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An all-optical transient waveform equivalent time sampling system based on cross-gain modulation (XGM) in semiconduc-
tor optical amplifier (SOA) is presented. A noisy SOA dynamic model and PIN equivalent circuit function are employed for
system evaluating. The results show this SOA-XGM sampler with subtracting postprocessing can achieve picosecond
sampling window. The shape of sampling window can be adjusted by SOA bias current and amplitude of control pulse.
Compared with amplified spontaneous emission (ASE) noise of SOA and thermal noise in PIN, the jitter of sampling
control pulse causes most sampling error. Simulations show that this SOA-XGM sampler can be a capable candidate for
transient waveform sampling.
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The measurement of optical transient waveform, which has
long duplicate cycle and low stability, is difficult by using
the common commercial equivalent-time sampling oscillo-
scope[1]. If the autocorrelation method is employed, the wave-
form should be estimated in advance for the autocorrelation
data fitting. Because of their low gains and conversion
efficiencies, the correlation methods are inefficient for the
direct measurement of low power waveforms[2]. Frequency-
resolved optical gating (FROG) and spectral phase interfer-
ometry for direct electric-field reconstruction (SPIDER) suf-
fer from their complexity, while it is difficult to be integrated
with other components[3,4]. Recently, equivalent time sam-
pling technologies using nonlinear materials have been pre-
sented[5-9]. Compared with the equivalent time sampling based
on fiber, grating and nonlinear crystal, the sampling through
semiconductor optical amplifier (SOA) can achieve simple
structure, stable performance, easy control, low cost and high
integration[10]. The sampling gain of SOA is suitable for mea-
suring weak waveform, too. Some SOA-based samplers, such
as Terahertz optical asymmetric demultiplexer (TOAD) and
symmetric Mach-Zehnder interferometer (SMZI) optical
switch, have been demonstrated[11,12]. In the paper, a simple
and low-cost SOA-based sampler with picosecond temporal

resolution at least for measuring transient short optical pulse
is presented. The optical sampler is realized through cross-
gain modulation (XGM) in SOA, and insensitive to the po-
larization of measured pulse.

The configuration of the SOA-XGM sampler is shown in
Fig.1. The input transient pulse is replicated to a pulse train
with equivalent interval through a passive pulse replicator
formed by 90:10 coupler, variable optical delay line (VODL)
and polarization maintaining (PM) fiber. The amplitude scale

       *     This work has been supported by the National Natural Science Foundation of China (No.61077068),  and the Science and Technology Commission
of Shanghai Municipality (STCSM) (No.08DZ2231100).

      **    E-mail: YiYang@dhu.edu.cn

Fig.1 Configuration of SOA-XGM sampler
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of each pulse is defined by splitting ratio of coupler. The
interval between replicated pulses depends on the length of
PM fiber, and can be adjusted by the VODL. The pulse train
injects to SOA with XGM control pulses. The rising edge of
XGM control pulse is important, and pulse compression tech-
nique with high nonlinear fiber could be employed. The
sampled waveform and the control pulse are separated by
optical band-pass filter (OPBF). PIN diode broadens the
sampled waveform for data acquisition (DAQ).

The working principle of SOA-XGM sampler is shown
in Fig.2. If the time-base of replicated pulses train has a de-
fined shift with that of control pulse train, the waveform am-
plitude of this position can be achieved by subtracting the
sampled data. It should be noted that the sampling results in
subtracting need an amplitude balance. By introducing
interpolation, the original transient waveform can be recons-
tructed. In our simulation, we use the SOA sub-section model
based on the theory presented by Tang and Shore[13]. The
amplified spontaneous emission (ASE) noise is added at the
interfaces between adjacent sub-sections. PIN block is de-
signed under George’s dynamic response function[14]. Two
equivalent noise sources are introduced to simulate the jitter
in control pulse and the thermal noise of PIN.

Fig.2 Working principle of SOA-XGM sampler

The sampling efficiency can be optimized by controlling
the bias current of SOA and the amplitude of sampling con-
trol pulse. In simulation, a control sech pulse train with full
width at half maximum (FWHM) of 1 ps is used. The change
of gain due to bias current of SOA and amplitude of control
pulse are presented in Fig.3. As can be seen from Fig.3, the
gains are compressed below 1 ps, so that sampling windows
with rising edge at picosecond level can be obtained. With
adjusting the time-base between replicated pulse train and
control pulses, the picosecond temporal resolution subtracted
sampling windows is achieved. As shown in Fig.3, higher
bias current brings bigger unsaturated gain. But there are only
small differences between saturated gains under different bias
currents. Control pulse with higher energy brings better sam-

pling window shape, because it causes gain compressing and
suppresses remnant energy oscillation in each sampling re-
sult more effectively.

Fig.3 Changes of gain due to (a) bias current of SOA and
(b) amplitude of control pulse

The Monte Carlo method (MCM) is introduced for ana-
lyzing system error. The results show that ASE noise of SOA
is reduced in sampling results because of the broadening ef-
fect in PIN, in which the bandwidth is between several hun-
dred MHz and several GHz. The thermal noise of PIN is
averaged by DAQ, too[15]. But the sampling error caused by

Fig.4 Mean sampling error and related deviation due to
jitter of control pulse
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control pulse jitter can’t be suppressed, and it contributes to
the most of the system error. The MCM results in Fig.4 show
that the sampling error is greater than 20% when standard
deviation of control pulse jitter exceeds 0.2 ps for the mea-
sured pulse with FWHM of 2.5 ps. To suppress this jitter
error, the control pulse source should be chosen carefully,
and fiber-based passively mode-locked lasers may be a quali-
fied low-cost candidate for this occasion.

In conclusion, a SOA-XGM sampler is presented in this
paper. Its sampling processing can be adjusted by bias cur-
rent and control pulse. The control pulse jitter causes main
sampling error, and can be reduced by introducing high steady
time-base laser. Simulation results show this SOA-XGM sam-
pler can sample transient waveform with high efficiency.
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