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Abstract
Two laser sources were frequency locked independently to the corresponding full-width half-
maximum frequencies of the characteristic transmission curve of a Fabry-Perrot etalon. Variable
frequency mm-wave signal was generated by the use of heterodyne mixing technique. Side modes and

mode hopping characteristics in commercial, high-power, narrow linewidth DFB LD’s are discussed.
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1. Introduction

Various techniques for generating mm-wave photonic carrier have been discussed by many
authors. Heterodyne mixing scheme is one of the commonly used technique in these
applications, because harmonic distortions in the carrier are inherently small and any
modulation format used in microwave wireless communications (ASK, FSK, PSK, QPSK,
MPSK, etc.) can be employed easily [1-6]. In this scheme, wireless communication carrier
wave is generated by mixing two, narrow linewidth, frequency stabilized lasers in a wideband
photodiode. Depending on the data modulation format, either one of the lasers or both lasers can
be amplitude, phase, or frequency modulated. These two beams are sent to an antenna through

an optical fiber link and mixed at the high-speed photodiode. Therefore, data carried by the
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optical carrier could be down converted to the desired intermediate frequency photoelectric
signal and used for wireless communications.

Frequency stability of the lasers are very important in the heterodyne scheme. However,
absolute frequency stabilization of each laser is not necessary because the wireless
communication frequency is given by the frequency difference between the two lasers.
Therefore, it is essential to maintain the frequency difference at the constant value. Optical
phase-locked-loop (OPLL) technique has been used extensively for locking the relative
frequency between the two lasers at the desired value. Although OPLL can provide an excellent
frequency stability and it can be integrated into a small size hybrid component [1], this
technique has the following drawbacks: 1) It requires high frequency microwave components
such as oscillators, mixers, amplifiers, and so forth. 2) It requires very narrow linewidth laser
source and/or very short PLL loop length. 3) Manufacturing cost is expensive.

We present here a new all-optical mm-wave photonic carrier generation scheme using two
full-width half-maximum (FWHM) frequencies of the Fabry-Perrot (FP) etalon as the references
for frequency stabilization. The intermediate frequency between two lasers is given by the
FWHM bandwidth of the FP etalon.

Fig. 1. Experimental arrangement.

11. Experimental Arrangement

Experimental arrangement is shown in Fig. 1. We used commercial, high power, narrow
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'inewidth DFB LD’s (Lucent, D2525P34 and 246 PF) for the light sources. Output light from
:he DFB LD is divided into two fibers by the use of 3dB coupler. One of the beams was sent to
ithe communication system and used for the optical mm-wave carrier, while the other beam was
sent to the FP etalon. The beam was collimated and transmitting through the FP etalon. Intensity
of the transmitted beam is monitored by a Ge photodiode. The transmission characteristics of
the FP etalon used in our experiment are shown in Fig. 2. The free spectral range and FWHM
bandwidth of the FP etalon was 337 GHz and 21.7 GHz, respectively. In the vicinity of FWHM
frequency, the transmitted beam intensity changes approximately linearly with the lasing
rrequency change. Intensity change with respect to the corresponding FWHM intensity was
used for an error signal for the active feedback control of lasing frequency. One of the two lasers,
say the one in the dotted region (b) in Fig. 1, was frequency locked to the lower frequency
FWHM point while the other was locked to the higher frequency FWHM point.

FP etalon was placed in the temperature controlled environment. The temperature was
maintained at slightly above the room temperature within .1 K. Since the coefficient of thermal
(requency change in a fused silica etalon is about 7.7x10° K™, in principle, we expected better

than PPM frequency stability.

1.2 ! b
Measured
- - Simulated

10} p
08} \] 4

04} 2 E

Output [a. u.]

0.2} _ -

29
)

49.0 1549.5 1550.0 1550.5
Wavelength [nm]

Fig. 2. Transmisston characteristics of the FP etalon.

I11. Experimental Results and Discussions

The frequency spectrum of the heterodyne beat signal is shown in Fig. 3, which shows that
two DFB LD’s were frequency locked to the corresponding FWHM frequencies of the FP etalon.
At the present momment, however, we were not able to obtain long term stability for mm-wave
optical carrier generation. As shown in Fig. 4, DFB LD’s lost their loéking conditions after 30

minutes running time. We found from the beat measurements between DFB LD and a tunable
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LD that there were sidemodes in the high power DFB LD’s, whose mode spacing was
approximately 40 MHz and the lasing mode was hopping to the neighboring sidemode as the
lasing condition varied. We could not explain the reasons why these side modes were presented
in the high power DFB LD’s. We believe, however, that the sidemodes and mode hopping
characteristics are fundamental phenomena originated from the spatial inhomogenity caused by

nonlinear optical Kerr effect in the high power DFB LD gain region.
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Fig. 3. 21.5 GHz mm-wave carrier generated by heterodyne mixing of two frquency
stabilized DFB LD’s.
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Fig. 4. Heterodyne mixing signal after approximately 30 minutes stabilization period. The

DFB LD’s lost their locking conditions because of the mode hopping occurred in the laser.

IV. Summary and Conclusions

We have proposed new heterodyne scheme that can be used for generation of mm-wave

optical carrier. This technique is truly all-optical, because any microwave or mm-wave
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components were not used for generating the carrier. Therefore, our all-optical scheme can
reduce the manufacturing cost significantly, and we believe that the entire system shown in Fig.
1 can be integrated into a small size component. We also found that commercial, high power
DFB LD’s are not appropriate light sources for our applications because of side modes and

mode hopping characteristics.
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