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Time-Resolved X-ray Micro-Diffraction of the Dynamic Local Layer
Response to Electric Field in Antiferroelectric Liquid Crystals

Yumiko TAKAHASHI', Atsuo IIDA!? and Yoichi TAKANISHI?
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2Institute of Materials Structure Science, High Energy Accelerator Science Organization
3Department of Organic and Polymeric Materials, Tokyo Institute of Technology

The local layer structure response to the ac electric field in an antiferroelectric liquid crystal cell has been
measured using synchrotron X-ray diffraction with less than ms time resolution and a few um spatial resolu-
tion. The initially coexisting vertical and horizontal chevron structures are irreversibly transformed to the
layer structure with a rearranged molecular orientation at the surface. After the irreversible transition, the
rearranged layer structure shows a reversible transition between the horizontal chevron (ferroelectric state)
and the combination of the vertical and horizontal chevron (antiferroelectric state). The stripe texture is
related to the modified horizontal chevron structure. The transient response time of the layer deformation is
ca. 0.1 ms and is close to the optical response time. Compared with the ferroelectric liquid crystal response,
the effect of the field induced phase transition of the antiferroelectric liquid crystal is discussed.
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Figure 1. Schematic representation of liquid crystals. (a) nematic,
(b) smectic A, (c) (chiral) smectic C (ferroelectric) and (d) chiral
smectic C, (antiferroelectric).

*BAEONTE  AAKRFE TSR T101-8308  Ht#ETUH X MHER & 1-8

TEL: 03-3259-0891, 0894 FAX: 03-3293-8269 E-mail:

yumikot@shotgun.phys.cst.nihon-u.ac.jp

(C) 2001 The Japanese Society for Synchrotron Radiation Research



WA 145555 (2001)

P (SmC* ) BN % (Fig. 1(d))V, RFEEEET
FRFET L L TEEIGE R EDPWIBINLZ L2 bIGHE
FRBBEATH S EFIT, RORFEEOFRBIEBICBEIMRL
T, EEFEMEBO AN =X, SRR EIRE O/,
e & TR, BREFINEx EICHER BN, IR

RV 7 =T U T IO N LIRS EA TV 5
L LART T 4y 7 IRk DEH T 2 B3SO BN
BRI TN TE 5T, S FORFINE L EHEE DI
EOBRIETHOT S A%\, HEBICIST 5EREOR
I, BHE & ZNETERT Ddhsn T & OB R BRI T
BT, HEBICEERD 5 BEEOBZEE) T I 6 I
THLEPD D,

WA ORI IZ S FEARE I NS5, 5 PRSI
[EREEICBE I BB A 1G5 72012, X HRET « Bl 2
R LR TFEO—2 L L TR HWLN TS, Lo
LERZER X BEITEOE — AT A4 X CTEEOFEHH
&Fﬁb#%%ﬂ&mtb WS O (URIG) $AE DRSS

COWTHE SN E TROCBAMETBIS C L A BN G
%&uﬁﬁéhfﬁto;@iotﬁw®ﬁ¢ﬁﬁ@ﬁﬁ
RUEFMIC T, STEFERbLEINZXE~A 708 —ANE
N ik ThrEE2ONS, EE5OLIT, LXK~
A 7B =A% BT, WHBEERLORFENLEHKETH
% zig-zag /R ffi 2 needle-like /K [ O JHFTE 57520, &5
WKERED P Yy 7 ATH AT F5)IVis Bl FORESE % i

LY, WabaHICksi 5 X i~ A 70— A0 HFM %
B O T&E/e,

I, BREOBINESILE ¥ M 513 ES
W L TR SRS ) TV X A ATBE T 508
BB 5, (R)EHFBEUERBOBIEEXMET HI1TI1E, K
ms LU F ORI G FEERLEE L Sh 5, B SRR s
HFIRAEBR OB G« L FICSA I N TELD, B
RO C & R\ < D OBIRIENT OB 5 HE Sh T
bo 1 DT HABEMERSOETLE BHIC 4 2 FETE
AR (K] 5 fRAE 2+ ws, Daresbury)® OEIE T, Wbt
fEOD back flow ZH¢ 2 72, FIERFREBLS I INC L 5
JE& ol #r A FERE R B2 L 7= 6 ((B L g 45 fif B 13 2 10 s,
CHESS)Vd, HFOEBINE N~ 7 1z Fhlina 5] ik
CTHREELT, KR E LEAREDLLDTH D, LD
LWFNOsE s~ 7 D (1 mm BELF) TOHET
BbH, I T, (FOMBEMRMICKT 5RHITERED
BEIGE RN, BBEICRESN LT OENZEE) &
OBREH O PICT 570 O GEIFEE AV X~
A 7B —AIC L 5WADOENEE OFHIEIZ >\ TR
Do

2. (R)EFBEMHERBDEH

SREA R MW i (FLC) © SmC*HH Tl 4+ O K dih 78 B LR
IR L T—EBDEEZFi> TW A, ZOMHEEOHH(F
Vha—v E)OBREELRD D (Fig. 2), AN (LA

357

-

a)

IES
ZX

/NN

Figure 2. Molecular orientation in the ferroelectric phase (F+,
F —) and the antiferroelectric phase (AF). n: layer normal, Ps: local
polarization, #: tilt angle, ¢: azimuthal angle.
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Figure 3. (a) Surface stabilized ferroelectric liquid crystal

(SSFLC) cell structure. Schematic X-ray diffracted intensity profiles
for the bookshelf (b), the vertical chevron (c¢) and the horizontal
chevron (d) structures. Angles J and « are the vertical and horizon-
tal chevron angles, respectively.
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Figure 4. Experimental setup around the sample for the time
resolved microbeam diffraction experiment.
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Figure 5. A stripe texture of the antiferroelectric liquid crystals
(TFMHPOBC) in the SmC,* phase taken by a polarized optical
microscope during the x-ray diffraction measurement.
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Figure 6. Positional dependence of time-integrated w- and x-pro-
files indicating the local layer structure variation across the horizon-
tal chevron (Y-position, 3 um/step). (a), (b) and (c) series were
obtained at the initial stage (before field application), during the
high electric field application and after the field is turned off, respec-
tively. (a, b, c-1) are w-profiles. (a, b, ¢-2, 3) are x-profiles ob-
tained at peak positions in w-profiles. The darkest part corresponds
to the highest diffracted intensity.
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Figure 7. Schematic representation of the local layer structure of

the AFLC cell. a) initial state (before field application), (b) h-
chevron at the high field (F state), (c) quasi-bookshelf at the medi-
um field and (d) v-chevron+ h-chevron at the low field (AF state).
A thin line in (d) shows a trace at the center of the cell. Arrows <=
and == show the reversible layer response to the triangular wave
form (quasi-static) and the step wave form (transient), respectively.
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Figure 8. Time resolved microbeam X-ray diffraction intensity
profile for the triangular wave form electric field (5 Hz, =65V
(AFLC) and +50V (FLC)). The time resolved w-profiles for the
AFLC (0.5 ms time resolution) (a) and for the FLC (1 ms time
resolution) (b). The time resolved y-profiles for the AFLC (at w=
0.2°, 5 ms time resolution) (c¢) and for the FLC (at w=0.1°, 5 ms
time resolution) (d).
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Figure 9. The peak intensities of the w-profile as a function of ap-
plied voltage for AFLC (a) and FLC (b) obtained from Fig. 8(a)
and (b), respectively. The peak intensities of the x-profile as a func-
tion of applied voltage for AFLC (c) and FLC (d) obtained from
Fig. 8(c) and (d), respectively. Py and P, are peaks appeared at the
low and high angle in Fig. 8(c) and (d). Optical responses are also
shown in (a) and (b).
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Figure 10. Transient response of the microbeam X-ray diffraction
intensity profile of the AFLC for the step wave form electric field (50
Hz, +53 V). Time resolved w-profiles (0.02 ms time resolution) for
F—AF (high field to 0 V) (a) and AF—F (0 V to high field) (b).
Time resolved x-profiles (0.1 ms time resolution) for F~>AF (c) and
AF—F (b) obtained at w=0.6°".
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Figure 11. The transient response of peak intensities of the w-pro-
file for F~>AF (high field to 0V) (a) and AF—F (0 V to high field)
(b) obtained from Figure 10(a) and (b) (—m-). The optical
responses (solid line) and the applied field (dotted line) are also
shown.
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