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Fig. 4 PSNR against frame number for local (block-based) motion
compensated prediction in presence of noise

Next, local motion was estimated using 32 x 32 pixel blocks. Results
shown in Figs. 3 and 4 confirm the efficiency of gradient correlation.
Table 1 (‘Local’} shows average MSE values obtained for the entire
sequences.

Finally, additive Gaussian noise was manually induced. Figs. 3 and 4
show the PSNR of the motion compensated prediction error for noise
power of 18 dB, confirming that our scheme is consistently more
. immune to noise. Experiments with other levels of noise power
demonstrated that similar performance gains are achievable.

Conclusions. A gradient-based scheme suitable for the sub-pixel
estimation of motion in video sequences is presented. The scheme
yields very accurate sub-pixel motion estimates for a variety of test
material and motion scenarios, including manually induced additive
Gaussian noise, and outperforms phase correlation, which is among
the methods of cheice for professional studio applications. One of the
most attractive features of the propesed scheme is a high degree of
computational efficiency because it can be implemented by fast
transformation algorithms in the frequency domain.
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Thick-film PZT-metallic triple beam
resonator

T. Yan, B.E. Jones, R.T. Rakowski, M.J. Tudor,
S.P. Beeby and N.M. White

A metallic triple-beam resonator with thick-film piszoelectric elements
to drive and detect vibrations is presented. The resonator substrate was
fabricated by a double-sided photochemical-etching technique and the
thick-film piezoelectric elements were deposited by a standard screen-
printing process. The resonator, §5.5 mm long and 7 mm wide, has a
favoured mode a1 6.2 kHz with a O-factor of 3100.

Introduction: The thick film printing process has been successfully
used to deposit piezoelectric materials onto silicon structures for
fabrication of a silicon beam resonator and other silicon devices [1].
In this Letter we describe the application of this process to the
fabrication of a metallic triple beam resonator with screen-printed
thick-film lead zirconate titanate (PZT) drive and sense elements and
present initial results from the device. This device, a metallic triple
beam tuning fork structure with thick-film printed piezoelectric drive
and pickup elements, is the first of its kind [2].

Resonator design and fabrication: The resonator consists of three
beams (tines) aligned in parallel alongside each other and joined at
a decoupling zone at each end which is in turn connected to the
surrounding material. The central beam is twice the width of the two
outer beams. The resonating element has a length of 15.5 mm, a
thickness of .25 mm and beam widths of 2 and 1 mm. The distance
between the beams is 0.5 mm. Finite element analysis (FEA) has been
performed to predict the modal behaviour with stress distribution and
eigenfrequencies of the resonator. Thick-film PZT clements were
printed on separate regions at each end of the central beam, where
maximum stresses exist as the resonator operates in its favoured mode
of vibration. The PZT element at one end drives the vibrations, whilst
the PZT element on the other end detects them. Positioning the PZT
driving and sensing elements on the regions of maximum stresses
maximises the degree of mechanical coupling between the active
piezoelectric layer and the resonator for generation of both driving
forces and sensing signals.

The triple beam resonator has three different fundamental modes of
vibration out of the plane of the wafer. In mode one, the three tmes
oscillate in phase. In mode two, the central tine does not oscillate while
the outer tines vibrate at a phase of 180° with respect to each other. In
mode three, the central tine vibrates in anti-phase with the outer tines, This
mode is the optimum for operating such a triple beam resonator, as
both bending moments and shearing forces at the decoupling zone are
cancelled out and very little vibration energy is coupled into the support-
ing frame at each end. This improves the Q-factor of the device and
therefore the performance of a resonant sensor employing such a device.
The in-phase mode has the Jowest resonant frequency, followed by the
second and third modes. There are also other higher-order modes of
vibrations. A photograph of the metallic resonator is shown in Fig. 1.

Fig. 1 Photograph of metallic resonator

The substrate of the resonator was fabricated from a 0.5 mm-thick
430817 stainless steel thin wafer using a simultaneous double-sided
photochemical etching technique, with a top pattern to define the layout
of the resonator and a bottorn pattern to etch in a standoff distance
leaving the section of resonating element (.25 mm thick. A dielectric
layer was then deposited at the defined driving and sensing regions on
the top surface of the resonator using a standard screen-printing process,
and consecutively layers of bottom gold electrode, piezoelectric paste
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and top gold electrode, were deposited each with their own screens. The
diclectric layer was required to isolate the bottom electrode from the
Tesonator substrate in order to polarise the piezoelectric layer in a later
stage.

The fabricated resonators were sawn from the wafer and electrical
connections were made by conventional wire bonding. The PZT elements
were then connected in paralle! and poled for 1 hat 130°C with a voltage
of 200 V across the electrodes. Given the measured PZT layer thickness
of 30 pm, an electric field of strength 4 MV /m was generated during the
polarising process. This aligns the dipoles within the PZT material
enabling it to exhibit its piczoelectric properties.

Resonator operation and results: The resonator operating in air was
first tested in an open-loop configuration in order to observe the
vibration modes and confirm successful operation of the driving and
sensing mechanisms. The PZT element at one end of the resonator
was driven by an AC signal of 1 V peak-peak from a Hewlett-Packard
89410A vector signal analyser with the tracking generator scanning
over a frequency range of 2-9 kHz. The PZT element on the other end
of the resonator was connected to a Kistler 5011 charge amplifier and
the output from the charge amplifier was fed back to the signal
analyser for frequency response analysis of the resonator. Fig. 2 shows
the frequency response of the resonator with clear resonances at 2.2,
6.2 and 6.8 kHz. These resonances correspond to the first, the third
and the fourth vibration modes of the resonator respectively, accord-
ing to the FEA predictions, with the third mode of vibration being far
dominant due to the favourable dynamic structure balance associated
with this mode. It is clear that the peak corresponding to mode two is
not visible, since in this mode the central beam, where the pick-up is
located, is at rest. ’
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Fig. 2 Amplitude-frequency response of resonator

The O-factor of the resonator in air for mode three was measured to
be 3100, which is exceilent when compared to a Q-factor 70 of a silicon
single beam resonator with PZT thick films operating in air [I] or a
O-factor 400 of a silicon triple beamn resonator with thin filims vibrating
in air [3] or the Q-factors of other metallic resonators [4] in air.
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Fig. 3 Frequency output of resonator in closed-loop

Next, the resonator (in air) was tested in a feedback closed-loop
configuration. The PZT sensing element was connected to a charge
amplifier circuit, followed by a digital 90° phase shift circuit and a
second stage amplification circuit all on one circuit board. The ocutput
from the second stage amplification was fed back to the other PZT
element for driving. In such a way, the resonator was maintained at
resonance in the required favourable mode of oscillation. Fig. 3 shows
the frequency output of the resonator in such a closed-loop operation.

Conclusions: This Letter has reported for the first time a metallic
triple beam resonator etched from stainless steel in which the vibra-
tions are driven and detected by thick-film printed piezoelectric
¢lements, The resonator has been characterised in an open-loop test
which identified the modes of vibration and confirmed the successful
operation of the device and of the driving and sensing mechanisms.
The resonator has further successfully been operated in a closed-loop
configuration with the designed associated electronics. The presented
resonator has shown a good mode selectivity with a O-factor of 3100
operating in air, which compares very favourably with other reported
resonators of similar structures operating in air. This device can be
easily mass-produced at low cost for use in a wide range of measuring
systems, ¢.g. load cells, weighing machines, torque transducers and
pressure sensors. Details of characteristics, interfacing and other
sizes/material configurations are under investigation.
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High performance 10-12.5 Gbit/s modulator
driver in InP SHBT technology

Zhihao Lao, M. Yu, V. Ho, K. Guinn, Muliang Xu,
Shing Lec, V. Radisic and K.C. Wang

A high performance modulator driver circuit is presented using 4 InP
SHRBT technology. The IC was developed for driving EAM modulators
in OC-192 (10 Gbit/s) and with forward error correction (FEC:
10.7 Gbit/s or 12.5 Gbit/s) optical fibre systems. The monolithic
mtegrated circuit features output amplitude control, output crossing
point control and output DC offset control. Measured results show the
circuit operates at 10 to 12.5 Gbit/s with a swing of 3.1 V., at each
output and 20/18 ps rise/fall times. The power dissipation is 1.4 W
with a standard power supply of —5.2 V.
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