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Performance degradation in liquid crystal cells was studied by analyzing the time evolution of
optical and integrated current vs voltage hysteresis curves as test cells were subjected to a dc bias.
We find evidence for permanent increases in liquid crystal mobile ion populations, the primary
cause of device performance degradation, and suggest this permanent increase is due to selective
adsorption by the alignment layers of ions of a single charge sign combined with the presence of a
neutral ionizable species in the liquid crystal. 96 American Institute of Physics.
[S0003-695(196)01935-3

Both nematic liquid crystal§NLCs) and ferroelectric crystal between two 2.54 cm diam optical flats, the inner
liquid crystals(FLCs) have shown great promise for use in a surfaces of which had been coated first with a thin layer of
wide range of optical devicés® However, the tendency of indium tin oxide(ITO) (~120 A) and then, optionally, with
the performance of these devices to degrade has been a s@n alignment layer material. The test cell and optics were
nificant barrier to practical applicatiofis'® The most impor-  contained in a light—tight box during testing to preclude the
tant cause of device performance degradation is the build ugeneration of ions from ambient light. The cell was placed
of electric fields from ions within the liquid crystal itself, but between a polarizer and crossed analyzer and illuminated
it has not been clear as to why ions are so harmful. Simplevith a laser diodg670 nn), the output beam from which
models of ion behavior suggest that recombination of ionsvas expanded and collimated to fill the2.25 cm diam test
back to neutral molecules should keep ion concentrationgell area. The light transmitted through the cell and the ana-
from growing to levels where they become a significantlyzer was focused down into a photodiode detector.
problem. To determine the effect of a dc bias on the mobile ion

Researchers have proposed that selective adsorption pbpulations, a test cell that incorporated rubbed nylon align-
ions of only one charge sign by the alignment layers leads tenent layers was filled with the FLC mixture SCE(B.M.
the development of a sheet of ions of the other charge sigihdustries, Hawthorne, N)yand subjected to the pattern of
adjacent to each alignment laykt’ These “electric bilay-  dc biasing shown in Fig.(&). Figure 1b) shows the central
ers” create strong electric fields in the region of the align-voltage of the optical hysteresis curve as a function of time.
ment layers, between the adsorbed and nonadsorbed charggifts in the central voltage are due to ionic shielding of the
sheets. These fields, in turn, lead to polar surface interactionspplied field?® The time scale of the initial rapid shift in the
that have been found responsible for changes in the anchogentral voltage whenever the bias voltage is changed is con-
ing energy in NLC cell$? In this letter we show experimen-
tally that selective ion adsorption by the alignment layers

causes performance degradation by greatly increasing mobile 6
ion populations. With an understanding of the mechanisms Sy == —] —] (a)
of this degradation, we can then explore solutions to the 2 2
problem. '55 0

We investigated liquid crystal test cells by monitoring 3 j
their conductivity under an applied dc bias. We determined <& % — — —
the conductivity from integrated current versus driving volt- 1
age hysteresis curves. These were measured periodically Kl (b)
(typically every few minutesby removing the dc bias and 0.5 k k \
driving the cell with a single 50 m cycle triangle-wave volt- S <
age while measuring the integrated current through the cell. et r
A component of the area of an integrated-current hysteresis %’ 05
curve is proportional to the current due to ion dffitBy \
fitting the hysteresis curve to a computer simulation we iso- -1 N N
lated this component and determined the cell’'s conductivity. 0 12 24 36 48 60 72
The optical hysteresis of the test cells was also measured, Time (hours)

concurrently with the integrated current.

The test cells were fabricated by sandwiching the liquidrFIG. 1. Effect of dc bias on voltage offset of optical hysteresis curfgs.
The dc bias applied across a test cell incorporating rubbed nylon alignment
layers and filled with the FLC SCE13b) Central voltage of the optical
3E|ectronic mail: moddel@boulder.colorado.edu hysteresis curve while the dc bias shown@ was applied.
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biased at 2.5 V is plotted against time. Published models of

. (\ ion dynamics in liquid crystal ceft&?! predict that an offset
i in the optical hysteresis should be observed only if the liquid

6 : crystal layer is capacitivelyas opposed to directiycoupled
5 : to the ITO electrodes, typically through an alignment layer.
(\ Otherwise, the applied voltage drops solely across the liquid

crystal layer. Since there is an offset in Fig. 3, even though
3 the tested cell had no alignment layers, there must have been
( capacitive coupling. Such coupling occurs if selective ad-
2 r sorption is present. Selective adsorption is a result of one
species of ion having a negative adsorption energy on the
0 12 d % P 0 7 interface while the oppositely charges species has a positive
Time (hours) adsorption energy. Whereas the species with negative ad-
sorption energy is attracted to the interface and is adsorbed,
FIG. 2. Area of integrated-current hysteresis curve measured during thghe species with positive adsorption energy is repelled by the

periods & 0 V dc bias shown in Fig. (). The hysteresis curves were . . .
measured in response to a 200 Hz single cycle triangle wave driving voltagmterface' As a result, the latter species of ion form a Debye

that had a peak-to-peak voltage of 20 V. layer adjacent to the interface. It is this Debye layer that
provides the capacitive coupling required to explain the op-
tical hysteresis curve offset shown in Fig. 3. If ions of the
agsorbing species remain near the interface, they also may
slower shift is consistent with additional shielding from ther- Porm a Debye layer that contrlbqtes to capacitive coupling.
However, we know of no other single phenomenon that can

mally generated ions accumulating at the interfdc@he . o :
vy g 9 be responsible for both capacitive coupling and permanent

voltage excursions of the central voltage of the hysteresis . o .
Increases in mobile ion populations.

curve are seen to be gradually increasing with each cycle o . .
dc biasing, indicating that the population of mobile ions is It has been observe_d previously _that the r_nagnltude of
. . the voltage offset of optical hysteresis curves is not corre-
also increasing, even after the cell has been allowed t . .
ated to the capacitance of the alignment lagfetas deter-

ili fo 6 h with li i I ) ) . i :
equilibrate fo 6 h with zero app_led bias voltage . .mined by the alignment layer dimensions and matgrlais
Integrated-current hysteresis curves also provide evi-

. . o likely that on a time scale of hours, ions drift completely
dence that there are permanently increasing mobile ion pomfﬁrough the alignment layer material. As a result, the Debye
lations. A cell similar to the one just discussed but filled with ' '

the FLC mixture ZLI3654E.M. Industries, Hawthorne, NY :?/enrmd;(;lfzss:j a?lzot\;; ];E;—rénfa aértr;ﬁ t‘::g;agf :(raftc\)/\rlriznnctge
was also subjected to the pattern of dc biasing shown in Fi 9 y yer. b

1(a). Figure 2 shows the area of the integrated current hyggegradatlon, then, the thickness, i.e., the capacitance, of the

. . : lignment layers is irrelevant.
teresis curves, measured during the periods of zero dc volf'9 y

age. plotted anainst time. From the increasing curve area we The increase in ion populations results from the inability
ge. p g y g of the mobile nonadsorbed ions to recombine with the ad-

may deduce that the resistive component of the hysteresis IS . . L :
. . . sorbed ions. If the adsorption energy of both ionic species
decreasinty after each dc bias period even though we would . ;
. . . . : . were comparable, then the two ions would adsorb symmetri-
expect ions to recombine duringett® h periods in which the ) .
; . : ally, and upon removal of the dc bias, both ions would
cell was biased at 0 V. The observations from Figs. 1 and Z, : . : )
. S = either remain adsorbed on the alignment layers or dissociate
consistently suggest that the mobile ion population mcreasef?om the alianment lavers and recombine in the bulk of the
as a result of dc bias on the cell. 9 y

Figure 3 shows evidence for the cause of the ion Ioopu_g:ell. In either case, the population of mobile ions would not

lation increase. In Fig. 3, offset voltage in the optical hyster—mcre.ase' With selective adso_r_ptlon, as one species of_|on
. ! . ) . continues to be adsorbed, additional thermally generated ions
esis of a FLC-filled cell with no alignment layers that is

serve either to reestablish the thermal equilibrium ion con-
centration in the bulk or to provide additional shielding of an
applied field.

Area of Integrated Current Hysteresis
Curve (V+uC)
'S

sistent with redistribution of ions that are mobile at the time
of the bias voltage change. The time scale of the subseque

= 17? Even in the absence of an applied voltage, adsorption
gg 15 takes place; however, since the adsorption rate is propor-
50 a5 tional to the concentration of ions at the interfaces the pro-
@g 1 cess is significantly slower. Computer modeling indicates
;% 075 that application of 2.5 V across a test cell of the type used in
a—é 05 this study increases ion concentrations at the alignment lay-
& 025 ers by as much as five orders of magnitude. We have ob-
0 served experimentally that a period of days is required for

0 2 4 6 8 10 adsorption to saturate when a 2.5 V bias is applied to a cell

Bias Ti hou . . . . . .
s Time (hours) (see Fig. 1 Accordingly, adsorption saturation in a cell with
FIG. 3. Offset of the center of the optical hysteresis plotted against time forr.]0 ?‘pp"ed V0|tage would be nggllg|ble m. any reasonable
a cell with no alignment layers. The cell was filled with the FLC mixture lifetime of the cell. If the adsorption energy is comparable to

ZL13654. At 0 h a 2.5 Vbias was applied. the thermal energykT, the process might be reversed by
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