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Using Kretschmann’s method, important parameters defining the propagation of sur-
face waves (namely, the restored polarization azimuth W and phase difference A be-
tween p- and s-components of the electromagnetic wave) versus the light incidence angle
O for thin Ag and Au films have been investigated. It has been show that at wavelength
A = 620 nm, the ellipsometric sensor on Au film is more sensitive to molecular pollutions

than sensor on Ag film.

Ucnonbsya metonm Kpeumawma, wmcciefoBaHBl YIJIOBBIE 3aBUCHMOCTH TOJAPUBAIMOHHBIX
napameTpoB (asumyT ¥ BoccTaHOBIEeHHON JuHeIHON MoJaApU3aANUHU U CABUT has A MexIy
pP- ¥ S-KOMIIOHEHTAMU TOJAPUIAINUN JIEKTPOMATHUTHON BOJHBI) AJA TOHKUX MJeHOK Ag u
Au. Tlorazamo, uTo Ha JJauWHe BOJHBI A = 620 UM saaUICOMETPUUECKUH CeHCOD, W3TOTOBJIEH-
HBIY Ha IIJIEHKe 30JI0Ta, ABJIdeTcH OoJjiee UYBCTBUTENBHBIM K MOJIEKYJISAPHBIM 3arpa3HEHUAM,

yeM Ha ILJIEHKe cepedpa.

The number of investigations devoted to
thin film structures is increasing rapidly
during recent years. One of the practically
important aplications of thin films is devel-
opment of ellipsometric sensors being used
to solve the problems of ecological monitor-
ing, controlling and automation of techno-
logical processes and in scientific investiga-
tions. An advantage of optical sensors con-
sists in that those are contact-free (and thus
do not distort the measurement results). Abeles
[1] was the first who carried out ellipsometric
investigation of adsorbed layers on thin Ag
films due to surface plasmons excitation. For
Ag film of 50 nm thickness, he cleared up the
existence of narrow plasmon minimum at the
angle of light incidence about 45°.

Using the Kretschmann’s method, ellip-
sometric parameters (namely, the restored
polarization azimuth ¥ and phase difference
A between p- and s-components of the elec-
tromagnetic wave polarization) versus the
incidence angle © for thin Ag and Au films
within thickness range of 1 A to 700 A
have been calculated. Experiments were per-
formed at fixed wavelength A = 620 nm and
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variable angles of light incidence. The large
range of the light incidence angle from 0 to
90° and different thickness of films (meas-
ured experimentally using the Beattie method
[2]) were considered. The Eerie relationships
were used [3]. The refractive and absorption
indices for Ag and Au were taken from [4].

For both materials, our results have evi-
denced the existence of narrow plasmon
minimum at the angle of incidence of 45°
besides of a minimum at the pseudo-Brew-
sterian angle. The deepest minima were ob-
served for Ag at the film thickness of
23 nm and for Au at that of 56 nm.

The next step was the calculation of
tg¥(0) and cosA(®) for Ag at 23 nm thickness
covered by ultrathin dielectric film (the re-
fractive index n; = 1.46), of various thick-
ness (from 0.1 to 15 nm) using the bilayer
model. Similar calculations were carried out
for thin Au film (d = 56 nm) covered by the
same dielectric material. The data were taken
in the Kretschmann configuration.

Fig. 1 shows experimental tg¥ versus ©
for Ag film (d = 23 nm) covered with a di-
electric of various thickness. Along the or-

131



V.L.Severynov et al. / Ellipsometric plasmon sensor ...

1.045 "
Y
S
e
I
0.47 !
04 L L L ) |
0 20 40 60 80 100
0 Om 90

Fig. 1. Tan ¥ versus O, the angle of incidence,
at fixed wavelength A = 620 nm for Ag films at
fixed thickness d = 23 nm covered with a di-
electric of 0.1, 0.5, 1, 2, 5, 10 and 15 nm
thickness.

dinate axis (tg'¥), the thickness of dielectric
film is indicated in nanometers. According
to the results of Fig. 1, the largest sensitivity
of tg¥ to the dielectric film thicknesschange is
observed in the region of plasmon minimum at
the angle of incidence (© ~ 45°), and also in area
of the pseudo-Brewsterian angle (© ~ 35°).
Figure 2 demonstrates tg¥ versus © for
gold film (d = 56 nm) at the same thickness
of adsorbed dielectric films. It is to note
that the minimum of tg¥ at the pseudo-
Brewsterian angle (around 85°) is not so
deep as for silver. This is due to the fact
that Au thickness is larger than that of Ag.
Therefore, the best sensitivity of tg¥W to the
thickness change of the adsorbed dielectric
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Fig. 2. Tan ¥ versus O for Au films (d = 56 nm)
corresponding to the same configurations and
data as in Fig. 1.

film is observed only at the angle of plas-
mon minimum which is about 45°.

The relative sensitivity was calculated using
the tg¥ change when the thickness of the ad-
sorbed film was changed by 1 A within 1 to 5 A
range. For a sensor on Ag film base, this value is
0.38 % while for that on Au film, it is 21.4 %.
Thus, on wavelength A = 620 nm, the ellipsomet-
ric sensor on Au film is more sensitive to molecu-
lar pollutions than that using an Ag film.
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ExincomeTpuYyHUM NMJIa3MOHHHUM CEHCOP
IJA aacopOOBaHMX IIaApiB Ha TOHKMX ILIIBKax cpidJa
Ta 30JI0TA

B.JI.Cesepunos, 1.A.Illlatikesuuw, 1.A.Illubixo

3 sacTocyBaHHAM MeToma KpeumaHa AOCHiIiKeHO KYTOBi BaJe/KHOCTI TOMAPUIBAIIHHIX

napametpiB (asumyT ¥ BigHOBMeHOl miHifiHoi mosapusalii Ta 3cyB A das Mik p- Ta s-KoMmo-
HEHTaMU eJeKTpoMaruiTuHol xBuui) ansd ToHKuUX maiBok Ag ta Au. 8 MX JaHUX BUIHO, IO

Ha TOBKUHI XBuai A = 620 HM ejgimcoMeTpUUYHHN ceHCOpP, BUTOTOBJIEHMM Ha ILIIBIL 30j0Ta,
Mae BUIIY YYTJIUBICTH 10 MOJEKYJIAPHUX 3a0pyLHEHb, Hi¥K ceHcOop Ha IIiBii cpib.aa.
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