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The Study on Electric Characteristics of
Low-Temperature Poly-Si Thin Film
Transistor Employing Transient Measurement
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CHAPTER 2.

@ 2% Sample ¥ % & B

A RBED FERT AR R

i 4g- § 2% Sample : Single Gate(poly-Si)N-type TFT 3
Poly-si eni s = 38 5 ELA(F &3 L)

Gate width=10um > length=6um(i€ i & &)

Mo

Source

e ~h " . "IP-

[®l2-1~

205 W]

[® 2-2 5% % 5% Sample] [@ 2-334E- 9% Sample *x* §]
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(1) B ks ~ 47 ~ Hot chuck

Probe station p #% > %0

[ ® 2-8 Probe station]

(2) = #H_i4 4294A(£ ) C-V)

O 2= " EEEm

|, orees|

— A 1

2me OE o
—=—— = &8s

e
EEEm e =S
.

[ B 2-9 Probe station]



[® 2-10 Probe station]

(4) & Rl#z+14c8 Keithley 4200
fFE# a- Vol
b - Vg-Ip(Linear)
¢ - Ves-Ip(Saturation)
d-: Vsg-Gm
[:x]) Vp : Drain Voltage Ip : Drain current

Gm : Vp - Ip max slope

V; : Gate Woltage



(D
A 42— : N-type Poly-si TFT Device ™ Transient & BJZ & {4 37
v 2 DC % B & transient £ BT 13 F
(a) 4% : t=zz3ghen TFT ¢ %5 Gatezd -10V~ 10V im /& >
Source ###&# > Drain 0.1V im & -
(b) ¥4 . t=zhgLen TFT ¢ %4 Gate =3 10V~ -10V im /& >
Source ###&# > Drain 0.1V im & -
(c) &z xh8en TFT @ %4 - transient if i 2 & Pl4%i2 & Sk
% o Rising-time=b0us ~ falling-time=50us ~ width1=80us -
width2=100us ~ Period=200us

Connection of TFT [

[ ® 2-11 transient £ B> 27 & 8]
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Test condition

PGU1 -> Gate amplitude= 0V -> +10V
PW1=80us
PW2=100us

Rise/fall time = 50us
Period =200us

Voltage (V)
PGU2 -> Drain

ot . ——.-« ————————————————————
10u 20u 40u

Time (s)

[ B 2-12 transient # B|iE 27 L B ]

(S

WiF FPGU | £R$VG - ID F2 &
S PCU | hT BRI R ERENVG - IDEE v @Hd 2 48

F

Test condition

A PGU1->Gate Amplitudet= OV -> 5V
11V OV > 7V
oV I OV-=9v
oV > 11V
A pre PW1=80us
» PW2=100us

Rise/fall time = 50us
Period =200us

PGU2 -> Drain

— |
10u 20u 40u

Time (s)

[ B 2-13 transient # B|iE 27 L B ]
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L A e Pulse i T 3 VG-1D Bl 2 %
50us

(a) ¥ #Z_rising-time
% i falling-time = 10us. 30us. 50us & & i® 3 VG- ID B+ #z
(b)# #_falling-time = 50us
%1 rising-time = 10us. 30us. b0us i & i 41 VG- 1D B +* fie 2
N-type Poly-Si TFTs # AC stress fs g% it 35
(a)E B sample A 30°C stress # fé g g1 ;
VD-ID & s : VD& 0 %2 10 R¥&FHFH* sweep > A VG A 0-2-4-6
8~ 10 R¥F Rz
VG-NID(Linear)# % : VD % 0.1 %4 VG %2-10 £ 10 K IFE sweep
g7 3R R
VG-NID(Saturation)# #:VD % 10 K3 VG %&-10 2 10 %3+ sweep
17 R R
Transient VG-ID & & : PGUI % - 4= 5 0~10V 2 in/& » PGUZ %
- =ty 5 0~10V 2 % /& > rising-time =
50us ~ falling-time = 50us ~ widthl=
80us ~ width2 = 100us ~ Period = 200us

; widh?

: P widtht

N i PGU1
PGU2

rising-ti falling-ti
[ B 2-14 transient # i PGUl PGU2 Pulse i # 7+ % B ]
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Stress condition

pulse

common VD=10V

bl R T R N B el

glass.

Gate = % — Pulse ~ Drain # i B =10V ~ Source =3 ¥

Pulse Condition:
15V

-5V

[ B 2-16 stress £i#] Pulse %7 % B )

Stresstime = 2000s ~ 4000s ~ 6000s

(b) £ /7] sample # 100°C stress # fs (g (% :
AR R R T - A A B E R VD-ID ~ VG-NID(Linear) -

VG-NID(Saturation) ~ VG-ID(Transient)) - =& 2 100°C &} # - =
P > stress il L fa— BRI 30°C ks — BB o v

A e oo
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Ea £ B i% % ;

V6 =-10~10v VD =0.1v
VB =-5v~0v~0.5v Temperature : 303k ~ 323k ~ 348k ~ 373k
(2)

1.3 # 3 endicdz * SigmaPlot £ A7 B > &y A 4782 535 ik
(a) ¥poly-Si N-type TFT&Vo-1vM@ ~ Ve-I»(log)(Linear) B ~
Ve-In(log)(Saturation) @] ~ Ve-Gm®] ~ C-V®B] o £ B2 (.
mobility(cm’/V-sec) ~ Vi ¢ threshold voltage(V) ~ SS : subthreshold
swing(V/decade) ~ Gm-Max (linear) o

(b) A W pUg R 2 e RFR R F St~ 2 ehT B RIRAT L

B> e A e o
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2. FBP-17 2 N
Linear:

(1) nmobility(cm’/V-sec)

o C
Iy = %[Z(Ves -V; )VDS _VDzs]

Lg. .
ol D _ a),unCOX VDS —u (max) _ gm—lmear(max)
8VGS L Coxa)VDS

(2) Vi-threshold voltage(V)

On =

(a)VT: gm—linear(max) Z fi'%‘ T%VG_ID% S %ﬂ < X%E’ﬁVG ],Ei E"P 7‘; VT

(b)P~Ve-Lo] £Vo=0. 1V [1=10 nA=VeiE ¥ 5 Vi (B % paper 3814
i) ABENE(b)5 A
(3) SS=subthreshold swing(V/decade)
(a)SS(lab)=2~logln** 10°-10 sz % B 4 Bl 22 Ve ir s tiie fi 40 5

Z_ 3| #E

oo Ve(1,0107°) =V (1,010 o
o 5503 - MelloD10%)Ve 15020/

()& (b)z 3B & ICS- o R &L p P it (a)& (b2
BT ()5 L B ()& (b)) EAp £+ < RIE A7
Vg-1d(log)(Linear) @+ £ &3 4 -
(4) on/off current ratio
¢ VG-NID(log)(linear) Bt P~ [(max *t3if ¥ 2 )/[(min *fiT
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Saturation:
(1) gz —mobility(cm’/V-sec)
o= 2o (v, v,y = iy = (PConyey,
AV fl, Blengl s > e B d
(2) Vr-threshold voltage(V)
(a)V; =g, (sat)(max) z_ i= ¥ 1FVe—[oB] e*» 50 2 Xdhe Ve i@ T 2 Vn

(b)P~Ve- Lol £Vo=0. 1V [r=100 nA=Ve® ¥ 5 Vo (P % paper #%.
e A)
(3) SS-subthreshold swing(V/decade)
(a)SS(lab)=P~loglv* 10°-10 " % ¥ & B 22 Vo r it i fr ad

(| D10‘9 | 110" “

21
()& (b)z E38 % & ICS > d TheEE p B B (a)@ (b))
EApTRIP(@)E S 1> B (a)E (b)) EAp £+ < R L A7
Vg-1d(log)(Linear) B} & # B~ o

(4) on/off current ratio

d VG-NID(log)(lingar) @+ B~ I(max *#iT L 32 )/I(min *iT
ToE) gEEMEFOL 10 23 )

17



CHAPTER 3.

LR SR

1.

3 38~ : Poly-TFT r Transient & #2447

—_—

LWERRBIRR2 PR NE LR R Y T g kd L
(VG =-10V~10V) 2« &F # (VG = 10V~-10V) » fhpt 2 BFFenz B2 < >
Fla a3 D0 BEOF R S ERT L
coff B B R TR 1 VG-ID Bl 7 IRt F endF o $ R 2
Mm% 0 FlE A1 * transient £ B 0 & Gate 2% - Pulse s Fli F
BePF AR S i A rising-time & falling-time % 3348
B SR o % 8 AR 2 e VG-1D B A Rl R g o

W R 3R 40 F Y “F. It rising-time ¥ falling-time &2
HHEAVC-ID R =8 £4pF ehe 15 & High-K 547 > Gate 5 &
rising-time(OV-10V)p > £+ € 331D % » 2PVEFELT F ¢

TreP) High- K Hpp £ A@a > @ A falling-time(10V-0V)

P i R p T S G Arising-time PEARA- G 5 ST R #
§ T e sfriv s 0 ID LR rLf T R rising-tine 52 1D

&
S o

Tor ¢ ~ 3 falling-time en [D T i
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% In High-K Device:

Lfallingt  rising-ti i

[# 3-1 rising-time §*+ lﬁﬂiﬂ% L W] [®3-2 falling-time §*+ lﬁﬂiﬂ% % Bl)

Gate Stack Conduction Bands /
® Substrate Injected Electrons

1nm SiO,

High-x Layer Layer

¥+ N-type Poly-si TFT @ % - Gate #% % rising-time(QV-10V)p# >
TF G AL T AN IEAT IR 0 S PR G LG AP B4R T 3 A4k Drain
#Hexslo v 4 A falling-time(10V-0V)PF » 34 aph 0T 3 Fl1 5 7 Rt

19



B AF B KRS 4 Drain #Bex 51 o A1 b“ﬁvﬁ—‘ﬂkaD?‘/f\f "

¥eh f# rising-time 0 ID ¢ 7% € ] *t falling-time e ID T 7 o

% In N-type Poly-si TFT Device

1 AN
I’ISIng-tI; 4
: s

...... A

[ % 3-4 rising-time §*+ @ﬂis?]% % B8] [# 3-5 falling-time §*+ @ﬂis?]% % B8]

3. '@ b B 6.8 7. B 8¥ #FIEN-type Poly-si TFT Device %
rising-time FF e VG-ID & 4 € % % VG Pulse & BH# 4 ™' » @ &
falling-time PFen VG-ID £ % € %£% VG Pulse T /B s 4em 3 p & eh
e 2 & F 75 Arising-time FE %3 #] 0 VG Pulse & &P L
EROREREEN DR IR F BB A AR K E ”'“r,"l”ﬁ
5 eng F a1 Drain 5 0 F %7 = 0 VG Pulse 7 BRA| F| L2
FHARFEF S DT RS ER AL T F € AR A

o R b A ey i 43 3 Drain 3 0 A7 e rising-time BF 0

VG-1D @ g "t ¥ VG Pulse % B3 B a ] o & falling-time ¥ %) i
BRI T B S TR e R S e R34

i+ #8443 PliE Drain = > #714 & falling-time P% <0 VG-1D Bl & &
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Pagengito Bl 9. ¢ 7 up &g e IR High-K Device & falling-time
pE 1 VG-1D Bl € 46 VG Pulse @ B 4cm 3 Vt shift S & 4
@ % rising-time P VG-ID B X 7 ¢ “§ ¥ VG Pulse T B 4em 3

PrAE gt o 2 & § 75 A falling-time PF T 3+ % "ki& » High-K ##
chfic P € 8% VG Pulse TR e 4o @ K 4e 0 @ 5 gie » High-K HLp
SRR LT TR R AL D A T VG TR FH e T
$i >+ Vt shift e g o @ & rising-time FFZ 2 F B A 5%

r High- KHREp 102 ¢ a8 g R A2 R BT #7122 V61D B

FPRGEEDRL
% In N-type Poly-si TFT Device:

Low VG Pulse High VG Pulse
VG Pulse VG Pulse

[# 3-6 Low VG Pulse *+ @7 & M] [# 3-7 High VG Pulse §*+ @+ L F]
% In High-K Deyvice:
Low VG Pulse High VG Pulse
VG Pulse VG Pulse

[ % 3-8 Low VG Pulse §*+ @ﬁa?]fﬁ % B [ # 3-9 High VG Pulse $*+ @ﬁa?]fﬁ % B )
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4,
(@)RAmm - TR I EHER T g EPFF () RLAEN ]G

Simmons and G.W Taylor @ §7% # AP R T AT G
1 Y - . - N . EEy 2 2 Iy - ’ 2
=" fs’?ff‘—lvtherm#ﬁ SE T FEERS O, «‘fp G Rl R R
Vthermo-nns

BafonLhAFEF A0, LhilfF4s THER AP ERo,
Z1x10%em? > i E B Y5 2 B a0
d B 10. 2B 11. ¥ g % falling-time(b0us):z %

rising-time(10us ~ 30us ~ 50us) s VG-ID & R ? 7 P &gcnd B o Sg %

rising-time &4 > B AR A VG-ID & - JTF A > A

F_&

falling-time *7 ¥+ M VG-ID & 32 5 P B e o F) 5 4 3 endff JEps
B gzt B < 95 Insec i ] 32 #0240 10us ~ 30us ~ H0us °
“r0d e VG-ID o Sensp it iR E E xS R B AP
BF 5 rising-time PFRF i 4r 2 & § { 5 0 F ARG AT p R
PorE ke VG-ID o 5% %2 W 4e o @ & falling-time 3384 F] 5
R TP AR e L R R0 VG-ID o SRS -T LG re s e

(b)) RAHEF - TEIFRET T IFREF(r,)PREL2EN ]G,

Simmons and G.W Taylor = &3 #& 417 > FHEFEEFT L7 5 ¢

1
- y B E
Te Vtherm n | exp[(E E )/ KT] e

-E . - X . U SR
ﬂ’@@mm@m{%+%i§,anﬁm{%kﬁ

VL& T oG A5

r, =107" exp{ :
BT3B a o L AT HR 0, LHEE L5 TIRRSE
Lpdtbaii 8 U2 E R A TR bl o F e ron ppeg ¥
WAFR KA EERF(ESE) > R AR S HERY L TR

(millisecond) °
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d B 12. 2R 13. 7 W R EH L rising-time(b0us) %
falling-time(10us ~ 30us ~ 50us ) VG-ID & 5A @+ 3 P Ag L £ o
¥ falling-time 3 4 > “TH R VG-ID & SErT "% > @ &
rising-time *T¥ e MG P RO o F 5§ AP R 2eh
falling-time(10us ~ 30us ° 50us) i » i?;“z;::1012exp{Eﬁé%EL}A>Eﬂ??
i T Ec-Et = 0.42ev(10us) ~ 0. 45ev(30us) ~ 0. 46ev(50us) °
B EHRARTABT M0 3 EcEt @A A Pt 24X 0 el 3 0 3 A

Wakka? 0 b A BBt 2 B et gAR st PR UE R 0 T

&

Ec-Et shig 4%« pf & £ 4% § onf’ 5 4048 S 10 3 % F 3% VG-1D Bl e &
T o @ frising-time enFRA F] G K TeOpE F FRAR b el £ R 5

FIVG-1D b 582 s o

Tail state

smsssEEmEEE  ()42ev
0.45ev

IIIIIIIIIIIIIIIIIEf

[#3-10 % &% &A1 & B
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Emission Time:

7 n(E)=10"?exp[(E.-E)/KT]

If falling time = 10us

> E.—E, =0.42 eV

If falling time = 30us

> E.—E,=0.45 eV

If falling time = 50us

> E.—E,=0.46 eV

5.

(a)AC stress ey i #8415 % Vg = falling R sg p enT 5 € 515
T I % /L Source #4#? Drain % #4 (8 3-10) > & Vg =low FF %] 5 s P e
BE B o RERIEN DT Pk s ® TP T 5 (F

S IR SO

T V=10V
- I annmnnnnn
- l Vg = falli
L g = falling
= E L] E *—>
— B8 -B8 | | . . -

[® 3-10 Vg = falling $*+ % 5477 & §]
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Pulse

V4=10V
Gate 1 ELLECEETEN
—_ 1 ; B
- <—EI 0> : * Vg=low
e 0~ :
D ........... N —

Y

emitted electron

[ % 3-11 Vg = low §*F & &7 & §]

d B 14, 7 r4gF B stress o & stress 2000 52 6 o VD-1ID & &5 P
krend B stress 2000 #51 sn VD-1D & s p &g et f A stress ¢d &
TR S e AN F stress FFR a3 40 (40006000 F ) £ I stress
2000 fyend S g P A Z & oo £ 5 B 15, ¥ 74 & On current 9
Ao w A_NIRAP e iR > d Bl & Fr e stress 2000 iy L ARR A
13.7% - stress 4000 % * 42k & 17.19% > stress 6000 #) <% i
AR % 20.29%  #7r4 stress P F I LG $F Ry i g P AR
o BB ZME 16. B 17. B 18 ¥ g m & falling-time #7¥ & <h
VG-1D # & % stress 2000 4/ ~ stress4000 #; ~ stress6000 §; & - iX 5
sz o d AC stress 07 i #+4]° ¥ 0 {F dedk falling-time “7¥ &
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3 48— : Poly-TFT ™ Transient # B2 & {4 47
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v In N-type Poly-si TFT Device
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5. N-type Poly-Si TFTs # AC stress fé en% it J§35
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