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R T G ' R AR R A AU R AR (InGaZnO thin film transistors, IGZO TFTs) HL 224 1 19 52,
IGZO TFT ZRINE e & JR)=. ASCHE T 1 s & mMEIF I, IGZO TFT Mk R, RS A EUE
HTH TCAD (technology computer-aided design) 434 7 1GZO 2 55 2 ST Ab 540 A, WESE T 230F
M (Aoating gate, FG) IGZO TFT %t th £k I AN BRI G2 B F M 5 TFT ik M A A G, 215
BRI R AN EC T2, R H T BIEM IGZO TFT B — M 8. TCAD FE /i K —Br i i 4 L 5
MR R AR SR ERRT G, BB AR 78I IGZO TFT i HL 325 .

KA InGaZnO, S, HHRIAE, S/

PACS: 73.43.Cd, 73.40.Rw, 85.30.De

1 5 =

PLA WL B % O — 8 7R (active matrix
organic light emitting diode, AMOLED) #N{%
(003 A S s e R R TR, R R A I A
(InGaZnO thin film transistor, IGZO TFT)H #|
T HEZ) AMOLED %5 37 714 . 75 R 1) K AR &8
N R — R TFTHE AR F 5 2L o704 W ik
N, A FAE S RER TFT, 1GZO TFT AT
SRR ST VE AT BRAR A 4 8L B2 1GZ0
TEFT B AR 2 5 2 B RE BI52m, 3X W] RE RN
S0 AMOLED &7 i) — N EZ A @, 1GZO
JZ= B BR A S HL T RT RS2 B IR HOR Tk 2 F 4, M
75 508 A ML RS FEL A 1 348 o 19— 121,

N3G 2 (light shielding layer) BAk /b 6 1
XFIGZO JZ R, sk IGZO TFT (it i
(3 2598 191, Lim %5 [ R Takechi %5 [P RIE T
03 6 & B M TGZO TFT HEdE, E R T X i
O <6 JeB MBI Tt 0 5 3 1) O BB PR 1 i 0% 2 U 45
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SCRE TCAD BRI LR 85 A ) 45 R 5 50 0
MEALHEAT 1 VEAINS BL, et s 1B ik
IS FRIHLAR.

2 R EM N8 TCAD 247

Bl 1R T BAEGEE M (shielding metal,
SM) K1 IGZO TFT i) &% #F # 1. b, ol AN
y 43 3] 2 W A IGZO I ¥ 38 K R R B 7 1.
IGZO TFT W /L = 25 um/10 pm, IGZO JZ)E
B tiazo = 40 nm, Tl (top gate, TG, BRI 4:
JE M) AR M (bottom gate, BG) /1 Jifi |2 JE FE 34 9
200 nm. VATEKE LA T o Bl 15—25 um 4b, ¥k
AR S AT 2 5 0—15 pwm A1 25—40 pm 4k, T5
Mt BB AR AL T o Bl 0—40 pm 4.

7E SILVACO TCAD 43 #7 Hh, B IHE# kLA
IGZO, HEBAZS (defects) BRI ZHWIER 1 Frdl.

Floating/fixing

?

Shielding metal Vi

SiO2 (200 nm) ?
Yy
Source a-IGZO (40 nm)

8

l SiO;3 (200 nm)

Gate metal

..

BI1 B A E e HAL 8 & Rl IGZO TFT Rk
B

Fig. 1. Cross sectional view of IGZO TFT with a float-
ing/fixing SM.

F 1 IGZO GhIaRHERI S
Table 1. Density of states model parameters for IGZO.

SH Eiiipy Hufe
nta/cm~3.eV 1 S RRZERASHE  1.55 x 1020
ntd/cm—3-evV—1 MR LAESHE  1.55 x 1020

wta/eV R FBRHLREE 0.013
wtd/eV e AL RS B 0.12
nga/em=3-eV~—1 @A EAEE 0.0
ngd/em=3-.eV—!  @EEIGMMIETESEE 6.5 x 1016
egd/eV e 3 it 3 e A e 2.9
wgd/eV e 43 A i 2 RE AP A6 0.1

B2 45 ) 2 T00 A B v RN TO0 M 4 [ 5 HRL AL
(Vrg = 0 V) IGZO TFT f B 35 % H K. 4o
B2 (b) Bt 7w, 24938 6 & 8 M B 82 [ e w4 B,

IGZO TFT K T 5 JeC 0 74 18 1 H 35 748 10 R0 43t
FHTED. BRI R 3 M Ity 81U it 3 A 38 K, H A #A 1M
ERER TR B BE3S . I B A 38 (B e TR A s 2
RN HARFEAE. X2 F AT IGZO WWiE X,
I i P 30 P < e 71X SR BB ECR; TR IR YR LR
Vs 5 B2 7 7 U ity PRHIT 1 < e W X, s oty PR 11D
FA, P 5 184 19, 158 B Y i B U 11 <& 7 X P rL 3% 5
BOK. SRR, T 4 AR R = AR 1 2% A e
43, #IGZO TFT ) T5 40 JE 5 v 38 1) FEL 40
i A KRR .

B2 (a) B, IGZO TFT 817 M S H A i
J2 H R H A B R T UM AL LA R
TR V) 3 5 TR VA A P F 34 2 AR XS RRAR AL, XA AR
T2 BT IR I ' 4 HE I T A 5 2 5 TR AR R
AT AR A RN SR . BT I 4 JE A FRL AL
46, IGZO TFT A IR )Z T ik 15 His
&, HIGZO JZ 1 Th 5 A5 35 5 o 78 18 AN 6 R, M
A3 LB 3o At L T B35 2 5
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Fig. 2. Potential distribution for IGZO TFT with (a) a
floating SM and (b) a fixing SM (Vpg =5 V).
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Fig. 3. Potential in the channel film with (a) top channel (b) bottom channel.

K 378 & T IGZO TFT i 4 )8 )2 2% U
T T8 72 PRI T, TGZO [ T00 VA 18 R Ji 35 V4) 38 11
ML E. ARERT [ s 6 4 J@ M IGZO TFT, i
64 SRR I IGZO TFT f TH 3 Y i i 354 £
TP EE S T A 15V, VA IE R AR
T£10.5 V. X2 R ARG RN, #EE Mk
W A P . (RIS, B MRS 3G n 1 V)i v g
5 BE 1) o BT 1) (1) 43 B, WROIGZO TR YA 18 DL
R TE ) A AR . i T TV TE ) L
FEE 0 B/ T30 70 T P 34 PR 1 n 2 LU T3 vy i
HL S8 N ) /S —

WIE A2 T4 Jm M ETER, IGZO TFT 1
T8 N LA R 2 A B A, A
B H PR R AR R . AR E T ISR

| VBa=1"5V

Floating

ID5/1045 A

tsio, = 200 nm
2} tigzo = 40 nm
W/L =25/10 pm

IDS/1045 A
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Vos /V

P4 b M R A% 8 2 FAL K IGZO TFT i
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Fig. 4. The output characteristics for IGZO TFT with

a floating and fixing SM.

I 2 A2 [ 5 A2 I IGZO TET FR 4 A 1k
2. 0T 4 S A [ FA AR S, TEAR
PERIANX (Vb = Vas — Vrn), Ins BB THE
HILTPARE Vs KAEAE. BRI SRR
IGZO TFT HAH 2 i R R AR 1%, Tns HIME
FEMIFI SR A (VD > Vs — Vien) BTSSR W7 i 3
I, BATFRE 4 Fros (I GO B MO8, B384
TEIH R BT (Vbs = Vas — Virn) Ja LTI
5 HL R R T R SR .

B 5 2 8 % 4 8 20 I IGZO TFT i
e bk il 2 00 R 8 5 TCAD BUE 20 B 45 5 1 %t
. TCADHUE 4 Hr I S H ) & B 5 SOk
TSR0 ) IGZO TFT
W/L = 25/12 pm, T2 (Si0,) #1520
150 nm, JEMZEZ)Z (Si0,) JEE A 300 nm, IGZO

Measured
Simulated

20F VBa=1-"5V

25 ©

< trsio, = 150 nm,
5tk tBsioy = 300 nm
= ticzo = 40 nm
~
8
~ 1.0

0.5
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5 EIFIENE M IGZO TFT )4 A i e sk
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Fig. 5. The output characteristics for IGZO TFT with
a floating shielding metal for measured and simulated
results by TCAD.
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JEE N 40 nm. B 5 R, TR S T
AR E ANV AN B S B 2. IR 5 IS5 R AT B
A (IR A AN TCAD S8 25 A R R B
B2, 15 Vpg B/NIT, S84 V5 R F I AR S 56 kA
FHELTF TCAD HHEAHAK 5% 22 4. X ] fg 5 il kit
TR AR BHAT TET #E f S50 B S A 0GB
KIGIE R TET Bllalgs R v s 5 TCAD Bl 7 #r
SRE AT,

3 BEFMAR AR

AR 5 T TET R0, B VA N R R AR A
g1, 1% B S R A 1 2 A A B EME IGZO
TFT AR, K68 & T 64 8 M2 7 i
IGZO TFT WS A A, H, trr, tigzo M
tg1 A RN & B4 2% 2 L 1GZO 2 R 4
GRMRIE. Crr 5 Cpr 7350 7 BT FR 138
& EM SR LE IR, Vig, Ve 70 5l A& 3
St R (T ) AR L i R

L b, 4 M AR S YRR AR 1A
G IR AERIU . AT A A R
B, X BB HE SR P AR AR SR S . e ST
SHUETHE I BR300 12 AR 7 R R A

Top Bottom

insulator a-1GZO insulator

| | | >
\ \ \ g

|
\
y=0 y=tr y=tritticzo ¥ =trit+ticzo+inr

Vi

Shielding metal
Q
=
Q
=
Bottom gate

K6 EHEEMERNIGZO TFT MFE R K
Fig. 6. Simplified cross-sectional view of IGZO TFT
with a floating SM.

FRAE A 0 T ) SRR, W] DA SAS BRIt &
JEMEETE RO LT BB RS Ve:
Via = AVbs, (1)

Crc-p .
H = ——"— Cra.p,Cra.s 77 N2
Cran 1 Cros PGy Cras 7] I}

I MR 5 TR AR RN 2 8] FR R A L
AR 18 2 r o 7 0 ' < R Al B 3 F 3 0 A
R 1L, E PRGN R B S 2 A2 IGZ.O JZ TR I

BT A, JF H R 252 B 1GZO0 E R EH
HL 3800 A1, IGZO J2 RS B4 [ 37 0 FE 2 HY .
MEERAFET &, SRS BRI B (Vee)
43 1GZO JZ H B #ER T IR G IN (Cri Vi)
I BE AR R TFT AR 5 2L Ath T
Hgak /), FTEARIR A

Crr

Vet = VBTHO — CivFGa (2)
BI

HAr, Verno (AR M &8 )Z 1 I IGZO TFT R
{H H K. Cpr = Cgr + C1. EELH:, BT 4 JE A
IGZO TFT (i s i P4 w] DL S 15 3

w Vas — Vi 2
Ins = IMCDI—( S 5 Frn)

2Vps Vbs ?
[ - (VGS _VFTH> ]’ )
Hrb, W, L, p, Vs 0 ml R s 8O0 48 12 8% 1GZO
TFTEIE M 58, WIEK . A JOL MR
FLE.

M TET #8 TAETEMEXE, Bl Vbs < Vas—
Verh, (3) AT AN

w
Ipg = prDI(VGs — Vrra) Vbs. (4)

4 Vps @I FHE (Vas — Vern) I, J5 TR F IR AT A
RIRN

Vas — Vet

w
Ips = E,UCDI(VGS — Vern)?. (5)

AR, 2 Vpg BUNE, IR RS Vs
PIRRRFF RAFRIZEPE R R, 1 Vs i I FHE LU,
VIR IS Vas B IR EER R, N T IS IER
RS HEVE, B 788 T RMZAR R TR ER
F TCAD HBUE T RA R, R 29 TR S
e

®2 BRSHEUE
Table 2. Model parameters.

Parameter (units) Value
W/L/um 25/10
tiazo/nm 40

tox/nm 200
Cr1/nF-cm™2 9.5
Cg1/nF-cm™2 10.7

VeTHOo/V 0.54

A/V 0.25
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2.5 F —®— Simulated

—0— Calculated

200 Vyg=1—5V
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—
~
wn
£ 10

0.5

0 R0 ! \ |
0 5 10 15 20 25

7 AR MHEIRI IGZO TET Hr et i 2k, 8
RS TCAD $U{H i AR Xt

Fig. 7. The comparison with calculated results and
TCAD simulated results of output characteristics for
IGZO TFT with a floating SM.

P71 LR WY, AR ST Y I fE 7 i 55 K
i 7R % B A A b 0 B D' < i Al 2 N IGZO
TFT Hids . 2R S (R, &
BT R X R R P R A RO T A
PEHI T IGZO 2 3 VA TE, RERLHE R 1 T3
TS R R T Vg A T T ASVAT RS 4

GIRLR PSSR 5, K Bl S IR
HL A 8] FA) A 15 L AR L LA O R AR 7. (R
L6 AR SE B R AR R B, T2 A2 B
Vs BRG], 534k, T 5EZ B R A 52 MR H
JE Vs IR, IXAE R 7 Fras i i 2 1 5 45
RETCAD it AR ZERIMAJRE. WK TR
A, WHTELR SRS R S TCAD TR 45 R iR =
FANT10%, VIR AT B EE. A
AHE AT R MBS LEZENNS, &6 T
FLiH5H.

6.0

—— A =0.50
—— A =0.25

Vee=1"5V
tsio, = 200 nm

ticzo = 40 nm

i
=)

I]_)s/lo‘s A

o
o

0 5 10 15 20 25
Vbs/V

E8 LA EMETI IGZO TFT it Rerk th 2k A
A X IR AL T SR X L

Fig. 8. The calculated output characteristics for IGZO
TFT with a floating SM versus different value of .
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If, IGZO TFT I % AR 14 e VR R0 R 2 4 42 T
B8 RN T AR A S HNIUE A [F I, 2277 M
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M IGZO TET M4t Rr 1 ith e <R F2 2 FEAIK.
DR I, 4 3R e it BHL BT IGZO TR B (9] 4,
AMOLED [ 3¢5 TFT, 8¢ # F T TFT 4 pi A% &
IR AR LB ), REF BN ZLE D HERES
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PR 2 18] L2 38 I 2 VR A A 52 R T
TR A F B A TE 55

4 % #®

ASCHEGE T B 4 @ M B F 1 IGZO TFT
(1) B 2R 1 BBV O () P A AL JE R TCAD
B, R T BIFM IGZO TFT 2344 A i Fa 34
oy, BT R, H TR AR R NS S S 4 R AR 1
Wt IGZO JZ I AR FIREEH . 7
BRIRIR LR Vs BT, S8R4T 77 7 (1 FiL 3% 5
J& 4y B W 3G 58, TGZO J2 T A% 1 T i 30 15 4%
EXTRRA) T RIS, A T R TSR EARE
(R4 B M IGZO TFT KRR AR, %
R P O, B S5 R . ARSIt 5E
ZEEXTHL T BIFIE NS B IGZO TFT KR 45
B TCAD HfE T 585 R UL BT R Ah R =3
FHE 2 A RS B U Mo A5 7, UE S T FTidE 4T ) TCAD
B DA S B ST R A B () A ER . AR
WAL AT R T IGZO TET 2 M0 ML,
XPHAIGZO TFT IR B A RIFHHRF/EH.
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Abstract

In recent years, considerable attention has been paid to amorphous indium gallium-zinc-oxide (a-IGZO) thin film
transistors (TFTs) for high performance flat panel display, such as liquid-crystal displays (LCDs), active-matrix organic
light-emitting diode (AMOLED) display and flexible display. This is because IGZO TFTs are more suitable for pixels and
circuit integrations on display panel than the conventional silicon-based devices. The merits of IGZO TFT technology
include high mobility, decent reliability, low manufacturing cost, and excellent uniformity over large fabrication area.
However, it was reported that the electrical characteristics of IGZO TFT are susceptible to shift after electrical aging
measurement under illumination, which is caused by the activation of trapped electrons from sub-gap states to conducting
states. Therefore, it is necessary to introduce light shielding layer to suppress the electrical characteristic shift under
illumination aging measurements. Lim et al. demonstrated the characteristics of IGZO TFT with additional light
shielding metal layer, and proved that the threshold voltage of TFT can be tuned linearly by adjusting the biasing
voltage of the light shielding metal. Taking advantage of this tunable threshold voltage, AMOLED pixel circuit with
a threshold voltage shift compensation function can be implemented. However, drawback of this method lies in the
adding of additional biasing line, which increases the circuit area and restricts the integration of high-resolution pixel
circuits. Thus, Zan et al. proposed adopting floating (unbiased) light shielding metal layer to improve the characteristics
of device. However, Zeng et al. demonstrated the abnormal output characteristics of the IGZO TFT, as it cannot be
saturated due to the introduction of floating light shielding metal layer. It seems that the IGZO TFT with floating metal
is different from the conventional double-gate or single gate structure. To date, the current conducting mechanism of
IGZO TFT with floating metal has not been discussed yet. In this paper, the distribution of electrical potential in the
IGZO TFT with a cross sectional view is thoroughly analyzed. It is confirmed that the abnormal output characteristic
of IGZO TFT is caused by the capacitive coupling between the floating gate and the drain electrode of the transistor.
On the basis of the voltage distribution relationship between the equivalent capacitances, a threshold-voltage-dependent
current-voltage model is proposed. The simulated results by technology computer-aided design tool and those by the
proposed model are in good agreement with each other. Therefore, the mechanism of floating gate effect for IGZO TFT
is comprehensively demonstrated. The illustrated conducting mechanism and the proposed current-voltage model are

helpful in developing the device and process of IGZO TFT with novel structure.

Keywords: InGaZnO, floating gate, thin film transistors, device model
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