2011 11g MASsts ==X ® 48 @ SD # A 11 =
=& 2011-48SD—-11-1
InAIAs/InGaAs/GaAs MHEMT 2219 & 54dol 13k
A

(A Study on the Breakdown in MHEMTs with InAlAs/InGaAs
Heterostructure Grown on the GaAs substrate )

b

g A"
( Myung-Sik Son )

(@] ok
I =

EdAAHY AW &8 AeS Adste 24 F /M F23 shuyl &5 Agelth GaAs 7]9 9ol drdow A
| E}Z- 2} (Metamorphic) InAlAs/InGaAs HEMTs(MHEMT)= InP 7|9 9]0l 443 HEMTe| vla] v]§& SHoA E3)
S A vk a2y GaAs Y InP 7]8ke] HEMT AAHES 5% $3 nlo]azyl ¥ dejugy) Fue 54 9 o]
w2 AE A & w2 dEdgtom <l Y AEAME FUHEY AR 2AEAW AR Jhesith o
HEMT Z#}e] 8 Ak /AMsly] ate] B =R A= hAIAYInGa As/GaAs MHEMT 4759 38 EXS A&
olMala BAs) 23] &AF AlEEolE 9 hydrodynamic A4 Z2E AEEF] IngsAlosAs/InyxsGanrAs 18

=
u}

o o}

ReSc A 2 et

£ 74 A% 01-m [-gate MHEMT 27kl tiste] shetnle) w4 291€ $88 F 33 540 93¢ & 22
BAasih 2 29 EY g @ 3B oles © AdE d4E BAERL, QM) B AR W
InGarxAs ALolA ] F2 B4 22 9@ 35 oled ASE FPHo At Hessith

Abstract

One of the most important parameters that limit maximum output power of transistor is breakdown.
InAlAs/InGaAs/GaAs Metamorphic HEMTs (MHEMTs) have some advantages, especially for cost, compared with
InP-based ones. However, GaAs-based MHEMTs and InP-based HEMTs are limited by lower breakdown voltage for
output power even though they have good microwave and millimeter-wave frequency performance with lower minimum
noise figure. In this paper, InAlAs/In\Ga;-xAs/GaAs MHEMTSs are simulated and analyzed for breakdown. The parameters
affecting breakdown are investigated in the fabricated 0.1-gm I'-gate MHEMT device having the modulation—-doped
TnoseAloasAs/IngssGaoazAs heterostructure on the GaAs wafer using the hydrodynamic transport model of a 2D commercial
device simulator. The impact ionization and gate field effect in the fabricated device including deep-level traps are
analyzed for breakdown. In addition, Indium mole-fraction-dependent impact ionization rates are proposed empirically for
Tnos2AlyssAs/InyGay xAs/GaAs MHEMTs.

Keywords : HEMT, Metamorphic HEMT(MHEMT), Breakdown, Output power,

Impact ionization, Device simulation
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Table 1. Simulation parameters.
Schottky o
Barrier Height(V) 05
Mole x=0 x=1
Fraction e h e h
InGan sAs | SO agssor | 0500 | 1483005 | 40283
Mobility, tpmax
Saturation |y o007 | 10046 | 4067 | 48046
Velocity, Ve
Mole x=0 X=
Fraction e h e h
Constant . _ __
In Ali-<As Mobility,z 294.0 75.0 785554 | 100.0
Satwration | g6 | 1.0e+5 | 223847 | 50046
Velocity, Vear
. ; Top Bottom
Delta Doping(crr) 5950119 26018
SisNy/ | Traps Type Acceptor
Ig%élécse Density(cm) 3.00e+12
InAlAs | Traps Type Acceptor Donor
Buffer . ,
Layer Density(cm) 2.0e+13 6.0e+16
Meta— Traps Type | & Top Area - Botttom Area
morphic ccepto ccepto
Butfer r Donor N Donor
Layer | Density(cr) | 80e+16 | 60e+16 | 2.e+17 | 60e+16
E 2 3= 0|23 =¥ mziolg
Table 2. The parameters of Impact ionization model.
Mole _ _
Fraction x=0 x=1
Carrier e h e h
IniGai-«As a 8.6e+5 2.3et5 | bbeth | 3.0etd
b 1.0e+6 45e+6 | 8115e+H | 6.4etb
An 0.25
Ap 0.80
Mole _ _
Fraction x=0 x<1
Carrier e h e h
IngAly_ As a 8.6e+6 2.3et7 | 30etd | 3.0etd
b 3.5et6 45et6 | 64etb | 6.4etb
An 1.00
Ap 1.00
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