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F4E21 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 TR & o]&ato] Zejoln|=(Pl) BFhS A3t o5 BHete] 788 7
52 thin film stress analyzer(TFSA)YS ©]-8sle] A2 G4 o|w|=3lo| W} in-situz S oH, ZEZX]
W3S Fall A eiiet. Breke] Eab uigky 9 AA ol whet bR 23.109014 125 MPad] 3 HSlom, A}
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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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A A|2~E) (conjugated system)oll 7]<18F Bz} W 2 A7k
o] A&} Ho| 235tk (charge transfer complex; CT-complex)
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Mz, B A7) = TCIAKTokyo, Japan)ZH-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
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o ° Ar: o
4,4'-(Hexafluoroisopropyllidene) S
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H
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Spin coat
Prebake at 80 °C Bis[4-(3- ammophenoxy) phenyl] Sulfone
Thermal cure at 110-300 °C BAPS)
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F3C, CF3 [¢] : :
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(o]
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Scheme 1. Synthetic routes for polyimide thin films with different backbone structure.
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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 esidua 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.
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Figure 2. Residual stress behavior of polyimide thin films with different backbone structures.
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Figure 3. WAXD patterns of polyimide thin films with different
backbone structures.
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Table 2. Thermal Properties of Polyimide Thin Films with
Different Backbone Structures

Thermal properties

Sample
code Tga IDTb T5%C Tl()%d CTE*

0 §©) (0 C)  (ppm/°C)
6FDA-APS 313.6 391.5 515.1 5345 42.49
6FDA-BAPS 273.1 467.8 519.9 538.3 45.19
6FDA-6FPD 312.5 482.1 514.6 529.6 43.27
6FDA-6FBAPP  255.8 492.1 516.8 5314 46.44
6FDA-TFDB 3222 480.1 531.7 5534 41.75
6FDA-PDA 3253 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.

2 6FDA-APS 313.6 °C
i /

T 6FDA-BAPS 273.1°C
= Ve

2 | 6FDA6FPD 312.5°C
z s

= 6FDA-6FBAPP 255.8 °C

5 V

T | 6FDA-TFDB 3222 °C
l 2

[e)

° 6FDA-PDA 325.3°C
| ¥

" n 1 " 1 "
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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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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