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Abstract: It is generally assumed that the electro-
luminescence emission pattern from OLEDs is
approximately Lambertian, spatially incoherent and
diffuse. Recently, we measured the spatial coherence
properties of light emitted by organic electro-
luminescent devices based on most widely used organic
light emitting material tris - (8-hydroxyquinoline)
aluminum (Alq;) using Young’s double slit experiment.
Fourier transform technique was used for the
measurement of visibility of the interference fringes and
from which the modulus of the degree of spatial
coherence was determined. It has been confirmed that
the coherence properties of the light emitted by a simple
organic light emitting device (OLED) matches with that
of practical Lambertian sources.

Keywords: Organic light emitting diodes; spatial
coherence; optical interferometric technique.

Introduction

Organic light emitting devices are of considerable
interest and have gained a great deal of attention
because of their high luminance, low driving voltage
and high efficiency [1-2]. It is well known that the light
generation mechanism in OLEDs is due to the radiative
recombination of excitons on electrically excited
organic molecules. Light is generated from thin organic
emitting layer spontaneously in all directions and
propagates via various modes, that is, external modes
(escape from the substrate surface), substrate-, and
indium tin oxide (ITO)/organic-wave-guided modes due
to total internal reflection (TIR) [3-4].  Optical
characterization of OLEDs is generally done by
measuring the photoluminescence (PL) and electro-
luminescence (EL) spectra which gives information
about radiative life-time, spectral-peak, spectral-width,
and color of the emitted light. Apart from these, one of
the important characteristics of practical light sources to
be determined is the intensity distribution and
coherence properties for the complete optical
characterization of light emitted by them.

There has been enormous amount of research and
development in the measurement of coherence
properties of Lambertian and non-Lambertian
sources[5-6]. So far spatial coherence properties of
practical Lambertian sources, such as, diffuse reflectors,
thermal light sources (gas discharge lamps or
incandescent matter) and sources of blackbody radiation
has been widely studied [5-6]. As mentioned above that
the future practical lighting sources would be OLEDs
because of their low power consumption, high
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efficiency, low cost, flexibility and long life-time. In
many industrial applications of OLEDs, such as, for flat
panel displays and general lighting spatially incoherent,
wide angle, and diffuse light pattern is required. It is
generally assumed that the EL emission pattern from
OLEDs is approximately = Lambertian  [1-2].
Measurement of coherence properties, in particular
spatial coherence of the EL emission gives information
about the distribution and propagation of light
generated by the source. In this letter we report the
measurement of spatial coherence properties of light
emitted by organic electro-luminescent devices based
on tris - (8-hydroxyquinoline) aluminum (Algs).

Experimental Details

Bilayer OLEDs were fabricated on indium tin oxide
(ITO) coated glass substrate using a shadow mask to
obtain 4mm X 10mm active device area. The hole
transport layer in these devices was 25 nm thick
triphenyl diamine (TPD) deposited by vacuum
evaporation technique after the ITO surface was treated
by O; plasma. The electron transport and emitting layer
in all devices were 35 nm Alq; deposited by vacuum
sublimation. The cathode consisted of ~1 nm thick LiF
layer and a 100 nm thick aluminum layer.

Determination of degree of coherence:

Coherence measurements were performed using the
Young’s double slit experiment by varying the size of
the source and double slit separation. The schematic
experimental set-up for measuring the spatial coherence
of the light emitted by OLED is shown in Figure 1.

Figure 1. Experimental set-up for measuring the
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spatial coherence of the light emitted by OLED.

A variable rectangular aperture 4 was illuminated by
light emitted by OLED uniformly and incoherently. In
the far zone of A4, at a distance of R = 55 cm, a double
slit with each slit opening of 150 um was placed. The
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separation between the double slit b was also varied
between 400 um to 760 pm. In the far-zone of the
double slit at a distance of » = 60 cm two-dimensional
interferograms were recorded by a cooled charge-
coupled device (CCD) camera for various slit
separations and were stored in the computer for signal
processing. In a two-beam interference based on
Young’s double slit experiment the intensity of light at
a point Q in the detector plane is written as[5-6].
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where [;(Q) and I,(Q) are the intensities of the two
beams, }/12(2'): }/(RI,RZ,T) is the complex degree
of spatial coherence of the light at points P; and P,
which are at distances R; and R,, respectively from the
source, T = r,-r;/c is the time delay between the two
beams reaching at point Q (with r;, and r, being the
distances of the path traveled by two beams reaching at
point Q as shown in Fig. 1 and c the speed of light) and
Pi2(z) is the phase of y;»(z) varying between 0, and 7.
Traditionally, the fringe visibility ¥(Q), which is the
measure of the sharpness of interference fringes at point
0, is determined by measuring the maximum (/,,.x) and
the minimum (/;,) of the interference fringe intensity
using the following expression [5-6].
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Assuming [(Q) = L(Q) = I(Q) Eq. (2) reduces to
Q)=|}/12(TX, from which the modulus of the
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degree of coherence can be determined.

In the present study we used Fourier-transform fringe
analysis technique to determine the visibility of the
interference fringes [7]. According to this technique the
first-order spectrum of the Fourier transform gives
information about the depth of modulation and phase of
the interference fringes. The degree of spatial coherence
can be determined by computing the ratio of the first
order peak with that of zero-order peak [7].

Theoretically it has been shown that the degree of
spatial coherence of the light field generated by a
spatially incoherent source is given by the following
expression

712(7):

sin(abw/2¢cR)

(abw/2cR) ®

where a is size of the aperture 4, b is the separation
between the two slits, and R is the distance between the
aperture plane and the double slit plane.

Results and Discussions

Figure 2 shows the electroluminescence EL spectrum of
a typical Alq; based OLED. The EL spectrum peaks at
520 nm
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Figure 2. EL spectrum of Alg; based device

Figure 3 shows the interferograms recorded by varying
the double-slit separations from 400 pm - 760 pm for
rectangular aperture opening fixed at a = 450 um.
interferograms were also recorded for similar double-
slit separations for @ = 500 um. During the recording of
the interferograms exposure time of the CCD camera
was maintained 1 second and utmost care was taken to
avoid the stray light. Two-dimensional fast Fourier-
transform (2D-FFT) of each interferogram was then
computed. Fig. 4 shows an example of 2D-FFT
corresponding to the interferograms recorded for b =
400 uym and a = 450 pm. The visibility of the
interference fringes was determined from the ratio of
the first order spectral peak height of the spatial carrier
fringes to that of the zero-order spectral peak [7]. In
Figure 5 solid circles with error bars represents the
experimentally determined values of the degree of
spatial coherence of the light emitted by OLED for the
rectangular aperture opening of @ =450 pum.

Figure 3. Interferogram for double slit opening, b
=400 ym and aperture size, a = 450 ym

The experimental results of the spatial coherence were
compared with the theoretical values by inserting the
values of the experimental parameters a, b, and R in Eq.
(3). In Figure 5 solid curve shows theoretically
calculated values of the modulus of the degree of spatial
coherence. The experimental results of spatial
coherence agree well with their theoretical counterparts
within the experimental errors. These results show that
the distribution of light emitted by the OLED device is
quasi-homogeneous Lambertian and for such sources
the spatial coherence of light across the source plane is
of the order of /2 [5-6].
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Figure 4. 2D-FFT corresponding to the interfero-
grams recorded for b = 400um and a = 450 uym
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Figures 5. Solid circles are experimentally
determined values of the degree of spatial
coherence of the light emitted by OLED for the
rectangular aperture opening of a = 450 ym and
solid curve is theoretically calculated values of the
modulus of the degree of spatial coherence.
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