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F.R. Mahamd Adikan, J.C. Gates, B.D. Snow, A. Dyestiva, H.E. Major, C.B.E. Gawith, M. Kaczmarek, RGSmith
University of Southampton, SO17 1BJ Southampton, United Kingdom

We demonstrate 114GHz electrically tunable liquigstal Bragg gratings using 170Vpp voltage. Theickss were
made using direct UV grating writing and use evaaescoupling into an electrically tuned nematigid crystal.

Reconfigurable integrated optical devices are émdean today's dense and complex telecommunicatiseshes. A
commonly employed component on the silica platféutilling the above role is a planar Bragg gratifdne ability to
tune the reflection peak of these gratings is drieekey enablers in realizing an all optical dynanetwork. To date,
little has been reported on electrically tunabkmpk Bragg gratings given their potentially superé@sponse times over
temperature tuned devices. Such electrically tundblices work on the principle of shifting the @yavavelength by
modifying the effective index of a waveguide in altilayer substrate. One route to achieve thisyi®¥erlaying the
grating with a liquid crystal as many liquid cryistadisplay refractive index anisotropy that can ddectrically
manipulated. Modifying the liquid crystal refractiindex subsequently alters the effective indexhef waveguide,
leading to Bragg wavelength shift. Using this apglg Sparrow et al [1] have previously demonstré&88GHz
tunability at 1560nm using 80Vpp (peak-to-peak)asquwvave with 250m-spaced aluminum electrodes. Here, we
report a maximum tunability of 114GHz at 1561.8nsng patterned ITO glass electrodes with 170Vppaga at 1
kHz. Two distinct threshold behaviors which martifsly during the increase of supply voltage wdse abserved.
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Figure 1(a) Schematic diagram of liquid crystal@®r@rating configuration; (b) Tuning curve with és showing the
threshold points; (c) Disclination lines seen viass polarized microscope.

The samples used were 3-layer silica-on-silicoth & germanium doped core layer to allow photosertgi
to UV radiation. Waveguides and Bragg gratings veefned using Direct Grating Writing [2] and theeoclad layer
covering the gratings was subsequently removedyusydrofluoric acid wet etching. The electrodeseverepared by
electrically scribing &60pum gap into a piece of single sided Indium Tind®x(ITO) coated glass. Homeotropic
alignment of the liquid crystal molecules was aehitby applying a thin layer of surfactant to thehed area and ITO
electrodes. The electrodes were then attachectphof the sample and Merck 18523 liquid cryatas inserted into
the etched window under vacuum (Fig 1(a)). Thisitcerystal is characterized by extraordinary ardirmary refractive
index values of 1.49¢hand 1.44(g) at 1550nm respectively. The grating spectrum tedcentre wavelength shift
were recorded for each voltage condition and Fidt® shows the tuning curve of the device, exmgit932.7pm
(114GHz atA\=1561.8nm) Bragg wavelength shift with 170Vpp. testingly, the curve displays hysteresis between
points A and B (Fig. 1(b)) where inset (i) shows thning curve with increase in voltage and inggsliows the curve
with decreasing voltage. It was observed that tirees for increasing voltage exhibit two distinctigs where the
tuning gradient increases significantly (circledje believe that the lower threshold is where tleeteic field is large
enough to overcome interactions of liquid crystallenules with surfaces and elastic forces. Theironf the higher
threshold is not clear, but is likely due to theltimdomain structure of liquid crystals createdtire etched window and
their interactions with applied field, creatingdisation lines along a particular axis as showfig 1(c).

We will discuss design considerations for a wislean device and the use of disclination effectpatential
routes towards high-speed switching devices. Thmodstrated Bragg wavelength tuning over multipledems
channel spacing electrically is encouraging, anddavelopment of a cascaded architecture of sutelgriated liquid
crystal devices operating at different Bragg wavgths could pave the way towards true colorlesgdadd modules
for dynamic dense optical networks.
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