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ABSTRACT

A 60GHz-band millimeter(mm)-wave signal gener-
ation using a long-term frequency-stabilized 60GHz
MLLD module will be presented. The output opti-
cal power of the MLLD module is more than 6.0dBm.
The generated 60GHz mm-wave signal with the 3dB
linewidth of less than 300Hz over 2.9km-long optical

fiber link is successfully demonstrated.

INTRODUCTION

Millimeter(mm)-wave frequency region will become
necessary for supporting future radio-based broadband
access services because of the expected shortage of cur-
rently available microwave frequency region. As the
electrical delivery of mm-wave signals to the remote
antenna units dose not seem to be realistic, the fiber-
optic transport is a strong candidate due to not only
the extremely wide bandwidth but also an availabil-
ity of optical amplifiers. Therefore, many techniques
for generating and distributing mm-wave signals over
fiber-optic links have been studied [1] ~ [7]. The au-
thors have proposed a 60GHz millimeter-wave genera-
tion technique using stabilized mode-locked laser diode
(MLLD) with optical frequency demultiplexing switch
[8, 9. The MLLD, however, requires position align-
ments and a fine tuning for the repetition rate, and it
still needs further improvements.

In this paper, we will present a practical genera-

tion and transport technique of mm-wave signal over

fiber-optic links using a long-term stable and high-
power MLLD module. This MLLD module is align-
ment free, highly stable in the repetition rate within
100Hz, and of high power larger than 6.0dBm. The
optical generation and transport of 60GHz-band mm-
wave with very narrow linewidths of less than 300Hz
over an optical fiber link is successfully demonstrated,
and also the high stability of the MLLD module is con-
firmed. This technique would be practically applicable
for fiber-optic radio-based broadband multi-access net-

works.
SYSTEM CONFIGURATION

Figure 1 shows the configuration of the proposed
fiber-optic radio-based broadband access network. The
multi-frequency coherent lightwaves with an equi-
frequency interval of a desired mm-wave carrier fre-
quency are emitted from a 60GHz MLLD module sta-
bilized by a sub-harmonic optical injection from the
master laser diode [10]. As shown in the photograph
of Fig. 1, the test 60GHz MLLD module is compact
(90mm(W) x 32mm(D) x 26mm(H)) and the op-
tical input and output are connected with polariza-
tion maintaining fibers. The MLLD module is pulled
into exactly the 6th harmonic of the repetition rate
of the master distributed feedback (DFB) laser diode
(LD) driven at about 10GHz. The output lightwaves
are intensity-modulated with a payload data signal

by using a Mach-Zehnder interferometer-type LiNbOg3
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Figure 1: Configuration of the proposed system and photograph of 60GHz MLLD module (90mm(W) x 32mm(D)

x 26mm(H)).

waveguide modulator (EOM). After the propagation in
the dispersion-shifted single-mode fiber (DSF) link, all
the transmitted lightwaves are simultaneously ampli-
fied by an Erbium-doped fiber amplifier (EDFA) and
are optically self-heterodyned with a high-frequency
photodetector (PD) with the 3dB bandwidth of 50GHz
[11]. The output of the PD is the coherent sum of all
beat signals only with a desired mm-wave carrier fre-

quency, 60GHz, due to the bandwidth limitation.
EXPERIMENTAL RESULTS

The optical power spectrum of the MLLD module
output is shown in Fig. 2. The master DFB LD is
oscillated at 1.54pm and is modulated by applying
9.9754GHz sinusoidal wave signal. The output op-
tical power is as high as 6.31dBm. The optical loss
and the dispersion of the 2.9km-long DSF used in the
experiment are 0.20dB/km and 0.09psec/km/nm at
A=1.56pum, respectively.

Figure 3 shows the radio-frequency (RF) spectrum
of a generated mm-wave signal before and after the
2.9km-long propagation. As the payload data sig-
nal is 1.0GHz sinusoidal wave, the sidebands apart

by 1.0GHz from the generated mm-wave carrier fre-
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Figure 2: Optical power spectrum of the MLLD mod-

ule output

quency of 59.8524GHz are seen in Fig. 3. As shown in
Fig. 4, the spectrum linewidth of the generated mm-
wave is less than 300Hz, which is limited by the reso-
lution of the bandwidth of the RF spectrum analyzer.
This fact shows an excellent frequency stability of the
MLLD module output. The carrier-to-noise power ra-
tio (CNR) of more than 30dB is also obtained.
Figure 5 shows the long-term stability of the MLLD

module as a function of time. The MLLD module is
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Figure 3: Generated mm-wave signals.

packaged with a Peltier device and thermister to con-
trol the temperature of MLLD. The operation is car-
ried out at the room temperature without an auto-
matic frequency control (AFC) and an automatic gain
control (AGC) at the receiver. It is confirmed from
Fig. 5 that both the frequency and the power of the
generated mm-wave carrier are highly stable over 1000
hours. Especially, the frequency stability of less than
100Hz is obtained even if there is no AFC. This is
an encouraging sign of the applicability of the MLLD

module to the optical mm-wave generation.
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Figure 4: Spectrum of the carrier of the generated mm-

wave.
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Figure 5: Stability of the MLLD module.

CONCLUSION

The 60GHz-band mm-wave signal generation using
the 60GHz MLLD module has been presented. The op-
tical generation and transport of the mm-wave signal
over 2.9km-long optical fiber link has been successfully

demonstrated. The output optical power of the MLLD
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is 6.3dBm. A high frequency-stabilized mm-wave sig-
nal with a 3dB linewidth of less than 300Hz has been
obtained. The long-term stable operation of the MLLD
module over 1000 hours has been also confirmed. So,
this MLLD module would be applicable for the optical

mm-wave generation.
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