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Abstract

Rare carth oxides and fluorides are well known for Uheir refractory nature and chemi-
cal stability and so they find considerable application in clectronic and optical devices, The
present investigation deals with the optical properties of vacuum evaporated Yttrium fluoride
thin films, The thicknesses of the films deposited on cleancd glass substrates were measured
by a multiple beam interferometer, XRD technigue has been used for structural analysis
and dependence of film thickness on structure has also been discussed. Transmitlance mea-
surements were made over the wavelength range 400-800 nm, 1t has been observed that the
transmittance decrcases with the increase of film thickness. From the transmittance data the
absorplion index &y and refractive index ny were evaluated for the films of diferont thick-
nesses (78 to 136 nm). For a film of thickness 103 nm &y and 2y were calculated as 0,007
and 1.23 respectively at a wavelength of 500 nm. From e? versus e plot the optical band

gap-energy has been estimated as 2.0 eV and the type of Lransition was found to be allowed
and direct, '
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Iniroduction

~Rare earth oxides and fluorides are well known for their refltactory nature and chemical
stability and so they find wide spread applications in electronic and optical devices (Kierz &
Pecold 1969; Goswami & Goswami 1974; Maddocks & Thun 1962), Considerable amount of
‘work has been done on the optical properties of various rare earth fluoride thin films (Iass,
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Ramsey & Thun 1959; Panasenko, Nesmelov & Tagirov 1980; Paramasivain, Il.'adh':Lkrishmm3
& Balasubramanian 1983; Bezuidenhout & Pretorius 1987). However .not muclz v.:urk has
been carried out on the optical properties of Yttrium fluoride (YI:’s) thin films. This pz'l.pfe:
reports our work on the thickness dependence of optical properties of vacuunt evaporated
YT5 thin films,
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Figure 1. X-ray diffractogram of Yitrium Fluoride thin film of thickness 78 nm,

Experiment

The films were prepared by making use of a 0,.3m conventional vacuum coating unit al
a pressure of 2,66 x 1072 pa, The Yttrium fluoride powder of purity 99.99% (Indian Rare
Earths Limited, India) made in the form of pellets was evaporated {rom a resistively heated
tungsten conical basket onto cleaned glass substrates to form the YF'3 layer. A constant rate
of evaporation was maintained during the film formation. The thicknesses of the films were
measured by making use of Tolansky technique (Fizeau fringes). Transmission measurements
were made over the wavelength range 400-800 nm using a double beam spectrophotometer
(Philips, pye unicom 8825, England). The structural studies have been carried out with the

help of an X-ray generator and diffractometer PW1729 (Philips Holland) with filtered CuK,
radiation (0.15418 nm),

Results

The Figs.1 and 2 show the X-ray diffractogram of an YF3 thin films of thickness 78 nm
and 152 nm respectively coated at room temperature. The absence of peak observed from
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the Fig.1 for a film of thickness 78 nm reveals that the deposited film possesses amorphous
structure, TFrom the Fig.2, it can be inferred that the observed small peaks may be due to
the small crystallites for the deposited film having higher thickness.
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Figure 2. X-ray diflractogram of Yttrium Fluoride thin film of thickness 152 nm.

Fig.3 reprsenls the variations of transmitiance with wavelength for Y Fa film of differ-
ent thicknesses, It is observed thal the transmittance in the visible region is fairly high
and increases slowly with wavelength. At higher wavelength (800 nm) region, it tends to
become constant thereby suggesting that the films are non-absorbing in that region. The
non-absorbing nature of rare earth fluoride films has already been well established with spec-
trophotometric measurements by Hass et al, (1909) Similar effect has also been observed by
C‘oswa,ml et al, (1974) for Dy, O3 thin films.

. The absorption index (k;) and relractive index (n;) for the films have been calculated
using the relation (Goswami & Goswami 1975)

4in g 21d o 2md
el (nb+1)2608 ——ny + (no/ny+ n;)%m ny.

To A Y

" where ny is re!‘rdctwe index of glass substrate, n_,r is. refmctlve mdex ol‘ film and dis thmkness
of the ﬁlm :
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The absorption cocfficient & can be calculated as

a = 4rwkg/), and the absorpiion index

kg = 2.303 X (d/47)) x log(1/Ty)
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Figure 3, Plot of transmittance (%) versus wavelength,

Fig.4 represents the variation of ny with wavelength (A) for different thicknesses. It
is scen that ny is almost constant in the wavlength region of 400 - 800 nm (Paramasivam,
Radhakrishnan & Balasubramanian 1983). The refractive index s found to be slightly de-
ct.'easing with increase of film thickness which may be duc to the incorporation of the residual
air molecules during he film formation (Maissel & Galang 1975). Also, the band gap energy
increases with the increase of film thickness, This may be due to the budding of crystallite
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at higher thicknesses of the film (Chopra 1976) which is in conformity wilh our earlier ob-
servalion on the structural studies. And the type of transition has been found to be allowed
and direct.
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Figure 4. Variation ol refractive index with wavelength for different film thicknesses.

From Fig.5, a® (absorption cocflicient) versus fir (photon energy) plot, the optical band
gap energy has been estimated for different thicknesses of the films and the resulls are given
~in the Table 1. ' C

Table - 1 7
Film thickness (nm) ny Band gap energy (eV)
78 ' ' 1.31 ' R
108 1.23 2.0

16 1.20 | 2.15
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Figure 5. Variation of absorption coefficient versus photon energy.
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