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T Aol shetele) 1 A9l s HEMT &
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S p— A Aol S Sls) mele iAol 3 Fad RaES
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etamOP M I, Al ,AS (x = 0-05) undoped __ 1000nm O 37 ofel Ha B
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Figure 1. The device structure for simulation. o1t o]T . 7hA FEl
Table 1. Hydrodynamic Simulation parameters.
Schottky barrier height (eV) 0.585
. x=0 x=1
Mole fraction
e h e h
Constant bility,
In,Gar—As onstant Moty 3,936.21 250.0 14,830.15 402.83
Umax (Cm_/v ° S)
Saturati
Daturation 1.2341x107 1.0x10° 4.0x107 4.8x10°
velocity, s (cm/s)
. x=0 x=1
Mole fraction
e h e h
Constant bility,
In Al —As onstant HObHLy 294.0 75.0 7,855.54 100.0
Hmax (Cm/v * S)
: loci -
Saturation velocity, 8.5x10° 1.0x10° 2.233x107 5.0x10°
Vsar (CIV/S)
. Top Bottom
Delta Doping (cm®)
ping 2.25x10% 2.6x101°
Traps type Acceptor
SizNy/InAlAs Density (cm’) 3.00x10"
interface SO (cm/sec) Sref (cm/sec)
Surface SRH 1
1X10 0
InAlAs Traps type Acceptor Donor
buffer layer Density (cm’) 2.0x10" 6.0x10"
i y T . Top area Bottom area
ta— raps type
eltammorpic b P Acceptor Donor Acceptor Donor
buffer layer - S G 5 o 5
Density (cm”) 8.0X10 6.0X10 2X10 6x10
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Table 20 7t E4o| wje} A4H & o3t 2 slajn]
9l 7184 ] RS o] 9ol Alo|E A (sink) B SisNy/ Heg Aelsto] Hepgit
InAlAs AWl FA5= 22 9 94H Edl 400 nm HEMT &249] RF 5785 Y= Akt F3=(cutoff
InAlAs 3T 2 HEREY H#3o] Eu] EfS x3ts} frequency) f, % HHEAFIE £ 2 A A (2) 2
of Al ]S FslIei 2] (3)7 o] AHT} [8].
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ato] AlEgold vy 1A 7&42 ofyf] AlS v PR (2)
= gl EO] o] T =i [1]e14 HRHAL 5 G
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Hydrodynamic Al&e]o]Ael4 o] (avalanche) HIHAEE, ¢ = ACJE-227 AARZ, ¢ = A0
Aol ogt A T7HE €3l 5 54S w6k Sl E-syQIz AsjA R o]tk
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Table 2. The parameters of Impact ionization model.
Mole fraction x=0 x=1
Carrier e h e h
a (1/cm) 8.6x10° 2.3x10° 5.5X10° 3%10°*
InsGa;—xAs 5 5 = -
b (V/em) 1.0x10 4.5%10 8.115x10 6.4x10
o (1) 0.25
A (1) 0.80
Mole fraction x=0 x=1
Carrier e h e h
a (1/cm) 8.6x10° 2.3x10" 3.0x10" 3.0x10"
InAli —As 5 5 = -
b (V/em) 3.5%10 4.5%10 6.4x10 6.4x10
Ao (1) 1.0
A (1) 1.0
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Figure 2. Calibrated simulation results of the DC char—
acteristics in the MHEMT [3].
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Figure 3. Delta—doping efficiency of the MHEMT.
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Figure 4. Effect of the I'—gate head field.
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Figure 5. The effect of the surface of InAlAs barrier layer.
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Table 4. DC/RF small—signal simulation results of gate recess structures.

5.0E+16
1.1E+05
2.2E-07

- 47E-19
1.0E-30

0.5 1

Recess structure Full-Wide Full-Wide Half—Wide 1-Narrow
(SD—-3 um) (SD—-2 um) (SD—-2 um) (SD—-2 pm)
Idss
@V,=0.0, V=25 V [mA] 53.25 59.75 74.88 117.58
Em max 342.94 377.67 456.99 661.61
@V¢=1.0 V [mS/mm] @Vg=-1.10 @V,=-0.73 @Vg=—0.70 @Vg=—0.62
1 max 103.13 107.72 121.14 140.30
@|h211/20 dB [GHz] |@Vg=-1.21, V4=1.0 V| @V,==0.92, V4=1.0 V |@Vy=-0.88, V4s=1.0 V|@Vy=-0.77, V4=1.0 V
f e max 231.61 305.20 313.80 353.32
@MUG=1 [GHz] @Vg=—1.08, Vgs=1.0 V| @V,=—0.81 V4=1.5 V |@Vg=-0.88, V4s=1.0 V|@Vg=-0.86, Vos=1.0 V
BVo@Vg=0 [V] >3.0 >25 >1.63 >2.0
BVoii@Vg=—2 [V] >5.0 >5.0 >5.0 >3.0
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GaAs-based metamorphic high electron mobility transistors (MHEMTs) and InP-based high
electron mobility transistors (HEMTs) have good microwave and millimeter-wave frequency
performance with lower minimum noise figure. MHEMTs have some advantages, especially
for cost, compared with InP-based ones. In this paper, InAlAs/InyGal-x<As/GaAs MHEMTs
are simulated for DC/RF small-signal analysis. The hydrodynamic simulation parameters are
calibrated to a fabricated 0.1-um I'-gate MHEMT device having the modulation-doped
Ing.52Alp4sAs/Ing s3Gag 47As heterostructure on the GaAs substrate, and the simulations for RF
small-signal characteristics are performed, compared with the measured data, and analyzed
for the devices. In addition, the simulations for the DC/RF characteristics of the MHEMTSs

with different gate-recess structures are performed, compared and analyzed.
Keywords : High electron mobility transistor (HEMT), Metamorphic high electron mobility
transistor (MHEMT), InGaAs, InAlAs, Device simulation, RF, Small signal,

Cutoff frequency, Maximum oscillation frequency
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