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Technology Trend of Metamorphic InAlAs/InGaAs HEMT Devices

S E(H.S. Yoon) ZOFMAKE AN
0| &I 3|(J.H. Lee) TNFUWAXE A
0lAS(K.H. Lee) ENFUWAKE A

=
=
2ttt SF=2| DlsSeE =28t

LM E

InP 71%#S 71222 3 InAlAs/InGaAs HEMT
A= FHare] A5 (>340GHz), -
H2E54(0.8dB/60GH2)S Kol Uen|E 5} b4
MMIC Azl de] AR5 a1 QITH 1, 2], 28 In
AlAs/InGaAs InP HEMT 22 GaAs 7195 7%
© &2 3 AlGaAs/InGaAs HEMT Z=pol] H]ajA 7]
o] Aol 4l o] BMaL, A 02 7jo]=]7]
F19A 491%] 0]9] InP wafers oHg% 072 AL
s1717F oy ek ol st EAlE AT HH o= At
E Aol 7|29 GaAs 7] 9Jol A3 metamor-
phic buffers-5 A1745}e] lattice mismatchES 23}
3+ & InAlAs/InGaAs HEMT %9 activeZ=% A
g MHEMT 7281 Zlo|tH3]. o8 g 725 A
g8k 24 InP HEMT 5/97<] -5 AiA] 4
1A] o)) GaAs 71%H& AREEE 4= 9171 whizell HE
MT 22ke] Az A71e A7) gao] i e=s
MMICE AzFe 4= i 7|9 vhd ek 4= Q).

2 3104 MHEMT +22] 54, MHEMT 4

W

om
0z

MHEMT (Metamorphic InAlAs/InGaAs HEMT) Z2| £4, MHEMT AXS4A, MHEMT MMIC

AH573, MHEMT MMIC A3} 85-0] 7535
=23,

. = &
1. InAIAs/InGaAs MHEMT = ¥ 54

InAlAs/InGaAs MHEMT(Metamorphic HEMT)
TZolAM 7P T3 @ GaAs 713 $19l meta-
morphic buffersS A4381= Aot} o]2]3 meta—
morphic bufferZ& %2 dislocationg FAgro 2
M GaAs 7133} HEMT activez7Fe] 2 lattice mis—
match& ¢H8}A|7]aL B3 o]2fgt dislocations: tra—
ppingd}e] dislocation©] active= 2.2 3HAlsA] &
Bl sk Aeks gk AE7HA] A meta-
morphic bufferZ< InAlAs, InGaAs, InGaAlAs, Al
GaAsSbTo] om, o]&55 AR8-3le] GaAs 7|
I} HEMT active57+9] lattice parameterS <
2 0 7 W= step-grading HE|E W3A 71Tk

<3 1>2 g1 A2 InAlAs/InGaAs MHEMT 2
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<F 1> InAlAs/InGaAs MHEMT Z=Xte| of x| 2=

. Material: .
Layer thickness In content Doping
Cap layer, 10nm InGaAs: 0.53 2~5%10"%/cm®
Schottky layer, .
20~25nm InAlAs: 0.52 undoped
Delta doping - 2~5x10"%/cm’
Spacer layer, bnm InAlAs: 0.52 undoped

Channel, 20~25nm

Device buffer,

InGaAs: 0.3~0.6 |undoped

300~500nm InAlAs: 0.52 undoped
Metamorphic buffer, |{InAlAs: from O to
. undoped
lum 1 grading
Substrate GaAs Semi-insulating

2pe] of| g4tz R Zlolth LM(Lattice Match)
Zof H]3}4] M(metamorphic)=< residual strain,
surface roughness, threading dislocation®] B]xl
2 %31 metamorphic buffer -0l webs] A ¥
3lel= Aoz Al A Th Metamorphic=9] thread-
ing dislocations 7§X4A1717] Y84 step-graded
buffer7} A ¢t= 131, surface roughness+= Ine] =
Aulel] A gJEshs Aoz AR o E £,
In 24397} 0.5¢1 InAlAs graded bufferZ )ik
74%- 5743 surface roughnessi= 2nme]al, InGa
AlAs graded bufferol| A= surface roughness”}
Inmgl o2 HiwATH4, 5].

<# 2>+ InAlAs/InGaAs MHEMT$} LMHEMT
T-%2] Hall mobility(un) 2} sheet carrier density(nn)
£ vlagk Zo2 In 2¥7F 0.591 79l Hall
mobility(un) 9} sheet carrier density(nw)+= <] H]
59 s 2te A o® YERTHAL A8/ Bal
¥ A7E FFe)RH MHEMT 32| 4732 MBE

%

Ho] =55 o]Fa1 131, M(metamorphic) buffer
4743} device reliability7Fe] @Al 3k
T e Aew Az,

r2 o

2. InAlAs/InGaAs MHEMT &XI5d

InAlAs/InGaAs MHEMT AA}e] A|Z34-L InP
719+& AHS-8F InAlAs/InGaAs IMHEMT 342} &
A} MHEMT 7-%9] surface roughness % =]
w2k photolithography Z7o] @22 7FsA % 9
t}. <3 3> In content]] W 0.1pm InAlAs/InGa
As MHEMT 2:#}¢] DC 544 Bladt Zlo]ti4,
61. <3 3>ollA] B k2 In contentE 2= MHE
MT &A= drain E3F457F 231 Schottky diode
9] A8k breakdown ASte] =7] Wil power
A A frel g Ao At

<E 4> 92 In contentE AE3F InAlAs/In
GaAs MHEMT 2:2k] power £4S5 H|13F A o]
t}h In content”} 0.3%1 739~ InAlAs/InGaAs MHE
MT 2AF= 60GHzolA] 6.4dB2] power gain®} 25%
9] power efficiency 542 B33, In content’}
0.3291 74-$-olli= 35GHzoA 13.6dB<] associated
gain?} 59% 2] power efficiency EA4-S B TH7,
8].

HhHo] <3 3>l RW In content’} 0.4 &=
0.5% ¥ 79-oll= MHEMT 4:4k2] drain ¥3}4
5, Schottky diode®] 9"}eF breakdown A, 1
23l transconductance 4L InP IMHEMT2}
A9l FAFsE Ao 2 "W E 3} low noise LNA A
Ao frefsitt.

(7138 D2 0.1um Al°|E Ao & ZH= InAlAs/In

<X 2> InAlAs/InGaAs MHEMTR2} LMHEMT +Z=2| Hall mobility(un)2F sheet carrier density(nn) 5|l

300k 77k
In content(x) = 3 = 3
RO[Q] mwlem “] | pnlem™/Vs] RO[Q] mhlem “] | pnlem?/Vs]
Metamorphic buffer/GaAs x = 0.33 223 3.39x10" 8250 77 3.46x10"% | 23,400
Metamorphic buffer/GaAs x = 0.40 185 4.16%10" 8,250 70 3.44x10% | 26,000
Metamorphic buffer/GaAs x = 0.50 163 4,18%10% 9,180 49 3.62x10% | 35,000
Lattice match buffer/InP x = 0.53 187 3.48%10" 9,570 56 3.45x10% | 32,200
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<X 3> Incontentol| 2 0.1um INAIAs/INGaAs
MHEMT 2=Xte| DC §4 dH|u!

DC ter MHEMT|{MHEMT|MHEMT|LMHEMT]
Parameter | Gaas | /GaAs | /GaAs | /InP
In content, x 0.33 0.40 0.50 0.53
Pinch-off voltage, _ _ _ _
VW) 0.9 0.9 0.65 0.50
Breakdown Voltage,| _ _ _
Vbr(V) at ImA/mm 14.2 105 7 8
I[dsmax[mA/mm] 650 640 550 510
Extrinsic 750 | 780 | 860 | 940
SMmax[MS/mm)]

I—I—QSS —8— 04 —h— 05 +LM—InP|

1,500

1,000 o=

500 =

Intrinsic transconductance
gm(mS/mm)
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i —8— 033 —@— 04 —fg— 05 —H~— LM*IHP}
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Output conductance gd(mS/mm)
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Drain to source current Ids(mA/mm)

(% 1) 0.1um HO|E ZO|E Z= InAlAs/InGaAs
MHEMT Z=XFe| drain M/2} In content ol
(b2 transconductance S5}

GaAs MHEMT 24| drain 5¢} In contentoll

£ transconductance 5dH IS UERA A o2
In content”} #54>% max transconductance #k
H AA3L, In content”} 0.59wW MHEMT &A=
1,350mS/mm9] 7 ¥ transconductance 3+
Bo] InP IMHEMT Zapel] 23eks 548 2+

(O® 2) 0.1um AIO|E Z0|E Z= InAlAs/INGaAs
MHEMT 2| drain M&<} In content ol
b2 output conductance SAHs}H

Ao =2 YT A, 61.

(19 2)& 0.1um Al°)E ZolE zk= InAlAs/
InGaAs MHEMT 2%}¢] drain A5} In content
o] W2 output conductance EAJH = vrebd A
© =% In content’} &= output conductance
#hol Folt== S RS81Al In content”} 0.33¢Y
o 714 e output conductance 35S LRI TE

<} 5>% In content W3} w2 0.1uym Al
As/InGaAs MHEMT Z:Ake] Aa354S 1}
Efd A S 2 In content’} 255 A3+ Fhol
Eolx]= 7S HS1Al In content”} 0.5 200
GHz9] 7F¥ =< output conductance 2 UERY
A4, 6].

(13 3) In content W3}l w2 0.1um Al°]
E Zo|= zk= InAlAs/InGaAs metamorphic HE
MT, AlGaAs/InGaAs pseudomorphic HEMT, InAl
As/InGaAs lattice-matched HEMT 4:A}e] 2beh5=
SEAS HWE A2 In content’} ARGFE
A IR gho] ol AakE BAATH5].

<X 4> 42 IncontentE = InAlAs/InGaAs MHEMT £=Ale| power 4

Reference In content

Technology

Power gain Power efficiency

M. Zaknoune et al.,

EDL,IEEE, 1998 [7] InAlAs

0.30/linearly graded | 0.15um T-gate/tri-level | 6.4dB at 240mW/mm
resists/fr = 125GHz

and 60GHz 25% at 60GHz

C.S. Whelan et al.,

MTT-S,IEEE,1999(8] | InAlAs 97GHz

0.32/linearly graded | 0.15um T-gate/fr =

13.6dB associated gain | 59% at 35GHz and
650mW/mm and 35GHz| Vas = 6V
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< 5> In content #HEtof| 2 0.1pm InAlAs/InGa
As MHEMT £Xfe| RItFo=5M

Parameter MHEMT |MHEMT |MHEMT |LMHEMT
/GaAs | /GaAs | /GaAs /InP
Metamorphic 033 | 040 | 050 | 053
In content, x
Cutoff frequency,
f+[GHz] 150 195 200 210
250 o
[s]
Q
8
200 . .3
~ . ‘o
N 150 o
T
&} o
= 100 .
¢ metamorphic
B o pseudomorphic
50 o lattice matched
0 .
0 10 20 30 40 50 60
Indium content(%)

(28 3) In content H&lof| 2 0.1um Z|O|E Zo|E
ZE= InAIAs/InGaAs metamorphic HEMT, Al
GaAs/InGaAs pseudomorphic HEMT, InAlAs
/InGaAs lattice-matched HEMT Z-Xfe| xfct
Fo=EM d|W

<GE 6> Ae7HA] e nAIAs/InGaAs MHE
MT Z2A}o] &2 H-E-A]4(NFuin) @} associated gain
(Gao) 545 A3 Zlelrt 19993 P.F. Marsh7}
w3t 22 EALS metamorphic buffer®] In con-
tent”} 0.279]31, channel?] In content”} 0.6%1 MH
EMT Zxzte]] thgk 23= vepd Ao HAa F
A4 (NFmin)i= 12GHzo1 A 0.24dB, 26GHzel 4] 0.61
dB #& ®.9] lattice-matched InP HEMT2] 23}
[12GHzellA 0.21dB]ell 38k $-rd =54
< 2t 0% YETh

3. InAlAs/InGaAs MHEMT MMIC §4

<& 7> X744 InAlAs/InGaAs MHEMT 2
A5 AHg-ste] Al 2kek MHEMT MMIC®] &7 2 2}
£ A3 o2 MHEMT 2A4E W]} o)
o] MMIC Alztel]l 488 = 3l& Aoz dekd
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<X 6> X2V &4EE= InAlAs/InGaAs MHEMT 2~
Aol z4 EHSX|F[NFmin] 2k associated
gain[Gass] 54

Reference Ids[mA/ | Vas |Frequency| NFmin | Gas
mm] | [V]| [GHz] | [dB] |[dB]

MHEMT [9] 90 1 12 024 1162

[P.F. Marsh et

al. GaAsSym, |20 | 1 18 | 045 |138

IEEE,’99] 90 1 26 061 [11.8

MHEMT [10]

[H. Rohdin et B ~

al, TPRM Sym, 12 0.25 |15

IEEE, "95]

MHEMT [11]

[M. Kawano et

al BEEMGW | 140 | 08 18 | 048 [14.2

Lett.,’97]

<IE 7> X 27| L4EE= InAlAs/InGaAs MHEMT 2~
AHE AFEsto] MZ=FSE MHEMT MMICS| &

<EER
Noise Gain |Frequenc
Reference | Technology | Figure a Y
[dB] | [GHz]
[dB]
Graded buffer
LNA [9] /0.151m T-gate 1.8 [>24dB| 27~32
Single
downcon- |metamorphic 6dB 32 60
verter In=>0.27
chip[12]
Three stage |Linear graded
feedback buffer/0.1pm - >8 50
amp [10] T-gate
Single stage
distributed %ral“ée?nb%f_fe; o - o0 ] 52z
amp [13] o &
Three stage |AlGaAsSb buffe
LNA [14]  |r/0.1pm T-gate 4.2 - 82

t}Ho9, 10, 12-141.
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Metamorphic HEMT Z4%}¢] E4S metamor—
phic buffer?] In contentol] we} W3}l InP lat-
tice-matched HEMT 2AFEA o 24 29H=
Hof dejulels} of MMIC A&l 284 4= 9o
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In content”} 0.3~0.4% H|A vk
MHEMT AAk= drain ¥3F45F7} 331 Schottky
diode2] 93 breakdown Aol 7] wito] 7
2 MMIC Alztel] felstel. whdo] In content”}
0.4~0.5% Al & ghs 28= MHEMTS! 739
oli= transconductance &} AP3kp7} 7] Wi
ol LNA MMICE Al#sl= dl frefgh sl s
Hr} 5 MHEMT 224 3 &4} v sio] ok
3} metamorphic bufferZ 4%, power MHEMT 2
219] breakdown A WS 918 Al01E recess
SN R AEA S e A9 o dast
Ao R Al ETh
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