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Abstract: We demonstrate NRZ-to-PRZ format conversion by using silicon second-order 
coupled-microring resonator-based notch filters.  Our experiments show that 3.6-Gbps NRZ 
signals are converted to PRZ pulses with 40-ps width and 8-dB extinction ratio.  
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All-optical clock recovery is essential for future all-optical communication systems.  Recently, all-optical clock 
recovery schemes based on linear optics elements have been proposed and demonstrated for converting the 
non-return-to-zero (NRZ) modulation format to pseudo-return-to-zero (PRZ) modulation format for clock recovery 
including the use of polarization-maintaining fiber [1], fiber Bragg grating notch filter [2], and integrated 
asymmetric Mach-Zehnder interferometer (AMZI) [3].  However, most of these existing approaches are fiber-based 
or based on bulk filters, and thus not favorable for integrated photonics signal processing.  Whereas the integrated 
AMZI-based format converter [3] still imposes a relatively large device footprint, which is not ideal for compact 
photonic integrated circuits.   

 
Fig.1. (a) Schematics of an input NRZ signal, a microring notch filter transmission, and a converted PRZ signal frequency 

spectra.  The carrier wavelength of the input NRZ signal is at the resonance wavelength λ0 of the microring resonator.  

Inset: schematic of the waveguide-coupled microring resonator-based notch filter.  (b) Schematics of an input NRZ signal 

and the converted PRZ signal waveforms.  The converted PRZ signal pulses are aligned to the transition edges of the 

input NRZ signal.  

In this summary, we demonstrate, for the first time to our knowledge, NRZ-to-PRZ data format conversion in 
Gbps data rate by using silicon second-order coupled-microring resonator-based notch filters.  The silicon 
microresonator-based notch filtering approach to format conversion has two key merits: (i) compact 
micrometer-scale size, and (ii) compatibility with silicon microresonator-based electro-optic switches/modulators [4] 
to build functional high-density monolithic optoelectronic integrated circuits (OEICs).  The second-order 
coupled-microring filter favors narrowband filtering with high extinction ratios and sharp roll-offs.  
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Fig. 1(a) shows the schematics of an input NRZ signal, a notch filter transmission, and an output PRZ signal in 
frequency domain.  The inset shows the schematic of the silicon notch filter comprising a single-mode 
submicrometer waveguide laterally coupled with a coupled-microring resonator.  The NRZ signal carrier 
wavelength is at the microring resonance wavelength λ0.  The notch filter converts the NRZ signal to a PRZ signal 
by suppressing the optical carrier and effectively enhancing the optical clock component in the notch filter 
transmission.  Thus in the time domain, the notch transmission signal exhibits discrete PRZ pulses that are aligned 
to the transition edges of the input NRZ signal, as shown in Fig. 1(b).  

 
Fig.2. (a) Optical micrograph of our fabricated series-coupled double microring resonator-based notch filter.  (b) 

Measured TE-polarized transmission spectra with the p-i-n diode biased at 0V (solid line) and 1.3 V (dotted line).  (c) 

Measured transmission (0V biased) of a 3.6-Gbps NRZ optical signal at an off-resonance wavelength showing NRZ pulses, 

and at an on-resonance wavelength showing PRZ pulses (pulse widths ~ 40 ps - ~ 48 ps).  

Fig. 2(a) shows the optical micrograph of our fabricated device.  We selectively embedded a lateral p-i-n diode 
into the second microring resonator (that is not directly coupled to the bus waveguide) for potentially controlling the 
filter performance via injection-based plasma dispersion [4].  The racetrack ring bending radius is 25 µm and the 
straight-section length (interaction length) is 10 µm.  The waveguide width is 0.4 µm, height is 0.21 µm, and the 
etched depth is 0.18 µm.  Fig. 2(b) shows the measured TE-polarized transmission spectrum without forward bias 
(solid line) and with forward bias of 1.3 V (dotted line).  Under zero bias, the resonance displays a Q-factor of 
~14,000 and an extinction ratio of ~ 12 dB.  

 Fig. 2(c) shows the measured transmission waveforms (zero bias) under a 3.6-Gbps NRZ input signal at 
off-resonance and on-resonance wavelengths.  The input NRZ optical signal is generated by using a 10 
GHz-bandwidth lithium niobate modulator (driven by a 3.6 GHz pattern-pulse generator), with the optical signal rise 
time of 30 ps and fall time of 35 ps.  The off-resonance waveform largely follows the input NRZ signal.  Whereas, 
the on-resonance waveform displays sharp PRZ pulses, with pulse widths ~ 40 ps (48 ps) for pulses corresponding 
to the NRZ rising (falling) edges.  The pulse widths are essentially determined by the photon lifetime inside the 
cavity.  The rising (falling) edge pulse extinction ratio is ~ 8 dB (~ 6 dB), which can be attributed to the NRZ pulse 
rise time (fall time) and the resonance Q-factor.  We remark that the PRZ signal background is caused by the 
residual light intensity during the on-resonance transmission (non-critical coupling, see Fig. 2(b)).  
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