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Abstract—We demonstrate nine-line optical frequency comb
(OFC) and sinc-shaped Nyquist pulse generation based on two cas-
caded silicon Mach–Zehnder modulators. The OFC has a flatness
of 1.83 dB, a frequency spacing of 5 GHz, and a corresponding
Nyquist pulsewidth of ∼22 ps. Moreover, multi-wavelength oper-
ation and repetition rate tunability have also been demonstrated,
which indicates the potential of our work to generate an on-chip
high-speed pulse train demanded in optical communications and
microwave photonics applications.

Index Terms—Silicon photonics, Nyquist pulse, optical fre-
quency comb, Mach-Zehnder modulator.

I. INTRODUCTION

AN OPTICAL frequency comb with a rectangular spectrum
and linear comb-line phases has a sinc-shaped pulse profile

in the time domain, which is known as optical sinc-shaped
Nyquist pulses [1]. OFC and optical Nyquist pulse generation
have been paid wide attention to due to their wide applications in
optical communications and microwave photonics. Sinc-shaped
Nyquist pulses are of particular interest for their rectangular
spectrum because the encoded data have a minimum spectral
bandwidth, satisfying Nyquist zero inter-symbol interference
(ISI) criterion, and have a better tolerance to nonlinear im-
pairment and dispersion [2]. As the demand for high-capacity
optical communication grows, Nyquist optical time division
multiplexing (OTDM) has been intensively investigated [1], [2].
The pulse width and wavelength can both make a significant
difference to the performance of the Nyquist transmission sys-
tem [3], so a Nyquist pulse generator with multi-wavelength
operation and repetition rate tunability is highly desired. Nyquist
pulses can also be used in microwave photonic signal processing,
such as photonic analog-to-digital conversion (PADC) [4] and
microwave filtering [5]. A Nyquist pulse train is a suitable choice
to sample data in an ADC system because its repetition rate is
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tunable and it allows lower ISI. The sinc-shaped Nyquist pulses
have a rectangular spectrum, which makes it an ideal rectangular
filter. Besides, Nyquist pulses also have potential applications
in spectroscopy and light storage [1].

There are many methods to generate OFC and optical Nyquist
pulses, including modulators [1], [6]–[9], Nyquist lasers [10],
optical parametric amplification [11] and so on. OFC and
Nyquist pulse generation based on cascaded modulators have
been reported for their advantages of simple configuration and
tunability of central wavelength and frequency spacing. How-
ever, most of these works are based on commercial LiNbO3

modulators [1], [12]–[14], and an integrated solution is superior
due to its compact size, low cost, high power efficiency and flex-
ibility [15]. Compared with other integration methods, silicon
photonics has attracted great interest because it is compatible
with CMOS technologies and has the potential to integrate with
electronics seamlessly [16]. OFC generation based on integrated
silicon modulators has been recently reported [17]–[23]. Most
of these works have focused on the OFC generation. Only one
work has reported pulse generation with silicon ring modulators
[18]. The wavelength constraint caused by the ring resonator
modulator (RRM) can be overcome by tuning the resonance
wavelength.

In this work, we demonstrate integrated OFC and sinc-shaped
Nyquist pulse generation by using two cascaded silicon MZMs.
The OFC has 9 comb lines with a flatness of 1.83 dB and
a frequency spacing of 5 GHz. The generated Nyquist pulses
have a pulse duration of ∼22 ps. L-shaped PN junctions in the
MZMs are designed to achieve a low half-wave voltage (Vπ) of
∼3 V and a Vπ·L of ∼0.9 V·cm, which allows lower microwave
power in the OFC and Nyquist pulse generation as well as better
stability due to the lower power dissipation. Moreover, OFCs
with similar properties are generated at four different central
wavelengths in the C-band and at a different repetition rate. It
indicates the potential of our technology to generate on-chip
multi-wavelength Nyquist pulse trains with a tunable repetition
rate, which could benefit optical communications and integrated
microwave photonics.

II. DEVICE AND EXPERIMENT

The OFC and Nyquist pulse generation are based on two
cascaded unbalanced MZMs modulated by two phase-locked
microwave signals. A schematic structure of the device is shown
in Fig. 1(a). The device was fabricated with a CMOS compatible
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Fig. 1. (a) Schematic drawing of the cascaded MZMs for frequency comb
generation. The inset shows the cross-sectional view of active arms in the
MZM. (b) PN junction captured by the scanning capacitance microscopy (SCM).
(c) Optical microscope image of the device.

process. The passive components, including the inverse tapers
and the multimode interferometers (MMIs), are made of strip
waveguides. The active components, i.e., the phase shifters in
the MZMs, are made of ridge waveguides. The modulator is
based on a Mach-Zehnder interferometer with a single-drive
push-pull modulation scheme. The push-pull scheme together
with a high-speed traveling wave electrode (TWE) allows single-
port microwave input while maintaining a high modulation
speed. The inset in the red frame shows the cross-section of
the MZMs. An L-shaped PN junction is designed to improve
the modulation efficiency and reduce the half-wave voltage
[24], [25]. The PN junction in the phase shifters is embed-
ded in a ridge waveguide with 90-nm slab height, 220-nm rib
height, and 500-nm rib width. The net doping concentrations are
4 × 1017 cm−3 for the p-type region and 8 × 1017 cm−3 for the
n-type region. The length of the PN junction is 3 mm. Fig. 1(b)
shows the cross-sectional image of the L-shaped PN junction
measured by the scanning capacitance microscopy (SCM). The
L-shaped PN junction can be clearly observed. Fig. 1(c) shows
the optical microscope image of the fabricated device. Two
modulators are put side-by-side so that they can share a single
GSGSG microwave probe when applying microwave signals.
The RF crosstalk of the probe is −40 dB at 15 GHz and the RF
crosstalk of the micro-strips between two modulators (3-mm
long, 300-μm separation) is −25 dB at 15 GHz, which has a
negligible influence on the Nyquist pulse generation [26].

The measured half-wave voltage (Vπ) is ∼3 V and the ex-
tinction ratio is ∼8 dB, shown in Fig. 2(a). The extinction ratio
can be further improved by optimizing the component design
and fabrication. The measured electro-optic (EO) bandwidth is
∼13.5 GHz at −3 V bias of PN junctions, as shown in Fig. 2(b).
The L-shaped PN junctions have a larger junction area and
larger capacitance compared to lateral or vertical PN junctions.
This leads to a higher modulation efficiency (∼0.9 V·cm for
our modulator) at the cost of a lower 3-dB EO bandwidth
[27]. The measured on-chip insertion loss of our device is ∼20
dB including 6 dB fiber coupling loss and 14 dB modulator
on-chip loss.

Fig. 2. (a) Optical transmission spectra at 0 V and 3 V reverse biases. (b) EO
response (S21) of the modulator at −3 V bias of PN junctions.

Fig. 3. (a) Experimental setup for OFC generation. (b) Schematic illustration
of the OFC generation.

Figure 3(a) shows the experimental setup. A wavelength-
tunable laser is used as the light source. The light is adjusted to
the transverse electrical (TE) polarization mode by a polarization
controller (PC) and coupled to the chip through a lensed fiber.
The MZMs are designed to work under the TE mode. A 15-GHz
sinusoidal microwave signal is applied to the first MZM and
a 5-GHz microwave signal is applied to the second MZM by
a microwave probe. There are two direct current (DC) bias
voltages for each modulator (V1 and Vd1 for the first MZM
and V2 and Vd2 for the second MZM). V1 and V2 are applied
onto the chip by using DC probes. Vd1 and Vd2 are combined
with the microwave signals via Bias-Tees and applied onto
the MZMs by the GSGSG microwave probe. As illustrated in
Fig. 3(a), for the MZMs, Vi (i = 1, 2) determines the bias
condition of the PN junction in the lower arm, while Vi and
Vdi together determine the bias condition of the PN junction
in the upper arm. In our experiment, Vi is set to 0 V and Vdi

is set to ∼0.3 V. The different bias condition for the two arms
causes a phase difference between them, which sets the working
point of the modulator. The modulator should be tuned to the
proper working point in order to generate Nyquist pulses [1].
It should be noted that at such a low-voltage bias condition,
the modulation efficiency is high to ensure a low microwave
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drive voltage, although the bandwidth is low owing to the large
depletion capacitance. A similar choice of bias voltage has
also been reported [22]. The two microwave signals are phase
locked and a phase shifter is added to the 5-GHz microwave
source to adjust the relative phase between the two microwave
signals. The output power from the chip is then divided by a
90:10 coupler. 10% of the output signal is monitored by an
optical spectrum analyzer (OSA, YOKOGAWA, AQ6370D) for
frequency-domain analysis. 90% of the signal is amplified by
an erbium-doped fiber amplifier (EDFA) to 0 dBm and then
monitored by a 70-GHz sampling oscilloscope (Agilent DCA-X,
86100D) with a 50-GHz photodetector (u2t, XPDV2120R) for
time-domain analysis.

In order to generate OFC and Nyquist pulses, two criteria
should be satisfied. The first one is that all the comb lines
should have equal power to form a rectangular OFC envelope.
The second one is that all the comb lines should have equal
or linear optical phases to form a transform-limited pulse in
the time domain. Although modulator-based OFCs with many
comb lines have been reported, transform-limited pulses are not
always obtained [12], [13], [23]. Fig. 3(b) shows the schematic
illustration. The 15-GHz microwave signal applied to the first
modulator generates 3 comb lines. In principle, these three comb
lines can have an equal amplitude and linear phases by properly
adjusting the applied microwave power and the bias voltages.
Similarly, the 5-GHz microwave signal (phase locked to the
15-GHz signal) applied to the second modulator also generates
3 flat comb lines with linear phases. When these two modulators
are cascaded, the comb lines generated by the first modulator are
re-modulated by the second modulator and a rectangular 9-line
OFC with a 5 GHz spacing is obtained. Finally, by properly
adjusting the relative phase between the 15-GHz and the 5-GHz
microwave signals, all 9 comb lines can have linear phases and
a Nyquist pulse train is thus generated in the time domain. This
is equivalent to the spectral convolution process between two
3-line OFCs with 15-GHz spacing and 5-GHz spacing.

For our work targeting at the flat OFC and Nyquist pulse
generation, the main challenge for generating more comb lines
(and narrower pulse) is the limited comb lines generated by a
single modulator. Pulse generation in the time domain requires
all the comb lines to have the same phases. Theoretically, one
modulator can only generate three flat comb lines with the same
phases by a single microwave frequency [28]. Therefore, for
two cascaded intensity modulators, the maximum comb line
number is 9 with a modulation frequency of fm and 3fm as
demonstrated in our work. One can apply more modulation
frequencies on a single modulator to obtain more comb lines
[29]. Then the maximum comb line number is limited by
the maximum modulator bandwidth and comb line spacing. If
the pulse profile in the time domain is not required, one can
generate more comb lines (e.g., 25 lines) with two cascaded
modulators [30].

Figure 4(a) shows a typical spectrum of the generated OFC.
The wavelength of the tunable laser is set to 1549.0 nm. The input
power from the laser is 3 dBm. The output power of the on-chip
device is −17 dBm. Before the generated OFC lines are sent
into the photodetector, they are amplified by the EDFA to 0 dBm.

Fig. 4. (a) Measured optical spectrum of the 9-line OFC. (b) Measured Nyquist
pulses in the time domain. (c) Comparison of the measured single Nyquist pulse
(red solid line) with the calculated theoretical pulse (black dashed line).

The power ratio between the comb line and the background noise
floor is 24 dB. The powers of the applied microwave signals are
∼24 dBm for the 5-GHz signal and ∼25 dBm for the 15-GHz
signal, corresponding to amplitudes of ∼3.54V and ∼3.98 V
respectively. The OFC has 9 comb lines, a spacing of 5 GHz, and
flatness of 1.83 dB. The power fluctuation of the comb lines and
the asymmetric spectral shape are probably due to the influence
from the high-order sidebands (to be discussed in Section III)
and the fabrication errors of the PN junctions and the TWEs. It is
possible that the doping profile and the location of the L-shaped
PN junctions may be slightly different between the arms due to
the misalignment between different mask layers.

The sinc-shaped Nyquist pulses in the time domain are ob-
tained with a high-speed photodetector and a sampling oscil-
loscope, as shown in Fig. 4(b). The pulses have an FWHM
duration of 21.45 ps and a period of 200.0 ps. The period
corresponds to a repetition rate of 5.0 GHz. Fig. 4(c) shows the
details of a single Nyquist pulse. The red solid line represents
the experimental data, and the black dashed line represents
the theoretical sinc-shaped Nyquist pulse, which is described
by [14]:

I (t) = |E (t)|2 = E2
0

sin2 (πNfmt)

N2sin2 (πfmt)
(1)

where N = 9 is the number of comb lines and fm = 5GHz is the
comb frequency spacing. The zero-crossing duration is given by
τp = 2/(N fm) and the FWHM duration is approximately given
by 0.89/(N fm) = 19.8 ps. It can be observed that there are some
undesired small pulses in the tail of the pulse and the valley
points do not go to zero. These deviations are caused by the
high-order sidebands and the response of the detection system,
which will be discussed in detail in Section III. The pulse period
and FWHM duration are tunable by adjusting the modulation
frequency of applied microwave signals.

Theoretically, N cascaded modulators with microwave signals
offm, 3fm . . . 3N−1fm applied to them respectively can be used
to generate 3N flat comb lines. Practically, the maximum number
of flat comb lines (with Nyquist pulse train in time-domain) is
limited by the modulation bandwidth of the modulators and the
frequency spacing of the comb lines (i.e., the required repetition
rate of the Nyquist pulse train). The maximum modulation
frequency 3N−1fm should be approximately equal to the 3-dB
EO bandwidth of the modulators. In this work, N = 2 and
fm = 5GHz.

The phase noise spectrum and timing jitter of the generated
Nyquist pulses are measured by a signal source analyzer (R&S
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Fig. 5. Measured (a) phase noise spectra and (b) timing jitter of the 5-GHz
microwave source (black dashed line) and generated Nyquist pulses (purple solid
line).

Fig. 6. Measured optical spectra and waveforms of three OFCs with a central
wavelength of (a)–(c) 1536.6 nm, (d)–(f) 1542.8 nm, and (g)–(i) 1555.3 nm. In
(c), (f), and (i), solid lines represent the experimental data and black dashed lines
represent the calculated theoretical pulses.

FSUP50) shown in Fig. 5. For comparison, the phase noise
spectrum and timing jitter of the 5-GHz microwave source are
also measured (black dashed lines in Fig. 5). The integrated
timing jitter (1 kHz to 30 MHz offset frequency) of the Nyquist
pulses is 192 fs. In fact, the phase noise spectra of the Nyquist
pulses and the microwave source are nearly identical before 5
MHz offset frequency, which means the phase noise and timing
jitter of Nyquist pulses mainly come from the microwave source
(188 fs) and the device adds negligible extra noise (4 fs).

Furthermore, OFC can be generated at different central
wavelengths, providing our chip the capability of generating
Nyquist pulses with multiple carrier wavelengths. We chose
three wavelengths at 1536.6 nm, 1542.8 nm, and 1555.3 nm
to generate the multi-wavelength Nyquist pulses. The free spec-
tral range (FSR) of the unbalanced silicon MZM is about 6.2
nm, as shown in Fig. 2(a). The four wavelengths chosen are
sequentially increased by an FSR. The operation bandwidth
is mainly determined by the MMIs in the modulator because
the MMIs are wavelength-sensitive. For our work, the target

TABLE I
COMPARISON OF OFC AND NYQUIST PULSES AT DIFFERENT

CENTRAL WAVELENGTHS

Fig. 7. (a) Measured Nyquist pulses in the time domain. (b) Comparison of
the measured single Nyquist pulse (red solid line) with the calculated theoretical
pulse (black dashed line).

operation wavelength is C-band (1530 nm to 1560 nm) and thus
the maximum wavelength range for operation is 1530 nm to
1560 nm.

The experimental setup is the same as the previous one except
for the operating wavelength. The measured optical spectra and
waveforms are summarized in Fig. 6. It can be seen that the OFCs
and the time-domain pulses produced at different wavelengths
are very similar. Table I summarizes the specifications of the four
OFCs and Nyquist pulses (including 1549.0 nm). In Table I, the
suppression is defined as the ratio of the highest power of the
OFC lines to the highest power of the undesired sidebands (in
dB unit).

The arm imbalance of the MZMs results in a periodic si-
nusoidal transmission spectrum. The phase shift in the arms
can then be accurately measured by monitoring the shift of
the transmission spectrum when the bias voltage is applied. In
principle, a balanced MZM with an equal arm length can be
used in our device and then the entire operation bandwidth of the
MZM (C-band) can be used for the multi-wavelength operation.

We also generate OFC and Nyquist pulses with 2-GHz spacing
to demonstrate the tunability of the pulse repetition rate in our
chip. The pulse width is approximately given by 0.89/(Nfm),
where N is the number of the OFC lines and fm is the funda-
mental modulation frequency applied to the MZM in Fig. 3(a).
Therefore, the pulse width can be tuned by either changing N or
fm. For our device, we try to obtain a narrow pulse width for a
given fm. Therefore, the N is fixed to its maximum value of 9 in
the current structure [28]. The central wavelength is set to 1549
nm. The microwave signals applied to the MZMs are 6 GHz
and 2 GHz, respectively. The experimental results are shown in
Fig. 7. The experimental setup is the same as the one shown in
Fig. 3(a) except for the modulation microwave frequencies. The
measured pulse width is 53.62 ps (49.44 ps in theory) and the
period is 500.0 ps (500.0 ps in theory).
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TABLE II
COMPARISON OF THREE TYPES OF MODULATORS

The frequency spacing of OFC is equal to the fundamental
modulation frequency fm. As discussed above, the maximum
modulation frequency 3fm is limited by the modulator band-
width fBW . Therefore, the maximum comb line spacing is
approximately given by fBW /3. For the current device, 5 GHz
and 15 GHz modulation frequencies are nearly the maximum
frequencies that we can apply and the pulse width of ∼20 ps is
the minimum obtainable pulse width. An RF power of 25 dBm
is applied at 15 GHz modulation frequency to compensate the
microwave loss due to the limited modulator bandwidth of
13.5 GHz. It should be noticed that a silicon MZM with a
∼50 GHz bandwidth has been reported [31], so the potential
modulation frequency can be around 17 GHz and 51 GHz and
the corresponding pulse width can be narrowed down to 5.8 ps.

III. ERROR ANALYSIS

In this section, we discuss the origin of the deviation between
the experimental data and theoretical calculation. It is discovered
that two main reasons cause the difference, i.e., the nonlinearity
of the silicon modulators and the limited bandwidth of the
detection system.

A. Effect of Nonlinearity of the Silicon Modulators

1) Single Modulator: The nonlinearity of a silicon modulator
mainly comes from its nonlinear transfer function and its non-
linear electro-optic (EO) response of the PN junctions. Table II
compares the main difference among the ideal, LiNbO3, and
silicon modulators.

For an ideal modulator, its transfer function (from RF ampli-
tude to optical power) is linear, and the EO response is also linear.
Figs. 8(a) and (b) show the optical spectrum and time-domain
waveform of a 3-line comb with 15 GHz modulation frequency.
No high-order sideband exists in the spectrum nor waveform
distortion exists in the time domain.

For a LiNbO3 modulator, its transfer function is nonlinear
(cosine) and EO response is linear (Pockels effect). Figs. 8(c) and
(d) show the optical spectrum and the time-domain waveform
at the same 15 GHz modulation frequency, respectively. Weak
high-order sidebands (−38 dB) can be observed in the spectrum
and waveform distortion exists (but still very weak).

Figure 9 shows the experimental results of OFCs and Nyquist
pulses generated by a single silicon modulator. For a silicon
modulator, both its transfer function (cosine) and EO effect
(free-carrier dispersion, FCD) are nonlinear. A 3-line OFC is
generated with a 15-GHz spacing and the suppression of the
second-order sideband in the spectrum is ∼13 dB, as shown in
Fig. 9(a). However, the measured pulse profile (red solid line)

Fig. 8. (a) Simulated optical spectrum of a 3-line OFC with a 15-GHz spacing
and (b) time-domain waveform by an ideal modulator. Theoretical Nyquist pulse
is shown in black dashed line. (c) Simulated optical spectrum of the 3-line OFC
and time domain waveform by a LiNbO3 modulator. Theoretical Nyquist pulse
is shown in black dashed line.

Fig. 9. (a) Measured optical spectrum of a 3-line OFC with a 15-GHz spacing
by a single MZM. (b) Measured pulses (red solid line) corresponding to (a) and
theoretical Nyquist pulse (black dashed line). (c) Measured optical spectrum
of the 3-line OFC after a bandpass filter. (d) Measured pulses (red solid line)
corresponding to (c) and theoretical Nyquist pulse (black dashed line).

in the time domain has been seriously distorted compared with
a theoretical Nyquist pulse (black dashed line), as shown in
Fig. 9(b). The comb spectrum is then filtered by a narrow
bandpass filter (BPF). The suppression of the second-order
sidebands is improved to ∼28 dB (an improvement of 15 dB),
as shown in Fig. 9(c). The corresponding measured pulses
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TABLE III
COMPARISON OF OFC AND NYQUIST PULSES GENERATED BY

DIFFERENT MODULATORS

Fig. 10. Schematic illustration of the influence of high-order sidebands to the
flatness of the OFC.

(red solid line) now match theoretical ones much better, as
shown in Fig. 9(d). Quantitatively, the root mean square (rms)
error decreases from 0.0831 to 0.0611.

Table III summarizes the specifications of 3-line OFCs and
Nyquist pulses generated by three types of modulators. The
waveform distortion is defined as the rms error between the
simulated or measured pulses between theoretical ones. It can
be concluded that the high-order sidebands generated by the
nonlinear transfer function and nonlinear EO response in the
silicon modulator are the main reason that affects the quality of
pulse waveform.

2) Two Cascaded Modulators: An ideal linear modulator
only generates first-order sidebands. However, due to the non-
linearity of the MZM, high-order sidebands are also generated.
These undesired sidebands modify the power of the generated
comb lines in the cascaded modulators. When two modulators
are cascaded, each frequency component (including the un-
wanted high-order sidebands) generated by the first modulator is
separately modulated by the second modulator and contributes
to the final spectrum. As a result, the flatness of the final spectrum
is deteriorated. An illustration is shown in Fig. 10.

Fig. 11. (a) Measured optical spectrum of the filtered 9-line OFC. (b) Mea-
sured pulses. (c) A zoomed view of a single measured pulse (red solid line) and
theoretical pulse (black dashed line).

Next, the effect of the high-order sidebands is investigated
in the 9-line OFC experimentally. We use a tunable BPF to
suppress the undesired sidebands. The optical spectrum is shown
in Fig. 11(a). The suppression of the closest high-order sideband
is∼19 dB (∼4 dB improvement compared with that in Fig. 4(a))
and the suppression of the next high-order sideband is ∼24 dB
(∼11 dB improvement). The flatness is degraded to 2.92 dB due
to the roll-off of the BPF. The corresponding measured pulses
are shown in Figs. 11(b) and 11(c). Compared with Fig. 4(b)
and 4(c), the small pulses on the left tail of the main pulse have
disappeared. The rms error decreases from 0.0398 to 0.0368.
The valley points right to the main lobe do not change much,
which may be caused by the asymmetric optical spectrum and
the response of the detection system to be discussed next.

Based on the two experiments above, it is found that the
suppression of high-order sidebands is important to obtain a
pulse shape closer to an ideal Nyquist pulse. Especially, the
small pulses on the tail of the main lobe can be removed and
the magnitudes of the valley points can be close to zero. The
suppression can be improved by designing MZMs with better
modulation linearity and using an on-chip BPF with sharp
roll-off edges after the MZMs [32].

B. Effect of the Detection System

The limited spectral response of the detection system is an-
other error source which broadens and distorts the pulses. To
measure the response of the detection system which includes
a 50-GHz high-speed photodetector, a microwave cable, and
a 70-GHz sampling oscilloscope (Agilent DCA-X, 86100D), a
femtosecond pulsed laser is used as an input source. Because the
input pulses have a pulse duration less than 500 fs, the output
of the detection system, i.e., the measured pulse shape on the
oscilloscope is the impulse response of the system, as shown
in Fig. 12(a). The Fourier transform of the impulse response
is shown in Fig. 12(b) for power response and Fig. 12(c) for
phase response. It can be found that the 3-dB bandwidth of the
detection system is ∼30 GHz and the phase response is not flat
either. To remove the distortion induced by the detection system,
a deconvolution calculation of the measured pulse is performed,
as shown in Fig. 12(d). The red line is the measured pulse, the
same as the one in Fig. 11(c). The black line is the de-convolved
pulse. The FWHM duration reduces from 21.45 ps to 20.17 ps,
which is very close to the theoretical value of 19.8 ps. Moreover,
the magnitudes of valley points clearly become closer to zero.
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TABLE IV
COMPARISON OF OFC AND PULSE GENERATION BASED ON SILICON MODULATORS

N.A. = not available
∗Although the frequency spacing of the OFCs is tunable, time-domain waveforms in these works are not reported and the repetition rate tunability of pulse train is thus
meaningless here.

Fig. 12. (a) Measured impulse response, (b) power response, and (c) phase
response of the detection system. (d) Measured pulse (red) and pulse after
deconvolution calculation (black).

IV. DISCUSSION

In this section, we compare our device with other silicon
modulator-based OFCs, as shown in Table IV.

It can be clearly seen from Table IV that, compared with other
seven demonstrations, our work is the only one based on silicon
modulators to generate OFC and Nyquist pulses simultaneously
offering a narrow pulse width, broadband multi-wavelength
operation, and wide-range repetition rate tunability.

V. CONCLUSION

In this paper, we have demonstrated an integrated 9-line
optical frequency comb and Nyquist pulse generation with

cascaded silicon MZMs. OFCs and Nyquist pulses with different
central wavelengths (1536.6 nm, 1542.8 nm, 1549.0 nm, and
1555.3 nm) and frequency spacing (2 GHz and 5 GHz) are also
demonstrated. The flatness of the comb envelope less than 2 dB
has been achieved at four different central wavelengths. The
corresponding pulse durations are 21–22 ps. The influence of the
high-order sidebands and the detection system is also discussed.
Our device could find applications in optical communications
and integrated microwave photonics as a multi-wavelength light
source or a pulsed light source with a tunable repetition rate.
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