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Low-temperature poly-Si (LTPS) thin film transistors (TFTs) have attracted much
attention for AMLCD and AMOLED. Application due to their high mobility and capability of
realizing integrated circuits on glass.

Introducing LTPS-TFT technology into TFT-LCD products can reduce materials cost,
simple design, product reliability, and development cycle time. In this project, we proposed to
investigate the device characteristics, e.g. Vth shift, sub-threshold swing degradation ~ TFT on
current degradation and reliability test of CMOS reduced mask devices by adjusting the
channel doping dosage.

N-TFT devices characteristics had been extensively studied by a-Si TFT process, but
P-TFT devices reliability studies are still not very clear. LTPS-TFT driving circuits were
composed CMOS devices, composed of N-/P-Channel TFT comparing with a-Si TFT process.
The reliability issues of P-type LTPS-TFTs are special importance in practical application. In
this study, temperature reliability had been investigated for N-/P-channel LTPS-TFT devices
of 8-mask and 9-mask LTPS processes. NMOS devices of 8-mask showed lower mobility,
sub-threshold swing, I,,, and L& degradation than 9-mask devices. Effects of negative bias
temperature instability (NTBI) had been conducted into PMOS devices. PMOS device of
8-mask process was shown worse mobility and sub-threshold swing degradation than the
same device of 9-mask due to larger threshold voltage shift with applied gate voltage and
lower activation energy than the device of 9-mask process.

Ior values were increased with increasing of backlight integral intensity of yellow-green
color LEDs. Nevertheless, I variations with different wavelengths of LEDs included
yellow-green, blue and white-color at same backlight intensity are not very obvious.
Threshold voltage, Vi, was shifted to positive values by increasing backlight intensity of
yellow-green color LEDs. Same I, and Vg, shift variations of the PMOS device with
W/L=50/5 with backlight integral intensity were revealed.
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3.2.1 LTPS™E % fu#” i g % fe: 1ﬁzﬁ"‘ BWigz A EFRARE Y277

(D)2 ik i* & Kﬁt

Ip-Vg ¢ Vgsweep © 15V~-15V ~ Vpstep : -0.1V ~ -10V (PMOS), 0.1V ~ 10V (NMOS)

Ip-Vp : Vgstep : -2V~-10V ~ Vp sweep - OV~-12V (PMOS)

BRI S8k Ip-Vp B d S~ Ip-Vo B FEY & - 2R T8 Vi (b=1nA*W/L) ~ §* 5 # #
wW(Vp=0.1V) ~ = 52/ #ittgy S.S. (Vp=0.1V) ~ Ion(Vp=10V) ~ Iorp(Vp=10V) °

Q)& Bl R

8-mask V.S. 9-mask

7 & = vt W(um)/L(um) : 5/3.6 ~ 5/5 ~ 5/6 » ~ * ##5 . P-type TFT ~ N-type TFT
- BRRMOREEEL 125C ~50C ~T75C 100°C ~ 125°C

NBTI
- i 2 et W(um)/L(um) : 50/5
- Stress Voltage, Vg (v) : -20 ~ -25 ~ -30 » ~ & f85F : P-type TFT
- Stress Time, t (s) : 1~1000
- Stress Temperature, T (‘C) @ 25 ~ 75 ~ 125

Temperature:
Ve=-15, -20,-25,-30V | 25 50, 100, 150°C

Gate Dielectric

Buffer Layer

Glass Substrate

B 3.1 NBTI ~ Rz 7 3 B
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(1)ip] & %= % 58 B
8 & 9 Mask Process PMOS =~ i* & < W(um)/L(um) : 5/3.6 ~ 5/5 ~ 5/6 ~ 50/3.6 ~ 50/5 ~ 50/6
ID-VG Characteristics - VD =0.1V ~ 10V » Vs=GND » VG =-15~15V
ID-VD Characteristics : VD=-0 ~-15V » VS=GND,VG= -2V
Backlight light source: yellow-green at V=3.7V, 4.5V, 5V, 5.5V ~ white ~ blue wavelength
ID - VG Characteristic:
VG =-15V-15V
ID - VD Characteristic:
VG =-2V

ID-¥G Characteristic
] ¥D=-0.1¥,-10Y

ID-¥D Characteristic
¥D=0-~ -15¥
7T Gate
Gate Dielectric
Source Drain

Buffer Layer
Glass Substrate

RARRRRARRR

Backlight: Green-Yellow Backlight
White Backlight
Blue Backlight

B 3.2 PMOS k¥ F & 7 % -4



4. R EH
4.1 CMOS 8 mask Channel Doping % 733 & & 3 4 42

4.1.1 CMOS 8 mask Channel Doping 7| &

—#—Vth_p h? —&—Vih_n_v2

= Vth-n-38
= Vthp-35

Vth-n-average
—4—Vthp-average

L
—4
e
<1 Z
= - Iy
e S
L [ &
e «
—
13
=
[

U R S S

B 4.3 TEG/u(AR1831500)
d 12+ e Test Element Group +“ #& B ¥ v > 1E12,15KeV & & i 7 718

5



4.1.2 Vth Gauss Distribution

CH Doping=Non

Avg=-1.6346V

A\

)

iR
\

B 4.4 CH Doping=Non Vth 75 274 % B

CH=1.2E12 —
(I 50349
PMOS 7 /\ m
/
e
e EE
49 A5 % 5 5 A W6 04 L8 0 02 0L GG O8 1 B W IF W 2
Bl 4.5 CH=1.2E12 Vth 13 274 ¥ @)
CH=2E12

- h-

| AR

Bl 4.6 CH=2EI12 Vth e #74 ¥

dM 4454546 7 0G0 EBRER & CH=12E12 - B B 8404 G0 82 L R T &
it % & 9mask 0 F o



4.1.3 Average Data Comparison

50000 1 AVith=282 AVih=154 AVih=1.42 AVth=1.33 150
45000 A .
; 1 1.00
40000
35000 | \ S 1 050
30000 r L
N NN NN NN NN E b | o Em i BE SR BN B o Ew aw sw e ()0 oD
a ¥ a fi - o
8 25000 | g |+Vhnw
5 ___,--""'.--- 4 050 —g-Vth o h2
20000 .
15000 r / 4 -1.00
10000 |
1 150
5000 r | |
0.00 : ) : -2.00
Nomal with 10Pics ~ Non CH doping CHdoping1.2E12  CH doping 2E12

B 4.7 7% F#HsepEFaIVDD

Bl 4.7 ¥ ol el R REM > TR IVDD (% e iv iR €3~ 73 % & gL » CH=1.2E12
IR @% 22 9mask 4p o2 > ® IVDD Bt 9mask 3 > @ CH=2E12 e § 7 BRP| = X > [IVDD » *
9mask % 1 — 1= o



4.1.4 ART-IVDD Comparison

o 8 Mask (CH=Non) ss==8 Mask (CH=1.2E12) 8 Mask (CH=2.0E12) w9 Mask
35.00%
30.00%
25.00%
5
S 20.00%
2
% 15.00%
a
10.00%
5.00% F
0.00% = -l bbb
5 385 3
o 0 o O g
B 4.8 57 FHEERSIVDD
% 4.1 8mask ¥ 9mask 7 F 33320 VDD % %
8 Mask 9 Mask
CH=Non CH=1.2E12 CH=2.0E12 CH=2.0E12
Max 0.49 0.34 0.28 0.33
Min 0.40 0.23 0.18 0.16
Avg. 0.45 0.29 0.22 0.23




4.1.5 ART-VDD OUT Comparison

|8 Mask (CH=Non) ====8 Mask (CH=1.2E12) 8 Mask (CH=2.0E12) === Mask
120.00%
100.00% |
£80.00% |
é 80.00% |
% 40.00% |
(]
20.00% | —,__/\
0.00% — " e — o S J
78 79 8 81 82 83 84 85 86 87 88 89 9 91 9>
-20.00%
VDD
B 4.9 7# FB#HikRE S VDDOUT
% 4.2 8mask ¥? 9mask 7 F 3% 327 VDDOUT %} 78 4
8 Mask 9 Mask
CH=Non CH=1.2E12 CH=2.0E12 CH=2.0E12
Max 8.76 9.08 9.07 9.08
Min 7.94 8.46 8.63 9.07
Avg. 8.41 9.04 8.90 9.08




4.1.6  ART-VEE OUT Comparison

[——8 Mask (CH=Non) ——8 Mask (CH-1.2E12) 8 Mask (CH-2.0E 12) ——0 Mask
120.00%
100.00%
S 80.00% F
2 eoo0%
8 oo
20.00% |
0.00%
o ad 42 P M a? oV 02 WD N g2 ) 2P A B2
VEE
B 4.10 7 43k & < VEEOUT
% 4.3 8mask £ 9mask 7 F %327 VEEOUT ¥/ %
8 Mask 9 Mask
CH=Non CH=1.2E12 CH=2.0E12 CH=2.0E12
Max -1.84 -4.76 -4.13 -4.86
Min -4.34 -4.95 -4.90 -4.93
Avg -3.12 -4.89 -4.66 -4.92

B 48~49-+4.10 * CH=1.2E12 »IVDD ~ VDDOUT - VEEOUT ?5'3-,*'5? 9mask 737 10 0 B2 R

sy 2

] 4.8 7 CH=2E12 IVDD # # 9mask #if it & VDDOUT & VEEOUT #%i2 § CH=1.2E12 24 »
FIo R AE T 0@ & 4D A 42 A 436 F 488 & CH=12B12 hik & 5o B TR 8 ¢ 9mask
AARET e

10



4.2

4.2.1

Nk ¥ Bl AR 44 i 6 ¥ N-type LTPS-TFT V.S. 7 i B 8 1 2 T |4 45

Id-Vg curve
Id-Vg curve of Vd=10V W/L=5/5
1.00E+01 —— Temperature("C )=25
—=— Temperature(’C )=50
1.00E-01 = —+— Temperature('C)=75
—=— Temperature("C )=100
1.00E-03 = = Temperature("C)=125
< 1.00E-05 -
o
< 1.00E-07
1.00E-09 -
1.00E-11 -
1.00E-13
-20 -10 0 10 20
Vgs(V)
B 4. 11 8-mask NMOS ¢ 1ds-Vgs #
Id-Vg curve of Vd=10V W/L=5/5
1.00E+00 [ —— Temperature("C )=25
—=— Temperature("C )=50
1.00E-02 | + Temperature("C)=75
—m— Temperature(°C )=100
1.00E-04 © = Temperature(C)=125
< 1.00E-06 -
an
2 1.00E-08 -
1.00E-10
1.00E-14 ‘ ‘ ‘ ‘
20 -15 -10 -5 0 5 10 15 20
Vgs(V)

B 4.12 9-mask NMOS 1 1ds-Vgs o 4t

11




4.2.2 Threshold Voltage

1.8
1.6 & W/L=5/3.6
L4 r  W/L=5/5
12 | 3
1 A W/L=5/6
—~ 08 r
; 0.6 |
04 | e
> 02| TTTTTWRTII=omeo-o g,
O L - ==
02 | *——___
04 | e,
-6+ T T *
-0.8 ‘ ‘
0 20 40 60 80 100 120 140
Temperature ('C)
Bl 4.13 8-mask NMOS 7 FiE & T 1Vt
1.8
1.6 -
14 Ak--1TC -Sbbre N
1.2 T - T=z==_-1
e , _______
1 * & 'L____"O
—~ 08
S 06
> 04
0.2
0 & W/L=5/3.6
-0.2
-0.6 A W/L=5/6
-0.8 ‘
20 40 60 80 100 120 140
Temperature (C)

Bl 4. 14 9-mask NMOS 7 ¢ & T 9Vt
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4.2.3 Sub-threshold Swing

13

0.35
< 03 /’,,_—’
® 025 | e
D ’ Q,/—”"/ e ———— @A
S 02 Mt e
>
£ 015
N’
v o1 k ® W/L=5/3.6
w B W/L=5/5
0.05
W/L=5/6
0 |
0 20 40 60 80 100 120 140
Temperature (C)
Bl 4.15 8-mask NMOS 7 Fi§ & ™ 1 S.S.
0.35
03 |  e--—*
> e M __---@
T 05| eI
g A
D 02 B
o
S 015 |
é 0.1 & W/L=5/3.6
) 0.05 | mW/L=5/5
» = W/L=5/6
0 |
0 20 40 60 80 100 120 140
Temperature ('C)
B 4.16 9-mask NMOS % f§ & T 1 S.S.




4.2.4 Mobility

160
140 | m
’U? ‘__:::::__:::::—:::::: _—==== n
120 | n ===
NZ 0 . A A *
100 | e &~
s . e
> 80 |
S 60 |
(@]
> 40 | * W/L=5/3.6
20 | B W/L=5/5
0 AW/L:5/6
0 20 40 60 80 100 120 140
Temperature (C)
Bl 4.17 8-mask NMOS # 8 & T 7 Mobility
160
140 | A
g 120 | S S A= A -~ A
I e -
E 100 | L n
~ ¢ 55“~\\§ _ ¢
Z 80 | . *—-~___
3 60 |
2 * W/L=5/3.6
S 40 | '
20 | | W/L=5/5
A W/L=5/6
O |
0 20 40 60 80 100 120 140
Temperature ("C)

Bl 4. 18 9-mask NMOS % ¢ & ™ 7 Mobility
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4.2.5

Lon(10V)

3.0E-04
* . S
2.5E-04 | * €~ --- *---—- .
Z 2.0E-04 | g - - .
> 15E-04 | s A"k Ao A
o
—
S 1.0E-04 |
_— & W/L=5/3.6
5.0E-05 | B W/L=5/5
A W/L=5/6
0.0E+00 ‘
0 20 40 60 80 100 120 140
Temperature ('C)
Bl 4.19 8-mask NMOS % f g & ™ 3 lon(10V)
3.0E-04
& W/L=5/3.6
2.5E-04 | B W/L=5/5
_20B04 | . A W/L=5/6
< B R el *~--— @
S LSE-04 | B
= s _"“-_="PB--=--:- :::::l::::::ﬂ
T 1.0B-04 |
=
5.0E-05 |
0.0E+00
0 20 40 60 80 100 120 140
Temperature (°C)

B 4.20 9-mask NMOS 7# k¥ & = 1 lon(10V)
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426 I(10V)

loff-10V/(A)

7.0E-10

6.0E-10 |
5.0E-10

4.0E-10
3.0E-10
2.0E-10
1.0E-10

0.0E+00

—— W/L=5/5
A— W/L=5/6
—o— W/L=5/3.6

20

40 60 80 100 120
Temperature ('C)

Bl 4. 21

8-mask NMOS 7 k8 & T 1 [off(10V)

loff-10V(A)

7.0E-10
6.0E-10
5.0E-10
4.0E-10
3.0E-10
2.0E-10
1.0E-10
0.0E+00

—o— W/L=5/3.6
—— W/L=5/5
A— W/L=5/6

i

0 20

40 60 80 100 120

Temperature (C)

140

B 4.22 9-mask NMOS % [ 8 & T 7 [off(10V)
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% 4.4 8-mask NMOS % % #c2 % it

W(um)/L(um) 5/3.6 5/5 5/6
Vith shift -0.43 -0.30 -0.32
AS.S.(%) 37.89 20.49 16.77

AMobility(%) 0.67 -8.74 -4.57
Alon(%) -6.70 -7.47 -4.08
AToff(%) 4036.47 10524.49 9516.29

% 4.5 9-mask NMOS % % #c2 % it
W(um)/L(um) 5/3.6 5/5 5/6
Vith shift -0.02 -0.37 -0.34
AS.S.(%) 27.61 11.94 22.60
AMobility(%) -31.08 -14.85 -6.94
Alon(%) -13.49 -8.30 -5.38
Aloff(%) 13255.10 13816.23 11997.26

d B 4.11 22 4,12 ¥ 5= NMOS ~ # 8-msak §? 9-mask s 1d-Vg & 4 > K BV w3 L&+ 2 pF
s L2 B4 > d £ 44 2 457 & 8-mask ¢ [off & 9-mask 7 Toff -] - 4 F] 4.13 &2 4.14
¥ {# 5 NMOS 8-mask ¥? 9-mask 2. Vth ‘,!-.’fi EEF R RO AeA LT

- 2. 8-mask £ 9-mask 7 S.SHREEF IR KA B @

¥ 1 42 & & 9-mask i o -

17

W 4.15-4.16 5 7 F <
+= o R 4.17 22 418 5 Mobility > i1k F £% &
2 4% > 8-mask >t 9-mask o B 4.19 ~ 4.20 ~ 421 ~ 422 & & % < 2 Ton £ Ioff » # 8-mask 2




43 ~iE kY ¥4 i k¥ 9 42P-type LTPS-TFTV.S. % 8 & % v 2. 7 44 47

4.3.1 1d-Vgcurve

Ids(A)

Id (A)

1.E+00
1 E-01 —+—Temperature(C)=25

1.E-02
1.E-03 Temperature("C)=100

Id-Vg curve of Vd=10V W/L=5/5

—=—Temperature(C)=50
—+—Temperature(C)=75

1.E-04 —— Temperature("C)=125 _

1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11
1.E-12

1.E+00
1.E01
1.E02
1.E03
1.E04
1.E05
1.E06
1.E07
1.E08
1.E09
1.E10
1E11
1E12
1.E13
1E14
1.E15
1E16

-20 -10 0 10 20

Ves (V)
B 4.23 8-mask PMOS = 1ds-Vgs # 41

Id-Vg curve of Vd=10V W/L=5/5

—— Temperature(°C )=25 -
—=— Temperature(°C )=50 -
—— Temperature("C )=75 B
—=— Temperature(°C )=100

-20 -15 -10 -5 0 5 10 15 20

B 4.24 9-mask PMOS 7 1ds-Vgs & &
18



4.3.2 Threshold Voltage

0
02 |
04 |
06 |
S
Z .08 |
> A * W/L=5/3.6
a1 | B W/L=5/5
A W/L=5/6
1.2 ‘
0 20 40 60 80 100 120 140
Temperature (°C)
Bl 4.25 8-mask PMOS # k& & T ¢ Vth
0
& W/L=5/3.6
-0.2 | W/L=5/5
A W/L=5/6
04 |
S 06 |
S
0.8 |
-1 F
-1.2 ‘
0 20 40 60 80 100 120 140
Temperature (C)

B 4.26 9-mask PMOS 7 FE B ™ 11 Vth
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4.3.3 Sub-threshold Swing

20

0.3 L 4
/V
0.25 | w
@ 92 |
g .
ﬁ 0.15
> 0 1 |
§_, ' ® W/L=5/3.6
v 005 | B W/L=5/5
w A W/L=5/6
0 l
0 20 40 60 80 100 120 140
Temperature ('C)
B 4.27 8-mask PMOS % 8 & T~ e S.S.
0.3
025 | A A
— A y \
@ 02|
3
© 0.15
o
E 0.1 | ®W/L=5/3.6
E):’ 0.05 | B W/L=5/5
%) A W/L=5/6
0 l
0 20 40 60 80 100 120 140
Temperature (°C)
B 4. 28 9-mask PMOS # &8 & F 1 S.S.




4.3.4 Mobility

140 + r
120 | - *
—~ & A f + —3
g 100 | & A
S 80 |
5
N—’ 60 -
£
% 40 1 * W/L=5/3.6
> 20 | B W/L=5/5
A W/L=5/6
0 |
0 20 40 60 80 100 120 140
Temperature ('C)
B 4.29 8-mask PMOS % F 8 & ™ 1 Mobility
140
120 1 .\‘\*\.\‘
o 100 | A
3 80 ) .
B A
5
N—r 60 |
2
% 40 | * W/L=5/3.6
S | B W/L=5/5
A W/L=5/6
0 |
0 20 40 60 80 100 120 140
Temperature ('C)

B 4.30 9-mask PMOS # s 8 & T ¢ Mobility
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4.3.5

Ion(10V)

2.0E-04
1.8E-04 | = —— —— —— —e
1.6E-04 |
1.4B-04 |
1.2E-04 | = = u
g 1.0E-04 | A A A A A
= 8.0E-05 |
S 6.0E-05 | * W/L=5/3.6
4.0E-05 B W/L=5/5
2.0E-05 | A W/L=5/6
0.0E+00 ‘
0 20 40 60 80 100 120 140
Temperature
Bl 4.31 8-mask PMOS % 8 & T er7lon(-10V)
1.8E-04
F ‘
1.6B-04 | ¢ ——¢
1.4B-04 |
1.2B-04 | - = -
_ 1.0B-04 | N A A
ié, 8.0E-05 | = A - 4
S 6.0E-05 |- @ W/L=5/3.6
4.0E-05 | m W/L=5/5
2.0E-05 | A W/L=5/6
0.0E+00 ‘
0 20 40 60 80 100 120 140
Temperature(C)

Bl 4.32 9-mask PMOS % 8 & T er1lon(-10V)
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43.6 Iog(-10V)

loff(A)

1.2E-10

1.0E-10

8.0E-11

6.0E-11

4.0E-11

2.0E-11

0.0E+00

—o— W/L=5/3.6
| ——W/L=5/5
A— W/L=5/6

60 80 100

Temperature

120 140

B 4.33 8-mask PMOS # [ 8 & T &1 Ioff (-10V)

l0ff(A)

1.2E-10

1.0E-10

8.0E-11

6.0E-11

4.0E-11

2.0E-11

0.0E+00

—o— W/L=5/3.6
—8— W/L=5/5
A— W/L=5/6

100

60 80
Temperature('C)

B 4.34 9-mask PMOS # [ 8 B T 1 loff (-10V)
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% 4.6 8-mask PMOS % %#cz 8 it

W(um)/L(um) 5/3.6 5/5 5/6
Vih shift 0.46 0.42 0.41
AS.S.(%) 21.52 11.62 7.49

AMobility(%) -1.02 -11.13 -11.30
Alon(%) 3.20 -1.65 2.23
Aloff(%) 99.00 93.14 93.24

% 4.7 9-mask PMOS % %#ic2. % 1

W(um)/L(um) 5/3.6 5/5 5/6
Vth shift 0.33 0.41 0.41
AS.S.(%) 23.27 20.16 12.44

AMobility(%) -16.74 -18.91 -16.20
Alon(%) -3.99 -5.28 -5.15
AToff(%) 84.55 99.43 98.69

d Bl 423 ~4.24 & V=10V 2 [V, ¢ :& » ¥ & 8-mask PMOS 2 Joff # 9-mask PMOS = >
% 8-mask 2 9-mask NMOS g PMOS & =& ‘Jﬁ’F’K EREFEA L A A B A o d B 425420 F i
PMOS 8-mask £ 9-mask s7Vth s ¢ Sg ¥ F & + = @ H{ 4v - §] 4.27 & 4.28 5 PMOS 8-mask £ 9-mask
¢11 Sub-threshold Swing » € % % /f /& 73 4e @ + 2 > 8-mask # 9-mask - - §] 3-22 ~ 3-23 % PMOS
8mask #? 9-mask £ Mobility > 8-mask % % <} ¥ 9-mask k ik o B] 4.29 ~ 4.30 ~ 431432 i
PMOS 8-mask ¥ 9-mask cr7lon & Joff "g)§ B2 ¥ "R AE LA PRI H LR > 2 FLA I~ 2
2 vt 2. 8-mask PMOS L 4%-] B Ioff 4% -] > 9-mask PMOS B2 H 4p F > 57 & %] 5 8-mask PMOS
WA B BoHe> @2+ L g+ LeTin g < > & 9-mask EWAZ PMOS i3 % ¢ B2H6fif‘ufn K
THEE S F Vo AZL G THHF- > Tng s oo
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44 ~iE kY ¥4 i k¥ @47 P-type LTPS-TFT 2. NBTI® £ 7% i 4 47
4.4.1 1I4-Vq curve before and after NBTI Stress
Id-Vd curve
1.E-03
~#—solid : Initial
1E03 | ~&+—=0Open : Stress
Stress Votage =-30V _
8E-04 . THC N g—e—"
2 6E04 - -
=] & et
'r/ = el
4E04 - /P o
r e Cet——t]
2E04 - g ~ o~
==
./' Te— = ~ =l =3 — =]
0.E+00 AT T . . —— e -,
0 2 4 6 8 10 12 14
vaw)
Bl 4.35 8-mask Id-Vy e s
Id-Vd curve
1.E-03
=f=solid : Initial
9.E04 - ===Open : Stress
8 E-04 | StressVotage =-30V
7E-04 | TH125°C
6.E-04
=
E 5.E-04
4E-04
3.E-04
2.E-04
1.E-04
0.E+00 =g =
0 2 4 &} 8 10 12 14
Vd(Vv)

Bl 4.36 9-mask [4-VadF e |
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4.4.2 1d-Vg Transfer Characteristics before and after NBTI Stress

3.E-05 - ~ 100
Solid: Initial " 90
Open: Stress
2.805 - ; Temperature=125C | 20 <
— 5% A Vg=-30V F70 &
k 60 =
2.605 - s
';E 50 i~
= 40 B
~ 105 - <
: 30 <
'Iﬁ
20 e
5.E-06 - 10
-0
0.E+00 T T . -10
-20.00 -15.00 -10.00 -5.00 (.00 500 1000 1500 20.00
Vgs(V)
B 4.37 8-mask Id-Vg #1445
3.E-05 + r 90
Solid: Initial | 80
Open: Stress
2.E-05 - Temperature=125C + 70 £
2.E05 - 50 Z
— o
) 40 é
- &
1E-05 - - 30 A
20 ﬁ
is)
5.E-06 - 10~
0
0.E+00 - T -10
-20.00 -15.00 -10.00 -5.00 0.00 5.00 1000 15.00 20.00
Vas(V)

B 4.38 9-mask Id-Vg #F14 s
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4.4.3 Vth shift V.S. Stress Time

1
¢ Vg=-20V W/L=S0um/5um
B Vg=25V Temperature=75C
AVg=230V
~
< \
et - 1
E -
=z - )
= e -
- - - L e
- | ol —
- L~ - -
A L
~ n / . .r
- C -
-~ -
-
J( , =
N . .
1 10 §¢ress Time (S)l(m 1000
Bl 4.39 8-mask Vth shift ¥f stress FF & i %
1
R - 9
o —— B e
w - _. -
~ - - —
= — -
E 0 ¢
w2
=
)
-
1
*Vg=20V W/T1~=50um/5um
i o Temperature=75
B Vg=-25V
AVg=30V
0 2 2
1 10 100 1000

]

Stress Time (s)
4.40 9-mask Vth shift ¥t stress p¥ B B %
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4.4.4 Vth shift V.S. Stress Voltage

1.0
'y
— -
_A— |
- —_—
o=
—_ . — = -
- L~ . - -
Py -—
20l b
w
=
Kt
o)
*257C
m75C W/L=50um/5um
Stress Time=1000s
A1257C
0.0 Il Il Il
-15 -20 -25 -30 -35
Gate Voltage, Vg(V)
B 4.41 8-mask Vth shift ¥ Vg B %
1.0
- - A
A
- — - A
_ A . ___,I/
W -
-~ . —
& L ——
< —
=01 F
o
=
o
*257C W/L=50um/5um
B75C Stress Time=1000s
A125T
0.0 . . .
-15 -20 -25 -30 -35
Gate Voltage, Vg(V)
Bl 4.42  9-mask Vth shift ¥+ Vg i %
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4.4.5 Vthshift V.S, § & F#c% i 1/kT

1
*Vg=20V
BVg=-25V W/L=50um/5um
AVg=-30V Temperature=75C
as
~ -
S ~
& - ~
= — ~u
1 L J — T~ —_
.. |
— -—
.
*
0
28 30 32 34 36 38 40
1/KT(1/eV)
B 4.43 8-mask Vth shift ¥+ 1/kT &
1
*Vg=20V ,
s W/L=50um/5um
WVe=25) Temperature=75
A~ AVg=30V
\
o . a
< ~
= ~ . -
c ~.o '~
" ~ A
f~ .
.. ~
~
. |
e
0
28 30 32 34 36 38 40

1/KT(1/eV)

Bl 4. 44 9-mask Vth shift ¥+ 1/kT & %
o B 435436437438 ~» %] i 8-mask £2 9-mask 22 PMOS ~ it & i NBTI stress 2.
bt iﬂ!ﬁﬁ?ﬁ#fﬁ@' 4B - Stress i 2 5 & T=125°C = Vg=-30 V B/ % 1000 sec » ~ i &
5 W/L=50/5 um - j£J®] 4.37 ~ 4.38 516 NBTI stress 2. & PMOS 2. Vy, shift 228 § chV, & R > »

% o Bl 4.35 ~ 4.36 2 (53 NBTI stress {6 56+ T it lon 7 it Jr ¥]5 = : - 5 PMOS Vthshift ; ¥
- & & #] 5 field effect mobility degradation #7ig = o
29



446 NBTIMODEL %#c% B8y it A 47

#2495 LTPS-TFT £ PMOS NBTImodel (73] 7|k 258 » ¥ Vy & Vygshift @ >t~T~ VG
% %) 5 NBTIstresstime ~ B ~ fif&® & > @ n, Ea, C &~ 4| pa‘ﬂﬁt#& B 1Y R 22 7 R 2 fitting
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The effects of NTEI studies of P-type Low-Temperature
Polyerystalline Silicon Thin-Film Transistors by adjusting the channel
doping dosage
Eevwords | P-Tyvpe Low-tamperzture Poly-silicon Thin Film Transistor, Channel

Dioping, Device Faliabiliny Test, Degradarion Mechanizm

Low-temperanirs poly-5i (LTPS) thin flm trapsistors (TETs) have arracted much
amention for AMICD and AMOLED. Application due to their high mobiliy and
capability of realizing integrated circuits on glass. Introducing LTPS-TFT technology
inte TFT-LCLD products can reduce materials cost, simple design, product reliabiliny, and
development cycle time. The reliabilicy issues of LTPS-TFT: are special impormance in
practical application In this paper, we proposad to investigate the device characteristics,
g8, Vi, shift, sub-thresheld swing degradation and relizbility test of PAMOS devices by
adjusting the channsl doping dosage The effects of negative bizs temperanoe insmbiline
(MTBI} will b= conducted in the reliabiliy test Thiz smudy will be focnsed on
carrent-voliage trapsfer curve characteristics o investigate the degradation mechanism
of BRIOSE device after DC stress for different doping dosages.

Fizl {a) and (b) shows the mansfer characteristics of the PMOS devices
prepared by doped with BoHs and withowt B:Hs mside the channe] of LTPS TFT. From
Fig.1, it is observed thar the threshold voltage shifts to the negative direction afier the
WBTI stress. Fiz 2. 3, 4 (a) and (b) shows the dependence of the threshold-voltage shift
o the stress dme, smess voltage, and soess tamperamure of the devices doped with BaHe
and without B:Hs, respectvely. The behavier of the threshold-voltage shift can be
empirically modeled a5 AF) o g% 0Vl wnere the exponent factor o s around
0.11-0.16 among the doped and wn~doped with B-H, In Fiz. 3, 4 {a) and &), it s found
the MBTI desradation iz enhanmced at higher smess woltage orf stress temipersture,
demonstrating that the 2BTI can be elecmically and thermally activated. The parameters
C exmacted from Fig2 and 3 (k) is between 0.1 and 021, which is dependent on the
chamnel doping process of not Ve shift absolute value of PAMOS devices doped with
ByH; shows the stronger relationship with the stress volmge, W, than the walnes of the
wn-daped devices. The activation energy, E, exfracted Arrhenis plots of Fig.2 and 3 (<)
of the devices doped with and withonr BoHs show aronnd 0.12-0.18 &V and 0.18-0.25
eV respectively. Table.l shows the summary of pammeters extracied from the WEBTI
madel of PAIOS devices doped with and withour B H. Un-doped FRIOS davices
possess higher activation epergy than the PAIOS devices doped with B.H; The
sub-threshold swing (5.5) and mobiliey degradaten of PRIOS devices doped and
we-doped with B:Hs afier WBTI swess were mvestigated. It reveals that the doped
devices bad worse 5.5 degradation then the un-doped devices, except the smass voltage,
W, ar -25V. Ibe doped devices had worse mobility degradation than the wm-doped
devices. It reveals that PMOS devices doped with B.H, has lowsr activation energy
exiracted Armbhewdvs plots than the up-doped devices. Therefore, the doped PRIOS
devices show worse 5.5 and mobility degradanon than the wn-doped davices.
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Photo reliability of P-type Low-Temperature Polverystalline Silicon Thin-Film
Transistors
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1. Introduction

The thin film transistors (TFT) are a key dewace in lig-
wid crystal display (LCD). Comparmg TFT dewice wath
eeneral logic MOSFET (metal-oxide-semiconductor filad
effect tramsistor), TFT devices are direcily exposure by the
light from the backlight source of TFT-LCD. Therefore, if
the impact of lizht produces the instability operaton of this
device with comfinnons-wave (CW) green laser mmneal to
form 2 crysraliization (CLC) poly-3i chanes] [1], this phe-
nomeron should be checked whether this effect is serious.
Exposure of low-temperabme poly-5i1 TFTs (LTP3) to
backlight induces a photo leak owrent that degrades e
image quality of Hquid-crysal d@splays and increases their
power consumption [2]In this study, the species of the light
sources of light emitting diodes (LEDs) dluminating on
LTFS p-TFT with cfferent WL (widilengh) devices
meciudad yellow-gresn, blue and white-color wavelengths.
By analysis Id-Ve mansfer carves, the effects of photo in-
tensity on devices reliability parametsrs, a g threshold vol-
tage (Vs shift. degradation of sub-threshald swing (5.5,
maobility (u), drive current{ 1), and off comrent (I ) can be
investizated as a photo Telizbiliy test.

1. Method of approach
Brigf fabrication and device paramerers

LTPS p-TFT desice was fabncated by the excmer laser
ammealing to produce silicon active channel. Moreover, the
gate dielecmic material, 5i0% was deposited with 10004 of
thickness by plasma-enhanced dhemical vapor deposidon
(BECVL) at 30PC. A schematics prototype of LTES
P-TFT device with different WL (width/lenzth) was shown
as Fig |. PMOS devices W (um)/L (um) at 5/3.6, 3/5, 346,
50034, 50/5, and 5005 were mvestigated.
Measuremens method

LV, wamsfer ourves of PMOS destoes were meazmad
by Aplent 21560 Precision Semicooductor Parameter
Analyzer. The measuning conditions were s=7 as Vaar =001
and -10W, Ve at zrommd level, and Vg at +15V~-15V.
Light intensity and centmal wavelength of light emiting
diodes (LEDs) illuminating o LTPS p-TFT mcluded yel-
low-zreen, blue apd wiite-color were measured by
USB000 Miniatara Fiber Optic Specmomater

3. Results and Discussion

Fiz.2 shows the different I, ws. V, mansfer curves at
Vi= -10% of PMOS device with WL =55 fluminated by
defferent Light sources and imiensity of lght emiting diodas
(LED:) meladed yallow-gresn. blue and whits-calor wave-
lenpths. Fig.3 shows ooly the same mansfer omrves of
FMOS device with WL =53 ilminated by different Light
intensity of yellow-green color LEDs. The lafi-bottom m-
serted diagram is Id-Vg amves of the PMOS device with
WL=30'5, V10V for comparizon Table I shows cemire
wavelensth md integral intensity of different backhght
sources measured by USB4000 Spectrometer In Fig.3 and
Table I, Lag{Va=-10V) vahues were inmeased with mcreas-
irg of backlizght integral miensity Newerthelsss, in Fig 1
and Table I, I, vanations with different wavelengths of
LEDs meluded yellow-gresn, bloe and white-color at same
backlizht mtensify are not very obvious. The photons im-
pact with P-I juncton, and creating electron-hole pairs and
conirfuting into the normal current, then Lewas inmeased
[2] Same Lo trend for the PMOS device with WL=305,
V=-10V was revealed in the mserted diagram of Fig 3.

Fiz 4 shows the LV, gansfer curves at V= 01V of
the BMOS device with WL =3/3 ilumnated by different
lipht intensity of yellow-green color LEDs. Threshold val-
tage, Vs was shified to positive values by increasing back-
light imtensity of yellow-zresn color LEDs. Same Vi shift
tend for the PMOS device with WL=305, V=01V was
Tevealed in the meered dizgram of Fiz 4.
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Tahle I cenire wavelength and integral infensity of differ-
ent backlight smarces measured by USB2000 Specirometer.
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4. Conclusion

I gvalues were inaeased with increazing of backlizht
intezral mrensity of yellow-green color LEDs. Mevertheless,
Lyvariations with different wavelenpths of LEDs inchaded
x‘d_-m gresr, biue and white-color at same backlight inten-
v are nof very obwious. Threshold voltage, Vi was
fied to positve valoes by increasing backlizht intensity
:lf vallow-gresn color LED:. Same L and Vi, shift varia-
tons of the PMIDS device with W/L~50V5 wrth backlight
intezal mransity were revaalad
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