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Abstract

Triangular voltage waveforms have been used by Ono and Nakanowatari and Inoue to
measure the ion currents of ferroelectric and nematic liquid crystal cells, respectively. In this
thesis, we also used similar method with more sensitive circuits for low-level signals to
measure ionic currents in TN test cells supplied by a TFT-LCD-panel-maker at different
temperatures.

Our measured results had substantial differences from that published in Inoue’s paper.

In order to understand our experimental. results; we used modified models of ionic generation
and transport equations published for EPD x-ray.imager and ferroelectric liquid crystal cells.
We have compared our experimental results with numerical computations based on our new
interpretation and obtained a good agreement between them. We used the facts that the
measured ionic currents.consisted of ions from both high-(HIR) and loew-ionization-rate (LIR)
impurities with different temporal behaviors for the determinations of ion.concentration and
mobility for HIR impurities and mobility, ion-recombination rate, and equilibrium ion
concentration for LIR impurities within the TN cell. We have determined the ionizing
activation energy of LIR impurities and also;.for the first time, the mobility activation energy
(in the range of 0.15 to 0.16 eV) for ions of LIR impurities within different TN cells.

We have also made measurements on a TN cell aligned by rubbed ITO layers on glass
substrates before and after subjected to uv-irradiation: The measured results showed
negligibly'small ionic currents prior to uv-irradiation. After uv-irradiation, the measured ionic
currents increased by several ordersof magnitude with comparable contributions from both
uv-induced HIR and LIR impurities. Further-investigation of observed phenomena is not a
subject of this thesis.

Furthermore, Inoue used intuitive manual base-line subtraction methods to obtain data of
ionic currentversus time.to derive ion concentrations or ion densities (a sum.of contributions
from both HIR and LIR impurities). The results were subjected to variations from different
manual operators so that they were useful only for relative:comparisons and references. To
remove subjective uncertainties, we have.also developeda new numerical method
implemented as Matlab programs to analyze our data for objective derivations of ionic
currents with improved accuracy. We believe that our method of analysis can avoid
unnecessary subjective errors as practiced from the teaching of Inoue’s paper or suggested by
Toyo Corporation that has sold similar products to global LCD industries.
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