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Abstract — We have investigated 60GHz radio-on-fiber
systems using remote up-conversion technique and
optoelectronic mixers. The optoelectronic mixers are
implemented with heterojunction bipolar transistors (HBTs)
and optically injection-locked HBT oscillators.

[. INTRODUCTION

Recently, the demand for high quality multimedia
services stimulates interests for new types of wireless
communication systems that can provide higher capacity.
For that, the 60GHz band is very attractive because it can
provide wide bandwidth as well as high directivity. The
recent spectrum allocation of 60GHz band for license-free
operation and standardization activities of IEEE task
group for 60GHz WPAN represent the rising interests for
60GHz band. The wireless communication systems in
60GHz band need a large number of antenna base stations
(ABSs) due to high transmission loss of 60GHz waves in
the air. Consequently, development of the cost-effective
antenna base station is very important for reducing of
system cost. Radio-on-fiber systems is an attractive
candidate for 60GHz wireless networks, because they can
connect a large number of base stations to one central
station having centralized functions through fiber, which
can support low loss and wide bandwidth transmission.

The simplest radio-on-fiber system can be realized
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based on the optical millimeter-wave transmission
technique [1,2]. In this scheme, 60GHz radio signals are
optically modulated and transmitted between CS and ABS.
Although this method can simplify the ABS architecture,
the system cost can be a problem since optical
components operating at 60GHz are too expensive as of
yet. In another approach called remote conversion
technique [3,4], data signals are transmitted in the optical
intermediate frequency (IF) domain and frequency up-
converted to 60GHz band in ABSs as shown in Figure 1.
In addition, optical distribution of 60GHz local oscillator
(LO) signals from CS to many ABSs can reduce the
system complexity by eliminating the electrical LO source
in ABSs [5,6]. The key issue for this approach is the
realization of efficient and cost-effective optoelectronic
(O/E) mixer. We have achieved this with high-speed
electronic devices such as heterojunction bipolar transistor
(HBT) [7] and HBT-based optically injection-locked
oscillator [8].

II. HBT-BASED OPTOELECTRONIC MIXERS

We investigated O/E frequency up/down conversion
using InP HBT-based O/E mixer. When the optical LO
signals at A;o having two optical modes separated by
desired LO frequency from CS are injected into HBT in
ABS, the photo-detected LO signals are generated with
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Figurel. Configuration of radio-on-fiber system using remote conversion scheme with optical LO distribution



help of high responsivity and wide photo-detection
bandwidth of HBT. Consequently, the optical IF signals at
Mr injected into HBT are firstly photo-detected, amplified
and frequency up-converted to 60GHz band by photo-
detected 60GHz LO signals as shown in Figure 2. Also,
the frequency down-conversion of uplink RF signals can
be done by injecting the RF signals into base terminal of
HBT. Because the HBT O/E mixer offers multi-functions
of photo-detection, amplification and frequency up/down-
conversion from and to 60GHz band, ABS can be greatly
simplified. Utilizing the HBT O/E mixer, we successfully
demonstrated bi-directional transmission of 20Mbps
16QAM signals in 60GHz band including 30Km fiber-
optic link and 3m wireless link [7]. In addition, the HBT-
based optoelectronic mixer provides the possibility of
single-chip realization of the ABS, in which all the
necessary electronic components such as amplifiers and
filters are monolithically realized along with the O/E
mixer.
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Figure2. Frequency up/down conversion using HBT O/E mixer

The optically injection-locked self-oscillating O/E
mixer (OIL-SOM) based on HBT oscillator is an upgraded
version of HBT O/E mixer, which shows higher frequency
conversion efficiency. In OIL-SOM, the optically
distributed LO signals from CS can injection-lock the
free-running HBT oscillator, and the injection-locked LO
signals are used for frequency up-conversion of photo-
detected optical IF signals as shown in Figure 3. Because
the LO power of OIL-SOM depends only on the power of
free-running oscillator not on injected optical LO power,
the supplied electrical LO power for frequency conversion
can be greatly enhanced, while the low phase noise
conditions are maintained. By the same reason, the
conversion efficiency of OIL-SOM is not sensitive on
optically injected optical LO power while the variation of
optical LO power directly influences for performance of

the HPT O/E mixer. Using the OIL-SOM as a harmonic
frequency up-converter, we demonstrated 60GHz
downlink transmission of 20Mbps 16QAM data for wide
range of optical LO power from -11 to 0dBm [8].
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Figure3. Operation principle of HBT-based OIL-SOM
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