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Turning Curiosity into Business - Liquid
Crystal Development for Displays at Merck

When Otto Lehmann wrote to E. Merck in 1905 asking for his
help with research into liquid crystals (LC) (Fig. 1) and made
the point “no one is able to procure the necessary prepara-
tions, firstly in order to convince themselves of the a priori im-
possible and unbelievable facts, and secondly to repeatedly
examine them within the scope of new objections that are
raised.”, he could never have imagined that the same sen-
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timents would exist 120 years later. It was the request from
Lehmann for Merck to provide high quality liquid crystals to
the scientific community that led to the first liquid crystal
sales at Merck. Merck was already known for the quality of
its pharmaceutical products and so was well placed to sup-
ply the first commercial liquid crystals continuously until the
1930s.
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Fig. 1: Request from Prof. O Lehmann to Merck to supply liquid crystals and the reply from Merck [1].
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For the following 30 years, not much happened with LC, it re-
mained a scientific curiosity. This began to change with the
invention of the Heilmeier guest host cell [2] and in 1967 the
publication of the scattering mode devices [3]. Research on
LC in Merck really started in 1968 after the 2" ILCC in Kent,
Ohio and shortly afterwards the first “licristal™” appeared in
the Merck catalogue [4]. Liquid crystals in the early 1970s
were based on azoxy or Schiff’s base structures [5], but they
suffered from instability and high transition temperatures.
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Therefore, the scientists started to make mixtures of two or
more components to expand the nematic range. Mixture devel-
opment became a key competence at Merck. The first mixtures
which were used in, e.g., Casio calculators, needed a yellow
filter to protect them from light. Room temperature and stable
liquid crystals were urgently needed.

The access to cyanobi/terphenyls by acquiring British Drug
Houses in 1973 and the synthesis of phenylcyclohexyls (PCH)
in 1976 [6] by Merck, and two years later cyclohexylcyclohex-
anes (CCH) [7] allowed the TN mode display (Fig. 2) to operate
in the first minimum [8], which led to a rise in demand of these
devices (Fig. 3).
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Fig. 2: Operating principle of a Twisted Nematic (TN) LCD.

To get the best out of Active Matrix LCD, improved voltage hold-
ing ratio was needed, which meant the mixture should have as
few ions as possible, this was a massive problem with mixtures
containing cyano groups. The concept of so-called “superfluor-
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inated” LC (Fig. 3) was already in development in Merck, these
showed better stability and performance and were well suited
for use in active-matrix devices.

By 1989, Merck had over 1000 patents covering LC singles
and mixtures. In 1995 Hitachi and Merck collaborated to devel-
op and commercialise In-Plane-Switching (IPS) displays which
had been patented five years previously by the Fraunhofer In-
stitute in Freiburg, the patent was obtained by Merck in 1994
[9]. The increased viewing angle of 170 degrees allowed it to
replace TN despite having slower response speeds.

In 1997 Merck worked with Fujitsu on the development of
vertically aligned (VA) mode, where LC with negative dielectric
anisotropywere needed (Fig. 3). In 2006 Merck co-developed
polymer-stabilized vertical alighment (PSVA) again with Fujitsu
[10], which gave increased transmission and reduced energy
consumption. Both VA and IPS modes exhibit excellent viewing
angles and contrast and dominated the market for large size
panels for many years.

Between 1995 and 2010 a revolution in screen technology oc-
curred - TV’s, monitors and notebook screens worldwide were
replaced with LCDs, most of the LC materials were supplied
by Merck. TN and STN dominated small devices, but IPS and
(PS)VA were the technologies of choice for TV. A variant of IPS,
Fringe Field Switching (FFS), was developed by Hyundai [11],
but was not widely used until adopted by Apple for the iPhone.
This technology has the advantage of better transmission and
switching speed.

The application of negative dielectric anisotropy LC in FFS ge-
ometry, marketed as ultra bright (UB) FFS reduced light-loss
caused by tilting of the molecules at the electrode edges,
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Fig. 3: Structures of LCs used for LCDs: Cyanobiphenyl K15, Cyclohexylcyclohexane CCH-32, Phenylcyclohexane PCH-32, Superfluorinated materials with positive
dielectric anisotropy CCP-3F.F.F and PUQU-3-F and negative dielectric anisotropy CPY-3-02 [13].
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offering brighter visuals, longer battery life, lower power con-
sumption for sustainability, and improved viewing angles. This
technology was commercialized in 2014 by display manufac-
turers together with Merck [12].

By now Liquid Crystals had obviously become a serious business
within Merck. The challenges from the customer for the LC var-
ied over time but were, and still are, directed towards: Response
speed, contrast ratio, operating voltage, operating temperature
range, transmittance, and power consumption. These require-
ments were met by understanding how the key LC parameters
varied with operating mode and the development and optimi-
zation of the respective formulations to get the right set of LC
mixture parameters [13]. Equipment was purchased or made in
house to accurately measure the mixture parameters. Co-loca-
tion of the subsidiaries with the customer made it possible to do
this with the required speed. Research related to chemical struc-
ture and how it affected the parameters was also of key inter-
est, and Merck collaborated with universities globally to further
LC research, particularly LC physics. Computer simulation tools
were used from the beginning for the development of new LC ma-
terials, and to understand the physics of the different LC modes.

However, obviously not all liquid crystal technologies were suc-
cessfully commercialized, among them was for example Blue
Phase. The LC development for Blue Phase displays though
has had a surprising upside - many of the highly polar singles
used to reduce operating voltage in Blue Phase have turned
out to show the newly discovered “ferroelectric nematic” (FNLC)
phase or phases [14, 15]. Unlike existing nematics, these FNLC
mixtures are polar and exhibit ferroelectricity, leading to excit-
ing possible applications, e.g., in optics, entangled photon gen-
eration, energy harvesting etc. A liquid ferroelectric is about as
believable as liquid crystals were in the beginning and so we
come back to Lehmann’s request to Merck. We are proud to
continue to support the academic community with the supply of
liquid crystal mixtures to enable basic research into this phase.
It is similar to the cyanobiphenyl development - without access
to room temperature stable mixtures, physicists and engineers
will struggle to find a commercial use for FNLC.

Besides the ongoing development of LCs for LCD to improve
their performance and sustainability, new developments for
future devices like Augmented and Virtual Reality (AR/VR) [16]
are of high interest in the research field of liquid crystals. In ad-
dition, other non-display applications are under development,
e.g. switchable LC Windows [17]. Hence, the success story of
LC is far from over.

ZITATE

"Man hat mir wohl die Frage gestellt, ob sich die kristal-
lin-fliissigen Substanzen technisch verwerten lassen?
Ich sehe keine Méglichkeit dazu.”

Daniel Vorlander
Chemische Kristallographie der Fllissigkeiten, 1924
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