
In research and development, insight into the composition and structure of new materials and devices is essential. Materials Analysis

offers a full range of methods and expertise not only to provide the required analytical information, but also to act as a partner in prob-

lem solving. The support of Materials Analysis during the development of polyLEDs is a good example of how analytical information

leads to a better product.

P h i l i p s  R e s e a r c h

Polymer LEDs
analytical problem-solving
for better performance



A polymer-based Light Emitting Diode (polyLED)
looks like a rather simple device (fig. 1). An emis-
sive PPV polymer is sandwiched between a metal
cathode and an optically transparent anode of indi-
um-tin oxide (ITO) on a glass substrate. PPV stands
for polyphenylene-vinylene of which the basic
structure is given in fig. 2. By changing the chemical
structure of this material, the color of emission can
be varied. An electrical voltage applied between
the anode and the cathode will cause the PPV poly-
mer to emit light. Daylight visibility can be obtained
at a few volts and there is no viewing-angle
dependency, which make polyLEDs an interesting
basis for displays.
The processing technology is straightforward. The
polymer layer is applied by spin casting from a 
solution, which allows large-area devices to be
made with good homogeneity and at low cost.
Using a plastic foil instead of a glass substrate
opens up the possibility to produce large and 
flexible LED displays in the future.

Fig. 1: Device layout of a polyLED.

Lifetime problems

During life tests an undesirable efficiency reduc-
tion in light emission was observed. One of the
suspected reasons was the possible oxidation of
the metal cathode. XPS and Auger analysis
were used to investigate this possible oxidation.

Depth profiling on a polyLED did indeed show 
oxidation of the metal cathode. The cathode 
contained oxygen, chemically bound as a metal
oxide (see fig. 3). It also became apparent that this
oxidation is not the cause of the deterioration of
the light emitting performance of the polyLED.
Indeed, a thin oxide layer seems necessary for an
optimal performance of the polyLED.

Analysis also showed a decrease of the oxygen
concentration at the ITO surface as a function of
time. This oxygen depletion from the ITO
surface was a much more serious problem, which
can be prevented by inserting a conductive poly-
meric (PEDOT) layer between ITO and PPV.

During other life tests a colour change of the
polyLED from orange to green was observed.
Such an effect can be due to changes in the 
polymeric material. Fourier Transform Infrared
spectroscopy (FT-IR) has been used to character-
ize the PPV in devices before and after operation.

Fig. 2: Basic molecular structure of 
polyphenylenevinylene (PPV).
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XPS (X-ray Photoelectron Spectroscopy) is a technique
in which a surface is irradiated with soft X-rays causing
electrons to be emitted. The energy of the emitted elec-
trons is characteristic for each element present and its
chemical environment. In this way information is
obtained about the chemical composition of the investi-
gated layer. Due to the short mean free path of the
XPS-electrons the typical information depth is a few nm.
However, depth profiles can be produced by alternating
analysis and removal of material by bombarding the sur-
face with ions.

Auger analysis is another technique for the analysis of
surfaces and thin layers. In this case, a focussed electron
beam is used to irradiate the sample leading to the 
formation of so- called Auger electrons. Each element
present gives a specific energy spectrum. As is the case
with XPS, the mean free path of the Auger electrons is
in the order of a few nm with the result that Auger
analysis is also a very surface sensitive technique.
Auger measurements can be done with a high lateral
resolution (40 nm) and depth profiles can also be
obtained. Unfortunately, obtaining chemical information
is more difficult.



FTIR provides characteristic information for the 
identification of chemical structures. When a sample is
irradiated with IR radiation, part of this will be
absorbed by the sample molecules and converted into
vibrational energy with frequencies that depend on the
functional groups present in the sample. The amount
of absorption as a function of frequency allows identifi-
cation as IR spectra are very characteristic.

It was proven that the colour change was due to
the degradation of the PPV. A loss of double bonds
was visible as a decrease of the carbon-carbon
double bond band at 966 cm-1 (fig. 4). Slight modi-
fications of the R groups in the PPV structure 
(fig. 2) improved the stability of the light-emitting
polymer to an acceptable level.

Fig. 3: Auger depth profile of a polyLED after a life
test. Atomic concentrations are plotted versus etch
time (in minutes). The depth profile was stopped in
the middle of the PPV layer. The presence of oxygen
is obvious at the interface between polymer (C) and
metal (Me) cathode.

Fig. 4: Part of reflectance IR-spectra of the polymer
layer as a function of lifetime. To perform the IR
measurements the metal cathode had been removed
with diluted acid.

Electrical shorts
Apart from lifetime problems sometimes "sudden
death" problems occurred in basically good
devices, for instance due to electrical shorts. It was
suggested that indium diffusion from the ITO
layer into the PPV/PEDOT polymer layer could
cause electrical shorts when the indium reaches
the metal cathode. Rutherford Backscattering 

RBS is a non-destructive technique especially suited to
analyze films up to 1 µm. A beam of high energy (2
MeV) helium ions is directed at a sample and the ener-
gy and number of backscattered  helium ions is meas-
ured.The higher the mass of the atom that is hit by a
helium ion, the higher the energy of this helium ion will
be after backscattering.This effect results in mass dis

Spectrometry (RBS) was used to investigate the
presence of indium in the polymeric layers.
Measurements were done on a wide variety of
samples. Only very small amounts of indium were
found in the PEDOT layer. In the PPV layer no indi-
um was detected (fig. 5). Therefore it can be con-
cluded that the presence of indium in the
PPV/PEDOT layer is negligible. So indium diffusion
into the polymeric layers does not occur and
therefore not responsible for the electrical shorts.

crimination. The number of backscattered ions is pro-
portional to the number of atoms of the corresponding
element. Depth resolution is obtained by energy loss of
the helium ions due to electronic stopping in the sam-
ple. Hence, the element concentrations and the thick-
ness (at a presumed density) can be derived from an
RBS spectrum.

The presence of small particles can also cause
electrical shorts. To detect and characterize these
particles in the polymer layers, Scanning Electron
Microscopy (SEM) in combination with Electron
Probe X-ray Microanalysis (EPMA) can be used.

In a SEM the sample is irradiated with electrons.
Secondary and back-scattered electrons will give sur-
face images mainly based on topographic contrast and
differences in average atomic number respectively.
Simultaneously emitted X-rays can be used for elemen-
tal analysis of the surface layer of the sample.
The analysis information depth can vary from 
< 0.1 µm to several µms, depending on the energy of
the electrons, the average atomic number of the inves-
tigated material and the energy of the observed X-ray
line. SEM/EPMA analysis can even be performed on
spots that are smaller than 1 µm.

Fig. 5: RBS spectrum of a polyLED sample.
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Glass substrates with sputtered ITO layers from
several suppliers were investigated using
SEM/EPMA to determine a possible correlation
between the electrical shorts in the polyLEDs and
impurities in the applied ITO layer. On all sub-
strates a large number of small particles (often 
< 0.3 µm) have been traced and successfully 
analyzed (fig. 6).
Several types of defect have been found, e.g. ITO
particles, particles of stainless steel, damage to the
ITO layer or to the glass. All can lead to an elec-
trical short in the polyLED. Based on the measured
composition the sources of the particles could be
traced and eliminated.

Fig. 6a: SEM photo of a Sn-rich particle, magnifica-
tion: 5,000x.

Fig. 6b: Corresponding X-ray emission spectrum of
particle. The spectrum clearly shows the presence of
mainly Sn and some In in the particle (Si and O are
from the glass substrate).

Phi l ips  Research Materia ls  Analys is  
offers a full range of analytical methods and
expertise to support both research and 
manufacturing, serving customers by taking an
integral, solution-oriented approach.

For more information:
Tel./fax: +31 -40-27 43210/43075
E-mail: materialsanalysis@philips.com
http://www.philips.com/materialsanalysis
http://pww.natlab.research.philips.com:25222/
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