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Abstract

The proposed approach that combined the holographic gratings wih the
back-to-back micromirror devices had been proposed to realize the optical
add/drop multiplexer. The incident lights with different wavelemgeh
coupled into DMUX and diffracted into designed position through localized
multiplexing method. Micromirror array is used to drop specific information
or add the desired one into MUXA back-to-back micromirror device had
been developed using PWUMPs and flip chip technologies. The
pre-stressed beams were used to flipup the micromirror devices after the
released process. The torsion flexurdesign provides a reliable rotation
degree of freedom Thermal heatreatment method h& been applied to
enhance actuating force. Through the flip chip packaging technology, a
top-plate had been designed and bonded wit the micromirror devices as a
stopper to control the pop-up angles. Flip chip bonding using gold bumps had
been investigated togain control of the height of the stopperThe switching
characteristics of the proposed micromirror devices had been examined
preliminarily.Finally, a back-to-back micromirror device for optical add/drop

multiplexer applications is obtained.
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1. Preface

For a Dense Wavelength Division Multiplexing (DWDM) nebrking system,
Optical Add/Drop Modules QADM), that play important role both in optical core
networks and in regional access networks, are often required for optical
communication. The OADM selectively removes (drops) a wavelength from a
multiplicity of wavelengths in a fiber, and adds in the same direction of data flow the
same wavelength, but with different data content. Through th©ADM modules, the
specific data or information could be extracted from or carried into the DWDM
networking system such th& information could be received or transmit among each
communication nodes [1].

2. Purpose of Research

The mainscope of project is to develapcromirror devices forOADM
prototype module based on MEMS technology. This micromirror device is capable of
dropping from or adding into specific wavelength fromchauhal fibers.
Furthermore, the micromirror device can be integrated with other components so that
multi-functions including switching, filtering, modulation, and add/drop multiplexing
could be further explored.

3. Designs, Results and Discussions

An OADM configuration that integrated volume holographic gratings with
MEMS optical switches had been proposed in figure 1. The volume holographic filter
with features of narrow-pass-band, high signatto-noise (S/N) ratio, high insertion
efficiency, and compact structureis used to realize DMUX and MUXThe incident
lights with different wavelength will be coupled into DMUX and diffracted into
designed position through localized multiplexing method. Mi©@mirror array is used
to drop specific information or add the desired one into MUX.
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Fig. 1: OADM configuration

To accomplish the task of add/drop function in proposed OADM configuration, a
back-to-back micromirror device had been developed usingaurface-micromachining
and flip chip technologieswas designed and developed. Thepre-stressed beams were
used to flip upthe micromirror devices after the release procesklectrodes under
pre-stressed beams were designed to actuate the micromirror. delieces
micromirror devices could be actuatedto block or bypass the light signals to extract
specific information or add the desired one into MUX. The torsion flexure design will
provide a reliable rotationdegree of freedomThermal heattreatment method is
applied to enhance actuating force. Through the flip chip packaging technology, a
U-shape stopper isdesigned and bonded on the top of themicromirror devicesto be
the constrain of popped-up angle control Flip chip bondingwith gold bumpshad
been investigated to gain control of the height of the bonding gaprl he accuracy of
popped-up angle control and the switching characteristic of the micromirror devices
had been measured.



3.1 The Design and Fabrication of Micromirror Devices

Fig. 2 showsthe SEM pictures of the released back-to-back micromirror devices.
An optical switch consists of a micromirror (302 m in diameter), four prestressed
beams (350¢ m in length, 7Q: m in width), and torsion flexure design to provide
rotation degree of freedom. The desowere fabricated through PeMUMPs
process provided by Cronos Integrated Microsystem&]. The 0.75um oxide layer
(PSG2) was trapped between two polysilicon layergPolyl and Poly2) to minimize
warpage of the mirror surface.The metal layer (Gold) is deosited on the center of
mirror to obtain high reflect efficiency. Four prestressed beams connected in parallel
are designed to provide more actuating force to flip up the micromirror devices. After
the HF release process, the backio-back micromirror devices will be flipped out of
plane to have an initial poppedup angle. Electrode (substrate) under the prestressed
beams is designed to apply electrostatic force to actuate the micromirror devices.
However, the initial poppedup angle of the micromirror deices could not meet the
requirements of proposed OADM configuration. The light signal output from DMUX
could not be dropped completely since the poppedup angle is smaller than 45 degree.
Also, the micromirror could not accomplish to add selected signal into MUX.

Fig. 2. SEM pictures of released back-to-back micromirror devices without thermal
heat-treatment

To enlarge the popped-up angle of the micromirror devices, the actuating force of
the prestressed beams must be improved. Here, we imdodbe thermal
heat-treatment method 3] to accomplish this task. After the release process, the
mirror chips were put on the hot plate that will be heated to about 14 for required
heat treatment. After the thermal hbaatment of the pirstressed beans, the
micromirror devices will be flipped up to have larger popped-up angle than the initial
one. Fig. 3 demonstrated the results after the thermal Reaatment process. It is
clearly to show that the popped-up angle of micromirror devices had been improved.

Fig. 3 SEM pictures of released back-to-back micromirror devices with thermal
heat-treatment



Thermal cycling response of layered gold/polysilicon microstructures had been
investigated [3], however, stress induced during heating process is dfficult to control
since it depends on the manufacturing process directly. It indicated that actuating
forces of the praressed beams might be different and unpredictable for each
fabricated micromirror devices. As a result, the poppedip micromirror devces will
not reach identical angle, which also brings a problem to integrate the fabricated
micromirror devices with volume holographic gratings. To overcome this, an
approach to fabricate mechanical stopper to constrain the poppedp micromirror to
have desired angle is proposed here. The flip chip packaging is applied to realize this
concept..

3.2 Flip Chip Packaging

Flip-chip packaging had been developed to many MEMS designs the last
decade [4-5]. It is frequently used to transfer MEMSS structures to other substrates that
provided MEMS designers a new capability to integrate different structures and
substrates. In this paper, the flipchip packaging process isapplied to obtain precise
angle-control of the poppeelp micromirror devices to overcome atve-mentioned
problems. Firstly, a mechanical stopper is bonded on the top of micromirror devices.
After the release and thermal heat-treatment processes, pre-stressed beams are able to
have enough actuating force to flip up micromirror devices to reachetimechanical
stopper. The stopper will constrain the micromirror devices at the desired poppedp
angle. Therefore, the poppedp of the micromirror devices could be controlled
precisely.

3.2.1 The Design of M echanical Sopper

The conceptual designof mehanical stopper is illustrated in figure 4.
Pre-stressed beams flipped up the micromirror device after the release and thermal
heat-treatment processes. However, the mechanical stopper bonded on the top
constrains the micromirror device at designed deflémg angle. The well-controlled
bonding gap provides therecise deflecting angle of the poppeagp micromirror
device. Therelation is given by

c9=sin1|—h (1)

where h is the bonding gap# is controlled angle, antl is thelength of the
micromirror device.

stopper

Fig. 4 Conceptual design of mechanical stopper

A top-plate with U-shape stopper fabricated through MUMPs was developed to
bond with the micromirror devices for realizing this conceptial design. The design of
U-shape stopper is used to prevent blocking of the light signals. Consider the
configuration in Fig. 4, if a ndnansparent substrate is bonded on the top of the
micromirror device as the stopper, the light signal output from DMUX could not pass
through the topplate as well as the selected light signals that should be added into
MUX shown in Fig. 1.The bonding was performed using flip chip bonder developed
by CAMPmode, University of Colorado at Bouldg}. [Fig. 5 shows the SEM



pictures of fabricated back-to-back micromirror devices with mechanical stopper. It is
clearly to see that the micromirror device had reached the desired angle since it
touches the mechanical stoppers.
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Fig. 5: SEM pictures of fabricated back-to-back micromirror devices with mechanical
stopper

3.3 Experimental Results

With the fabricated micromirror device, the characteristics of the device need to
be investigated. The accuracy of the poppedip angle of the micromirror during the
ON/OFF stage of the gpied electrostatic force is measured. Figr illustrates the
optical configuration to measure the poppedip angle of the fabricatedmicromirror
devices. The laser is manually aligned to the poppedup micromirror until the path of
incident light reflected from the rotation mirroand reflected light from the
micromirror is the identical one. Thisplies that the poppedp angle of the
micromirror (£) is equal to the tilting angle of the rotation mirror ¢). Table 2 lists
the measurement results of three fabricated micromirror devicesln comparison to the
proposed 45-degree popped-up angle for the OADM configuration; the relative error
is within 1.6% which shows the capability of the present assembly method in
controlling the angle of the micromirror.

Finally, Fig. 8 shows the results of dynamic characteristics of the fabricated
micromirror devices The ON/OFF states of the optical switch wereedeshe
switching speed had been demonstrated to reach 100Hz. The electrostatic puldown
voltage of the pre-gtressed beams is about 100V.
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Fig. 7 Optical configuration to measure the popped-up angle of micromirror devices

Poppedup angle measurements

Device 1 Device 2 Device 3 Device 4
44.6 45.2 45.3 44.3

Table 2 Popped-up angle measurement results of fabricated micromirror devices




(a)On state (Micromirror is pulled down) (b) Off state (Micromirror is popped up)
Fig. 8 Dynamic characteristic of the fabricated micromirror devices
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A novel back-to-back micromirror device was developed using PolyMUMPs, flip
chip bonding technology and heat treatment. By using standard PolyMUMPs process,
we are able to fabricatereliable optical MEMS components with ease. With the flip
chip bomling technology, the air gap between two bonding substrates can be
controlled accurately. Upon applying heat treatment to the assembled device, the
flip-up angle of the fabricated micromirror devices is remained within 1.6% of error.
Experimental tests indicated that the present device is capable of performing add/drop
function that is required in the OADM. With the present research accomplishment, we
are able to contribute our design concept and assembly process to other stprojects
so that anovel OADM device for optical communication can be obtained.



