l
o)sh A A E 7] oFoll threshold 3t e] <A
E7b o) FL o]AE Ut

MBE A& 71%9] walel] #3le], A=}e| o]
%% 7} LHT(Liquid Helium Temperature) ol 4]
2.400,000cm? / V-Sec ¢]3, LNT(Liquid Nitro
gen Temperature) ol 4 450,000em* /V-Sec =
F43 MR AL & + b weld HEMT
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9] transconductance 7} GaAs MESFET o]}
Si NMOS 8¢} &4 =} &l& 4, 77°K ol
4 HEMT 9} transconductance+ 400mS/mm°]
o} 22| A2 HHEMTS| transconductance
+ 270mSo|i GaAs MESFET-& 230mS/mn
o] Si MOSFET-2 80mS/mme|t}, HEMT
o] =2 At swing& 77°Koll A 2k0.5V o]},
Ab2ol 4= HEMT2 MESFET & ¢F 0.8V o]
3L, MOSFET-% ¢ 2.5Vo|r}, =t Ad 4%
8 ¥| & FAE3s+ HEMT : MESFET : MOS-
FET=1 2.6 253 %¢|ct. 2} AlGaAs-
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