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Abstract: This paper demonstrates a flexible bandwidth-modulation-capable and bandwidth-
scalable transmitter and receiver technique based on dynamic optical arbitrary waveform
generation (OAWG) and measurement (OAWM). This technique generates and receives
broadband arbitrary optical waveforms by dividing the waveform spectrum into overlapping
spectral slices of bandwidth manageable with existing electronics. The OAWG transmitter
produced 2-ns, 60-GHz data waveforms using only 5.5 GHz of analog bandwidth by
coherently combining six 10-GHz spectral slices. Measurements were performed using an
OAWM receiver with two 30-GHz spectral slices using 15 GHz of analog bandwidth.
Experimental demonstrations verify the modulation format independence and flexible
bandwidth capabilities of OAWG transmitters and OAWM receivers through the generation
of the following waveforms: binary phase-shifted keying (BPSK), coherent wavelength
division multiplexing (CoWDM) with 5 and 15 BPSK subcarriers, and orthogonal frequency
division multiplexing (OFDM) with 54 BPSK subcarriers. All waveforms had a bit-error-rate
performance better than 7:8� 10�5.

Index Terms: Coherent communication, pulse shaping, ultrafast measurements.

1. Introduction
To meet the exponentially increasing demand for Internet bandwidth, solutions for next-generation
optical transmission systems must efficiently utilize available bandwidths with scalability beyond
Terahertz bandwidths. Recently, flexible bandwidth networking has emerged as a possible method to
effectively use the available bandwidth [1]. A potential solution based on flexible bandwidth
networking can increase network utilization by using variable bandwidth channels ranging in
bandwidth from subwavelength to superwavelength channels to match link demand with allocated
bandwidth. Additionally, the modulation format can be adaptively changed to ensure successful
transmission under varying link conditions [1]–[3]. This approach has been shown to reduce or
completely eliminate the spectral guard bands or the stranded bandwidth that occurs in cases of
partially utilized channels. However, a major challenge for realizing transmitters and receivers for
high-capacity flexible bandwidth networking is overcoming the electronic bottleneck to enable scaling
of single channel bandwidths using existing electronics.
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Multicarrier solutions such as coherent wavelength division multiplexing (CoWDM) [4] and
orthogonal frequency division multiplexing (OFDM) [5]–[8] have been proposed as possible
implementations of flexible bandwidth networking. These solutions rely on the generation of many
low speed subcarriers to form broadband data waveforms using lower speed modulators. CoWDM
maintains orthogonality between closely packed subcarriers by individually modulating each tone
from a set of coherent subcarrier tones, and setting the subcarrier symbol rate equal to the subcarrier
spacing. OFDM systems utilize an inverse Fourier transform at the transmitter and a Fourier
transform at the receiver to ensure orthogonality between subcarriers. A guard band is often
necessary to compensate for chromatic dispersion at the cost of a slight spectral efficiency penalty,
but techniques such as no-guard-band OFDM can eliminate the need for guard bands [9]. Both
CoWDM and OFDM systems can change the modulation format of individual subcarriers but lack the
ability for arbitrary control over subcarrier symbol rate and spacing with a single physical
architecture.

A more general method for broadband waveform generation is based on dynamic optical arbitrary
waveform generation (OAWG). The generated arbitrary optical waveforms can include data
waveforms in both single carrier modulation formats and multicarrier modulation formats such as
CoWDM and OFDM. Here, Bdynamic[ refers to continuous waveform generation, as opposed to line-
by-line pulse shaping, which has time duration limitations typically on the order of tens of
picoseconds [10]–[14]. In particular, spectral-slice based dynamic OAWG can create continuous,
high-fidelity waveforms that overcome the limitations of rapidly updating the modulations to a line-by-
line pulse shaper [15], [16]. Spectral-slice dynamic OAWG utilizes the parallel synthesis and
coherent combination of many lower bandwidth spectral slices to create broadband data waveforms
[17], [18]. In contrast to multicarrier systems, the spectral slice bandwidth is not related to the
subcarrier bandwidth of generated waveforms. This removes any restrictions on the subcarrier
bandwidth and its modulation format and is only limited by the total operational bandwidth of the
OAWG transmitter. The parallel nature of this transmitter structure enables bandwidth scalability
without increasing the bandwidth demand on the supporting electronics. The complementary
receiver is optical arbitrary waveform measurement (OAWM), in which a broadband, continuous
bandwidth waveform is divided into many spectral slices for parallel measurement using
independent digital coherent receivers [19].

Previously, we demonstrated 2 � 10 GHz and 3 � 10 GHz spectral slice signal generation to
create single carrier data waveforms [20], which were detected using a typical digital coherent
receiver. Here, we bring together a dynamic OAWG transmitter and OAWM receiver into a single
system with an optical bandwidth of 60 GHz that demonstrates the bandwidth scalability of this
technique to 1 THz and beyond. The transmitter generated 6 � 10 GHz spectral slices to form the
complete 60 GHz signal, and the receiver measured waveforms using 2 � 30 GHz spectral slices
[21]. We build on our initial demonstration by also showing the capability to satisfy the needs of
flexible bandwidth transmitters and receivers through the generation and measurement of single-
carrier waveforms in addition to multicarrier CoWDM and OFDM waveforms. In contrast to other
transmitter and receiver structures, dynamic OAWG transmitters and OAWM receivers do not need
to match spectral slice bandwidth to subcarrier baud rate to ensure orthogonality between
subcarriers.

This manuscript is organized as follows: Section 2 presents the concept of spectral-slice dynamic
OAWG transmitters and OAWM receivers. In detail, we describe the mechanism by which the
spectral slice technique enables the generation and detection of both single and multicarrier data
waveforms. Section 2 also details the necessary digital signal processing (DSP) operations for
generating and detecting data waveforms encoded in any modulation format. Section 3 presents
experimental results that verify high-fidelity generation and detection of 60 GHz, 2-ns single carrier,
five-subcarrier CoWDM, 15-subcarrier CoWDM, and 54-subcarrier OFDM data waveforms.
Section 4 concludes the paper.
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2. Flexible Bandwidth Transmission System Based on
Dynamic OAWG and OAWM
A flexible bandwidth transmission system based on a dynamic OAWG transmitter and an OAWM
receiver can coherently generate and receive data waveforms by dividing the total waveform
bandwidth into spectral slices of manageable bandwidth. This enables the use of currently available
technology in a bandwidth-scalable manner to operate over large amounts (9 1 THz) of continuous
bandwidth. In this fashion, a dynamic OAWG transmitter creates large bandwidth waveforms
through the parallel generation and coherent combination of many lower speed spectral slices (e.g.,
�10 GHz optical bandwidth) [20]. Similarly, an OAWM receiver coherently divides the data
waveform into spectral slices (e.g., �40 GHz optical bandwidth) that are individually detected with
parallel digital coherent receivers [19]. For example, a 100-GHz transmission system could be
implemented using 10 � 10 GHz spectral slices at the transmitter and 4 � 25 GHz spectral slices at
the receiver.

Fig. 1(a) shows how dynamic OAWG can generate N spectral slices, each with bandwidth �fG, to
form an aggregate output waveform with a total bandwidth of N ��fG. Dynamic OAWG begins with
a coherent optical frequency comb (OFC), which is spectrally demultiplexed with narrow passbands
[see Fig. 1(c)] placing each comb line at a separate spatial location. A set of in-phase and
quadrature-phase modulators (I/Q modulators) each with a bandwidth of �fG apply temporal I/Q
modulations to broaden the comb lines to create the spectral slices. Coherently combining the
spectral slices using a gapless spectral multiplexer [see Fig. 1(e)] with broad overlapping
passbands ensures a continuous bandwidth output waveform [see Fig. 1(d)]. Also, incorporating
compensation for the multiplexer transmission as a preemphasis of the modulation signals ensures
high-fidelity waveform generation after the multiplexer [20].

Analogously, Fig. 1(b) illustrates how an OAWM receiver characterizes waveforms through the
coherent detection ofM spectral slices, each with bandwidth �fM . For the receiver, a reference OFC
with M-lines spaced at �fM provides a reference tone for the detection of each spectral slice [19].
The reference comb lines are isolated using a spectral demultiplexer with narrow and discrete
passbands [see Fig. 1(c)], and the signal is divided into spectral slices using a separate gapless
spectral demultiplexer [see Fig. 1(e)] that has strongly overlapping passbands. Each reference comb
line is then used to detect the corresponding spectral slice using a standard digital coherent receiver
[22]. At this point, DSP enables recombination of the spectral slices after electronic detection. In this
transmission system, �fG can be different from �fM as long as the total measurement bandwidth

Fig. 1. Spectral slice (a) OAWG and (b) OAWM techniques for bandwidth scalable generation and
detection of arbitrary modulation format data transmissions. (c) Demultiplexer and (e) multiplexer
transmission functions. (d) Example continuous bandwidth, and complex data waveform.
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ðM ��fMÞ is greater than the generated waveform’s bandwidth ðN ��fGÞ. The use of spectral
slices enables independent optimization at the transmitter and receiver for the exact bandwidth of
available electronics and allows utilization of the transmitters and receivers across heterogeneous
network domains.

Generating waveforms by dividing the spectrum into spectral slices is an efficient means of
generating large bandwidth waveforms using low bandwidth electronics, but the spectral domain
processing requires a priori knowledge of the waveform for the entire time window. However, a
continuous (i.e., infinite) duration waveform can be temporally divided into manageable time
durations with the use of temporal slice filters. Analogous to spectral slice filters, temporal slice
filters enable the temporary division of a continuous data waveform into temporal slices [17], [18],
with a minimal effect on the generated waveform’s fidelity. For example, a scenario in which each
temporal slice has a duration equal to 30 periods of the OFC results in only 0.01% error while
introducing a 2-ns DSP latency. The tradeoff between time slice duration (i.e., latency) and SNR
penalty is detailed in [17], [18]. The Fourier transform of each time slice is then divided into spectral
slices using the frequency slice filters. according to Fig. 1(a). The use of time slices enables
minimization of size of the electrical buffers and FFT operations that would otherwise be required.

A dynamic OAWG transmitter and OAWM receiver based transmission system can generate and
detect arbitrary waveforms in any modulation format within its operating bandwidth. As a result, in
addition to being able to operate using a single carrier modulation format such as binary phase-
shifted keying (BPSK) and quaternary phase-shifted keying (QPSK), it is also possible to utilize
multicarrier modulation formats such as CoWDM and OFDM using the same transmitter and
receiver structure. Furthermore, multicarrier waveforms can be generated with each carrier having a
unique bandwidth and modulation format.

Additionally, the fact that dynamic OAWG and OAWM operate over a continuous, broadband
spectrum enables compensation for both linear and nonlinear link impairments. For example,
precompensation can be applied for certain impairment mechanisms (e.g., chromatic dispersion) at
the transmitter (OAWG) to reduce the signal distortion at the receiver [23]. In addition, since the
waveform spectra created using dynamic OAWG is completely predetermined, undesirably high
peak-to-average power ratios (PAPR) can be avoided. Postcompensation is also possible at the
receiver (OAWM) to reduce or eliminate undesirable linear and nonlinear link impairments since the
receiver DSP operates over the full field of the broadband received signal. In particular, using an
OAWM receiver and applying nonlinear back propagation to the entire spectrum yields improved
impairment compensation over performing processing on a channel-by-channel basis [24].

Fig. 2. Comparison between OAWG and CoWDM waveform generation. (a) OAWG combines
seemingly random modulations together to form a target single-carrier (shown here) or multicarrier
waveform. (b) CoWDM operates by combining many orthogonal subcarriers together to form a
seemingly random waveform.
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Despite the similarity in structure to CoWDM [4] and OFDM [5] transmitters, there are
fundamental differences with respect to a spectral slice transmitter. In particular, Fig. 2(a) shows the
main operating principle of a spectral slice transmitter, which involves the coherent combination of
many spectral slices. Here, the temporal real and imaginary modulations correspond to the inverse
Fourier transform of each spectral slice [see Fig. 1(a), left]. Combining these seemingly random
temporal spectral slice modulations together yields the desired output waveform, shown here in on–
off keying (OOK) format, but can be in any modulation format including CoWDM or OFDM. Note that
the bandwidth of individual spectral slices is independent of the bandwidth of subcarriers in the
generated waveform.

Since the architecture of dynamic OAWG transmitter architecture closely resembles those of
CoWDM and OFDM transmitters, it is important to point out their differences. As Fig. 2(b) shows,
CoWDM orthogonally combines many low-speed subcarriers that have a constant phase
relationship to each other to form a seemingly random output waveform. This example shows
OOK CoWDM subcarriers, but the principle applies for coherent modulation formats as well. To
maintain orthogonality between subcarriers, the CoWDM subcarrier symbol rate is set equal to the
subcarrier frequency spacing, and therefore, each modulator can only generate an integer number
of subcarriers. This is in contrast to dynamic OAWG, which only requires an integer number of
subcarriers for the total transmitter bandwidth (i.e., not per modulator). Additionally, both CoWDM
and dynamic OAWG transmitters can change the modulation format of individual subcarriers, but
only dynamic OAWG allows manipulation of the whole transmitted bandwidth as a single entity. For
ease of visualization in the time domain, Fig. 2(b) shows an example using CoWDM, but the same
concepts also apply to no guard band OFDM.

3. Demonstration of an OAWG/OAWM Transmitter/Receiver System

3.1. Experimental Arrangement
Fig. 3 shows the experimental arrangement used to generate and measure single carrier and

multicarrier data waveforms with 60 GHz of continuous bandwidth. Here, the dynamic OAWG
transmitter generated 6 � 10 GHz spectral slices and the OAWM receiver detected 2 � 30 GHz

Fig. 3. Experimental arrangement for (a) 6 � 10 GHz spectral slice waveform generation and
(b) 2 � 30 GHz spectral slice measurement. (c) Example output waveform generated with time
interleaving scheme. Measured transmission for (d) deinterleaver and (e) AWG multiplexer. IQM: I=Q
modulator. eAWG: Electronic arbitrary waveform generator. AWG: Arrayed-waveguide grating. OFC:
Optical frequency comb.
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spectral slices. An OAWG transmitter using six spectral slices that is capable of continuous (infinite
duration) data waveforms needs 12 independent analog signals to drive the six independent I=Q
modulators. However, here we show a proof-of-principle six-slice demonstration of 2-ns long data
waveforms using two I=Q modulators with 12-GHz of analog bandwidth and two independent
outputs from an electronic arbitrary waveform generator (eAWG) that operates at 12 GS/s and has
5.5 GHz of analog bandwidth. Fig. 3(a) shows the details of the six-slice dynamic OAWG transmitter.
First, a 10 GHz input OFC was generated using a combination of amplitude and phase modulation
on a cw laser using a dual-electrode Mach–Zehnder modulator [25]. Six OFC lines were then
isolated using a bandpass filter and sent to a spectral deinterleaver [Fig. 3(d)], which separated the
Beven[ and Bodd[ comb lines to separate fibers. An eAWG generated the repetitive I and Q signals
with a 16.67-ns period that were used to create the spectral slices. The modulated Beven[ and Bodd[
comb lines were each split three ways, and a time interleaving scheme enabled using the two
independent eAWG outputs and two I=Q modulators to create the 12 independent signals (for 2 ns)
necessary for the generation of the six spectral slices. Delaying the i th spectral slice by
�i ¼ i � 2:8 ns ensured that the six spectral slices were temporally synchronized for a 2-ns window
within each 16.67-ns period [see Fig. 3(c)]. The remaining time within each period resulted in
undefined waveforms and was ignored. The spectral slices were combined using a 10-GHz arrayed-
waveguide grating (AWG) with broadened (i.e., strongly overlapping) passbands [see Fig. 3(e)] to
produce the output waveform, S.

The 2-ns, 60-GHz output waveform, S, was amplified and detected in two 30-GHz slices using an
OAWM receiver, which consisted of a reference OFC, polarization diversity optical hybrid, balanced
detectors and real-time digitizing oscilloscope [see Fig. 3(b)] [19]. The reference OFC consisted of
two comb lines (1 TE and 1 TM) separated by 30 GHz. The 2 � 30-GHz spectral slices were
retrieved using coherent detection followed by real-time digitization. Offline postprocessing enabled
correction for optical hybrid imbalances, combination of the two slices, generation of eye and
constellation diagrams, and bit-error-rate (BER) performance analysis.

For correct generation of desired waveforms, the phase between each spectral slice needed
alignment. This proof-of-principle experimental setup based on fiber pigtailed components
introduced slowly varying random phase shifts between the transmitter’s spectral slices. As a
result, only measurements with the correct relative spectral slice phases were recorded (typically
1% of the data acquisitions for each waveform). Moving toward integrated photonic devices to
implement spectral slice transmitters will ensure a constant phase relationship between spectral
slices and allow for improved waveform fidelity [26], [27]. For waveform detection, phase alignment
between receiver spectral slices was performed in the receiver DSP [19].

All transmitter and receiver DSP operations were performed offline using a PC. However, for real-
time implementation, temporal slices are necessary to generate continuous time duration
waveforms [17], [18]. Implementing continuous 60-GHz waveforms given the transmission system
scenario described here, each 2-ns duration temporal slice would require one 120-element FFT
operation and six 20-element IFFT operations at the OAWG transmitter. A continuous time OAWM
receiver would require two 60-element FFT operations and one 120-element IFFT operation to
reassemble the original waveform.

3.2. Single-Carrier Waveform
Using spectral slice based waveform generation and measurement it is possible to transmit and

receive single carrier data waveforms with a total bandwidth much greater than that of the
supporting electronics. Fig. 4 presents measured results for a 60-GHz, 2-ns single carrier BPSK
data waveform. The use of a square modulation filter ensures increased spectral efficiency (1 b/s/Hz),
but at the cost of increased time domain ripple. Fig. 4(a) shows the temporal waveform averaged over
119 frames, which indicates a close match between the measured data and target values. Fig. 4(b)
shows the frequency domain of the 60-GHz data waveform, which shows close agreement with the
target values. Fig. 4(c) and (d) present histogram based eye and constellation diagrams of the single
carrier BPSK waveform. The open eye and separated constellation points show error free operation
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over the 14 280 bits tested indicating a BER below 7� 10�5. Variations in eye openness and
constellation point separateness are dependent on waveform shaping accuracy, which led to small
systematic errors. In this case, with a single channel transmission, the systematic errors are
averaged over the entire waveform and cause reductions in the eye opening versus theory.

3.3. Multicarrier Coherent WDM Waveforms
This section presents experimental results for the generation and detection of multicarrier

CoWDM waveforms with both five subcarriers and 15 subcarriers. A key significance of using
spectral slice waveform generation and detection is that the spectral slices are not restricted to only
generating an integer number of CoWDM subcarriers. In other words, using OAWG and OAWM it is
possible to generate subcarriers with contributions from multiple adjacent spectral slices. This
allows for precise matching between the bandwidth demand for a particular channel and allocated
bandwidth. In the case of the five-subcarrier CoWDM waveform, each subcarrier was generated by
two adjacent 10-GHz transmitter spectral slices, while each subcarrier in the 15-subcarrier CoWDM
waveform was generated by a single 10-GHz transmitter spectral slice or by two adjacent spectral
slices, depending on the subcarrier frequency location. Using the two 30-GHz receiver spectral

Fig. 5. Sixty-gigahertz, 2-ns, 120-bit, 1 b/s/Hz CoWDM waveform with five, 12-GHz BPSK subcarriers.
(a) Time domain measured amplitude (blue) and phase (red) and target (gray) averaged over
119 frames and corresponding (b) spectrum. Colors indicate the five subcarrier spectra and target (gray).
Histograms of the (c) eye diagrams and the (d) constellation diagrams for 2856 bits for each of the five
subcarriers (14 280 bits total).

Fig. 4. Sixty-gigahertz, 120-bit, 2-ns BPSK waveform. (a) Time domain measured amplitude (blue) and
phase (red) and target (gray) averaged over 119 frames and (b) corresponding spectrum. Histograms of
the (c) eye diagram and (d) constellation diagram for 14 280 bits.
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slices, each subcarrier for both the five- and 15-subcarrier CoWDM waveforms was detected using
a single spectral slice, except the subcarrier in the middle, which was partially detected by both
receiver spectral slices.

Fig. 5 shows measured results for the generation and measurement of a 60-GHz, 2-ns CoWDM
waveform with five subcarriers, each consisting of 12-GHz BPSK signals. The use of a square
modulation filter maximized the achievable BPSK spectral efficiency to 1 b/s/Hz. Orthogonality
between subcarriers was guaranteed by setting the subcarrier symbol rate (12 GBd) to the
subcarrier spacing (12 GHz). Fig. 5(a) shows the time domain of the five-subcarrier CoWDM
waveform averaged over 119 acquisition frames versus the target. There is a close match between
measured and target data that indicates high-fidelity waveform generation and measurement. In
Fig. 5(b), the corresponding frequency domain occupying 60 GHz of bandwidth is superimposed on
the target data. Colors and numbers indicate the bandwidth used to generate each of the
subcarriers. Yellow dots denote the spectral locations of the six modulated comb lines at the
transmitter. Slight mismatch between measured and target data can be mitigated through improved
I=Q modulator calibration. Fig. 5(c) and (d) show the histogram based eye and constellation
diagrams for each of the five subcarriers, which show open eyes and separated constellation points
for 2856 bits per subcarrier for a total of 14 280 bits. Variations in the openness of the eyes and
separation of the constellation points are a result of systematic errors that are directly related to the
shaping accuracy of the subcarrier spectra. Error free operation for each subcarrier over the
measured data indicates an overall BER G 7� 10�5, well below the forward error correction (FEC)
limit ðBER ¼ 10�3Þ for the commonly used Reed–Solomon (255 239) code.

Fig. 6 shows measured results for a 60-GHz, 2-ns CoWDM waveform with 15 subcarriers. In this
case, the 4-GHz subcarriers have a 4-GHz frequency spacing and consist of 4-GBd BPSK
waveforms with a spectral efficiency of 1 b/s/Hz that was achieved using a square modulation filter.
In Fig. 6(a), the measured waveform averaged over 119 frames is closely aligned in both amplitude
and phase with the target values. In Fig. 6(b), the corresponding 60 GHz of spectrum contains each
of the 15 spectral slices (colors and numbers). Some subcarriers were generated by one transmitter
spectral slice alone (center positions indicated by yellow dots) and others by a combination of two
adjacent spectral slices. Slight errors in I=Q modulator preemphasis and in phase alignment of the
spectral slices resulted in varying degrees of difference between measured and target values for
each subcarrier. Fig. 6(c) shows histogram based eye and constellation diagrams for 952 bits within
each of the 15 subcarriers for a total of 14 280 bits. All eyes are open but with variations in the size
of the eye opening directly related to systematic errors in the waveform shaping accuracy of the
corresponding subcarrier. These systematic errors led to the result that certain subcarriers had

Fig. 6. Sixty-gigahertz, 120-bit, 2-ns CoWDM waveform with 15 BPSK subcarriers. (a) Time domain
measured amplitude (blue) and phase (red) and target (gray) averaged over 119 frames and
(b) corresponding spectrum. Colors indicate the five subcarrier spectra and target (gray). Histograms of
the (c) eye diagrams and (d) constellation diagrams for 952 bits for each of the 15 subcarriers (14 280 bits
total).
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improved performance (i.e., larger eye openings). Fig. 6(d) presents constellation diagrams for each
subcarrier, which show separated constellation points. Each subcarrier was error free over the
measured data, which indicates an overall BER G 7� 10�5.

3.4. Multicarrier OFDM Waveform
This section shows the capability of a spectral slice based transmission system to generate and

measure a typical optical OFDM waveform with many subcarriers and a cyclic prefix (CP) [5]. Fig. 7
shows measured results for two, 1-ns symbols of a 60-GHz OFDM waveform with 54 BPSK
subcarriers and a CP of 10% for an overall spectral efficiency of 0.9 b/s/Hz. Fig. 7(a) shows the time
domain for the two symbol OFDM waveform averaged over 119 acquisition frames. The waveform is
complex but shows a close agreement to target data with slight discrepancies due to inaccuracies in
waveform shaping. In Fig. 7(b), the 60 GHz of continuous bandwidth of measured spectral amplitude
overlaps well with the target values, which indicates successful waveform generation. Fig. 7(c)
shows a histogram based constellation diagram for the superposition of all 54 subcarriers
together for a total of 12 852 bits. The error-free operation of each subcarrier indicates an
overall BER G 7� 10�5 over the measured data.

4. Conclusion
In this paper, we presented an arbitrary modulation format and flexible bandwidth-capable
transmission system based on a dynamic OAWG transmitter and an OAWM receiver that relies on
the parallel synthesis and detection of multiple spectral slices. Experimental demonstrations utilized
6 � 10 GHz spectral slices to generate optical waveforms with 60 GHz of contiguous bandwidth,
which were then detected in 2 � 30 GHz spectral slices. Experimental results yielded error-free
transmission of single carrier waveforms, five-subcarrier CoWDM waveforms, 15-subcarrier
CoWDM waveforms, and 54-subcarrier OFDM waveforms. These results provide experimental
examples of how an OAWG transmitter and an OAWM receiver can satisfy the needs of flexible
bandwidth networking by creating waveforms with arbitrary bandwidth that can be in either single
carrier or multicarrier modulation formats. Also, in systems implemented with dynamic OAWG and
OAWM, the transmitter and receiver spectral slice bandwidths are completely independent from
each other and from the baud rate of the generated subcarriers. Furthermore, spectral slice based
transmitters and receivers are a bandwidth-scalable technology, which enables an efficient
matching between optical and electrical bandwidths. Further maturation of integrated device
technology will enable Terahertz bandwidth flexible bandwidth-capable systems using dynamic
OAWG transmitters and OAWM receivers on a single photonic chip [26], [27].
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