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Multi-wavelength Space Multiplexing Photonic
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Abstract—A multi-wavelength space multiplexing photonic A/D
converters is proposed which combines the WDM and space
division multiplexing and enables higher sampling rate with the
low loss and completely passive demultiplexing feature. The key
technologies and progress are discussed.

Index Terms—Photonic analog-to-digital converter, Optical
sampling, Radio frequency photonics

I. INTRODUCTION

E lectronic analog-to-digital convert ers (EADC s) has

become a bottleneck since it has difficulty reaching the high
sampling speeds with suitable resolution for many current and
potential appl ications such as radar, high-performance
communication, el ectronic i nstrumentation and so on [1].
Photonic ADCs (PADCs) have been proposed as a promising
technology to implement high bandwidth A/D since photonic
technology can offer m any at tractive advant ages such as

ultrastable and hi gh speed opt ical sam pling pulses, high
bandwidth, nearly lo ssless sig nal rem oting [1 ]-[3]. Th e
photonic sam pling and el ectronic quantizing PADC , which
performs the sampling in the optical domain at high sampling
rates and paral lel quantizing at lower signal processing rates,
has attract m uch in terest sin ce it takes the advantage of the

short p ulse wid ths an d lo w j itter of mode-locked laser and
adopted relative mature optical and electronic technology. The
architecture based on Tim e division multiplexing (TDM) o r
Wavelength Div ision Mu ltiplexing (W DM)t echniques
respectively has been proposed [3]-[5]. The TDM approach
requires several hi gh speed opt ical swi tch and preci se
synchronization between each stage. The WDM approach has a
low loss and completely passive demultiplexing features, but its
sampling rate is limited by the available spectral bandwidth and
repetition rate 0 f m ode-locked lasers. Here, we present a
multi-wavelength space multiplexing photonic A/D converters
which holds the advantages of W DM approach, and can reach
higher sampling rate by com bining the W DM and space

division multiplexing (SDM). The key technologies needed are
discussed. A multi-wavelength space multiplexing PADC with
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sampling rate exceeding 150Gs/ s is designed and som e
experiment results are also given.

II. SYSTEM ARCHITECTURE

The m ulti-wavelength space m ultiplexing photonic A/D
architecture is sh ownin Fig .1 . The multiple wavelength
interweaved pul se generat or (M WPG)isusedt o generat e
multiple wavelength interweaved optical pulse train. The space
multiplexed sampling module (SMSM) is used to sample the
RF analog signal by tim e interleaving method based on space
division multiplexing, where the pulse train from MW PG is
split into several paths by a coupler, and the RF signal is
sampled by electro-optic modulators (EOM) on each path at
different sampling position, seeing Fig.1. The sample position
of the pulse train on eachpath is adjusted by optical delay lines.
The sampling pulse train on each path is dem  ultiplexed to
different wavelength channel. On each channel, the sam pling
optical si gnal i s det ected by aphot o detector (PD) and
quantized by a “slow speed” el ectronic A/D. The quantized
data on each channel are com bined to obtain the last digitized
result of the RF analog signal.
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Fig. 1 The architecture of the multi-wavelength space multiplexing photonic
ADC

III. THE GENERATION OF MULTIPLE WAVELENGTH
INTERWEAVED SAMPLING CLOCK

Several method has been proposed to generate the m ultiple
wavelength i nterweaved sam pling cl ock [6] -[8]. Spectral
slicing of si ngle broad bandwi dth1 aseri s a relatively
cost-effective and m ature one among them. Unfortunately,
broadband lasers with  h igh rep etition rate are still n ot
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commercially available. There are two waysto so lvethe
problem. One is to use super continuum generation to broaden
the bandwidth of m ode-locked pi cosecond fi ber | aser wi th
gigahertz rep etition rate [9 ]. Th e o theristo in crease th e
repetition rate of broadband m ode-locked fem tosecond fiber
laser by optical time division multiplexing (OTDM). W ¢ take
the second way and have present ed a si mple approacht o
generate h igh-repetition-rate tim e-wavelength in terweaved
sampling clock usi ng com mercially avai lable broadband
mode-locked fem tosecond fi ber 1 aser and 1 ow cost optical
passive devices.

d3X3

Fig. 2 The architecture of the multiple wavelength interweaved pulse generator
FRM: Faraday rotate mirror, VOA: variable optical attenuator

Fig. 2 shows t he structure of the MWPG proposed. Pulses

from a mode-locked broadband femtosecond fiber laser at the
repetition rate o f s areinputtedtoat ime and wavelength

mapping module (TWMM), which spectrally slices each input
pulse from femtosecond fiber laser into N pulses of di fferent
wavelengths and m aps t he sl iced pul ses t o di fferent t ime
positions with appropriate FDLs, so as to form a pulse train as
shown in Fig. 3 a). The pulse train is then directed to an OTDM
module with m ultiple factor of M. The interval of t he output
clock as showni nFig.3b)i s 1/(fxNxM).The OTDM

module consists of several cascaded 2 X2 and/or 3 X3 optical
fiber couplers. Hence appropriate M can be obt ained flexibly
by selecting the stage of 2 X2 and 3 X 3 optical fiber couplers.
The optical power loss of the OTDM module consists only of
the excess loss of each coupler and the insertion loss of the last
coupler.
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b) After OTDM
Fig. 3 The pulse train a) after TWMM, b) after OTDM
An OTDM module with M=54 is implemented using a 2 X 2
multiplexer an d th ree 3 X 3 m ultiplexers. Th e th ree o utput
optical pulse trains of t he last 3 X3 coupler can be i nputted
directly into three spatial path of SMSM to make the best use of
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optical power. The optical power loss of the OTDM module for
each pulse train is around 6 dB.
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Fig. 4 Measured pulse train and its spectrum after TWMM
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Fig. 5 Measured pulse train after OTDM

Fig. 4 shows the pulse train and i ts spect rum after the 4
channel TWMM when the W DM used has channel spacing of
200GHz and 3dB bandwi dth of approxi mate 1.2nm, and t he
mode-locked femtosecond fiber laser with 70fs pulse width at a
repetition rate of 36.44MHz and 45nm full wi dth at hal f
maximum (FWHM)i sadopt ed. Thet ime-wavelength
interweaved sampling clock of 4 wavelengths is Fig. 5.

The theoretical sampling rate will exceed 150Gs/s when all
available wavel ength channel s i n above confi guration are
configured. Higher repetition can be obtained by using more
wavelengths or OTDM stages or spatial path, or all of them.
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IV. PRECISE FIBRE DELAY CONTROL

The accuracy of the tim e interv al of the sam pling clocks
depends on the preci sion of del ay controlinthe TW MM,
OTDM, an d th e alig nment p recision in time interleaving
sampling based on space division multiplexing also relays on
the precision of delay adjustm ent on the each path of SMSM.
Delay precision around 2ps can be reached by relatively easy
manipulation [11], see Fi g 6(a), and sub-picosecond delay
precision can be obt ained by am anual m echanical fi ber
stretcher and/or the thermal fi ber micro-stretching technique
[10], see Fig 6(b).

b) Using the method in ref[11], 0.7ps

Fig.6 The results of precise delay control using the method in ref[10] and the
method in ref[11]

V. CONCLUSIONS

A m ulti-wavelength space  multiplexing photonic A/D
converter which com bines the W DM and space division
multiplexing and permits h igher sam pling rate h asb een
presented. The approach to g enerate h igh rep etition rate
time-wavelength interweaved sampling clock and t he precise
fiber delay control technique are di scussed. The desi gn of a
multi-wavelength space m  ultiplexing PADCm ore than
150Gs/s under full configuration is given. Generation of about
8Gs/s m ulti-wavelength in  terweaved p ulse train  is
demonstrated with a 4 channels WDM and a 54 time OTDM.
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