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Abstract

A study of a novel Al,Os dielectric gradient barrier (GB) AlxGa; <N /
AIN / GaN / Si (x = 0.22~0.3) metal oxide semiconductor heterostructure
field effect transistor (MOSHFET) through ultrasonic spray pyrolysis
deposition(USPD) technique compared with a conventional-barrier (CB)
Alp26Gag 74N / AIN / GaN / Si MOS-HFET and the Schottky gate HFET
devices. The gradient barrier (GB) AliGa; (N was designed to improve
interface quality and increase the Schottky barrier height simultaneously.

The cost effective technique commonly applied to make surface
passivation and deposit the high-k Al,Os; gate-dielectric on the AlGaN
barrier.

Comprehensive device performances, including maximum external
transconductance (gmmax), gate voltage swing (GVS) linearity, maximum
drain-source current density (Ipsmax), breakdown voltage, on/off current
ratio (Ion/losr), high frequency, subthreshold swing (SS) and power

performance.

Keyword : AlGaN / AIN / GaN, Al,Os, gradient barrier AlyGa; xN, MOS-

HFET, ultrasonic spray pyrolytic deposition
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4 B7(a) ~ (b)~ ()17 » £ BT 2 A-DE Igp ~ Ips % 1 mA/mmp¥

T el T RBVep) ~ FE T B (Von) ~ BVps & B4
Sample A | Sample B | Sample C Sample D
BVeo (V) -89.3 -96.8 -162.1 -171
Von (V) 0.3 0.7 3.4 3.6
BVbs (V) 71 89 147 155
26 P AR FTRAFT TR R

23] D(#- 3] C) % - 3] B($i- 3] A) 59 BVgp s & W+ &

(81.5%) ~

g

o BT B BT R

25

» HAIDFE A LG BRS 4%

TR E4(10)% ~ BVpsez &+ & 5 74.2% (107%) »

1 MOS-gate i 3 7 1 5] S TR DD e

AR A
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5 B E R R LB
rifé * HP85S10Bw & e A 47 Rk 4% 8 WHF & > B F 502
GHz~20 GHzinge B £ B £ % > Bl E H-3A-D 3R ™ arpick 12
48 » B A-DEPE LA () 2 e S AT R R () 2 1 5

+ T
TR PTOT

Sample A Sample B Sample C Sample D
fr (GHz) 8.9 9.1 11.9 12.1
fmax (GHZ) 10.8 11.7 14.1 14.3

27 FY & ok B R

AL

da

(F)F i 5 fr= BRNE, Cof @R F o 4ok A e
mC;

# > B2 AMOS-HFET £1gp, max (8 € +* Schottky-gate-HFET % {7 i< » fe £_

MOS 4R 1T % (Co) § F1Z L R F (Cap) 2 ¥ A T 7 (Co)?

Frfem T LK g WD e B LR S (fr) 0 A HCT

DA C) A B A) et 1k 45 5 3 4ot B < 9 5 33% (33.7%)

f.
§’*" *{:F' %fﬂ;ﬁ (fmax)‘: ‘fr”} fmax = u ’ gng Eﬁlﬁgi [E ~

21 ’Rigd

g LEERF - &/-F P PF-LEM-FRIEFHFLEEERE
BRI ardts S B EgEp T BT ET S
PR A g RIS B S R ARE R R R A e B
Tl HA DA C)FHE2 BRI A) b < A7 5 3 T A7 5 34

o X6 5 27.7% (30.6%)
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4-6. ¥ F L
PR R ARk SRR MR 2.4 GHZT eh SRl o9
’fii‘]A—Dﬁ”’ﬁ% A7 X (Pout) ~ K ita = (Gs)bt’ ¥ 3 ,—H\: 5T 5 (P AE)

Boild & BT

Sample A Sample B Sample C Sample D
Pout (dBm) 19.9 20.7 222 23
Gs (dB) 14.5 15.1 16.7 16.9
P.A.E. (%) 32.5 33.8 38 38.5

d T 50 HEAIDFRE RS SRR HET RS IsR n

BRb Al 4 0 FR G A e X A RIER
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¥IZ 8

AEALY o R AR R AR R BRI T 4R

-%;;

TRRG R PP E R £ - - EHE TR TET &
B> 3L R R B - AR ERR AloaGagaN/AIN/GaN/Si & -5 1
oL EMETSHEIO TR U2 BFARERE TSk
T R EERET o

e REER £ -3 -2 EWE TRHES L OT
W oA R R PER A N AE R TR HETR - A&
TR~ B E B A LS B NP 5 IR o ALGa . N/AIN/GaN/Si (x =
0.22~0.3) Wi ksl &£ -3 -2 EME FOEd ok Kt

AEF RS S FER GO oo
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Exhaust

Ea

b=

Reactive gas
H,0 —=
T luti
=II:> —r recursor solution
Sample H,0
HEAT v Gas flux
330°C e i controller
Atomizer
Hot plate heater
HEW R RABRARRERE
Au Au
Au Ni Au Au Ni Au
/Al /Al /Al /Al
AIN 1 nm AIN 1 nm
GaN Channel 300 nm GaN Channel 300 nm
C-Doped GaN 3.9 nm C-Doped GaN 3.9 pm
C-Doped Buffer Layer C-Doped Buffer Layer
Si Substrate Si Substrate
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(a) #3 A (b) #% B
Au Au
Ni N1
/Al /Al /Al /Al
Mi|  AlGapN25mm | g i | ALGa N2 mm |y
AIN 1 nm AIN 1 nm
GaN Channel 300 nm GaN Channel 300 nm
C-Doped GaN 3.9 ym C-Doped GaN 3.9 um
C-Doped Buffer Layer C-Doped Buffer Layer
Si Substrate Si Substrate
(c) #-3C (d) #3ID

W1 7 3 ~ i AlIGaN/AIN/GaN HFET %47 &, Bl
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720

== Sample C

710+ \
Py

E
£ 7004
E )
; 690+
a )
680+ A
670 v Y v . v . v
10 20 30 40 50
USPD Treatment Time (sec)
(a) #-3C
760
] —v—SampleD
750+
T
E 740-
*é )
; 730+
a )
720+
710 v Y v Y v Y

10 20 30 40 50
USPD Treatment Time (sec)

(b) #-3ID

W2 7§ & Ips$USPD i€ % B ¥ cgg 1o
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W3 USPDit® priF2 § it 4 & AFMR %

W4 #7)D MOSR & % # c#TEME ¥
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800
Sample C
—i— DC
600 —— Pulse
V =7V

s

Pulse Width =10 pus
Duty Cycle= 02

[pg MMA/mm)
=
o
:

[y

=

=
[

0 - T 1 y
-6 -4 -2 0 2
Vgs V)
(@) #3C

800

Sample D

—v—DC mode
600- ——Pulse mode

p— . .

= V. =71

= Pulse Width = 10 ps
< 4004 DutyCycle=02

=}

p—_

A

—_ 200+

Vgs (V)

(b) #-3ID

WS =i Rk ek (6T IVE A
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7
10 200
) Sample A
10:’ —o—Sample B
——Sample C

3
1[] —7— Sample D
[

| Ll |
[y [y
[ =y
] ]

Ips MA/mm;

W6 BT ~ it ez T in(Ins)fr ot i F(gm) 12

10’
10°
£ 10°
£ 10
£ 10°
E 10_3 Sample A
= ——Sample B
10'” —'=— Sample C
—7—Sample D
].{]_12 L| - L] - L| - | - L | - |
200 -160 -120 -80 -40 0

Ve (V)

W7 (a) ~ it Bk B aEEF T RBVo)Fi
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1.0
! Sample A
—l—Sample B
']*8' —ﬁ—Sam;leC
E ]l ——Sample D
E 0.6-
- .
E
= 0.4-
_Q .
0.2
0.0 = ———

0 20 40 60 80 100120140160180200
‘TDS (‘_T]

W7 (b) ~ i P b Bl TR(Va)F i

1.0
-Sample A
—o—Sample B
0.8 ——Sample C
- ——Sample D
=
£ 06
-
E
~ 0.4
O
0.2
0-0 " ] o | - | |
0 1 2 3 4 5
Vap (V)

W7(c) RETAEehz HE 2 RiEYF T RBVs)FIE
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Gain (dB)
— = NN
S h &

th

W
h <O

Sample A CB-HFET
=C== Sample B GB-HFET

=== Sample C CB MOS-HFET

=== Sample D GB MOS-HFET
1 10
Frequency (GHz)

W8 < i e b AE S ()2 B BT S (o) i

50 60
Sample A I
E’ 40 —Cc—SampleB =50
= —r—Sample C i
= ——Sample D =40
3 30 e
° 130 2
£ 20- L
: o
= =10
a® !
0
15
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