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Abstract

We report on the spectroscopic ellipsometry (SE) characterization and modeling of the light and environmental induced degradation of PPV prepared by xanthate precursor route. We find a decrease in the refractive index as well as absorption coefficients after exposure to light in air ambient. Further, a decrease in film density and increase in film thickness is also observed on light exposure in air. On the other hand, optical constants are not affected by light exposure in vacuum. 
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1.  Introduction

     Since the discovery of light emission in 1990 by Burroughes et al. [1] from Poly(p-phenylenevinylene) (PPV), a large number of conjugated light emitting polymers and copolymers have been investigated for their potential applications in display devices. Conjugated polymers are usually susceptible to environmental aging [2], and photo-oxidation [3], which influence their viability for commercial utility. Oxygen in presence of light is shown to affect the vinylene groups in PPV backbone [4] leading to formation of carbonyls, which quench the photo-luminescence.  Further, the oxygen from the transparent conducting indium tin oxide (ITO) electrodes may also influence the device behaviour [5]. Therefore, it is necessary to understand the effects of oxygen and light on these conjugated polymers to enhance the efficiency and lifetime of PLEDs. Spectroscopic ellipsometry (SE) being sensitive to the local atomic polarizabilities offers an attractive option to study the degradation effects in conjugated polymers.
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2.  Experimental

     Poly(p-phenylenevinylene) (PPV) was prepared by xanthate precursor route rather than the common Wesseling procedure, because of several advantages like  solubility  in common organic solvents, low viscosity of  solutions, stability and amorphous nature due to presence of cis-linkages [6]. 

The precursor solution was obtained by dissolving 12 mg/cc of polymer in cyclohexanone. Thin films of PPV were   prepared by spin coating the solution of precursor polymer on c-Si, ITO and Quartz substrates at 1000 rpm for 1 minute and then heated at 185(C for 6 hours in presence of forming gas (15% H2/N2). The substrates were cleaned using standard procedures before film deposition. A 5 minutes ozone treatment was done to remove any residual organic matter. ITO coated glass and quartz substrates were roughned on the backside to avoid back reflections in the ellipsometric measurements.

Spectroscopic ellipsometry (SE) data was recorded on the samples just after deposition using a phase modulated spectroscopic ellipsometer (UVSEL, Jobin Yvon Horiba) with a wavelength scanning range from 260 to 1700 nm. Incident angles could be changed at 5 degrees interval from 55 to 75 degrees. Photoluminescence data at room temperature was recorded using a spectrofluorometer (Fluorolog 3, Jobin Yvon). 

3. Results

All the samples studied in this work showed strong photoluminescence (PL) having three peak structure (510, 544 and 586 nm) at room temperature. As compared to the material prepared using Wesseling process, the 544 nm peak is found to be blue shifted by ~5 nm [6]. 

Ellipsometry measurements yield a complex reflectance ratio:
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Fig. 3 Effect of light exposure

 on the PPV film thickness. SE 

data was recorded in

-

situ.

 


where rp and rs are the reflectances in parallel and perpendicular directions to the plane of incidence. In order to obtain the complex dielectric function, 
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= n(E) +ik(E), of the polymer films on c-Si and quartz, a three phase (ambient/film/substrate) model was employed. Analysis of films on ITO was carried out using a multilayer analysis. ITO coated substrates were optically analyzed before the PPV deposition. The optical functions of ITO were parameterized using a model dielectric function having a combination of Lorentz oscillators and Drude term due to plasma absorption.

Figure 1, shows the refractive index n and k for the ITO substrates used in this study. Onset of plasma absorption is clearly visible at higher wavelengths. The film thickness was found to be ~ 140 nm in excellent agreement with the profilometry data.
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The optical functions of the films in the energy range (0.75 - 3.6 eV) were parameterized using a model dielectric  function  corresponding  to  an  amorphous 
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Fig. 2 Effect of light exposure in air ambient on the optical 
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semiconductor. Higher energy part upto 4.75eV could be modeled using a double oscillator model. The non-absorbing part of the spectra (low energy <1.6 eV) could also be fitted using Cauchy’s dispersion relation leading to film thickness and real part of the index, n(E).
Figure 2 shows the real and imaginary part of the refractive index for an as-deposited film. The influence of light exposure using the Xe arc lamp in the laboratory ambient was studied in-situ on the same sample spot. Figure 2 also shows a continuous decrease in the refractive index as well as extinction coefficients as a function of exposure time, tex. It may be pointed out that no appreciable change could be observed in the optical functions on light exposure in vacuum for 6 hrs using W lamp.  Further, annealing of the samples at 120oC in vacuum for 1 hr also did not affect the optical functions of the as-deposited state or light exposed films.

On the other hand, film thickness is found to increase monotonically with tex as shown in figure 3.

4.  Discussion

The nature of optical functions is similar to those reported by Wan et al [7] and Comoretto et al [8].  However, we did not observe any anisotropy in the optical constants. This could be due to the disordered nature of the PPV formed through xanthate precursor route [6]. Further, the films deposited at different substrates (Si, quartz and ITO) show only minor variations in the n and k values. In particular, films deposited on ITO show slightly lower n, indicating smaller packing density. This could be ascribed to the influence of substrate morphology.

The light induced changes in 
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were also accompanied by the degradation in PL intensity and infrared spectra measured on the same samples, similar to the results reported by other researchers [2,9]. However, a direct evidence of a thickness increase due to oxygen uptake during light induced chemical changes is reported for the first time.

Here we would like to note that the organic films are transparent at low energies (<1.5 eV), while the transparent conductor (ITO) shows increasing plasma absorption due to high carrier concentrations. This combination  provides  a  good  phase contrast  in   the 

ellipsometric  data  at  the  PPV/ITO  interface.  This should offer a unique possibility to probe the interface non-destructively. We indeed see a change in the measured ellipsometric angles on PPV/ITO samples exposed to UV light in vacuum. A detailed analysis of the results is underway and will be presented elsewhere. 

 5. Conclusions

PPV films on different substrates have been prepared using xanthate precursor route. Optical functions, 
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, have been determined using spectroscopic ellipsometry in an extended wavelength range upto 1700 nm. The real as well as imaginary part of 
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is found to decrease irreversibly as a function of light exposure in air. In addition, film thickness is found to increase due to chemical changes in the film structure.

Near infrared range in the ellipsometry is found to be particularly useful in analyzing organic polymeric samples deposited on the transparent conducting oxides.
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Fig. 1 Optical constants of ITO film on glass substrate.
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