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Abstract

The optimal geometry of the gate field plate in AlGaN/GaN-on-Si HEMT has been proposed using two-dimensional
device simulation to achieve a high breakdown voltage for a given gate-to-drain distance. It was found that the
breakdown voltage was drastically enhanced due to the reduced electric field at the gate corner when a gate field plate
was employed. The electric field distribution at the gate corner and the field plate edge was investigated as functions of
field plate length and insulator thickness. According to the simulation results, the electric field at the gate corner can be
successfully reduced even with the field plate length of 1 pum. On the other hand, when the field plate length is too long,
the distance between field plate and drain electrode is reduced below a critical level, which eventually lowers the
breakdown voltage. The highest breakdown voltage was achieved with the field plate length of 1 pm. According to the
simulation results varying the SiNy film thickness for the fixed field plate length of 1 pm, the optimum thickness range of
the SiNy film was 200 - 300 nm where the electric field strength at the field plate edge counterbalances that of the gate
corner.

Keywords : AlGaN/GaN-on-Si HEMT, breakdown voltage, electric field, field plate

S, B9, Bt A B
(School of Electronic and Electrical Engineering, Hongik University)

" A4E9, Felusta 248N~ A7) F )
(Department of Electronic and Electrical Engineering, Hongik University)

# ol =Re 0I0AE ANZARe Adon RN G KETEPS] AU wob $4% AT

. (No. 20101020300470).

o 01 wad 201195 ARG EAsr)E)e] gelor FardtAde] Aeds wol sdd A9
(No. 2011-0004995)

HArdA: 201198€9Y, 4 ¢= ! 2011 d12€2¢



2011 12€ MASss ==X H 48 @ SD # X 12 = 9

eI )
o
©
e

e x0 (R
rr

B
=

L off
>,

O oo
oo e
Mo o %
B~
)
rr

2L
o
-
£l

rfu
a2
1o
i
ox,
o
oX
[o
N
=
of

o
=
By
o
o

© o,

il
o

N

ool my

i —D‘ [‘10 ot
N
R
N
rir

>
-l
>

X
o
)
ox
Wl

ol
rO
(o
it
By
i F
i
K3 i

o
=Loof @

flo g_&
3

Hir

B

[ea

(o O
ot

N
N
K
¥o,
2
ru
o
f
=l
2,
o

w

fo to &

oltyg} AlGaN/GaN o]&4
AL = (>1x10% em )7 2AE}
el ApA] A A9 AR 2
}ol#olAm Qe 23], GaN
9 7hsAd SHAA AEgE 7
AlGaN/GaN-on-Si glo]d el thak o7
B gt
AlGaN/GaN ©] &4

‘%1—

-4
£ N
Mo 1o

ol

i)
ofN X
o 9o L

o

re 2 xo
N

S
N
[N

Moy

4
et
ofo L

>,

o
)
tilo

R

-
fl
i)
of
=5
X

fo
o,
o
)
rlo
N
©
m
o
M & 3@
F1 o= > 2 (o |m =&

LSRG B P o |
338171
L AAE T
=g
passivation &0 =2
g o)g AR 24
T we A7
A sHA wol Al
i

o}
il
=

T AUtk o
3t g 917t A
olE B AANA Frr
ARE7E wstetA ok wEba] Fo3 Afdd o)A
AA e dolo} g ddute] Tl o
A e A
B =AM E AE BA A9}
Ao AAE 71 g or B
A dol9}k SiNg 7 FAE o] A Al
Al E

Yspol BETRO BHE 9

iy

2k opie} 9 F vl el o)zl

AAREE 7 vlastoi.

O

0. AlZ80[4

1. AXFE L A S 0|Mof| AEE 2
B ALgH Axbe] 7R F2E U
EbdITE o 92 5 um T2 GaN W5 9ol 175
Ael AlgxGapmN FH 30l 911, 2 9o 20 A9l GaN
EAsHE GaN/AlGaN/GaN 122 o] Fo# 9]
229 299 AFe BE AlGaN/GaN ol EHE
ol A o]x}d UA-EAI ] PA = Fite] ghgo}
o)

G8%0] ofold glov PEAFE ARG

um FAC] AIN Fo] AYgE At Ao}
Atole] Al (Lg)w= 3 um, Alo]E ZAol(Ly)+ 2 um,
o|Eo} =l A= Ate]e] Aol(Ly)w= 10 pmolth
A 29 HAtE flate] dAARe] Zol(Ly)e= 0~
5 um7HA WA o SiNg =] FA= 120~700
nm 7HA HSA 7

2 ATE S oA &} AlEH "I Silvaco-
Atlasg ol &3t on AHgd FOoRIL o} 2tk
Aol s e Bl 7dA gl o3 x3lolsHEE
1837l Y8l parallel field dependent
mobility RS 7|24 0% A& igirh QA 2d

2 Shockley-Read-Hall recombination AH-8-5}

electric

[e)
RISy

GaN buffer 5 yum

AIN 0.4 um

a7 1. AlZelo| Mol AFEE AlGaN/GaN HEMT 2~Ate
=
Fig. 1. AlGaN/GaN HEMT structure used in simulation.



10 JLfRt M= AQEE AlGaN/GaN—on-Si HEMTS AOIE MA® +X A X3l tfst oAt ANEHO0M HE 05T ¢
A FEASG 54 EAdA T8 impact EES Z9] Aol 1 e F 19 Aol
Selberherr impact ionization ®&-<& AF&-3lS3t}. AEH o]l A Azl =l AT o] FHe @
- - PHEOZ 7MY AolE A= &£ET] B
G=a, |, + a,lJ, 1) " S ©
12 eVE 7HAsA T Alggoldddl A-¥ A8t E,
AdA] M= FH& olsx, A} 23} &% Fa
BN \BY = o
0, = ANep| (22 © e S 84 skeEe £ 20 4ol
o]7]X G+E impact generation rate, «,-< impact 2. Nedlold 23t & B9
ionization coefficient®] 3. AN, BN, BN #+4=o]c} 0
GaN$} AlGaNZ=9] A=A zholo] 93] AlGaN = 7b. AOIE FAE Zolo ME I=HY S
ol A wAlE= B8 AM(polarization effect)S TR} AOlE AAT] dold mE 35 dolrr] $3)
o] w3, Lea = 10 pm, SiNg = 300 nmol A Alo|E AA T 4
o5 0, 1,2 3 4,5 um & WA AT AlEH oS
Prov= Fop Fe G g darh 249 off-state FEEAL Bolr] 9]
gt Vo = 10 VE QI7Fste] A= A1 AFEfoll A
P=2" (g, — ) (4 ~ =A9 A IR Al AR S
% Cis o 29 26 A% Aol wE Alols AT 5
o] 7] A pm% AR B, P e AR P B e JeEh gEAte] 7]Z2S AolE AFUET} 1
FAETo|T . GaNZe AAEE, g AlGaN mA/mm °f ttosts w2 7HgEtels o dAe] §l
= Ao A9 3 Ashe] Ve = 400 VI Blte] 1
E 1. AlEEo|Mo AL2E 232 nl2lolH um AATE EYEAS W Ha oF 1200 V BE7HA
Table 1. Polarization parameters used in simulation. =15 Aoz Yepdtl ela AAT Zdolst 3
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parameter 2 e
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° - X - X
a A el S0 © Vi = 10V, Vi = 400 Vol Alo]= AAwe] 2
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Ci3 (GPa) 106 1042 e ©
Cs (GPa) 398 39.7 — — T .
- 1200 | . . ]
E 2. AMEEolMo A2E 2 ni2lolH o / TS
Table 2. Material parameters used in simulation. Z 1000 + T
o
Material o L _
GaN | AlGaN = 800
parameter g 1
Electron affinity (eV) 41 3528 g PROr ]
Energy bandgap (eV) 351 4.222 g 400l " i
Relative permittivity 89 8.8 2 SiN =300 nm |
Low field electron mobilit o 900 | _ -
) Y1 1000 75 g V=10V
m/V * S) o 0 ] L L I ) !
Saturation velocity 50 15 0 1 2 3 4 5
(x10" cm/s) ' ' Field-plate length (um)
Conduction band density of |, ; 315 a8 2 Exe= AeolA Aol &Awe Lolol
states (x10°cm™) 2 gExetel Hat
Valence band density of L16 135 Fig. 2. Breakdown voltage as a function of field plate
states (x10%m™) ' ' length.
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