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Abstract — We propose and experimentally
demonstrate  all optical harmonic  frequency
up-converters using self-pulsating multi-section DFB
lasers for RoF down-link systems. 60GHz signals are
generated by locking the 4™ harmonic frequency
component (59.34GHz) of a self-pulsating multi-section
DFB laser with the injection of an external optical
signal modulated at the fundamental frequency
(14.835GHz). Successful up-conversion is demonstrated
for 150MHz IF signal to 60GHz.

Index Terms — Self-pulsation, all optical harmonic
up-converters, RoF, mm-wave generation.

l. INTRODUCTION

Recently, many research groups have actively
studied radio-over-fiber techniques (RoF) as a
promising candidate for merging the wireline
networks and broadband wireless networks using
optical fiber [1-2]. It is because low-loss and wide
bandwidth characteristics of fiber make it possible to
implement flexible and cost-effective fixed-mobile
systems. Especially, for millimeter wave band signals
(>30GHz), the RoF technique is considered as a
promising technique.

Frequency up-conversion is needed in RoF
systems in which data are transmitted in IF.
All-optical frequency up-conversion provides an
interesting research opportunity as well as a
possibility for cost-effective system realization. In
particular, such possibility is even greater if the
function of all-optical up-conversion can be done in
the central office (CO) since this allows
simplification of the base station (BS). In this scheme,
however, fiber dispersion can cause serious
performance degradation [3]. In this paper, we
propose and experimentally demonstrate an
all-optical  harmonic  frequency up-conversion
scheme that is free of above problem. In our scheme,
mm-wave signals (59.34GHz) are generated with
sub-harmonic signals (14.835GHz) by the use of
harmonic injection locking of a self-pulsating DFB

laser located at CO.

I1. SELF-PULSATING MULTI-SECTION DFBLASER

R

LC-DFB Phase
control

Amplifier Transparency

Fig. 1. 4-section DFB laser.

Fig. 1 shows the self-pulsating 4-section DFB laser
that is used as an all-optical frequency up-converter
in our investigation. The laser has sections for DFB,
phase control, amplification, and transparent
transmission. Phase control and amplification
sections adjust the phase and amplitude of the
feedback optical signal into the DFB section after
reflecting from the facet in the right side and
transmission through the transparency section. The
length of the transparency section is set for the
desired self-pulsation frequency. When the applied
bias to the DFB section is above the threshold current,
pulsation in the device is due to beating of two
compound cavity modes [4], and the pulsation
frequency can be tuned by controlling bias currents
applied to four sections. However, pulsation
mechanism is different, if the applied bias to the DFB
section is below the threshold current. In this case,
the DFB section works as a just wavelength selective
reflector and the 4-section DFB laser operates as a
single cavity laser diode having multi modes. The
multi modes can be mutually locked by the nonlinear
mechanism, such as the self-induced carrier-density
modulation or four-wave mixing, of the interaction
between the optical modes, resulting in passive mode
locking [5].

Fig. 2 shows the measured RF and optical
spectrum of the 4-section DFB laser when the
applied bias to the DFB section is below the
threshold current. From many optical side modes
shown in the optical spectrum, the device is expected
to produce many harmonic frequency components in
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Fig. 2. Measured (a) RF spectrum and (b) optical spectrum
of 4-section DFB Lasers operating as a passive
mode-locked laser. (DFB: 30mA, Phase: 10mA, Amplifier:
100mA Transparency: 77mA)

I1l. HARMONIC INJECTION LOCKING

The phase-quality of RF signal shown in Fig. 2(a)
can be enhanced by the injection locking of the
device with an external optical signal modulated at
the frequency (fLo). Fig. 3 shows the experimental
setup used for injection locking characteristic
measurement. In this setup, an optical band-pass
filter before the PD was used to select only the output
signal of 4-section DFB laser. The 4-section DFB
laser was biased to operate in passive mode-locking
mode for generating many harmonic components.
The power and the wavelength of the injected signal
to the 4-section DFB lasers were about 6dBm,
1570nm, respectively. Fig. 4 shows the measured RF
spectrum of the locked signal. As compared with
free-running signal (fig. 2(2)), it has much narrower
linewidth. In addition, harmonic frequency
components were produced that were also locked by
the injected fo. Fig. 5 shows the 4™ harmonic

component (59.34GHz).

To analyze the signal quality of locked signals
more accurately, we measured the phase noises of the
fundamental and 4™ harmonic components, and Fig.
6 shows the result. The measured phase noise value
for the fundamental and 4™ harmonic s
-94.17dBc/Hz and -82.83dBc/Hz, respectively. The
phase noise of the 4™ harmonic component is
degraded about 12dB, agreeing with the theoretical
value [6].
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Fig. 3. Experimental setup for the injection locking. TLS:
tunable laser source, MOD: modulator, PD: photo diode.
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Fig. 4. Measured RF spectrum of the locked signal.

IV. HARMONIC UP-CONVERTERS

To carry out all optical harmonic up-conversion
experiment, we modulated the external optical signal
with both the fundamental frequency (f.o) required
for the harmonic frequency locking and IF (fi¢) signal
that needs to be up-converted to the mm-wave band,
and this optical signal was injected into the 4-section
DFB laser, as shown in Fig. 7. The spectrum of the
resulting up-converted double-sideband IF signals
along with the 4™ harmonic signal is shown in Fig. 8,
demonstrating the successful up-conversion.
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Fig. 5. Measured RF spectrum of the 4™ harmonic
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V. CONCLUSIONS

In this paper, we have proposed and experimentally
demonstrated an all-optical harmonic frequency
up-converter using a self-pulsating 4-section DFB
laser. We successfully demonstrate that the proposed
method can up-convert IF signal (150MHz) to the
mm-wave band (59.34GHz) using sub-harmonic LO
signal (14.835GHz) by the harmonic injection
locking technique.
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Fig. 7. Experimental setup for harmonic up-converters and
schematic diagram for describing the operation principle
of harmonic up-conversion
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