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Study of electro-patterning and corresponding diffraction
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Abstract: Pattern formation of electroconvection in liquid crystals is a peculiar and intriguing
phenomenon, and it also poses an important problem in the study of optical diffraction. This work
aims to explore pattern formation and related diffraction characteristics in dielectrically negative
anisotropic nematic liquid crystals. Four different electroconvection patterns are observed
experimentally, namely, soft square, oblique rolls, skewed varicose, and irregular patterns. In
addition, the threshold voltages required for pattern generation at different temperatures are
investigated. Finally, the effect of electric field on the periodicity of patterns and the inclination angle

of the relative director are studied, and the corresponding diffraction characteristics of the patterns are
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analyzed. The experimental results show that electroconvection patterns can be altered by adjusting

the electric field and temperature; the threshold voltage required for pattern generation decreases with

the increase of temperature and increases with the growth of frequency; the periodicity of soft square

patterns initially decreases and then increases with the increase of frequency, while the periodicity of

oblique rolls decreases with the increase of frequency. When the frequency/= 25Hz — 45 Hz, the

oblique rolls exhibit an approximately 44° deviation from the initial director. This controllable

electroconvection pattern provides a feasible solution for the realization of tunable optical diffraction

devices based on nematic liquid crystals.
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Fig.1 (a) The e, and e, of liquid crystal (HNG708600-
100) as a function of frequency at T=30C and
T=70C. (b) The Ae as a function of tempera-
ture at /= 20 kHz.
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Fig.2 POM images of patterns in nematic liquid crystal material (HNG708600-100) : (a) f=30Hz, T=70C; (b) /=
30Hz, T=40°C, P1 (soft square), P2 (oblique rolls), P3 (skewed varicose) , and P4 (irregular patterns). The

inset pictures show the diffraction characteristics for each pattern. (c) The threshold voltages of different patterns at

T=70C, T=60C and T=40°C. (d) The threshold voltages of patterns at different temperature: soft square,

oblique rolls and irregular patterns. The initial director is horizontal, the analyzer and polarizer are aligned perpen-

dicularly, the thickness of cell = 8. 3 um, and the scale bars are all 25 pm.
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Fig.3 (a) POM images of various soft square at different frequencies, and the inset pictures show the corresponding dif-

fraction patterns. (b) The intensity distribution of the soft square pattern along with x axis. (¢) The periodicity Px

and Py as a function of voltage at f= 40 Hz. (d) The periodicity Prand Py, diffraction spot spacing Lx and Ly as a

function of frequency. T=40C, the initial director is horizontal, the thickness of cell d =8. 3 pm, and all the

scale bars are 25 pm.
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(a) Intensity distribution along the normal direction of oblique rolls at /= 70 Hz and U = 34. 4 V, and the inset pic-

tures are POM image of the oblique rolls (left) and the corresponding diffraction pattern (right) , where L repre-

sents the spacing between diffraction patterns. (b) The periodicity P as a function of voltage at /= 70 Hz. (c¢) The

periodicity P and the space of diffraction spots L as a function of frequency. T'=40°C, the initial director is horizon-

tal along the rubbing direction R, and the thickness of cell ¢ = 8. 3 um.
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Fig.5 Oblique rolls at U=16.9V and (a) f=30Hz; f=34Hz; f=43Hz and corresponding diffraction characteris-

tics. (b) Variations of ay with frequency at T=60°C and U= 16.9 V; ay at T=40C and U=23.0V. (c¢) An-

gle variations of oblique rolls with respect to the director with voltage at f=30Hz and f=40Hz. (d) P changes

with the frequency at the voltages are 16. 9V, 19. 0V and 21. 5 Vrespectively. The initial director 1s horizontal,

the thickness of cell d = 8. 3 pm, and the scale bars are all 25 pm.
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