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go} 4%

. TFT LCD : Thin Film Transistor Liquid Cristal Display

LTPS(Low Temperature Poly Silicon) : € tAl Lasergs A}&3}o]
A &sk= Poly silicon

OLED : Organic Light Emitting Diode

Backplane : display®] turn on / turn off & T8 Al7]= £AH(o] TFT)
Driving TFT : OLED®] CurrentE Control Al1A F:= TFT

Switching TFT : On / Off F#el °l&] s25 F#AAFE TFT

LDD (Light doped drain) : Off leakage® Z=957] s S/D¥
ChannelAto] ] dopings <FstAl 34

Loff : Vg7} 04 w9 1dE 2fv]

. 8 A :displayy black 7% Al A3sHA 2y A

ok A : display 9 black T A] ¢k&lA b= 34

A Az A5 :display®] ¥717F ol FE&W Hole= d5

GIDL (Gate Induced Drain Leakage) : Gate Aol ol&] 2A3F= Drain
leakage
DIBL (Drain Induce Barrier Lowering) : Drain <17} Z<te] <] =

Asto] wopAl

OSBS (Off State Bias Stress) : Off g ex ZstAl biasE Holw =M
loff Leakage® 9%

Pixel : olW|A| & T35t Ha &9 A

BTBT : Band to band tunneling

G.I.(Gate Insulator) : Gate ¥} SiAfo]e] A<dut

ILD (Inter Layer Dielectric) : Gate2} Source / Drain AFo]2] A dat
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Study on Improvement of the Leakage—like Defect
Problems in OLED Panel by Off —current Control of the
Driving TFTs

& =wolAM= TFTOIA Off current® <l 'FAsl= wAle= HETE
e WekE AAEt o AR Ee AYZOLTPS) 38 7] EE
tho] 2 = (OLED) txZ#o]e] backplane 7]1€ZA 9] Z=qlEgich usd=
OLED tixZE#eole] F#+&d& $dl, driving TFTE mobility @7del dish 257F
=79t} Planar TFT 7% #ololS AFEsh= tH-#2 OLED backplane,
ol 5 FAT7] Y8l GI(Gate Insulator) F7 Tas Aol 18,
Gl gkAl 3}4, pixel driving TFTY T4 A& (loff) 7F S7F & & d11, o]+
OLED HAaZ#eoloA B3 Ao gt w2 fds st loffE 07
falA, LDD (light doped drain) TFT 7% [1,2]1¢ "HE] gate TFT % [3]9]
At ot 28, ol e WL 3 FUF S AdHow JiTES 9
qH=T

o] AFoA off-state—bias—stress (OSBS)+= backplane 7% WA X+
F7F 34 flel TFTY 42 AFE skl sls =1= 3tk Defect A
TelA OSBS #ets 7o =M loff7t addoz ha = 4 itk
A 3lollA, A&7 GIHol trap¥©] gateol]l 23t electric fieldE® &34
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7H42A7 GIDL(gate induced drain leakage)ol] 23t leakageE FHAA]

)

=3
Vgs7b 30V o]l w Vth W3S oF7]8t 4 91 Vds: Vthel| 98S FX
%=t VgsE HAad st Veds Ao ZH Vihe Wgkglo] Toff leakages
Hash @ F Uk

AA o2 OLED displayellAl leakageell ol WAst= kA = AAZ A5
%S 0SBSel g aaxo=w /e 5 ot

ZFA|o]: Leakage Current, GIDL, DIBL, OSBS (Off State Bias Stress)
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A1g A

#H = OLED(Organic Light Emitting Diodes) panel & 27} ZdAd o7
solv e hed A s e 9 Be Vlsso] st Stk
DI E TS Ys] TFT(Thin Film Transistor) o4& mobility kAol
o]Fojzjof 3, o]& FH3H7] $J3] LTPS(Low Temperature Poly Silicon) &
Ageta Ut

LTPS & A&3 A% silicon o AA37F HA3s ¥= coplanar +%[19
L1 (@] T=& Agste 3lor, gate o o3t self align ©] o]Fxith
dnkrlow TET-LCD oA A& Qle inverted staggered TF&[I1H 1
(b)]1+= align margin & o 3EE Cgs 7} EJUA Hrh oo s
coplanar TZoA & self align ° o3 Cgs & HA
Hasts 58 ufdE 7ol FEs =27 "okl

rir

32 5 glomw, FAA

at
; /. SD ;
. CEIC Gl ¢
“Glass ¥ Glass
(a) Coplanar (b) Inverted staggered

1% 1.1 : Coplanar ¥ inverted staggered

3t inverted staggered X HlE| gate AAUS 9FA WSS k. aEut

AAu FA7 7FATSEE gate DY drain A= Aol o] A ARl M [2]
A7 F 7HAdel 93t damage ©o FHeFst %7} ¥©th. OLED display ©l

A 85 = switching / driving TFT 9] Ioff Current ©] 2&l thekslt EEo)
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BAste, o]E FxAoE sty % wEEo] o]FojA frh dmAow
LDD +%I[3,4], multi gate TZF[5]%°] AtEAJvt. T2y olgs FxE9
aide dHES 7A 3tk LDD FxelME 34S Frbeiol dhd, Multi
Gate 9] XM= TFT 7} 2A sk WA o] Frhete] 7l-&o] FhastA wrh.
ol EAAL A 4+ Y= tero 2 OSBS(Off State Bias Stress) ol 2] st

lIoff 94 WHo] Qlth[6]. OSBS WH-2 TFT Al&te] Qlo] +x24 WA 7}
9 Fo] §la TFT o Ags kst 37 elA TET o 2dg At
AZFsEA Toff & &Aoo ® W 7] wiel tiHd vadgo] Hds e
goll Agat7] vl F&s ol

=AM TFT €& OLED Panel o &% Sl OSBS o 9% loff
AA WMAYUSS dYsta fFas loff SHE 93 e
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A 2 & Toff Leakage Mechanism

loff leakage &= oFg] [2¥ 2.1194] ®HE vlel Zo] 5 7FA mechanism &%
o] A7 sk Qi)
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Sour
I5

Substrate

I1 = PN junction reverse bias current;

12

sub threshold leakage
13 = injection of hot carrier from substrate to gate oxide
14 = gate induced drain leakage

I5 = channel punch through current.

2—1 PN Junction Reverse Bias Current(I1)

Drain ¥ AWM += &4 reverse bias pn junction ©] @A ¥t} Reverse bias pn
junction °A+= 2 714 leakage 245 7FAal St} A A= depletion 949
edge ¥4 44 carrier 9 diffusion / drift o]t} ©f2 37X = reverse
bias pn junction 2] depletion Gl A 2 electron / hole pair AAdo|t}.
Junction 9] reverse bias leakage i= doping concentrate ¢ 1A ¥t} Doping

concentrate ©] band bending ©f] 9&< 59} band to band tunneling & ¥4 °7]9,
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oo ¢J&l leakage current 7} WAk [1¥ 2.2]= P-MOS TFT ¢
doping #}e]el]l 2%t band banding 9 W3IE Atk
bias )17}A] doping %7 W& o= BTBT 7} dojvbr] ddws &

HojF 4 drain

.

A

=
PN
e
Depletion

Depletion
region

Ec

Ec

Drain

Ev

Channel Channel

[e]

=

a) Doping 557} %< wj BTBT b) Doping %7} =
713 2.2 : Doping &%°] W& BTBT
Reverse bias pn junction °|A1¢] high E field >10° V/cm)¥= p doping

uj BTBT

=]

region
balance band ¢] electron ©] tunneling < %3] n doping ¥ conduction band &=

TH S & o o [2d 2.3].

Ec

n-s1de

713 2.3 : Reverse bias ¥ junction |4 2] BTBT
BTBT + band gap Bt Y %2 voltage drop ©] junction ©] 7}=3S

o

R

W A3} | indirect band gap semiconductor @1 Si emission ©]1} phonon 2

A
T2 3314 P} Tunneling o €3t current & ol#] 9} o] Foxit}.

m{ov

=
=
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172 E

q
M A S
A :w”;_ra Eﬁ! . lx:*dm,
4m3h= Sqhi

/2
J,;'._,IJ :_J-E; — Cxp (— EJL)

(D

m* = effective mass of electron; Eg = energy band gap; Vapp = applied
reverse bias; E = electric field at the junction; g = electron chanrge; h =
Planck constant / 2«

Step &5 7M43S wl junction oM< E &= oFeffg} o] Fojxitt

2 NoNa(Vapp + Vi)
.‘:‘.ﬁi(fﬂl -+ Jn\‘rd}

FE =
(2)

Na %! Nd = doping p and n side; esi = permitivity of silicon; Vbi = built in

voltage;
2—2 Subthreshold Leakage (12)

Source ¢} drain 7F Subthreshold ®£+ weak inversion A% HAfF+= gate
voltage 7} Vth Bt} zZFSu] 2HAISkt}, Weak inversion AEjolA @] carrier &
o

Aol AWk current BAYS 3T} Weak inversion ol A= &5 carrier 7} W%

A5k 0 o,
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13 2.4 : Weak inversion ©]4 9] Channel W2 A< Carrier ¥ 3}

[1¥ 2.4]% weak inversion AFH|olA19] channel W 4% carrier & H3tE
HolZEth . N MOS ©A] source + ground, Vg<Vth,, |Vgs|>0.1V & 7}4 3t}
o]813t weak inversion condition °Ai HIF-E°] Vds F<to] substrate 2t
drain 2] reverse—bias pn junction G oA drop HA ¥ttt A3A S 7 channel
X electrostatic potential = "% &tk I8 2= electric field vector E
w3t w9 ZA Frt}k Mobile carrier ¢} electric field 7} #-¢ ZFC. = 2 drift °f
o3k Ids & FAlg W 3tk 1# P2 strong inversion Y= Y27 subthreshold
conduction °|4 & diffusion current 7} X|Hj & o]t} 12 B2 carrier &< bipolar
transistor ¢+ +AFSHAl charge transport 7F dojubAl @k 1E]a, Weak

inversion 412} current += o} 2 218 wEt} [7]

Igs = Imcax%(m — 1W(vp)? x eVo—Vin)/muor

_ e—VDs/UT
x(l (& ) 3

12
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Cdm ﬁﬂ_ :—J’tox‘
m=1+ =1+ 28 =14 —
Ow;. %:_‘:“ T’Vdm @

Vth = threshold voltage; V1 = KT/q; Cox = gate oxide capacitance;

up = mobility; m = subthreshold coefficient; Wdm = Max Depletion Width;

tox = gate oxide thickness; Cdm = capacitance of the depletion layer

Long channel device oA+ subthreshold current += drain voltage ©I
S Zolt}y, 18y, gate voltage o tidlA & exponential 3A WAl T}, o]
ool A el Vgs el thgh Ids & [19 2.5] % #Zt}.

lagt Isubth)

I
G —| [ [subth J Subthreshold Slope
"' | [mV/decade of current]

Yos . / :

7 : i
Vin

o

GSs

1% 2.5 : Subthreshold leakage (NMOS) transistor

[29 2.5]°14¢] slope ¢ 94% subthreshold slope(St)g} F=m1, o} 9}
Zo] Fojxitt,

)
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dv. g

- SE( Cdm) )
q Cox

Subthreshold 7]&7]= transisor 7} vl EHA OS2 turn off HEAE
UeRdTE St = 71&719 dFolnR o] S5 V&7V ZokAA HER off
leakage 7} )& ®©th A4 gate insulator layer & FA7F 95 o
tox 7F ZlEA HEZ S, 9 o] AAH, doping concentrate 7} HolxS
Wan &) gko] 2robA] S €] gho]l A leakage 7} o1& ¥t

: =1 o
St = (MM) — 923 mkT

(5)

2—2—1 DIBL (Drain Induced Barrier Lowering) Leakage

Long channel device o] W8l source & drain < ZF#o] Egl¥o] 3o,
depletion gFFNA2l field ° o IHAH7F vk, 18 2=, threshold
voltage + channel 2] length ¢} drain bias o g&S ¥x] &=vt. 7124 short
channel device ° i3] Vds % Vg o ]3|l band bending ©] ZstA F3FS WA
gt 722822 threshold voltage £ sub threshold current & drain bias °f 2|3}
ke WA #Hr) o]g| st A4S DIBL(Drain Induced Barrier Lowering)©] 2}t
Eia= ol 2.5] = channel &% 4 Vds W¥W3}le] w2 channel W42 band bending
WH3lE Hol=a1 Qlt). Subthreshold & &ellA A dto] electron ©] drain &=

2% 2L v 9t 128y channel ©] &S A-$, drain 9 #Agto] Frie 4=

14
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= - oIElo
=

3HFY fixed charge & =57 ¥, energy barrier & %530 ¥+ 9%

A Ft}, oo wg} sub threshold current 7} E7F5 &= A4S vebv A Hot.

DIBL &

g o
voltage

voltage

O L.

Curve L Mas
A 6.25um | 0.5V
B 1.251m 0.5%
C 1.251m 5

Curve A

Curve B

L I 1 1 1 I 1 1 1 L
0.1 o2 03 04 O3 e OT7 08 0.9

1% 2.6 : Channel W49 Energy bending

channel ¢ XWX source ¢ drain ¢ depletion G0 M2 &
W ASH | source potential barrier & @39 A HY. ¥2 drain
Q17}A] depletion 99 barrier ¥Eo]E 3ol FA o] threshold

7V FAEA "k 29k FA]o] source oA+ channel surface =

carrier & T+ gt}

15
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DIBL & subthreshold slope(S) = WA 7|%] &1 Vth & 30| Ft}. DIBL
adol 98] drain Aol F7FSFE I1d — Vg curve 7} Y& shift ¥+ AS

(2% 2,704 FAd 5 ot

100032
10004
100E-05
1.00E-D6
100E07
100E-08
1.00E-058
100E-10
100E-11
100E-12
100E-132
100E-14

Vds : 10.1

I3 2.7 :Vds el W& Id - Vg curve

2—2—2 Body effect

< LT,
threshold voltage & <7} AlZIt}. Body effect & Vth W3le] oJ& o2
T2 (6) oz FR1 3 & gl

\/QE'aiqPJu {QT#GB‘ G Vb-b)
o

Reverse bias ¥ well-source junction < bulk depletion ¥4

Vih = Vi + 2¢p +

(6)

16

Collection @ skku



Vib = flat band voltage; Na = doping density in the substrate;

VB _ (k1/q)In(Nami)
9l Aol Vth 9 Vbs o &3t 77| (ME vHekd 4+ 1o, doping 5%=7}
7t Vih 9 W7 AdS & 5 Sl
£ Eﬁjgﬁrg
th _ 'V 2(2v¥s+Vs)
dVis Cox

(7
[29 2.7]2 well — source 9] reverse bias 7} ?17}2 29 n channel drain current 7}
A S HoJFT),

1.00E-02 —

|n 1.00E-03 T

(A) 1.00m04 |

vy | Vom=0,-1,-2 3, 4,5 ¥

1.00E-07 4

:
- .

: t t t t t f {
o 0.3 08 i LiL: ] 18 13 18

VG (V)

19 2.8 : n channel log(Id) — Vg

QoA v}EFE subthreshold leakage ol 98-S 1w X+ weak inversion, DIBL, and

body effect & ¥ 3Fslo] wdl= 31,

17
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A x elrﬁnﬁ{}b_?E—HJ:U—’}"KT-B+F}1}JS)

Iﬁuhth =
(1= ol

(8)

;’F (UT)EeLE e—AVin/mer
el (9)

A= g [:_":fix

VthO = zero bias threshold voltage; vy = KT/q;

!

-

1
= linearized body effect coefficient; " = DIBL coefficient

i
Ho = zero bias mobility, m — subthreshold swing coefficient of the transistor

2—3 Injection of hot carriers from substrate to gate oxide (I3)

Short channel transistor |4 Si—=Si02 AlWANA 2] =2 AA7} A7F=H, A=At
Aoy AAZFEH FEI oUAE o] potential barrier & AUH 4 Ao,
Oxide T o=z So7H Adk.[198 2.9] ©]& hot carrier injection ©]2} 3t}
Si oA Si02 ZE9] injection <= electron ¢ effective math 7} © 27| wjZ ol

hole ©f] )3t AR} electron o s A dojdr}

Sy

Ec
oxid;! Ee

— | channel

18
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1% 2.9 : injection of hot electrons

2—4 GIDL (Gate Induced Drain Leakage)

GIDL (Gate Induced Drain Leakage) & drain junction 2] high field effect ©J
71e1%ttt. N—-MOS 9] 7% sillicon W] accumulation 2 F JEE gate °f
bias(—)& <17}, gate oFgo] A= sillicon & p—type ©] ®th = silicon
T E 7T Bt} heavily doped p region ©] ©tH(2¥ 2.10.a). o)A
#o)A depletion FHo]l FH Fob He on|gtt}. Gate ¢ bias(—)7} F7Fshd
gate o}l n+ drain region 7FA| % depletion ©] A4 inversion ©] HTH(1H
2.10.b). ©]+= local electric field ¢ %7} A]7]A ®©t}. o]i= band to band

tunneling ©] 7F&3t4 9F50] drain 229 leakage & A AlA FA Hr}

Vg<0
|
Gate

G.L

N+ drain Y

\

\<— Depletion edge

-
= = e o =

19
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1% 2.10.a: Vg<O €4 depletion edge

Vg<<0

Depletion edge

1% 2.10.b : Vg<<0 ¥ v depletion edge

Vds 2 Vgs 9 &5 24 GIDL current & [28 2.7] ] YERIT}

1.E-05

1.EM4

o

1.E08 \

IJjA}
:

S GIDY Currgnt
ias Y-

16 i ] -6 o B 10 16
Vos(V)

% 2.11:Vds el W& Id - Vg curve

20
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[29 2.12]& coplanar 7% TFT 9 AOlE #H<Sto] ZF7lste] uwiz} GIDL

A7 7S AYste oy x| w=tolojalolty, LTPS TFT 9o ¥4 HH

of

wgAele A 2 JHE ERE 5 Atk AAE TET b off e

it

Aol A7 F45H Q= AHol7l wWEel p+ =8 d9d =

P97 pn A HHIE FAA Ak EE p+ B3 J92 Aol vsiA

O:

daidor (—)dste] 7bEY] W&ol pn A thole=o] e At I7het

AR FEE ol 7 "uh wEbM pn A tolezolM AW FAAR (2
gt /ool ek AR AdEie dwrE 327 " o]¢k tEo] drain

A 99 TTol FaHY THSW AT A7) 45 o= e |

212 @IAMA"H Ax - Ay st A8 Do ol=HA A" AA -

A A7 BHEY Aol o8 dAAe AEdE olsstal e JHEOR

olFsto] FAEAF ZodeA "o A= [1" 2.12 (b)]ek o] AloE

Aol Fhgl me =del gF 99 pr =3 el A Fo]
WA H3 Al Agh F7kel mek TR Hol Faxlel TN el

band tunneling) &% Q13 FAHMFE GIDL AFety s AxHizd o=z LTPS

TFT ¢ Ioff &= GIDL A/F7F =820 = &4e#A Ut} [8

21
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Created electron-hale pair "IJ Created electron-hole pair
M by tunneling valence band

by tunneling valence band -
glectron . - i glectron |
", P —_— . ]
S 5 ‘ by = /

O-//oq
--------------- IZ-} -E letion
ion

1= Channel

(a) Y axis carrier 0| = (b) X axis carrier 0|5

a9 2.12 : GIDL A9 Band Diagram

2—5 Punch through

Short channel device ©l4] drain #} source 7} 7}7FA]7] w<Zell drain —
substrate ¥ source — substrate 2] depletion % 9I°] channel & E°]vtA H}.
Channel length 7} #9545 #3289 depletion 9o AshA o =3t
Vds & 57} 3t =W reverse bias 7} S7FskAl E19] junction ©] © ZM7F A A
Htt. reverse bias ° 23 depletion o] F7}sF]  drain—substrate
4 source—substrate 2] depletion 9 ¢ channel length 7} 543l @ w punch
through 7} H At & 4 it} Gate 39 Doping ¥ Il o3 ®d
Bt ¥ ol YgoloA] depletion P9 o]  #HETF punch

through + 3E¥ ool A LAy sio),

Al 33 OLED +-% 32 % Off Leakage 9| 23 £
3—1 OLED +% 3|2

22
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OLED panel = 5 sl osf EL o] 2FstA #Huh ol& F&skr] Sl¢)

R

7Aoo ofg o [1™ 3.1]3 &2 7 =S 7 "k

Switching st Scan line
Dataline TFT I 1 i
Drivin
(Vdata) T“,r_—rg P
Data line
Id

Scan Line
EL

7% 3.1:OLED 7]¥ % 3=
AR5 sl d714 stress o tist Vth ®W3s}7F v Zfolof &t w7 4-&&

#g137] 98] mobility 7} 50cm*/v—sec ©]% X Fojo} It} o]yd S
WHEAI7]7] 918 p Sie A 8% TFT 7} 4853 St
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=
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4
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| W ; .
I (sat) = E:” T Cox(Ves =V )

(5)

Ip = Drain Current; u = mobility; Cox = Gate Oxide Capacitance;
W = Transistor 8] Width; L = Transistor ¢ Length; Vth = Threshold Voltage

Saturation mode oA F#3t7] $8t 5 A Vds > Vgs — Vth 7} 5w, o] F7ke A
R0l BA H F ARF T 20S AAsoF gt

T-Z=A 2FZAL driving tr & output curve £ OLED AA}9] I-V curve 7} 9hi}s A of| A
P19 3.2]. Driving TR 9] Vgs 7} & Aol Vds 7F gobd tjf79 7eto]
OLED Zzte] Ql7tso] w2 Current 5 327 31, Vgs 7} &S Aol Vds 7} #AA

AwFe] dete] OLED ZAbe] A7Fs o] A2 Current & =7 Sy,

.—OLED &4
Loy _Operating
| Point
Data2 TET 'Erﬂ
Datal
ov 12y
(ELV.s) V (ELV )
3 3

2% 3.2 : OLED Panel 9] &3
OLED &atefr] sk F&2 el Bl& ety RGB OLED &xpef whef 742}

O vlEdrE 7HA AL g7kl A E T [1d 3.3]
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Fixal current [A]

73 3.3 : OLED 249 L-1 £4
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TR 9] Ids ol 93] OLED ZAbel 9oJ%t Faks &l 3k 4= it}

1, =%;ffl‘ ( Vaf

L, =KW, ~[7,)’
= K{V, - ELV ;) -V,

Vil

Ip = Drain Current; u = mobility; Cox = Gate Oxide Capacitance;

W = Transistor 8] Width; L = Transistor ] Length; Vth = Threshold Voltage
ko Ids o vldEslE = ol o] T
L = a (Vg—ELVDD—|Vth|)? (7)
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Z Pixel 9o 7] (V2o 98 449 V, & data #0122 (V) ? ol 23
A HAt, 3 luminance + Vth o o& WH3tE 2=, Vth o o&] 9T 7
FE= s TS Agaol Hrl,

3—2 Off Leakage ©] &3 3 1A

= OLED(Organic Light Emitting Diodes) Panel ¢ 497} Zux o=

Fojubal gle Thed s Ee A% @2 Vlesel 2Asta sioh
asdE 7d= fsl TR 2 capacitor 7F A4 shs W8S EoFolof g, °] &

A3l gate insulator o FA1E W31 Utk GI o FA7F Eo5H A7 7€
- 20l 93 Ioff leakage current 7} E7}eA HE= A$7F wASHA =,
o]x= Ids o Z7}e] W& OLED £#}° emission = Z=7FA#A FA ¥4, Black

TEAY P BRoR AldT E3 AAxAAY 45 EFE FUsH
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1% 3.4 : GIDL A9 band diagram

OLED Panel & Iloff 43} anode ¢ 1TO A€S & PMOS & AF&3ta 9lon,
OLED &AFE off Al7]17] Y3lA driving TR ©| off FHojof 322 Vgs o ++%
AL, 1<Vgs<h WA FAHA Hof. olu] EL current<20pA ol A

FAdo] Hu, oA st o Qe o EL ¢ current 7} 20pA ©]7 S 7FskA

3—3 OSBS (Off State bias Stress) & &% Ioff Control

lIoff 7} <7dA 3k o aclddl oa S7etA & 4% dd o= OSBS(off
State bias stress)E 7lstAl =™ st F2H S WelA driving / switching
TR 9] current & 20pA WelA control & 5 Slt}.
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OSBS + A% #AAF YAl 7FE3E voltage bias A7FZE 7Hs38tH, PMOS
A 82 gate % source ©f positive bias & <17}s}al drain ©l| negative bias
A7}k

Gate ©l positive bias & <17}étAl ¥ channel ¢ %W bend bending
ol = o]FojA E, level ¢ electron ©] E. level & tunneling ¥ GI
trap A ©oh TS GI o trap ¥ electorn o 2J3] drain ¢ eli= hole
HA "t o]i= OSBS o g3 GI ol electron ©] trap % ©] gate field

Fl

[e)
T

]

Jo
kit

A
i

= Qo [29 3.5]
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1% 3.5 : OSBS(Off State bias Stress) &%
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AA OSBS #€3to] aging & A3 ol e} o] Ioff current 7} H4ag
a Stk (19 3.6]

o

OSBS Voltage : Vg = 15; Vs = 0 V/d = -25
OSBS Aging

Before OSBS
—  After OSBS

Ay 10 -0 5 10 15 A

=0
on

1% 3.6 : OSBS(Off State bias Stress) 3 vl
olg] [1¥ 3.712 OSBS & Ag3to] A oFdd pixel ©] Ioff leakage 7}

Zolwel wet AdsaEs daE BolFal vk

2

(b) ekEA 98 2 (b) OSBS & =& 714

1% 3.7 : OSBS(Off State bias Stress) A% &2 v
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Al 47 OSBSEE =1 9 £ /A 27

4—1Vgd 7| & OSBS 2%

Vgd £ Wgle] w& OSBS & &3S W off leakage current 7} o] A
Hak=A] &3tk Ved & Vgs 9 Vds o F A2 v 5 Utk AdAs
Vgs & 114 3% Vds 9 bias & HAAZ|WA OSBS & <QI7}sl3it}. olw] Vs &=

ground ¢ 7|EdYo R IPYAA T HAHFS AASSIT. ord [1FH 4.1]19

band diagram & =3 ©] W2 band banding & & 4 At}

Sl ¥

P+ N Poly Si ﬂ P+ -
BL L ”
Glass

Gate: + ; Source: 0, drain : -

- o
b T TR E}L
Gate
Channel
7148 Bias Q17HA]

(a) X axis band bending © 23 electron accumulation
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Gate: + ; Source: 0, drain: -

N

Source Channel Drain

Source Channel Crain

Z71 4 Bias 917A

(b) Y axis band bending °l ¢J3%t electron accumulation

1% 4.1 : OSBS(Off State bias Stress) A% 28 v

OSBS <?17}A] channel & surface & electron ©] accumulation ¥ o] GI ¢
trap ¥ = A el & 4= Qi) Gl o= electron ©] trap ¥ o] gate field =
A HAUANA =71A] Zetes sto] GIDL A#/E w50 74, drain G <ol
FEE GFel oallA A% LDD(ight doped drain) &2l ols] DIBL A7+
3Z = Qlth Vds & F7F8F9 S 4 $-9l+= channel ¥ drain 7+2] band bending ©]
A& A ™, valance band electron €] tunneling © &3] GI ©l| electron trap ©]
3HAl #th ©]+= Gate © positive bias & © A7FslHEE field & 7] 7]
FotAl sk 8 shAl @k oo tigh I-V curve & [219 4.2]4 &<l &
& Atk [29 4.2]¢14 9] 23L& PMOS TFT W/L = 5/7 ©]H, Vgs & 5V &
aZA7)aL, Vds & —20, =25, —30V 2 F7HA7A H71e dafo)uh,
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4—3 TFT Size o] @& OSBS A%

PMOS TFT ¢ W/L & wHe] 7be OSBS & #H7bskgith. WA= width &
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[ 4.5]e1M 9 o] TFT 9] length & L PAI AT width & WA Z H$
width 7} 57FA] TR o tial A Toff 7} ¢F0.3pA 7182 & 4= St} o]+ Width
Sk w2 ARk 9l Toff T7F dAAtolth OSBS o 9% aging &3 width
oJgt loff T7F AeskAl s W AEL WelM w2de & F v =

width 7} WHale et = Vgd o ko] dAst ¢ OSBS 9] a3+ 4TS & =+
ATk

4—4Vgs @ Vds 71& =7 & OSBS A

4—4—1Vgs 7}% =] & OSBS 23}

PMOS TFT 9] Vgs % Vds 9 bias & &4 217}ste] OSBS 23] A] ojH Ax}r}
UERE=A S Fadth. WA Vgs & W3AA 7h 43S 1333, oW
Ad e A= PMOS TFT W/L = 5/7 o]n], Vds & —5V & IZAIA 3 Vgs &
25,30, 35V & W3A A 7k OSBS o au= gtk [1H 4.6]
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ABSTRACT

Study on Improvement of the Leakage—like Defect
Problems in OLED Panel by Off —current Control of the
Driving TFTs

Lee Youl Kyu
Department of Semiconductor and Display Engineering

Sungkyunkwan University

Low temperature poly silicon(LTPS) process has been introduced widely
as a backplane technology of the organic light—emitting diode (OLED) displays.
For implementation to high—resolution OLED displays, demand on the higher
mobility for the pixel driving TFT is increased. In most of OLED backplanes
using co—planar structure TFT layout, a relatively thinner gate insulator for
TFT is essential to improve the mobility. However, as thinning the gate
insulator, the leakage current of the pixel driving TFT (Ioff) can be increased,
and this results in higher risk on the week bright—dot defect problems on
OLED displays. To reduce Ioff, a LDD (lightly doped drain) TFT structure and
a multi—gate TFT structure are proposed. However, these methods need
additional process steps or result relatively low aperture ratio.

In this study, an off—state—bias—stress(OSBS) method has been

introduced to improve the TFT leakage—current without changing the
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backplane structure or additional process steps. During the defect checking
step in backplane process, by applying OSBS voltages to the TFTs, the loff
can be reduced effectively. Under the suitable OSBS condition, electrons are
bounded in the gate insulator and this effect results in lower GIDL (Gate
Induced Drain Leakage) by effectively reduced gate electric—field. In this
method, Vth shift can be resulted if Vgs is higher than 30 volts, and Vds
change results in no Vth shift. Ioff current can be minimized without Vth shift
by minimizing Vgs and adjusting Vgd during OSBS.

As a result, weak—bright dots and low—gray—mura defects of the OLED
display due to leakage—current of the driving TFT can be reduced

dramatically by OSBS.

Keywords: Leakage Current, GIDL, DIBL, OSBS (Off State Bias Stress)
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