JOURNAL OF MATERIALS SCIENCE36(2001)1857—- 1861

Optical constants of the nano-crystal and
polymer composite thin film PbTiO3/PEK-c
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Composite thin films of PbTiO3 nano-crystals and high transparency PEK-c polymer were
prepared by spin coating. The size of PbTiO3 nanocrystals was evaluated to be 30-40 nm.
The transparency spectra of PEK-c composite thin film in 360-800 nm were measured. The
optical constants n, k of the film in the wavelength range 400-620 nm were investigated by
the transmission spectrum. The dispersion of refractive index fits well to a three-term
Sellmeier relation. At 633 nm wavelength the refractive index of PbTiO3/PEK-c film was
measured to be 1.6628 by a prism coupling method and showed a good agreement with
the calculated value using the Sellmeier relation. © 2001 Kluwer Academic Publishers

1. Introduction of merit. A new high quality PbTig@/PEK-c thin film

In recent years, the rapid development of optical comwas prepared by spin coating technology.

munication and optical computation has brought about Because the optical constants of a composite film

the development of the materials and devices forlnd their dispersion are important design parameters in

both photonics and photoelectronics. Glassy polymergabrication of an optical coating, we measured the re-

doped with the electro-optic active units have signifi-fractive index of the PbTigJPEK-c composite film at

cant nonlinear optical effect after poling by an electric632.8 nm using the Metricon 2010 prism coupler with

field. They have great potential for waveguide applica-+utile prism and the transmission spectrum of it using

tions in integrated optics and photoelectronics [1].  a UV-VIS-NIR spectrophotometer. In this article, the
Lead titanate (PbTig) is a perovskite-type ferroelet- composite refractive indem; of PbTiO:/PEK-c poly-

ric material. It has a high spontaneous polarization Psner film has been studied in the wavelength range (400—

(750 mC/nf) and a small relative dielectric constant 620 nm) by measuring the transmittance of the film. A

&r (~100). It also has high electro-optic coefficients. calculation based on the method described in [3] was

However, synthesis of large, perfect, and pure PRTIO performed for deducing optical constants at different

single crystals is very difficult [2]. In our research, wavelengths.

PbTiO; nano-crystals were used as the nonlinear chro-

mophores. The transparent polymer polyetherketone

(PEK-c), which possesses a very high glass transitio2. Experiments and results

temperature and a low intrinsic dielectric coefficient,2.1. Preparation of PbTiO3 nano-crystals

was selected as polymer host. By way of compositiorNanocrystalline PbTi@has been synthesized by the

of the nano-crystals and polymer, it is hopeful to im- chemical solution decomposition (CSD) technique.

prove the stability of the electro-optic polymer materi- Firstly lead acetate trihydrate [Pb(GEIOO), - H,0]

als and obtain materials with a high electro-optic figurewas dissolved in 2-methoxyethanol. Then titanium
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dissolved into chloroform, PbTi{was put into the so-
lution, and the mixture was blended quite well using
ultrasonic vibration. After the PbTi{was dispersed,
the solution was directly deposited on a 1.06-mm-thick
K18 glass substrate by spin coating at 2000 rpm for
40 s. Finally the film was putin a baking oven at80
for 30 min to remove residual solvent.

U JJ\_/VU"\MA/\.LA— 2.3. Measurement and calculation
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\ of optical constants
20 30 0  Theoptical properties of a material may be represented
by the refractive indexh and the extinction coeffi-
20 (degreE) cientk which are the real and imaginary parts of the
complex refractive inder. = n — ik respectively. The
Figure 1 XRD pattern of PbTi@ nano-crystals. refractive indexn at 632.8 nm was measured firstly us-
ing a Metricon 2010 prism coupler with rutile prism.
The measured value of the refractive index was 1.6628.
a ¢ The thickness value was obtained simultaneously, as
1.22 um. Although the method possesses fine preci-
» o ==l sion, only the refractive index of the film at 632.8 nm
° was measured. The measurement of the transmission
. ® 4 ’7 spectrum of light through a thin absorbing film on a
) b transparent substrate is sufficient to determine the real
» 5 and imaginary parts of the complex refractive index,
- w ® as well as the absorption coefficienbf the film. The
method is used to determiné.) and« (1) from the in-
terference fringes of the transmission spectrum alone,
provided the film sample is homogeneous and parallel-
faced, the thicknesd of the film is about a few mi-
crons. The effective bandwidth of the spectrophotome-
teris kept smaller than the half-width of the interference
maximum. So an interference fringe pattern appears on
the transmission spectrum of the thin film. The accuracy
of the method is of the order of 1% [3].
Figure 2 The TEM photograph of PbTi©nano-crystals. AUV-VIS-NIR s_pectrophotomgte_r (Lambda 19) was
used for measuring the transmission spectrum of the
film. The variation in transmittance T of PbTHPEK-c

butoxide [Ti(OGHo)4] was added into the solution to filM With wavelength is shown in Fig. 3.

form the PbTiQ precursor solution under stirring. The Ve consider the extreme values of the transmission
mole ratio of Pb and Ti was selected to be 110 : 100SPectrum as the continuous functions of wavelength

The solution was baked to vaporize the solvent, leavZ- €orresponding to the envelopes of the maxima and
ing PbTiQ; ultrafine precursor powder. Finally the the minima in the transmission spectrum. For a fixed
dried powder was processed by rapid thermal annealinff@velength, functionSmax(%) and Tmin(%) give us the
(RTA) at 700.C for 60 s and transformed into nanocrys- Yalu€s 0fTmax andTmin. Then the refractive index of a

talline PbTiQ. film can be calculated by
The crystal structure of the microcrystals was identi- Uatr2
fied by XRD with Cu K,; (A =0.15406 nm) radiation n =[N+ (N? - n2n?) / ] / 1)

operated at 40 kV and 20 mA. Fig. 1 shows the XRD
pattern of PbTiQ powder. It conforms to the standard where
XRD pattern of PbTiQ. The size of PbTi@microcrys-

tals was evaluated by transmission electron microscopy n3 + n3 Tmax — Tmin

(TEM: H-800 Hitachi). Fig. 2 is the TEM photograph N = + 2nony S

of PbTiO; microcrystals. The size of the PbTi®ni-

crocrystals is about 30—40 nm. whereng denotes the refractive index of air angdde-

notes the refractive index of the transparent substrate
at a given wavelength respectively. The variation in the
2.2. Preparation of PbTiO3/PEK-c refractive indexn; with wavelength for the transparent
composite thin film substrate is shown in Fig. 4.
The PbTiQ/PEK-c composite films were prepared by Equation 1 shows that at a given wavelength is
spin coating. The weight ratio of PbTi®nicrocrystals  explicitly determined fronTmax, Tmin, No andny at the
to the polymer PEK-c is 20%. After the polymer was same wavelength.
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Figure 3 Variation in transmission with wavelength for PbRO
PEK-c film.
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Figure 4 Variation in refractive index; with wavelength for substrate.

The thicknessl of a thin film can be calculated using
the following equation:

d— MAXiAo
~ 2[n(A)rz — N(h2)Ad]

2

whereM is the number of oscillations between the two

extremai, n(11) andi,, n(),) are the corresponding
wavelengths and indices of refraction. Knowimgind
d, the absorption coefficientof a thin filmis calculated
by the formula

a=—=1InK 3)

where

_ (n+ 1)1 + [ — (Tmax/ Tmin) 2]
— (N = 1)1 — N[ 1+ (Tmax/ Tmin) 2]

The extinction coefficierk of a thin film is given by

A
= —a
4

k 4
Knowingn andk, we are able to calculate the real and

imaginary parts of the complex dielectric constant,
ands”, using the equations:

¢ = 2nk 6)

The loss factor tafi is given by

"

tans = - @)

&y

We have calculated the refractive indeyof the film

at different wavelengths using Equation 1. The spectral
dependence of the refractive indefor PbTiO;/PEK-c
filmis shown in Fig. 5. The value of the refractive index
ndecreases with increasing wavelength. The dispersion
of the refractive index for the PbTHIPEK-c film was
fitted to the three-term Sellmeier dispersion formula [4]

C

B
n=Atpta

(8)
wherel is in microns,A, B andC are the Sellmeier’s
coefficients, andA is 1.68438,B is —0.01678,C is
0.003. At 633 nm wavelength the refractive index of
PbTiOs/PEK-c film was calculated to be 1.6612 using
the Sellmeier relation. The thickned®f the thin film
is calculated using Equation 2.

The obtained value af is 1.28,.m. The value of the
refractive indexn at 632.8 nm and the thicknedsare

1.69 b

1.68F B

1.67F . _

Refractive Index(n)

1.66 i
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Figure 5 Variation in refractive indexn with wavelength for PbTigf
PEK-c film.
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Figure 6 Absorption coefficienta against wavelength for PbT#D  Figure 8 Real parte] of the dielectric constant as a function of wave-
PEK-c film. length for PbTIQ/PEK-c film.
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Figure 7 Variation in extinction coefficientk with wavelength for ) ) ] ] )
PbTiOs/PEK-c film. Figure 9 Imaginary parts” of the dielectric constant as a function of
wavelength for PbTig/PEK-c film.

consistent with the result of measuring by the Metricon 7 80 et

2010 prism coupler.
The absorption coefficient and the extinction co- 7.60f _
efficientk of the film are calculated using Equations 3 I
and 4 respectively. Figs 6 and 7 show the plotsyof 740k ]
andk against wavelength for PT/PEK-c film. Itis clear -
from Fig. 6 that the values of the absorption coefficients 7.20} .
o for PT/PEK-c film are of the order of 2@m?, that %
is the film is weakly absorbing. °§ 7.00F .
The calculation of the real past and imaginary part = - £
¢” of the complex relative dielectric constant of the thin 8.80 .
film has also been made using (5) and (6). The variation
in these two parameters with wavelength are shown i 6.60 .
Figs 8 and 9.
From these figures, we can see that the realsgpart 640ttt b bt L
the dielectric constant decreases with increasing wave 400 420 440 460 480 500 520 540 560 580 600 620
length. The loss factor tahof PbTiOs/PEK-c film has Wavelength(nm)

been calculated using Equation 7 from the values of
ande” obtained above. The variation in the loss factorrigure 10 variation in loss factor tas with wavelength for PbTig/
tans with wavelength is shown in Fig. 10. PEK-c film.
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