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Abstract: Optical filters capable of single control parameter-based wide tuning are implemented and studied. A pro-
totype surface micromachined 1. 3um Si-based MOEMS (micro-opto-electro-mechanical-systems) tunable filter ex—
hibits a continuous and large tuning range of 90nm at 50V tuning voltage. T he filter can be integrated with Si-hased

photodetector in a low -cost component for coarse wavelength division multiplexing systems operating in the 1. 3um

band.
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1 Introduction

Tunable optical filter with narrow bandwidth
and wide tunable range are indispensable compo-
nents in the predominant developed DWDM
(dense-wavelength-division-multiplexing) system.
Compared with the traditional thermal tuning and
carrier plasma counterparts, MOEMS tunable tech-
nology gains worldwide attention for its unique ad-
vantage to obtain large tuning range, compactness,
and potential low cost'”"*. Tayebati et al. from

1550nm

tunable filter with stable half symmetric cavity and

CoreTek Incorporation'” demonstrated
70nm tunine ranee in 1998. Qur eroun fabricated a
1. 55pm Si-based tunable filter with 30nm tuning

range last year'®. Recently, NP Photonics Incorpo—
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ration demonstrated the 1.55ym MOEMS tunable
filter product with tuning range of 110nm, using its
proprietary compliant MEMS (CMEMS) technolo-
gy'"". A joint research group of Europe reported an
InP-based 1.55um MOEMS filter with the largest
tuning range of 142nm at 3.2V in 2003'Y, using
InP-air-gap DBRs.

In this paper, a 1. 3um silicon-based MOEMS
tunable optical filter with a wide tuning range of
90nm using 50V tuning voltage is demonstrated.
To the best of our knowledge, it is the largest con—
tinuous traditional Si-based

tuning range of

MOEMS tunable filter ever reported.

2 Principle of tunable filter

The transmittance wavelength of F-P cavity
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depends on the cavity length, and the wavelength
shift changes linearly with the cavity length
change:

A L Ad
?tn_ydr} (1)

where AA is the wavelength shift, Ad is the cavity
length change, Ao is the initial wavelength, do is the
initial cavity length, ¥ is a constant depended on
the optical structure of the filter.

Under the electrostatic force, the maximum
deflection of the cavity for a structure consisting of
a plane suspended on four identical cantilever

- 19]
beams is

1 e 2bLY + ALY .,
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where b, L, h are the width, length, and thickness

Ad =

of the cantilever, respectively, E is the Young’s
modulus, 4, is the surface area of the center plane,
V is the applied voltage.

Combining the Eqgs. (1) and (2), it can be de-
rived that the wavelength shift is quadratic to the

applied voltage.

3 Fabrication

A schematic structure of the device is shown
in Fig. 1. A resonant Fabry-Perot cavity was
formed between the two Si/SiO: distributed Bragg
reflector (DBR) mirrors with the upper DBR freely
suspended about 650nm above the substrate. Dur-
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Fig. 1  Schematic structure of the cross—section of

the tunable MOEMS filter

ing wavelength tuning.,a DC voltage was applied
between the top and bottom electrode, creating an

electrostatic force that attracted the suspended

membrane toward the substrate surface. There-
fore, the effective F-P cavity length was shortened
with the applied voltage, resulting in a blue shift in
its center wavelength. Both top and bottom DBR
are grown by electron beam evaporation with the
center wavelength of 1300nm. Cr/Au layer acts as
the bottom electrode. A sacrificial layer was de-
posited on it, followed by Cr/Au top electrode. An
AR coating was deposited by PECVD (plasma-en-
hanced chemical vapor deposition) on the bottom
of the substrate. The final structure was released
after the removal of the sacrificial layer. T he center
membrane was a 350pm X 350um diamond support-
ed by four cantilever beams. The optical window
was a 150pm X 150pm square. The supporting
beams were 30pm wide and 150ym long, which
consisted of top DBR and top electrode Cr/Au,
with the total thickness of around 4um. Figure 2
shows a scanning electron microscopy (SEM) pho-

to of the device.
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Fig. 2 SEM micrograph of the device structure

4 Results and discussion

The transmission characteristics of the devices
were measured using a multimode fiber for input
light coupling and InGaAs detector for output light
coupling. A tungsten lamp light covering a spectral
range of 0. 8~ 1. 8um was used to provide the input
light. The light that passed through the tunable fil-
ter was coupled into InGaAs detector and amplified
by an optical measuring system.

Figure 3 shows the transmittance spectra of

the tunable filter under the applied voltage from 0



1142 g &

e,

1 24 4

to 50V. The center wavelength was continuously
tuned from 1320nm at OV to 1230nm at S0V. The
intensity of the peak changes little in the tuning
range of OV to 40V (peak in the range of 1260~

1320nm) , while increases slightly at 50V ( peak at
1230nm) . We attribute it to the limited reflection
band of the DBRs. The reflection band with high
reflectivity is limited to the range of 1240 ~

1600nm. The reflectivities decrease at 1230nm and
the transmittance gets relatively higher than the
longer wavelength, thus the intensity of the corre-

sponding transmittance peak becomes larger.
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Fig. 3

T ransmittance spectra of the tunable filter

versus applied voltage

The FWHM of the transmittance spectrum at
0OV is about 32nm. The broad FWHM is mainly due
to the low mirror reflectivity. FWHM of the trans-
mittance spectrum of a Fabry-Perot filter can be

. +
approximately expressed as'"!

A(1- JRR))
b &
2mndo( R1R2) 4

where R1, R denote the reflectivity of the top and

FWHM = (3)

bottom mirror, Aois the center wavelength, do is ini-
tial cavity length, and n is the refractive index of
the cavity.

It is estimated that R and R: are about 90%
and 95% , respectively, when Lo is 650nm, the cen—
ter wavelength Ao is 1300nm, the corresponding
FWHM from Eq.(3) is 32. 4nm. The undulation of
the sacrificial layer and imperfection of mirror
growth contribute to the decrease of mirror reflec-

tivity. The FWHM can be narrowed to 2. 07nm, if

the quality of the sacrificial layer is improved and

the reflectivities of top and bottom mirror increase
to 99.5%. Increasing the cavity length properly
will also help to decrease the FWHM.

There exhibits an obvious FWHM broadening
phenomenon during tuning. The FWHM is 32nm at
OV, 42nm at 30V. When the voltage is larger than
40V, the asymmetric left part of the transmittance
peaks is mainly influenced by the limited reflection
band, making the calculation of their FWHM dif-
ferent from those under the voltage less than 40V.
Here only the FWHM of the spectra under the
voltage less than 40V are discussed. T he broaden-
ing of the FWHM is mainly caused by the rapid de-
crease of the reflectivities of the mirrors at shorter
wavelength. It is estimated that when the FWHM
is 54.6nm, Ri and R: decrease to about 88%. Ac-
cording to Eq. (3), it is true that the decrease of
cavity length can contribute to the broadening of
the FWHM. However, as the decrease of cavity
length is so small (about 50nm), the effect of cavi-
ty length change can be ignored. The FWHM
broadening can be avoided as long as the un-
changed reflectivities of the mirrors are guaranteed
in the tuning range.

The transmittance spectra are asymmeltric,
which have a long tail on the short wavelength
side. We observed the similar phenomenon in Ref.
[ 6]. It is probably induced by the curvature of the
released top mirror. Other evidence shows the cavi-
ty length gradually reduces from the edge to the
center of the mirror due to the mirror bending. Lo-
cal heat treatment of the mirror or using smaller
mirror may partly relieve the stress-induced mirror
curvature.

The wavelength shift dependence on the ap-
plied voltage for the tunable filter is shown in Fig.
4. The wavelength shifts from initial 1320nm to
1310nm at 20V, 1290nm at 30V, and 1230nm at
50V.The wavelength shifts as a function of square
of the applied voltage are shown in Fig. 5. It is ob-
vious that they have good linear relationship. T he
tuning coefficient is calculated to be 0. 0346nm/V°>.

The result is roughly three times larger than that
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of the 1.55um MOEMS tunable optical filter we
fabricated before, which was 0.01287nm/V™*. The
major difference between the two designs is the in—
crease in membrane size from 250um to 350pm and
the decrease of the dielectric Si/SiO2 pairs between
the two electrodes from 8.5 pairs to 3.5 pairs. The
use of the dielectric top mirror allows a wide tun-
ing range compared to the devices in which both
top and bottom DBRs are semiconductor based,
however it also decreases the tuning coefficient to
some extent. T here should be trade-off between the
tuning range and tuning coefficient. As shown in
Eq. (2), the tuning coefficient can be further in-

creased by using thin, long, and narrow beams.
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Fig. 4  Wavelength shift dependence on applied

voltage for the tunable filter
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Fig. 5

Wavelength shift dependence on square of

applied voltage

5 Conclusion

A Si-based 1. 3um MOEMS tunable optical fil-

ter with a continuous tuning range of 90nm has
been demonstrated. It is so far the largest tuning
range of traditional Si-based MOEMS tunable filter
ever reported in the literature. The technology has
wide applications in DWDM system in the long
run, especially when integrated with vertical cavity

devices to achieve active tunable devices.
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