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Abstract: We demonstrate microwave signal generation with frequency doubling using a 
coupling-modulated silicon ring resonator at critical coupling. The average electrical harmonic 
suppression ratio is around 20dB (29dB) for 5dBm (10dBm) input microwave power. 
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1. Introduction 

Microwave signal generation in the optical domain has been studied for many years [1]. Compared with traditional 
microwave signal generation in the electrical domain, the microwave generation in the optical domain has multiple 
advantages such as high spectral purity, wide frequency tuning range, low cost and ready transmission in optical 
fibers. The microwave signal is generated through heterodyning of two phase-correlated optical waves. A variety of 
approaches have been adopted to ensure the phase correlation in photonics-assisted microwave generation, including 
optical injection locking (OIL) [2], optical phase-locked loop (OPLL) [3], and external modulation [4]. Among these 
approaches, microwave generation using external electro-optical modulation is quite attractive due to its simplicity 
in system configuration, high operation stability, and broadband frequency tunability [5]. 

In this paper, we demonstrate the microwave frequency doubling by modulating the coupling of a silicon ring 
resonator with the access waveguide [6, 7]. After fine tuning of the ring resonator to approach the critical coupling, 
we can obtain two strong first-order optical sidebands with the carrier highly suppressed. Frequency-doubled 
microwave signal with a high harmonic suppression ratio (SR) is hence generated after detection by a broadband 
photodiode.   

2.  Device structure and experiment 

 
Fig.1 (a) Schematic drawing of the coupling-modulated ring resonator. Inset shows the cross-sectional view of the MZI modulator 
arms. (b) Optical microscope image of the fabricated device. (c) Experimental setup for the microwave generation experiment. CW 
laser: continuous wavelength laser; DUT: device under test; EDFA: erbium-doped fiber amplifier; PD: photodiode; OSA: optical 
spectrum analyzer; ESA: electrical spectrum analyzer. 

Figure 1(a) shows the structure of the coupling-modulated ring resonator. The ring resonator is coupled with the 
access waveguide through a Mach-Zehnder interferometer (MZI) coupler. A single-drive push-pull microwave 
electrode is integrated in the MZI. The external microwave signal is applied to the ground (G) and signal (S) metal 
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strips connecting to the P+-doped regions of the PN junctions. A DC bias voltage V1 is applied to the central N+-
doped region to set the PN junctions in the carrier-depletion mode. Another DC bias voltage V2 is combined with 
the microwave signal and applied to the S-metal line. Therefore, the coupling coefficient and resonance wavelength 
can be fine-tuned with V1 and V2. The inset illustrates the cross-section of the active arms. Figure 1(b) shows the 
microscope image of the fabricated device. The MZI active arm length is 800 m.  
      Figure 1(c) presents the experimental setup to generate the frequency-doubled microwave signal using the 
coupling-modulated ring resonator. The source microwave signal is produced by the microwave signal generator 
(R&S SMF-100A) and is applied to the modulator through a 40-GHz GS microwave probe. A wavelength-tunable 
laser (Santec TSL-710) is used to generate the optical carrier. The polarization is set to transverse electric (TE) state 
before the light is coupled into the modulator. The modulated optical signal is amplified by an erbium-doped optical 
fiber amplifier (EDFA), and then analyzed by an optical spectrum analyzer or detected by a 50-GHz photodiode 
followed by an electrical spectrum analyzer. 

3.  Measurement results 

Figures 3(a) and 3(b) show the output optical spectrum when the drive signal is a 5 GHz sinusoidal microwave 
signal with 5 dBm and 10 dBm powers, respectively. The optical carrier is highly suppressed when the ring 
resonator works at the critical coupling point. The first-order sidebands grow up with respect to the carrier 
component when the input microwave power increases. Figures 3(c) and 3(d) show measured electrical spectrum for 
four microwave frequencies at different power levels. The SR between the second- and first-order harmonic 
components as a function of microwave frequency is presented in Figs. 3(e) and 3(f). The average SR is around 20 
dB for 5 dBm microwave power and it increases to around 29 dB for 10 dBm microwave power.  

 
Fig.2 (a) and (b) Measured optical spectrum after modulation by a 5 GHz microwave signal. (c) and (d) Measured electrical 
spectrum at various input microwave frequencies. (e) and (f) Extracted suppression ratio as a function of input microwave 
frequency. The microwave drive signal power is 5 dBm for the top plots and 10 dBm for the bottom plots. 
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