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Abstract—We experimentally demonstrate a technique for mon-
itoring the time misalignment of in-phase/quadrature (I/Q) data
streams and pulse carver/data in a 20-Gb/s return-to-zero differen-
tial quadrature phase-shift-keying (RZ-DQPSK) transmitter. By
measuring the radio-frequency clock-tone power at 10 GHz and
low frequency power at 600 MHz, a monitoring power dynamic
range of 18 dB is obtained for I/Q data misalignment and 6 dB is
shown for carver/data misalignment. With the monitor informa-
tion, a simple feedback loop is proposed to automatically align the
RZ-DQPSK transmitter.

Index Terms—Fiber-optics communications, return-to-zero dif-
ferential quadrature phase-shift-keying (RZ-DQPSK).

1. INTRODUCTION

DVANCED modulation formats are attracting much at-
tention in the field of optical fiber transmission systems
due to the potential for high-spectral efficiency and robustness to
chromatic dispersion [1]. Multilevel formats, such as differen-
tial quadrature phase-shift-keying (DQPSK), in which in-phase
(D and quadrature-phase (Q) are simultaneously transmitted in
a single symbol time, have advantages similar to that of binary
DPSK, which does not require coherent detection, is tolerant to
nonlinearities, and exhibits high receiver sensitivity [2]. More-
over, return-to-zero (RZ) formats can provide better sensitivity
than nonreturn-to-zero (NRZ). It is important to note that some
of the most dramatic transmission results use RZ-DQPSK [3].
Due to unavoidable optical/electronic device aging and
temperature variation induced drift, maintaining the correct
timing within the transmitter becomes critical, and can be quite
challenging considering the relative complexity of RZ-DQPSK
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transmitter modules, in which 1) I and Q data must be tempo-
rally aligned and 2) the RZ pulse carver must be synchronized
to the data. It is shown that a severe system penalty is induced
by the time misalignment between I/Q data and between data
and carver [4]. Therefore, a laudable goal would be to have an
easy-to-detect time-misalignment error signal that can be used
in a feedback loop to maintain optimal system performance,
such that any time misalignment between the I/Q data streams,
as well as misalignment between the carver and the bit transi-
tions, can be readily corrected.

There have been several reports of time misalignment moni-
toring of the RZ carver in a simpler RZ-DPSK transmitter, in-
cluding 1) a polarimetric filtering method [5], 2) an off-center
optical filtering method [6], and 3) an optical frequency discrim-
inator method [7]. However, there has been little reported effort
towards monitoring of RZ-DQPSK transmitters.

In this letter, we analyze and demonstrate a monitoring tech-
nique for I/Q data and carver/data misalignment for 20-Gb/s
RZ-DQPSK data generation, the main idea of which has been
shown in [4]. The radio-frequency (RF) clock tone power at
10 GHz is measured using a simple photodiode and an RF spec-
trum analyzer to monitor the misalignment between the I and Q
data streams. The RF power at 600 MHz is measured to mon-
itor the misalignment between the pulse carver and data. With
the monitor information, a simple feedback loop is proposed to
automatically align the RZ-DQPSK transmitter. The application
of this technique can be extended to higher bit-rate RZ-DQPSK
systems, such as 100-Gb/s RZ-DQPSK.

II. CONCEPT AND SIMULATIONS RESULTS

The concept of misalignments in the parallel-type
RZ-DQPSK transmitter is shown in Fig. 1. The RZ-DQPSK
signal is generated by use of a parallel Mach—Zehnder modu-
lator (MZM) configuration followed by another MZM to pulse
carve the signal to 50% RZ. When the I/Q data streams are
misaligned, the locations of intensity dips caused by the phase
transitions change accordingly. Therefore, the change in RF
clock-tone power can be used to monitor I/Q data misalignment
after direct detection of the DQPSK signal. We note that the
clock-tone power in the RF spectrum at the symbol rate de-
creases significantly with the increasing misalignment. When
the two data streams are aligned and we consider data/pulse
carving misalignment, the RF power at low frequencies in-
creases due to misalignment. This is caused by the removal of
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Fig. 1. Conceptual diagram of misalignment monitoring for RZ-DQPSK trans-
mitters. (a) Misalignment between 1/Q data. Clock tone power at symbol rate
decreases with I/Q misalignment. (b) Misalignment between carver and data.
RF power at low frequencies increases with carver/data misalignment.
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Fig. 2. Simulated RF spectra in the presence of carver/data misalignment.

less low frequency components with carver/data misalignment.
Fig. 2 shows the simulated RF spectra with data/pulse carving
misalignment. Note that the low frequency components can be
chosen from hundreds of megahertz up to several gigahertz. In
the following analysis and experiment, we measure RF power
at 600 MHz for the carver/data misalignment monitoring.

We also analyze, via simulation, the proposed approach
of monitoring RF power to identify the misalignments. The
20-Gb/s RZ-DQPSK is generated by a 20-Gb/s parallel-type
modulator driven by 2 Vpi, where Vpi is the half-wave voltage
of the modulator. The RF power is measured after being filtered
by an RF bandpass filter (BPF) with a bandwidth of 200 MHz,
and is centered at 10 GHz for I/Q data misalignment and
600 MHz for carver/data misalignment. Fig. 3(a) and (b) show
the simulated RF power change versus time misalignment
for the I/Q data misalignment and carve/data misalignment,
respectively. We also measure the RF power at 600 MHz in
the presence of both I/Q data misalignment and carver/data
misalignment. We observe that the carver/data misalignment
curve is shifted in the presence of I/Q data misalignment. The
shift is about half of the percentage of the data misalignment.
For example, the minimum point of the curve shifts from 0%
to 10% of the symbol period in the presence of 20% I/Q data
misalignment. The dynamic range decreases correspondingly
with I/Q data misalignment, which could be attributed to the ef-
fect of data misalignment on the directly detected RZ-DQPSK
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Fig. 3. Simulated RF power versus time misalignment. (a) I/Q data misalign-
ment; (b) carver/data misalignment with and without I/Q data misalignment.
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Fig. 4. Experimental setup for RZ-DQPSK misalignment monitoring.

RF spectrum. The RF power levels are normalized to the zero
misalignment case, which is also true in the following figures.

III. EXPERIMENTAL SETUP

Fig. 4 shows the proposed monitoring setup. The RZ-DQPSK
transmitter consists of a continuous-wave (CW) laser operating
at 1550 nm, a parallel-type DQPSK modulator, which is driven
by two 10-Gb/s NRZ 2'> — 1 pseudorandom bit sequences,
and an MZM for pulse carving. The pulse carver is driven by
a 10-GHz sinusoidal clock signal to generate a 50% duty-cycle
pulse train. An optical coupler is used after the DQPSK mod-
ulator to tap off a portion of the DQPSK signal, which is then
detected by a 10-GHz photodiode. An RF spectrum analyzer is
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Fig. 5. Measured clock tone power of the 20-Gb/s DQPSK signal versus 1/Q
data misalignment. Clock tone power decreases with the misalignment.
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Fig. 6. Measured low-frequency power versus carver/data misalignment.

used to measure the clock tone peak power at 10 GHz. Another
photodiode and RF spectrum analyzer are used after the pulse
carver to measure the low-frequency RF power. The low fre-
quency can be chosen between a few hundred megahertz and
several gigahertz according to Fig. 2.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

Fig. 5 shows the measured clock tone power versus data mis-
alignment in a 20-Gb/s parallel DQPSK transmitter. We can see
from the curve that as the misalignment between the I/Q data
increases, the clock tone power decreases accordingly. This can
be understood by considering the situation in which the two data
streams are misaligned by 50% of the symbol time. The period
of the intensity dips of the misaligned DQPSK signal is reduced
by half (equivalent to rate doubling), causing the clock tone at
10 GHz to decrease, while the clock tone at 20 GHz increases.
By measuring the change of clock tone power at 10 or 20 GHz
in the RF spectrum, the misalignment between the I/Q data can
be measured. This method allows for a monitoring power dy-
namic measurement range of approximately 18 dB.

The diamond plot in Fig. 6 shows the measured RF power at
600 MHz versus pulse carver misalignment when I/Q data are
perfectly aligned. We observe from both experiment and simu-
lation that the clock tone peak power in this situation changes
only slightly, while the RF power at lower frequencies can vary
by about 6 dB. Fig. 6 shows the variation at 600 MHz for pulse
carver/data misalignment. We also measure the change in RF
power at 600 MHz in the presence of both carver/data misalign-
ment and I/Q data misalignment. We observe that carver/data
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misalignment (diamond plot) is shifted only in the presence of
I/Q data misalignment.

The experimental result of I/Q misalignment matches with
the trend in our simulation. Due to the limited output voltage
of our RF amplifiers, only Vpi is used to drive the parallel
modulator instead of the standard 2 Vpi. RF noise at “1” level
gets modulated linearly into the optical domain with relatively
larger amplitude compared with that for the 2-Vpi case. Corre-
spondingly, the low-frequency power changes less with the time
misalignments, which is a possible reason why the monitoring
power dynamic range for carver/data misalignment is relatively
smaller compared to the simulation results.

The RF spectrum analyzers in the experiment can be replaced
by two low-cost RF BPFs, one centered at 10 GHz and the other
at 600 MHz. The BPF bandwidth can be hundreds of mega-
hertz, e.g., 200 MHz. The measured clock and low-frequency
RF power after the filters can be fed back into the control cir-
cuits to generate two control signals. These control signals can
be used to drive voltage-controllable phase shifters to automati-
cally adjust the delay between the I/Q data streams and between
the carver and the data. Such a feedback loop could be applied to
automatically align the RZ-DQPSK transmitter, as shown in [4].

V. CONCLUSION

We demonstrate a synchronization monitoring technique
for I/Q time misalignment and carver/data misalignment in a
20-Gb/s parallel-type RZ-DQPSK transmitter by measuring
RF clock tone and low-frequency power. A monitoring power
dynamic range of 18 dB is obtained for I/Q data misalignment,
and 6 dB is shown for carver/data misalignment. A simple
feedback loop is proposed to automatically align the trans-
mitter. This technique can be readily extended to higher bit-rate
RZ-DQPSK systems, such as 100 Gb/s.
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