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AlGaN/GaN HEMT(High electron mobility transistor)= 2DEG
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2 2F2] performance @]l %=, stability$} reliability= AA}e] A&
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U7l s+ =2 power level, ¥ switching T3, 181l &2
Lo e = A=A ek o F-5 Kolop gt [9]

A leveloll Al reliability issue= & 7FA7F Ad&=dH, =&
switching F3Fd A s2st= A3 #H A= current collapse issue
7F Aok [10] =2 AY leveldl #al| A= breakdown issue’} 1oH,
ole] TAE] =& AHA ZFdt= e thermal management¥}t
## 3] thermal issue’} €43t} [11] 28l B =Fo A F2 t&E
TA|?1 threshold voltage shift (Z8 <} ©]%) issueZ} EAgtt}. [12]

w8 A o5 £AE GaN power =912 A&xpe] &2 kA
= AstA7IH, -5 B 27F Al ®E 7]l sskA] EeA wE 4 v [13]
H3 T8 e W3 dielectric®  AlGaNARe] 9]  interface <]
trapping effectoll ¢33+ ZA S & interfaced] &3t GaOt 2S AX
&= oxideZ} trap9 Yoz R 9t} [14]

©

dielectric
AlGaN 2DEG

19 1-4. Gate biasoll w2 T8 A} o5 ¥z, (a) Gate-recess MIS
TFzZ9 dHE. (b) Positive gate bias7} 5912 Wl interface trap®| occupy®.

(c) Negative gate bias”7} 5] & W interface trap®] A7} emitd.

el 29 1402 AW3Ad, interface?} 2DEGIF HAp7F o]
o oAl HWA Y HSto] olFdte o®E Holm, 1 4l gate
metal®} channel Abo]e] A7) Fo] od Aoz Er} (b)ollA] positive
gate bias7} Zgl:x A, 2DEGY A7} dielectric/AlGaN interface &

4 SEask
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Al 2 & Vps=0V condition stress & CET

(capture—emission time) map
21 SAHEH 2R L)
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GaN MIS-HEMTY] +%& YER ST

-

GaN (4nm)

GaN buffer (5pm)

Si(111) substrate
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coupled plasma chemical vapor deposition)® <2 SiN, 200nm= 9]
Fol#] At} Gate dielectrice] 745, PEALD®Z Z2% SiN, 5nme}
9ol ICPCVDE Z 24 SiNg 25nm= o] Fo]#] Jt},

¥ 2-1& E AFoA =AHE gate-recess TF2 AlGaN/GaN
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2.1.2 DCI-V 28 = ¥ gate bias stress

ol A= gate dielectric 2 9] surface treatment &
F(HCL, N2O, (NH)S)Z split®l 222} 3700 thale] & ke A4
SAS dqstd, SAHE AP AEE vusks Aol Ay H Aol
Stress conditione Vps=0V 3 2](gate biasi= positive® stress’} 7}3H
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Yelo] channelZ24-E Wol 9] interfaceoll /2] trappingol] 2]3%t



Aoz B7] wid, ol 2zt 4AY transfer curveZH-EH £

levelol -85 +& gate A4S

oAl axpe] 28 At olF Arh vlard Ao levelgol & 2-29

A AEEASE B 7 Ao, ZF Ay levelel thg drain AF%E HA

HoldeS & F AUk Zo] vlud At levelgk® 247 05V A&
7

el 47146 o@ 98

2
o
w0
wn
i
N
X
off
i)
s
lije]
job)
—t+
@)
=8
QO
wn
fu
10
o
et
)
=2 9

1 Vp=10v
400.0m-

300.0m
200.0m+

100.0m-

Drain Current (A/mm)

o
=)

(a)

4 2 0 2 4 6 8
Gate Voltage (V)

V, =10V

Drain Current (A/mm)
- N w
[=] o o
e o 9
o o o
3 . 3 3

(b)

o
=)

4 2 0 2 4 6 8
Gate Voltage (V)



500.0m-. V, =10V
400.0m+
300.0m
200.0m+

100.0m-

Drain Current (A/mm)

o
=)

(c)

4 2 0 2 4 6 8
Gate Voltage (V)

a9 2-2. ZF 2R transfer curve. Z+Zb (a) HCI(1:3) 10min (b) N.O digital
etching lcycle (¢) (NHy)»S 60C 10min *2]3F Axlolt}. ZF &2xp 25 570 9

MZ 9] transfer curveZ YeER L ¢tk

el Gate (V) 15V 2.5V 3.5V 4.5V
wea/mm | 1052 | 7381 | 15418 | 23008 e N0 | s | oleve
15V
Gate (V) 2.5V 3.5V 4.5V 5.5V 25 2 20
N,O 25V | 35V 3V 74
ID(mA/mm) 2192 7417 146.89 22338
35V 45V 4V 150
45V 55V 5V 225
(NH.),S Gate (V) 2V 3V 4V 5V
ID(mA/mm) 20.18 7472 149.82 22742
F 2-2. AF leveld] W& ZF Ax}9] gate bias S YEd . FH=& 7+
_ ) o = )
270 gate AStell tigh 2 drain A #s WERH Zolw, 95 & drain

Aol levelol thall 2+ 2449] gate A& 78kt

2l &l o| Al gate biasE positive ¥4F o} negative bias®| stress
of oJgt w8 e olsx: Aum O, 7} positive gate bias stress
o} negative bias stress®] 150C 7oA FE A% olsS FAA
oo 2kdMe ARde SAF 3UolA gate bias stressE 7}8}

= 7S HTGB(High temperature gate bias) stress@} 3Fth. [21]

- 10 - ] ’}:ﬂ -C.i- 1_” F'



2.2 Vps=0V condition stress test at HTGB

A3} 150C 3ol A surface treatmento = splitS 3k gate
recess 125 7F2 AlGaN/GaN MIS-HEMT9] gateoll positive bias<}
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obefo] T (2d 2-4)& yHE= wH AA WHsH(AVm)E

AAste] YJERRQ o, ZF gate bias stresso] tEF 5709 A M=
59 8 Hete W 2 g PJugse] Ay doe= yEudo 7t
HEL 7 MEEQ At W& 28 At W A=E Yehde, 7
ANEL 2579 AEZES w8 [l Was Htss Aol

06!l —Vﬂ=1.5\f .
05| .
S 04}
=
}"' 0.3'
< 02!
01}
w 0.0!
4 1 10 100 1000
Stress Time (s)
QG [Tl =EaN
i Vv, =35V
) —V_=45V
S 04r | —vy -ss5v -
= 0.3}
Z 02|
0.1}
0.0}
(b)

1 10 100 1000
Stress Time (s)

¥ [, | =
13-



06} —V, =20V
vV =30V
0.5+ 2
—V, =40V
< 04r —V_ =50V
S
= 03
Z 02!
01
0.0
(c)

10 100 1000
Stress Time (s)

-

Z} A 2F9] positive gate biasel] thak FE z<te WIS
A3 (AVry). (a) HCl (b) N,O digital etching (c)
(NH,)-S

2
lo,
it

A9 ¥ 249 = AE SR SAHS 29 2-33 o], HCI
TS AEe kel £ 8 Ao Wt b A4, N,O digital etching,
(NHy):SE A& s 2xbe] A9 1o w8 ddidez 2 Hsts =29

[e] =
S Y F A

0.6 ] =—RT (295K) .
150C (423K)
0.51 v__,...=3.5V (150mA/mm)
Etrass
E 0.4-
= 0.3
: 0.2
0.1
0.0
(a) T T T T
1 10 100 1000
log time (s)

3 14 3 "':I'H-_E _'H.I:_ ] |: ;-



0.6 =—RT (295K)
—150C (423K)
0.5 =
V. .. =45V (150mA/mm)
E 0.4-
= 0.3 .
: 0.2 >
]
0.1
0.0
(b) T T T T
1 10 100 1000
log time (s)
0.6 ] =—RT (295K)
150C (423K)
0.51 v__ =4V (150mA/mm)
E 0.4-
= 0.3 .
: 0.2 .
0.1 -
0.0
(c) : . . .
1 10 100 1000
log time (s)

-~

a9 2-5. A3 150CA 2 2219 positive gate biasoll thdF £& Ao
WM 3lE e, Gate bias stresst 150mA/mm<e| drain A5F7F &5 wl<] gate
Ate g dAeAS. (a) HCI (b) NoO digital etching (c) (NHy)2S

e zY=E(aE 2-HelA= A E 150TC  FH A9
150mA/mm 7]9] positive gate biasoll W3k 8 A4 WHI(AVry)
S uyeERdY. HCL NoO, (NHy.SE A3k &~AF2] stressE 7F8E gate
biast= 7}7} 35V, 45V, 4VE, 150mA/mme| drain #F7F 55 ]
gate Ago|tt. o]e} o] HLE 2L oA9] gate bias stressE HTGB

T 2 -1
15 - M= Y

[

= |



stress@} ST}, [21] A2} 150C =5 1000% <t stress7t 7Fal ] A A
FE AHete WMEE =AY o 150C Ao A% stress timeo] EF
= Y Aol positive shiftshs #2e # om, A A2 BF =
< 2RdA e W AwrF ARoAe Wt Arru 9 ZAve HE
o 4 Utk FAlAl, 150TC A oA = HCIWHS H#d 2zke] +9 A
o

to] W37l 714 =3, NyO digital etching, (NHy).SS *]3F A2}9
$- 1o v Aoz e HIls HYdS & Stk

oY

2.2.2 Vru instability at negative gate bias

Negative gate bias®] 7 -F-, positive gate bias®} @] channel®]
deplete®©} glov= 2z 2xto] tha] 22 gate bias stressE 7}sho]
vkl ofele] (Y 2-6)5 oA 1000x -s<F gate
bias -6V -12Ve] ~EHX2E 718t Al T/ 42xe £8 e

Wsts S4skslt

0.0-
£ -0.5 -
- .
=]
_VG,stressLE""
=V stress= 12V
(a) 1.0+ . e 5
1 10 100 1000
leg time (s)

] [,
- 16 - N =



£ -0.5 -
Z
=—VgG, stress= %V :
Vg, stress=12V
(b) -1n L] ! L I IO TEEL L LALLM B ¥ LU PR LTS A | )
1 10 100 1000
leg time (s)
0.0-
£ -0.5 -
-
=]
=V, stress= 8V
=—Vg, stress=12V
(C) -1'n LR L I IO TEEL L LALLM B ¥ LU PR LTS A | )
1 10 100 1000
leg time (s)
29 2-6. A2olA Z+ 2~A2] negative gate bias(-6V, -12V)dll o3 FE
A<kl W3atE e, (a) HCI (b) NoO digital etching (c) (NHy)2S

Al AR E’_l:r stress timed] W} F¥ <o)l negative shiftdh
Ely o gate bias7} -6V<l A% -12vVel A4
5} "é‘ioﬂ & 2ol & HolA &gtk w3 HCIvLS A

g Adete] Wyt 7 =23, N,O digital etching3t AAF7}
ow, (NHy.SE g Aol 44 Lol el e o= %
S &+ Stk

I
o
Sk

S O\

rlo



VG stress=8Y
=V stress=12V
S .
> -
5 L] I
-
= 2
| |
(a) 3l . : .
1 10 100 1000
log time (s)
0- =
—VG,stress=6V
—VG,stress= 12V
<
— =17 i\‘\i__g
= 1 1
£
>
< 21 \
L) i
(b) '3 T T T T
1 10 100 1000
log time (s)
u o5
VG stress=8Y
=V stress=12V
*7 '\‘_
4 E |
E “ F -
=
: = iM—__I
(c) 34 . : :
1 10 100 1000
log time (s)

a9 2-7. 150CoA ZF 229 negative gate bias(-6V, -12V)el| )3t £H
4o WatE yeERd. (a) HCL (b) N2O digital etching (c) (NHy)2S

- 18 -



6V e}t

=

=

shiftdts &

s}

ol
1

}

==

ol

ol

%O,

2.

dielectric/AlGaN interface trap¥} ¥ o]

-

1

CET(Capture emission time) map< T3 <&

o

A9 aHE(ag 2-7)E2 150TCAA 1000
-12Ve] 2EH2E Ty A ARy
SA3FATE Al A B stress timeol] uheh
T AT Aol Al £H
SEAA ) 150 Col A+ 10002 7FA stressE 7}
thohE A gk Lol A =
wet o =4 negative shiftdS <&
212
g

=

Z 20
<5 T

2

o

T+ 79
-1VE HlouyA 455 Hol, 2L7t

I Ak T3, HCIRRS A g
A<kel Wzt 71 =231, NoO digital etching, (NHy)2S

o~
T

W 52 g 73

of

==

E]

)=
U |

& adel A5 o] W dHow Ao wMgE nYe @

SO

3 Extended CET map

Forward gate bias stressol

CMOS device?] BTI(Bias temperature instability)<d -l 4]

Atk [22]
3t CET map2 128]7] o] CET mape 24 wWyS

=
T

238

(b) 140
"
o s,

h
2 o -

>
[mV]

N,

18, -
hy
e |

'ﬁ“ 3

-‘&"‘
“ue,
—

ey

AV

v a4V .

g.slress

10 10° 10’ 10* 10" 10"
tiress [5]

10°

g

gragel W

pils

94

il

312 24 (h) 2EH A A 7ro] 1x9

M
Moo= o

o}

1= 2}

=

_19_

120+
100 4 --4
80} |
£ 60
40
20} !
o}

-8. [15]91A¢] CET map # 4. (a) CET maps A%
=

o] Walzte] S Fain, o] ZHE CETE A

A.u"‘ (tstross™151 - AVinltgirogs=100ms)

w739V AWy, per decade
4 ] 3 19.5mv

: I 23.4mv
I

3 Tty

<} 01

[¢]

o 2~
= T



d*N/ (de d [em? 59

-
emission

caplure

10g(tcapture)

10g{Teaptre)

(a)

0 1 )

10" 10 10

Qm\ss\ﬂﬂ[sl
g 2-9. [15]914 9] CET map. (a) CET mapS AU 7= 42 verd
Aolm, (b) i+ Zgte] W3l datad] wel FEH 4 E CET maps H 9.

10

T

109 (Temission)

§

ol 29 2-8 (a)9] recovery tracei= Z} stress timeoll th-g-%
+ recoveryel W& L8 HAste] WstE UERdTE 2-8 (b)Y ez
A 0] 93l stress time?] AZF-E recovery timed ¥ H<tel w3}

EgEuige Ay

(aVie) 2 FahE ZAolth o] Wah REZPH * 0t o 4
S %3] interface trap density® H}E 4 T} o= tE stress time<
Ak A BE Ao ®WstE Fetd AA CET maps 78 + 2
Al Hoh

19 19 2-9 (a)+= CET mape]l AMHA 7I= A= & AR+
a girh 1WA AR WA stressol A stress time©] capture time
constant Rt} A2 trapeE> AMAAA HI(=FH), 2 trape> oF2 o
AR A FHep 2o A= recovery ©]F, recovery time H.Tt} H
recovery time constantE 7} trapE<2 emit¥ o] H|H A A =i, 1 9
o] trap ©F4 emite] <t¥ FEIE B 4 Qlrk 3H2 109 71 F WA
stressoll A, 1¥H A} vpz7FX] 2 stress time©] capture time constant
Hoh A2 trapE AHAA H(BA), F trapsES oF2] F A A
A Aok 4= 20 HAHI} vpRIMAE) recovery time HEUF B
recovery time constantE 7} trapE2 emit¥ o] H|H A A =i, 1 9
o] trap< oFZ emiteo] ¢tE AE|Z B 4 Tk o] 3t A o] AlLElA
HhE g wE 718 18 2-9 (a)dlA] T-alF interface trap density®
e ¢ o, 2 Ayl CET mape] ¥ 2-9 (bt & 4 Ut}

_ 90 - s - i)



$9] CET map9 4% wel, HCl wet treatment, NoO digital
etching, (NH4):S wet treatment®] 37}#| surface treatment® 2 split<
Sl gate recess T2 E 7FZl AlGaN/GaN MIS-HEMTo| %= 150mA/mm
= 7]F0o % gate bias stress(ZZ} 35V, 45V, 4V)E 718t 1o oS-
Y= recovery timeg? w8 HY4e WSEZHE interface trap
density S FE3F3 T}

ool 9 2-102 4 A% CET mape YERHATY. CET
map< %35t Z} capture time constant®} emission time constantel] t
S %+ interface trap density #ES & F Ut olEL MZAH=T 1
EEE YT old 12 a1, 7} capture time constant®] trap
density 9} 7 emission time constant®] trap densityE UEYE 4+ J=
= CET mapeS Aa|H okttt o= 22 33 do] & time constant
s IR, 259 dozRE ZF time constantd trapg T+
A

Qo ol5e Zuldw 7 FLZ el

apture [5]
—&
s

TE

]

o
-

10°
(@ 10° 10 102 10°

Temission [5]

91 - y ,H i 1_'.” 'ﬁ:'} =1



10°

2

Tcapture [5]

—
<

b 10°
(b 10° 10 10° 10°

Temission ES]

(c)

10° 10° 10° 10°
Temission {5]

-2 - TRalh e AT



6.000E10 1.200E11

Color 4.000E10 8.000E10
scale : 2.000E10 4.000E10
(d)
0 0

¥ 2-10. Z} 2o t3 CET map3 color scaled YEeld, A7 2o
d*Ni/(dTeapturedTemission) [em ™ 7712 YERH, Zu) 22 dNy/dt [em™® s'1&
vebdict (a) HCl wet treatment (b) N,O digital etching (c) (NH4)2S wet

treatment (d) Z} trap densitye] AZd Zuwld v A~ dS YeElE 3 &,

el &H" CET mape T3k, HCle ALt 22+
emission?] 71 A]7Fe] time constantE 7}% trape] 2o, (NHy).SE
At 227 AAA SR trapo] AR AEFS AT F AAF
Sh=g

CET mapoll 419 capture &7S positive gate bias stressol] A
interface trap©] occupy¥©] &8 #<}to] positive shift¥]

345 negative gate bias stressol A interface trap®] emit¥ A & #

al, emission

Qto] negative shift¥= Aoz REopd HCIE AHgdh 29 45 1
emission & capture time constant®| trap density’} 7] w&o] 19
2-4 (a)2} 19 2-6 (a)olA] AlZto] A EFE FE A o]Fo] ©y AXA

L ope on];]_ H]‘EHE (NH,)-S& ﬂg]rs} /\7\]_1— Z] 1] JOE e
AW W a9 2-4 (0 28 2-6 (o)A e HE o] B0

N
-

S
2
rlo

Con . _H kl 1_'_” [



Al 3 & Extraction of activation energy from

slow detrapping phenomenon
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Abstract

Comprehensive investigation on
threshold voltage reliability at
HTGB on gate-recessed AlGaN/
GaN MIS-HEMT

Seonhong Choi
Dept. of Electrical and Computer Engineering

The Graduate School

Seoul National University

AlGaN/GaN MIS-HEMT(High electron mobility transistor) is
considered as the promising candidates for power electronics
applications due to its properties such as high breakdown field, high
carrier density and low gate leakage current. However, additional
efforts are needed in regard to the improvement of its reliability and
the mechanism of degradation for the commercialization of GaN
device.

In this thesis, the instability of threshold voltage in GaN power
device was studied through stress experiment with various operating
condition. The extraction of activation energy was studied in order to

analyze the cause of interfacial trap as well.
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Since the cause of threshold voltage shift is the trapping and
de-trapping of electrons at interfacial state, the samples are split by
several surface treatment, which are expected to improve interfacial
state. The experiment was conducted in the condition of Vps=0V with
both positive and negative gate bias at both room temperature and
1507C.

The activation energy of interfacial trap responsible for threshold
voltage instability was extracted by means of improved Vry transient
threefold technique. We found that three of samples has an activation
energy around 0.670.64eV, which indicates that surface damage mainly
causes threshold voltage, according to the database of activation

energy.

keywords : AlGaN/GaN MIS-HEMT, surface treatment,
threshold voltage instability, high temperature gate bias stress,
interfacial trap density
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