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THE FRACTIONAL CHANGE 61/1
For conventional PCSA configuration, the fractional change &I/1 of the optical response &/ is given by

% =%+a'16¢+a'26A (s1)

where Rj is the reflectance of the surface for s-polarized light, given by
R, = |R,|?
a'y and o', are the ellipsometric parameter coefficients, given by

2[tan (1 + cos 24) — sin 24 sin(2P + A)]
[1 — cos 21 cos 24 + sin 21 sin(2P + A) sin 24]
— sin 21 cos(2P + A) sin 24
[1 — cos 21 cos 2A + sin 2y sin(2P + A) sin 24]

a'y

a',

Besides, 6R,/R,, 6Rp/Rp and &y are interrelated by

SRy _ SRs | 45y (s-2)

Rp Rs sin 2y

Taking eq. (s-2) into eq. (s-1), we obtain eq. (1), where a; = a'; — and a, = a';.

4
sin 2y
THE DIELECTRIC CONSTANT CHANGES ON p

To discuss the relationship between the dielectric constant variations and ellipsometric parameters taking

logarithmic differential of p = R,/R;, we have

8p _ SRp SRg

P Rp Rs (s3)
let
N
R, =2 (s4)
where v represents p-polarization when v = p and s-polarization when v = s. In eq. (s-4),
Ny =151y + 112X, Dy = 1+ 1513712, X (s-5)
and
X = exp(2jB) (5-6)

where 131, and 71y,, are Fresnel coefficients at o-1 interface and 1-2 interface and B is the interface

. .o . . . 8
phase change coefficient. The explicit expressions can be seen in **.

Taking logarithmic differential of eq. (s-4), we get

SRy _ SNy _ 6Dy ]
il (s-7)
And
SN, = 611y + X615, + 112,6X (s-8)
8Dy, = 112, X8Tg1y + 1910 X112y + To10T1206X (s-9)
Taking egs. (s-8) and (s-9) into eq. (s-7), we have
SRy _ (1 _ TizvX 1 Tow 1 _Tow _
e (Nv o) )6r01v + (Nv >, )Xc?rlzv + (Nv >, )rm(YX (s-10)

Eq. (s-10) suggests the modulation of V -polarized reflected light can be divided into three parts: the

Fresnel coefficient modulations at o-1 and 1-2 interfaces and the phase change modulation when the light
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passes through the film.
On the other hand, we have

2ng cos ¢ cos 2¢p,

(n4 cos ¢g+ng cos ¢1)? cos ¢y

OTo1p = n

2n; cos ¢, cos 2¢q 2n4 cos ¢1 cos 2¢h,

OTiop = — n
12p (ny cos ¢ +n4 cos ¢,)? cos ¢y 17 (ny cos ¢ +mq cos ¢3)2 cos ¢

2ng cos ¢g

(ng cos po+ny cos ¢1)? cos P

01915 = n

2n; cos ¢, 2n4 cos ¢q
3 ony
(n4 cos ¢p1+ny cos ¢p)? cos ¢4

Orypp = -
12p (n4 cos ¢1+n, cos ¢,)? cos ¢,

Or in terms of dielectric constant &:
8701p = Lo1p0&;
OTiap = L13p0&; + Myp,0¢,
07915 = Lo1s0€

8115 = Lips8e; + Myps0e,

where
L _ /€ cos ¢ cos 2¢p1
01p &1 cos ¢4 (VEy cos ¢0+\/gcos ¢1)2
L _ €z cos ¢, cos 2¢p1
12 ™ V& cos ¢4 (V&7 cos 1 +ET cos )2
M _ V&1 cos ¢ cos 2¢4
1207 &5 cos ¢ (V3 cos p1+Vey cos p2)?
P Jegcos o
01s V&7 cos ¢1(\/€g cos po+VE cos ¢1)2
Lot = Vez cos ¢
125 ™ V&1 cos 1 (Ver cos pr+vE; cos §5)?
M _ VEq cos P4
125 7 Ve cos ¢ (VE] s 1 +E7 COS 2)?
And
6X = —2jX0p =yXb¢&
where

- ey

n,

n,

(s-11)

(s12)

(s-13)

(s-20)

(s-21)

(s-22)

(s-23)

(s-24)

(s-25)

(s-26)

For a given glass/Au/electrolyte system, Loip, Li2p, Mizp, Lo1s, Lizs, Mizs, ¥ and X are the functions

of the angle of incidence, ¢,.

According to eq. (s-10), we obtain

(SRﬁ = Q,0¢; + B, dg,
where
1 T12vX
Q, = ( - . )L()lv
Tor T Tizv X 141901100 X
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1 To1v
( - XLisy
To1v+rizvX 147019 T120X

+ ( L Tow )yrmX (s-28)

Towv+ri2vX  14+70197120X

P = (i~ ) XMy, (s29)

Fo1y+rizvX  14rg1yrizvX

Taking egs. (s-27), (s-28) and (s-29) into (s-3), we have eq. (9). The explicit expression of x; and
K, is given by

K1=Qp_Qs

1 T12pX 1 To1p
= - Loip + - XLizp
To1p + rlsz 1+ rmprupX To1p + rlsz 1+ rOlprlsz

+< 1 _ To1p )yr X — ( 1 _ T12sX )L
Towp T TpX 1+ 1o1pT12pX 12 Tors T Ti2sX 1+ 1151126 X oL

- ( : — s )XL125 - ( : - )VT125X (s-30)

To1s+T12sX  14+70157125X. To1s+T12sX  1+7015T125X

Ko =P = B= (e ) XMy — (s - ) XMy, (531)

roiv+rizvX  14rogvrizvX rogv+rizvX  1+To1yrizvX



