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Abstract — We demonstrate harmonic
millimeter-wave frequency up-converters based on
actively mode-locked multi-section DFB lasers that
produce optical multi-modes separated by f_o. In our
scheme, f;= along with mode-locking f o is applied to the
gain section of the device and up-converted to the
desired millimeter-wave band. By using this method, we
successfully up-convert 10Mbps QPSK data at 500MHz
fir into 60GHz band, corresponding to the 6™ harmonic
component of f o.

Index Terms — Harmonic up-converters, actively
mode-locked lasers, radio-on-fiber systems.

|. INTRODUCTION

Optical frequency up-converters, which translate the
data carried by the intermediate frequency (fig) to the
desired radio frequency (fzr) using optical devices,
are key components in radio-on-fiber (RoF) systems
[1]. In particular, optical harmonic millimeter-wave
frequency up-converters translating IF signal to the
millimeter-wave band corresponding to the integer
multiple of the local oscillator frequency (fo) are
very attractive because it can replace the expensive
electrical mixers in the millimeter-wave RoF
systems.

Generally, the optical harmonic up-converter consists
of a square low device such as a photo diode (PD)
and an optical device generating optical multi modes
and the up-converted signal can be obtained by
mode-beating between optical multi modes.

Mode-locked lasers have been considered as a
promising candidate for the generation of optical
multi modes because they can generate phase
correlated optical modes which guarantee the good
phase quality of the beating signal. Especially,

monolithic semiconductor mode-locked lasers are of
great interest due to their compactness and stability
[2-3].

In this paper, we demonstrate that an actively
mode-locked multi-section DFB (AML-MS DFB)
laser can perform harmonic up-conversion. In this
proposed method, the AML MS-DFB laser produces
optical multi modes separated by f o and fr at the
same time by injecting electrical f_ o and f signals to
the gain section. The desired up-converted signal is
obtained by mode beating in PD. As a demonstration
of this method, 10Mbps QPSK data at 500MHz are
successfully  up-converted to 60GHz band
corresponding 6™ harmonics of AML MS-DFB laser
fundamental frequency, and the quality of the
resulting up-converted signal is characterized.

1. EXPERIMENTAL SETUP AND RESULTS
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Fig. 1. MS-DFB Laser.

A. AML MS-DFB Laser

Fig.1 shows the MS-DFB laser used as a harmonic
up-converter in our investigation. As shown in the
figure, it is composed of DFB, passive waveguide,
phase control, and gain sections. Phase control and
gain sections adjust the phase and amplitude of the
feedback optical signal, and the length of the passive
waveguide section is set for the desired mode-locked
frequency. With the proper bias condition applied to
each section, the laser can be passively mode-locked



(PML) and the optical short pulse is emitted. Details
of passive mode locking characteristics of the device
without a saturable absorber can be found in [4]. The
measured RF spectrum of PML-MS DFB laser is
shown in Fig. 2(a). The pulsation frequency
(fundamental frequency: f o) is about 10.814GHz at
the bias condition of Ipeg=54.38MA, Ippase=10MA,
and lg,in=150mA. However, the broad linewidth of
the generated signal is not suitable for such
application as phase modulated data transmission
commonly used in wireless communications. This
problem can be solved by the injection of electrical
signal having the same pulsation frequency into the
gain section through the RF port.

Fig. 4 shows the measured optical spectrum of the
emitted optical output signal from AML-MS DFB
laser. With many optical modes as shown in the
optical spectrum, the device can produce many
harmonic frequency components in RF domain by
mode beating. In this investigation, the 6" harmonic
frequency (64.88GHz) was used for the
demonstration of harmonic up-conversion.
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Fig. 2. Measured RF spectrum of (a) passively and (b)
actively mode-locked MS DFB laser.

By the injection of the electrical signal, the device is
actively mode-locked (AML), and the quality of the
generated signal follows the quality of the injected
electrical signal. Fig. 2(b) shows the measured RF
spectrum of AML-MS DFB laser. To analyze the
generated signal quality, we measured phase noises
of the fundamental frequency of the PML and AML
MS DFB laser, and the results are shown in Fig. 3.
The measured phase noise value at 100kHz offset for
the generated signal by PML and AML MS DFB
laser is -59.17dBc/Hz and -78.83dBc/Hz,
respectively. From this result, it can be confirmed
that the phase quality of the generated signal is
drastically improved by the electrical signal injection.
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Fig. 4. Measured optical spectrum of AML-MS DFB
laser.

B. HARMONIC UP-CONVERSION

In order to carry out the harmonic up-conversion
using the AML-MS DFB laser, 10Mbps QPSK data
at fir of 500MHz as well as f o of 10.814GHz for
active mode-locking was applied to the gain section
through the attached RF port as shown in Fig. 5.
Therefore, optical sidebands separated by f from
optical multi modes generated by AML-MS DFB
laser shown in Fig. 4 are produced and the electrical
sidebands are generated fir away from f o by mode
beating in PD. Effectively, the AML-MS DFB laser
performs frequency up-conversion of fi into f o+ fr.
Furthermore, many harmonic optical modes of
AML-MS DFB laser can be utilized for harmonic



up-conversion, where fiz is up-converted into nf o+
fie. The RF spectrum of the 6"  harmonic
up-converted data signals are shown in Fig. 6. The
spectrum clearly shows the up-converted double
sideband data signals at 500MHz (fz) away from
64.88GHz (6xfo). The inset magnifies the lower
sideband up-converted data. The applied fr and fo
power were 19dBm and -6dBm, respectively. The
up-converted data were down-converted by a 60GHz
band self-heterodyne detector [5], and the
down-converted data were analyzed by the vector
signal analyzer (VSA).
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Fig. 5. Experimental setup for harmonic up-conversion.
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Fig. 6. RF spectrum of up-converted signal into the 6"
harmonic frequency band.

Fig. 7(a) and (b) show the down-converted RF
spectrum and eye diagram for the demodulated
QPSK signal. The eye was clearly opened and the

measured error vector magnitude (EVM) was about
15% corresponding to signal to noise ratio (SNR) of
16.5dB.

I11. CONCLUSION

In this paper, we have experimentally demonstrated
the feasibility of harmonic up-converters based on
AML-MS DFB laser. With this proposed scheme, we
successfully up-converted 10Mbps QPSK data
carried at 500MHz to the 60GHz band corresponding
to the 6™ harmonic frequency of the fundamental
frequency of the AML-MS DFB laser.
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Fig. 7. (a) RF spectrum of the down-converted signal
and (b) eye diagram measured by VSA.
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