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EE: o]F4E2l 4.4'-(hexafluoroisopropylidene)-diphthalic anhydride(6FDA)*] bis(3-aminophenyl) sulfone(APS),
bis[4-(3-aminophenoxy)-phenyl] sulfone(BAPS), 2,2-bis(4-aminophenyl)-hexafluoropropane(6FPD), 2,2-bis[4-(4-
aminophenoxy)-phenyl]hexafluoropropane(6FBAPP), 2.2'-bis(trifluoromethyl)benzidine(TFDB) % 1,4-phenylene-
diamine(PDA) & 62| Tloldl TFAE o]&-ato] Zejoln|=(Pl) BFhS A3t o5 BHte] 788 7
52 thin film stress analyzer(TFSA)S o]-8-sle] Z7A|2] G4 oln|=slo| W} in-siuz SAsIHN oW, BEZX]
WSS Fall i ekt vheke] b widky B AA o] wet RS 231014 125 MPad] 33 EoH, A}
Zo| A TFE AT & 52 AR A RAIDSC), € T BA7I(TGA) 2 & 714 £471(TMAYS
o] g&ate] SAAUL, B8 5L A7 A3 FFEA(UV-vis)et AAAIE o]&3l3itt. Alxg vhete] 5
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Abstract: A series of polyimide (PI) was prepared by reacting 4,4'-(hexafluoroisopropylidene)-diphthalic anhydride
(6FDA) as the anhydride and bis(3-aminophenyl) sulfone (APS), bis[4-(3-aminophenoxy)-phenyl] sulfone (BAPS), 2,2-
bis(4-aminophenyl)-hexafluoropropane (6FPD), 2,2-bis[4-(4-aminophenoxy )-phenyl]hexafluoropropane (6FBAPP), 2,2'-
bis(trifluoromethyl)benzidine (TFDB), or 1,4-phenylenediamine (PDA) as the diamine. Residual stress behaviors were
detected in-situ during thermal imidization of the polyimide precursors using a thin film stress analyzer (TFSA), and inter-
preted with respect to their morphology. According to the molecular orientation and packing order, the residual stress var-
ied from 23.1 to 12.5 MPa, decreased with increasing chain rigidity. The thermal properties of the PI films were
investigated using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), and thermomechanical
analysis (TMA). Their optical properties were measured by ultraviolet-visible spectrophotometer (UV-vis), and spec-
trophotometry. The properties of PI films were found to be strongly dependent upon the morphological structure. How-
ever, trade-offs between residual stress and optical properties were identified.

Keywords: polyimide, residual stress behavior, optical property, morphology.
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SN 2~H) (conjugated system)ol] 71918+ BA} ] 9 A}E7E
o] A&} Ho] 233}l (charge transfer complex; CT-complex)
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Mz, 2 A7) = TCIAKTokyo, Japan)ZHF-E] 4.4'-
(hexafluoroisopropylidene)-diphthalic anhydride(6FDA), bis
(3-aminophenyl) sulfone(APS), bis[4-(3-aminophenoxy)-phenyl]
sulfone(BAPS), 2,2-bis(4-aminophenyl)-hexafluoropropane
(6FPD), 2,2-bis[4-(4-aminophenoxy)-phenyl]hexafluoropropane
(6FBAPP), 22"-bis(trifluoromethyl)benzidine(TFDB), 2] 3L
1,4-phenylenediamine(PDA)E T3t ARE-3131 oW, 7]
el N,N-dimethylacetamide(DMAc)E B AFFEF S (F)
(Ansan, Korea)® 27 F¢Jato] ARSI
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£ o] &g A v Alx WERE FAFSRE dF &
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B2 AAE AP E AASITE AlxE Ze]olv]
Fe Sl g7t flolsedlA BeA7|a SRTE
FEl AP et #, 80 °C ¥ x4 24717 Bt 7
Ak 88 AT FAE Al 99 fAlsi, B
H Ixg] 9] FA &% (25~300 °C) A AFAe] FZ o]
n=3slof| wle} g3tk Egolv|= vhuke] HF FAE
20~31 pm FEE] U] WHellA A== ATt
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Scheme 1. Synthetic routes for polyimide thin films with different backbone structure.
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Figure 1. Thin film stress analyzer (TFSA).
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ZA3}E Table 13} Figure 201 zHzF YehAAT,

B 29e] Zejou= gheke tjolql 28] 9l dF F
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Table 1. Residual Stress and Morphological Structure of
Polyimide Thin Films with Different Backbone Structures

Residual stress WAXD
behavior result
Residual Sl in Thickness
Sample code cesidua ope Out-of-
stress at  cooling e (um)
25°C curve p (A)
(MPa) (MPa/°C)
6FDA-APS 18.4 0.0669 5.39 30
6FDA-BAPS 21.2 0.0770 5.73 31
6FDA-6FPD 18.9 0.0687 5.64 29
6FDA-6FBAPP 23.1 0.0840 5.92 27
6FDA-TFDB 17.2 0.0625 5.18 27
6FDA-PDA 12.5 0.0454 4.77 20

“All polyimides were cured by one-step from 25 to 300 °C; heating
2 °C/min, cooling 1 °C/min.

ol ik AA| 9} 817} acid/amine?Fe] 4% d1E o= <)
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Figure 2. Residual stress behavior of polyimide thin films with different backbone structures.
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EEFoErY XAe] JFO=2 6FBAPP7} 71 w2
8-S YeERNSITE whebA] tolrl w3l wE BE
22)9] W} uheke] JF-gE Aol S vAE A
2 AlEE olegh uleke] 3R-38 A olslsl] st
o] REZF)9] 2}o]E& WAXDE o] &ao] 4w H g},

&ﬁ

Zan, #1384 A43, 20143

BEEX| 4. WAXD #4< F3l totwl Tkl w
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o EAF7F A2 (mean intermolecular distance)S AlXFFSI T}
WAXD A& Table 13} Figure 39l 2Hz} JERYSITE.
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oJm| gt} Bragg W20l W Tlobdl TR 7] Wk
Hit A AZlE 592477 A% 1 A A= v
7t} 6FBAPP > BAPS > 6FPD > APS > TFDB > PDA.
APS9} BAPSE A} 72 W AE A Il =9 At
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FiAeR fFdst AgS AYe dEE dd 253 7Y
TX7F T SeH] 722 By Al AA 7 sl
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A7F =YE PR H7)S XA 0 YA AGelok FriE
o2 oFst ®Bx}7F 25 28 (intermolecular interaction)© 2 91
g 22 miEY 9 AAxe] 7Rt @Asitt. 58], 6FBAPP
SA] BAPS9 MR R A oHIE 914 250 = A}
& o]%54 (chain mobility)e] 7F4 =31, AY 722 7F¢ ¥
AE ARE Zhe FERYS IRlEinh g, e A
25 252 PDASH TFDB= 24 A7t 5 Wage
O& AdspA ZolA = Ak FAF A7 2 2
askglon, PDA 2471 4% 7P &Ask=dl, ole Ak
AT 9 AXNE7E e e onlgitt, ool A3
ZHE, toll TR 3o nhE REZA)9] M= 9
Ash -89 A YA Btk =, AR EA

7Yl wet AR-gEe] & Lo 7 Ao, BE

=
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Figure 3. WAXD patterns of polyimide thin films with different
backbone structures.
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%(T)E Table 29} Flgure 40l ZFzF YRS
Zejolw|= ghete] 7= 255.8904 325.3°CY 7.3}0 H9C
o, oyl @A 57} A= 6FBAPP < BAPS < 6FPD
< APS < TFDB < PDAE #7338 7% A3 FES
golgt = AT F& FElo] HAE AH aF 02 APSY
BAPS®| 2} | Al 5] WAsh, vl A 73 e
Z°] APS7 B E2 T, YeRITE 23 02 {ALS
6FPDS} 6FBAPP 94 H7]3t Eg|Z 2o 2WY X|SA &2
A T3] o] F7tel olgt 7,0 AT ER1EIAN, 7 B
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Table 2. Thermal Properties of Polyimide Thin Films with
Different Backbone Structures

Thermal properties

Sample
code T ‘ IDTb Tj%c Tl()%d CTE*

) §©) (0 C)  (ppm/°C)

6FDA-APS 313.6 391.5 515.1 5345 42.49
6FDA-BAPS 273.1 467.8 519.9 5383 45.19
6FDA-6FPD 3125 482.1 514.6 529.6  43.27
6FDA-6FBAPP  255.8 492.1 516.8 5314  46.44
6FDA-TFDB 3222 480.1 531.7 5534 4175
6FDA-PDA 325.3 495.5 521.7 536.5 36.14

“Glass transition temperature. ’Initial decomposition temperature.
“Temperature at 5% weight loss. “Temperature at 10% weight loss.
“The coefficient of thermal expansion (CTE) determined over the
range of 50~250 °C.

e B6FDA-APS 313.6 °C
'-}-' s
6FDA-BAPS 273.1°C
e '
£ | 6FDA-6FPD 312.5°C
z s
= 6FDA-6FBAPP 255.8 °C
8 s
T | 6FDA-TFDB 302 2°C
1 4
[=]
° 6FDA-PDA 3253 °C
L ¥

L 1 L 1 L 1 4 1 i 1 i 1 L
50 100 150 200 250 300 350 400
Temperature (°C)

Figure 4. DSC thermograms of polyimide thin films with different
backbone structures.
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ﬂVLi HE °ﬂ§ 5] W R 20 71g
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Figure 5. TGA curves of polyimide thin films with different back-
bone structures.
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Figure 6. UV-vis spectra of polyimide thin films with different
backbone structures.
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