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Absiract:  We  experimentally  demonstrate  frequency

up'down-conversion with casceded SOA-EAM configumtion,
For freguency up-canversion, SOA cross-goin moedilation and
photo-detection characteristics of EAM are used and for

frequency down-conversion, EAM nonlinearities sre used

[ Introduction

Broadband wireless systems are investigated very
petively and  fiber-supporied  wireless systems are
attractive because they provide wide bandwidth, easy
centralization and low loss transmission [1-6], To
implement these systems successfully, simple and cost-
effective base station structures are very important and
base stations based on EAM is one of the promising
candidates [1, 2]. Because EAM

has  dual

functionalities of  photo-detection  and  signal
modulation, it can be used as a simple and cost-
eifective transcever.

Previously, we presented the SOA-PD configuration

for the remote frequency up-conversion [3], Using the

SOA cross-gain modulation and square-law detection of

the photlo-detector, data signals are up-converted to the
local pscillator {LO) frequency band. By replacing PD
with EAM, the same operation is performed and a new

functionality of frequency down-conversion can also be
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obtained duc to EAM nonlinearities. With the help of
optically generated LO signal, the uplink RF =ignal is
down-converied to the desired intermediate frequency
(TF) band at the EAM and modulated to the uplink light
source transmitted from central station, Therefore, high
frequency  electrical mixers are not required  for
frequency conversion. Fig. | shows a sysiem schematic
using this SOA-EAM configuration. As shown in the
figure, the optical LO signal is wavelength-separated
from the data signal channel, so that each base station
can share the optical LO signal. Moreover, the system
can be esstly desipned and upgraded with WDM or any

other application sources.
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Fig. 1. System schemane with SOA-EAM configuration for
the bi-directional link.
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I1. SOA-EAM Frequency Converter

Fig. 2 shows a simple illustration of photonic
frequency up/down-conversion using cascaded SOA-
EAM configuration. Fig 2{(z) is a frequency up-
conversion schematic, The optical LO signal is
generated by the optical heterodyne method, which uses
iwo correlated  optical modes  whose  frequency
difference is LO frequency. When both optical LO
signal and IF data signal are injected into S0A, two
optical modes of LO signal are cross-gain-modulated
by the |F data signals. The modulated optical LO signal
is then photo-detected by EAM and the IF data signals
are up-converted to the LO frequency band. This
method can be used for the downlink data transmission,
Detailed operation charactenstics are the same as the
SOA-PD frequency up-conversion method and well

explained in the reference [3].
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Fig 2. Cascaded SOA-EAM confliguration for frequency
up/down-conversion,  {a)  frequency up-conversion (b}
frequency down-conversion

Fig, 2{b) shows the frequency down-conversion

method for the uplink data transmission. With the
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aptically-generated LO signal (f,) and the uplink RF
signal  (f;) modulating EAM, frequency down-
conversion is possible, When these two signals
modulate the uplink optical signal at EAM, the second
arder mixing product at frequency f;-f; is generated by
EAM nonlinearities. This frequency down-converted
signal is transmitted to the central station via uplink
fiber without suffering dispersion induced signal
suppression problems. The uplink optical source is
provided from the central station and downlink optical
LO source can be shared for the uplink transmission.
The proposed SOA-EAM  frequency up/down
converter provides high up-conversion efficiency and
compensates the insertion loss of EAM by SOA
intrinsic gain. In addition, it makes it possible to
perform frequency down-conversion which cannot be
realized in SOA-PD. Additional advantages of this
scheme are sharing ef the optical LO signal and flexible
system design, Basically, in this photonic frequency
converter, the LO signal and data signal are separated.
Therefore, each base station can share the same optical
LO signal and systems can be upgraded effectively to
the WDM systems or any other applications by

changing data sources.

[11. Experiment and Results.

Fig. 3 shows the experimental setup for the
frequency conversion with the cascaded SOA-EAM.
The 25 GHz optical heterodyne LO  signal was
generated by the double-sideband with a suppressed
carrier modulation. The wavelength of the LO signal is
1550 nm. For the downlink IF signal, a [1532.5 nm laser
was directly modulated by the 100 MHz signal. These
two signals were combined and injected into the SOA
for the frequency up-conversion, and then IF modulated

L0 signal 55 detected by EAM.
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Fig. 3. Experimental setup for the frequency up/down-conversion. EOM : Electro-Optic Modulator, RF-SA : RF-Spectrum

Analyzer. EDFA : Eribium-Doped Fiber Amplifier

For the frequency down-conversion experiment,
EAM was modulated by the uplink 25.15 GHz RF
signal. This signal was down-converted to the 150 MHz
signal by the optically generated LO signal and
modulated to the 1552.5 nm optical signal that was
used for downlink transmission. In the frequency down-
conversion experiment, we suppressed the EAM-passed
optical LO signal more than 40 dB compared with the
uplink optical signal using an optical bandpass filter.
The reason to suppress the optical LO signal is that the
LO signal which is modulated by the 25.15 GHz signal
could generate the optically down-converted 150 MHz
signal after photo-detection [4].
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Fig. 4, EAM transmission curve at 1350 nm.
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The EAM used in this experiment is a polarization

insensitive multiple-quantum well traveling-wave
electroabsorption modulator [5]. This was designed and
optimized for the 40Gbps modulation. Fig. 4 shows the
transmission characteristics of the used EAM at 1550
nm. The insertion loss at OV bias is about 10 dB.

Fig. 5(a) shows the frequency up-converted spectrum.
As shown in the figure, 100 MHz IF signal is up-
converted to the 25 GHz LO frequency band. Fig 5(b)
shows the frequency down-converted spectrum that
clearly shows the down-converted 150 MHz signal.

To investigate the down-conversion characteristics,
we also measured the dependence of the down-
converted signal power on the EAM bias voltage. Fig. 6
shows the measured down-converted signal power
according to the EAM bias voltage. This bias

dependence is related to the second order nonlinearity

characteristics of the EAM.

IV. Conclusion
The cascaded SOA-EAM configuration is proposed
for the bi-directional radio-on-fiber systems. With this

scheme, temote frequency up-conversion using the
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SDA cross-gain modulation and frequency down-
conversion using the EAM nenlineanty are
simultaneously achieved. We showed that 100 MHz
downlink signal was up-converied to the 25 GHz band,
and 25,15 GHz uplink signal was down-converted to
|50 MHz. These results demonstrate that a simple and
cost-effective base station can be implemented without
high frequency electrical mixers.

We also investigated the down-converted signal
power according to the EAM bias voltages, which
follows the second order nonlinear characteristics of the

EAM.
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Fig. 5. RF Spectrum for the frequency up-conversion {a) and
the frequency down-conversion (b},
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Fig. 6. The dependence of the down-converted signal power
on the EAM bias valtages.




