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Fig. 1. Signal propagation in a dual-output MZ modulator.

Fig. 2. Calculated dispersion penalty for two outputs of a single-arm MZ
modulator. is shown by the dotted line; is shown by the solid
line; is shown by the the dashed line.

Fig. 1 shows a single-arm dual-output Mach–Zehnder (MZ)
modulator. The output optical fields and are re-
lated to the input optical field by

(1)

The outputs contain both amplitude and phase modulation.
The phase modulation will be converted to amplitude modula-
tion after dispersion in the fiber. The key observation is that the
two ports differ by 90 in the phase; hence, their fading charac-
teristics will be different. The RF power spectrum of two outputs
is given by [7], [13]

(2)
where the dispersion-induced phase (DIP)

. It depends on the signal frequency , the
length of the second spool of fiber , the fiber group
velocity dispersion parameter , and the stretch factor

. The plot of power penalty versus the signal
frequency is shown in Fig. 2. When one output experiences
a null, the other reaches the maximum. This complementary
diversity behavior is used to overcome the frequency fading

Fig. 3. Experimental setup of 480-GSa/s phase-diversity photonic
time-stretched ADC. SC: supercontinuum; EDFA: erbium-doped fiber
amplifier.

when both ports are collected. Specifically,
, free of any

fading. We note that both outputs can be stretched in the
same fiber and captured by the same digitizer by delaying one
by half of the pulse repetition period, and combining them
before the stretch fiber. We also note that the phase-diversity
time-stretch preprocessor appears similar to the previously
published differential time-stretch preprocessor [14]. Both
techniques use the dual-output modulator. However, there
is a fundamental distinction between the two systems. The
differential technique uses the push–pull dual-electrode MZ
modulator. Here, the output is pure amplitude modulation with
the two ports experiencing the same fading characteristics. In
contrast, the phase-diversity technique uses the single-electrode
MZ modulator which produces both amplitude and phase
modulation.

III. EXPERIMENTS

The experimental setup is shown in Fig. 3. Around 1-ps pulses
generated by a passively mode-locked fiber laser at 20 MHz,
1560 nm are used to generate broad-band supercontinuum. By
using an optical bandpass filter centered at 1591 nm, 15-nm
spectrum is sliced for time stretching. The sliced pulse then
propagates through a spool of dispersion compensating fiber
(DCF) with the total dispersion of ps/nm, cre-
ating a chirped optical pulse with around 1.5-ns time aperture.
The sinusoidal signal from an HP83650 synthesizer modulates
the chirped pulse using an electrooptic MZ modulator. The dual
output modulator in Fig. 1 is emulated by a single-output mod-
ulator biased at two different quadrature points, Quad and


