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Abstract
We present a novel remote photonic frequency-upconversion scheme based on SOA cross-gain
modulation. Using the scheme. we successfully demonstrate 60GHz radio-on-fiber distribution of two

622 Mbps WDM channels.

The fiber-optic transmission of millimeter-wave signals
has attracted much attention for broadband radio access
system applications [1-4]. For the increase of the total
data traffic capacity, linking radio-on-fiber systems to
the existing wavelength division multiplexing (WDM)
networks is an important issue. For this, several schemes
have been demonstrated using either Mach-Zehnder
modulators (MZM) [3] or nonlinear photo-detection of
photo-diodes (PD) [4], where WDM data signals at
different wavelengths are frequency-upconverted to the
desired millimeter-wave frequency. We have proposed
and experimentally demonstrated an efficient photonic
frequency-upconversion scheme using a semiconductor
optical amplifier (SOA) [5].

This paper deals with the remote photonic
frequency up-conversion of 622 Mbps WDM data
signals with optical heterodyne 60 GHz local oscillator
(LO) signals using an SOA for the WDM / broadband
radio-on-fiber system applications. Fig. 1 shows the
system configuration for our investigation, v\:here optical
60 GHz millimeter-wave LO signals from the central
station are distributed to base stations and WDM data
are wavelength-selectively transmitted to base stations.
The optical LO signals have two optical sidebands
separated by the desired LO frequency (fio) and are
shared among base stations. Photonic frequency-
upconversion of the WDM data to lower sideband
(LSB) and upper sideband (USB) is achieved with SOA
cross-gain modulation and square-law photo-detection.
We demonstrate the distribution of the frequency-
upconverted 622 Mbps WDM data in the radio-on-fiber

link. In Fig. 1, optical heterodyne 60 GHz LO signals

are produced by the optical sideband injection locking
technique employing three DFB-lasers [6].

For WDM / broadband 60GHz radio access
demonstration, two WDM channels are reahized by
directly modulating two DFB lasers by 622 Mbps NRZ
digital data and multiplexed with the optical LO signals
for 60GHz. After passing through 20-km standard
single-mode fiber, they are demultiplexed with AWG
Each WDM channel is assigned to a base station along
with the optical LO signals. Fig. 2(a) shows the optical
spectra of the WDM channel and optical LO signals at
two base stations. At each base station, photonic
frequency upconversion of WDM signals with optical
LO signals are performed in an SOA and PD. The
frequency-upconverted millimeter-wave signals are
electrically amplified and transmitted in the 3-meter
wireless link using 60 GHz hom antennas. The
transmitted signals are demodulated by direct-detection.
The demodulated signals are electrically filtered with
the OC-12 low pass filter and cye-diagrams are
observed as shown in Fig. 2(c). Eye-diagrams of the
original baseband WDM channels are given in Fig. 2(b)
for comparison. Clearly, both base stations show good
eye-openings. Although the present demonstration has
only two WDM channels, more WDM channels linking
to more base bands are possible as long as all the optical
wavelengths are within the SOA optical gain wavelength
bandwidth.
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