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Absorption band (cm™) Absorption band(cm™)
B AEA B AE A
0
-COOH | 1710 (-C=0 - stretch) I
3000-3500(-O  stretch) [\
/N_ 1780(C=0 » asym stretch)
c 1720(C=0 > sym stretch)
1660 (-C=0 > stretch) I 1380(C-N » ring stretch )
-CONH | 1550(N-H - bending) © 725(C-O - ring bending)
1300(C-N - strech)
3360(N-H - stretch)
Phenyl |1600( phenyl vibrations ) Pheny! 11600( phenyl vibrations )
ring |1550( phenyl vibrations ) | wing 1550( phenyl vibrations )

# 42 d IR Bf kAT T 5] 7 e

BRI F 4 TaOsif #¢ £ I fig e i 12 & (%)
Air 10wt% 74
Air 20wt% 80
Air 30wt% 78
Air 40wt% 75
0, 20wt% 78
N, 20wt% 75

73




%\' 4-3 PI/T&QO5E—}T};§‘:.“/‘ SE/}% ?_, /ﬁk’}}f‘l@ﬁ&‘] "Lrj\?f" Z_ /T ?_, P* %:TE_

N BSE Dynamic Static
T20s% & dielectric dielectric
constant constant
10 % 7.29x107 4.06 4.30
20 % 6.95x107 4.47 4.60
30 % 6.08x107 5.80 5.30
40 % 5.61x107 6.80 6.0

# 4-4  PI/10wt% (TayOs-TaOy) 7 12 & 72

D T
B R iy — Y
I8 B i 4 (Alem?) -
iJ'\
(AtIMV/cm) (At 100kHz)

200°C Air 8.59%10" 4.5 0.019
200°C N, 1.2*10°8 4.2 0.022
200°C 0, 1.69*10 5.2 0.018
300°C Air 1.02*10” 4.8 0.019
300°C N, 2.71%10° 4.3 0.019
300°C 0, 6.35%10” 5.7 0.018
400°C N, 6.62%10° 4.3 0.018
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% 4-5  PI20wt% (Ta,05-TaO,) T |+ 1@

B R _
- Ty

— e [

BRI B %4 (Alem?) *
(At IMV/em) (At 100kHz) | F 4
200°C Air 1.23*107 5.1 0.022
200°C N, 1.46*10°° 4.5 0.023
200°C 0, 9.54%10°/ 5.7 0.027
300°C Air 5.57%10" 5 0.016
300°C N, 1.51%10° 4.6 0.017
300°C 0, 4.16%10°° 6 0.024
400°C N, 8.14*10°® 4.8 0.019
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# 4-6  PI/30wt% (TayOs-TaOy) & 1 32

B R _
- Ty

— e [

BILR R F 4 (Alem’) *
(At IMV/em) (At 100kHz) | F 4
200°C Air 5.77%107 5.8 0.024
200°C N, 4.26*10° 5 0.024
200°C 0, 5.2%10° 6.1 0.03
300°C Air 5.54*10° 6.2 0.022
300°C N, 2.71%107 5.3 0.019
300°C 0, 1.27%10°¢ 6.7 0.029
400°C N, 4.26%10°° 5.6 0.021
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% 4-7 PI/4A0Wt% (Ta,05-TaO,) T |+ 12

B R
N
FEJLE R F 4 (A/em?) A R4
( At IMV/em) (At 100kHz)
200°C Air 1.49%10 6.2 0.029
200°C N, 2.15%107 5.8 0.03
200°C 0, 7:06%107 6.8 0.035
300°C Air 9.8%107 7.1 0.034
300°C N, 3.96*10° 6 0.026
300°C 0, 2.87*%107 7.5 0.028
400°C N, 3.89%10° 6.5 0.024
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ODA dissolve o 0 o

in NMP

RT. N, v ° O O °

Stir in N, O o

RT 5Hr BTDA dissolve in NMP
\ 4

A

@@%

Poly(amic acid) PAA
l Ta(OET)4+2,4-pentadione=1:4
4_—
Stir in N,
RT 12Hr

v

PA A/Ta(OEt)4 precursot sol

Spin to cast film And

curing
\4
Nz Nz N2 Air Air 02 02
200 300 400 200°C 300 200 300

4—
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60

Temperature(’C)

560

555

550
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540

. © Wt%,577°C)

(10 wt%,565°C)

\. (20 Wt9%,561°C)

\

L 5wt% weight loss
(40 Wt%,543°C) '

0
» (30Wt%,558°C)

0 10 20 30 40
Ta,0, -Ta0 wt%

——PI
- - - - PI/10wt%( Ta,0.-Ta0,)

P1/20wt%0(Ta O.-Ta0 )

———- PI/30Wt%(Ta,0,-Ta0)

P1/40wt%(Ta,0,-Ta0 )
A l A l A l

0

100 200 300 400 500 600 700 800

Temperature("C)

Bl 4-2 P1/Ta,05-TaO4f &
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Absorbance

0.8

—Pl-air
" - - - - PI/10Wt% (Ta,0,-TaO )-air
O-7F - P20 W9 (Ta,0,-Ta0 )-air
—== P30 Wt% (Ta,0,-TaO)-air 15005t

00 [ PUAOW%6(Ta,0,Ta0)-air 1370cm”

05| /
17200 !

04} T A }s !

0.3
0.2

0.1

0.0

0.1F

2000 1800 1600 1400 1200 1000

Wavenumber(cm’)

@B 4-3 P1/Ta,05-TaO, 4§ & & *2_ IR*% |z [
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0.6

| —— PI/20wt% (Ta,0,-TaO )-air
------- P1/20 wt% (Ta,0,-TaO )-N,

05}
P1/20 wt% (Ta,0,-TaO )-O, .
I / 1500cm
1380cm’™
O4r 1720cm’™
o i
o \\
S 03}
o)
|-
(@)
38 02
20

01 . 1 . 1 . 1 . 1 .
2000 1800 1600 1400 1200 1000

Wavenumber(cm™)

B 4-4 PI/Ta0s-TaOs4f & E Pt e f 4 & # a2 2 IRB T
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Transmittance(%o)

100 | - o
C ﬁ\/vv\ﬁg\;‘wkf Yoy VV(
R
g0 L OOo vaﬁv
oo vv
nJesT
o OV
A~V
60F ov
e
ov
]
wf o —o—PI
| .8 — o= PI/10M%(Ta,0.-Ta0)
o N P1/20Wt%(Ta,0,-Tao))
g;@ —v—PI/30wt%(Ta,0,-TaO))
P1/40Wt%(Ta,0,-Tao )
O " 1 " 1 " 1 "
400 500 600 700 800

Wavelength (nm)

Bl 4-5 Pl/Ta,0s-TaOu4F & /& "2 UV
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400 1
300 1
2001
100 1

B 4-6 SEM*» & B PI/20wt%(Ta,05-TaO,)-N,-300°C

B 4-7 AFMBR]2;P1/20wt%(Ta,Os-TaOy)-N,-300°C RMS=0.449nm
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Tum

B 4-8 SEM*» & B PI20wt%(Ta,05-Ta0,)-Air-300°C

41—
3004
2004 B>

10,04 218

0.0-

B 4-9 AFMR]A;PI/20wt%(Ta,05-TaOy)-Air-300°C RMS=0.338nm
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B 4-10 PI/TayOs-TaOy XPSsk 7 &+ & 47 Bl %
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Counts(a.u)

50000

P1/30wt% (Ta,0.-TaO )
40000
30000 -
I
£ g
20000 ‘ 5
|_
10000 | ‘
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800 600 400 200 0
Binding energy(eV)
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50000
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40000 }
S 30000 < -
s | S
£ S
= kS
8 20000 | ‘ 5
10000 | %
1 1 A 1 A

0
800

600 400 200

Binding energy(eV)

(d)P1/40Wt% (Tay05-TaO,)-air

0

Bl 4-10 PI/Ta,05-TaOy XPSk T + 4 7 Bl 3
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50000
P1/20wt% (Ta,0.-TaO )-N,
40000 | —~ 5 ~~ 0
e)
< 30000 &
z 3
c g
=] E
o N
O 20000 A
10000 |-
0 " '} " '} " '} "
800 600 400 200 0
Binding energy(eV)
(2)P1/20wt% (Ta,Os-TaOy)-N,
50000
P1/20wt% (Ta,0.-Ta0 )-O,
P
40000 ©
| e
NJ
S 30000 7
S —~
2 g
S 5
G 20000} 8
10000 |-
o " 1 " 1 " 1 "
800 600 400 200 0
Binding energy(eV)

(b)P1/20Wt% (Ta,05-Ta0,)-0,

Bl 4-11 &2k f 4 7F2k7%F XPS BlIFH#A T

87



40000

30000

20000

Counts(a.u)

10000

Original curve
Cruve Fitting

283.2eV
imidization C-N

282.09eV
283.8eV C-Cin ODA

C-O-C

286.19%ev
Cc=0

\\\\\

Binding energy(ev)

(a) PI/Ta,05-TaO, XPS C(18)3 54 +7

10000

8000

6000

Counts(a.u)

4000

2000

2

398.59¢eV
imide nitrogen

original curve
--curve fitting

397.69eV
isoimide nitrogen

404 402 400 3

98 396 394 392 390
Binding energy(ev)

(b) PI/Ta,0s-TaO, XPS N(1s)2 5.4 45

A

[ENE

—

B 4-12

T 2. XPS C(1s)£? N(Is)3t 54 45
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—— P1-20wt% (Ta,0,-TaO )-air
-~~~ PI-20wt% (Ta,0,-TaO )-N,
rrrrrrrrr P1-20wt% (Ta,0,-Ta0 )-O,

283.2eV

Counts(a.u)

C-N imidization

290 288 286 284 282 280
Binding energy(ev)

B 4-13 tA #4722 C(ls)z XPS B %@
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Counts(arbatary unit)

— P1/20wt% (Ta,O,-TaO )-air
- - —P1/20wt% (Ta,0,-TaO )-N,
P1/20wt% (Ta,0.-Ta0 )-0, |

397.69eV
isoimide

=== - -

405

Binding energy(ev)

B 4-14 %7 F # 4 2 N(ls)z XPS K % Fl

90

390



Counts(arbitary unit)

24.38eV 23.27eV
TaO \ Y Ta,0,
Y
v Y
Y Y
Vv \Y4
\V4 \V4
v
¥ ¢ PI/40wt% (Ta,0.-TaO )
(70 PIU30u%% (T80 TaO)
Uj
_ L PI20M9% (Ta0.-TaO)
& ?p((( 25 X
W«W% @@ g
QP UE (I
v J v J v J v J v J v
35 30 25 20 15 10 5
Binding energy(ev)
B 4-15 23§ T 7 B4 £ 2 XPS Ta(dfr)30 54 49
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— Original curve

[ Curve fitting
8000 |- Ta O,
----Ta0 .
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@) f/ \
2000 BT
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\‘ \
S
L A I/ e NS _
0 N [\?M P 1 N 1 N \;\ N
33 30 27 24 21 18
Binding energy(eV)

Bl 4-16 7% # T 2. XPS Ta(4f,)3 84 45
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— P1/20wt% (Ta,0,-TaO )-O,
- = = PI/20wt% (Ta,0,-TaO )-N,
P1/20wt% (Ta,O,-TaO )-air

Counts(arbitary unit)

34 32 30 28 26 24 22 20 18 16
Binding energy(ev)

Bl 4-17 & k4 5 73522 kb 5 £ Ta0s2 XPS Ta(4fs) B 1 F]
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—P1/20wt% (Ta,O,-Tao )-air
W= = =PI20wt% (Ta,O,-TaO )-N,
P1/20wt% (Ta,O,-TaO )-O,

Counts(arbitary unit)

28 26 24 22 20
Binding energy(ev)

Bl 4-18 % F 4 4 T3,% % b 5 £ TaO.2 XPS Ta(4f,) B Bl
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10°

10°

——PI
- - -PI-10wt% (Ta,0,-Tao,
P1-20Wt% (Ta,0,-Tao,
—-—-PI-30wt% (Ta,0,-Tao,
P1-40wt% (Ta,0.-TaO,

Leakage current density(A/cmz)

0.0 500.0k 1.0M 1.5M 2.0M
Electric field(V/cm)

(a)Pl/(TayOs=Ta0y)-N,-200

— PI

- — - PI-10wt% (Ta,0,-Ta0o,)
P1-20wt% (Ta,0,-Tao))

—-—- Pi-30wt% (Ta,0,-Tao )
e P1-40wt% (Ta,0.,-Tao))

(A/cmz)

Leak

J

0.0 500.0k 1.0M 1.5M 2.0M 2.5M
Electric field(V/cm)

(b)P1/(Ta,05-TaOy )-N,-300
B 4-19 2F # TAFERZBTIAGALTHEZ M AHE

95



2
J . (Alcm)
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10°
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10° -~ - - PI-10wt% (Ta,0,-TaO)
PI-20wt% (Ta,0,-Tao)

10" = PI-30wt% (Ta,0,-TaO )
PI-40wt% (Ta,0,-TaO )

:]_0'1l N 1 . 1 . 1 .

0.0 500.0k 1.0M 1.5M 2.0M
Electric Field(V/cm)

(¢)P1/(Ta;05-TaOy)- N,-400

B4-19 i f TARERZAETREETHZM LHE
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) o

10 P —FPI
- s —mme P1-10wt% (Ta,0,-Tao))
e w0 S P1-20wt% (Ta,0,-TaO )
< L f7 == PI-30wt% (Ta,0,-Ta0)

E P1-40wt% (Ta,0,-TaO )

—
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Electric field(V/cm)
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—-—-P1-30wt% (Ta,0,-Tao )
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[ 2 [ e
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(b)P1/(Ta,05-TaOy )-0,-300

Fl420 &5 773 FERZBLAGAES TH2 M AR
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0
10° L —u—N,-300°C
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40 |
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25F
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L PI-20Wt% Ta,O,-Air
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15 O
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8.0

75F —=—N-300C
—e— Air-300°C °

70f :
0,:300°C

6.0 , »

5.5 /

dielectric constant
L

20 30 40
(Ta,O,-TaO )wt%o

F428 AFERTFFETLATFEEFHELM AR
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dielectric loss

0.04

0.03

o
S

0.01

0.00

(Ta,0,-TaO) Wt%

Bl 429 MRFAERAEH RE
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Ln(J/T?)

-27.0

-27.5

-28.0

-28.5

-29.0

Bl 4-30 PI/10wt% (Ta,0s-TaOy) & ¥ Lan(J/TY)HE" i @)

PI-10wt % Ta,0,-N,-300°C

" slope=0.00729
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B 4-32  AFM N,-300°C P1/0.5wt% TiO, (RMS=3.013nm) ®]
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@ 4-33  AFM N,-300°C PI/1wt% TiO, (RMS=24.728nm) ] 7
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B 4-34 SEM 1 m ] Np-300°C PI/0.5wt% TiO,

— 1wt% TiO,
ffffffff 0.5wt% TiO,

0.0 500.0k 1.0M 1.5M
Electric field(V/cm)

Bl 4-35 2300C% # # 4 T & /@2 AR i B ARET I HE

=,
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Drain current I | (UA)

11 F

—5—=V_=0(V)
—0—V_=20(V)
V =-40(V)
—v—V_=-60(V)
V =-80(V)
—<—V_=100(V)

M 1 M 1
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-40 -20

Drain voltage V (Volt)

B 4-36 W% %k 5 PI2 OTFTlp-VpiF
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Bl 4-37 B4&% % & 5 PI/10wt% (Ta,05-TaO,)2 OTFTlp-Vp 3 1+
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Drain Current I | (UA)

i —0— VG:O(\/)
-30 .- ; —0— VG:_ZO(V)
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40 _ —— VG=-60(V)

I V =-80(v)
45 —<—V_=-100(v)
-50 ] N 1 N 1 N 1 N 1 N

-100 -80 -60 -40 -20 0
Drain Voltage V_ (Volt)

Bl 4-38 R 1.8 5% & & PI)20wt% (Ta,05-TaOy) 2 OTFT hlp-Vp 4 4
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Drain Current I_(uA)

Drain Voltage V_(volt)

Bl 4-39 1% 5% & & PI/30wt% (Ta,05-TaOy) 2 OTFT ehlp-Vp i
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(a) Pentacene 7 ff 1.3 5 & & PI/20wt% (Ta,Os-TaOy)2- i 3¢ + sPAFME]
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(b) Pentacene [ &% % & & P1/30wt% (Ta,0s-TaOy)2- i if F cRAFM
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