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Abstract. We experimentally demonstrated a novel structure for generating an optical frequency
comb source for multicarrier modulation in an optical transmission system. In the proposed
scheme, the integration of an electroabsorption-modulated laser cascaded with a phase modulator
is employed, both of which are driven and synchronized via a common sinusoidal radio frequency
signal. The optimal operating range defined as a spectral flatness with less than 3-dB power
fluctuation can be obtained through numerical simulation. Using the proposed scheme, we can
achieve 10 flat-topped and frequency-locked optical carriers with a 12.5-GHz frequency spacing.
On-off-keying intensity-modulated signals with 3.125 and 12.5 Gb/s are transmitted error-free
over 20 km standard single-mode fiber utilizing the proposed optical frequency comb source for
an optical wavelength-division multiplexing transmission system. © 2020 Society of Photo-Optical
Instrumentation Engineers (SPIE) [DOIL: 10.1117/1.0E.59.1.016112]
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1 Introduction

An efficient structure of multicarrier optical signal source has been extensively investigated for
various optical communication systems, including wavelength-division multiplexing (WDM)
source,' optical signal processing,* reconfigurable optical pulse generator,’ and other non-
telecom areas.”” Recently, many technical approaches have been proposed to generate optical
frequency combs. Among them, a commonly known method that employs a single continuous-
wave (CW) narrow-linewidth laser source modulated by a single external optical modulator,
such as an in-phase/quadrate modulator'®'! or a polarization modulator,'” is widely adopted
to generate a narrow-linewidth multicarrier source. In addition, a CW pump laser interacting
with a microresonator can also be used to generate optical frequency combs.'*"'> However, the
performance of spectral flatness of the combs generated by these two aforementioned methods is
unsatisfactory. By cascading multiple modulators [i.e., an intensity modulator (IM) cascaded
with a phase modulator (PM)'®'® or cascaded with PMs'”] with a CW laser, the flatness of the
generated optical combs could be improved at the expense of a more complicated system struc-
ture that requires an additional costly CW laser source. A directly modulated distributed feed-
back (DFB) laser, which concurrently acts as a laser source and an optical signal modulator,
cascaded with a PM can be used for optical frequency comb generation as a simplified structure,
thus eliminating the requirement of one external modulator.”*' However, a directly modulated
laser (DML) exhibits large chirp, low-frequency response, and low extinction ratio, which limits
optical transmission data rate and distance. In addition, the scheme of Ref. 21 in which the
PM is driven by different radio frequency (RF) clocks needs an extra frequency multiplier.
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This increases the system complexity and induces more insertion loss. Therefore, it is important
to seek a comprehensive solution for optical frequency comb generator.

Recently, a commercially available electroabsorption-modulated laser (EML) consisting of
a semiconductor laser with an electroabsorption modulator (EAM)** has been widely employed
in optical communications. In contrast to DML, EML has smaller chromatic dispersion and
thus can be used in high-speed and long-distance transmission systems. A flat-topped optical
frequency comb generator using one EAM and two cascaded PMs has been demonstrated for
optical waveform generation.”> However, the system structure in Ref. 23 is relatively complex,
requiring two PMs, a 3-nm optical filter, polarization controllers, and multiple phase shifters
(PSs). These extra devices greatly increase the system insertion loss and inevitably cause oscil-
lation that affects the stability of the generated optical multicarrier.

In this paper, we demonstrated a simplified optical multicarrier generator with improved flat-
ness in spectral response by employing a single EML cascaded with one PM. Compared with
the reported scheme,”>** extra devices are eliminated, which effectively reduces the complexity
and cost of the system. More importantly, we achieved a satisfactory flatness of less than 3 dB.
We numerically analyzed the comb generation scheme to optimize the reverse bias voltage of an
EML and the driving voltage of an EML and a PM. Ten frequency-locked subcarriers are gen-
erated and experimentally demonstrated based on our proposed scheme. The frequency spacing
of the generated optical frequency comb is 12.5 GHz, and the spectral flatness is maintained
at <3 dB. Utilizing the generated comb source, error-free transmission of 3.125 and 12.5 Gb/s
on—off-keying (OOK) data over 20 km standard single-mode fiber (SSMF) is achieved. The
proposed optical multicarrier signal source can be applied to high-speed optical dense WDM
transmission systems.

2 Experimental Analysis and Numerical Simulation

2.1 Experimental Analysis

It has been reported that flat-topped optical frequency comb generation can be realized when a
flat-top pulse train is modulated by an ideal periodic parabolic temporal phase signal.'® A con-
venient approach for flat-top pulse train generation is to employ one narrow-linewidth CW laser
modulated by one IM driven by a sinusoidal RF signal. However, it is difficult to generate a
perfect parabolic temporal phase. A sinusoidal temporal phase signal, which can be generated
by a PM driven by the RF signal, is often utilized as an approximation of parabolic temporal
phase. Thus, flat-topped optical frequency comb generation can be achieved by the combination
of a PM and a cascaded IM directly. As we know, however, the series expansion of the sinusoidal
function has undesirable higher-order terms other than the quadratic term. Thus, the sinusoidal
temporal phase apart from its peak or valley has a considerable difference from the ideal para-
bolic temporal phase, which causes the degradation of the achieved spectral flatness, particularly
for those outer subcarriers. It has been proved that the nonlinear effect of the IM can shorten the
output pulse and weaken the higher-order terms of the sinusoidal function.!” Thereby, the gen-
erated waveform can be more similar to the parabolic temporal phase, and the spectral flatness
can be improved.

There are mainly two types of IMs: one is based on the linear electro-optic effect and the
other is based on the electroabsorption effect. Compared with the electro-optic IM, the EAM has
many advantages, such as small size, low price, and easy integration. In particular, the EAM can
be integrated with a semiconductor laser to form an EML, which can effectively reduce the
interface losses and is commercially available. Owing to the strong nonlinear electroabsorption
effect, the EAM can generate a much shorter optical pulse compared with the electro-optic IM.**
Thus, cascaded EAM and PM can be much closer to the theoretical model of the parabolic phase
modulation of the flat-top pulse train. When we arrange only one PM to modulate the CW light
wave at a center frequency of f., the PM output optical field is given as

Eoui (1) = Eg exp(j2zf 1) expliR sin(2zf )] = Eg ) Ju(R)explj2a(fe +nf)i. (1)

n=—00
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where E, represents the amplitude of the electrical field, f; expresses the frequency of RF driv-
ing signal, f .. is the center frequency of wavelength, J,, denotes the first kind of Bessel function,
and R expresses the PM modulation index. Figure 1(a) corresponds to the scenario when the
cascaded PM and EML are used to generate the comb source, and the output optical intensity is
expressed as

EoulZ(t) ~ EO[I + Rl Sin(zﬂfst)} eXp(jZJchf) exp[jR2 Sin(Zﬂfst)]

=E, i J.(Ry) exp{j2z[f. + (n—1)f]t}

1 &)
~JEyg > du(Ra)explj2lf. + (n+ DA
#IE) S Y JulRa) expl2alf + (1= VL] @

where R; is the EML modulation index and R, is the PM modulation index. Compared with
Eq. (1), the second and third terms in the right side of Eq. (2) can flatten the amplitude of the
generated optical multicarrier and bring in a new spectrum element. With proper reverse bias
voltage and RF-driving voltage, flat-topped optical frequency combs can be achieved. Moreover,
by increasing the RF-driving voltage applied on the cascaded PM, more optical carriers can be
achieved.

According to the aforementioned analysis, we propose an optical frequency comb source
employing an EML as well as a cascaded PM, as shown in Fig. 1(a). In this system, an
EAM is the typical model; Fig. 1(b) shows the output optical power changing with bias voltage
for the EAM. In the following section, we will demonstrate both simulation and experiment
discussions; it is concluded that our proposed optical frequency comb source generation with
a good spectral flatness can be realized when the RF-driving voltage of both the EML and PM
and the reverse bias voltage of the EML are optimized.

2.2 Numerical Simulation

We use VPI software to simulate the proposed system. Since there is no EML model in VPI
software, a DFB laser model and an EAM model are cascaded together instead of the EML.
In this process, we set the driving frequency as 12.5 GHz, and time window and sampling rate
are fixed as 16 ns and 1024 GHz, respectively. By adjusting the reverse direct current (DC) bias
voltage on the EML and the voltage amplitude of RF driving on EML and PM, we can obtain
the best working zones for the system.

To improve the spectral flatness, three different EML bias voltages of —1, —1.5, and =2 V are
selected for testing to utilize the nonlinear electroabsorption effect of the EAM effectively.
Considering these three cases, we can discuss the number and spectral flatness variation of the
generated multicarrier with the driving voltage, the result of which can be observed in Fig. 2.
When the driving voltage of the EML is 0 V, the EML does not work, which means that only
one PM can be utilized to generate the optical frequency comb. In this case, the flatness of the
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Fig. 1 (a) Structure of the cascaded EML and PM in the optical comb generation system.
(b) Output optical power changing with bias voltage for EAM.
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Fig. 2 Calculated multicarrier number versus RF-driving voltage when EML bias is (a) -1V,
(b) —1.5 V, and (c) —2 V. Multicarrier spectral flatness versus RF-driving voltage when EML bias
is (d) -1V, (e) =15V, and (f) -2 V.

generated multicarrier is very poor. When increasing the driving voltage of the EML, the flatness
of the comb spectrum can be effectively improved, while the number of multicarrier signals
increases with the increasing of the PM-driving voltage. We define the working range with
a spectral flatness of less than 3 dB as the optimum working zones. Based on the simulation
results, it can be concluded that the optimum working zones are A and B in Figs. 2(e) and 2(f).
The driving voltage amplitudes of the EML for zones A and B are set above 0.7 V and over
0.25 V, respectively. In these regions, 13 or more carriers can be generated with a flatness of less
than 3 dB in our proposed system. Moreover, by increasing the reverse bias voltage of the EML
within the nonlinear operating range, the optimal operating area of the system can be increased.

Figures 3(a) and 3(b) depict the optical spectrum for the tEML and PM, respectively, when
the driving voltage the for PM is set to 2.4 V; and the reverse bias voltage and driving voltage for
the EML are —1.5 and 1.5 V, respectively. At this point, we can generate 15 multicarriers with
a spectral flatness below 3 dB.

3 Experimental Setup and Results

3.1 Experimental Setup

Figure 4 depicts our experimental setup of optical frequency comb generation and intensity
modulation and direct detection (IM-DD) transmission using the EML and PM. First, a
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Fig. 3 Optical spectrum from (a) EML and (b) PM, when the reverse bias voltage and driving
voltage for EML are set to —1.5 and 1.5 V and the driving voltage for PM is set to 2.4 V.

Optical Engineering 016112-4 January 2020 « Vol. 59(1)

Downloaded From: https://www.spiedigitallibrary.org/journals/Optical-Engineering on 01 Jun 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Li et al.: Optical comb generator with flat-topped spectral response. ..

@ 12.5 GHz

| Power Divider |
EA PS
DC I PM- gEA IM  20km [ &
¥ EDFA 7z 2 &
Z
E: p— sMF-28 = gl
EML PM 3.125/12.5 Gb/s

Optical multicarrier generation IM-DD demonstration

Fig. 4 Experimental setup of the proposed optical frequency comb generator for OOK signal
transmission.

sinusoidal RF signal of 12.5 GHz is divided into two equal branches: one of them is amplified to
24 dBm for EML driving and the other one is boosted to 30 dBm for PM driving. Before the PM,
a PS is needed to synchronize the two RF signals. Then, to handle the issue between the EML
and the PM to compensate for the modulation losses, a polarization-maintaining erbium-doped
fiber amplifier (PM-EDFA) is arranged.

Figure 5(a) illustrates the output power changing with the DC bias of the DFB laser without
the DC bias and driving voltage of the EAM. Figure 5(b) gives the output power changing with
reverse DC bias of the EAM when the DC bias voltage of the DFB is set to 33 mA. The sat-
uration output power of the EAM is around —14 dBm. The commercially available EML is
constructed by an EAM and a DFB source. Its linewidth is around 1.9 MHz (this value is offered
by the manufacturer), and it can be affected in practice by the DC bias applied on the EAM. And
the output spectrum of EML is depicted in Fig. 5(c), when the driving signal of the EAM is 1.98
V and the reverse bias is —1 V. Note that the average output power of the DML, which can reach
10 dBm, is very high. In contrast, EML has a big insertion loss under the high reverse DC bias, so
the average output power of the EML is less than —10 dBm. The EAM insertion loss is around
10 dB if the reverse DC bias is set at —1 V. With 50 ohms input resistance of the PM, the RF-
driving voltage at the frequency of 12.5 GHz is around 10 V and the PM half-wave voltage is
4.2V, so the calculated PM modulation index is 2.4. Figure 5(d) illustrates the output spectrum
of the system when only the PM has an RF-driving signal of 12.5 GHz. We can see that the
flatness of the 10 carriers generated in the figure is very poor at around 9 dB. In contrast, in this
system where both the EML and the PM have a driving RF signal of 12.5 GHz, as shown in
Fig. 5(e), the output spectrum has a much better flatness of less than 3 dB. The frequency spacing
of the 10 generated carriers is 12.5 GHz. This result effectively proves that it is feasible to
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Fig. 5 Output optical power changing with input DC bias of (a) DFB laser and (b) EAM. Optical
spectrum is shown for (c) EML, (d) only PM, (e) both EML and PM, and (f) PM-TOF.
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Fig. 6 (a) Spectrum after the IM; (b) and (c) eye diagrams of observed 3.125 Gb/s signal before
and after SSMF delivery; (d) and (e) eye diagrams of observed 12.5 Gb/s signal before and after
SSMF delivery.

generate a flattened optical frequency comb employing a combination of an EAM and a PM in
our proposed system.

To mitigate the amplified spontaneous emission noise caused by PM-EDFA, a polarization-
maintaining tunable optical filter (PM-TOF) is placed after the cascading system of the EM and
PM. Then an interleaver (IL), along with that aforementioned PM-TOF with an adjustable band-
width ranging from 0.1 to 9 nm, is used to select the optical carrier we need. Figure 5(f) is the
spectrum of the optical carrier after 12.5/25 GHz IL selection with a bandwidth of 0.1 nm. After
that, another PM-EDFA is used. The selected carrier is then modulated by an electrical binary
signal using an IM. This electrical binary signal is 12.5 and 3.125 Gb/s is generated from a pulse
pattern generator with a pseudo-random binary sequence length of 223-1, respectively. After
20 km of SSMF transmission, a positive intrinsic-negative (PIN) receiver with a 3-dB bandwidth
of 7.5 GHz can be used to directly detect the optical signal. The launched power is 4 dBm.

3.2 Experimental Results

Figure 6(a) illustrates the spectrum after IM. Figures 6(b) and 6(c) are eye diagrams of the
observed 3.125 Gb/s signal before and after the 20-km SSMF delivery, respectively. Similarly,
Figs. 6(d) and 6(e) are the observed 12.5 Gb/s transmission. These eye diagrams are more or
less asymmetric because of the nonlinear effect caused by EML. The extinction ratio can reach
over 10 dB when signals are not transmitted. After SSMF transmission, the signals are directly
received without EDFA and suffer large power penalty, degrading eye diagram performance,
as shown in Figs. 6(c) and 6(e).

Figures 7(a) and 7(b) depict the bit error rate (BER) performance for 3.125 and 12.5 Gb/s
signal transmission versus the optical power in the PIN receiver, respectively. The optical power
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Fig. 7 BER changing with optical power in PIN receiver when the data rate is (a) 3.125 Gb/s and
(b) 12.5 Gb/s.
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penalty for both signals is 0.5 dB at 1 x 10~ BER over the 20-km SSMF delivery. At the BER of
1 x 107°, the power requirement for 12.5 Gb/s delivery is about 8 dB larger compared with the
3.125 Gb/s transmission case. But the power difference is theoretically simulated as 6 dB. The
reason for this phenomenon is that the PIN receiver is suitable for 10 Gb/s bit rate detection of
which the 3-dB bandwidth is 7.5 GHz in our proposed system, so the extra penalty (about 2 dB)
is caused when the data rate increases to 12.5 Gb/s. Experimental measurements of the other
generated carriers are also implemented, and they have a similar performance. This proves that
our proposed scheme of the cascaded EML and PM is feasible for IM-DD-based fiber-optic
transmission.

4 Conclusions

We experimentally demonstrated a simple and novel signal generator structure that employs an
EML cascaded with a PM to generate an optical frequency comb source for multicarrier modu-
lation in optical transmission systems. In our scheme, both the EML and the PM are driven by a
synchronous sinusoidal RF signal. We theoretically analyzed the operation principle of multi-
carrier generation and obtained optimal operating zones through the numerical simulation. Using
the proposed scheme, we experimentally generated 10 frequency-locked carriers with 12.5-GHz
frequency spacing and less than 3 dB spectral flatness. Utilizing the generated optical frequency
comb source, the error-free transmission of OOK signals at 3.125 and 12.5 Gb/s over the 20-km
SSMF has been realized based on IM-DD. Thus, our proposed optical frequency comb source
with a narrow frequency spacing can be applied to high-speed dense-WDM optical transmission
systems.

Acknowledgments

This work was supported by the National Natural Science Foundation of China (No. 61821001),
the China Scholarship Council (No. 201806470039), the National Key R&D Program of China
(No. 2018YFB2200903), and the Fundamental Research Funds for the Central Universities. The
authors declare that there is no conflict of interest.

References

1. V. Torres-Company et al., “Laser frequency combs for coherent optical communications,”
J. Lightwave Technol. 37(7), 1663—-1670 (2019).

2. J. Yu, “Photonics-assisted millimeter-wave wireless communication,” IEEE J. Quantum
Electron. 53(6), 8000517 (2017).

3. R. Ullah et al., “Pulsed laser-based optical frequency comb generator for high capacity
wavelength division multiplexed passive optical network supporting 1.2 Tbps,” Opt. Eng.
55(9), 096106 (2016).

4. P. Delfyett et al., “Semiconductor laser based optical frequency combs—applications in
communications and signal processing,” in Int. Conf. Laser Opt., R3-1 (2016).

5. V. Ataie et al., “Wideband optical parametric frequency comb applications in real-time
signal processing,” in IEEE Summer Top. Meeting Ser., pp. 196-197 (2015).

6. P. M. Anandarajah et al., “Reconfigurable optical frequency comb and its applications,” in
IEEE Int. Conf. Transparent Opt. Networks, p. 1 (2015).

7. S. Otani et al., “Application of MUSIC method to multicarrier optical FM-CW radar system
based on optical-modulator-based optical frequency comb,” in Asia-Pacific Microwave
Conf., pp. 1241-1243 (2018).

8. N. Treps et al., “Modal analysis of an ultrafast frequency comb: application to laser dynam-
ics and quantum metrology,” in Conf. Lasers and Electro-Opt., SM1H.7 (2016).

9. P. Li et al., “Optical measurement by a dual-frequency comb based on Rayleigh scattered
Stokes light,” Opt. Commun. 440(11), 214-219 (2019).

10. X. Lietal., “Multi-channel multi-carrier generation using multi-wavelength frequency shift-
ing recirculating loop,” Opt. Express 20(20), 21833-21839 (2012).

Optical Engineering 016112-7 January 2020 « Vol. 59(1)

Downloaded From: https://www.spiedigitallibrary.org/journals/Optical-Engineering on 01 Jun 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


https://doi.org/10.1109/JLT.50
https://doi.org/10.1109/JQE.2017.2765742
https://doi.org/10.1109/JQE.2017.2765742
https://doi.org/10.1117/1.OE.55.9.096106
https://doi.org/10.1109/LO.2016.7549711
https://doi.org/10.1109/PHOSST.2015.7248265
https://doi.org/10.1109/ICTON.2015.7193709
https://doi.org/10.23919/APMC.2018.8617629
https://doi.org/10.23919/APMC.2018.8617629
https://doi.org/10.1016/j.optcom.2019.02.004
https://doi.org/10.1364/OE.20.021833

Li et al.: Optical comb generator with flat-topped spectral response. ..

11. J. Li and Z. Li, “Frequency-locked multicarrier generator based on a complementary
frequency shifter with double recirculating frequency-shifting loops,” Opt. Lett. 38(3),
359-361 (2013).

12. W. Li et al.,, “Generation of flat optical frequency comb using a single polarization
modulator and a Brillouin-assisted power equalizer,” IEEE Photonics J. 6(2), 7900908
(2014).

13. P. Del’Haye et al., “Optical frequency comb generation from a monolithic microresonator,”
Nature 450(7173), 1214-1217 (2007).

14. S. Kasumie et al., “Visible frequency comb in a silica microbubble resonator,” in Conf.
Lasers and Electro-Opt., W3A.156 (2018).

15. N. Gutierrez et al., “Numerical studies on Kerr comb generation in Si3N4 resonators with
frequency dependent access coupler properties,” Proc. SPIE 10904, 109040V (2019).

16. S. Zou et al., “Generation of coherent optical multi-carriers using concatenated, dual-drive
Mach—Zehnder and phase modulators,” Chin. Opt. Lett. 10(7), 070605 (2012).

17. V. Torres-Company, J. Lancis, and P. Andrés, “Lossless equalization of frequency combs,”
Opt. Lett. 33(16), 1822-1824 (2008).

18. X. Xiao et al., “Power efficient ultraflat optical frequency comb generation by cascading
modulators,” Opt. Eng. 56(10), 106115 (2017).

19. J. Zhang et al., “Generation of coherent and frequency-lock optical subcarriers by cascading
phase modulators driven by sinusoidal sources,” J. Lightwave Technol. 30(24), 3911-3917
(2012).

20. J. Yu et al., “Flattened optical frequency-locked multi-carrier generation by cascading one
directly modulated laser and one phase modulator,” Chin. Opt. Lett. 11(11), 110606 (2013).

21. X. Li et al., “Flattened optical frequency-locked multi-carrier generation by cascading one
DML and one phase modulator driven by different RF frequency clocks,” Laser Phys. Lett.
10(11), 115001 (2013).

22. G.L.LiandP. K. L. Yu, “Optical intensity modulators for digital and analog applications,”
J. Lightwave Technol. 21(9), 2010-2030 (2003).

23. F. Zhang et al., “Flat optical frequency comb generation and its application for optical
waveform generation,” Opt. Commun. 290(1), 37-42 (2013).

24. X.Liand J. Xiao, “Flattened optical frequency-locked multi-carrier generation by cascading
one EML and one phase modulator driven by different RF clocks,” Opt. Fiber Technol.
23, 116-121 (2015).

Yitong Li received her BS degree from Jilin University in 2015. Currently, she is a PhD student
at the School of Electronic Engineering, Beijing University of Posts and Telecommunications
and a visiting scholar at the School of Electrical and Computer Engineering, Georgia Institute of
Technology. Her current research interests include but are not limited to photonics-aided milli-
meter-wave (MMW) generation and wireless transmission, VLC indoor positioning system, and
machine learning techniques.

Wen Zhou received her PhD from Nanjing University of Posts and Telecommunications in
2016. Currently, she is a postdoctoral researcher at Fudan University and a postdoctoral visiting
researcher at the School of Electrical and Computer Engineering, Georgia Institute of Tech-
nology. Her research interests include but are not limited to photonics-aided MMW generation
and wireless transmission, high modulation formats such as QAM and PAM, advanced DSP, and
deep machine learning algorithms.

You-Wei Chen received his PhD from National Tsing Hua University in 2016. Currently, he is a
postdoctoral researcher and a lab manager at the School of Electrical and Computer Engineering,
Georgia Institute of Technology. His research interests include but are not limited to orthogonal
frequency-division multiplexing, wavelength-division multiplexing, passive optical networks,
5G fiber-wireless integration networks and MMW radio-over-fiber systems.

Yuanxiang Chen graduated from Peking University in 2014. Currently, he is an associate pro-
fessor at Beijing University of Posts and Telecommunications. His research focuses on optical
communication and optical networks. He has published more than 60 academic papers.

Optical Engineering 016112-8 January 2020 « Vol. 59(1)

Downloaded From: https://www.spiedigitallibrary.org/journals/Optical-Engineering on 01 Jun 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


https://doi.org/10.1364/OL.38.000359
https://doi.org/10.1109/JPHOT.2014.2311455
https://doi.org/10.1038/nature06401
https://doi.org/10.1117/12.2507389
https://doi.org/10.3788/COL201210.070605
https://doi.org/10.1364/OL.33.001822
https://doi.org/10.1117/1.OE.56.10.106115
https://doi.org/10.1109/JLT.2012.2203096
https://doi.org/10.3788/COL201311.110606
https://doi.org/10.1088/1612-2011/10/11/115001
https://doi.org/10.1109/JLT.2003.815654
https://doi.org/10.1016/j.optcom.2012.10.051
https://doi.org/10.1016/j.yofte.2015.03.003

Li et al.: Optical comb generator with flat-topped spectral response. ..

Yongtao Huang is a PhD student at Beijing University of Posts and Telecommunications. His
research interests include optical communication, signal processing, and machine learning.

Kaile Li is a PhD student in Beijing University of Posts and Telecommunications. He received
his bachelor’s degree from Zhengzhou University in 2017. His research interests include gen-
eration and transmission of MMW and terahertz-wave signals.

Jianguo Yu graduated from Beijing University of Posts and Telecommunications in 1997.
Currently, he is a professor at Beijing University of Posts and Telecommunications. His research
interests include optical fiber and wireless communication. He has published more than 100
academic papers.

Gee-Kung Chang received his PhD from the University of California. He is the Georgia
Research Alliance and Byers Eminent Scholar chair professor in optical networking at the
School of Electrical and Computer Engineering, Georgia Institute of Technology. Chang has
co-authored more than 600 papers in peer-reviewed professional journals and international
conferences. He is a fellow of both IEEE and OSA.

Optical Engineering 016112-9 January 2020 « Vol. 59(1)

Downloaded From: https://www.spiedigitallibrary.org/journals/Optical-Engineering on 01 Jun 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



