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Abstract: Using low power consumption photonic modules containing a low timing jitter optical laser source 
and an optical gate, we demonstrated potential all-optical sampling of a radio signal carried at >5GHz with a 
6 bits resolution. 
OCIS codes: (140.4050) : Mode-Locked Lasers; (140.5960) : Semiconductor Lasers; 

1. Introduction 

Quantum dash based mode locked laser diodes (QDa-MLLD) have been developed in recent years in view of such 
applications as high bit-rate transmitter through optical time-division multiplexing [1], generator of millimeter wave 
signals at high frequencies [2], and also as a photonic device for all-optical clock recovery at 40 Gbit/s and beyond 
[3]. Extremely narrow beat tone spectral line has been observed from such Qda-MLLDs, and reported [4], which 
leads to very low phase noise laser pulse sources. Thus, it is extremely interesting to use such an optical source to 
implement all-optical sampling, namely for all-optical analog to digital conversion, which has stringent requirements 
for the sampling pulse source. For example, a radio signal carried at 60GHz would need a sampling pulse source 
with a timing jitter better than 10fs to achieve 8 bits sampling resolution, which is not feasible nowadays, and a 
signal carried at 2GHz would require a timing jitter better than 310fs for the same resolution, which seems to be 
technically possible. 

In this paper, we report on the experimental results demonstrating the feasibility of the optical sampling system, 
in which the QDa-MLLD pulse source has been packaged into a low power consumption module, and where a 
semiconductor optical amplifier Mach-Zehnder modulator (SOA-MZ) has been used as the all-optical gate. 

2. QDa-MLLD module and SOA-MZ optical gate 

The sampling laser source module (fig. 1) comprises a QDa-MLLD, whose fabrication and characterization have 
been reported elsewhere [4-5], mounted on an electronic card which integrates a DC current source, and the thermal 
regulation feedback loop. Both current and operating temperature can be monitored and modified. A SMA connector 
gives the possibility of active mode locking at 10GHz. The whole module is electrically powered by a commercial 
AC to DC converter, and the overall power consumption is less than 18W. 

 
Fig. 1. Photograph of the implemented module: QDa-MLLD laser source overall picture (left), inside picture showing the electronic card (right) 

 
In the passive mode locking mode, the electrical spectral line-width has been measured, and its value of 8kHz is 

amongst one of the lowest reported. In an active mode locking scheme, the single side band (SSB) phase noise 
spectrum can be measured, and such a spectrum is shown on figure 2. At 10GHz, with an input radio-frequency 
power of 25dBm, the laser output shows a very low level of phase noise, which corresponds to less than 370fs 
timing jitter (integrated at off-set frequencies between 100Hz and 10MHz): this can lead to better than 7bits 
resolution sampling of radio signals carried at 2GHz, for example. 
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The optical gate module contains a SOA-MZ modulator. The fabrication and characterization of the SOA-MZ 
have been reported elsewhere. Similarly to the MLLD module, all the biasing current sources and the temperature 
controller have been integrated on an electronic card. The overall power consumption is less than 25W. 
 

f = 10.097GHz, P = 25dBm, ∆∆∆∆t = 16,8ps, σσσσt = 367fs
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Fig. 2. SSB spectrum of the QDa-MLLDF module in a active mode locking scheme 

 

3. Description of the experiment 

Figure 3 sketches the experimental set-up, which is basically a contra-propagation wavelength conversion scheme.  
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Fig. 3. Experimental set-up. 

DTOF: doubly tunable filter; PC: Polarization Controller; TOF: tunable filter; OSA: Optical Spectrum Analyser; ESA: Electrical Spectrum 
Analyser; VOA : variable optical attenuator; ECL: External cavity laser. 

 
Optical filtering is needed to obtain 5ps pulses which are injected into the upper arm of the optical gate. 

Amplification is necessary to get sufficient power through the SOA in the upper arm of the MZ, since passive 
waveguides loss has to be overcome. The signal at the output port of the SOA-MZ has however to be filtered so that 
the sampling signal is retrieved: only the wavelength converted signal is useful to constitute the sampled signal, and 
even in the contra-propagative scheme, the filter stops the parasitic reflected signal of the sampling pulses. The set-
up shown on figure 3 allows the dynamic characterization of the optical gate. In real sampling experiment, the CW 
signal provided by the ECL has to be replaced with the signal to be sampled. 

 

4. Main results and discussion 

Figure 4 sketches the optical spectrum at the output of the SOA-MZ gate after the filtering. The right hand side 
zoom shows the initially CW signal from the ECL (at 1540nm) is now modulated by the sampling signal at 1550nm. 
By measuring the electrical spectral line power as a function of the sampling signal mean power, we can estimate 
the characteristics of the optical sampling. Figure 5 shows 38dB dynamic of the optical gate, when the SOA bias 
currents have been optimized at I1=218mA and I4=138mA. An extinction ratio of 38dB can lead to a N = 6 bits 
sampling resolution, and along with the σt=370fs timing jitter of the optical sampling source (biased at 300mA), 
such an all optical sampling scheme can lead to the digital conversion of an analog signal whose maximal frequency 
is 6.7GHz, given by the following formula: fmax = 1/ (2 π σt 2

N). 
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Fig. 4. Wavelength converted signal characteristics: optical spectrum after filtering (left), and a zoom at 1540nm (right). 
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Fig. 5. Characterization of the dynamic of the optical sampling 

 

5. Conclusions 

In this paper, we report on the experimental results demonstrating the feasibility of an all-optical sampling system, 
in which all the photonic devices have been packaged in modules. A QDa-MLLD has been packaged into a compact 
module, which integrates a current source and an automatic temperature regulator. The MLLD exhibits a very low 
phase noise, corresponding to less than 370fs timing jitter. When combined with a 38dB dynamic SOA-MZ optical 
gate, such a system can lead to 6 bits resolution sampling of an analogue signal whose maximal frequency is 
6.7GHz, which can be typically a 1.7GHz bandwidth radio signal carried at 5GHz. This opens the way to all optical 
high speed analog to digital conversion. 
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