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Abstract

Design and performance of a LiNbO; (LN) optical modulator for subcarrier optical transmission employing a high
gain superconducting booster circuit have been studied. Based on a new design theory for the high gain booster circuit,
we designed a voltage amplifier with center frequency of 10 GHz, bandwidth of 5 MHz, and the voltage gain of 33 dB
using an electromagnetic wave simulator. A preliminary experiment with YBCO electrode on MgO substrate flip chip

bonded on LN optical waveguide has also been made.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

We have been studying the applications of
superconducting transmission lines to traveling-
wave-type LiINbO; (LN) optical modulators with
broad bandwidth [1]. Recently, subcarrier optical
transmission systems in which microwave or mil-
limeter-wave signals are carried through optical
fibers by intensity-modulated lightwave (radio on
fiber) has been studied intensively [2]. Resonant
type optical modulators are suitable for this pur-
pose [3], and preliminary experiments using YBCO
films have been made [4,5]. In our previous paper
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[6], we proposed a new design theory of high gain
booster circuit for a LN optical modulator, which
is necessary to amplify the signal voltage applied
to the LN optical waveguide.

In this paper we study the gain of the booster
circuit using the circuit model with coplanar wave-
guide (CPW) transmission lines (transmission line
model), design the practical device with the volt-
age gain of 33 dB by the electromagnetic wave
(EM) simulator. A preliminary experiment is also
made.

2. Design of the optical modulator with transmission
line model

In Fig. 1 we show the schematic figure of the
LN optical modulator with the high gain booster
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Fig. 1. Schematic of the high gain booster circuit for the Mach—
Zehnder type LN optical modulator.

circuit made of superconducting CPW trans-
mission lines. The signal voltage is applied to the
Mach-Zehnder type optical waveguide via the
standing-wave voltage occurring in the CPW which
is short circuited at the end terminal [6].

In the presence of the standing voltage V' (x), the
expression for the induced total optical phase dif-
ference A¢(¢) at the output end of the push—pull
type optical modulator can be calculated as [6]:
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where V, = Ad/2I'ny;;0 is the half-wavelength
voltage; A, the light wavelength; ny, the refractive
index of LN; 7,5, the electrooptic coefficient; I', the
overlap integral; d, the spacing between signal and
ground electrodes; F(w), referred to as the nor-
malized modulation depth, where V;(w), the Fou-
rier transform of the incident voltage.

In Fig. 2(a) we show the example of the input
voltage waveform v;(¢) with amplitude shift keying
(ASK) modulation signal, and the output phase
differences A¢(¢) calculated by Egs. (1) and (2) for
the cases of 4 =1 (0 dB) and 4 =45 (33 dB) are
shown in Fig. 2(b) and (c), respectively. The type
of the filter was Chebyshev one with n =3,
wo /27 = 10 GHz, w = 0.05% and the ripple of the
insertion loss Ar = (0.01 dB. It is shown that de-
signed voltage gains are confirmed, indicating that
a low driving-voltage optical modulator is possible
by designing a large voltage gain.
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Fig. 2. Time domain characteristics of the optical modulator,
(a) input voltage waveform v;(¢) of ASK signal, (b) output
optical phase difference in the case of the voltage gain of 4 =1
(0 dB), (c) output optical phase difference in the case of the
voltage gain 4 = 45 (33 dB).

3. Simulated performance of the practical optical
modulator

In this section we show the design and perfor-
mance of the practical optical modulator using
EM simulator. In Fig. 3(a), we show the configu-
ration of the booster circuit made of meander CPW
transmission lines. The length of the half-wave-
length resonator and the geometry of inverters are
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Fig. 3. Booster circuits designed by EM simulator, (a) configuration of the booster circuit made of meander CPW transmission line,
where spatial distribution of the standing-wave voltage by EM simulator is shown, (b) spatial distribution of the standing-wave voltage

expected from the transmission line model.

decided in the same manner as described in [7]. In
Fig. 3(b) we show the spatial distribution of the
amplitude of the standing-wave voltage calculated
by the EM simulator and the transmission line
model, respectively.

In Fig. 4, we compare the group delay of Sy
calculated from the circuit model with that calcu-
lated from EM simulator. A reasonable agreement
is obtained for both cases, demonstrating the va-
lidity of the present design theory for the high gain
booster circuit.

4. Preliminary experiment

In order to confirm the proposed design theory
we carried out the experiment. In Fig. 5 we show
the pattern of the modulation electrode with the
meanderline three-pole Chebyshev filter fabricated
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Fig. 4. Group delay of Sy, (w) calculated from the transmission
line model and EM simulator for the case of 4 =45 (33 dB).

by a YBCO thin film on a MgO substrate with the
dimension of 10 mm x 10 mm. The YBCO elec-
trode on MgO substrate was flip chip bonded onto
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Fig. 5. The experimental pattern of the booster circuit.
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Fig. 6. Group delay of S;;(w) observed in the experiment.

an optical waveguide in a LN substrate, and was
cooled down by a refrigerator [4]. In Fig. 6 we
show the observed group delay of S|; of the device.
The observed data find traces of those expected
from theory as shown in Fig. 4.

5. Conclusions

Based on the new design theory for the high
gain LN optical modulator, we designed the prac-

tical device with the voltage gain of 33 dB by EM
simulator, and demonstrated the expected perfor-
mances. A preliminary experiment of the designed
optical modulator using the flip chip bonding of
the YBCO thin film on MgO substrate was also
made. The application of the present booster cir-
cuit to a high speed optical switch is being in
progress.
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