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Abstract

This thesis reports the experimental studies on the gate-bias temperature stability of inverted
staggered bottom-gate Mg 0sZng9sO thin-film transistors (TFT). According to literatures, the
addition of Mg into ZnO related materials can reduce the oxygen vacancies due to higher ionic
character of Mg-O than Zn-O bonds. In addition, indium is rare in earth. Therefore, we chose indium
free MgZnO TFTs as our research target.

ZnO films crystallize easily, even when grown at room temperature. With the application of
post-deposition annealing at 200°C, the (002) peak increased slightly, indicating the substitution of a
small portion of Mg for Zn in the ZnO crystals. This substitution reduced the lattice constant of
wurtzite ZnO, caused by the slightly smaller ionic radius of Mg®" than that of Zn>". Moreover, as the
annealing temperature increased to 350°C, grains grew and the crystallinity of Mg ¢sZngesO
improved, as denoted by a decrease of full width at half maximum (FWHM) of (002) peak.
Furthermore, (002) the peak shifted even higher, indicating the substitution of more Zn by Mg in the
ZnO crystals.

In the positive gate-bias stability test at room temperature, the subthreshold swing was nearly
unchanged for the devices annealed at two different annealing conditions, revealing that the main
mechanism for the threshold voltage (Vi) shift was charge trapping. The 350°C-annealed TFT
showed less Vy, shift, indicating better device stability. As the positive gate-bias stress applied to
TFTs at elevated temperatures, humps occurred in the subthreshold region of the transfer curves in
the 200°C-annealed TFT, and became severe as temperature and stressing time increases. The hump
phenomenon was much less significant in 350°C annealed TFTs; merely a degradation of SS was
observed at 80°C, the highest testing temperature in this study. The hump disappeared shortly after
removing the positive gate-bias, suggesting that this phenomenon was meta-stable and was resulted
from gate-bias induced electric field. This hump phenomenon might have been due to the creation of
meta-stable oxygen vacancies in which the neutral vacancies were thermally excited into ionized
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states and released electrons into the active layer to form a leakage path, when TFTs were subjected
to gate-bias stressing at elevated temperatures.

The humps were not identified in the transfer curves when TFTs were subjected to negative bias
stress. Instead, a turn-around of Vg, shift occurred in the 200°C-annealed TFT. It was attributed to the
competing mechanisms of the defect creation and the charge trapping. In the AC bias stress, Vy, shift
was less severe to the DC bias stress. Nevertheless, the Vy, shift increased with the increasing
frequency of AC bias stress. It may come from the slow recovery of trapped charges.

In conclusion, the 350°C-annealed TFT showed a better bias temperature stability. The more

substitution of Zn by Mg and better crystallinity help improve the stability of MgZnO TFTs.

Keywords: oxide TFTs, MgZnO, MgO, gate-bias stability, thermal stability
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ZnO sputter 130 | 4.78 | 0.68 ~10 10000 [12,V4&=0.5| ~0.4 | 0.4 | 1.8ES8
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B2 7 SEM AL
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3 3
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B 4-2-2 (a)(b) A %5 L/W=15pm/320 pm 2 &%E & >+ 200°C 12 2 350°C
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AL rﬁﬁ?} I &

wATR fFEBF kit TRMY Re KL
Vin U SS on/off N
V) (cm?*/V's) (V/dec) current ratio (1/cm?)
200°C 8 X 7 12
5.0 5.22 0.82 1.8x10 2.77x10
(Vs = 0.1 V) - .
350°C 19\ 7 12
5.0 3.77 0.83 2.6x10 2.81x10
(Vs = 0.1 V) * .
o 1° L
200°C i 7.7 3.89 0.88 1.4x10’ 3.00x10"

(Vps =10 V)
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Vin SS on/off N,
(V) (cmz/Vs) (V/dec) current ratio (1/cm?)
200°C 8 X 6 12
) 4. . 2.0x1 .0x1
(Vs = 0.1 V) 5.0 75 0.88 0x10 3.0x10
350°C 2 % 6 12
4.6 3.84 0.88 5.0x10 3.0x10
(Vs = 0.1 V) * .
200°C 38 X 6 12
) 2.92 1.2 1.2x1 4.3x1
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5.0x10°H * Ves =5 ol
—A—V_=10V| <«
GS ‘44
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h TR fFEBBF it TRMEY Re kL
Vin U SS on/off N
(V) (cm?/Vs) (V/dec) current ratio (1/cm?)
200°C 3 X 5 12
4. A 1.02 3x1 5x1
(Vs =0.1V) 0 07 0 9.3x10 3.5x10
350°C @ % 6 12
5.1 1.56 0.96 1.7x10 3.3x10
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200°C 3 X 5 12
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° 1‘23 ‘)\'
350°C <3 8.1 1.86 1.55 1.6x10° 5.4x10"

(VDS = 10 V)
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5] & 30°C ~ 40°C ~ 50°C ~ 60°C ~ 70°C ~ 80°C & ip| H 3 4514 0 8 > ¥ 343h 0l
HABhP LR 4-3-1 45508 BV AT i B AERERRR R

FOUEREFERRY BRI REEHEET AW AL ER Y 5 I A
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g8 5 T E[S] 4o B 4-3-2 #Tom 0 i 1 350°C chA % b g Ap E AR 2

m
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200°C 84 A2 g ARBEFFL PR E S BROGEFE R DEIET 2P
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= F 1 = ]
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10} , e, (00 § Q10" 1 600 |
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S, 10 oo |* —¥— 1, (60°C) S v —v— 1, (60°C)
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10'14 ! \F T 10'14 LYY !
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Drain Current (A)
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1
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B 4-3-4 % 200°C )2 2 350°C #4319
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% * Vgs=3.8V
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TRITEETABEITEIIRERT WD BRPE S PREOERE L&
R 5H20 Vo iR RE L e 0 BRBFEET L L 10000 £ 0 F 3] 100 45 -
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ROHEHe 510 5 > 72 A ] 4 20°C > 50°C » 65°C » 80°C #aipli& » @ #1iF * ol i
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Wdd-1 32 FIVERDERT LWAAEBRESYE01VEIOVTE
RIEOR 25 BRAE TILRITE S % o o WP 5 g VR IRE R LY G T
Fen B LI TRRHtF(SS)i G R gt 2T AT B AT R EEE R
Foooord 2 T PR T AR LG 0 X2 RETROES R FT UFFN TR
if F(charge trapping)’ &/ & 1T E A TR P AR B DT F ¢ KR RS 4o DT B
OB T AR T HR 3 FLTRR TR 2 o 5 [6] o B 4-4-2
Tk R REAEHM RGBTSR T AP B IR 200°C 11 2 350°C 12X
IER AR F RS R 2000C I VTRATRT 8OV HRBE > KA g

Y

W 350°C XA > RATREG 26V himHBE A d N Q2425
stretched-exponential model #fef & Bengt & & 2 - ¥ 12 {F 7] 200°C & 350°C ¥
AR R T A A 12x10Y F5 0 2 3.8x10° ) » R L K B BRI A ] 5
(HlﬁQM’ﬁﬁﬁﬁ%%&ﬁ&%@ﬁ£%ﬁ$4 G W R U R PIGEPEAR D BB
AR @B E KBS ) e AT A RARR R FU IR B AR S A 4T
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s
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0
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010" Fis 20005 1 0102} 53 —»—2000s 1
i ¢ 50005 3 \ oy 50005 |
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£ (© ] E(d) ]
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W 4-4-1 % 200°C r2 2 350°C #33 L 2 F5 L H W EREFEIET R A 5 Z (a)(b)
0.1V 122 (c)(d)10 V % 20°C P& ¢ v Ripl3R e 3 5 140 SR T 8 1 )

2 10} (a) 2 10} (b)
= = annealed at 200°C * = = annealed at 200°C
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6 — 61 _
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501VE 10V TET 50°C65°C ~ 80°C £ | cHRf & B4 TAHRGEE % » B
4-4-4 ~ 4-4-6 ~ 4-4-8 ]| 5 Ap $ TR TR R A 5 R AR U B PR R S0RE TRR) 0 T Y
P BRI IR BIE B 5 50°C B 450200°C 9 ) e % 4 54 (hump)IR % A 2 o
@ 350°C X e 2 fr2 pAT > SRR LG S B G B R O R 5 R RIEPE A
EFA 0 P MIERGF A R Fl o NPT T £L3 (relaxation) B3 0 4r B
4-4-11 5 BB & 5 80°C FF » 5B 10000 F) W 1% i B RIE (5 enhse 45 0 &%
Bl - RERSER > P OUFRRE IR AR - @%@f SRR I
e 200°C i3\ ehA i 02 2 350°C i3 0 e 2 b oo X K4 w5 dE 4000 £5£2 2000 £
R (S BEFHY RO R FES T YR I ARG RR IR Lo FiE d
WismRsIAz o ¥ 8- B3 e fi > Ra R0 plEY SApa-a 2oy & 80°C
Al LA R e E R R SR AR SF 0T VST 0 4ol Fung ¥ A B R A
IGZO % HHSd BV E AiEB/BRAS FE > BARCE AFET 24 AR
Fho A gd 200°0C £ NAIL ¢ 2 2w AR[T] -

B LR K T S AP RS 4 A R E A
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1. RRIEFOF 4 BB

Huang % * # 7 IGZ0 &3 S 7 b § 4 2 7 e B HRT RBP4
NF s HREY FA G ARSI RF 0 ¥ en® RIA K K (passivation layer)
72> P& i F (back channel) 7 % &R 1& 7 Heni®® 20 T oK § o @ oK F IR 5E 1
% % (donors)end ¢ F ) S L HL AT U 0 dol § - B F 2 (parasitio) T 548
STl 0 T S A R D ILRE 0 BE I % [8]
2. i ig K enit B35 E v B (chemical stoichiometry) -

Kamada £ A M7 pif 2 3£ 5 &gk FL a7k
R oorig & eh g B R FRE LA F kg g
PR gD A A AN S DR RE S TR g i@ i 5 A E
BAGE RBRIER E DR AL A6 ARED BRSRGEE Y #
HEEY R LHENT FDimB[9] e
3. R PR RS xR R R

Ma & 4 MR 5 S@ g LdP > A7 Ml D BRE AL R
BMRBFE F R MR BERF O HEEY DR ERNEIREFLITR
Begrld o A4 - B LR AR FABDRETIIRS 0 RA G WED AR
ARG HREE P d N ARRSNRF ERATIET S
P & enA 2 Adedl 0 @ F AR TIN A TRR B E Y IR B amnE R % [10] -

Tsai & 4 A IGZO E %7 &Ll ¥ ARl BRRF T2 AT - F 2 § (N,0)

TRALOT T %ﬁuhﬁéﬂﬁﬂﬂGﬂyﬁﬁﬁgzhﬁ Wk P 4 T
AR A TRMEERERBRRFE A=A RS DR BE - PR
%m@&%ﬁ@?%aﬂﬁ%ﬁ%ﬁﬂﬁmm’ﬁ*aga%ﬁwﬁﬁﬁﬁaﬁ
O RIL 0 R IREF 5 F1F 0 T dLRIRE A 4 R TR AN T A
i* (passivate) s Fea o Jgd R 1 i /R 5 o (1] -
5. R R R RPRIRE

Fung % A $t5 @ % @ 44 1L AJZ IGZO F T S > 3 BHRE T Pl &

TRBRRGEAT CFRGEERBREABETH TR G IV PEREEVR
Flo§ 2G0T LEREEHT IS TR FL TR RIS AT
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(meta-stable)shF 7 4 ,fﬁd WIEGREEAS AT A2 FAL A H4 1 ARk
ToNETRETRAEL 2 e BB[T] -

FR B R G e TARFIT] P o v AR H 7] A R
MR BRBFIDR G RER S - BB AHTERDETI R 2P o
KF R BB RAFERRErLER - P APERFET DG4 AR
RBRF R A B EFF CF F 0 AoF 449 2 F 4-4-10 ~ %] 5 200°C & 350°C

902 At 80°C PFRAH I 4 2 R A B H LB A5G X A
A8 %A 0 FH%Y VU RAPGUEPFR TN G EFRRETH A T 2

=

fe Ak p YR F 5 d B AR R fE 4 (dissociation) 0 B £ F F 5d AR iR R M
(adsorption)*7i¢ = [12] » iz § 4 PP LR FHM T T ™ > M2 F &) DRA TR
A P RFUEEFLFARE TV -BFLT R A2 7 Bl
e e Aa SEaOtIE o ¥ o B I % 350°C 19 enE T R AP B
e > WE KRG BB R AL E P RAFENE RS R e 'T}ﬂ‘g
gt ik g 3t 350°C B3N el E A Y o d A VIR T SRS
AT AIT BB F A A A RDERF RV EITOT LT AR sk
2R FILRERGALE > BEARPNINELHTR o K= 0 WERLE
EREEBR N EFTONEARA €M ZHEEEY FAEL-RE 0 AT F
ERITRERFONE A EFPHEDRELZSL B3 VR ERFAERF A
Akt M[4]e w0 B RIEY o RN G- BIEWERER G A i@
B A ARG 0 A BRBRT Ao

FIpb S A v b AT 0 A P R S T 5 4 chR TR R Ak rede Bl e R

|

BAPOFREE > BE PN T RN ETREAE L > ARF R
mﬁﬁﬁﬁwﬁﬁ’%é%@%éiﬁﬁ%%ﬂﬁii%?ﬁ#ﬁ%ﬁﬁ*éﬂ
- B Wehy 4 BT S Al k) S A R i i (leakage path) > @ i3
TRMASEE > T AR RO R BB A REIRL % o & 350°C
WAt b d A EE AL RGNS RERET R FIRAS
Mk AR nERNE S D ENTE ZEPH R IE A E > TR R
BB Ot RO R TR RIA] T AMEBRTAAE S DK o G
7 o A kaAd 4 B 350°C 38N eha i P pded] T o R R T G AP HRE R

i)
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AR iR REFRF 0 A G B
200°C 12k eh i 4 f R R -
10 g ey
3 (a) 3
— 10°} annealed at 200°C
< ] 0 E
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c 10 1
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5 0
Gate Voltage (V)
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oo ig4 77 350°C i8N ens i gp ot
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¥ h N - h 2 Y
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10% e~ . : " " " T T
b (@) E
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010" 20000 1
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L . ]
L] L]

Lo ]

[ .
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10 T T T T T T T T 10 T T T T T T T T

b (@) i £ (b) i
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9107} e 1 9107 e 1
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3. o o To0s 3. ol oo ]
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= 121 @ ] gt (b)

= = annealed at 200°C = = 10 }' = annealed at 200°C o |

0 10+ e annealed at 350°C 1 0 gl e annealed at350°C ]

o )

g 5 . ] g of . ]
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2 10°F annealed at 220 C 3 2 10°F annealed at 2000 C i
= [ stressed at 80°C 1 = [ stressed at 80°C ]
§ 10°%F to= 1 é 107F N tg= 1
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BIAEBRAYE0IVEIOV, 2()d) F 47 ERAEERLYE O
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Wi 01IVEI0V . 2 (c)(d)
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F relaxed for 2000s 0 relaxed for 2000s
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442 % b iR EE 2L E L

MTEAPEBERT A2l E S L/ W=30um/320 pm kAl § B iR
BemiplEo A9 L RELA20V fRRL 20V w54 BRRE S B R
W 2ol G b DR 0 T E Ay A w AR R T R RRE 0 KRR
R i I g

B 4-4-12 ~ 4-4-15 ~ 4-4-18 ~ 4-4-21 4~ %] 5 200°C 2 2 350°C #4139 L 2_ J& w05

FJ*

5 R3S 25°C ~ 50°C ~ 65°C ~ 80°C eIk B8 & 7 Rl i /RIPIFR g 244 Mg pF

BB aApl DM ERRE S ERET > Fha - B FWT SRS

fu

Wi Rt R L/ W=15um/320 pm F #F 020 525 o ¥ ok > & IR enif
R o - s P ,%?{ d 3%(2.4.2)57 stretched-exponential model A feh 7 /& (it
£ W &> #18 F] 200°C & 350°C i3 A i e i PR T A ] 5 1.2x10% 40 &
47x10° 5 » 5 & ¥ B P AIA B 5 049 27 0.35 > 350°C 1T 4 A i fo 5 £ T T bt o fE
Fengh L o
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T o 483 25°C ~ 50°C ~ 65°C ~ 80°C eIk B il & ¥ R f 1 BRI & i i 3 42 0 g
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EHTTRA R AL NBEILG > PG T UEP R A 4 DB RED R
FMoFE D LRRL § BRI

B mg

=] 'Eﬂ
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TRl RN R B R IE o ¥R 25°C MR DITIRT o LR RIRIE P &
el TR A £ £200°C M 2 350°C#: 3L 2 EWE HHMARYLII0VEIIV,
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FRA st RE fed 2V R ARF n AEE T LW ZEIARREDTHF O KA
3B S R e

BTORAEHET HRDOL BHRREEIG 0 APT gD IR fHT IR
200°C 3 A2 chfph TR A MERFPAL S v kA RAPFE 0 LR EF§
f 2% A @ 350°C i34 Al B IR g o Bed S 2 iR B 3F X TRl g
TS o VPP A R DRIENEIRT 0 A NAE L k5 o T 2 -
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S

BRT R REREREAEL > R F AN G EFDEIEARAESL > B E
2L AR R 0 A 350°C 130 A @ gk TR - GBI
ﬁi? J’RJE mf'% L, 13,_? Gopt EaM ,FB e 1y jg_»ﬁ 2t %F,"%.lé Eﬁ.‘?c 130 e 200°C 12\? g I'+

Pmpm7§£m%ﬁo

G B R B HRREENND o F A RaE > 7 F 200°C & £ 350°C 1%
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TR DA I 37 (turn-around) FPOIR % o 14 - o] endidh 0 g FLGd ¢

BRI Ar A T IRE 2 0 BT A R AR RBBROFIRT S oldeini &

Feao BRI B0 TR e 2R A > 200°C 180 A i iR T RITER G B AL S 1S
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iR 8Tk ol g # TR TR A B L

B hH o nalRmAd T L AR FRER N TR TRATRA
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120 A % F AR §E 200°C 13 0 cha i kg R

10° @ ] 10°p ® 1
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R annealed at 200°C R annealed at 350°C
< [ +20V stressed 3 < T +20V stressed 3
£10°F atos°c E 1071 aro5°C e
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—a—Os
3 10°F : 3 10° e 1005
et et —a—200s
@ 10 ] ] @ 10 : igggs ]
Q10 1 Q10 > 2000s I
5000:
of —e— 100005 - ] —e— 10000s
10 -15-10 -5 0 5 10 15 20 25 10 -15-10 -5 0 5 10 15 20 25
Gate Voltage (V) Gate Voltage (V)

W 4-4-12 3 200°C r2 2 350°C #33 X 2 % q S W ERIPFAEBTRA Y 5 (a)(b)
0.1V 122 (c)(d)10V & 25°C P iRl & it th/RPIF G Ly REPFF R

10° @ ] 10°p ® 1
R annealed at 200°C R annealed at 350°C
< F-20V stressed 3 <P -20V stressed 3
= 107 at 25°C 1 = 107 at 25°C 1
o ts= o 5=
= 3 —&—0s 3 S ] = 0s |
510™ —e-100s 4 010 —e—100s 1
200s —4&— 200s
% E v 500s 3 % 3 —v—500s 7
810" RS 510 e 3
E Pl 5000s E A 5000s 4
" R ¥ —*—10000s < ] —e—10000s
10 -15-10 -5 0 5 10 15 20 25 20 -15-10 -5 0 5 10 15 20 25
Gate Voltage (V) Gate Voltage (V)
JE R 1| e ey
10" 10
s | annealed at 200°C ! gl | annealed at 350°C !
< T -20V stressed 3 < _F -20V stressed 3
= 107 at 25°C 1 e QR at 25°C 1
o E tst= B o E 5= B
= —=—0 = —=—0
S 10y T 8 10y T
S S
% 3 —v—500s 3 % 3 —v—500s 7
S10* iS 3 810"} S
E 5000s E 5000s
1 —&—10000s 1 —&—10000s
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 -15-10 5 0 5 10 15 20 25 0 -15-10 -5 0 5 10 15 20 25
Gate Voltage (V) Gate Voltage (V)

B 4-4-13 % 200°C 12 % 350°C #:i3 L 2. Fwd LW ERpEAiET RA Y 5 (a)(b)
0.1V 122 (c)(d)10V & 25°C Priafi 4k f h/RpIEcrid ik it & SREREF R F

58



Threshold Voltage Shift (V)
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