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Fig. 1 Schematic diagram of a conventional hybrid optical

and electronic wideband oscilloscope
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Fig.2 Measurement of 4 consecutive pulses (unrecognizable

signal waveform) for 100 Gbit/s optical signal by
using a hybrid optical and electronic oscilloscope
consisting of a 50 GHz photodetector and a 70 GHz

electronic sampling oscilloscope
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Table 1 Summary of Representative R&D Work for Ultra-wide Bandwidth Optical Sampling and
Waveform Display Systems or All-optical Sampling Oscilloscopes
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(¢) Series of sampled optical signal at discrete time instants Time
from the output of an all-optical sampler

(d) Output electronic signal after low-bandwidth Time
optical-to-electronic conversion
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Fig. 4 TIllustration of input optical data signal, optical

sampling pulse sequence, the series of sampled
optical signal at discrete time instants, and the
obtained electronic signal after low-bandwidth
optical-to-electronic conversion in an ultra-wide
bandwidth
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Repetition-rate-tunable,
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Electronic
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EDFA:Erbium-Doped Fiber Amplifier
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OBPF:Optical Bandpass Filter
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Experimental set-up of a prototype system for ultra-wide bandwidth all-optical sampling oscilloscope
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Development of Ultra-wide Bandwidth All-optical Sampling
Oscilloscope Equipment

ZHANG Jian-guo, LIU Yuan-shan
(State Key Laboratory of Optics and Photonics, Xi'an Institute of Optics and Precision Mechanics
Chinese Academy of Sciences, Xi'an 710119, China)

Abstract; All-optical sampling oscilloscopes are key measurement equipment for research and development
of ultrahigh-speed optical communication systems and photonic switching networks. This paper briefly
reports our experimental work on the design and implementation of a prototype system for ultra-wide
bandwidth all-optical sampling oscilloscopes, and it also presents the preliminary results obtained from our
experiment on the development of such an oscilloscope prototype system. Using our developed passively
mode-locked fiber laser of high stability as an optical sampling pulse source, we successfully demonstrate
the all-optical sampling of optical pulse sequences with pulse width of 1. 8 ps at the repetition rates of 10
GHz and 40 GHz, respectively, by means of the four-wave mixing (FWM) in a highly nonlinear fiber.
Then the waveforms of ultrashort optical pulse signals are reproduced by using digital signal processing and
computer image processing, respectively, in our prototype system which displays the measured optical
pulses with a width of 2. 3 ps. With our developed optical sampling oscilloscope prototype, we also
successfully perform the accurate measurement of optical eye diagrams for 10Gbit/s and 40 Gbit/s optical
data signals (of 1.8 ps pulse width) which are modulated with a pseudorandom bit sequence, respectively.
This is the first report in China about the practical development work on ultra-wide bandwidth all-optical
sampling oscilloscope equipment and the associated experimental test results. The obtained results on all-
optical waveform measurement of ultrashort optical pulse signals are also compared with those measured by
the conventional optoelectronic measurement system consisting of a 70 GHz wideband electronic
oscilloscope and an ultrafast photodetector. It is shown clearly that our developed all-optical sampling
oscilloscope prototype has much higher temporal resolution and larger system bandwidth than a
conventional optoelectronic measurement system does.

Key words: All-optical sampling; Optical oscilloscope; Passively mode-locked fiber laser; Four-Wave
Mixing (FWM)



