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Abstract—Broadband traveling-wave electrooptic modulators
made of lithium niobate have reached a high level of technolog-
ical maturity. They can provide simultaneously low Vπ, sustain
high power (both optical and RF) and yet provide low propagation
loss. By combining together these features, we present a high-power
handling, broadly tunable, electrooptic frequency comb generator.
The device produces between 60 and 75 lines within −10 dB band-
width over its full tuning range—from 6 to 18 GHz—and can han-
dle up to 1 W of optical input power. This optical frequency comb
platform is very well suited for applications in RF photonics and
optical communications that require independent RF and optical
tuning as well as high-repetition rates but moderate bandwidth.

Index Terms—Electrooptic modulators, microwave photonics,
optical communication equipment, ultrafast optics.

I. INTRODUCTION

THE frequency comb laser has revolutionized the field of
optical synthesis and metrology [1]. There are two impor-

tant attributes that distinguish an optical frequency comb from
any other multiwavelength laser source, i.e., high phase coher-
ence across the whole optical bandwidth and the possibility to
tune independently the repetition rate and frequency offset [2].
With the advent of self-referenced mode-locked lasers [3], [4],
researchers can measure or synthesize absolute optical frequen-
cies with a level of precision that was previously achieved only
in very specialized laboratories. The accessibility to such an
unprecedented level of performance has triggered a nonstop
expansion of applications based on precision metrology [5].
However, apart from one notable exception [6], mode-locked
Ti:Sa or erbium-doped fiber lasers usually operate at repetition
rate frequencies below 10 GHz.

Notwithstanding, there are novel applications of frequency
combs, relying upon the previously mentioned two features,
which do not require self-referencing but high repetition rates.
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We mention, for instance, optical communications [7]–[9],
radio-frequency photonics [10]–[13], and optical arbitrary
waveform generation [14]. For this type of applications, a more
suitable platform is the so-called electrooptic frequency comb
generator [15]. The general scheme of this type of comb consists
of a continuous-wave (CW) laser sent to a set of electrooptic
modulators driven by an external RF oscillator. The modulation
introduces sidebands around the optical frequency defined by
the input laser. Hence, the performance of this platform is dic-
tated by the noise characteristics of the laser, oscillator, optical
components, and microwave amplifiers. This solution combines
robustness and simplicity at a few nm bandwidth (considering
∼10 GHz oscillator and state-of-the-art optoelectronic and mi-
crowave components). Electrooptic comb generators may be
categorized as resonant [16], [17] or single pass [15], [18]–[28].
The former set consists of a single electrooptic modulator (usu-
ally phase) placed in a cavity, so that multiple sidebands are
generated by resonant interaction. With the use of a narrow-
linewidth laser locked to one of the cavity resonances, very low
timing jitter has been reported [29]. An obvious drawback of this
configuration is the loss of flexibility in continuously tuning the
optical frequency or repetition rate of the comb. The single-pass
configuration consists of placing various modulators in tandem.
Hence, broad bandwidth operation is achieved in a relatively
simple configuration as the laser light travels through the mod-
ulators. The frequency of the CW laser can be freely chosen
within the spectral bandwidth of the modulators and optical
components, whereas the RF settings shall be picked in accor-
dance to the desired electrooptic modulation attributes. Again,
multiple solutions exist in the literature featuring, e.g., com-
pactness [21], [22], low-power consumption [23], and spectral
flatness [19]–[26]. Among all the different available solutions,
probably the most balanced configuration in terms of simplic-
ity, flatness, and tuning flexibility consists of one electrooptic
intensity modulator (IM) and one or more phase modulators
(PMs) [26]–[28].

In the aforementioned configuration, the IM is biased to pro-
vide a train of pseudosquare pulses with ∼50% duty cycle,
whereas the PMs yield the broadband spectrum. If the tem-
poral signals are correctly aligned in time, the IM will carve
the light only when the chirp from the PMs is mostly linear,
hence providing a relatively flat spectrum [26]. This process
can be interpreted in an elegant manner in terms of the space–
time analogy [30], [31], where the phase modulation is a time-
lensing effect [32] that induces a strong time-to-frequency map-
ping [33]. The typical “rabbit ears” at the outer part of the
spectrum, caused in this type of frequency comb platform, are
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Fig. 1. Diagram of comb generator. PC—polarization controller, PM, IM, RF
AMP—radio frequency amplifier, PS—radio frequency PS, 1 × 2 and 1 × 4−
radio-frequency splitters, OSA, and RF SWITCH—radio frequency switches.
The two RF switches before the PSs allow us to turn OFF RF power to their
respective PM’s. The group of six RF switches located after the RF AMPs
switch between two RF paths, one filtered and one not.

due to the deviation of the parabolic phase modulation (or time
lens aberrations) within the intensity profile [34]. If needed, this
effect can be suppressed by correcting the aberrations with the
aid of higher harmonics from the RF oscillator [32] and/or by
narrowing the IM pulses [25].

In the absence of aberration correction, the setup gains sub-
stantially in RF tuning flexibility and the power variation in the
comb lines remains well below 10 dB. The main drawback with
this configuration relates to the tradeoff between bandwidth and
throughput as more PMs are added into the setup. In addition, as
the accumulated modulation index increases, one can naturally
get concerned about increase of timing jitter. In this contribu-
tion, we have optimized the design for such electrooptic inten-
sity + phase comb generator using state-of-the-art commercially
available electrooptic lithium niobate modulators. As a result,
we built a standalone frequency comb delivering >13 dBm out-
put power operating over a broad and tunable range of repetition
rates (from 6 to 18 GHz). The comb outputs between 60 and 73
lines within a −10-dB bandwidth, depending on the chosen fre-
quency. We include experimental results highlighting the power
stability and provide evidence of minimum degradation of the
noise in the oscillator frequency throughout the microwave–
optical–microwave transfer. We anticipate that the high-power
characteristics, stability, and flexible operation of this source
will likely enable new applications in radio-frequency photon-
ics and coherent communications, where the high-performance
synthesis of large time-bandwidth-product waveforms is highly
beneficial.

II. SETUP DESCRIPTION

The layout of our comb generator is shown in Fig. 1. A
narrow-linewidth (<10 kHz) CW fiber laser source is sent
through a series of three electrooptic PMs and one electrooptic
IM, all driven by the same tunable RF oscillator. Each modulator
has a bandwidth of 20 GHz. The IM (Vπ ∼ 5.5 V at 10 GHz)

is carefully biased to carve out a flat-top pulse train from the
CW laser. We then use the RF phase shifters (PSs) to correctly
align the cusp of the phase modulation from every PM with the
peak of the flat-top pulse. The optical bandwidth of the comb is
proportional to the modulation index introduced by the cascade
of PMs [26]–[28]. Each PM has Vπ ∼ 3.5 V at 10 GHz and is
capable to sustain 1 W of RF power, leading to a bandwidth of
more than 20 lines within −10-dB bandwidth per PM.

Usually the power handling limitation of regular modulators
restricts the ability to increase the input laser power to get higher
output comb power. Our design incorporates the first two PMs
with high-power handling capabilities (up to 1 W) while keeping
low loss, and the comb delivers up to 13 dBm output power at
10 GHz repetition rate. To put this in perspective, our group’s
previous optoelectronic comb generator, detailed in [25], only
output −9 dBm total power.

When dealing with multiple PMs, it is important to correctly
align the chirp from each PM with the cusp of the pulses from
the IM. This is not a straightforward task when all modulators
are running at once. Usually, it requires disconnecting the PM’s
from the setup and aligning them one by one. To expedite the
tuning process, we installed RF switches in-line with two of
the PM’s. The switches allow us to select each PM and align
the phase of the amplified RF signal with the aid of the corre-
sponding PS. After optimization, the effective modulation index
corresponds to the summation of the modulation indices from
each PM.

We noticed that when operating the comb at repetition rates
of 11 GHz and below, the second harmonic generated in the RF
high-power amplifier falls within the bandwidth of the PM. This
distorts the linear chirp and degrades the quality of the comb.
We have been able to filter out these higher harmonics while still
achieving operation over the full tunable range (6–18 GHz). Our
solution was to install a set of two RF switches after each RF
amplifier. The first switch after the amplifier selects between
two paths, one with a filter (K&L 6L250–12000/T26000) and
one without (see Fig. 1). The second switch simply recombines
the chosen path with the input of the PM. This allows the user
to select the operation mode between 6 and 11 GHz (path with
filter) or 11–18 GHz (path without filter).

III. EXPERIMENTAL RESULTS

A. Tuning Ability

Our frequency comb generator is broadly tunable in repetition
rate. By simply changing the RF clock frequency we can switch
between different repetition rate combs spanning 6–18 GHz
(limited by the bandwidth of our RF-amplifiers). After setting
the clock repetition rate, the comb can be reoptimized quickly,
using the RF PSs to align the cusps of the phase modulation with
the flat-top pulses. The key to our fast tuning is the ability to
turn OFF the PM’s, thus allowing us to align them individually.
Our process is as follows. First, we use the RF switches to turn
OFF RF power to two of the PM’s, leaving only 1 PM and
the IM receiving RF power. Then while monitoring the output
spectrum via an optical spectrum analyzer (OSA), we use the PS
in-line with PM1 to obtain a symmetric comb spectrum. When
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Fig. 2. Comb spectra (0.01 nm resolution) at output of comb generator with
1 W of optical input power. (a) 7-GHz spectrum, 73 lines within –10 dB. (b) 10-
GHz spectrum, 65 lines within −10 dB. (c) 17-GHz spectrum, 63 lines within
−10 dB. Right column displays a 1-nm zoom of the corresponding combs on
the left.

symmetry is achieved we switch on RF power to a second PM
and repeat the process optimizing again for a symmetric comb.
After repeating the process for the third PM the resultant tuning
time to achieve a broadband flat-top comb is around 1 min.

Spectral traces are shown in Fig. 2, for 7, 10, and 17 GHz,
respectively. The limited extinction ratio of the comb lines at
the lower repetition rates is attributed to the limited resolution
(0.01 nm) of the OSA. In these measurements, the comb was
operated with 1 W optical input power, which corresponds to the
maximum sustainable power of the PMs. The output spectrum
shows roughly −15 to −17 dB loss for all three repetition rates,
which is typical across the full tuning range. The majority of
the loss can be attributed to the insertion loss of the optical
components, 3 dB for each PM and 2 dB for the IM. This gives
us a high maximum output power from 13 to 15 dBm.

B. Pulse Compression

In order to test the coherence of our source, we generate a
comb at 12 GHz, then compress it via line-by-line pulse shap-
ing [14] using a commercial pulse shaper (Finisar Waveshaper
1000 S). If the pulse is compressible to the bandwidth lim-
ited duration, we infer a high-degree of spectral phase stability.
The autocorrelation trace is optimized in an iterative process by
compensating for even-order terms of spectral phase up to eight.
The autocorrelation trace shown in Fig. 3(a) corresponds to the
one when the optimization procedure is finished. The measured
ac trace is compared to the transform-limited case, which was
calculated from the measured optical spectrum while assum-
ing a flat spectral phase. The agreement between the curves
is excellent, demonstrating high spectral-phase stability in the
source.

Although we corrected up to eighth order with the shaper, the
total phase applied was almost purely quadratic. For compar-
ison, Fig. 3(b) shows the total programmed phase along with
its best quadratic fit. Because the phase compensation is nearly

(b)

(a)

Fig. 3. (a) Measured autocorrelation trace correcting up to eighth order with
pulse shaper (blue line). Expected autocorrelation calculated using measured
spectrum and assuming flat phase (red-dashed line). Expected autocorrelation
calculated only using quadratic phase (gray line). (Inset) Calculated band-
limited pulse, FWHM 984 fs. (b) Total eighth-order phase programmed with
shaper for pulse compression (blue circles). Best quadratic fit to total phase
applied (green line).

quadratic, it allows for near band-limited pulse compression
with dispersive fiber alone. Fig. 3(a) shows the calculated auto-
correlation trace if only quadratic compression was used.

It is also interesting to look at how the achievable pulse width
varies across our tunable range. At our maximum repetition rate
(18 GHz), and keeping in mind that each PM adds about 20 ad-
ditional lines, our maximum bandwidth is roughly 3 ∗ 20 ∗ 18 =
1080 GHz, allowing for a subpicosecond pulse. However, for
our smallest repetition rate (6 GHz) our total bandwidth is only
360 GHz. In order to achieve subpicosecond pulses at this rep-
etition rate it would require eight total PM’s, which would add
additional loss.

C. Power Stability

We measure the stability of our source by letting it free-run
over the course of 1 h, while monitoring the optical spectrum
with the OSA. Spectral traces were acquired at 0.01-nm resolu-
tion every 30 s for the duration of the measurement. A spectral
trace of the average comb over the duration of the measure-
ment is given in Fig. 4. The standard deviation of the measured
fluctuations is shown in the error bars overlaying the average
spectrum, showing a maximum standard deviation of 0.15 dBm.
It should be noted that for time durations over a few hours the
unstabilized dc bias will drift. This in turn will reshape the tem-
poral profile of the IM, and slightly change the shape of the
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Fig. 4. Stability measurement of 10-GHz comb over 1 h, with measurement
increments of 30 s. Black average comb, red: standard deviation of comb
amplitude.

Fig. 5. Time domain stability measurement of 10-GHz comb over 1 h. Data
was measured with a real-time scope sampling at 50 Gs/s. A trace was recorded
every 4 s over the course of an hour.

spectrum. However, within our 1 h measurement, the absence
of any active stabilization for the dc bias did not significantly
affect the comb shape.

In addition, a separate measurement was taken in the time
domain. The output of the comb after compression was con-
verted to the electrical domain via a 22-GHz PD, before being
measured by a real-time scope (Tektronix DSA72004B). The
waveform was sampled at 50 Gs/s, with a trace recorded every
4 s for a total of 1 h. Fig. 5 shows all of the sampled waveforms
overlaid together. The maximum peak deviation is ∼12% of the
overall pulse amplitude.

D. Noise Measurement

Measurements comparing the single-sideband (SSB) noise
RF spectrum of the RF oscillator and first tone of the photo-
detected intensity of our comb are displayed in Fig. 6. The
measurements were carried out for three repetition rates, 7, 10,
and 17 GHz. The pulses were first compressed with the aid of
the pulse shaper to their near transform-limited duration. The
spectral phase of the comb is compensated for to induce phase-
to-intensity conversion from the three PM stage. This is done to

(a)

(b)

(c)

Fig. 6. SSB RF spectrum-noise measurements for carrier signal of (a) 7 GHz,
(b) 10 GHz, and (c) 17 GHz. Solid blue curve—output from comb source; green
dashed curve—RF clock; and red-dotted curve—noise floor of analyzer.

make sure that the contribution to the SSB RF spectrum from
the PMs is properly taken into account. The optical intensity
is converted to the RF domain via a 22-GHz photodiode. The
RF signal was then amplified using two RF amplifiers (MITEQ
AMF-6D and Mini-Circuits ZVE-2 W-183+) before being mea-
sured using the RF phase-noise utility of our electrical spectrum
analyzer. For completeness, the noise measurement of the tun-
able RF oscillator (Hittite HMC-T2100) for each frequency, as
well as the noise floor of the analyzer, is also shown. We are able
to see the phase noise of the comb matches almost exactly with
that of the RF oscillator alone, indicating the comb generation
process does not degrade the purity of the tone to a significant
extent.

IV. CONCLUSION

We have demonstrated a tunable, high power handling, fre-
quency comb source made up of discrete electrooptic IM and
PM’s. The source proved to be extremely stable over a 1 h
time window, in which the RF clock source was free of any
feedback. In addition, we can conclude through the SSB-noise
measurements that the comb generation process added minimal
degradation to the baseline of the RF clock. These features,
combined with its ease of use, have made the comb an integral
part of our laboratory testing, and for this reason we believe it
can become a workhorse in applications ranging from optical
communication to arbitrary waveform generation.
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[5] T. W. Hänsch, “Passion for precission,” Rev. Mod. Phys., vol. 78, no. 4,
pp. 1297–1309, Dec. 2006.

[6] A. Bartels, D. Heinecke, and S. A. Diddams, “10-GHz self-referenced
optical frequency comb,” Sci., vol. 326, no. 5953, pp. 681–681, Oct.
2009.

[7] A. D. Ellis and F. C. G. Gunning, “Spectral density enhancement using
coherent WDM,” IEEE Photon. Technol. Lett., vol. 17, no. 2, pp. 504–
506, Feb. 2005.

[8] P. J. Delfyett, S. Gee, M. T. Choi, H. Izadpanah, W. Lee, S. Ozharar,
F. Quinlan, and T. Yilmaz, “Optical frequency combs from semiconductor
lasers and applications in ultrawideband signal processing and communi-
cations,” J. Lightwave Technol., vol. 24, no. 7, pp. 2701–2719, Jul. 2006.

[9] D. Hillerkuss, R. Schmogrow, T. Schellinger, M. Jordan, M. Winter,
G. Huber, T. Vallaitis, R. Bonk, P. Kleinow, F. Frey, M. Roeger, S. Koenig,
A. Ludwig, A. Marculescu, J. Li, M. Hon, M. Dreschmann, J. Meyer,
S. Ben Ezra, N. Narkiss, B. Nebendahl, F. Parmigiani, P. Petropoulos,
B. Resan, A. Oehler, K. Weingarten, T. Ellermeyer, J. Lutz, M. Moeller,
M. Huebner, J. Becker, C. Koos, W. Freude, and J. Leuthold, “26 Tb/s line-
rate super-channel transmission utilizing all-optical fast Fourier transform
processing,” Nature Photon., vol. 5, no. 6, pp. 364–371, Jun. 2011.

[10] C. B. Huang, D. E. Leaird, and A. M. Weiner, “Time-multiplexed photon-
ically enabled radio-frequency arbitrary waveform generation with 100 ps
transitions,” Opt. Lett., vol. 32, no. 22, pp. 3242–3244, Nov. 2007.

[11] E. Hamidi, D. E. Leaird, and A. M. Weiner, “Tunable programmable mi-
crowave photonic filters based on an optical frequency comb,” IEEE Trans.
Microw. Theory Techn., vol. 58, no. 11, pp. 3269–3278, Nov. 2010.

[12] V. R. Supradeepa, C. M. Long, R. Wu, F. Ferdous, E. Hamidi, D. E. Leaird,
and A. M. Weiner, “Comb-based radiofrequency photonic filters with
rapid tunability and high selectivity,” Nature Photon., vol. 6, no. 3,
pp. 186–194, Mar. 2012.

[13] M. H. Song, V. Torres-Company, A. J. Metcalf, and A. M. Weiner, “Mul-
titap microwave photonic filters with programmable phase response via
optical frequency comb shaping,” Opt. Lett., vol. 37, no. 5, pp. 845–847,
Mar. 2012.

[14] Z. Jiang, C. B. Huang, D. E. Leaird, and A. M. Weiner, “Optical arbi-
trary waveform processing of more than 100 spectral comb lines,” Nature
Photon., vol. 1, no. 8, pp. 463–467, Aug. 2007.

[15] H. Murata, A. Morimoto, T. Kobayashi, and S. Yamamoto, “Optical pulse
generation by electrooptic modulation method and its application to inte-
grated ultrashort pulse generators,” IEEE J. Sel. Top. Quantum Electron.,
vol. 6, no. 6, pp. 1325–1331, Nov. 2000.

[16] T. Kobayashi, T. Sueta, Y. Matsuo, and Y. Cho, “High-repetition-rate
optical pulse generator using a Fabry-Perot electrooptic modulator,” Appl.
Phys. Lett., vol. 21, no. 8, pp. 341–343, 1972.

[17] M. Kourogi, T. Enami, and M. Ohtsu, “A monolithic optical frequency
comb generator,” IEEE Photon. Technol. Lett., vol. 6, no. 2, pp. 214–217,
Feb. 1994.

[18] T. Kobayashi, H. Yao, K. Amano, Y. Fukushima, A. Morimoto, and
T. Sueta, “Optical pulse compression using high-frequency electro-optic
phase modulation,” IEEE J. Quantum Electron., vol. 24, no. 2, pp. 382–
387, Feb. 1988.

[19] M. Fujiwara, J. Kani, H. Suzuki, K. Araya, and M. Teshima, “Flattened
optical multicarrier generation of 12.5 GHz spaced 256 channels based

on sinusoidal amplitude and phase hybrid modulation,” Electron. Lett.,
vol. 37, no. 15, pp. 967–968, Jul. 2001.

[20] T. Yamamoto, T. Komukai, K. Takada, and A. Suzuki, “Spectrally flat-
tened phase-locked multi-carrier light generator with phase modulators
and chirped fibre Bragg grating,” Electron. Lett., vol. 43, no. 19, pp. 1040–
1042, Sep. 2007.

[21] T. Sakamoto, T. Kawanishi, and M. Izutsu, “Asymptotic formalism for
ultraflat optical frequency comb generation using a Mach-Zehnder mod-
ulator,” Opt. Lett., vol. 32, no. 11, pp. 1515–1517, Jun. 2007.

[22] I. L. Gheorma and G. K. Gopalakrishnan, “Flat frequency comb genera-
tion with an integrated dual-parallel modulator,” IEEE Photon. Technol.
Lett., vol. 19, no. 13, pp. 1011–1013, Jul. 2007.

[23] A. K. Mishra, R. Schmogrow, I. Tomkos, D. Hillerkus, C. Koos,
W. Freude, and J. Leuthold, “Flexible RF-based comb generator,” IEEE
Photon. Technol. Lett., vol. 25, no. 7, pp. 701–704, Mar. 2013.

[24] S. Ozharar, F. Quinlan, I. Ozdur, S. Gee, and P. J. Delfyett, “Ultraflat
optical comb generation by phase-only modulation of continuous-wave
light,” IEEE Photon. Technol. Lett., vol. 20, no. 1, pp. 36–38, Jan. 2008.

[25] R. Wu, V. R. Supradeepa, C. M. Long, D. E. Leaird, and A. M. Weiner,
“Generation of very flat optical frequency combs from continous-wave
lasers using cascaded intensity and phase modulators driven by tailored
radio-frequency waveforms,” Opt. Lett., vol. 35, no. 19, pp. 3234–3236,
Oct. 2010.

[26] T. Otsuji, M. Yaita, T. Nagatsuma, and E. Sano, “10–80 Gb/s highly ex-
tinctive electro-optic pulse pattern generator,” IEEE J. Sel. Top. Quantum
Electron., vol. 2, no. 3, pp. 643–649, Sep. 1996.

[27] A. Ishizawa, T. Nishikawa, A. Mizutori, H. Takara, S. Aozasa, A. Mori,
H. Nakano, A. Takada, and M. Koga, “Octave-spanning frequency comb
generated by 250 fs pulse train emitted from 25 GHz externally phase-
modulated laser diode for carrier-envelope-offset-locking,” Electron. Lett.,
vol. 46, no. 19, pp. 1343–1344, Sep. 2010.

[28] A. Ishizawa, T. Nishikawa, A. Mizutori, H. Takara, H. Nakano, T. Sogawa,
A. Takada, and M. Koga, “Generation of 120-fs laser pulses at 1-GHz
repetition rate derived from continuous wave laser diode,” Opt. Exp.,
vol. 19, no. 23, pp. 22402–22409, Oct. 2011.

[29] S. J. Xiao, L. Hollberg, N. R. Newbury, and S. A. Diddams, “Toward a
low-jitter 10-GHz source with an optical frequency comb generator,” Opt.
Exp., vol. 16, no. 12, pp. 8498–8508, Jun. 2008.

[30] B. H. Kolner, “Space-Time duality and the theory of temporal imaging,”
IEEE J. Quantum Electron., vol. 30, no. 8, pp. 1951–1963, Aug. 1994.

[31] V. Torres-Company, J. Lancis, and P. Andres, “Space-Time analogies in
optics,” Prog. Opt., vol. 56, pp. 1–80, 2011.

[32] J. VanHowe, J. Hansryd, and C. Xu, “Multiwavelength pulse generator
using time-lens compression,” Opt. Lett., vol. 29, no. 13, pp. 1470–1472,
Jul. 2004.

[33] J. Azana, “Time-to-frequency conversion using a single time lens,” Opt.
Commun., vol. 217, no. 1, pp. 205–209, Mar. 2003.

[34] V. Torres-Company, J. Lancis, and P. Andres, “Lossless equalization of
frequency combs,” Opt. Lett., vol. 33, no. 16, pp. 1822–1824, Aug. 2008.

Andrew J. Metcalf was born in Madison, WI, USA,
in 1987. He received the B.S. degree (summa cum
laude) in electrical engineering from the University
of Wisconsin-Milwaukee in 2010, and the M.S.E.C.E.
degree from Purdue University in 2012, where he is
currently working toward the Ph.D. degree in elec-
trical engineering. From 2008 to 2010, he worked
as a co-op at Harley-Davidson Motor Company be-
fore becoming a Graduate Research Assistant in the
Ultrafast Optics and Optical Fiber Communications
group at Purdue University. For his undergrad work,

he received the coveted Deans Award for Outstanding Achievement in electrical
and computer engineering. He is a member of the OSA, an active reviewer,
and has co-authored nine journal and conference papers. His research interests
include optical pulse shaping, frequency comb generation, and radio-frequency
photonics.



3500306 IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 19, NO. 6, NOVEMBER/DECEMBER 2013

Victor Torres-Company received the Ph.D. degree
from the University of Valencia, Spain (2008). From
2009 to 2010, he was at the Photonics Systems group
in McGill University, Canada, where he worked on
ultrafast signal processing based on the space-time
analogy. From 2010 to 2012, he was a Marie Curie
IOF research fellow at the Ultrafast Optics group in
Purdue University, USA. He is currently an Assistant
Professor with the Microtechnology and Nanoscience
department (MC2) at Chalmers University of Tech-
nology, Sweden. During his Ph.D. degree, he spent

several research stays at different European institutions, such as the Royal In-
stitute of Technology (KTH), Sweden; the Technical University of Denmark
(DTU); and the Institute of Photonic Sciences (ICFO) in Barcelona, Spain. For
his Ph.D. research, he won the Best Thesis award from the Applied Physics de-
partment at the University of Valencia. He is a member of the OSA and an active
reviewer in OSA, IEEE, Elsevier and APS journals. He has co-authored more
than 40 papers in leading optics journals. His main research interests include
microwave photonics, optical frequency comb technology, silicon photonics,
scalar coherence theory, and two-photon quantum interferometry.

Daniel E. Leaird was born in Muncie, IN, USA, in
1964. He received the B.S. degree in physics from
Ball State University, Muncie, IN, in 1987, and the
M.S. and Ph.D. degrees from the School of Electri-
cal and Computer Engineering, Purdue University,
West Lafayette, IN, in 1996 and 2000 respectively.
He joined Bell Communications Research (Bellcore),
Red Bank, NJ, USA, as a Senior Staff Technolo-
gist in 1987, and later advanced to a Technical Staff
Member. From 1987 to 1994, he worked in the Ultra-
fast Optics and Optical Signal Processing Research

Group, where he was a key team member in research projects in ultrafast optics,
such as shaping of short optical pulses using liquid crystal modulator arrays,
investigation of dark soliton propagation in optical fibers, impulsive stimulated
Raman scattering in molecular crystals, and all-optical switching.

He is currently a Senior Research Scientist and Laboratory Manager of the
Ultrafast Optics and Optical Fiber Communications Laboratory in the School
of Electrical and Computer Engineering, Purdue University, where he has been
since 1994. He has co-authored approximately 100 journal articles, 150 con-
ference proceedings, and has three issued U.S. patents. He is active in the
optics community and professional organizations including the Optical Society
of America and the IEEE Photonics Society where he served as the Chair of the
Ultrafast Optics technical committee from 2006 to 2009 as well as serving as a
consultant to venture capitalists by performing technical due diligence. He also
serves as a reviewer for the Optics Letters, the Optics Express, the Photonics
Technology Letters, the Applied Optics, and the Journal of the Optical Society of
America B in addition to serving on National Science Foundation review panels
in the SBIR program. Dr. Leaird has received several awards for his work in the
ultrafast optics field including the Purdue Professional Achievement Award, the
Magoon Award for outstanding teaching, the Optical Society of America/New
Focus Student Award, and the Bellcore “Award of Excellence.”

Andrew M. Weiner graduated from M.I.T. in 1984
with an Sc.D. degree in electrical engineering. Upon
graduation he joined Bellcore, first as a Technical
Staff Member and later as a Manager of Ultrafast
Optics and Optical Signal Processing Research. He
moved to Purdue University in 1992 and is currently
the Scifres Family Distinguished Professor of Electri-
cal and Computer Engineering. His research focuses
on ultrafast optics signal processing and applications
to high-speed optical communications and ultraw-
ideband wireless. He is especially well known for his

pioneering work on programmable femtosecond pulse shaping using liquid crys-
tal modulator arrays. He is the author of a textbook entitled Ultrafast Optics and
has published more than 250 journal articles. He is a Fellow of the OSA and is
a member of the U.S. National Academy of Engineering. He has won numerous
awards for his research, including the Hertz Foundation Doctoral Thesis Prize,
the OSA Adolph Lomb Medal, the ASEE Curtis McGraw Research Award, the
International Commission on Optics Prize, the IEEE LEOS William Streifer
Scientific Achievement Award, the Alexander von Humboldt Foundation Re-
search Award for Senior U.S. Scientists, the OSA R.W. Wood Prize, and the
IEEE Photonics Society Quantum Electronics Award. He has served as the Chair
or Co-Chair of the Conference on Lasers and Electro-Optics, the International
Conference on Ultrafast Phenomena and the National Academy of Engineer-
ing’s Frontiers of Engineering symposium, as the Secretary/Treasurer of the
IEEE Lasers and Electro-optics Society (LEOS), and as the Vice-President of
the International Commission on Optics (ICO). He is currently the Editor-in-
chief of the Optics Express.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


