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11 Effect of curing temperature
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12 Effectofcuring rate
Polyimick films cured at 400°c minutes,

Curing rate
(°c/minute) 1 2 4 6 8
Peak height # 1 5.90 6.70 4.20 6.65 6.15
at 1778 cm™ 2 5.35 5.60 455 6.35 5.55
(cm) 3 5.30 6.15 4.60 4.65 5.85
4 5.80 5.70 4.40 5.20 5.25
Peak height # 1 0.33 0.35 0.25 0.35 0.40
at 1015 om" * 2 0.30 0.30 0.25 0.35 0.30
(cm) 3 0.35 0.30 0.30 0.25 0.35
4 0.35 0.30 0.30 0.35 0.30
Peak Height ratio 1 17.88 1914 1680  19.00  15.38
at 1778/1015 2 17.83 1867 1820 1814 1850
3 15.14 2050 1533 1860 1671
4 16.57 19.00 1467 1486 1750
PI 2540 average 16.85 1933 16.25 17.65 17.02
Curing rate
(°c/minute) 1 2 4 6 8
Peak height # 1 155 1.80 2.05 240 2.00
at 1778 cm™ 2 155 1.80 2.60 2.45 2.10
(cm) 3 155 1.80 1.25 2.35 1.90
4 170 1.95 2.00 2.30 1.80
Peak height # 1 0.55 0.55 0.70 0.80 0.55
at 1015 cm'™ 2 0.55 0.50 0.80 0.85 0.55
(cm) 3 0.55 0.55 0.60 0.75 0.60
4 0.60 0.60 0.70 0.75 0.55
Peak Height ratio 1 2.82 3.21 2.93 3.00 3.64
at 1778/1015 2 2.82 3.60 3.25 2.88 3.82
3 2.82 3.21 2.08 313 3.17
4 2.83 3.25 2.86 3.07 3.21

average 2.82 3.35 2.18 3.02 3.47
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THERI\/IOéPFf&R/NRAEﬁ!QIC DATA

\Il\,i.tlh th[e)e%adatlon t{eemat%e{agwlgn ?Hd weight loss of the bare polyimide films

nning ra
BPDA/PDA (PI-2610, semirigid) scanning rate 10°Kimin,

Curing 2 nd regime 3rd regime 4 th regime
tem[liga;ture (n';[i)n) (Ig) W(%Sss (ngti)n) (B% W(%3ss (nﬁli)n) (ch:) W(U)Otjss
100(1) 14.00 52.70 6.90 5270 577 3370 120 950  68.00
100(2) 1410 53.00 700 5530 6003 3590 120 950  67.80

oK U seoosesss 340 200 500 L0
150(1) 16.10 192.80 8.50 53.50 567.00 3120 120 950  74.60
150(2) 15.90 190.70 8.70 53.80 565.50 3080 120 950  62.90
Wi (*") ' Pk* ff1 ., IP
200(1) 16.20 197.10 5.60 52.90 557.30 2710 120 950  63.10
200(2) 14,30 175.00 480 56.10 60770 3170 120 950  63.20
S p m 5450 58250 2940 120 |fi A 1
250(1) - - - 56.32 600.30 1010 120 950  48.40
250(2) - - - 54.45 621.40 1010 120 950  48.40
DESES ™ pSSy
300(1) - - - 54.90 580.90 730 120 950 44.20
300(2) - - - 55.40 583.70 8.90 120 950 4850
HfH b 0 Liptlky g i gl9glQ Teso uess
350(1) - - - 54.60 574.20 720 120 950 47.30
350(2) - - - 54.30 575.20 740 120 950 47.00
BENPTfi L] AR pehamly 1. gy
400(1 - - - 54.30 572.60 550 120 950 42.20
400(2) - - - 54.40 572.20 540 120 950 4230

. g 154.35572.40j|"5 (]Jl Wm

i, &k ; wdie J L
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PMDA/ODA (P1-2540, semiflexible), scanning rate 10°K/min

Curing 2 nd regime
temperature  tD Td Wtloss D
(°C) (min) (° (%) (min)
100(1) 12,70 159.40 6.40 53.40
100(2) 12.30 155.30 8.30 53.40
p » - » | P SIWw m ji
150(1) 12.60 158.50 6.60 52.70
150(2) 12.60 157.00 6.20 53.00
. in Vf? \
200(1) 16.30 197.70 3.80 53.30
200(2) 16.00 191.10 3.60 52.80
ALY w'lir
1 )}: T PI B 1 ¢
250(1) 19.00 223.10 2.70  52.50
250(2) 18.90 219.30 3.10 52,90
A
1 “L
300(1) - - 53.00
300(2) 52.80
ffifEU 1 Hls; If
B H (U | W R R
350(1) - - 51.20
350(2) 51.70
EEEE !
400(1) 52.70
400(2) 52.60
H H H 1 _ ft? 1 52-65

3rd regime 4th regime
Td Wt loss tD Td Wt loss
0Q (%) (min) cey (%)
563.90 37.30 120 950 66.00
563.90 39.20 120 950 68.00
m ' pi M ep ' ni
558.80  29.60 120 950  63.90
559.20 34.00 120 950 62.90
Ti : 1li Ch . i
v.1ift I % t H | |
560.80 34.90 120 950 55.70
559.20 19.90 120 950 55.80
jor h
558.70 12.20 120 950 51.90
558.50 13.30 120 950 51.90
Al R
ci : ] | ]
559.40 9.50 120 950 48.80
558.00 9.20 120 950 55.70
-llllrfl rimwwopwmm
543.40 8.20 120 950 55.30
547.00 9.80 120 950 49.30
L ML wom
556.1 7.5 120 950 52.00
557.6 6.9 120 950 46.00
rliff 7 7'M
556-85 724 CYRL. 14 %



BTDA/ODA-MDA (P1-2579, flexible), scanning rate 10°K/min,

Curing 2 nd regime 3rd regime
temperature D Tg  wtloss D Tq  Wwtloss
(°C) (min) ¢y (%) (min) ey (%)
100(1) 133 166 §.548 515 544 37.702
100(2) 125 1579 85 507 5377 37.519
i ' i1 s ilSY{W
150(1) 134 1665 7.059 512 540.3 34.912
150(2) 14,50 177.10 7.70  51.10 539.80 32.85
y v, <i, 171.80 7.38 51.15 540.05 33,88
200(1) 15.80 189.50 6.25 46.00 491.80 23.13
200(2) 15.00 181.50 5.35 50.30 532.30 25.96
Bfifpferl gip I " Poffl i
P, |fL?Lo. YL 1= liflp ]
250(1) 25.30 251.50 3.72 50,50 535.00 11.67
250(2) 18.00 251.50 2.43 50,10 531.80 11.19
Aot KOXi o,
Ly’ o g T A 11
300(1) - - - 50.40 533.00 9.18
300(2) - - = 50.40 533.30 7.52
average  fiil *- *AMEf g Ift '&$ ! 5V
Moo gFisiiZe gys is 1 Li
350(1) - - - 50.40 534.10 9.04
350(2) - s - 50.30 534.80 8.18
. Li ff M:
S N Y TR | :
400(1) 51.60 546.50 8.15
400(2) 49.90 528.20 8.81
1 tx 9 11 - Epi
Llai 1.1

4th regime
tD Td wt loss
(min) ¢y (%)
120 950 66
120 950 68.8
7iPS]  IfHtlg G-t
120 950 63
120 950 63.70
A 63.35
m
120 950 69.70
120 950 57.80
"]t ipgfr
120 950 47.30
120 950 47.41
. . o i
120 950 49.20
120 950 48.72
120 950 48.96
120 950 49.09
120 950 48.80
\‘1&?' 1 tiyjt '
120 950 50.78
120 950 50.55
f.l..! :yANé;Eg
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112 Degradation temperature and weight loss of the bare polyimide films
with the scanning rate at 60°K/min.

BPDA/PDA (P1-2610, semirigid) , scanning rate 60°K/min.

150(1)
150(2)

200(1)

200(2)

300(1)
300(2)

350(1)
350(2)

400(1)
400(2)

3.40 230.50
3.00 207.10

3.30 226.50
3.20 220.90

10.18
8.85

6.84
5.94

9.60 604.00
9.70 612.40

9.70 610.80
9.60 607.70

9.90 624.90
9.90 621.70

9.80 619.90
9.90 628.00

9.80 616.20
10.10 638.90

9.80 618.40
9.70 606.70

31.87
37.99

2431
27.68

10.31

9.42

7.60
8.77

7.45
14.70

6.403

8.397

45

45
45

45

45

45

Curing 2nd regime 3rd regime 4 th regime
temperature tp Tp Wt loss tp Tp Wt loss tp TD Wt loss |
(°C) min) ©cy (1 | @min) (©oc) (%) (min) ccy (%)
100 (1) 3.00 204.40 11.70| 9.50 600.30 36.89 950 67.00

100(2) 3.00 203.60 12.01] 9.70 614.80 40.92 66.39

950

950

950
950

950

950

950

63.03
63.10

61.29
58.30

47.81
47.19

43.10

51.01

49.83
48.84

45.968
43.962




PMDA/ODA (P1-2540, semiflexible), scanning rate 60°K/min.

Curing 2nd regime 3rd regime 4th regime
temperature tD d  Wprlass  tD Wglpss  tD W falass
(CC) (min) (C) (® (min) (Ob (O/aS (min) ()Q (06
100(1) 3 208.7 9.99 9.2 578.80 40.48 45 950 73.15
100(2) 29 202 1128 9.5 599.70 42.01 45 950 69.74
T ' 2.5 2053 10.63 & * | fa‘ﬂ-ly -1
150(1) 2.9 1987 6.31 9.4 59490 ’31.25 45 950 61.83
150(2) 2.9 1999 5.89 9.4 59460 31.34 45 950 61.36
Rk i 601 W SCif M b
200(1) 3.6 2431 5.68 9 5724 22.40 45 950 59.98
200(2) 34 2279 5.01 9.5 596.1 30.13 45 950 55.29
M litT P v: % 550 9
250(1) 42 2812 4.73 9.3 5856 15.38 45 950 59.56
250(2) 48 3187 3.60 9.9 620 10.71 45 950 50.75
H | H 45-59995 4.6 602 8 . 1 « mt
300(1) - - 9.5 603.1 4.78 45 950 48.26
300(2) 9.3 587 11.20 45 950 56.19
Hi 1 Mo g A WM
350(1) - - 9.3 5838 10.20 45 950 52.94
350(2) 9.3 589 8.33 45 950 5121

ad H | |mlam 93 5864 - 9.26 H - (B

400(1) 9.5 5997 10.16 45 950 47.92
400(2) - - 9.8 618.6 11.72 45 950 50.79

aH H . I 9651 | IVKS b



BTDA/ODA-MDA (PI-2579, flexible), scanning rate 60°K/min,

Curing 2nd regime 3rd regime 4th regime

temperature  tD Td  Wtloss D Td  Wtloss D Td  Wtloss
(°C) (min) gy (%) (min) ¢y (%) (min) (oC) (%)

100(1) 9.00 2039 7356 9.00 56830 3598 45 950  61.65
100(2) 9.00 206.90  10.202  9.00 567.30 3552 45 950  64.03
" LR Tt ga BOTBOR TS (45 eso . 6284
150(1) 9.00 212.70  6.007 9.00 57140 3364 45 950  61.80
150(2) 9.00 16990 5711  9.00 569.10 3753 45 950  61.80
i ff o <Aon oy 4-im fejdt8 £, b ' foal

fi_ * /M U
200(1) 8.90 221.00  4.052 8.90 566.80 2415 45 950  58.00
200(2) 8.90 211.70 701 890 558.10  27.01 45 950  58.25

L 45 8950

250(1) 9.00 261.60 345 900 567.00 1585 45 950  49.20
250(2) 8.80 276.20 468 880 56060 1289 45 950  48.82
I H 8.90268.90 4.07 8.90 50 » 14.37 ft) a”s
300(1) 8.90 280.90 564 890 55650 1627 45 950  54.16
300(2) 8.70 270.90 438 870 565.80 1397 45 950  56.89

[ |
. 8.80 275.90 5.01yt| l{n 45 950 52
- v I f
1

350(1) 9.00 565.60 12.76 45 950 50.15

350(2) . ; . 8.90 565.80 9.64 45 950 48.37
) . Bl

. agn mo95 ‘ 45 950 4926

00(1 . . 9.10 564.60 10.17 45 950 46.75

400(2) . . . 9.10 573.20 10.17 45 950 45,90

frl.m . Hlsa !
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113 Degradation time and temperature of the polyimide films on silicon
wafer at various curing rate which was cured at 400°c for 30 minutes,
ramping rate was 2°c/min. The scanning rate for thermogram was 60°K/min,

Curing rate P1-2610 P1-2540 P1-2579
I°c/min) tD (min) TD (°C) tD (min) TD CC) *D (min) td <°C)

1(1) 9.7 612.00 9.70 612.00 9.60 595.50

1(2) 9.7 601.60 9.70 601.60 9.40 593.80

iviute o omer ] vl oo - ity A soon 1 now o r o A Lo

2(1) 9.6 607.40 9.60 607.40 9.10 574.90

2(2) ﬁ 9.6 605.40 HGQ 605.40 9.10 580.10

4(1) 9.5 600.20 9.50 600.20 582.80
9.9 643.30 643.30 584.30

1 . 1 O e

6(1) 10 606.70 10.00 9.20 586.90

6(2) 10 628.80 10.00 9.20 587.20

I I H [ R B A I

8(1) 9.6 9.60 9.40 592.00

9.70 590.50
" .

— 1 1H 11

114 Degradation time and temperature of BPDA/PDA (PI1-2610) films on
silicon wafer which were cured at 400°c at various curing time. The ramping
rate was 2°c/min. The scanning rate of thermogram was 60°K/min,

Curing time Degradation
(min.) tD (min) TD (°C)

30(1) 9.7 612
30(2) 9.7 601.6

I m (
10.2 641.7

10.2 A
120(1) 10.3 644.3
120(2) 10.1 634.8
180(1) 10.3 645.9
180(2) 10.3 648.4
mBBHMHIt 1 11 MMM— |
240(1) 10.5 641.5

240(2) 10.5 659.7
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APPENDIX III
THERMOMECHANICAL DATA
[11.I Definition of coefficient of linear thermal expansion, expansion
temperature and yielding temperature.

(8  Expansion temperature

~ Definition:  The temperature & the inflection point of the curve of
the coefficient of inear thermel expansion (CTE) versus temperature which the
CTE change drastically as shown in the Figure below.

T, = Expansion
Temperature

in-plane CTE (ppm/°C)

Temperature ( Q
Figure a.  The definition of expansion temperature.
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(b)  Vielding temperature

Definition: ~ The termperature & which the polyimice films start
expand. As seen in Hgure b the yielding temperature is the 0.2% off-set of the
elongation axis.

450

400

350

0.2 % offset 300

yielding temperature 550

200

150
Tem

100
0.2 %

u/ 50

Elongation (%)

Figure b. The definition of 0.2 % off-set yielding temperature.
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1.2 Expanswﬂy inin-plane direction of polyimide films cured at 400°c with

a ramping rate of 2°c/min,
BPDA/PDA
Curing time CTE avr Te Off-set yield
(min.) (50-300°C) expansion temp temperature, Ty
(10'6/°C) (°C) (°C)
30(2) 17.15 333 32
30(2) 1659 350 372
(I N Iy
60(1) 17.18 304 337
60 (2) 1792 294 326
Wfftve?BS*.H* mmmmm Mfcj - : 331.50
€)) 17.03 340 334
) 1664 33 366
« ~Average $ §]135ftQQ
180(1) 17.25 33 34
180 (2 19.06 1 34
average E E«tstmmit
240(1) 17.12 314 366.5
240 (2) 1812 329 375
$1, 370.75
PMDA/ODA
Curing time avrin-plane CTE Te O ff-set yield
(min.) (50-300°C) expansion temp temperature, Ty
(10'6/°C) (C) (°C)
30(2) 44.14 359 390
3002 4272 350 369
o if average | ‘“”“ki]'jw4.DU U-H ..'-379.50
60(1) 40.99 34 386
60 (2 34.34 364 378
1® ifaygiage; L |ii wv- B 3T6T 36430 i 1 382 00
120 3559 %5 380
() 35.14 358 380
iiilfylrage o 35.36 361.50 jffta 1 -" 380.00
180(1) 39.39 35 405
180(2) 36.62 L. 366 3%
average . 38.01 Aofi-Sfi i liliiifid isa
240(1) 4091 357 386
240 (2) 4 43 362 3N

average PIW n * o lilfiipfi« ip0f59.50) 389,00



BTDA-ODA/MDA

Te
expansion temp

(°C)

292

305

303

300

501 50

304

301

I W A 30250

Curing time In-plane CTE
(min.) (50-300°C)
(10'6/°C)
30(1) 54.25
30 (2) 45.59
'lavei.. e 19.92
60(1) 47.81
60(2) _ 48.91
chaverag& . Sjd m o osmoitIE
120(1) 45.32
120 (2) 44,78
180(1) 46.66
180 (2) 45.42
N average 1 > H )
240(1) 41.03
240 (2) 45,04
' ' . 43.04

337
337
ke
203
296

1.3 Expansivity in out-of-plane direction

Qut-of-plane CTE, &z (ppm°C)
PI-2579

Polyimice films  PI-2610 PI-2540

#l 1940 169

# 11 629

average 1881 699
%8.9

%V%%rgn 8415

Ty, Off-set yield
temperature,

310
313
[1IH |
324
316

. 1320 uo

354
318

332
346

318
316

140
29
215
106.07
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[11.4  Thermal cycling experiment for polyimide film in in-plane direction.

" Instrument: Thermomechanical Analyzer TMA 7 with the quartz extension
: Samples:  Polyimice films which was cured at 400°c for 1 hours with the
raping rate 2°c/min.

Procedure: - The dimension of the thin fillvs were 2 mmwidth and 15 nm
long. The specimen was clamped between the chucks and annealed from 35°C to
300°c with the heating rate of 10°c/min and then cool down to 35°c with the
cooling rate 5°c/min. The instrurment was run to monitor the length of the thin film
b/etvveen the chucks when heating from 35°¢ to 300°c with the ramyping rate at 5°
c/min

In-plane CTE (aX) ( ¢/ppm)
Cycle # PI2610  PI12540  PI2579

Semirigid gemiﬂexibl Hexible

1 W7 408 493
2 146 408 484
3 159 34 456
4 148 394 2.1
5 165 407 5.3
6 155 395 529
/ 148 417 529
8 141 415 515
9 145 393 2.5
10 148 4 51
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APPENDIX IV
DIELECTRIC STRENGTH MEASUREMENT

Follow Testing Method for Electric Strength of Solid insulating Material (JIS
C2110)

1 Kind of ambient medium : Arr -~
2. Pretreatment conition : condlitioning the samples for 9 hours at 23°c, 4%
relative umaity. =~ -
3. Testing condlition: Testing inthe air & 23°c, 70%relative humicity.
4. Electrode | _
electroce meterial irn
SHepe Sphere
dimension jameter 125 mm of sphere
compressionforee 500 ¢
5. Method of voltage application :
short time breakdown
6. Instrument:
 Electric Puncture Tester, Yasuda Seiki Seisakusho LTD,
1. Dielectric Breakdoan and thickness
po%r%lde No. thickness dmlectg

C preakdown dielectric
i W
Wlry 5 ¢ L .

ife.
. /]
a:
o

Mean value of dielectric breakdown strength 6648.1 793.5&':[9%/

LIVi)
(104,
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pol%/|m|de No. thickness dielectric breakdown dlelectrf]c
voltage streng
(V) (V/mil)

(mil)
W/ODA 1 0592 5054

8l %
0
0.

t
Mean value of dielectric breakdown strength 5982.7 11115
poI%/|m|de No. thickness dielectric breakdown  dielectrjc
_ voltage s{rengw
(mil) (V) Vim
e @.
0.
0. Zi
o Stdey
Mean value of dielectric breakdown strength 5396.4 786.0422
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polﬁimide No. thickness dielectric breakdown  dielectric

, voltage strength
(mil)
PNy

) (Vi)

-

| dev
Mean value of dielectric breakdown strength 5258.8  394.4655
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APPENDIX'V
DIELECTRIC CONSTANT AND DISSIPATION FACTOR

Dielectric constant Measurement

Definitions

L capacitance, ¢ is the property of a system of conductol
dielectrics which permits the storage of eIectricalR/ separated charges when
potential cifferences exist between the conductors. Numerically it is the ratio of a
Quantity; %eor charge to a potential clifference, V. A capacitance value is alwa

positive. The units are farads when the charge Is expressed in coulomns and
potential involts
c = Qv @
2 dlielectric constant, (permittivity, capactivity, or specific i

capacity), . s the ratio of e capacitance, Cx, of a given configuration of
electroces with a neterial & the dlielectric, to the capacitance, Cy of the same
electrock configuration with a vacuum (or air for most practical purposes) & the

dielectric:
k= &Cy (0)

3. dielectric phese angle, 0 is the angular difference in the phase
between the sinusoidal altemting potential diifference applied to a dielectric and the
component of the resulting altemating current having the same period as the
potential difference

4. dielectric dissipation factor, or loss tangent, D
the tangent of the loss angle or the cotangent o the phase angle.



Figurea  The electrode system for dielectric measurement

From Micrometer electrocke Measurerment
1. Dielectric Constant (k'x)

{[HACp/Cp)(tor) @

parallel plate spacin
average thickness o? Specimen

capacitance change when specimen is
Inserted! (when capacitance Increases,)
capacitance with specimen in place

2. Dissipation Factor, (Dx)

Kx =
Where

A

{

AQJ:

QJ =

Dx =
Where

Do =

M

AD =

De + MKxAD ©)

dissipation factor with specimen in place.
tot-1

Increase in dissipation factor when specimen
1S Ingerted
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