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F4 72 B2 A Belolnls wehiold Akee) A4 Yot DA bR AR Sl vINE dRe A
¥ ¥g}r}). Poly(p-phenylene pyromellitimide); PMDA-PDA, poly(p-phenylene biphenyltetracatboximide); BPDA-PDA, poly
(4,4"-oxydiphenylene pyromellitimide); PMDA-ODA, poly(4-4-oxydiphenylene biphenyltetracarboximide); BPDA-ODA, poly
(4'4-oxydiphenylene benzophenonetetracarboximide); BIDA-ODAS ztz}h §HAsle] Fejo|vl = wpate] 43 A=) A7
22 (residual stressyg 2% 25-350 ‘CollA] in-situ® B-4o] o]FoiH ). AF 2] #5-2 Wafer Bending Method €
©)-2-3} Thin Film Stress Measurement System(TFSMS)&- Azlsleod L¢o)| wE A& el A5-S 243t 2 A7 AL
&2] 73 o] Aol H 22 733 PMDA-PDAS] 74 43 ko] ¢ £, f2 de] 257} 400°C o)t %A st
o], AF 842 5MPa(compression mode). 71 BAl Wit Al 71 fd¥ ddxelE 7HX= BIDA-
ODAS] A5 3 Aol o 41 MPag Byl o, f8] Ho] 2= oF 280 T2 vieisic}. Ed, ¥ A7l 37
g2e) Ago2 42l Ho| LET A2Y + e Bk

Abstract— The object is to demonstrate that residual stress behavior in polyimide thin films depends on the degree of
chain rigidity of the polyimide backbone structure. The comparison of the residual stress and thermal properties indicates
that the residual stress of a polyimide thin film is primarily dependent on the polymer chain rigidity, fully rodlike poly(p-
phenylene pyromellitimide); PMDA-PDA, semi-rigid poly(p-phenylene biphenyltetracarboximide); BPDA-PDA, semi-flexi-
ble poly(4,4'-oxy diphenylene pyromellitimide); PMDA-ODA, poly(4-4'-oxydiphenylene biphenyltetracarboximide); BPDA-
ODA and flexible poly(4'4-oxydiphenylene benzophenonetetracarboximide); BTDA-ODA were prepared. Residual stress
was measured by Thin Film Stress Measurement System(TFSMS) using wafer bending method. As a result, the higher po-
lymer chain rigidity of polyimide thin films shows the lower residual stress in tension on the Si wafer substrate. Among
the polyimide thin films studied here, rodlike PMDA-PDA shows excellent thermal stability, the highest glass transition
temperature, and the lowest residual stress, 5 MPa(compression mode), but flexible BTDA-ODA exhibited the highest
overall residual stress, 41 MPa with low glass transition temperature, 280 °C. In addition, the T,s of the polyimides are esti-
mated from the overall residual stress-temperature profile.
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Fig. 1. Chemical backbone structures of synthesized polyimides.
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Fig. 2. Bending beam experimental layout.
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Fig. 3. FT-IR analysis for the PMDA-ODA thin film with different
curing temperature.

Table 1. Infrared absorption spectroscopy peak assignments for key
vibrations of aromatic PAA and polyimide

Precursors vibration Polyimide vibrations

n:;a‘ir Wavzﬂi)_ulmber Type of vibr. Wav:;tgnber Type of vibr.
1 1777 C=0 str(imide)
2 1716 C=0 str(imide)
3 1661 C=0 str(amide)
4 1529 C=0 str(amide)
5 725 imide ring
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Fig. 4. DSC thermograms of synthesized polyimide film.
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Fig. 5. Dynamic tan § for different backbone polyimide films.
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Table 2. Glass transition temperature and thermogravimetric analysis
of polyimides with different chain rigidity(atmosphere, nitro-
gen; heating rate, 20 °C/min)

Glass transition Degradation 10%

Bgckbone structure fempe °C) onset T4C) degradation

T.(C)
PMDA-PDA(fully-rodlike) >600 °C 520 610
BPDA-PDA(semi-rigid) 420-460 °C 486 595
PMDA-ODA(semi-flexible) 400-440 °C 478 586
BPDA-ODA(semi-flexible) 300-350 °C 441 531
BTDA-ODA(flexible) 275-295°C 450 554

HsBat H36A H22 19984 48

PMDA-PDA

BPDA-PDA

PMDA-ODA

BPDA-ODA

% Weight Loss
L

BTDA-ODA

1 1 1 ] I}
0 200 400 600 800 1000
Temperature(°C)
Fig. 6. Thermogravimetric analysis(TGA) curves of polyimides with
different chain rigidity(atmosphere, nitrogen; heating rate, 20
°C/min).
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Fig. 7. Residual stress versus temperature behavior of PMDA-ODA;
(a) precursor, (b) polyimide.
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Fig. 8. Residual stress versus temperature behavior of BPDA-ODA;
(a) precursor, (b) polyimide.
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Fig. 9. Residual stress versus temperature behavior of BTDA-ODA;
(a) precursor, (b) polyimide. ’
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Fig. 10. Residual stress versus temperature behavior of PMDA-PDA;
(a) precursor, (b) polyimide. .
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Fig. 11. Residual stress versus temperature behavior of BPDA-PDA;
(a) precursor, (b) polyimide.

Fig. 11¢] 4134 ql Al& T%E 7171 BPDA-PDA 43 A3E v
H Z7)d] 2528 o 14MPaE Rgr). 2°C/minl 2 A4A)F]
WA 350 °C7A] olvl & FA-L Axw wF whehe 350 Cell4] <F 5
MPa A %5 Holiw|, o]z BPDA-PDA Egjo|v|=2] felxle] &
7} oF 430°CAH 50|22 PMDA-PDART} Altjd o s RalEe
2E o] 7] wlFo)c}. 4204 BPDA-PDAE PMDA-PDA X T}
£ 6MPad] {33 Bt Aee] 7R 22 BPDA-PDA
2] Sl A 2= HYWAA fel Aol L7 vehdA] o
9f.on, 350 ‘CollAl AHH-g-Z o] PMDA-ODA, BPDA-ODA, BTDA-
ODART} F74 Vehdon, Ao e #31& Bt

Aegd oz AlE dolv $e 2uH Eejolv|s A7A ks

SEpZ 4 H36A HM2& 19984 43

2949 - BUS

Table 3. Resulting residual stress during imidization

Precursor  Polyimide Substrate Residual

thickness thickness thickness stress

(micron) (micron) (micron) (at 25°C)
PMDA-PDA 17 7 411 —-5MPa
BPDA-PDA 19 9 411 6 MPa
PMDA-ODA 16 8 412 29 MPa
BPDA-ODA 15 7 412 34 MPa
BTDA-ODA 16 9 412 41 MPa

Table 4. Related parameters in stress measurement(at room temper-

ature)

linear CTE® Young's L e

(ppm/ °C) modulus® Poisson's ratio
PMDA-PDA 2 ~12 0.3
BPDA-PDA 6 ~10 0.3
PMDA-ODA 27 ~2.35 03
BPDA-ODA 28 ~3 0.3
BTDA-ODA 41 ~3 0.3
Si(100) 3 ~180 ~0

“The average CTE from 50 to 300 °C. bReference 13, 16, 23. “Reference
24, 25.
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3t ZhF-22-2 Table 3¢ Vehligich 82} Al&e] 732402 Fig.
19]]4] ¢} Z¢] PMDA-PDA>BPDA-PDA>PMDA-ODA>BPDA-ODA>
BTIDA-ODA®] 4411, 784l 27Kkl alet fejdeo] =2t
g7 Aol AR AL Flsisih £ Aol Ak Eelolvl=
o] el A& Table 4o veliigich. G388 A% Ak 7233
Mo| Zr}gtel wieEba] 7hAstE2[20-22], BPDA-ODA, BTDA-ODA
7} Ao g o fejdelxs}t modulusE MR E B8,
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ol¢} G AF Ao)7} JMF Bol vhA ALelA AF-SHe]
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e AL & 5 ok =3 5443 AR F2F 713 PMDA-ODA,
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