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Study on the Interfacial Dielectric Layers of
Indium-Gallium-Zinc—Oxide thin film transistor for Transparent
Flexible Display

Hyoseong Seong

Division of Electrical and Electronics Engineering

Graduate School of Korea Maritime University

Abstract

Active-matrix organic light—emitting diode (AMOLED) displays have
been widely developed as ideal flat—panel displays due to their wide
viewing angle, high brightness, fast response time, compactness, light
weigh, vivid color, and high contrast ratio. Despite these advantages,
however AMOLED display still have problems with regard to
large—display applications, such as in computer monitors and
televisions. The main issue of large AMOLED displays 1is their
backplane, for which hydrogenated amorphous silicon (a-Si:H) and
low-temperature polycrystalline-silicon (LTPS) are currently being
used.

The a-Si:H TFT technology has the advantages of uniform electrical
characteristics (e.g. mobility and threshold voltage), low-cost
process, and large glass size because it does not require the
ion—doping process and crystallization, but a-Si:H TFTs have critical
drawbacks when used in the actual backplanes of AMOLED displays.
As the field effect mobility of a-Si:H TFTs have poor stability: their

threshold voltages shift under constant current stress. On the other
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hand, LTPS TFTs have high field effect mobility and excellent
stability, but crystallization is needed to convert a-Si:H to LTPS
TFTs, and this process has a high cost. Moreover, as LTPS TFTs
have grain boundaries, their threshold voltages are not uniform. This
is overcome by using complex compensation pixels, which have a
low yield and a high cost. Therefore, a-Si:H and LTPS backplanes
are not suitable for large AMOLED displays.

Recently, indium gallium zinc oxide TFTs were developed for use in
the backplanes of AMOLED displays because they have various
advantages compared to a-Si:H and LTPS TFTs. IGZO TFTs have
higher field effect mobility than a-Si:H TFTs. As such, they have
good driving capabilities, which can enable them to drive large
displays. IGZO TFTs also have higher current on/off ratios as well as
better stability under constant current stress than a-Si:H TFTs do.
Moreover, they can be fabricated using a lower-temperature process
and have less processing steps compared with LTPS TFTs.

In this work, we Investigate amorphous indium-gallium-zinc-oxide
thin-film-transistors (a-IGZO TFTs). The effects of the interface
between the IDL and IGZO channel on the electrical properties of
a-IGZO TFTs were simulated. Two kinds of IDLs were analyzed,
which were aluminum oxide and silicon nitride. And then we

fabricated a-1GZO TFTs with optimized parameters.
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2.1 Thin Film Transistor(TFT)
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Characteristics Factors
n W/L
® Mobility

Interface

On current \
Ohmic contact

Gap states

Back surface (X2 Interface)
W/L

Fermi level

Interface
Off current

Back surface (X% Interface)
B Ohmic contact

B Band gap

® Width of band tails

B Interface states
B Gap states (defect states)

Mobility

Gate voltage swing

B Interface states

Table 1 Characteristics and factors of TFT



2.1.1 TFTe +x
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Fig. 1 Basic structure of TFTs (1)

a-Si TFTol A+ inverted staggered®@o] = AF&% U} normal staggeredd TFT

AYE 3¢ B2 4B =P F4o & WA o Basty, v dezs

fr

H7sa AelE Aeue gFne ngd Qel@ wee] 37 Fol wEHo] TFTH



AJo] wWolAt}. inverted staggered TFTE AlolE dAddta) v|A 2 Ag&F Alold
Aol F7lo wEF¥ A il 2 chamber SHllA Alo]E AAUN(SiNx)I} H] A=A
o= ZHE 4 glo] TFTY HW712 EAo] i, n"wi} H

&3l As-Ed9 maskZ A5t A zbsk 4=

.
APe 05 A%

i
[
>

44 Ae]F5E photo mask
Aoz FAo] st
Fig 2.9} #©| Inverted staggered TFTel& BCE(Back Channel Etched) %<}
E/S (Etch Stopper) %7} At} BCE +%9] 4%l a-Sis 9l n" a-Sizg< o
HHo g FHsta, 2n/EYR AFE PTG ax/mdd A5E AT Fol nf
a-SiZ=& Azhsl=d], o] HAAA a-SiEx AZEE R (over etch) a-Si=°] F4Y
oFsli= W o] Q) E/S Fx9 A9 #E Y (patterning)® E/S Yol n' a-Si%
S S, Axn/EH AFES AT Ax/mdd AFE A4 Fol 't a-Si
To AZtsked, o] HAdA Ad FHE E/S Fol a-Sig A7tS WAsheE %S
gt ey E/STS S (patterning)sh7] 181 4= chamber®] 9|52 vpelok s}
i, B/SE W= F4o] 715 2R BCEYET photo &40 3 @A v Zositie
ol At Fig. 2¢] BCE F-%¢} E/S 725 Yetinh olffelx 22 ds 4
< §1% o8 FxEo] WREHAA Y JbEAL U

Drain

Active(a-5i'H)

| Glass Substrate — Gate ' insulator

(a) Back channel etched(BCE) type TFT

ES
Source 4 772, Drain 4 i %
Iy -@- Sm m
Active(aSi T M 22 A N
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Fig. 2 Basic structure of TFTs (2)
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Fig. 3 Band bending diagram depending on gate voltage
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o] % [cm’/Vs] 1 ~100 >10
nla= f 4-5 &=l 4-5
Az & Low High Low
2124 (10° hour) AVy > 5V AV > 0.5V AV > 1V
=23 X O O

Table 2 W] AA A&, ZH7] A

2D AstE TFT A2 Avhd v

_11_
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Fig. 4 A layer crystal structure of single crystal InGaO3(ZnO)s and high

resolution electron microscopy image
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Fig. 5 Orbital structure comparision of Silicon and InGaZnO semiconductor material
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F F8s TR ASE TFT7

N
-
<

TFTY TFT-LCD® a-Si TFTE thA|e 4= 9=

F7rs a5 vt 53] dE W a9 =8 panel makero| A& s AE AL Q)
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2.2.2 Ast= Aqd =42 AT

AF7HA AE wkeA g AFEE Table 39143 % InGaO, InGaZnO, InZnO,
SnGaZnO ZnSnO 53} Zo] wjg- vpefFsih, 718 tiaaQl Fulgut=A A== ZnO
WFEAIE, F2 UV A2k, LEDSF 22 Faz, SAW HE e 22 bdiz 5
o] &S HRE WS A77F JdgHo] gtow, TFT &Axpo] AMAAsRe] FJF2<
FA1S 2004 Fortunato 1E©] 20cm?/Vs ©]A+e] ol % EAS zk= 7n0 EA
A 2E AZE BFEa W o] Fo| A FE ) 2y Zn0 BFehe FRapA A AR
b w9 A BAE7] wEo] oA stel A ek v Ads &)

AadAel EA Wil TFT &Ake] ok B £HAY A2 ZA7E 24 7HeA ol

2Zgo] Ao £ drwow dg] o] &%= InSnO%t InZnO vFhe

ol\

- 2
F AaESHe 498 FhAdeEd MEA A4S WA Atd S x, aad
5 4

2 In go] ol wol FadFIF ¥

ki
il
N
i)
e
%0,
lo
w
of
offt
ax
[o

kst DC bias 2 & A5 TAHo] Ak

Low Temperature
. Metal Target . .
Material Cost T (O Processability Etchability
(<~300 ©)

I1GO high 15.5 good easy
1GZO high ~61 good easy

17O high 143.5 very good easy
TGZO high ~52 ? ?

ZTO low 198.5 poor difficult

Table 3 AF7HA] A5 AtstE Qd &2

InGaZnO WA AEE Ine0s37F ol % MAAR, ZnO7F VEYT A=, 18|

Gaz0s7F sl R HER A AR 2Est7] witel 7P -8 AHYE e

TFT 54 #43h% #ad golste] 24, LG, Cannondt @& t/lgolA 550
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2 A5 9 sige] XdgHe] ghvh. agiA iR ARstE TFT 227t 484
AMOLED #¥ InGaZnO tshE whexls ARESiQlth 1efu olefsk 4

T8tal In ¥ Ga A= txFel sfaEd ¥k olyg 7bA w3 7] wjio]
o= In, Gaol A TFHAY F& 2FHA e ANZE tgEA AdAz o

g EAE st A8 ol Aok ol dAeM d AA iRl F5-3 ZnO,

=

2 7] InGaZnO TFT &x54 9 AlgAdd 248 54 R 5 =AY o
= S A gk

20023 Nomuras< ©AA Superlattice %9 InGa03(Zn0)sE W=t 42+3}
= WA 54 dAaso] We 2RAA HojA Fwstry] uitel] 54 wWdoem A
Fal717F A ¢l 184 R-SPE(Reactive Solid Phase Epitaxy) 3742 ©]83}9]
9474 1GZ0E ©EJ, @44 IGZO TFTd gt a+5 Lmsdri[25]. 1 &
Flexible Display®] TETZ &&3t7193 wAAd e 1GZOo] ek
K al, 200439 NatureA S Z3] Ao A FlexibleZ]#& Yo Z=zkslk v A 1GZO
TFTE AZste] WEsFATH26]. 20079 Nomuras= EXAFS(Extended X-ray
Absorption Fine Structures)E ©]-83lo] 1GZ09 AA A FZx9} v A A FZo gt
45 BREPa, 479 F2E Fig. 70 WEhi Sl

oN

o

Amorphous Structure Crystalline Stuncture
[ K=1
Z0, J%c.-o, L

J' o
ﬁs b is2s A

LAy

Pes)

Fig. 7 Amorphous structure and Crystal structure of IGZO (2007)
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oj¢} o] AE FHFH| Hosono AFE FA & HAA IGZO TFTO| thgh Bl
7} o]Folx  o]%ol Fortunato x4~ 1%, North Carolina State University9]
Suresh 1% 59 A} LG A}, A4 SDI, A AAF SollAl 2008 7h4] #2 X
a7k AATh 20061 U] Toppan Printing Aol A& IGZO TFTE #4838 #x9]
A E-PaperE W38}, 2007 E-MRSeIA] 100ppi2] s =e QVGAS 4inch
Ae] E-PaperE Ald&dt}. 20073 SID g3l LG AA= 1GZO TFTE #ZY
o=z 3= 3.5inch QCIF(Quater Common Intermediate Format) AMOLED(Active

Matrix Organic Light Emitting Diode) AlAIES HAASFR Iz, 2008d A SDIZ}

12.1linch WXGA(Wide Extended Graphics Array) AMOLED ZdolE & xsS
ot 2 Al7)d A AAE= 1.5inch XGA(Extended Graphics Array)d AMOLEDE
Tastl.

2007 o= 1GZO®] &4 543 =2 SAl gt FAF A7 @A

B A2 [GZ0¢ Subgap State®t Trap Density, 1831 IGZO <t ARES EAJ
3 Fxo EAE W Bavt 9lal, 1GZO TETE A71% EAd
¢}, Subthreshold Swing 52 ¥ tst AF7} 8= A}

s

Las

Py

fiu)
rot
2
)
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= AzbEr) ool ws) ANAT @A A4S tulelx A% A BAH FHL AA
of shu], Adel o] Ae AAsol sd RE Fo| AsER PAHe i Ty 9
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2oz AzE gulol vt AR AT PA oz AztE AL vste] Aol wjg £

et gl

orgAel that A= MFA MEE TFT axtel] o} Al 2% s 5o

o} 2tstE TFTY A9 271 &8A%F°] AMOLED®Z dds i glerz AR7t A%k

Aol kgt EAS Rojof s}, wheF LCDY e-paperel 2:o]7] ]3]

M Aol disk bt SREW "ok dA7A] 4EF 54 2 dA4 LCDY
PS

e-papero] 2:o]al le= WA A Al TETe vlstd 53 LS 71kl Ae=

=
o

ot
o

-
L

(g

om A Stk el A T GPS Fr ae BHFW AAUE A}
ole] AW Ao FeiA Uk 58 FAAFOE
4 AshE wEAlstel Aol YAHE Aol Ao Ml

A9 ERARE AAe A% dT-ge] Be] JqH A Slvh. < glass 7183} H]2d

549 YRS St Jwe] 5% Aelel 2e e A AT} ol WA, PES

(poly-ethersulfone) 7| & F4Ho =2 3 ZHAES AL Lzl dig A7 (< &
S wu QI AHEE MR A S o] 83 EdAAHE FHE EY Agg S oo

PI (poly-imide)¢} PET (poly-ester)$loll A& Ao 2 A& A= 27| GARQ] vk
W whek i) AdE dA= Xetal ok 7|Re] EAE =R stal, U E
EdAEHAAM = 7|73 ERALEH S5 Abolo] bl Dol ERMAAE ] 5
el ol 7HE 2 olgrrh 2 Ao, de TS 49 I wAlE g5 2R
o A s A RS =wmEe] At s e AlolE xo W
= 2 A S Ao AAEAR, R mE 540 oAM= Ydke] 4
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2.2.4 1GZO TFTE o] &3l Alg

Il A E A 45 7193 A4, st FolA A 7F AlRE AL Qo AR 3t
A FHE @ AF e Gs] Ay vk gerE LGAA, A4 SDI LG
3let So] A7E W&l ¢glow ETRI, KIST, #5384, 2e)a A,
, AE ], KAIST, & 92 g}, AtielA A7 718 Sl Arh
A Woke 7P WA &8sl Euha AZEs= TTFETO digh
Aoz @e AF7|HdME FEAEA giile] 5% Agste] AbstE nlEA kS
o] &3t AstE Edx| ~Eo FejE AT o] F&Ea gltt. Fig. 88 LGHA oA
2007 SIDelA ## 3 IGZO-TFT +% AMOLED®] #jg R{5olt),

Fig. 8 IGZO-TFT® 5% AMOLED 3#d (SID 2007)

Fig. 9% 2010 Sony°lA 11.791x5F AMOLED# @e] 1GZO TFTE #-&3}o] SID
o HAEItE Contrast¥] 7} 10°0]4, Resolution=960 RGB x 540, mobility=11.5
cm2/Vs, S.5=0.3 V/decade5AS 7FAa 104 o]42 lifetimes 7HA& tl2E# o]
g Fdsslnh
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Fig. 9 IGZO-TFTZ T4 11.721x3 AMOLED =g (SID 2010)
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TETe A71AQ EAS A7 HF2e AES, AlelE ddu, a8l AQdy
AolE A Alo]9] interface’} S 8.3 Wo|t}, 1 Fo A% interfacers & ¥
kS ohE AETH Alo]E AR Alolo] QlE FRtolBnz sl o st &2 %]l

vt E 2 A s Fdstr] dEsul].
2.3.1 Silicon nitride(SisNy)

Si 71l 9] AFgEa e SipNg ¥k Si/SiOp, AW trapsE ZAA7]1AL, hot
carrier immunityS F243] FAAIZITE T3 SiOo/gate electrode AWM A Ak W)

Ao A electron tunneling® breakdown= WA| gt}

AAZ SisNgi= 4FA9] ks wholF= 98hs v, A& 4kstate] Ao 12
we S 3 dHA "ok 28y SigNyE 2o A =

[e)
T =
whgo] 2 Qojubx eo} SNy Bt flol wl g gke FAle) 2bsiut whol A4 B

[o5

SAZ gt e e FASFE AT (F L8W) H §FL FAF

o
9
=)
AL
>,
=
=
=
>,
o
ad
o
o
0,
g
=
o
Ho
.
=)
o
fr
nj
Ho
L)
QL
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2.3.2 Aluminum oxide(Al>03)

AW fAveR AEHE SO e AW 540l §

a4 2

v gGA dabstehs A 5 e ARSI v
=
S

5 7HAWEA e ARE AET @e 2 FA8] f8 SiOAH T8 & band gap
ANUAE 7hxoF gt} HgE Siov]date] dA kA A Al Fasit
AlO32 8~10 AEe FAAMT #E 7IXaL, 7~9 eV A X9 band gap= 74 SiO»
E A FE3 Ao sthuz e dok2-4].

el E= 7]t stabilitye] tigk A7 L3t A=
59 Ta05 W] 45 &% ofjd® 374 5, Ta205 vreto] ghdol ofa Tas0s/Si
Ao A interfacial SiOs layere] dAo] M FHAT[5-6].

Si Aol PAEE o]23 interfacial layers F2S 93l aHd Edo nlg)
A Ao B fH44E 7IK & high-h dielectric?]

o2 olAlstn Az T & Yt A7t Bast,

=
Jo
2
il
i)
i
o
ofo
ol
ol

gt
to
mle]
_pé
>
o
Ju)
T,
[
>,
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2.3.3 T3k A

Fig 102 AlOs/HfO/AlO; Bt5T22 AlolE AAdgoz {47t ~3091 HfO.

F5 A= Ayt

E A% AClE HdA|, 1E]al AlolE
B‘POE_ XJO]- E?%E_;{ X]—Hﬂ o7 /\]__9_%];}. j_a]

= =

S AT = AR, AlLO; FH T2

o8 g%l 10 nm FAZ AlOs
Ak AT Abol

Fig. 10 Al°|E AdH

o 2 Al,O3/HfOo/ALO3 T

ALDE o] &3] ATO(AIO+ TiOYE

TFTE Al&ssitH 8]

Aol E
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2.4 1GZO TFT A &g oA

W
@
T . .
o Acceptor like Donor like
o tail states tail states
=
K7
=
7}
0
Ev Ec
Acceptor like Donor like
Gaussian states (Gaussian states

Fig. 11 A E#o]Hd Za3t A Wi

Acceptor-like band-tail states® donor-like band-tail states™ &3 o] A9

L2a=

7E_ E(j
gra (E) = Npqexp }

| Wra

| E,—FE
grp(E)= Nppexp

| Wrp

4 g

o] 714 Ei= trap energy, Ec®} Evi= conduction band edge®} valence band edge,
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gra(E)$} grp(E)E acceptor-like states®} donor-like states®] AHl €&, Ny,
N;p+ conduction band ¢ valence band edge-intercept—densities, ZL2|3L wq,
9} wyp,T acceptor-like states®} donor-like states®] characteristic decay

energies®|t}. Deep-level states® EA| acceptor-like®} donor-like states@® TFS

3} o] AejHr).

Eq.—E*
gGA(E):NGAeXp - [GA} } }'\—} 9
Waa
E—FEgp ?
9ap(E) = Ngpexp|— | ——— 21 10
Wep

o714 Noa®F Neopi acceptor-like states®} donor-like states®] #A| e Ui,
wes @t wepT acceptor-like states®t donor-like states®] characteristic decay
energies, E.,9 E,p,T acceptor-like states®} donor-like states®] FHu] o] =]<]

oIt o] RO REH YoM AA FH HiS tad go] AT 4 vk

9(B)=g74(E)+ g7p(E)+ 9o (BE)+ gap (E) 211
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M 3 & 4

3.1 AFslE TET AlE#H oA

2 Aol ME 2 AEHCE Q] ATLASE o] &3dte] Atgts uhut Edx| 2 A&
dolde APt 2-3D TFT 25 Algdoldstr] fls), =¢ Zla S48

=z 7ML B 1E 2xF 714 Al B o] o)t

¢ Polyslllcon TFT Structure
Fileld Distribution within the slllcon

Y/

(Dl

—
CGLAGBE BUDSTRATL

kS
a3
3
2
2
2
1
1
o
3
i
T

Fig. 12 2ts}E vbak Ed = 2~ AlEd o] ATLAS

|
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3.1.1 2tsk= TFT AlEdolAd vehvg AA

HMENe 3.4eV, 3445 8.12, donor level 0.03eVelth.  Ny,, wry, Naas

wey, Egit 270 2.3x10%em Pe V!, 0.08 eV, 3.2x10"%cm %eV ™!, 1.5 eV, 1

23 3.4 evVolth, AETlS AR F& H WE A e 2ol AT

2mm, kT }\]
Ne= 2 212
N (27rmka) A 13
\% h2 -

A= Aol FEAHm)T NG FF FEAF(m)S AR A
ZF myS 0.318my, 0.5myolth 714 T: AL =(B00K & o), ki 2
£Ya olrh oUW HBIEF ool A-6, A4-7o] sl AN A

No=4.5x10%em™?, N, =8.87x10"cm *2 Y¢tth. Bulk electron mobility (u,)&

IN'

9k A, he

15em?V lsec !, dutxloz Bay ghold Astdrh7, 21, 22]. n-type A3tE wk
%A 4ol A= Donor-like states”} TETE EAo] A &S 7]XA E32=z 1
HekA] gkodtt. AAtd Aye us3) g

NTA [em */eV] | WTA [eV] | NGA [em ™ ?] WGA [eV] EGA [eV]

2.3x10'% 0.08 3.2x10' 1.5 3.4

Table 4 Al&E#o]lde] Hg3t debn] g
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3.1.2 282 TFT 22k Al E#olA

TET AAF AlEdOIE S ATLASE o] &35l oy ¢ 2Hoz AlEHelA 319

o,

(c)

Material | Thickness [nm]
S/Drain ITO 150
Channel | a-1GZO 160
Gate 80~280
. Al2O3
oxide step: 50
Gate Pt 100
(b)
Material | Thickness [nm]
S/Drain ITO 150
Channel | a-1GZO 160
A Al2O3 80~280
oxide SizNy 5~50
Gate Pt 100

(d)

Fig. 13 IGZO TFT Al E# ] =7 (a) Device simulation structure of Al:Os3

OTFT, (b) Al:O3 OTFT deposition material & thickness, (c) Device simulation

structure of SisNy; OTFT, (d) SisNy; OTFT deposition material & thickness
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3.2 At3t=E TFT A%

I AFo|AE Glass 7|90l Top gate FE|Z 150 nm 779 ITOE T3
Source-Drain =& #3315 T2 Hol|l 73S ofEF HehE &fof] %
S AHNZE f71AH 3 F, N2 7hA2 AH 3 78S ARA R

A Z 40 um, AEZo]l 10 umS FAsH] Y3 DC sputteringe @ 23k [TOE
ddez JEY 3 F, RF sputteringB &2 IGZ0E AE& TZAH .

A9 A Folx= PECVD (Plasma Enhanced Chemical Vapour Deposition)®s <
2 SipNg AHsbe S-S 98 SiHy, No, NHzS A2 200 Co =olA St
Al203-2 ALD(Atomic Layer Deposition)¥H o2 150 T2 2XA S35t Al
o]E A& DC sputtering®. 2 F&aon ¥egLady] F4HS S AloE A

= dee Ggean AAAA ALRAL Fig. 14 3 2,

ITO Deposition & Patterning

DC sputtering 100W Mm =
S/Drain Thickness 150nm ~—
ITO etching

IGZO Deposition & Patterning
RF sputtering 200W
In:Ga:Zn=2:1:2 Ar:02=85:15
Photo lithography

Si;N, Deposition & Patterning

PECVD
Thickness 10 nm
SiH,, N, and NH,200°C, 900 mTorr
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AL O, Deposition

ALD
Thickness 180 nm
150°C

Gate Deposition

DC sputtering
Thickness 100 nm
Photo-lithography

:‘l ' Device picture of a-IGZO TFT

——

Fig. 14 IGZO TFT A1z

FT Fabrication Process

Material Thickness [nm] Method
S/Drain ITO 150 DC sputtering
Channel a-1GzZ0 160 RF sputtering
) Si3N4 10 PECVD
Gate oxide
Al2O3 180 ALD
Gate Platinum 100 DC sputtering

Table 5 IGZO TFT ZZuH
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RF sputterings ©o]&3sle] =271 1GZO TFTY #7174 EAS Hrlslr] 98] 1-V
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54 ANsgr ZRosdeldon S4 FVEAE WEA sy #4719
HP-4145BZ o] &3te] A7|Hol B4
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Al 47 23t

4.1 AF3tE TFT A Eg ol Ax

£ Aol A AFAQ deep, tail FEH BEE /O R G EEHQl A AEH lH
2l ATLASE o]&3le] 1GZO TFTE Al&Ed#HelA sttt 18]a A3t | g
2 1GZO TFT A&l 0, 9171914 200 T 1A% &

S HP-4145B& A3}

)

4.1.1 AlbO3; OTFT Al E#H o)A Az

IGZO TFTS] HAe =1& AEst7] 938l Fig. 163 2] AlOsz F7E 80 nmelA]
280 nm7FA] WsIA7|HA HA7]1H0 A, £ A 4T} Subthreshold Swing(S.9)S Al

oS FHsto] dolr gt

Fig. 16 Schematics cross section view of the AloOs TFT
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Fig. 172> =219l Aste] 0.1 V, AlolE A& -4~20 VA S7HAZ1E o
¢l SAS et ALO; FAZE S7FESSE = dae dasta v
hehe g B 5 Uk
1.4
sk 5 —m—Threshold Voltage ]
. - 12
\ —o— Subthreshold Swing -
' / -4 1.0
4= 1
-4 0.8
z |} — { o
> 2 = h "
0.4
-4 0.2
ok D\D
Py [l Py [l Py [l Py [l Py 0.0
50 100 150 200 250 300
Gate insulator thickness [nm]
Fig. 18 AlLOs 7 3ol thek ¥ st} S.89 s}

ATLAS OVERL

Data Bom mughipd

LAY

i fibe

Didin Volege = 0 1Y

LI ———

ke hegs (Vi
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Fig. 183} zro] Ao

7He Aol st A
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4.1.2 SisNy OTFT Al E#H oA Az

Fig. 1943 =7+ dd9kel Si3aN4E 0 nmollA] 280 nm7HA] ZZA)7]H A 7] A Q]

EA EE Aoy} Subthreshold Swing(S.S)& A Edo] S 4=3)5le] 2ol ghr}.

Fig. 19 Schematics cross section view of the SisNy TFT

ATLAS CVERLAY
Dt Bom myliphe files

Dirain Yok age = 001V

= nDLs=S0re fi g |—d

E-DL=40rm 1 g
B DL=30re 3oy
E-DL=em 1 kg
EDL= e _3 kg
BDL=20rm_f kg
D=0 Ty
E-DL=145rm_1 g
E-DL=150m_Tlog
D=0 1 fog

B2
|
|
I ]

L1 11

E-DL=10rm_Tig
E-DLsSom 1 iog
EDi=drem_Yiog

-
-

e Vialags (V]

Fig. 20 Electrical characteristics of the SisNy TFT
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Fig. 202 =291 #ste] 0.1 VY wf, AlClE A4S -4~20 VA S7HA171W A A
149 A4S e FAZ eSS =ddl ARe gadty FEAGe 37}
e Ae 2 4 A
4 1.0
. E:
O ’./I/ Jdos
|
- e .
—n—Threshold Voltage [V]] <038
N, ~n-BibyestiEing | |
— \D do07
] S 7
£ i (7
> - 0.6
[ 05
-1 04
0 2 [ o [l o [ 2 [l " [l
0 10 20 30 40 50

Interfacial Dielectric Layers Thickness [nm]

Fig. 213 o] AlolE dAAd FA7ZL F71ees 8 dY2 S7skAINH SS #h2

2 o= 4 159 o] ACE AT A S7h= AlolE kst A

g 4
Mg dad7 FEAGS S70710, FEAGS S/ SSehe dan it

S, =1Inl10 « Vj « Ng 215
C’()X

=10« Vypol—o——
nio VT C()X+C’Si,

+A87!

o]71A, V1 thermal voltage, Nsi& potential barrier limit term, Sii= SS, cox
YH A I oxide capacitor, cs= THH AT IGZO film capacitor ©]t}[10].
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4.2 A TETY #A7)4 EA

AlEY oS a8l AolE Absiute] A o]

FAE MESF] Fig. 229 2 2749
IGZO TFTE A& A7)2 EAS =459,

haterial Thickness [nm]
S/Drain T 180
Channel | a-1GZ0 160
gate | A0 180
Gate Flatinum 100
(@)
haterial Thickness [nm]
S/Drain TO 150
Channel a-GZ0 160
Gate SigN, 10
Oxide Al 180
Gate Flatinum 100
(b)

Fig. 22 #7134 54& 543 1GZO TFT

Fig. 23& Aztd 1GZO TFT9 output curveE YERATH (a), (o) IA837] A
of A71AQ Aol (b), (e A&aE971e] 200 TolA 1AZst A2 & F
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