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Dynamical Properties of Flexo Electric Effect in 
CCH Nematic Liquid Crystal 

Y. MIEDA and N. MARUYAMA 

Department of Applied Physics and Chemistry, The University of 
Electro-Communications, Chofugaoka 1-5-1, Chofu, Tokyo 182-8585, JAPAN 

The flexo-electric effect of CCH nematic liquid crystal based on the splay deformation of 
wedge like molecules in Meyers model are investigated by the experimental techniques of 
interdigital electrode methods. Experimental results are analyzed by revised Jones matrix and 
are compared with numerical simulation based on continuum theory. In conclusion splay type 
flexoelectric effect themselves destroy linearity of flexoelectric effect in strong electric field 
region. 

Keywords: flexoelectricity ; nematic; splay mode; interdigital electrode 

1 INTRODLJCI'ION 

Since a hdamental idea of kxoeledric effect for nematic liquid aystals was 
introduced by R B. Meyer m 1W ['I, many attempts to demonstrate nature of this 
new effect had been ppxw~ p-q. Unhtunately alm~st ~II experimental results 
were not ambiguous poof of the exktence of flexoelectric effect, because separation 
of dielectric effect was not Mitly considered. 
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In 1976 J. RW and P. S. pershan swceeded ambiguous Separation of 
dynamical popertKs of flexoeledric and dielectric e m s  by using of the 
interdigital electrode methd 141. Currently this melhod is one. of the most elegant 
technique to measure kxoelectric and dielectric effects in nematic liquid crystals. 

Usingthismetbd,wehavepxiselyinve~igatedsplay typcflexeekctroopic 
effect of CCH-3 nematic liquid crystal. OCH-3 is one of the most simple suitable 
wedge like molecule m MeyerS model, because CN group has only b e  electric 
pohization in the direction of non aromatic cyclohexane hard core molecular bng 
axis of and flexible alkyl chain (Fig. 1). 

FIGURE 1. Molecular structure of CCH-3. 

In this paper we report experimental results and especially applied electric field 
dependem. Experhental resuhs are analyzed by revised Jones Matrix method and 
are compared with numerical simulation based on a continuum theory. 

2 EXPERIMENTAL CONSIDERATIONS 

htexdigital eledrode method is the technique to measure selectively dynamid 
property of flemelectric e m  by Fraunhofer m i o n  of light. Aaording to 
modem lithographic techniques, it is easily possible to make a super fine electrode 
stripe pattern of lo-' p m orda. So we selected most suitable electrode m t d  of d 
=lop m m this experiment for the highest quality alignment of monocrystalline 
homeotropic geometry and the sample thickness is D = 25 p rn 

In the applied eleclric fields, the expected responses of the paiodic director 
pattern are linear and qudratk to fleslectric and diek~ric effects respedively. For 
normally incident laser beam (wave length A ) on the sample, both of the metallic 
electrodes themselves and the phase gating by dielectric effed diffract same 
direction of 4 = sm-' (mA /CI) (m=O, i 1, i z... 1. wherea~ the phase grating by 
flexoeledric effect ditsacz light peaks at (tn=O,+O.S,* l;..). So if one select 
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DYNAMICAL PROPERTY OF FLEX0 ELECTRIC EFFECT ... [2815]/27 

(-2 0.5,+ 1.5;- ), then flemeledric and dieledric effeds are clearly separable 
!?om each other. 

Fig. 2 iuustrates block diagram of experimental setup. 

FIGURE 2. Block diagram of the experimental setup. 

Sample is contained in electric heat oven, which the temperatwe was controlled to 
C. HeNe laser (A= 6328 nm) passed hugh plarizer and the chopper is the 

incident light for the sample. Polarized direction for incident light is x direction The 
-4 hght is passed through analyzer and detected by photomultiplier. ?he exad 
measUrmg pint is detemined by x-ray Goniometer apparatus The output signal of 
photomultiplier is fed mto a bdr-m amplifier m which the reference signal is locked 
to the chopperk lkquenq. By using mtating amlyzer, light intensity for every 
rotation angle8 is measuredautomatically. The meamring pint is(m = + 05). The 
hquency of applied AC wltage is selected 500 a became the Saeening effect by 
ionic impurity are efticKnly prevented. 

Typical observations of the light intensity I (0) for flexoeledric effects is shown 
in Fig. 3. 
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...................... x (. ...... 

FIGURE 3. Examples of measured polarization charaaeristics of flexoelectric 
effect. 7he x-axis is Polarkation diredion of incident light. The light intensity of 
flemelectric effect I (0) is a function of analyzer rotating angle 8 .  

Polarization state of difFradion light h m  intadigwd el& cell is Edirly 
complex, and these rgporses seem to have some character. To a n a l p  the feature 
of these tlexoelechic responses m Fig.3,1(8) is expanded as a kurier series 
I ( 6 )  - BI(n)exp(in0) (n=O,1,2., . . .  ) pi. 4). 

........ 3 ......... t ........,........ 

................ .., .................. 
................................... 
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FIGURE 4. Fourier series expansion of I (0 ) , 
I ( @ )  - BI(n)exp(inO) (n=O,1,2,. . .  ) .  

From Fg. 4, it was found that 4 8  is essaniaUy importance to flex0 splay 
deformation 
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We amme that Jones vector of pasing through the analyzer is 

where 6 =6 -6 is the phase &enq tana -Ay /4 ,  is ratio of ampljtudes, 
and p is a newly adapted parameter br  revised Jones Matrix which indicate 
variation of x and y direction’s weight depmd on applied electric 6eld strength 

Then the light m t d y  is e m  with p. 

The experimental results are iitted by using of equation (2). Figs k the 
example of fitting. 

@ @  Y 

............................. / x ..........,. ..... 4 .......... x 
8 

# . -- 
- .  - .  

FIGURE 5. Example of fitting: solid line is experimental results and dashed line iS 
fitting curves. 
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From the phase difference 6, the average birehngence An is obained, and 
refhctive index d extraordinary hght = An + IL, is obtained. As a 
result, average angle 0 of tilted director h m  substrate mrmal is easily obtained 
h m  the relation of 

sin24 COS24 1 
y+-=-, (3) ". ". "c  (4) * 

The material parameters of CCH-3 w m  used %=I4583 and n, = 15041 at 75 C, 
which was pxisely determined based on measurements canid out in ow 
laboratory. ?he aplied electric field dependence of +is shown in Fg. 6. From 
Fg. 6, it was found that + is divided three region (A) linear, (B) aitical and (C) 
constant Magic Angle 54.7" , which means completely disorder of director angle. 

8 . 1  

a 10 
Applied Voltage (V) 

HGURE 6. Applied el& kld dependence of average angle of tilted director 
I$ is divided three regions (A) linear, (B) critical and Q constant. 
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3 THEoRFIlcAL DISCUSSION 

We now wish to mlve fw the angle of tilted director #(x,z) in the mterdigual 
electrode cell by cordinuum theory for the nematic liquid aystal In the presaa 
geometry, the applied electric fieM produces a spray deformation mode. The 
fite-energy density in external electric !ie& can be written as 

g ( r 4  - g, + g,,, + gdid 7 (4) 

where the elastic term 

the flexoelectric term 

and the dielectric term 

The constants in g (r,t) are the splay elastic constant I(b the splay flexoeledric 
conslant G and the dieledric anisotropy AE . Now the director field and the applied 
electric field can be written as n(r,t)=(si@ (x,z),O,cos+ (x,z)) 
,,and EW=@4w),O&(x,z)) r=p=tively. By Using aPpr0-n rh = sin 4 CJ 4 ,  
&= coso - 1 ((I << 1) and neglecting the higher differential temq 

g, = -K,{cos’q5(-)’ 1 a4 -2c0s~sin~(-)(-)+sin2~(-)2} a4 a4 a4 
2 ax ax az az 
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are obtained By using the boundary condition d(-d / 2 , z )  - # ( d / 2 , 2 )  - 0 and 
the relation of V X E  - 0, the fiee ene€gy per unit area of the mterdigitd elearode 
e n  canbe written= 

From variational principle, we can derive Euler-Lagrangek equation 

dz+ aE, K ,  - - e, - - A&,E,. 
axz ax 

This equation is linear in and the general solutiincan therebe be obtained as 
linear superposition of solution m witch the kmelectric and dielectric coupling are 
treated separately. 

Wllowing Prost and pashars the electric fields that result h m  the mterdjgital 
electrode can be written as 

wheres=xt izG=F(2~"L,1)andF(k,u)-~[(1-v2)(1-k2v2)]-"2dv is the 

ehptic integral of the first khd. The electric fields that muit h m  the intadigital 
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elecbode are shown m Fig. 7. ?his hturewaswasnfirmed already by the water tank 
electric potential field experhent m our laboratory. 

Z 

HGURE 7. The electric fields that result h m  the interdigital electrode. 
An arrow represents electric field vector E (x,z). 

Equation (12) could be solved using numerical analysis. The applied wltage 
dependence of 4 (qz) for flexoeledric e f f d  is shown m F5gure 8. 

In its initial state (Fig. 8 (a)), the director field has lnmeotropic geomehy. The 
applied electric field dependence of director field is divided three regions First, 
when applied electric field is weak (Fig. 8 @)), the tilted angle is linear m applied 
electric field and the director field m this region is linear normal state. It is equivalent 
to the linear region m Fig. 6 (A). Second, when applied electric field is middle (Fig. 
8 (c)), the director field has a small winding near the elech.ode. Its average tilted 
angle of director ir nodinear abnormal state by the applied eledric field. It is 
equivalent to the critical region m Fig. 6 (J3). Finally, when applied eledric field is 
strong (Fig. 8 (d)), director field is pexfedly at ranbm and it is equivalent to the 
constant region m Fig. 6 (0. 
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I 
I I 

@) 1.5V 

(d) 15V 

FIGURE 8. 'Ihe dependence of applied electric Md of director distribution. 
An arrow represents a director vector n (x,z). 
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4 SUMMARY 

By interdigital electrode method, flexoelectric splay debrmation of CCH nematic 

Polarization characteristics of Fraunhofer diffraction for splay t y p  flexoelectric 
effect were analyzed by r e v i d  Jones matrix method The applied electric field 
dependence of average angle of tilted Etirector is divided three regions (linear, aitical, 
and constant) and constant region has Magic Angle 54.7 ', which means completely 
disorder of director. 

h r d m g  to Ilumerjcal simulation based on contmuum theory, the physical 
meaning of experimental resuIts m these three regions was explained by splay type 
flexoelectric effect; the applied electric field dependence of director field is divided 
three regions at threshold values When applied electric field is weak, director field 
have unihrm deformation This deformation represents linear flemelectric effed. 
When applied electric field is middle, the director have locally winding near 
eledrode, and when applied electric field is strong director field is perfectly disorder. 
In this region, splay debrmation destroy linearity of flexoelectric effea. 

Therefore if we deted lhearity of flexoelecbic effect quantitatively, we pay 
attention to strength of eledric field under the threshold value for splay type 
flexoelectric effect. 

liquid crystal was precisely invatigated. 
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