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ABSTRACT GaAs, one of the [l - 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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o]= Si MOSFET-2 80mS/mme|vt. HEMT
o] =2] A9t swing2 77°Kdl A ek .5V o]t}
Ab2-ofl 4= HEMT$} MESFET & oF 0.8V o]
3L, MOSFET-& ¢k 2.5Vo|c}, =7t Ad 482
¢l w1 #ZE3sw HEMT : MESFET : MOS-
FET=1 :2.6:253%¢|ct. 12} AlGaAs-
GaAs 7%29 HEMT+ radiation of] ¢33 DX-
center 2| WEE Fo|x utilo]l T oA TFFo]
Ha3lcl, welA InGaAs-GaAs pseudomor-
phic +ZE& zZt+= HEMT7} &7 =75 g},
HEMT & o| &3 AA3|224+=, 77°KalA 10
.1GHz7t=) Z-53l3 A ¥4 27} 49, 9mW < fr-
equency divider 7} 1% A}eojl4 2HFo] of
3% HBTE ©]&3%) frequency divider & ¢t
E3 HEMT & ol438 4KX 1bit SRAM® &
T7°Koll 4 Access A17}¢] 2, 0nso)| A2 A &L
1.6Wejolr},

422 HEMT 9 Alztsigo] sit=d, super-
super-computer & A|Ztol| wo] g-8% How
71"t dEEH, 214 g SdAAY =
2]3]2 Folt}l, Analog-ioko 289 24 mi.
crowaved A3 FE7Y ddia 5o ¢

Lol = sl =},
3.8 B

Digital GaAs } 3|2+ o|a] AT 42 &4}
ol 4 8le]v}, Harris microwave 3|4}2] digital
GaAs A3 2 F 472 19849 3YHE AlA
AlZbel]l velvbz] A1 zHgck =g 19844 6 YUY
B+ GigaBit 3|4ALE GaAs FA32 A7l 4
sell Aol st dAY GaAsH A3 2
o] AAAZ FEE silicon A A 3] 2] A A} 4] 2+
TR wmrt ks Alal, A4 wE S5 4
Aste], 1990 =oll = oF 359 ~459 $ 9] FE
7} AN ® 222, Strategic, InC. + 1994

Qe AL FEE o 1359 § 2
£+ ol AL et

GaAs wafer 2] Zto| siliconol] ulall sf-¢ u
A3 #F yieldehH oA, digital GaAs A
A3 2o abeluksrt ol s 78 L 8
© A% 7 & Aolek L o+ GaAs A=®
=z}&] 7} silicon B.v} 3134 o]31 radiationd] 7+
. A A g3 2 Y4 #I 9d7] i Foel
t}. w2l A frequency divider & ¥ 16K bit
SRAM7=| Aubsle] Qo HHEE A4 St
& Zolcl, =3 laser 9} detectorE 5 chip
Aol AA AT+ dve FA= JAE 7H5E)
o}, olo] oigt foBe] ATHEYL Ay,
$A1 chipZte] FAE Ao AP R Ao,
2 ohg wHA Y AT FAz A Aslze A
ojct,

Digital GaAs A3 29 YAk FHoll 49
== A|Zke] ECLo|Y CMOS 9] AAHEA A7k
Mot A Agch 1990yl 4”GaAs wafer
o 4AFE A e}l 4”Si wafer & o] &% ECL 3t
CMOS 2] 44t FAH w7 A wlxstA] E Ao
o] A5l ot

Digital GaAs % A 3] 22| 4541 ¥ 3} packaing
EAE GaAs A3 29 el 1A ZA o
3% malch A2 ¢ packaging 3t 4541 E 9
g Aulsb Alds s, =jF |l F4k FAH
Fo] Meakx{m o2 104 o] el Si FA3E
9} T3 AAEE ZAE Aor},

GaAs microprocessors$} memories 7} .0
2 F9%F AHFe] Helehy aldseh 2ejx o
o2 31 oW digital GaAs & A 3| =7} sili-
con ECL& HA¥ = Ur}, olopzhe A
£ microwave okl X whatsbx|olel, &
hybrid microwave 3 A 3|27} Analog GaAs?#
A3 22 5] sk gl

FHA 7= o] v] T3 UL GaAs FH A3 R
il AT A4 ASE AR 2d, 039
242 FAHEoI¢ i, UE-L supercomputer?
Aol AL FHch web4 AR digital
GaAs HAH3|2 A X3 Al= 2 RAMS & 4
Ab stef & Rojcl, di=e] o]=5¢] 3|4k pro-
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cessors =& memory controllers 2} &
gl w2 A3 2o FFo] FEs F Aol

ool wiEx AdAY HgE B
GaAs A A3 2+ Si AAszele] AAARF
gk Aol oh L AR EA4E A1 FET
o],

5:5

i

2 £ XM

(1) Jin K. Rhee and P.K. Bahttacharya, “Some properties
of semi-insulating and si-implanted GaAs,” J. of Elec-
trochem soc., vol 131, pp. 1152 - 1159, 1984.

(2) W.Jutzi and M. Beiser, “Threshold voltage of normally
off MESFET’S”, IEEE Trans. Electron Devices,
ED-19 no. 3pp. 314-322, March 1972.

(3) T.Vu Tho et al,“A gallium arsenide SbFL gate array
with on-chip RAM,” IEEE Trans. Electron Devices,
ED-31, no. 2pp. 144-155 Feb. 1984.

(4) R.Dingle et al, “Electron mobilities in modulation -doped
semiconductor”, Appl. phys, Letters, vol. 33, pp.665—
667. 1978.

(5) Jin K. Rhee, et al, “Deep levels in device- quality lon-
Implanted GaAs”, J. of Electrochem. Soc, vol 130, no
3, pp97C, March 1983.

(6) See “GaAs FET Principles and technology” ed. by J.
F.Dilorenzo, Artech House, 1984.

(7) See, for example, “Semi-insulating [ -V materials”,
shiva publishing, 1982.

(8) S.Miyazawa et al, “Direct observation of dislocation
effects on threshold voltage of GaAs field-effect-transi-
stor.” Appl. phys. Lett., vol. 43 pp. 853-855 1983.

(9) S. Miyazawa et al, “Dislocations as the origin of thre-
shold voltage scatterings for GaAs MESFET on LEC-
grown semi-insulating GaAs substrate.”, IEEE Trans,
Electron Devices. ED—31, pp 1057 - 1062, 1984.

10 R.E. Lee et al. “Threshold voltage uniformity of ME-
SFET’S fabricated on GaAs and In-Alloyed GaAs sub-
strates” “GaAs IC symposium.” pp. 45 1984.

(11} H. V Wiston et al, “Substrate effects on the threshold
of GaAs field-effect transistors”, Appl. phys. Lett.,
vol. 45, pp. 447 —449. 1984

12 A.S. Jordan et al, “A thermoelastic analysis of disloca-

162

e

tion generation in pulled GaAs crystals”, Bell Syst.
Tech. J., vol. 59, pp 593, 1980.

(13 K. Tada et al. “Growth and characterization of disloca-
tion-free GaAs Mixed crystals for IC substrates”,
“GaAs symposium, pp. 49,1984.

(14 N.Yokoyama et al, “A Zns GaAs 4kx1b SRAM,”
Int. solid state circuits conf. digest. p44, 1984,

(15 Y. Ishii et al, “Processing technology for GaAs memory
LSIS,"” pp 121. 1984,

16 B. M Welch et al “LSI processing technology for planar
GaAs intergrated circuit” IEEE Trans. Electron Devi-
ces, ED~27 pp. 11161123, 1980.

(17 C.A. Liechti et al, “A GaAs MSIL. world generator
operating at 5G bit/s data rate” IEEE Trans. Micr-
wave Theory and Techniques, MTT -7 pp. 998 — 1006
1982,

(18 M. Ino et al “Threshold voltage margin of normally-off
GaAs MESFET in DCFL circuit”, IEEE Electron De-
vice Letters, EDL -2, pp. 144-146. 1981.

(19 S. Takano et al, “A high performance GaAs FET with
shallow implantation and recessed gate for fast static
RAM”, pp. 82-85. 1983.

200 N. Yokoyama et al.“A self-align source drain planar
divice for ultra high-speed GaAs MESFET VLSL'S”,
Int. Solid state circuits conf. Digest,pp.218—219. 1981.

@21 R.E. Lee et al “Material and device analysis of self-al-
igned Gate GaAs Ic's” ,pp. 177—180.1982.

(22 H.Ishiuchi, et al, Int. Electron device Digest 1982
paper 25, 4.

23 P.G Flahive et al,”A GaAs DCFL chip set for multi-
plex and demultiplex appliciations at giga bit/set Data
Rates” “Proc GaAs Symposium”, pp. 7, 1984.

(24 J.J. Rosenberg et al,“An In 0.15 Ga 0.85 As/GaAs
Pseudomorphic Single Quantum Well HEMT" ,IEEE,
Electron Device Letters EDL-6, 491, 1985.

25 S.S Pei et al,“ ultra high speed integrated circuits
with selectively doped heterostructure Transistors”
“Proc. GaAs IC symposium” pp. 129. 1984,

26 p. Asbeck, et al, 16th Int. conf. Solid statte Devices
and Materials, pp. 343. 1984.

(27 S.Kuroda et al. “New device structure for 4kb HEMT
SRAM”, “Proc. GaAs IC Symposium”, pp 125-128,
1984,

28 W. Mc clean, VLLSI Design, February. 1985 .



B X/ 58 214 dEalsat

1969.
1982.
1982.
1985.
1985.

F $ A (Jin Koo RHEE) E®R
1469 2H 1 A4

1965. 3 ~1969. 2 : MEMITKHE T
TR (L8t

1973. 3 ~1975. 2 . A& KEB KB
B IR (T8
fat)

1977. 1~1979. 6 Oregon State
University & 8 E
FBE (18U
1)

4~1972. 7 BRI

4 ~1982. 11: Oregon State University (Bf%tBx)

12~1985. 2 : Cray Researh (F52H)

3 ~1985. 8 : Microwave Semiconductor Corp. (FFEA)

9~Bifr I KEASE THA% B F L8 Q&8

163



