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Fig. 1. Kretschmann configuration for surface plasmon

resonance.
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Fig. 2. Single-layer thin film representation of Krets-

chmann configuration.
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Fig. 3. Admittance loci of Ag thin film is represented
in the complex plane at different incident ang-
les as the film thickness increases from the
substrate (d =60 nm; n=0.051, k=2.78; A1=488

nm; #,=1.522; n,=1.0).
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Table 1. Calculated optimum thickness and resonance
angle for various thin metal films at 488 nm

and 632.8 nm.
: dnpl ewx

Wavelength Film n k (nm)  (deg)
488 nm Ag 0.051 2.78 594 44.80
(n,=1.522, Al 063 545 151 4241
n,=1.0) Au 091 185 318 5141
Cu 0.88 237 27.2 4867

632.8 nm Ag 0.067 4.05 543 4298
(n,—1.515, Al 1.21 692 10.3 4272
1y =1.0) Au 0.162 3.210 | 52.1 4417
Cu 0.157 3.367 | 50.7 43.88
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Fig. 4. Schematic diagram of surface plasmon resona-

nce experiment.
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Fig. 5. Reflectance of Ag film vs incident angle at 488
nm and 514.5 nm.

x ; reflectance measured at 488 nm
+ ; reflectance measured at 515.5 nm,
——— reflectance calculated by the unique
solution at 488 nm,
———————— - reflectance calculated by the unique

solution at 514.5 nm.
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Table 2. Two sets of optical constants and thickness of Ag film and Al film at 488 nm and 514.5 nm measured
within an hour after deposition. When the films were exposed to the air for 24 hours, the modified
optical constants due to the shift of surface plasmon resonance were also determined at 488 nm. A
is the difference in the optical constants between two cases.

. Optical Solution 1 Solution 2 After
Film Wavelength conpstants selected unselected 24 hours 4
n 0.065 0.043 0.075 0.01
488 nm k 2.98 2.99 2.95 -0.03
d (nm) 590.1 53.1 60.4 1.3
A O, (deg) 44.25 44.25 44,34 0.09
g 7 0.069 0.044
5145 nm k 3.23 3.25
d (nm) 58.9 51.3
... (deg) 43.78 43.78
n 0.66 0.60 0.69 0.03
488 nm k 4.83 4.96 4.60 —0.23
: d(nm) 17.7 15.8 18.3 0.61
Al ‘ O, (deg) 42,71 42,71 4291 0.2
! n 0.74 0.65
514.5 nm k 5.07 5.30
d (nm) 17.2 14.6
8., (deg) 42.66 42.66

o
0.9 =
0.8 -
0.7 =
0.8 =

0.5 3\ "

Reflectance

0.4 -
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0.2 5
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6.0 IlllllllI]I‘II!IITI]IIIlllTli]|lIIIIII‘]II‘IIIIYI
41 44

42.0
Incident Angle (Degree)

Fig. 8. Shift of surface plasmon resonance when the
Al film was exposed to the air for 24 hours.
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Determination of Optical Constants and Thickness of Thin Metal Films
by Measurement of Surface Plasmon Resonance

Chang Kwon Hwangbo, Chul Chae Choi, and Tong Chull Chey
Department of Physics, College of Science, Inha University

(Received: February 22, 1991)

Resonance angle and optimum thinckness of various thin metal films for surface plasmon resonance
were calculated using an admittance diagram and optical constants and thickness of thin Ag films
and Al films were determined by fitting the measured reflectance of surface plasmon resonance. Two
wavelengths of an Ar ion laser were employed to select the unique optical constants which have
the same thickness at two wavelengths. Also, when these films were exposed to the air, the shift
of surface plasmon resonance was measured and the optical constants of modified thin films were
determined.



