-
r

@000 IEEE Ann rr:f [ feeting €

=3
IEEE

NE twork ing the World™

_ '-};d 3th Ammal
~Meeting

IEEE Lasers and |
Electro-Optics Society
2000 Annual Meeting

13-16 November 2000
The Westin Rio Mar Beach e
SV {

Rio Grande, Puerto Rico s 7!.\.51._ ”Tﬁlr.ﬂ

IEEE Catalog Number: 00CH37080 _ISSN: 1092:8081

)




2:45pm-3:00pm

MH4

Optical Millimeter-Wave Generation
by Locking of Four-Wave-Mixing Conjugate Modes in DFB Lascrs

Young-Kowang Seo and Woo-Young Chot
Diept. of Electrical and Computer Engineering, Yonsel University, Seoul, Korea
Tel: +82-2-361-2874,  Fax: +82-2-312-4584, E-mail: wehoif@yonset.ac kr

and

A-Jung Kim
Digital Comm. Lab., Samsung Advanced Institute of Technology, P.O. Box 111, Suwon 440-600, Kerea

The optical generation of millimeter-wave (MMW) signals has been attracting much interest for
many applications, such as broadband wireless communications and optical beam forming, because of its
flexibility in generating high-frequency signals. In particular, the side-band injection-locking is a
promising technique since it has a simple configuration and is able to produce pure and stable MMW
signals [1,2]. Brauner af. used two slave lasers (SLs) to select the target modes among several side-bands
generated in the rf-modulated master laser (ML), and have two selected modes beat each other in the
photodiode (FD) to produce 60GHz [1]. Nogl er al. demonstrited the generation of 60GHz by injecting
continpons wave (cw) ML light into the rf-modulated SL, and beating ML with a selected SL side-band
[2]. 1o these techniques, however, the maximum achievable MMW frequency is limited by the o-
modulation performance of ML or SL. In this paper. we demonstrate a new techmique, which does not
have such limitation,

Char scheme utilizes the locking of Four-Wave-Mixing (FWM) conjugates produced 1n a DFB laser
(5L} by the light injection from ancther DFB laser (ML), Fig. | shows the expenmental set-up used in our
study. When the ML lasing wavelength is set lower than the 5L lusing wavelength outside the locking
region, FWM occurs [3]. The ML and SL peaks and the FWM conjugates can be observed as shown in
Fig. 2. The frequency separation between FWM conjugates are equal to the frequency difference between
ML and SL, which is set at about 14 GHz in our experiment, By selecting twe conjugate modes, we can
produce the best frequency that is a barmonic of |4 GHz, This beat signal, however, is not steble as
shown in Fig, 3. In our experiment, the beat signal frequency was obgserved to fluctoate by several
hundred MHz. In order for this beat signal to be of any use, the FWM conjugetes should be lecked to
each other.

o order to achieve this, we simultaneously rf-modulated (3GHz) both ML and SL so that side-
bands are produced both in ML and SL. [f any of the SL side-bands are injection-locked by the ML side-
bands, then SL and the entire FWM conjugate modes produced by light injection from ML to SL are
locked. Fig. 4 shows the RF spectrum of the beat signal, There are clear signals at the multiples of 3GHz,
It should be noted that these are not simply higher order harmonics of 3 GHz, the modulation frequency,
as there are signal intensity increase at the intervals of about 14 GHz, the frequency for FWM conjugate
maode separation. Consequently, beat signals at much higher frequencies can be observed. In our case, the
highest beat signal observed was 42 GHz, which is almost limited by the I'D used in the expenment. Fig,
5 shows the measured rf-spectriim and phase noise of the beat signals at 30 GHz. Tt 13 very stable and its
phase noise 15 -81 dBe/Hz at [00kHz offset.

In summary, we demonstrated that the side-band injection locking between FWM conjugate modes
in a DFB laser under the external laser light injection can produce stable MMW signals. Since the
produced MMW sigmal frequency is determined by the conjugate mode separation, which can be very
large, we believe that this 15 quite useful for producing very high-frequency optical MMW signals,
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Fig. | Experimental setup. PC is polarization controller, FC fiber coupler, RE-SA ef-spectrum analyzer, FPL
Fabry-Perot interferometer, and OSA optical spectrum analyzer. The arrow indicates the optical isolator.
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Fig. 2 Optical Spectrum of cw SL under cw ML light Frequency {GHz]

injection. The arrows indicate the wavelengths of ML and SL.

The other peaks are the FWM conjugates. rf-modulated ML light injection.
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Fig. 3 Photo-detected ri-spectrum of Fig. 2. Fig. 5 Rf-spectnun and phase noise of 30 GHz in Fig. 4
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Fig. 4 Photo-detected ri-spectrum of rf-modulated SL under

Phase Noise [dBc/Hz]




