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Residual Stress Behavior of PMDA/6FDA-PDA Copolyimide Thin Films
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£ °F Dianhydride2A 1245-benzenetetracarboxylic dianhydride(PMDA)$} 2,2'-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride(6FDA)E,
diamine2 24 14-phenylenediamine(PDA)& AH4-3}¢] homopolyimides$! PMDA-PDA, 6FDA-PDAS}H th& 3 #4]9] copolyimidesE 2+2+e] poly(amic
acid) 278 AZ3}ATh olE #Wete] thste, thin film stress analyzer(TFSA)E ol43td] FZ¢A Zalolviz W 2AF $YAFS '_"‘73—9-5 (2
5~400 T)stel A AT 43 onj=3glo] Wi} in-sitnZ ZHsP L, WAXDEA S S48 RE2X HA3E dopu gt & G2 o]FoA

@A Zefolri= wute] AF &Y Asbe PMDA #&¢) Z7t8d we #F $3o] & Zoz 7adgx £4 PMDA-PDA iﬂ] ol o A= ‘?J'-'v
EE=Z 5 MPaZ Jehgth £ d7F¢ A PMDA- PDA9~] L T2 % 3439 ol#e3 6FDA-PDAY Adldoz =& $828 NZ RS 714
A E40] £ ALY FYoluEE TE § ISE BY Z, randomd PMDA/GFDA-PDA 35 &4 Zeojn= A& °]%S}G1 Ale el &
7| di(triﬂuoromethyl)7|9} Ze #EviE Q@ ”Eﬂ;ﬂﬁ’-i 2 $¥& Hol: 6FDA-PDA 13} ojm= Al& Ul ZAZ AlE FRE IR
PMDA-PDA Zelolml=d] A& T2E AZF WNgezA 58 7148 2A4S 2: ALY Zgonj=g wE 4+ Uitk 53], PMDA/
6FDA-PDA (0.9-0.1.1.0 TYovErt ARA A5 0 ddFezAe 5% 71AH 24 ‘i}t 8 FE& 29532 Yoh

Abstract: Copolyamic acid PMDA/6FDA-PDA(PAA) and homopolyamic acids PMDA-PDA(PAA) and 6FDA-PDA(PAA) were synthesized from
1,2,45-benzenetetracarboxylic dianhydride(PMDA) and 2,2'-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride(6FDA) as the dianhydride and
1,4-phenylenediamine (PDA) as the diamine. Residual stresses were detected in-situ during thermal imidization of the co- and homopolyimide
precursors as a function of processing temperature over the range of 25~400 C using thin film stress analyzer(TFSA), and morphological
structures were investigated by WAXD. In comparison, the resultant residual stress of polyimide films composed of different compositions decreased
with the increasing content of PMDA unit in the chain and was about 5 Mpa in compression mode for PMDA-PDA. In this study, the synthesis of
random PMDA/6FDA-PDA copolyimide could be completed and compensate for the difficulty of process due to high Ty of PMDA-PDA and
relatively higher stress of 6FDA-PDA. It showed that we can make a low level stress copolyimide having excellent mechanical properties by
incorporating appropriate rod-like rigid structure PMDA-PDA unit into 6FDA-PDA polyimide backbone which generally shows higher stress due to
rotational hinges such as bulky di(trifluoromethyl). Specially, PMDA/6FDA-PDA(0.9:0.1: 1.0) satisfied excellent mechanical property and low level
stress as an inter layer showing low dielectric constant.

Keywords: PMDA/6FDA-PDA, copolymer, residual stress, morphology
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Figure 1. Synthetic path of PMDA/6FDA-PDA copolyimide
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Figure 2. Thin film stress analyzer(TFSA).
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Table 1. Residual Stresses of PMDA/6FDA-PDA Copolyimides

Composition | Thickness | Residual stress Slope in Cooling
PMDA/6FDA (um) at 25 C* (Mpa) | curve (MPa/C)
0/100 10.3 50 0.1287
30/70 11.3 47 0.1199
50/50 11.0 33 0.0781
70/30 11.2 21 0.0423
90/10 109 15 0.0012
100/0 10.7 -5 -0.0515

# All polyimides were cured by one-step from 25 T to 400 C; heating
2 C/min, cooling 1 C/min
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Figure 3. Residual stress behavior of PMDA/6FDA-PDA
during imidization of the softbaked precursor polymer thin film
on Si(J00) wafer as a function of temperature by one step
thermal imidization at 400 C.
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Figure 4. (a) WAXD pattern for transmission mode of PMDA/
6FDA-PDA film cured to 400 C; (b) WAXD pattemns for
reflection mode of PMDA/6FDA-PDA film cured to 400 C.

6FDA-PDAAA A&7t B Ade 47 9 wgn
o2 580 A, 577 Aolith. o] 6FDA-PDA A
di(trifluoromethyD) 712 98] A& 7+ Ag)st 433

Table 2. Mean Intermolecular Distances and Coherence Length
m Thin Films of Copolyimides

Composition | Film thickness Mean intermolecular distances®
PMDA/6FDA () In-plane® (A) | Out-ofplane® (&)

0/100 103 580 577

30/70 11.3 575 5.22

50/50 11.0 5.10 465

70/30 11.2 485 445

90/10 109 474 4.38

100/0 10.7 468 433

#Estimated from the maximum of X-ray diffraction peaks corresponding
to the intermolecular spacing; ° Calculated from the peak maximum of
amorphous halos in the transmission WAXD patterns; € Calculated
from the peak maximum of amorphous halos in the reflection WAXD

patterns.
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Figure 5. DMTA analysis of PMDA/6FDA-PDA copolyimides
cured to 400 T.

Table 3. Thermal Expansion Properties and Glass Transition
Temperature of PMDA/6FDA-PDA Copolyimides by Thermal
Imidization at 400 C for 1 h

Composition Thickness | Elongation TEC Tgb
PMDA/6FDA (um) (%) (ppry/C) ()
0/100 10.3 312 423 350
30/70 113 2.10 31.74 415
50/50 11.0 1.07 1547 450
70/30 112 1.05 8.465 480
90/10 109 1.01 6.21 >500
100/0 107 0.89 2.10 >500

*TEC was averaged over 50~300 C; "Glass transition temperature(Ty)
was measured using DMTA with ramping rate at 50 T/min and
frequency at 1 Hz over 50~485 C
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