
Motivation

Clock Recovery is one of the main building blocks of any digital communicatio system

In optical communication systems
clock recovery is used in receivers
and 3R regenerators

Conventional clock recovery method: Converting optical signal to electrical and
performing electrical clock recovery.

Pros: polarization insensitive, broad wavelength response, simplicity
Cons: speed is limited to the speed of common electronic circuits (40 Gb/s)

Optical clock recovery: Extracting timing of the data without converting optical signal 
to electrical.

Pros: not limited to the speed of electronic circuits (beyong 40 Gb/s is possible)
Cons: most techniques are polarization and wavelength sensitive and are often complicated
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Optical Cross-Correlation Using Two-Photon Absorption
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Synchronizing Clock and Data Using TPA Cross-correlation

A phase locked loop (PLL) can synchronize data and clock using the bipolar 
error signal from two-photon absorption
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Experimental Setup Demonstrating Clock Recovery

Average power of clock = 6mW, Average power of data = 3mW
PLL filter degined to get 6kHz closed loop bandwidth
Light is focused to 3 mm spot size on the surface of the detector

Details of the Clock Recovery System
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BER vs. threshold for received data 
transmitted through 110 km of fiber

OSNR going into the receiver is varied by injecting noise

Noise Injection does not have any effect on the performance of clock recovery system

No power penalty in Q vs. OSNR plot is seen as caused by clock recovery

Power penalty seen for the data transmitted through 110 km of fiber is due to dispersion

Q vs. OSNR for received data measured 
in three different cases
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Polarization Dependence

Error signal for two extremal cases of data polarization state (red and blue curves). 
Both cases exhibit zero crossing (Clock recovery works for ANY polarization state).

We investigated the effect of data polarization fluctuations by placing a polarization 
scrambler before the receiver.

Error signal generated by TPA is generally polarization dependent.

Sensitivity to polarization state of DATA can be minimized by using circularly polarized CLOCK [1].

Using circularly polarized clock, ONLY the background level of TPA photocurrent is polarization 
sensitive while the amplitude of the error signal remains polarization independent.

The error signal exhibits a zero crossing (required for PLL) for ANY data polarization state.
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Conclusion

We report the first experimental demonstration of an 80 Gb/s subharmonic 
optical clock recovery system base on two-photon absorption.

The system offers several advantages including simplicity, broad optical 
bandwidth, ultra-fast response time and polarization insensitivity.

The system was successfully employed after transmission through 110 km 
of fiber.

We show that the system exhibits sufficiently low timing jitter even in the 
presence of polarization fluctuations.

The speed at which the system was tested is only limted by the demultiplexing 
technique and we expect the clock recovery to operate at much higher speeds.




