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Silicon-based near-infrared tunable filters filled with positive or negative
dielectric anisotropic liquid crystals
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Complementary metal-oxide-semiconductor-compatible tunable Fabryt-Recrocavities filled

with liquid crystals(LCs) were realized and studied in the near-infrared region. The microcavities
were produced by chip bonding technique, which allows one to infill LC between two
[SIO, /Si]sh/4 (A=1.5um) dielectric Bragg reflectors separated by 950-nm-thick,SpOsts.
Liquid crystals with positive and negative dielectric anisotropy were used, i.e. Mefd&=713.9

and Merck-6608 LOAe=—4.2). Mirror-integrated electrodes allow an external bias to induce an
electric field and to tune the LC properties and, hence, the microcavity resonance.
Electric-field-induced shifts of the second-order cavity modes of 127 and 49 nm were obtained for
Merck-E7 and Merck-6608 LC, with driving potentials of 5 and 10 V, respectively. 2004
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Integration of miniaturized electro-optical devices, suchand poly-Si deposition, through an in-line low-pressure
as modulators, shutters and switches in silicon based opticehemical-vapor-deposition machine, was used to obtain three
circuits is necessary to achieve all silicon based photdnicsperiod distributed Bragg reflectot®BRs),° i.e., mirrors for
Silicon has a very low electro-optical coefficient, which im- the Fabry—Pet microcavity. DBRs were realized on 4 in.
plies large fields to achieve light modulation. To overcomewafers, either quartz gi11) high resistivity(5 k2 cm) Si. In
this fundamental limitation, one proposed approach is therder to have the DBRs centered at 14, the SiQ and
hybrid integration on Si of materials with large electro- the Si layers’ thickness of the DBRs were 2620 and
optical coefficients, such as liquid crystdlsC).” Some ef-  110+10 nm, respectively. The last poly-Si deposited layer
forts were made to use LCs for switching at 1,65, by  was a phosphorous doped poly-Si with a resistivity of 5
filling a Fabry—Peot-type cavity with LCS:">Recently other  x 1073 () cm to utilize this layer also as an electrode: in this
alternative structures such as porous Si or two-dimensionglay the electrodes are integrated within the mirrors. On one
photonic band gap crystals have been investig&téd. mirror a 950+ 20-nm-thick SiQ layer (later named spacer

The aim of the present work is to develop a processyas deposited. The SiQayer was further defined by means
sequence able to realize a LC in-filled Fabryrd®emicro-  of g lithographic step and wet etching process to realize the
cavity (MC) on a Si substrate. With respect to other sjo, spacer, which defines the mirror distance and the area
structure$*—explored in the past—our approach differs for of the device later on occupied by the LCs. Afterwards, the
(i) a spacer distance reduced down tquin, (ii) a planar  wafers were diced in the form of 2 ¢k cm or 1 cnx3 cm
electrode geometry, andi) a process sequence able to eX-chips to obtain the bottom and the top mirrors, respectively,
ploit as much as possible to standard complementary metagf the MC. All the electrode-mirror surfaces were carefully
oxide-semiconductor(CMOS) processing. Moreover, We cleaned and, when parallel homogeneous alignment was
used two different nematic LCs having positiderck-E7  \yanted, rubbed with lens paper. Then, the mirrors were
LC) and negativéMerck-6608 LQ dielectric anisotropy and ponded face to face using two-component epoxy glue and
addressed some problems regarding the alignment of L&eeping the pieces under slight pressure to assure that the
within a silicon-based microcavity. . 950-nm-long SiQ spacer defines the distance between the

To keep our approach compatible with standard CMOSyirrors. To achieve homeotropic alignment the assembled
technology, we have used the standard Si processing fabricgay ity was treated with a solution of lecithin dissolved in
tion tools to obtain the mirrors for the cavity and then, as.poroform creating a monolayer of lecithin. Finally, the
postprocessing steps, the assembling of the cavity and Lgcq were filled with the LC keeping the cell temperature
infilling was done. More in detail, a sequence of OXidatiO”higher than the clearing temperattfre (58 °C for Merck-E7
LC, 90°C for Merck-6608 LC of the LC, then slowly
@Author to whom correspondence should be addressed; electronic maiooled down to room temperature. The uniform planar align-
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France. microscope using polarized visible light and by mid-infrared
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FIG. 1. Scheme of the Fabry-@e microcavity filled with positive dielec- 54
tric anisotropy LC in the off-statéplanar alignment
spectroscopy with polarized IR light. Figure 1 shows a sche- 1200 w 1|500 th 1800
matic of the MC, showing as an example the uniform planar avelength [nm]

alignment OT the Meer'E7_ LC in the off Staté/é_o)' FIG. 2. Room temperature transmission spectra of the FabrptRécro-
Application of a potential between the poly-Si electrodescavity filled with Merck-E7 LC(positive dielectric anisotropyas a function

has opposite effects on the two types of LCs. For positiveof the applied potential. Spectra measured at 3 and 5 V are shifted for

dielectric anisotropic LCs, the director is reoriented toward< ™

the electric field direction, whereas for negative dielectric

anisotropic LCs the director is reoriented perpendicular to o

the electric field directioR.We used an a¢l kHz) bias to about 1.5 V. Below threshold no wavelength shift is observed

avoid electrochemical decomposition of the sample. due to the Fredericksz effect? An applied potential of 5 V
For Merck-E7 LC (positive dielectric anisotropy the ~ 'esulted in an overall peak shift of 107 nm.

application of an external potential orientates the director, ~FOF Merck-6608 LC(negative dielectric anisotropyp-

e.g., the optical axis, from the rubbing direction towards thePlication of an external electric field induces a reorientation

electric field direction. As a consequence, the projection off the director from the vertical alignment towards the hori-

the extraordinary refractive index, along the light propa- zontal alignment, consequently the extraordinary refractive

gation direction changes. The angular dependenae, () index changes. Since there is no preferential orientation of
is given by the director within the horizontal plane, numerous domains

are formed, which results in a depolarization of the ordinary

{Sinz(ﬁ) cog(g)| * and extraordinary ray.
Ne(O)=| ——+—— : ()
ne nO

wheren,, is the ordinary refractive index, ané the angle 1850
between the optical axis and the light propagation direction. A

Figure 2 shows the transmission spectra of a MC filled 1800 A
with the Merck-E7 LC in the near-infrared region for various A |CE7
voltages. All spectra were recorded with a Cary 5000 spec- _ 1750_" __________________ A - LC6608
trometer. Cavity modes are observed at about 1800 and 1300 £
nm, due to the second and third order cavity resonances. As A= ] a
expected, each mode is split in two transmission resonances: ‘: L
one is strongly field dependent and caused by the extraordi- 2 z z
nary wave, whereas the second one remains essentially un- 'g 1828 s
changed and is due to the ordinary fajhe overall shift for o ] .

. . R4 L]

the extraordinary peak is larger for the second order reso- @ 1500 o --oommveee oo L I
nance than for the third order resonance. Considering the S_’ 1 - .
peak positions of the second order cavity modes in the off 1475_' __________________________ | I
state we obtain an approximate value of the mirror distance ] ]
d=~N\/n. The cavity modes are at 1695 and 1832 nm for the im mm
ordinary (n,=1.521) wave and for the extraordinary wave 1450 T 4 6 s o
(ne=1.746), which results id=1040 or 1049 nm. These
values are in good agreement with the nominal spacer dis- Applied Potential [V]

tance of 950 nm. In Fig. 3 the position of the second Ordeli:IG. 3. Peak positionn of the second order mode as a function of the

CaVity mode of the e'Xtraordina'ry wava ) is reported as a _ applied potentialac, 1 kH2 of MCs filled with the liquid crystals Merck-E7
function of the applied potential. The threshold voltage iSLC and Merck-6608 LC.
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40 microcavity produced with standard CMOS facilities has
been presented. This is a proof of principle and more work is
needed to optimize the cavity structure in order to narrow the
microcavity resonance and increase the transmittance of the
resonancies in order to decrease the insertion losses into the
M 8V optical switch. It is clear that the microcavity resonance
could be tuned to cover thg C, andL optical bands of the
third telecommunication window by simply varying the
204 thickness of the Si@spacer between the two DBRs. Of the
two LCs tested, Merck-6608 LC with negative dielectric an-
isotropy is more promising for applications because of the
ease of its orientation on the cavity surface based on the
availability of the orienting layers such as lecithin.
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In conclusion, a prototype device based on the in-fill of al*Technical Data sheet—MLC-6608, Merck KgaA, Darmstadt, Germany.
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