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Fig. 1.

GaAs-Based Conventional HEMT System
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P-HEMT



Ha38t7) 98] AlGaAs/InGaAs/GaAse 2 I
W %3 (planar-doped)® P-HEMTE A&t
(1 4)

%2} 9-E(quantum

wel) s 2 wf&of

InGaAs P-HEMT7} @&zl HE- MTxEc} slg
o} #(carrier confinement) A7t A3, & E )
¥ & 7Hshort chan- nel effect)2 A7) 43
& E’.'““‘C} aa g =3 RE ALEshd
Al HHFY FHHde F4& HsstA
itk ol @ WY =W FxRE e Ao A
& WMSE Fete 2 du@YYsd 99 £
Ax FAstA EPg HEMT 7FxBt}l 1 ¢4
& 545 29

2-2. \InP-Based P-HEMT
InGaAs/InGaAs/InP P-HEMT InP7] 3
e o) ] A zF%F(lattice constant)$F % 4]
81 InoseAlowAs? Tnoss- GaosrAse %33 43
ate] o] &3tm dck of7iA A FEE InAlAs 2
InGaAs 23229 AXAFE Ing 240 ““5”:}“4
InP7] &2 AAG5er degtAA Azt Wy
(strain)o] Lojyte} olz}dl Wyge

E4E diAsleg of &
UJ iz«]xl-
SR WMy =
Qo] v M7)3 l—:%"é L
g

InP-based P-HEMT 9] &
B AG” og714 Ip7lws }%3}“1 o] 71#2
50%2] GaAs®} 50%9 InAs9
F7E 723 AllnAs® HEMT

TR

.‘_,347\10
=3

Gate

Source

N-Aly 4lng i,AS

i-In, ;;Ga, ,,As

i-Al, ,in, ,As

'_.'{ l'_ 0.!5‘!v,m

InP Sub.

I8 5. A4 EE InP-based P-HEMTS} dyHE
Fig. 5. Cross-sectional schemes of
matched InP-based P~-HEMT

lattice-

1058

2279 44828 Ae-— 248, 249

7 (high band-gap) 32 A4} £3L W
A7 A RFEolWl InGaAs/AllnAs F+Z2RE vt
oA &7 Y AFF ASF IS5 17 01
m ACE Zolg& e i) thste 250GHzo)
o, Hd F&AF60GHzAN A 0.8dB)SF w]¢ w2
29 A £ 2 (300KNA 4ps)E Febde).

olfg Aae J1F 2% AML GalnAs
/AllnAs o}FHFA M9 YA ME e Easn
(discontinuity)e) =$ Zths Aok, AFPHQ
GaAs/AlGaAs HEMTE 0.25eVolxm GalnAs/
AlGaAs P-HEMTE 04eVolAgt o] Eadrs
4E7t 05eVeltt. 4Es 24 slelole] 2-DEG

FEol foldtte EAo Ak a2y, Inp-
based P-HEMTS® #A3d& AA  B(attice
matching)® InP7|#9 <3 S(stabilization)o] t}.

o] A8 AL AsME A4S 4o @
234 "o}

A H InGaAs-AllnAs =35 P—HEMT«]
TE(2Y 6)F BY AllnAs 8922 237 &
F@ AX-2Z A4 ENL AT superlattice
B E2 Ga- InAs M99 270E 2 (scattering) &
£0°]7] 98 AllnAsEWol 43aA =Hu, o =

& VHonRy duFoz s dax @
 BEEES trapdts 9€L 3ok
GainAs n+ CONTACT LAYER (5 nm)
AlinAs UNDOPED BARRIER LAYER (20 nm})
AlinAs n+ DONOR LAYER (12.5 nm)
AllnAs UNDOPED SPACER LAYER {2 nm)
GainAs  UNDOPED CHANNEL (40 nm)
AllnAs/GainAs ——— UNDOPED SUPERLATTICE
AllnAs UNDOPED BUFFER LAYER
InP SEMI-INSULATING SUBSTRATE
a8 6. 485 GanAs-AllnAs ¥3 =48 7z,
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# 1. GaAs-based P-HEMT$® A¥YAAHEMT
9] 60GHz &S &3
Table1. 60GHz Noise performance of GaAs-

based P-HEMT and conventional
HEMT.
Gate
Device Type Frin(dB) || Ga(dB) | Fx(dB)
Length(im)
0.25 1.8 72 213
P-HEMT 0.15 1.6 76 1.87
0.08 1.9 9.2 2.11
Conventional
0.25 1.8 6.0 227
HEMT
Fun = minimum noise figure, G.=associated

gain, Fyx=noise figure of an infinite-stage

lossless amplifier

T 2. 0.15um GaAs-based P-HEMTS} InP-
based P-HEMT¢} %< d] 3.
Table 2. Noise comparison of 0.15um GaAs-
based P-HEMT and InP-based P-
HEMT.
frequency
Device Type Frin(dB) || Ga(dB) || Fx(dB)
(GHz)
18 0.55 150 0.57
GaAs-based
60 1.6 76 1.87
PHEMT
94 24 54 3.09
18 0.3 171 0.31
InP-based
60 0.9 86 1.03
P-HEMT
94 14 65 1.73

5. P-HEMTS 88 Zok

P-HEMT 48 o] &3 dF Rotzr AZS
ZZ7Y A"y 7], FUY FE7, W, F
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AHEE R ek B o SdedAE AR, 39 2 o
AY g8l tishA zhgs) aA s
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GaAs-based P-HEMTS 7 $dle 60 GHzolA
15dB, 94GHzolM 21dBS) wh$- =2 FH& AF
(noise figure)d ¥, InP-based P-HEMT=E
60GHzel A 0.8dB, 94GHzN A 1.2dBY &S AFE
A9t o]z o & InP-based P-HEMT7F GaAs-
based P-HEMT®tI o %58 #& 548 #e
i 2e 4 5 g

o] COMSATAel A 0.35%60ime] AlGaAs/
InGaAs P-HEMT® @3 v-Wi= FEZ71§ 7
Fago. ovto® FEF V-NE FE/E 19
1201 Yeblgdon, 56~60GHzolA 5.3dBe] &
249 82dB} o] %8 BAFAUE (Y 13)

;

g 12, g9z v-ul= 2¢ P-HEMT LNA =
&%, % 217] 2X0.75mm. (COMSAT #¥#)
Fig. 12. Monolithic V-band two-stage P-
HEMT LNA assembly. chip size 2X
0.75mm?2. (courtesy of COMSAT)
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Fig. 13. Gain and noise figure performance of
the two dual stage P-HEMT LNA.
(courtesy of COMSAT)
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pseudomorphic power HEMT.
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Fig. (a)doped-
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pseudomorphic power HEMT.

1061

A7NAAARE8 A Vol 10, No. 10, December 1997.

A8l oA He Aole T4 URY &
2% tivlo] A dE-Hglo] Wt} o]F 95l
Aol E ot $X % AlGaAse] RuFel =g
We stopobgth ek e mRele ool
2 Aol BAs: AW EW A8 U E(sheet

charge density)¥ ZAaAZITh o) H4l& siAst
#H =35 Avl(doped channel) £3i= o]F-o]%
13 A F2E AFEEC(2Y 15)

5-3. X2 & P-HEMT2 28

HVéﬁ‘% Hulol 2 w& ALEITHEH2 g9
o AFe|5 AdFas {ro] oz Lv|gle}
_’1‘_31——1‘- 5‘! AR gAd g4 A" £ .
a8 A% Y (conduction band)3} 7FAz oY
(valence band)®] & £ <d<4(discontinuity)Z Al
olEQ FHARE FolZ /HHANY Y strained-
induced splitting 2.2 13} GaAsBET & AFo)
S x(hole mobility)E& zZAHTH olzig EHEL
P-HEMTE 5542 A4 32 AAY =
2 FAA Y. P-HEMT A%< £5+& Aol
£33 Zo], ARolFE, FARF, ACESY AHd
RS (PG, dvry ez P-HEMT 4x3ke
Yyt HEMTHETE < 254 wlg 428 zed o
2tq P-HEMTE %234 UAd 329 A4d
F Atk BE FHGY EAAIY Hg stFezm
oo gtel HAHQ AFoR A4E3Er]d A
Hu QA gdoz P-HEMT £AAE 2314 U)X
g 38 HollAM o e &4 € Aot}

6. % 3¢

Uy Ql GaAs-based P-HEMT % InP-based
P-HEMTY 7x¢ 54 2 &8 Uisir gelr
ottl. 2DEGE ol &% HEMTE A9 z2ud
BAge dig 8FE URAAFUD. &AL, o
£ & Fag gge AlzdoAMs HEMTHLS
2 27 AEE FEAIA EE7] A&
P-HEMT7} ArolA Stk 53], A&7 A9
EAdo] 53 olEj EAE o4 AFZS F
Z71v AY FZ717 FdHUY. P-HEMTE #
olzza ¢ deneae} g J_-rlf}tﬂ"f!"ﬂ"ivl
zuFd JHI2E AT g FEEHIA
3 E4e BAFHY? =g P-HEMTE
ANd 32 43 2L 3& 293 2R2A
& AAAHE zZa . goE 2% P-HEMTe
A FL AT7t o]FojA Aoln SLFoF Y

5@14



%

10.

Hesd Aoz 7dgsn gl

u.)'i_l

g8

F. Ali and A. Gupta, HEMTs and HBTs:
Devices, Fabrication and Circuits, Chap. 3.

Artech House, Boston, London (1991).

J. Michael Golio, Microwave MESFETs &
HEMTs. Artech House, Boston, London
(1991).

Long Tran. Michael Delaney. Russ Isobe,
Derek Jang, Julia Brown, Frequency Tran-
slation MMICs Using InP  HEMT Tech-
nology : 1996 IEEE MTT-S Digest

Long Tran. Michael Delaney, Russ Isobe.

Derek Jang, Julia Brown, High Performance,
High Yield Millemeter-Wave MMIC LNAs
Using InP HEMTs.

Phillip M. Smith, Status of InPHEMT Tech
nology for Microwave Receiver Applications
(invited) : 1996 IEEE MTT-S Digest.

C. S. Wu. F. Ren, S. J. Pearton, M. Hu, C.
K. Pao and R. F. Wang, High Efficiency
Microwave Power AlGaAs/InGaAs PHEMT' s
Fabricated by Dry Etch Single Gate
Recess IEEE Transaction on Electron
Devices, Vol. 42, NO. 8, August 1995.

J. Goel, G. Onak, D.I.Stones, D. Yamauchi, A.
Sharma, K. Tan, and J. Mancini, High Power
V-Band Power Amplifier Using PHETM
Technology : 1996 IEEE MTT-S Digest.
SEERRE T sa4 olse A

Ino53Gao.7As/ Inos2AlowAs/
InP P-HEMTT 29 V 4 XA¥ 2%
of Ik A 1997 W 7€ AAF I =7
2. 349 DHE. A 7%,
A. F. M. Anwar and Kuo-Wei Liu, Noise
Temperature Modeling of AlGaAs/GaAs and
AlGaAs/InGaAs/GaAs HEMTs @ Solid-State
37. No. 9. pp. 1585-1588,

5,

ez 4

Electronics Vol
1994,

Saburo Takamiva, Naohito Yoshida, Norio
Hayafuji, Takuji Sonoda and Shigeru Mitsui,
of Recent Development of
HEMTs in The mm-Wave Range : Solid-

Overview

1062

11.

13.

14

7NEHY 2339 4328 Q9243 299

State Electronics Vol. 38, No. 9, pp. 1581-
1588, 199%

Loi D. Nguyven. Minh V. Le, Takyiu
Mark Lui, Karen Kaneko,
and Michael ]. Delaney,
InP HEMT Technology:
Applications Solid-State Electronics Vol
38, No. 9, pp. 1575-1579, 1995.

Amitava Dasgupta and Nandita Dasgupta, A
Model Gate
Capacitance- Voltage Characteristics of
HEMTs Solid-State Electronics Vol 37,
No. 7. pp. 1377-1381, 1994.

Liu,
Eric  Holzman
Millimeter Wave
Performance and

Simple Analytical for

Kazuo Shirakawa, Masahiko Shimizu. Yosi-
hiro Kawasaki, Yoji Ohashi, and Nafumi
Okubo, A New Empirical Large-Signal

HEMT DModel : IEEE  MTT. Vol 44, NO.
4. April. 1996.

Kazuo Shirakawa, Hideyuki Oikawa, Toshi-
hiro Shimra et al. An Approach to Deter-
mining an Equivalent Circuit for HEMT's

243
19719 AE EA4 19979 Feddw
2 4. 1979 F2gsa da

33 gug Q% B Gads
MESFET, GaAs PHEMTE o|&3%

MMIC 27 % 32 HA gof 475

249

1960 119 1494 1819 29 -
19879 29 #Eupd AATEH E4
19894 84 - 19919 29 w&FHAE

Aag e aH(AAD, 1991 29 - 199
29 w&FPAE AAZHHF ).
1993¢ 19 -1994d 24 Am| ety A

¥ ORAA% 4 19900 28 - 19944 989 HaFUgE A
A7 19004 08 - ¥A FLUYT HAH 2W5 B
72974 7Y



