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Abstract In this paper, we report on the DC characteristics of the AlGaN/GaN HFETs using physical models
on piezoelectric and thermal effects. Employing the models was found to be essential for a realistic prediction
of the DC current-voltage characteristics of the AlGaN/GaN HFETs. Though use of the implementation of the
physical models, peak drain current, transconductance, pinch-off voltage, and most importantly, the negative
slope in the current were accurately predicted. The importance of the heat sink effect was demonstrated by
the comparison of the DC characteristics of AlGaN/GaN HFETs fabricated from different substrates including
sapphire, Si and SiC. Highest peak current was achieved from the device with SiC by an effective suppression

of heat sink effect.

Key words GaN, HFET (Hetero Filed Effect Transistor), 2DEG (2 Dimensional Electron Gas), Heat sink effect
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Fig. 1. Structure of AlGaN/GaN HFET.
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Table 1. Modeling Parameter for the simulation of AlGaN/GaN

HFET
Parameter AlGaN(Al=0.3) GaN(2DEG)

dielectric Constant 8.78 8.9
Energy Gap 412 eV 326 eV
Egalpha 7.32x10™
Egbeta . 700
Sturation Velocity 1.4X 107 cm/s 2.2X10 cm/s
Electron Affinity 2377 eV 33 eV
NC300 4.08x10%em™®  224x10%cm?
NV300 8.6X10"® cm™ 1.8X10%em™
Lower field mobility 350 cm¥/Vs 1000 cm*/Vs
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Fig. 2. Piezoelectric effect at the AlGaN/GaN interface with
the conduction band energy (a) and sheet carrier concentration (b).



i

g -

772

]

_l

[

ZA piezoelectric /el ols) Y€ 2DEGY] &
& zﬁ%jx“’i de W3} st 2dE ol FE
BAeE & A7 AFLeE RuEHE Aot Fg. 3
< AlGaN/GaN HFET A 7] o AAdEs 2
He Aot 284 gL HE Hwd Foolt. Fig
3(a)2 A% 71EY dift-diffusion RE S ©]-&-5}o
AlGaN/GaN HFET &2} A%< o &35 Zlolth =8<l
ARE AA &2 =9 ARATE ¢ 532 £2
EAL YeARE Fig. 3(b)olA veld A dgae
2 AR a2 =yQl AR @gIde & Aol Kol
I oJeE AL B F oy oA 7|EY drift-diffusion
B2 AAfRolA BAsRs A DA Foll gisk A
AEAE ZEI A Rste] AR LA Fell oisk AL
glol= AlGaN /GaN HFET 2ztell oigh A ghst 54
o Zo] E7Fs3e BoyFE Utk Fig. 3(b)2 Fig. 3(a)
I3 ge ded ¢H54S s mdya AA A=}
A 2¥4 22A2REHe DC IV S4L vlxd o)
9, non-thermal 99 A9 g2 F AHr} 43
3 X" AAE BAFE IS ¢ F Ao 53
non-thermal ERd#e] 79} g R

voltage) ©| % =8 AF7F & 71&
=48] ©]= non-thermal 24 & 5l

ol o]AL &A} FAA| Ec}% g3 v AR

roh

O.B'V—V“'-V ‘ )
0.16

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.000

Drain current [A]

2 4 6 8 10 12 14
Drain voltage [V]
0.12

""""" Measurement (b)
———— Simulation (sapphire)

0.10

0.08

Drain current [A]
(=]
8

Drain voltage [V]

Fig. 3. DC-IV characteristics of AlGaN/GaN HFET obtained
from (a) non-thermal modeling and (b) thermal modeling and
experimental measurement.
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