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18641 James C.Maxwell®] Aatsl o=}, Hertz
9] Atz AF ol&, microwaved oA S wigtozF

B AN wle) A A}Ab] (defense electronics)!?! 2] &H?!
25 (radio astronomy)'*, Aztgt 7194 (microwave
heating)'®! 5 oj#] #okol} $-& o] T WAL A
F3hel gkoh
Csq oAwaE 2aFs GEAsdsl AR
g A4A (planar transmission line) & 3H4-&, A

2 o]lgstuzA 71E4 microwave AAEZ AL
7hi s, HA S | olZ e
A% 2AH rocket 713 $F Ha} slgol o]
Auts]o] & YA EAl service WAlol Z AFAL =
23k Qlet 2 %ot 94 (satellite) ol A5
@l TWT(traveling wave tube)& 2+ GaAs FET
power amplifier & thx| 85, =3 27| A7 (earth
station) o AL&=j2 ™ MASER'® & o]9} A9 vl
g AEA+E parametric amplifier & ] 5]
04\—,],

o9} H{&o] gL A-SA 4 (noise figure) 7t R

GaAs MESFET £ £7)9 A& SAH4 A5y +

D‘}E_“:

gom,

=

=

Ze

Ag 7 ALY ARl ¥ + A% A5E FA79
&g WE Fxo ok ool wak A4 FHe] B4
ol ule) Ee A% A4 P62 Asen glon o
%49 serviced AAE MHFE2z ek

1o #4%9 A4AEANE eoHA epin
e

w3l A<% GaAs MESFET #z71£2 o7& 7]
B sztzste], Faklg4 1~10GHz 9 clockoﬂ =25
= high speed digital microwave IC& MSI H =9

CEETEY

processing &l 754 &

FEA A Z38loy  giga bit

Holm gkt

O
A

E1. 439 dA4A0L A
Organization | Starting .
Country in charge date Project Contents
U.S.A. {NASA 1566 ATS (Applica- | Basic technology
tion and applications on
Technology satellite systems,
Satellite) navigation, meteo-
rology and commu-
nication, and bro-
adcasting satellite
(ATS-6)

Canada | The Royal So-| 1976-01 | HERMES Communication
ciety of Cana- (Communica- | experiment (14/12
da tions Tech- |GHz), TV dieg-

nology Satellite] nosis, TV education|
CTS) regional communi-
cations service

Japan | Science and | 1377-12 | CS (Communi- | Communication
Technology cation Satel- | application experi-
Agency, Na- lite) ment
tional Space | 1978 02 BSE (Broad- | Satellite broadca-
Developmern‘ casting Satel- | sting experiment
Agency, Mini- i

ite)
stry of Posts
and Telecom-
munications

Europe | European 1978-05 | OTS(Orbit Telephone and TV
Space Test transmission an
Agency Satellite) experiments,
(ESA) MARECS

ECS (Europe- | maritime
an Communica- | satellite
tion Satellite) | communications
I. =& E
1. Analog Microwave IC 7|23} 3
7} (substrate) 9ol lithography, screening 59
Aee Agael Qo $EAAh GuAl waler
9ol process & AH Aol A 5F LA (active element)

£ wire bonding, die attach 5
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26 1985 20 BWTYTEEEE £ 12% $ 1%

71€ hybrid IC 71%0] low, 22 <9 Ao
AR sir] A dbeA wafer $lol B8 G A, ca-
pacitor, inductor 53 5% 42 5% jon implantation,
epitaxy §9 7|& % wire bonding°|\} dieattach
FAgle] AY AYAINE
Ads=la glch

oledt ICA ol SlolA ohE A F3} ICq vis) &
ol A, nF3t NAolA %A% (noise figure)
o AL 8 FE£24EF APA)F)=d inductor 7}
e, =3 GaAs process 7|%o] Siol w3l o}
A B Agslo] da obd, AF3 ICol v vield
7} A3, EAE active element d2jA 2 }E active
A A ALEshe 22 siliconel w]sd
wafer size 7} 22 GaAsolA& FAE ok7|A] 7|,
AReA weh 22w A% T4 Hedd Re 47
g IC9} o}l 87} 22 ¥o2 2 monolithic ICE
o} chip ¢|Y} package ® Hl=a] %
" 71sglel] Eole

Hybrid microwave integrated circuit(MIC) 7%
2] AlAe 1964 w]Foll A radarol] $8387 4,
Air Force Avionics 9 #1928 Texas Instruments
ol 41 483 MERA(Mocular Electronics for Radar
Applications) projectoll Al A Zslg 3, o]ul ulEolal
MERA module 2 2.8 13 Zowl'l o]7{2 S-band
2 702} phase shifter, 2702} 44w mulii-
plier, pulsed amplifier, T/R switch, mixer, 500MH2
pre-amplifier & T4 5|0} 3dch Al ozl Azt
HA Aol m, 25 ZIGAEL dAH 22 microwave

IC A& el ) hybrid 7I&& AH&3A dAele

monolithic IC9} 7|4 o)

element &

54 A-E process

hybrid 7]%°] &

amplifier,

81,

MERA module 8] AF#

A9 4% AAgel o) sleh
1970 F5E A3 94 (DBS) o AHE 7

o] o]-&5 gt

4% phased array antenna® /|2, EU3d mi-
crowave circuit®] dl @A Ake] Mg dlejg on], per-
formance 9} £ A§4lline o} A &) kA Q) wire bonding,
dieattaching, tuning process7} £1 7 utsiA| = =
AL A Hlw ol WE %3o] CAD/CAM
7V A d4Ale #od< (discontinuity)'? 54 o]
g Adugel wel AzAE ojHzAde] Haede
AAY 4 9o} Aol monolithic IC =& Ha+ A}
£°] S7tEE FA S
Monolithic IC 2] A 2}l &=
on sappire), semi-insulating GaAs substrate % o°|
AR2El 3 ek, SOS 9 79 sappire™ alumina £} ¥
%% HdxE slAvd, semi-insulating silicon sub-
strate 8.0} £4 0] A3, A7z & AR silicon IC
Az 7)ge] A 4 2 & o=z, F3}4 2GHz
©]3}2} monolithic microwave IC#} 2ol A}&-%ic},
GaAs 9] ¢ # 20 velrxd 23 Zol £40] alumina
substrate 8} ™53}, GaAs electron mobility £ sili-
conell &l 6v A2 A, EUF silicon litho-
graphy 71€& $&% 7% 2 2 FogdA
F25HA "ok webd 2GHz o]4ke) Ti}-r"“/‘ig} mo-
nolithic microwave ICA|Z}ell& semi-insulating GaAs

Agehm ek

substrate 2 SOS(silicon

substrate &

F 2. Monolithic technology 7} 7}53&F substrate 9|

4 vla
Semi- Semi- .
Property GaAs |Silicon insulating | insulating Sapphire{ Alumina
GaAs Silicon
Dielectric 11.6
Constant 129 | 1.7 2.9 1.7 (C-axis) 9,7
Density 5.2 | 23 53 | 23 | 38 | 3.8
(gm/cc)
Thermal Cond.| 1 jo | 15| ous | 145 | 06 | ox
(watts/am-'K)
Resistivity | ___ 1o~ [ 100 —10¢ | >10 | 100 10"
(ohm-am)
Elec.Mobility 80t | 00t | - -- U R B
{cm? /v-sec.)
SatElec.Vel | o ioloige] —=- | === | c=o | -=-
{em/sec.)

* At 10" /em® doping

@44 2§ monolithic technologyoll AH&5+
substrate 59 4 ¥ 2ol alumina®} w]asle] A
glatolch 23 2, 3, 4 @A A4Sz 9lE analog
Sold, &A 7 3

monolithic microwave IC 9 A}zl



ofolz2 gloln

Alof| 4] AAFE] L Sl receiver front end® Fubg
of w& L4 (noise figure) & 250} el

olek

32l 2. Texas Instrumentsoll4] A Z= two-stage
GaAs monolithic X-band push-pull amplifer

1% 3. Coplanar coupler& ©]-£3F X-band GaAs
monolithic balanced amplifier (CISEA} A|¥)

a8 4.

20GHz GaAs low noise amplifier chip
(Nippon Electric company #|%)

TR BHxalt BE 27

30 300
FREQUENCY BAND DESIGNATIONS MILLIMETER WAVE

S [ C [ X 1T ®xu | K | Ka | NEAR mm-WAVE
2 a 8 a2 27 40 100 1000~
MONOLITHIC
HYBRID MONOLITHIC

_12-  a—ALPHA LL 89 1
) AV -— AVANTEK Q HETERODYNE
= .. H—HUGHES LL 82 RECEIVERS |
w10 | LINCOLN LAB. ? C
5 P — PLESSEY b It
€ 8- RAY — RAYTHEON Pl ey 88
- T — TOSHIBA O a
17} TI — TEXAS INST. 79 LLTE HYBRID |
o ¢ 810 HB2
Q RAY 820
z n H78
D 4l av 82 { \H 82 (RECEIVER) -
@ 8TL H 82 H 80

| WP [\ OPTICAL LITH ¢ N |

NEC!| "\ T80 AV 82
N *AVE2 pa2
o LTt | 141 |
2 4 6 8 10 36730 60 80 100 200

20
FREQUENCY (GHz)

35, dA gAsIT Qe F4A7EY AeAS
SEBL( scanned electron beam lithography)

2. Digital Monolithic Microwave IC
Z2t-& % Z(high frequency low noise
amplification) of] A}& %]+ GaAs MESFET+ switch-
ing speed”} #E23 trans-conductance 7} 74 digi-
tal circuito 24 27}54S AA ekt 1972437
al gl TAH dasdez qlal Air Forre
Yoz HPAA #&22 high data rate 9] digital IC
£ A73b7] A=y

olgA AlztsiA HaA|l wbEolzz 9l digital IC
52 F3l4 1 ~10GHz 9 clockol] F3A35t=2  giga

bit signal processing©°] 7}53dtx, LF-IloljA

a3}

A

fre-

quency counter, A/D converter, multiplier, FFT %

(a) Planar implanted D-MESFET (present)
Depletion region

{  Drain

Semi-insulating GaAs

Lateral diffusion n+implant

(b) Self-aligned gate E-MESFET (near-term)

Depletion region

T-bac gate

n+

Semi-insulating GaAs Lateral diffusion n -+ implant

(¢} Enhanced-mobility E-MESFET (mid-term)
Epitaxial layers

Gate

W ' Implant damage

AlGaAs (isolation)

Undoped GaAs Two-dimensional electron gas

N

18 6. Digital microwave IC¢ 7}jE4=}
(a) D-MESFET (b) E- MESFET (c) HEMT

! Semi-insulating GaAs

(27)
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o] Ro AL + o, S8 A7 =l EFoha
¢ 4 gl
o]21 gt digital microwave IC FAol 7| &4z A}
25+ ZAEL GaAs D-MESFET (depletion MES-
FET), E-MESFET (enhancement MESFET), MHET
-
o8, 2 T2 26 vYehdds 25 #FA 10
3 B9t A4Eleld D-MESFET+ silicon JFET &}
HE = 5Ysn, ol AL logic circuit®] 7|E4ztg
AHEE 3% normally-ON Alejol= 2, voltage level
< shifting 3t circuito] "W 3lw], oA wj o) ¥4}

(high electron mobility transistor) 5%

o = 2] 1
o & % el D.C.del B Hrh
Buftered FET logic, BFL
Yoo Voo
@ i b bl b b
ves s
NOR GATE MERGED AND NOR GATE
- Schottky-dtode FET logic. SDFL
Yoo Voo
Vo, e 1y
v
g vo o
(b) _l
Vs
NOR GATE MLRGEO OR NAND GATE
Durect-coupled FET logic. DCFL
Voo Voo
Your Vour
(C) -y Ving vy Vi

vz va

NOR GATE MEAGED AND - NOR GATE

1%7. DMESFET EMESFETZ o]$olal +el3a
(a) BFL (b) SDFL (c¢) DCFL

A 32 FAL buffered FET logic (BFL), schot-
tky diode FET logic (SDFL) 22 Al&slei 2 7|2
328 27 (a), (b)oll male}®

D- MESFET 2] normally-ON Abel]l w20l
logic circuit®] 342 FET% normally-OFF Akej
2 sk "ot webs E- MESFET S 74+
243l pinch-off
voltage 7} Ovolt &A% = A gch ojxkA Alzd E-
MESFET £ gate-source % o] 0~0.7volt Alo]oilA]
284 =9, dircect coupled FET logic (DCFL) %
Aoz w32 E T4 e D.C.AYMeR 2
A79 (c)o Zo| 73 F4E 4+ AUk 2= o

A7

channel® electron doping&

1985% 2R EBTLEgHX

(28)

FLRE E1IR

3l2& A#REE A$ process® 7zt gate©] uni-
form threshold voltage S 7}2 =& &jo} 33, chan-
2 sE2E 8
oF 3}2% process7} w4 olFA Hch

2T ol2|3 process ] & UYL Fujitsu 3
A& tungsten silicide Schottky gate-® mask& A}
4, silicon NMOS process 7]%4] self-aligned gate
(SAG) 71%5<¢ 44 1Kb RAME «gdoz A3}
ek =37 2|32 Hughes 2 429 Nippon Telegraph
3lAl&  threshold voltageol| %d38ko] 912 F T-bar
gate & AL&slo] o] FAIAL AYchk o F
2% SAG processE Ah&3ta ¢l o] process®
o] &3tz ¢z AAE Al#l 2= McDonnell
814Le} JE Sony 3 A9l channel surface regionoll
p-type implantionS A A zE JFETS ¥¥ Tho-
shiba 8]A}2] recessed gate 71&-% 4 ik

npzlnte 2 HEMT (high electron mobility
sistor) £ HZ Ld g 2869 (c)st F2
T2z sl Urh o] 24 B &4 F UKol D-
MESFET#}te] ot& A&
strate $loll ¢k 70mm 9] AlGaAsZo| g1-& #olrh o]
700m 2] AlGaAs%-S MBE processing technology &
A 5lv], AlGaAs channel® gateo] 2k 1.2volt o] 4]
conduction 5|1, AlGaAs o4} electron mobility+
MESFETo|| u]a] =7} wlFol switching speed *=3§
w2 A g oY wA
FAZ, o3 22 AL

nelol| A1 2] electron doping& A%

Douglas

=3

a2

tran-

semi-insulating GaAs sub-

E-X
=

process technology4t<]
g F Ak AMZ active

& AlGaAs Feo| =% gk =gl el
plasma kineticsoll =13~ ¢34 53, £ MBE7|
&9 EAo| gtk F MBEZI%Z channel e 2
A3 gates} gateAlo] 9 threshold voltage uniformity
Zz4e FAlelth olzidy s1g4e EA= HEMT
v E-MESFETE: o} At Fol glow Aak £
Aol gleh

A sz e gates ) FHEE 278 B
Hdowl of 10°Hzo|ch 233 F4& 7 FHAbollA
s 2 YE
9] state of the art& ERWHQ DY =g AlE Ao
2 digital IC A 52 v]lax 471l delay & power dis-
sipation®] JAI2 7 digital IC 4552 2890
eligicl, 28102 Fujitsu 3lAlollA] #lztsl 16X 16
multiplier chip &l AFAl o]t}

=

layer

ring oscillator ®} frequency divider



nle]az glo|y T BRI BE

E3. ¥4 A=z gl digital ring oscillator ¢
speed power performance ®]i

Gate
Propa-| Speed-
Length &} . )
Source Approach Gate gztll:n %Owoil; ) Fl? anin/
Width ps Y P“r ct |Fanout
(pmx um)
Hughes{ 28] DMESFET/BFL 0.5%50 | % L4 n
Inverter
H.P.[20] DMESFET/
BFL NOR 1x20 | 8 | 39 2/2
Rockwell DMESFET/ 1 x10 120 | 0.040 | 21
SDFL NOR 52 | 0.053
&‘;’]‘“”" CSF | DMESFET/BFL|0.75x20| 68 | 2 11
FUJITSU[31] { EMESFET/D-
LOAD 1.2x20 170 | 0.12 1/1
FUNTSU[32] |SELF ALIGN
E/DCFL 1.5%x30 | 50 | 0.287
N.T.T.[29] |EMESFET/ 0.6x20 | 30 | 0.057 | 2/1
DCFL 17.5* | 0.616 | 1/1
MCD[12] EJFET/Pseudo L 010 150 | 0.06 n
Complementary
Thomson CSF | EMESFET/quasi-
(3] rormally-off 1.0x35 105 | 0.23 1/1
*Measured at 77°K
M. # A

Monolithic microwave IC(MMIC) 2 £38 % digtal
microwave IC9 S#%& 7 microwave ¥°k2| sys-
temoll (el & Eo] hybrid microwave IC%} waveguide
2 ol3olA AAMIEF) 42 WHE F AoE
235 GAlo)4e MMICE A9 Az whAletx %

4 9lo}, o]lAL solid state device?l microwave

PROPAGATION DELAY

e
' T T T T T Y T T T T
ety
et
L Srconnwe
0 °,
w S cars asaars-|
P
b
£ T ° b
3 "
Eb R
il -
H 08
FR [ ]
H e
3
ir 2
2
w .
L o ]
o
'!Dlﬁl.l 7
by
. L A S S S S
R
o
o L= 1)
38, AARe wekaA
FREQUENCY DIVIDER PERFORMANCE
N N TTT
RRRLS TSI T I{'qlilltﬂl T 1{\11‘; T
N \ N 4
I %’w q\, N N4,
Y ~ N AY
N Y AY AN
\ AN N
ns ~ A& 2umSiSTTL NTT. N N —
- ~ N Y ~ 4
fo A \ N A
- N\ A AN \\_
N\ AN .
- N 2um Si CMOS RY N ﬂ
r N < N \ STECLPL h
Y N A
P N\ ~ N\ -
N N N N
\ N N ~ _
R N\ Y ~
N N 0.3um Si NMOS BL N
\\ 1um SOFL RY A N 1pm BFL HP \\
100ps p— \\ \\ L .l.meDCl.riEc .ol.mllrt er =
C N\ \ ~ ~ 3
- AN ® 0.6um DCL NTT AN L 3
A N N 0.7 um BFL TCSF ~
I~ ~ AY N -
- i N N N n
WxPy N\ N ~
P a AY A Y N -
N Y N AY
Y N Y Y
I~ Y N\ Y ~
AN N Y ~
~ AY ~ N
N N, \\ \\
e M% N, ’\, \\9{,—:
el Ny el Yoy g SNl Y S
100uw 1mw 10 mw 100 mw

POWGR DISSIPATION PER GATE

329, ¥4 9 frequency divider 2 speed power
performance

E 4. GaAs digital frequency divider 2| performance H] 3

GaAs IC Circuit Theoretical Measured Equivalent Power P
Technology Approach Max. Toggle F |Max. Toggle F. o Dissipation o Ta
1um D/SDFL D.F.F. <2 9 0.26
Rockwell [23] (NOR CATE) 150 1.9GHz 105ps .SmW/gate . 26pJ
0.7 um D/BFL D.F.F. +2 1/5 3,0 67 40 2.68
TCSF {30]
1 um D/BFL D.F.F. +2 1/5t 2.2 91 78 7.1
Hughes [33]
1 um D/BFL NAND/NOR+2
H. P. [20] COM. CLOCK 12w 45 40 4.4
0.6 umD/BFL NAND/NOR +2
LEP( 2 ] COM. CLOCK 172 55 E 8.6
0.6 #m E/DCFL D.F.F. =8
N.T.T.(29] (NOR) 1/4 o 3.8 66 L2 0.079
1.2 um E/DCFL COMP. CLOCK+2
NEC [34] NOR 1/4 o 2.4 100 3.9 0.39

(29)
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LV PR A AN

RBERERS S W P G

ERPrncausns s SO TR
3210, Fujitsuol4] A &3 16 X16 multipler

el

tube & kA EA o)A

R=%

-
~
9

7

o]

formance, cost, size A
AolA ok s
MMIC#] #AAlo} L2 FopollAFe Alsieiat A
Ztgleh. =3 semi-insulating GaAs substrate & 7]
Loz o] TAEE GaAs MMICE siliconell w3
Al process7|E ol HHEoA 7] wFel F2 F
3}4 2~4GHz analog MMIC 4} high data rate logic
circuit Alzto] A g" Aoz Molm, 2GHz ol3te] F
ghgoll A= #A & silicon process 7]EY &£
2.2 silicon MMICZ Ajztg A zc}

2l monolithic IC9) AgsEs X2
ek Aakn, EA AAde] S7EE DBS 4479 A
®H5-(front end), =& 7belg ool 2z uieds

5 1
PRE RN

costol]

+8oe

A'a

i, FY4o| L83 space-borne phased array ra-
dar, air borne radar 5% ¥ 4 o o5& #

al
=

a gl E3E #A
MAel & 714 % & ez Ao

communication service
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