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Continuous liquid crystal pretilt control through textured substrates
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Reliable control on the pretilt alignment of nematic liquid crygtaC) in the 30°-50° range is a
well-known challenge. An unconventional approach, involving microtextured surfaces with domains
favoring dissimilar LC alignments, has recently demonstrated applicability in bi- and tristable
displays. These textured domains realize the so-called frustrated boundary condition in which the
LC elastic energy built-ugfrustration can drive the LC alignment into macroscopic uniformity.
Here we show that one can harness the frustrated boundary to achieve variable LC pretilt control up
to 40°. ©2004 American Institute of PhysidPDOl: 10.1063/1.1833552

When subject to an inhomogeneous surface anchoringlly rubbed alongy. Nematic LC 5BC was filled into the
field, nematic liquid crysta{LC) elasticity governs the LC cells at 40 °C above the nematic—isotropic transition tem-
local director not to vary faster than the extrapolation lengthperature by capillarity. Shown in Fig(d) are optical images
le, equal to the ratio of the LC elastic constant to the strengtfyf these cells between crossed polarizersDAscreases, the
of the surface anchoring fieFdTy_pical_ values of extrapola- ¢e|| changes steadily from yellow to green. Generally, the
tion length are about im. Consider inhomogeneous align- oytica| property of a LC cell depends on its overall phase
ment patterns comprising square domains with local prefetardanceR=277<An>d/)\,whered is the cell thickness is

ferred alignment directions alternating betweeandy, as . . .
shown in Fig. 1a). At very large pattern perio®, the LC light wavelength, andAn) the average difference in refrac-

alignment on the pattern is expected to copy the pattern inive index of the LC cell fole- ando-waves, which decreases
homogeneity. The exception occurs withjrfrom the inter- ~ Monotonically from maximum to zero when the LC pretilt
face between two adjacent domains, where the LC alignmeriicreases from 0° to 90°. The observed color change in Fig.
must undergo a gradual transition from one orientation to thé(c) thus reflects a decreasidgn), that is, the average LC
other[see left of Fig. 1b)]. At very smallP=<I,, the interfa-  pretilt increasing with increasin@®. We measured optical

cial regions would occupy a substantial portion of the do-reflection spectrum for each cell between crossed and paral-
main area, so that the LC configuration is highly homog-ig| polarizers, and divided the former by the latter to elimi-
enized in the¢=45° azimuthal direction, as shown on the pate extraneous effects due to spectral response of the mea-
right of Fig. X(b), verified experlmentallﬁ. Homogeniza- urement setup. The resulting normalized spectra of the

tion of the LC alignment reduces the elastic strain energy oi L _ L
the LC and leads to a rise in the LC azimuthal surface en- qual-thicknes®=13 and 26um cells are shown in Fig. 2

ergy, as the LC orientation is misaligned from the IocaIIy(SOIid_ Iines. The data clearly sh_ow_the §pectrum greenshifts
preferred direction. If the rise in surface energy is IargeaSD is mcreqsed. The fast (_)S(_:lllatlons in the spectrum arise
enough, the LC system may lower its total energy further byfom optical interference within the cell gag-abry—Perot
undergoing an orientation transition at some critical value offinges. We modeled the measured spectra by the44ma-
the periodicityP*, into an alignment state with uniform fi- trix method—which essentially builds solutions to the Max-
nite pretilt>® Here we demonstrate that by adjusting the sur-well's equations for LC cells with uniformty director field
face anchoring energy—achievable by varying the grooveand arbitrary configurations alorg—and deduced the LC
depthD of the surface patteFH—the pretilt angle at the ori- pretilts on the checkerboards by comparing with the
entation transition can be controlled. experiment, In Fig. 3 are plotted the LC pretilts thus de-
Surface microtextures were fabricated on silicon byguced versus the value Bf (solid circleg. The noted rise in
atomic force microscopieAFM) local oxidation,”™ compris- | ¢ pretilt with increasingd is consistent with the observa-
ing square QOmam_s of parallel grooves oriented aboraogd tion.
y in alternations with period=0.gm (<P*). Groove depth Data shown in Fig. 3 can be understood by considering

D was varied from 13 to 34 nm. The patterned substrate§ne surface potentidM 6, ) of LC anchoring on a surface

were then made into LC display cells with the opposite sub-

strate being glass coated with a polyimide layer unidirectionVith orientation(#, §) which can vary on they plane. The

potential possesses the general form
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FIG. 3. Plot of LC pretilt against groove depth. Solid circles are data.
Dashed line is obtained by calculations with the frustrated boundary model
assuming the azimuthal surface energy to varpéssee Ref. 5 for detaijs

(=sum of LC elastic and surface anchoring enengiesould
produce a 40° pretilt jump in checkerboard microtextured
substrates wittb=34 nm belowP* =1 ,um.5 Since the azi-
muthal orientation of the LC in the uniform state is close to
X 45° everywhergFig. 1(b)], one is justified to us&V(é, ¢
() =45°) to estimate the surface anchoring potential of the uni-
form alignment state. By assuming the valuesVéffor D
FIG. 1. (Color) (a) Schematic of a square inhomogeneous alignment pattern:34 nm qUOted above and thw‘/’ scales aD? in accor-
with adjacent domains preferring orthogonal alignment directigbs A dance to the theory for grooved surfadese use Eq(1) to
sketch of the planar LC configuration on inhomogeneous alignment pattercalculate Wy (6, $=45°) for different D between 10 and

as that in(a) (left) above andright) below the transition perio&* for LC 35 nm and plot the result in Fig. 4. It is interesting to note
pretilt jump. (c) Optical images of the LC cells, made of checkerboard

grooved patterns witld varied from 13 to 34um, between crossed polar- that all the dlsplayed surface pc_)tent|al cur'ves exhibit a mini-
izers. The double-headed arrows indicate the orientations of the polarizémum at values of9 corresponding well with the measured

(alongy) and analyzefalongx). The patterns are mostly23x 25 um?in | C pretilts shown in Fig. 3. Indeed, they are in exact agree-
size. The quott_ad values dfand 6 were deduced by model-fitting the nor- ment with the simulated LC pretilts by the frustrated bound-
malized reflection spectra of each cell.

ary model(dashed line in Fig. 3 Previous study found that
the D? scaling of W,, could fail at sufficiently largeD
W(6, ) = 3W,; cOS 0 Si{— do(x,y)] + 3 W, 2 sir? ¢ (>32 nm),® whereas we also found the measured LC pretilt
+ W@ sif o 1) (data not shownto deviate from the trend shown in Fig. 3
a0 ' for D>35nm. Occurrence of a minimum iW(6,¢
where theW are constants, ang, is the local preferred =45°) at finite 0 is what drives the LC pretilt jump &*. By
azimuthal orientatiortidentical to the spatially varying local increasingD, the azimuthal surface energy component of
groove orientation The preferred LC pretilt innate to the W,(6,$=45°) [i.e., the first term of Eq(1)] increases in
substrate is denoted 0°. WithWHQ):O, W0(4):1.5 proportion causing the minimum position B ,(6, $=45°)

x10° J/n?, and W,;=1.0x10"°J/n?, we found that @ 1o shift to higherd. Physically, increase i increases the
frustrated boundary model—one that seeks the optimal LC

configuration through minimization of the total LC energy
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FIG. 4. Surface potentials of uniform LC stat®¥(6, »=45°), on checker-
FIG. 2. Normalized reflection spectra of the=13 and 26um cells. Solid board grooved patterns with different groove depths obtained fron{1gq.
lines are measurements. Dashed lines are simulations. The entrance polassumingV\/azEO, V\/(04)=1.5>< 10°J/n?, and W,=1.0x10°J/n? at D

izer was alongy during measurement. =34 um, andW¢MD2. The arrows indicate the minimum of the curves.
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