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Ellipsometric Analysis of Polymer-Polymer Interface

Satoshi YUKIOKA

Ellipsometry was applied to investigate the interfacial thickness between dissimilar polymers. By examining
the time variation of interfacial thickness as a function of temperature, molecular weight and thermodynamic
driving force, we studied the kinetics of interdiffusion phenomena of miscible and immiscible polymer systems

and found a relation predicted by reptation model between the interfacial thickness and adhesive strength.

R AREICRCERF L, REOWHEEIZIL U T
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N ADOBEERLHEITRAMT 2/ TH B, =) 7Y A
FY —OXFFRE Fig. 1 1037, EBEBZASEE L
A% 546 nm, AFIAT0°D EERIEATMETEY 7Y A —
Z—, &7 EP-10 #fHA L, BEdszEs 0l
BETEYLTR LIRS T e » 70, $£72, AR CTOllE

Polarizer
Es
I)

Compensator

D

12 Ep

(4 Retardation)

(tang . Reflection Ratio)

— b

Analyzer

Fig. 1 Optical configuration in the ellipsometry.
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+EBEFAY GELL, KT - THRE A, =i
SR tan w FEE L8,
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(m+1) BOBRC KT 2 EHRED b, s BT,
N, Om @ m EOEHFR L AFA, 1 546 nm,
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Fig. 2 Concentration profile at interface.
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Fig. 3 Multilayer model for calculation.

A=ds/r.7 e (2)
¥zt Hitachi Hitac-M660K (H ZS4{FATHHEL)
A LT
2 & #

Ty YAy —ESTEREERR LT 20 TR
DRBEES TR E LCE, WERE CER, ST 2
FEE (An=ns—np=z0.02) 2HETHHLONIFELLY
W, HEENSOER TR IiE, WEON T AEBER
B (T, v FRE, % - CHEE (mobility) I KED R
<, MRzt 2—HEESECES FROBE Ll
Zh e oBEhTHES E LTabhs PMMA/SAN f
BRI o, ABFECHEA LR O S FRE(EE Table
1, Table 2 2R,

PMMA/SAN Fix, 77V r="htYi (AN) &&
LAX 52 Lk ViaE - FHBOELORAEEE
SR B D N TE D, AN EEH 9.5~33 wt% D
FCHIET 5 L WE STk, Fig. 4 (IC TRIEERIE
iR g (Lower Critical Solution Temperature, LCST)
CrEk{E) © AN SREFELZ £ L w Y, ARTOE
B &k FDCRISPIC N LT,
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(H 5\ ix SAN) B bic, Ml@AEry3—74
S XY ¥ v 2 MK L SAN (b 54k PMMA)
N (B AR - BERRCCHIE Lctk, Mtk
Ty FY A—4#—THlE) % Fig. 5 TRk TR

Table 1 Materials

Sample M, x10~%a)> M,/M,*’ nb)
PMMA-1 1.4 2.1 1.491
PMMA-2 2.6 2.0 1.491
PMMA-3 7.1 1.8 1.486
PMMA-4 15.1 2.1 1.486
PMMA-5 39.6 2.7 1.487
PMMA-6 82.1 4.0 1.488
PMMA-7 7.5 1.9 1.490

standard
PMMA-S1 4.8 1.07 1.490¢’
PMMA-S2 8.7 1.14 "
PMMA-S3 19.2 1.17 "
PMMA-54 26.7 1.06 "
PMMA-S5 61.8 1.03 "
PMMA-S6 95.6 1.05 "
a) from GPC
b) refractive index at A’ =546 nm
¢) literature valuel®
(110)
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Table 2 Materials g?{ﬁion
Sample AN wt%®) M,x10-4% M,/M,>’  n< \S/\llgfgrni oo %__/gy”g? -ﬂgiué’étrs:f%
SAN-0(PS) 0 18.0 2.0 1.590 P
SAN-5 5.7 2.9 2.2 1.583 ot Spin_
SAN-15 149 141 2.6 1570 Coating
z PMMA
SAN-20 19.5 13.0 2.5 1.569 0.5am Snbst ks b 0.6um
SAN-25 25.0 16.0 2.4 1.571 t
SAN-27 26.5 10.2 2.9 1.570
SAN-30 30.3  15.5 2.1 1.560 Float Off
SAN-33 32.3 7.8 2.6 1.560 Pick Up SAN Fitm
SAN-40 38.7 7.4 2.2 1.564 :
SAN-55 55. 0 — —  1.555 SAN Fom S h:,. '.a,.,fer
R T L \atu‘ Bat
a) from elementary analysis!V - PMMA Substrate’
b) from GPC — At
er
¢ ) refractive index at A’ =546 nm J Vacuum Dry
ey
I I ‘ I Ellipsometric Measurment
\ ................. at r.t.
-100—: O\ ’ O I' i ’ R Annealing Above. Tg Repeat
Towler . w
: o’ M Suess Quench
.. \ T O Ikawa e Fig. 5 Preparation of bilayer specimen.
S o .. .
L . QO Maruta L.
.ﬂ"‘]-—. . . \. . . e
=« &« T bLe s s & & & s & & s 2 = = # I 1 1 T
...0 R I )
_ . Vowmnassneanii &0 T 0e !
c T S S SAA S M e ZZIZZL 7 sans
= ; - - PMMA 3 Il
§ o *hases . 2 Phases
S PR . - o /./ |
A " aﬁ)& : YRR . N : A E e /gd —_ ~ SANA0 o
......... — / = L !
= * \O ........... -~ /. {l) ¢ o
0 Tk EE T T - S & W I
CHCRRS e
]Dﬂ- _ SAN-S |
| 1 ] 1 1 0 1 I ! 1
0 10 20 30 40 50 60 0 50 100 150 200
AN Fraction (wt%) t'72 (s12)

Fig. 4 AN content dependence of LCST in
PMMA/SAN system (from Ref. 13).
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SAN-40 ZOREERIEA Ligu DS, HENTH S

(111)

Fig. 6 Time variation of interfacial thickness.
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Fig. 7 Effect of AN content of SAN on the time
variation of interfacial thickness.
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{b%& Fig. 7 zmd, BROBRICEKNERE TORE
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Fig. 8 Thermodynamic driving force |x—yxs| ver-
sus interdiffusion coefficient.
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Fig. 9 Effect of M,, of PMMA on the time varia-
tion of interfacial thickness.
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Table 3 Activation energy for mutual diffusion
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Helfand om0
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(Substrate/thin film) (k] mol™") CRA LCEHE LBl <h %, = 2T b et
SAN-25/PMMA-1 63.6 B s Ay hREEFEITRSET 0.8nm #EELL, 7
SAN-25/PMMA-2 70.6 sy yw= kY (AN) GEIHEEE (9.5~33 wt%)
SAN-25/PMMA-3 69.2 SRR E S AT (O K TR bR ERIEE X<
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SAN-25/PMMA-6 80.2 ot hkEa@zrLT50, Zhid AN 8O
HRS s FRD OB LEZ BND,
EMEEBRT 2L, ® /v —OILEERK Dy osde 6§ : . .
MEERAZ A =4 x| BREOCBEELROT x| OF
L%zELF D Offid7 v=vRAFey hTRET 10 SAN-5 E
b5, X, BBHET (Shift factor) ar »MLC WLF p—0—0—0—0— G~
(Williams, Landel, Ferry) f f##i4 55t H 5705, 20 - o AN 7]
W fEER 2 8 B IC1E, SRS RS B\ —HIRET L= O— me) o—
DOHEFEFE RO RPA (Random Phase Approximation) E
fe#t© LCST ZIEMEICKRDIARTHETY 7Y A — ~ ; ; .
5 — R T, 76 LCST % CHMIRE 2817 <
BRI T— 4 OEBEPLETH D, wé % N SANAO T
(4) FFBFROREEAHD A A A—
£ hE CRE RS TRHC o T RS DR 2T o o saNs |
P & H T SR B % % R SR AOICIREY LT & ot Y o] O;' ﬁf E;_
<=7 A BRI L EREO B THEE, £ 7= = o
Vg FHA K (PPO)/RY 2F L (PS) RITfES Fig. 12 Time variation of interfacial thickness of
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Fig. 13 Equilibrium interfacial thickness in

SAN/PMMA system as a function of AN
content.
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Fig. 14 Minor chain reptation model. (a) Disen-
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itial tube. (b) Growth of the minor chains
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terface. (c) Growth of the the spherical
envelopes of minor chains that have
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(from Ref. 29).
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Fig. 15 Time variation of adhesive strength (from
Ref. 31).
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Fig. 16 Adhesive strength as a function of inter-
facial thickness.
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