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Transflective LCD’s are generally preferred for mobile applications since the combination of backlighting and reflection of

ambient light provides excellent visibility under virtually all lighting conditions. To make such devices, a special so-called
retarder layer is essential. In a new process this retarder layer is structured on a sub-pixel scale by polymerisation.To optimize its
performance it is essential to completely understand the individual processes that are involved in the production process.

This note describes how Fourier Transform Infrared (FT-IR) spectroscopy makes it possible to analyse this process in-situ.

In-situ analysis of a polymerization process
An FT-IR study in transflective displays
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Fig. 1: A transmissive (a), a reflective (b) and a
transflective (c) display.

Transflective LCD’s

Transflective LCD’s use a combination of backlighting
and reflection of ambient light, which provides excel-
lent visibility - no matter how much external light is
present. Simply combining the two conventional sys-
tems (transmissive and reflective) is not possible as
the light originating from the respective parts of the
display is differently polarized (figure 1). New so-
called retarder layers are developed to overcome this
difference. The retarder layer should correct for the
differences in polarization resulting in drastically
increased visibility, as all light will pass the polarizer.
The image on the front page shows the difference in
performance between a transmissive (upper display)
and a transflective (lower display) LCD under similar
ambient light conditions.

Retarder layer

The structure of the retarder layer is defined
by the polymerization of liquid crystalline (LC)
diacrylates (figure 2). Liquid crystalline diacrylates
consist of a stiff central core that allows the forma-
tion of either a disordered or an ordered phase.
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Fig. 2: Schematic representation of the molecules in a
single pixel during the manufacturing process of a
thermally patterned retardation film.

An alignment layer (not shown) on top of a glass
substrate forces the molecules to align and form
an ordered phase (figure 2a). The achieved molec-
ular order is made permanent for part of the
molecules using UV exposure through a mask by
polymerization of the acrylate endgroups (figure
2b). The non-irradiated molecules can be brought
to a disordered phase by heating the substrate (fig-
ure 2c), after which complete cross-linking is
performed by UV exposure (figure 2d). In this way
the molecular order of the diacrylates can be
manipulated locally. This technology makes it
possible to adjust the optical activity of the
retarder even on (sub) pixel level.

FT-IR

FT-IR spectroscopy makes it possible to elucidate
the chemical and molecular composition of inor-
ganic and organic compounds. When a sample is
exposed to IR radiation (A = 1-100 pm) part of the
radiation will be absorbed by the sample molecules
and converted into molecular vibrational energy.
As the vibrational energy depends on the mass of
the atoms, the force constant of the bonds, the
geometry and environment of the molecule, an
FT-IR spectrum is characteristic for a complete
molecule. The amount of absorption at a specific

frequency can be used to quantify the presence of
the corresponding bonds.

In-situ analyses of the polymerization
process

Using FT-IR the polymerization of the LC material
can be monitored as a function of time. Under a
nitrogen atmosphere, the LC material is exposed
to UV radiation for 15 seconds. An FT-IR spectrum
is recorded every 30 seconds. Afterwards the
polymerization degree can be determined from the
changes in the spectrum.

When an acrylate is polymerized the C=C bond at
the end of the chain is converted into a C-C bond.
This process is clearly visible in the FT-IR spectra
as the absorption peak at 1407 cm-! (vibration
related to double bond of acrylate) disappears in
time (figure 3). If the size of this peak is used as a
standard for the amount acrylate present it can be
calculated that only 70 % of the acrylate is poly-
merized after 15 seconds UV exposure, while after
45 minutes about 90 % is polymerized (figure 4).
Obviously the liquid crystalline material continues
to react even after the UV exposure is stopped.

Fig. 3:Two FT-IR spectra of the in-situ polymerization
process (0 and 45 minutes).
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Philips Research Materials Analysis
offers a full range of analytical methods and
expertise to support both research and
manufacturing, serving customers by taking an
integral, solution-oriented approach.

making the invisible visible
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This example shows that with FT-IR it is possible
to obtain essential information about the polymer-
ization process, making it easier to optimize the
production process of devices like retarders for
transflective displays.

Fig. 4: Percentage of polymerization calculated from
the FT-IR spectra.
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