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A Wide-Range Linearly Tunable Optical Filter Using
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Abstract—1In this letter, we have proposed and demonstrated, for
the first time, the application of low-voltage magnetic actuation to
a tunable optical filter to achieve a wide linear tuning range. We
have fabricated and tested three different types of spring struc-
tures: straight, corrugated, and meander types to optimize the pro-
posed magnetic actuation for high linearity and low power con-
sumption. From the fabricated actuator, we have acquired a wide
linear tuning range over 200 nm in wavelength, which is the widest
ever reported to the best of our knowledge. The fabricated tunable
filter has demonstrated a maximum static power consumption of
less than 25 W for wavelength tuning up to 200 nm with an ex-
ternal magnetic field of 0.28 T.

Index Terms—Electromagnetic forces, microelectromechanical
(MEMS) devices, optical communications, optical components,
tunable filters.

1. INTRODUCTION

ECENTLY, wavelength-division-multiplexing (WDM)
Rnetworks have been widely deployed because of their
high transmission capacity. In order to fully utilize the possible
capacity given in a fiber, the number of wavelengths launched in
a fiber has been continuously increased and this trend will con-
tinue in the coming years. With the invention of zero water-peak
fiber like Corning’s SMF-28e, the available bandwidth in a fiber
for communication has reached over 400 nm, eliminating the
blocking region near water-peak at 1400 nm in wavelength. It is
anticipated that utilization of available bandwidth in a fiber will
be accelerated in future optical communications. Consequently,
it is required to develop optical components with a wide tuning
range for emerging markets in high capacity WDM networks.

Recently, various microelectromechanical (MEMS) tunable
optical filters have been reported [1]-[5]. Most of them have
used electrostatic actuation [1]-[4], while a thermally tunable
filter has been also reported [5]. Electrostatic actuation is ad-
equate for low-power operation, but its tuning range is limited
due to pull-in phenomenon and its actuation voltage is relatively
high. Also, electrostatic actuation intrinsically has a nonlinear
behavior. On the other hand, thermal actuation can achieve a
wide tuning range but it consumes large power and its response
time is slow.

In this letter, we propose a wide-range tunable optical filter
using magnetic actuation for the first time. A simple magnetic
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Fig. 1. Conceptual diagram of the proposed tunable optical filter using
magnetic actuation and three types of springs tested for linear displacement:
(a) straight bar; (b) corrugation; and (c) meander-type springs.

actuator using Lorentz force has been designed and demon-
strated without any complicated coils that have been employed
in typical magnetic actuators. Because Lorentz force is bidirec-
tional and relatively strong, we could achieve a wide tuning
range with small power consumption using a strong external
magnetic field. We could also achieve a high linearity by uti-
lizing a Lorentz force which is linearly proportional to an ap-
plied current.

II. DESIGN AND FABRICATION

Fig. 1 illustrates the conceptual diagram of the proposed tun-
able filter. It consists of a Fabry—Pérot cavity with two dielectric
distributed Bragg reflectors (DBRs) similar to other cavity-type
MEMS tunable filters. One DBR is formed on the fixed DBR
part and the other is located on the actuator part, as shown in
Fig. 1. Two DBRs are separated by a spacer. However, in the
figure, two parts are shown detached for visual comprehension.
Since the actuator part consists of suspended conductor bridges,
it receives Lorentz force directly by electrical current flowing
through it in a magnetic field. Magnetic field is applied in plane
with the actuator. Displacement of the actuated DBR changes a
cavity length and so does a filtering wavelength. We have tested
three different types of spring structures (straight, corrugated,
and meander types) to optimize the actuator for high linearity
and low power consumption, as shown in Fig. 1. Fig. 2 shows
the cross-sectional view of the proposed filter structure.

Our initial target tuning range was 200 nm from 1400 to
1600 nm, the upper half of the required bandwidth for the coarse
WDM (ITU-T G694.2) application. In this work, we target to
achieve a resonant wavelength of 1600 nm at the initial actuator
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Fig. 2. Cross-sectional view of the proposed filter structure.

position. For 200-nm tuning range, we have determined a cavity
length of 5.6 um to use free spectral range between the seventh
(1600 nm) and eighth mode (1400 nm). The required actuation
range is 0.7 pm. If a mode number lower than seven is used,
the cavity length as well as the required actuation range should
be decreased accordingly. However, it is not desirable because
full-width at half-maximum (FWHM) of the filter increases.

Fabrication processes are relatively simple. For the actuator
part, corrugation pits of 10 um in depth are defined by silicon
anisotropic etching in KOH, first. Next, a gold film (1.3 pm)
is sputtered and patterned by liftoff to form an actuator. Then,
a DBR layer (2.5 pum) is deposited by plasma-enhanced chem-
ical vapor deposition (PECVD) and patterned by reative ion
etching. In order to demonstrate concept feasibility of mag-
netic actuation for wide range tuning, we have used simple
5.5 pairs of PECVD SiN,-SiO, as a DBR. After that, the
structure is released in KOH solution. For the fixed DBR part,
DBR is deposited followed by spacer formation using BCB
(Benzo—Cyclo—Butene). The thickness of the spacer is about
4 pm for 200-nm tuning range. The actual effective cavity
length will be 5.6 um as designed when penetration depth of
DBR is included. Next, DBR membrane is released in KOH
solution. Finally, the two processed wafers are bonded on a hot
plate at 120 °C to form a cavity filter [6].

Fig. 3 shows the scanning electron microscope (SEM) pho-
tographs of the fabricated actuators with various spring types.
Spring dimensions are indicated in the figure. The deposited
DBRs and gold films have a minor tensile stress about 80 MPa,
allowing the whole structures to stay flat, as shown in Fig. 3. The
photograph of a completed tunable filter is shown in Fig. 3(f).

III. MEASUREMENT AND DISCUSSION

The static and dynamic behaviors of the fabricated actuator
have been measured with Polytec’s Laser Doppler Vibrometer.
The magnetic field of 0.28 T was applied to the actuator using
permanent magnets. Fig. 4 shows the measured mechanical dis-
placement of the fabricated actuators. Actuators with corruga-
tion and meander-type springs can be actuated linearly, while
the one with straight bar springs shows poor linearity, as shown
in Fig. 4. This comes from thermal expansion of the springs due
to Joule-heating. Both structures with meander and corrugation
springs have enough actuation range (>0.7 pm) to meet the re-
quirement imposed for linear wide-tuning range over 200 nm.
Over 3-um linear displacement has been measured with me-
ander-type springs, which is four times larger than target value.
The tuning speed has been measured as 3 ms from transient re-
sponse.

Optical spectrum of the fabricated tunable filter has been
measured in free space by a measurement setup with four
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Fig. 3. SEM photographs of the fabricated actuators with (a) straight bar-type
springs, (b) meander-type springs, and (c) corrugation-type springs; magnified
SEM photographs of (d) corrugation pits and (e) a DBR membrane; and
(f) optical photograph of the completed tunable filter after bonding.
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Fig. 4. Mechanical displacement of the fabricated tunable filter with three
types of different springs.

lenses, a tunable laser source, and a detector module. Light
from a tunable laser source is guided by an optical fiber and
focused to the fabricated tunable filter by two objectives. The
transmitted light is focused and coupled into an optical fiber
and the guided light is detected by a power meter. The focused
beam size was about 12 pm in diameter. Fig. 5 shows the tuning
response of the fabricated filter with meander-type springs.
Unfortunately, the tuning range of tunable laser source does not
cover the whole tuning range; therefore, we have carried out
the tuning measurement using two adjacent peaks. In Fig. 5(a),
a higher mode peak was shifted by 45 nm/mA toward higher
wavelength direction by increasing the current in the magnetic
actuator. In Fig. 5(b), a lower mode peak was shifted by the
same amount toward lower wavelength direction with negative
current. Fig. 6 shows the theoretical and measured wavelength
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Fig. 5. Measured bidirectional tuning response of the fabricated tunable filter
with meander-type springs.
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Fig. 6. Relationship between wavelength of several mode peaks and
mechanical displacement of the fabricated tunable filter. (Dashed lines and dots
represent calculation and measurement results, repectively.)

for several mode peaks as a function of mechanical displace-
ment of the fabricated filter. As shown in the figure, the seventh

2089

TABLE 1
SUMMARY OF MEASURED PARAMETERS OF THE FABRICATED TUNABLE
OPTICAL FILTER WITH MEANDER-TYPE SPRINGS

Cavity length (um) 5.8
Max. reflectance 0.9
FSR (nm) 200
FWHM (nm) 20
Tuning range (nm) >200
Max. power consumption (LW) <243
Tuning speed (msec) 3

mode can be tuned from 1600 to 1400 nm with the actuation
from —0.3 to —1.0 pm. Since the measured actuation range
is over £1.5 pum, as shown in Fig. 4, it is easily inferred that
the fabricated filter can be bidirectionally and linearly tuned
about 200 nm, which is the widest ever reported to the best of
our knowledge. The maximum power consumption has been
estimated as 24.3 uW. The effective cavity length has been
estimated as 5.9 pum including DBR penetration depth and the
measured FWHM is about 20 nm. This can be further improved
by using other DBRs with higher reflectance. Measured filter
characteristics are summarized in Table L.

IV. CONCLUSION

In this letter, we have proposed and demonstrated a wide
range linearly tunable optical filter using magnetic actuation for
the first time. A simple magnetic actuator using Lorentz force
has been fabricated and successfully applied to a wide-range
tunable optical filter. We have achieved more than 200-nm linear
tuning range bidirectionally at low power consumption of less
than 25 uW. The tuning efficiency is over 45 nm/mA and the
measured FWHM is about 20 nm. The proposed tunable optical
filter has successfully demonstrated its feasibility for wide linear
tunability which will play an important role in the future WDM
networks.

REFERENCES

[1] S.Irmer, J. Daleiden, V. Rangelov, C. Prott, F. Romer, M. Strassner, A.
Tarraf, and H. Hilmer, “Ultra low biased widely continuously tunable
Fabry—Pérot filter,” IEEE Photon. Technol. Lett., vol. 15, pp. 434-436,
Mar. 2003.

[2] C. F. R. Mateus, C.-H. Chang, L. Chrostowski, S. Yang, D. Sun, R.
Pathak, and C. J. Chang-Hasnain, “Widely tunable torsional optical
filter,” IEEE Photon. Technol. Lett., vol. 14, pp. 819-821, June 2002.

[3] M. Aziz, J. Pfeiffer, M. Wohlfarth, C. Luber, S. Wu, and P. Meissner,
“A new and simple concept of tunable two-chip microcavities for filter
applications in WDM systems,” IEEE Photon. Technol. Lett., vol. 12,
pp. 1522-1523, Nov. 2000.

[4] P. Tayebati, P. D. Wang, D. Vakhshoori, and R. N. Sacks, “Widely tun-
able Fabry—Pérot filter using Ga(Al)As — AlO,. deformable mirrors,”
IEEE Photon. Technol. Lett., vol. 10, pp. 394-396, Mar. 1998.

[5] J. Peerlings, A. Dehe, A. Vogt, M. Tilsch, C. Hebeler, F. Langenhan, P.
Meissner, and H. L. Hartnagel, “Long resonator micromachined tunable
GaAs-AlAs Fabry—Pérot filter,” IEEE Photon. Technol. Lett., vol. 9, pp.
1235-1237, Sept. 1997.

[6] A. Jourdain, P. De Moor, S. Pamidighantam, and H. A. C. Tilmans,
“Investigation of the hermeticity of BCB-sealed cavities for housing
(RF-)MEMS devices,” in IEEE Micro Electro Mechanical Systems Tech.
Dig. 2002, Las Vegas, NV, Jan. 20-24, 2002, pp. 677-680.



	toc
	A Wide-Range Linearly Tunable Optical Filter Using Lorentz Force
	Hyung-Kew Lee, Student Member, IEEE, Kyu-Sang Kim, and Euisik Yo
	I. I NTRODUCTION

	Fig. 1. Conceptual diagram of the proposed tunable optical filte
	II. D ESIGN AND F ABRICATION

	Fig. 2. Cross-sectional view of the proposed filter structure.
	III. M EASUREMENT AND D ISCUSSION

	Fig. 3. SEM photographs of the fabricated actuators with (a) str
	Fig. 4. Mechanical displacement of the fabricated tunable filter
	Fig. 5. Measured bidirectional tuning response of the fabricated
	Fig. 6. Relationship between wavelength of several mode peaks an
	TABLE€I S UMMARY OF M EASURED P ARAMETERS OF THE F ABRICATED T U
	IV. C ONCLUSION
	S. Irmer, J. Daleiden, V. Rangelov, C. Prott, F. Romer, M. Stras
	C. F. R. Mateus, C.-H. Chang, L. Chrostowski, S. Yang, D. Sun, R
	M. Aziz, J. Pfeiffer, M. Wohlfarth, C. Luber, S. Wu, and P. Meis
	P. Tayebati, P. D. Wang, D. Vakhshoori, and R. N. Sacks, Widely 
	J. Peerlings, A. Dehe, A. Vogt, M. Tilsch, C. Hebeler, F. Langen
	A. Jourdain, P. De Moor, S. Pamidighantam, and H. A. C. Tilmans,



