Polymer(Korea) Vol 22, No. 3, pp 424-434(1998)

FZovi= WEY A3}, AZHAY T L TAEE S R Y

Z34 - FYE!
AFadstn 332ty
(1998 14¥ 229 #HH)

Measurement and Analysis of Thickness Change
in the Curing and Drying Processes of Polyimide Films

Hee Jae Kook and Dukjoon Kim'
Department of Chemical Engineering, Sung Kyun Kwan University, Suwon 440-746, Korea
Yo-mail : djkim @yurim.skku.ac.kr
(Received January 22, 1995)

Q 9F: Pyromellitic dianhydride-4,4"-oxydianiline (PMDA-ODA)Y Zglolvl= HEe] 73},
AzFAR F FARIE dolA PAE ol &st] s, $245E9) pre-bakingAlte] ¥4
Wl vAE F3E FAHIANTG &5 wE Azt F ojvj=3 Axof ¥HE Hod
B335 E ol &l ZAE T Pre-bakingr)Ztel Z71gte wet A3aty 2719 g AN
e A Zastgn 557 dodd wel e 9 olv=3 Fxre ¥zt AREHE 2
o FAHE 25 et A3 F 2L 2544 4§ FAE 25527 S
e}t =4 velgoh A3E Eelojnls dE9) gHAASFE £xd wE Ee] FAEE &4
oz RSPt FeE ZElolv|= WEY AZxAR F 25 e fujo] FUAFE ol &
Moz fojzl BEW o) I ARESE o8] 2FA d& APA T fittingAlF 0. 2H
Falged, olzRE 48 AE 7 + AUt

ABSTRACT: The thickness change of semirigid polyimide, pyromellitic dianhydride-4,4’-
oxydianiline (PMDA-ODA), films during the curing and drying processes was monitored
using laser interferometer system and the effects of scanning rate and pre-baking time on it
were analyzed. The variation of imidization extent in the curing process for different temper-
ature scanning rates was investigated using Fourier transform-infrared spectroscopy. As the
pre-baking time increased, the initial film thickness in the curing process decreased signifi-
cantly. As the temperature scanning rate increased, the temperatures at which the variation
of film thickness and imidization extent started and completed increased. The values of film
thickness were higher for higher scanning rates at the same temperatures in the curing proc-
ess. The thermal expansion coefficient of cured polyimide film was determined from mea-
surement of the temperature dependence of film thickness. In the drying process of swelled
polyimide films, the temperature dependence of solvent diffusion coefficient was determined
from the curve fitting of the theoretical time dependent fractional solvent mass residue in the
film to the experimental results obtained at varying temperatures, with the extraction of the
activation energy from it.

Keywords: polyimide, film thickness, interferometer, curing process, imidization, drying proc-
ess, diffusion coefficient.
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Figure 1. Schematic figure of a three medium
interferometer system.

"go ¢H4ge] dojuA Hoh Y, 443 A
® Pl &g &vjo B71sS A%, 3% &
7} mBAt BE oz IlEo] FEUAFE do
A ") o9} 2 BEAFLS S} YFE Alojo
HElo| o]Fo|A w7x] goluA =Y, dwt HFo)
o] FoiA 3 U vl o]ite] BEe 7 Wile Yo
ux @A B ol¥A #&E HEE TV F
AL 87 Feld dode 2xE VB F AL 2
We AFHAY izt oAl FAETEA AxE Aol
doju ==, o] Wl FAASE welstdl Ho
ol]d Age| FEAR Fe HaF dzAy Fd
sl BEe] FAMsE A (interferometer
system) & o]&3tod 78 v

2 o &&= HolA /J’S A e A E
geo] w9 FYE W3S AARES vk 7
T vlof ojated 2H I WY oA TE2e BA
3} 7 BAo] HFd o3t FAWslel FHEe] W
gl 2H3 @A dons Hx, &, Asaby
o oial mE Bdol A&, &3, ¥ ¢ A
T A 5 FAsed o|8dE ¢ Uk B AT
Qe ool ize] wE E5A ¥ 2dE W
B HAE o) gsle FHstaxl s vl o]9] o]
24 R e e gt

Fig. 13 o] nEaL BE (2)0] ZEE Ue
718 (3)& B8 B71F (D)ol BAA 3% A2
oA ol AolA YAk AEE 7 F AtoldlA
Ztzt 2 A=) QARE 7Y A & watet

of
L
ou £

A Arch
QAbga wialg Bwe) vlE vehle 4 AL
Al (composite reflection coefficient), Re A

(1)z Zo] YAzt 6,9} Fresnel reflection coeffi-
cient, 7,2 YePd 5 glon, o71X f¥3 ¢e
Al (2)9} o] z} Zo A9 WAl wE optical

425



284 -

path length difference23€] g9 FH 49
Atz 8, ol #AED, Fresnel reflection coeffi-
cient, ;= 4 39 2HET WAIHA FAYARR]
735 A (3)F o] FHEA

R futroe M
1+ 7’12+ Vzge‘wz

b (8) = (%ﬁ) 2yd; c0s 6, @)
n,—n,

Cntors 5, 3)

34  YIALE (composite reflectance), R& 4]

(4)sh o] BEHY, $)3ap} 227t HE o &
7he] fringeg VA "t oldl 7157]e 2|8}
YA} whabzt gl Fo] EWEo] FAHI, o]2RH
B} walze] gES 43E £ Ak @A, Fo
YA R babzt slel A gull Fge] o’ nEA}
BEe A 93 ddis oln = Fol BAEHE
EEA ol FAR 5 UE BAER Hod 13
&fo] ZHEo] nEAS} Buje] RIS o7
Fagez #PE F s MR 4 B EF
B ASE & At

7212+ 7’223+27’127’23 cos ¢2

2) = 4

E (no 720) 1+ P+ +2rigrscosdy W
ddy  (de/dd)\' A

frz'ngew< 2r ) T 2Mgotvent ®)

2 d7dME e 4 ()& o] 83t Pl Hge
Ay F FutEe FANEE SR

YRE Pl @ES U=y F WEY 8o B
28 97 282 dFAMe &0 FF % dxe
LEo FAZE vu|e} Zoldl uls] nj¢ ZHomg,
Fig. 29} o] 1z o znt Agdriy 714 5
ek B&E Pl BEgef A2 YL Ficke HIE
Hgsted R AR, FEHdA e foje
FE T CE A (6)~(9)s 2L FapAd] o
3 238€ & Atk

426

EES

Substrate Air

X

Lo

0: ,
Figure 2. Representation of concentration profiles
and boundary positions for one dimensional diffusion
from a thin polymer film.
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Figure 3. Mechanism of polyimide synthesis from
poly(amic acid).
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Figure 4. Interferometer set-up for measurement of
film thickness change.
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Figure 5. Voltage traces during the curing process of PI
films pre-baked for (a) 15 and (b) 60 min, respectively in
case temperature scanning rate of 2 C/min.
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C,* =concentration of solvent at the film sur-
face (g/cm?)

G =dimensionless concentration of solvent

d; =thickness of film ()

dy =initial film thickness (zm)

d, =film thickness at arbitrary temperature, {

(4am)
D =diffusion coefficient of solvent (cm?/s)
E =activation energy (kJ/mol)
L, = initial thickness of swelled film (zm)

M, =mass of solvent in swelled film at the ini-
tial drying process (mg)
M, =mass of solvent in swelled film at the ar-

bitrary drying time, t (mg)
Nowent=refractive index of solvent
»n; =refractive index of i component ; 1=1, 2, 3
i =Fresnel reflection coefficient of 1, j com-

ponent; 1, j=1, 2, 3

R = composite reflection coefficient

R =composite reflectance

t =time (sec)

T =temperature (K)

a, =out of plane thermal expansion coeffi-
cient ('C™")

4 =dimensionless distance from substrate to
swelled film surface

0% =phase shift in medium 2 (rad)

A =laser wavelength (wm)

o, =incident angle in medium 1;i1=1, 2, 3
(rad)

T =dimensionless time
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