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The 80 A and 100 A thick Cr films and 45 A thick Ti ones were obtained by the
vacuum evaporation on glass substrates. The ellipsometric parameter ¥ (azimuth of the
restored linear polarization W) was measured at A = 546.1 nm both at the air side and the
glass one under various angles of incidence. In the second case, the surface polaritons were
excited using the Kretchman method by means of a transparent semi-cylinder. Parameters
measured at the air side were used to calculate optical constants n and k. Ellipsometric
parameters under surface polariton excitation were calculated. The obtained theoretical
results conform to the experimental data. The last fact testifies that the Airy formulas can
be used to calculate both ellipsometric parameters and reflection and transmission coeffi-
cients under surface polariton excitation.

VriaoBble 3aBUCHMOCTH 9JIJIMIICOMETPUUYECKUX IAPaMEeTPOB, & MMEHHO a3MMyTa BOCCTAHOB-
JIEHHO# JuHeHHON moaspusamuu ¥V, usmMepsaanch IJd TOHKON ILIEHKM | i TOJNIMHON 45 Awu
Cr ronmuuoi 80 Awu 100 A (IeHKHU OBLIM MOJYYEeHBl METOJOM BAKYYMHOIO HAIBIJICHUS Ha
CTEKJISTHHBIE MOAJOKKHN) KAK CO CTOPOHBI BO3yXa, TAK M CO CTOPOHBI CTeKJa (TO €CThb, IPHU
BO30YIK/JAEHNM IIOBEPXHOCTHBIX IOJAPUTOHOB 10 MerTony KpeumaHa mpu IOMOIIM IIPO3PAYHO-
ro MOAYUUJIMHAPA HA AJuHE BOJHBI A = 546,1 mm). [Io ZaHHBIM, OJYYEHHBIM CO CTOPOHEI
BO3JyXa, BHIUMCISAJINCH ONTHYECKHUE IIOCTOSHHBIC [IJICHOK 71 1 B M PACCUMTHLIBAJIMUCEH JJIJIUIICO-
MeTpuUYecKHre IIapaMeTphbl IIPKX BO30OYKAEHWM I[IOBEPXHOCTHBIX IOJSAPUTOHOB. IlosydueHHBIE
TEOPETUUYECKNEe Pe3yJIbTATHl COIJIACOBBLIBAIOTCS C 9KCIEPHMMEHTAJbHBIMU AaHHBIMU. Ilocien-
Hee CBHUAETEJLCTBYET O TOM, 4TO (hOPMYJbl DIPHM MOMKHO MCIOJL30BATL /s PACUETOB KaK
SJIINIICOMETPUUYECKHUX I[IapaMeTPOB, TaK M KO(PMUIIMEHTOB OTPAMKEHWUS M IIPOIYCKAHUSA IIPU
BO30YIKAEHNN IIOBEPXHOCTHBIX IOJSAPUTOHOB.
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Angular dependences of ellipsometric pa-
rameters (phase shift A and azimuth of the
restored linear polarization W) under sur-
face polaritons excitation by Kretchman
method [1] can be calculated using Airy for-
mulas [2] but it has not been ever used in
any known monograph aimed at surface po-
laritons [1, 3]. In order to check experimen-
tally the possibility of Airy formulas usage
under surface polaritons excitation by
Kretchman method, thin films of Cr and Ti
were investigated.

The films were deposited onto glass sub-
strates by the vacuum evaporation under
10~* Pa pressure using an electron gun. The
film thickness d was determined by quartz
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thickness measuring device and was 45 A
for Ti film and 80 and 100 A for Cr films.
Then parallel-sided plates with thin films
thereon were pasted by an oil with n = 1.46
onto a glass semi-cylinder (to eliminate the
interference effects in the gap between the
glass plate and semi-cylinder) and were
placed on the table of spectroellipsometer
for measurements by Kretchman method.
The ellipsometric parameters ¥ and A were
measured using the Beatty method [4]. Two
measurements were carried out: at the air
side and at the semi-cylinder side (surface
polariton excitation by Kretchman method).
The wavelength A was 5461 A. The meas-
urements were done at different angles of
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incidence ¢. Using data obtained for the air
side, the refractive index n and absorption co-
efficient £ were determined. In [5], the for-
mula for phase shift was derived for the case
of metal films, when the film thickness d < A.

tgA = (1)
2 2 2 _ 2 po 4nd
nonisinetge(ng + ny — n* + k<) - BN
- . 4nd’
(n? - n3)(n? - ndtge) + 2nknynisinetge - .

where ng is the refractive index of medium
above the film (air); n; that of the sub-
strate; ¢, the angle of incidence; A, the light
wavelength; k, the film absorption coeffi-
cient; d, the film thickness.

Using well-known values ng=1 and
ny = 1.52 and the thickness d, form meas-
ured A values for two angles of incidence o,
it is possible to find n and & from formula
(1). Table 1 presents the obtained n and k&

values for the films studied.

The thickness values of the investigated
films were chosen in such a way that for-
mula (1) gave high-accuracy results. In [6],
the accuracy of different approximate for-
mulas for reflection and transmission coef-
ficients of thin films has been considered.
Those approximate formulas are obtained by
expanding the accurate Airy formulas in a
series with respect to d/A and neglecting
some terms of the series. Depending on how
many terms are ignored, different formulas
are obtained. Formula (1) is derived for el-
lipsometric parameter A in the same way.
As is shown in [6], different approximate for-
mulas gave satisfactory accuracy for differ-
ent metals at film thickness varying from 0
to about 150 A. Thickness of the studied

films chosen by us fall within that range.
The obtained optical constants (see Table )

are substituted in the known Airy formulas
[2], which are accurate for small thickness:

Table. Obtained optical constants n and & for
thin Ti and Cr films

Sample n k d, A
Ti 1.213 1.209 45
Cr1l 1.118 1.627 80
Cr 2 1.724 1.740 100
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Fig. 1. The curves tg¥ from the angle of
incidence ¢ for Ti film (d = 45 A).

Ry + rBg - eiP (2)
P 4 BBy - el

rig+ gy - €
P14+ riprgs - el
where Rp and R, are complex amplitudes
of the wave reflected from the film; ,«sz,s
and r2,3p’s, the Fresnel reflection coeffi-
cients at the interface of media 1-2 and
2-3 for p- Ta s- components, respectively;
B = (4i)ngcosyod; g = n + ik; Yo, the com-
plex angle of refraction at transition from
the media 1 to the media 2.

If we consider the refraction at the air-
film interface, then the media 1 is air, 2 is
the metal film, 3 is glass. If the refraction
with surface polariton excitation by Kretch-
man method is considered, then media 1 is
glass, 2 is the metal film and 8 is air. The

ratio of the first (1) and second formulas
(2) looks like:

R . (3)
P _ A
B, - tgWel? =
(s + 185 - @)L + riprds - )
(Lt Ry )y + gy - )

Using correlation (3), it is possible to ob-
tain W(p) and A(¢) dependences under surface
polariton excitation by Kretchman method.

The curves tg¥(¢) for thin Ti film (d = 45 A)
are shown in Fig. 1. The curve corresponds
to experimental data and the 2 one, to theo-
retical calculations. As it is obvious from
Fig. 1, experimental and theoretical data
are in good qualitative accordance and the
trend of tg'V¥ dependence on the angle of
incidence ¢ is the same. Similar depend-
ences for thin Cr films (d = 80 A and
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Fig. 2. The curves tg¥ from the angle of
incidence ¢ for Cr film (d = 80 A).

d =100 A) are presented in Figs. 2, 3. The
trend of tg'W(¢) curves is identical here, too.
The quantitative coincidence of the curves 1

and 2 can be considered satisfactory.

Thus, it is possible to do a general conclu-
sion that the Airy formulas can be used to
calculate the amplitude and phase correlations
in the reflected light wave under surface po-

laritons excitation by Kretchman method.
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Fig. 3. The curves tg¥ from the angle of
incidence ¢ for Cr film (d =100 A).
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KyToBi 3ajIe:KHOCTI eJIinmcOMEeTPUYHUX IMapaMeTpiB
ToHKUX IWIiBOK Cr, Ti, Ag npu 30yaskeHHI MOBepXHEBUX
MOJIIPMTOHIB

A.A.MIu6ixo, 1.A . Illatikesuw, JI.JO.Menvrnuwenko

Ilniexa Ti ToBIMHOO 45 A i mrisku Cr ToBIHOIO 80 Ai100 A OIEPIKYBAJIVICSA METOIOM
BaKyYyMHOTO HANWUJIEHHS HA CKJAHI MiZKJIaZKMW i IJA HUX BUMipIOBAJIUCS KYTOBi 3alIeKHOCTL
eJIiICOMeTPUUHUX TIapaMeTpiB, a caMe asUMYTy BigHoOBJIeHOI JiHiliHOI mossapusanii Ak 3 60Ky
moBiTpA, Tak i 8 OOKY CKJa, TOOTO mpu 30yIKEeHHI ITOBEPXHEBUX IOJIAPUTOHIB 3a METOZOM
Kpeumana sa gomomoroi mpos3oporo HamiBIUWJIIHApPa MPU AOBKUHI xBuai A = 546,1 M. 3a
JaHUMU, OJEP:KAaHUMU 3 OOKY MOBIiTpSA, 0O0UMCIIOBANNCA ONTUYHI ctajyi miaiBok n i k, pospa-
XOBYBAJIUCS €JIIICOMEeTPUYHI ITapaMeTpu Ipu 30yI:KeHHI MOBepXHEBUX MoJApuToHiB. Omep-
JKaHI TeopeTWUHI pesyJbTaTU Y3rOIKYIOThCA 3 eKcIepuMeHTaJbHuUMH JanuMu. OcraHHE
cBiguuTh mpo Te, 1mo Gopmyau Eitpi MoKyTh OyTH 3acTOCOBaHiI L0 POSPaXyHKiB AK eiimco-
METPUUYHUX NapamMeTpiB, Tak i KoedimieHTiB BizbuBaHHA i TpomycKaHHA NpU 30yIKeHHI

IIOBEPXHEeBUX HOJIﬂpI/ITOHiB.
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