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Abstract A novel technique to achieve optical frequency up-conversion in millimeter wave (mm) band without any
local microwave oscillator is proposed. It is hard to directly get mm band carrier frequency because the efficiency of
mode-locking decreases as the carrier frequency increases. Thanks to dynamic charge carrier density responses
during the injection locking of Febry-Perot laser diode (FP-LD) . the wavelength of the leading part of carrier is red-
shifted while that of falling part is blue-shifted. With a suitable negative dispersion device, the carrier pulse is
compressed and its 2™ harmonic is greatly enhanced. Thus it is feasible to make the radio over fiber(RoF) frequency
up-conversion in mm band. Subcarriers of 13. 9 GHz are obtained from 2 Gb/s nonreturn-to-zero (NRZ) signal
injection while that of both 13.9 GHz and 15.4 GHz are obtained from 2.5 Gb/s NRZ signal injection into FP-LD. And
the 2™ harmonic at 27.8 GHz and 30.8 GHz are enhanced by more than 20 dB, 25 dB and 23 dB, respectively. The
simpleness and tunability of the proposed scheme make it a great candidate for low cost mm band RoF frequency
upconversion up to 60 GHz.
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Fig. 1 System block of optical frequency upconversion

in mm band based on injection locking of FP laser diode
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Fig. 2 Amplitude relationship between 2" harmonic and carrier frequency of (a) Gaussian and (b) hyperbolic sine pulses
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PC: polarization controller; MZM: Mach-Zehnder modulator; OC: optical circulator; SMF: single mode fiber;
PPG: pseudo-random pattern generator; SG: signal generator; RFA: radio frequency amplifier; EDFA: Er-doped fiber amplifier
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Fig. 3 Experimental setup of optical RF up-conversion in mm band
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Fig. 4 (a) Optical spectra of output of injection locking of FP laser, waveforms of (b) injecting NRZ signal,

(¢) up-converted signal, (d) sub-carrier, (e) sub-carrier after pulse compression
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Fig. 5 Electrical spectra of (a) injection locking of FP laser diode, (b) after pulse compression
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up-converted signal, (d) subcarrier, (e) subcarrier with pulse compression while 2.5 Gb/s NRZ injection locking
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Fig. 8 Waveform of (a) up-converted signal, (b) subcarrier, and (c) electrical spectrum of up-converted signal
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