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Theoretical and experimental studies of an information display device based on a 
porous glass-liquid crystal heterogeneous system are presented. 

Liquid crystal readouts are a widely known example of passive readouts used mainly in 
devices intended for use by a single individual. A number of studies have been dedicated to 
devices for information display on a large screen, but nevertheless, the search for new ma- 
terials and physical phenomena which can be used in information displays suitable for large 
group use is still a pressing problem. 

In [i] the present authors demonstrated the possibility of using a porous glass-liquid 
crystal heterogeneous system to form a planar cell which would serve as an element of a large 
screen display device, capable of operating under high ambient light levels. Below we will 
describe a concrete realization of this possibility in the form of a single digit readout, to- 
gether with a study of the temperature dependence of transmission contrast ratio and response 
speed of the device. 

Each element of the indicator is a thin plate (thickness =0.6 mm) of porous glass, 
filled with a material having a liquid crystal phase. The pore volume of the glass comprises 
-40% of the total specimen volume, and the mean pore diameter is 3000-4000 ~. The intense 
spatial optical inhomogeneity of the original specimen causes intense scattering of light, 
so that the light transmission of the original glass at a thickness of ~i mm is less than 
0.5% over the visible spectrum. 

No well-defined molecular orientation of specified texture is required in the liquid- 
crystal substance filling the pores. 

The physical basis of element operation is the effect of light scattering in a porous 
medium, which can be thermally controlled by phase transitions in the liquid-crystal sub- 
stance introduced into the pores; this substance is selected so that at room temperature it 
crystallizes in the solid phase and the element scatters light intensely (transmission <0.5%). 
When the liquid-crystal material is heated above the temperature of transition into the iso- 
tropic phase the indices of the isotropic crystal material and the matrix become equal and 
the element transmission reaches its maximum value (T = 90%). At temperatures where the li- 
quid-crystal phase exists, the element is in a state analogous to that found in "sandwich" 
cells, operating in the dynamic light scattering regime~ 

Figure 1 depicts the operating indicator. A thin layer of chromium is vacuum sputtered 
onto the rough porous glass back surface of each element. Since this layer has high absorb- 
ing power, due to the high dispersion of the chromium particle size in the plate pores, in 
the maximum light transmission mode the black background created by this film becomes visible. 
When a current is passed through this film it performs the function of a heater. The light- 
colored indicator elements (Fig. i) are at a temperature corresponding to the solid-crystal 
phase of the material within the pores (minimum transmission), while the dark elements have 
the material in the isotropic liquid phase (maximum transmission). 

The optical characteristics (extinction coefficient e and transmission contrast ratio k) 
of an indicator element without the absorbing layer were determined by standard methods using 
an SF-26 spectrophotometer. The results presented are for matrix pores filled with choles- 
teryloleate. Figure 2 shows E and k as functions of temperature for an incident light wave- 
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length of ~ = 550 nm. The quantity e : (in (Io/I))/L, while the transmission contrast ratio 

is defined as k = l(t)/I(to), where I(to) is the intensity of the light passing through the 
cell at the temperature to, corresponding to the solid crystal phase of the material in the 

pores, and l(t) is the intensity of the light passing through the cell at temperatures above 

the temperature of fusion into the liquid-crystal phase (tl). 

It is evident from the figure that three modes of element operation are possible. At 
temperatures <tl the cell is characterized by a high E value (the cell transmits practically 
no light). With increase in temperature above tl the value of s decreases by an order of 
magnitude. 

After transition of the material filling the pores into the iiquid-crystal phase the 
cell is in the second state. In this state the cell structure can be considered as consisting 
of a large number of static disclinations which produce intense light scattering. 

At temperatures above the liquid-crystal--isotropic liquid transition temperature (t2) 
the optical anisotropy of the material within the pores becomes equal to zero, although the 
index of refraction of the isotropic liquid does differ slightly from the index of refraction 
of the porous matrix and z does not reach its minimum value. Further increase in temperature 
leads to equalization of the indices of refraction and z decreases, approaching its minimum 
value (maximum transmission). It is also evident from Fig. 2 that the maximum value of k is 
200:1 and remains constant over a wide temperature range, while change of k from i:i to 200:1 
with temperature makes possible device operation in a half-tone mode. 

We note that the power per cm 2 required to double contrast comprises 0.01 W/cm 2. An im- 

portant property of this element is the fact that the image which it forms retains sufficient 

contrast over an observation angle range of 10-170 ~ . This makes the porous glass-liquid- 
crystal cell superior to traditional "sandwich" type liquid-crystal cells which produce a 
clear image over only a very narrow angular range of the order of 5 ~ [2]. 

Cholesteryloleate is not the only substance suitable for use in the liquid-crystal-porous 

glass composition. Similar operation was found to occur with use of cholesterylpelargonate, 
cholesterylcaprinate, cholesteryllaurate, mixtures of these, and a number of other materials. 

The service life of such an indicator is determined to a significant degree by the physi- 

cochemical properties of the liquid-crystal material used. In our experiment the device oper- 

ated successfully for 30 h of continuous use. 

Important parameters for operation of such a readout device are the element switch-on and 
switch-off times. Since transition of the element from the state with minimum transmission 
to that with maximum transmission (switch-on) and the reverse transition (switch-off) occur 
due to temperature change, determination of the corresponding times involves calculation of 

a space--time temperature field. 

We will analyze the temperature field using a one-dimensional model of the readout (Fig. 

3), since estimates show that heat losses from the element endfaces can be neglected. The 

model chosen corresponds to an isolated element, both surfaces of which exchange heat convec- 
tively with the surrounding environment; close contact of the element with the mounting sur- 
face degrades operating characteristics. In calculating the temperature field we will not 
consider the temperature dependence of thermal conductivity, specific heat, and density of 
the material. These quantities were determined experimentally and have values of I = 0.42 
W/m.~ c = 1500 J/kg.~ p = 2000 kg/m 3 at t = 300~ Energy losses to the phase transition 
can be neglected since these comprise ~3% of the energy which must be supplied to the element 
to turn it on (transition to the state with largest k). During heating the temperature field 
will be significantly nonuniform along an axis perpendicular to the plane of the element (x 

axis), so that the mathematical formulation of the problem has the form 

O2__~t 1 at ( l )  
ax 2 a Or 

at ~ (t - 6n~ ~-- o; ~ ~ + ~2 (t - -  tin2) = q (~)~ 
a x  ~-= o x :  = L 

t (x, o) = to. ( 3 )  

The dependence q(~) permits control of the switch-on time. In fact, if we supply a pow- 
er level equal to that calculated for the stationary state, turn-on occurs over a quite long 
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Fig. i. Operating indicator (explanation in 
text). 
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Fig. 2. Extinction coefficient r (curve I) and contrast ratio k (curve 2) versus 
temperature t for porous glass plate filled with cholesteryloleate. ~, m-l; t, ~ 

k, dimensionless. 

Fig. 3. One-dimensional model of readout element (i, porous glass, filled with li- 
quid crystal; 2, film heater) and graph of control power q(T) versus time. 

time interval. On the other hand, power increase is limited above by the process of thermal 
�9 decomposition of the liquid crystal, which sets in at some characteristic temperature. We 
note that cooling of the readout elements to liquid nitrogen temperature did not degrade 
their operational properties. For q(r) the law depicted in Fig. 3 was used. 

Solution of Eqs. (1)-(3) for the special case tml = tm2 = to was performed by the method 

of finite integral conversions [3] giving 

L 2 I 
l(x, ~) = t0 + T --. "~ ~Ck~1 --?- Vk (x) Ok (~) V~ (x = L), 

h--I 

~IkX qhx 
Vh (x) = ~1~ cos -F Bil sin , (4) 

L L 

c~=-2- 0fi+~li) ng+m~ + l  +Bi~., 

w i t h  e i g e n v a Z u e s  rl k d e t e r m i n e d  by s o l u t i o n  o f  t h e  t r a n s c e n d e n t a l  e q u a t i o n  

cqL ; %L 
ctg rib = (n~-- Bi~Bi2)/[nh (Nil -l- Bi2)l, Bi~= ~ Bi2= - ~  �9 
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Fig. 4. Switch-on time Ton (sec) versus 
power qmax (W/m2); points) experiment; 
line) calculation~ 

The solution obtained, together with the experimental data of Fig. 2 (curve i), permits 
calculation of the element switch-on time for various operating modes. Figure 2 (curve i) 
shows the value s = f(t) which permits calculation of radiation transmission for an isother- 
mal element. In the conditions depicted in Fig. 3 the element temperature field is noniso- 
thermal and nonstationary. We will proceed as follows: We arbitrarily divide the element into 
plane layers perpendicular to the x axis, of a thickness such that the temperature of the lay- 
er can be considered constant and equal to the mean, which can be found from Eq. (4). Con- 
sidering the repeated attenuation of radiation as it passes through such a system, we can de- 
termine the intensity of the radiation exiting the element as a function of time. The moment 
of time at which the transmission reaches 90% of the maximum value will be considered as the 

switch-on time ton [4]. 

The technique described above was realized as a computer program. Computer calculation 
with variation of the parameters qmax, Ti, using values of ~i = m2 = 15 W/m.~ L = 6,10 -4 m, 
gives a minimum switch-on time of Ton = 1.2 sec at qmax ~ 7"104 W/m2 for the liquid-crystal 
material used. 

Figure 4 shows the function T = f(q ), calculated by the method described above, and 
O ~ax 

determined experimentally. The readout swmtch-off time was determined experimentally, and for 
the given readout and cell construction proved to depend mainly on the heat-exchange coeffi- 
cients with the surrounding medium ml and m2. In our case the switch-off time did not exceed 

5 sec. 

NOTATION 

L, cell thickness, m; Io, I, intensity of light incident on element and exiting element; 
a, thermal diffusivity of element material, m2/sec; q(T), heater surface power, W/m2; T, time, 

sec; t, temperature, ~ tm~ , tm2 , temperature of medium on two sides of plate,~ ~i, ~2, 
heat-exchange coefficients with~both sides of plate, W/m2.K; to, initial element temperature, 
~ 

i. 

2. 

3. 
4. 
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