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Although the electromagnetic spectrum is a continuum, a 
strong distinction is typically drawn between electronics 
and optics. This distinction is due, in part, to the very dif-

ferent technologies used for electronics and optics. A further dis-
tinction is that electronic devices typically generate and measure 
electric field waveforms, whereas optical devices can generate and 
measure only intensity waveforms because the frequencies involved 
are much higher. For any intensity waveform there is a continuous 
family of electric field waveforms that differ by the overall phase. 
Furthermore, in optics there have been significant limits on what 
waveforms can be generated, whereas electronic devices have been 
used to generate arbitrary waveforms for several decades.

Over the past decade, advances in optics have allowed the phase 
of an electric field, with respect to the corresponding intensity wave-
form, to be measured and controlled. These techniques are referred 
to as ‘optical frequency combs’ because the evolution of the electric 
field phase in a train of pulses causes a shift in the corresponding 
frequency spectrum, which is a comb of equally spaced sharp spec-
tral lines1. Optical frequency comb technology has revolutionized 
optical frequency metrology and optical atomic clocks2, and has 
enabled the production of attosecond pulses3.

The development of comb technology has also spurred recent 
work on the generation of arbitrary waveforms at optical frequen-
cies. Techniques for shaping ultrashort optical pulses have existed 
for around two decades4. However, these techniques have signifi-
cant limitations. First, the duration of the output pulses is limited 
by the spectral resolution of the pulse shaper and is less than the 
time between pulses. Thus, the output pulse train does not fill time; 
that is, there are gaps between pulses. Second, typically the pulses 
are all identical. An arbitrary waveform cannot be produced within 
these limitations. Producing a waveform that fills time requires a 
pulse shaper with a spectral resolution that matches the spacing 
of the comb lines of the input pulse train. Such high resolution is 
only useful if the frequency comb is stable and aligned with the 
pulse shaper5 — hence the need for frequency comb technology. 
Sometimes known as ‘line-by-line pulse shaping’, pulse shaping 
with a resolution matching the comb was demonstrated a few years 
ago5–7. However, the phase and/or amplitude of the individual comb 
lines were manipulated by ‘masks’ that are essentially static. To 
produce truly arbitrary optical waveforms requires that the pulse 
shaper can be updated for each pulse — a goal that has not yet been 
reached, but is being actively pursued in many laboratories around 
the world.
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Optical arbitrary waveform generation will allow waveforms to be synthesized at optical frequencies but with the flexibility 
currently available at radiofrequencies. This technique is enabled by combining frequency comb technology, which produces 
trains of optical pulses with a well-defined frequency spectrum, with pulse shaping methods, which are used to transform a 
train of ultrashort pulses into an arbitrary waveform. To produce a waveform that fills time, the resolution of the shaper must 
match the repetition rate of the original pulse train, which in turn must have a comb spectrum that is locked to the shaper. Here, 
we review the current efforts towards achieving optical arbitrary waveform generation and discuss the possible applications of 
this technology.

Generation of comb spectra
There are two main sources of frequency combs: mode-locked 
lasers and optical frequency comb generators based on the elec-
tro-optic modulation of a continuous-wave laser. Although mode-
locked lasers dominate in most applications, both sources are 
currently being used for efforts towards optical arbitrary wave-
form generation.

Mode-locked lasers produce a regular train of ultrashort optical 
pulses8,9, with typical pulse durations ranging from ~10 fs to a few 
picoseconds. Repetition rates, fr, range from tens of megahertz to a 
few tens of gigahertz. Although Ti:Sapphire lasers using Kerr-lens 
mode-locking are the most common in ultrafast optics laborato-
ries, other technologies such as fibre lasers mode-locked by non-
linear polarization rotation are also used extensively. Prior to the 
development of frequency comb technology, mode-locked lasers 
were primarily used in applications exploiting either the high time 
resolution or the high peak power provided by ultrashort pulses. 
These applications were sensitive to the properties of an isolated 
pulse, and the fact that mode-locked lasers produce a train of 
pulses was not important. An individual ultrashort pulse has a 
broad optical spectrum with a width that is inversely proportional 
to the minimum (chirp-free) duration.

Because the output of a mode-locked laser consists of a regular 
train of pulses, the optical spectrum is actually a comb of sharp 
spectral lines beneath an envelope that is the spectrum of a single 
pulse. The comb lines are spaced by fr, making them only observ-
able in a very high resolution spectrum. If all of the pulses in the 
train have an identical electric field, then the comb line frequencies 
would simply be integer multiples of fr. However, the pulses are not 
all identical because the pulse circulating inside the laser experi-
ences a shift between the phase of the carrier wave, which travels 
at the phase velocity, and the peak of the intensity envelope, which 
travels at the group velocity. The evolution of this phase, known as 
the carrier–envelope phase, ϕce, shifts the comb spectrum by the 
offset frequency to give f0 = fr Δϕce/2π, where Δϕce is the pulse-to-
pulse change in ϕce. Thus, the optical frequencies of the comb lines 
are νn = nfr + f0, where n is an integer. The relationship between the 
time and frequency domains is shown in Fig. 1a.

The development of methods to measure f0 was the key break-
through in producing useful frequency combs using mode-locked 
lasers10–12. The basic idea, known as self-referencing, is to compare 
the low- and high-frequency wings of the spectrum by frequency 
doubling the low-frequency wing through second-harmonic 
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generation. The frequency difference between a high-frequency 
comb line and the closest doubled low-frequency comb line is f0, 
which is easily measured through heterodyne methods. This meas-
urement can be used in a phase-locked loop13 to fix f0 and thus 
produce a stable comb with specified comb line frequencies. Self-
referencing requires a very broad spectrum to ensure that there is 
significant power at two wavelengths separated by an octave (that 
is, separated by a factor of two in frequency). Such a spectrum can 
be achieved by external broadening in a nonlinear medium such 
as a microstructure fibre14,15, or it can be produced directly by the 
mode-locked laser16–19.

Alternative methods of producing combs are also of interest, par-
ticularly for generating combs at high rates (>10 GHz). For example, 
mode-locked lasers at rates of 10 GHz or even 40 GHz have been 
demonstrated, in which the optical frequency is not self-referenced 
but is instead referenced to an intracavity etalon20 or an external 
molecular absorption cell21.

Other approaches start with a continuous-wave laser and use 
a phase modulator to produce multiple sidebands spaced by the 
modulator frequency22. In one recent example, a very large modu-
lation index was obtained using a total of three telecommunica-
tions phase modulators, yielding 61 comb lines, each spaced by 
25 GHz (ref. 23). Such sources could potentially replace the arrays 

of distributed feedback lasers currently used to generate the multi-
tude of carrier frequencies required for wavelength-division-mul-
tiplexed optical communications. A larger number of sidebands 
can be produced if the modulator is placed in an optical cavity 
that has a free spectral range commensurate with the modulation 
frequency24,25. Compared with combs generated by mode-locked 
lasers, these continuous-wave approaches have the advantage that 
the frequencies of the comb lines are known relative to the optical 
frequency of the laser, and also that it is easier to generate combs 
with large spacing (typical values are 5–25 GHz). The main dis-
advantage is that self-referencing cannot be implemented because 
of the narrow comb bandwidth, and thus the absolute frequencies 
are not known. However, current efforts towards optical arbitrary 
waveform generation (OAWG) manipulate only a relatively small 
number of comb lines, and the absolute frequency does not mat-
ter; thus, combs produced by phase modulation can be easier to 
use than those produced by a mode-locked laser.

pulse shaping
In pulse shaping, powerful Fourier synthesis methods are used to 
generate user-defined femtosecond optical waveforms. As shown 
in Fig. 1b, an incident femtosecond pulse is decomposed into its 
constituent spectral components by a spectral disperser (usually 
a grating) and a focusing element (a lens or a curved mirror). A 
spatially patterned mask then modulates the phase and ampli-
tude (and sometimes the polarization) of the spatially dispersed 
spectral components. A shaped output pulse is obtained after the 
spectral components are recombined by a second lens and grating, 
with the pulse shape given by the Fourier transform of the pattern 
transferred by the mask onto the spectrum. This ‘4f pulse shaping’ 
arrangement is also frequently implemented in a reflection geom-
etry, in which a mirror placed after the spatial mask directs the 
field back through the first lens and grating. Pulse shaping masks 
were originally implemented through microlithographic pattern-
ing techniques26, and subsequently using programmable spatial 
light modulators4,27,28, acousto-optic modulators29, holographic 
masks, deformable mirrors and micromirror arrays. Pulse shaping 
is most commonly implemented using programmable liquid-crys-
tal modulator arrays4,27,28, which allow independent, simultane-
ous grey-level control of both spectral amplitude and phase. A 
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Figure 1 | optical arbitrary waveform generation. a, The correspondence 
between the time (top) and frequency (bottom) domains for a pulse train 
with evolving phase and duration τ. b, Schematic of a pulse shaper based 
on spectral decomposition.

Figure 2 | interplay between spectral resolution and temporal response. 
The repetition rate should double if an amplitude mask that blocks 
every other comb line is introduced. However, this ideal case (top) is not 
realizable, and the actual waveform depends on the resolution, which 
is adjustable by the spot size in this simulation. At high resolution the 
switching is slow, while the fidelity of the masked waveform is good 
(middle). At low resolution the switching is fast, but the waveform fidelity 
is poor (bottom). A compromise between resolution and fidelity must be 
made. Figure reproduced with permission from ref. 32, © 2008 OSA.
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detailed theoretical discussion of pulse shaping is given in ref. 9. 
Some reviews of pulse shaping and its applications are given in 
refs 4,30,31.

Using these methods, femtosecond pulses can be engineered 
into complex optical signals, almost arbitrarily and according to 
specification. A key point is that waveform synthesis is achieved by 
parallel modulation in the frequency domain, which is achieved by 
spatial modulation of the dispersed optical frequency spectrum. 
Thus, waveforms with serial modulation bandwidths as high as 
hundreds of terahertz can be generated and manipulated without 
any ultrafast modulators.

Recent research has aimed to extend pulse shaping to a hyperfine 
spectral resolution of a few gigahertz and below, which requires the 
manipulation of waveforms with time apertures extending to hun-
dreds of picoseconds or longer. This is in stark contrast with today’s 
conventional resolutions of tens or hundreds of gigahertz and time 
apertures of picoseconds or tens of picoseconds. Such a resolution 
capability is critical for processing optical signals at data rates of 
tens of gigabits per second, as well as for line-by-line shaping of 
frequency comb sources for OAWG, which is discussed in the fol-
lowing section. Note that the term ‘OAWG’ is often used inconsist-
ently in the literature. ‘Line-by-line shaping’ is sometimes called 
‘static OAWG’, with the ‘static’ often being omitted. In this case, the 
term ‘dynamic OAWG’ is used to refer to true OAWG, in which the 
waveform is updated for every pulse.

optical arbitrary waveform generation
The starting point for producing an arbitrary optical waveform is a 
train of identical optical pulses with sufficient bandwidth. As dis-
cussed above, the pulse train may be produced either by a mode-
locked laser or through modulation of a continuous-wave laser. If 
the pulse train is to be converted into an arbitrary waveform by 
spectral decomposition (as is typically done), the spectrum must 
be decomposed with a resolution equal to the repetition rate of the 
pulse train. This condition is necessary for the output waveform to 
fill time. In addition, the elements used to modulate the individual 
frequency components must be updated at the repetition rate; 

otherwise the waveform is limited to repeating every period of 
the input pulse train. From a technological perspective, these two 
criteria are in direct competition. The spectral resolution require-
ment is more easily achieved at higher repetition rates, whereas 
the modulation requirement is more easily achieved at lower 
repetition rates. Currently, it seems that frequencies of around 
1–10 GHz are the best compromise between the two.

An obvious concern is that modulation occurs at the same 
frequency at which the spectrum is being resolved. Although the 
modulators will generate new frequency components on a given 
comb line, these components will be at the wrong spatial location 
and hence do not recombine properly. Simulations show that fairly 
good waveforms can be produced for an appropriate choice of 
resolution32. If the resolution is too low, then the waveform fidel-
ity is compromised, whereas if it is too high, then the switching 
speed is limited. An example calculation of this compromise is 
shown in Fig. 2 for the case of abrupt switching on a mask that 
blocks every other comb line, thus doubling the repetition rate of 
the pulse train. The resolution is varied by changing the spot size 
in the pulse shaper. If the resolution is too low, then the fidelity of 
the waveform is low; in this case the pulses in the double-repeti-
tion-rate train are unequal. If the resolution is too high, then the 
transition between waveforms extends over many pulse periods. 
An approach to address the competition between resolution and 
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Figure 3 | offset frequency sensitivity in line-by-line pulse shaping.  
a,b, Optical spectrum analyser measurement of two relatively stable 
spectral lines at 8.5 GHz (a), along with sampling scope traces with 
phase modulations of 0 and π on a single spectral line (b). The traces are 
scanned 100 times. c,d, Optical spectrum analyser measurement of two 
relatively unstable spectral lines at 11 GHz (c), along with sampling scope 
traces with phase modulations of 0 and π on a single spectral line (d). The 
traces are scanned 100 times. Figure reproduced with permission from 
ref. 5, © 2005 OSA.

Figure 4 | Frequency combs spread in two dimensions using a Vipa 
and diffraction grating. a, Frequency comb from a 1 GHz repetition rate 
Ti:Sapphire laser. Each spot corresponds to a comb line. Horizontal spacing 
between columns is 25 GHz and vertical spacing is 1 GHz (image courtesy 
of J. Willits). b, 10 GHz comb obtained by modulating a continuous-
wave laser followed by spectral broadening in a fibre. Horizontal spacing 
between columns is 200 GHz (VIPA free spectral range), vertical spacing 
is 20 GHz (every other comb line is eliminated). The offset between 
columns is introduced to realize a shaped waveform. c, 2,200 individual 
modes from a 1 GHz repetition rate laser filtered by a cavity to 3 GHz. The 
data repeat every 50 GHz in the vertical direction, and a subset of unique 
data is enclosed by the black box. Image acquired after passing through 
an iodine cell. Numerous modes are attenuated by the iodine vapour, thus 
providing a unique fingerprint. The circled modes are a reference laser used 
for calibration. Figure reproduced with permission from: b, ref. 62, © 2008 
OSA; c, ref. 36, © 2007 NPG.
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switching speed is suggested in ref. 33, in which waveforms are 
synthesized in partially overlapping spectral slices and pre-dis-
torted to account for spectral filtering effects.

If the spectral resolution of the pulse shaping is equal to the 
repetition rate of the input train — known as line-by-line pulse 
shaping — then alignment between the frequency comb of the 
pulse train and the modulator elements becomes an issue. A static 
misalignment can increase losses, and may even render the pulse 
shaper opaque. Furthermore, fluctuations in the comb offset fre-
quency will map onto fluctuations in the generated waveform. 
Figure 3 shows a simple demonstration of the sensitivity to the 
comb offset frequency.

Achieving the spectral resolution needed to separate comb 
lines is a challenge. The ruled diffraction gratings typically used 
in traditional bulk optics pulse shaping can only resolve comb 
lines from a relatively high repetition rate source (~ 5 GHz), and 
to do so requires a beam diameter of several centimetres, large 
gratings and a long focal length lens (~1 m). These requirements 
result in a bulky experimental set-up. The most common approach 

for achieving even higher spectral resolution in a more compact 
arrangement is to use a virtual imaged phased array (VIPA), which 
is essentially a side-entrance Fabry–Pérot etalon34. A VIPA pro-
vides very high angular dispersion, but also has a free spectral 
range (just as for a regular etalon), with frequencies separated by a 
free spectral range going in the same output direction as each other. 
However, the free spectral range is typically large enough such that 
the comb lines going in a given direction can be separated with 
an ordinary grating. A VIPA–grating pair is typically configured 
such that they provide angular dispersion at right angles to one 
another35 and spread the input spectrum across two dimensions; 
thus, the frequency comb becomes a frequency ‘brush’36. Examples 
demonstrating the resolution of individual comb lines spread in 
two dimensions are shown in Fig. 4.

High spectral resolution has also been achieved using an 
arrayed waveguide router6,37–39. This approach has the advantage 
of being easily integrated with other waveguide devices such as 
modulators to form pulse-shaper chips. Operation in the line-by-
line regime is an especially suitable application of such devices, 
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Figure 5 | static oaWG waveforms. a–c, Spectral phase shaping of >100 lines at 5 GHz spacing: linear spectral phase (delayed pulse) in half of spectrum 
and cubic spectral phase in other half. Both wrapped (actual) phase and unwrapped phase are shown. d–g, Generation of communications waveforms. 
9-bit 360 Gb s–1 data packet (d) and corresponding spectrum (e); 40-bit 400 Gb s–1 data packet (f) and corresponding spectrum (g). For time domain 
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as the optical comb may be placed at the centre of their discrete 
transmission channels. However, the minimum repetition rate is 
currently limited to 10 GHz, because increasing the resolution 
requires increasing the area of the chip, which becomes incompat-
ible with the need for very low phase errors in the waveguide array. 
On the other hand, high-speed modulation is easier to achieve in 
a waveguide device than with bulk optical modulators, provided 
that the waveguides are formed from materials that support high-
speed modulation, such as certain compound semiconductors 
(InP, for example). Recent research includes implementation of 
an InP tunable integrated pulse shaper with coarse (200 GHz) 
channel spacing40 and the fabrication methods suitable for real-
izing InP-based arrayed waveguide routers with a close channel 
spacing (10–20 GHz) that is appropriate for OAWG41. However, 
high-fidelity pulse shaping in the line-by-line regime has so far 
been limited to devices based on the more mature silica-based 
technology, which relies on thermo-optic modulation and is con-
sequently slow.

Full OAWG, including simultaneous spectral resolution at the 
comb spacing and modulation at the repetition rate, has not yet 
been achieved. Line-by-line pulse shaping has been achieved for as 
many as 100 comb lines spaced by 5 GHz using traditional diffrac-
tion gratings and a liquid-crystal spatial modulator7. Line-by-line 
pulse shaping has also been achieved with 32 and 40 comb lines 
using a silica-based arrayed waveguide router pulse shaper with 
resistive-heater-based Mach–Zehnder phase and amplitude modu-
lation for each wavelength6,33. Examples of waveforms generated by 
both techniques are shown in Fig. 5.

optical arbitrary waveform measurement
Methods for the full characterization of ultrashort-pulse fields are 
well-established9,42–44, and include self-referenced techniques such 
as frequency-resolved optical gating and spectral shearing interfer-
ometry (known as SPIDER in conventional ultrafast optics42) and 
non-self-referenced techniques such as spectral interferometry. 
However, the unique attributes of the fields generated by line-by-
line pulse shaping lead to new challenges in waveform characteri-
zation. For example, these fields may exhibit a 100% duty cycle, 
with shaped waveforms spanning the full time-domain repeti-
tion period of the frequency comb, spectral amplitude and phase 
changing abruptly from line-to-line, and large time–bandwidth 
products. In contrast, conventional methods for characterizing 
ultrashort pulse fields are typically used to measure low-duty-cycle 
pulses that are isolated in time and have a smoothly varying spec-
tra and relatively low time–bandwidth product. These methods 
are geared towards low spectral resolution and are not generally 
compatible with the rapid spectral changes that are a hallmark of 
line-by-line pulse shaping. 

 Several efforts have been made to adapt ultrafast measurement 
techniques for the characterization of static OAWG waveforms. 
For example, frequency-resolved optical gating has been adapted 
for measuring relatively simple OAWG signals45. Several recent 
papers46–49 focus on applying frequency-domain ultrashort-pulse 
characterization approaches, such as spectral interferometry and 
spectral shearing interferometry, to OAWG signals, thereby allow-
ing parallel data acquisition. Such techniques measure spectral 
phase through frequency-dependent interference with a delayed 
auxiliary pulse. Conventionally, the need to unambiguously 
retrieve both quadratures of the spectral interference means that 
the delay must exceed the pulse duration. However, for OAWG 
waveforms with intrinsically large time apertures, this results in 
very difficult spectral resolution requirements. Accordingly, zero-
delay versions of these techniques, in which both quadratures of 
the interference signal are acquired separately, have recently been 
implemented, thereby relaxing spectral resolution requirements to 
the comb spacing and enabling practical implementation46–49. The 

spectral interferometry flavour of such measurements has been 
demonstrated to allow high-precision dispersion measurements 
for fibre spans of up to 50 km (ref. 48) — orders of magnitude 
greater than the distances over which interferometric measure-
ments of spectral phase have previously been achieved. A key 
point here is the use of frequency combs as the light source, as the 
periodicity and long coherence time of a comb permits success-
ful interferometry even with a large delay imbalance between the 
interferometer arms.

Single-shot characterization of individual OAWG waveform 
frames has been achieved using spectral interferometry approaches, 
which can achieve the required high sensitivity because they only 
use linear optics46,49. This capability will be needed for dynamic 
OAWG measurement, in which waveforms will be updated on a 
pulse-by-pulse basis, and should enable both the intensity and 
phase of non-recurring transient events to be captured in advanced 
lightwave systems (not possible with today’s sampling-based char-
acterization methods). Demonstrations of dynamic waveform 
measurement46,49 have so far relied on external switching between 
two different static waveforms, such as that obtained from two dif-
ferent static pulse shapers, rather than on the true pulse-by-pulse 
update of a single shaper. Time lens approaches, which magnify 
the timescale of burst waveforms to durations compatible with 
real-time oscilloscope technology, have also been demonstrated 
for the single-shot capturing of OAWG intensity profiles, but not 
phase profiles50,51. Finally, real-time measurement over extended 
record lengths has recently been demonstrated by optical homo-
dyne detection followed by high-speed digitization of in-phase 
and quadrature field components — similar to techniques now 
popular in state-of-the-art lightwave communications receivers, 
but extended to multiple overlapping wavelength bands using a 
frequency comb as the local oscillator52.

applications
OAWG is still in its infancy, and its applications are still a mat-
ter of speculation. Many of the applications of traditional pulse 
shaping will benefit from the superior capabilities provided by 
OAWG. These include coherent control over quantum mechanical 
processes such as ultrafast chemical reactions, the manipulation of 
high-field laser–matter interactions such as the generation of atto-
second pulses, and photonically enabled generation and process-
ing of ultrabroadband radiofrequency electrical signals. There may 
of course be new, unknown applications that will be enabled by the 
unique capabilities of OAWG.

A recent example of coherent control is the creation of a high 
phase-space density of polar molecules53 using a pair of contin-
uous-wave lasers locked to the frequency comb produced by a 
mode-locked laser. OAWG techniques could allow the same result 
to be achieved by directly producing the desired phase-coherent 
waveform, rather than by using a continuous-wave laser. Coherent 
control of cold rubidium atoms using a comb of pulses shaped 
through conventional techniques has also been demonstrated54. 
OAWG will add a new dimension to this control scheme by allow-
ing the pulse shape to change dynamically. OAWG may also impact 
new high-sensitivity broadband spectroscopy techniques based on 
femtosecond comb enhancement cavities55 and massively parallel 
read-out36 by allowing the generation of interrogation fields opti-
mized for the detection of a particular species. 

One possible application of OAWG is in optical communica-
tions, where it enables the synthesis of terabit-per-second signals 
by exploiting complex modulation formats such as quadrature 
amplitude modulation. This concept has recently been demon-
strated using static line-by-line shaping to generate repeated wave-
forms33. With the advent of OAWG, in which the waveform can be 
changed for every pulse, it will become possible to transmit data 
at terabit-per-second rates using a single light source. The long 
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coherence times associated with frequency combs will enable new 
approaches for coherent detection by serving as the local oscil-
lator at the receiver56. Combined with a transmitter that utilizes 
OAWG, this approach may lead to significant improvements in 
communication bandwidth. OAWG transmitters may also impact 
new concepts for carrier-phase-locked optical communications, 
where they are proposed to exploit interchannel coherence to 
mitigate linear and nonlinear interference between different 
wavelength channels57,58.

Light detection and ranging (LIDAR) uses broadband optical 
waveforms to achieve high-precision distance measurements, with 
a precision that improves as the bandwidth increases. One com-
mon choice for such systems is to use waveforms with a simple fre-
quency sweep (or chirp), although this sweep must be very linear. 
The current state-of-the-art LIDAR systems are based on sweeping 
the frequency of a continuous-wave laser using a self-heterodyne 
technique to achieve a resolution of 86 nm at a range of 1.5 m 
(ref. 59). Recent experiments that simultaneously exploited the 
optical phase and radiofrequency timing coherence of a pair of 
fibre-laser-based frequency combs have demonstrated ranging pre-
cision down to 5 nm (ref. 60). Using OAWG, it should be possible 
to generate a perfectly linear frequency sweep over a greater band-
width and at a higher chirp rate, yielding improved resolution and 
faster update for chirp-based systems, or generate waveforms that 
allow the designer to manipulate the trade-off, or ambiguity func-
tion, between range and velocity resolution in comb-based laser 
radar, much like traditional radar engineers select radiofrequency 
waveforms based on their ambiguity function performance.

A very speculative application of OAWG is to implement the 
ideas of synthetic aperture radar at optical frequencies. In syn-
thetic aperture radar, a waveform is emitted and the return sig-
nal recorded coherently while the transmitter and receiver move 
along a known trajectory (typically on an airplane or satellite)61. 
Because the signal is recorded coherently, it is possible to numeri-
cally produce an image with a resolution limited by the distance 
travelled rather than the collection aperture. Using OAWG, a sim-
ilar concept could be implemented at optical frequencies, which 
would avoid the large lenses usually needed for producing high-
resolution images.

outlook and summary
The ability to generate optical arbitrary waveforms has become 
conceivable due to enabling advances in the generation of optical 
frequency combs and high-resolution spectral dispersers. Although 
OAWG has not yet been achieved, the intermediate goal of static 
line-by-line pulse shaping has already been demonstrated. OAWG 
will be demonstrated in the near future, although probably for only 
a small number of comb lines. Such a demonstration will trig-
ger new applications, including the translation of ideas from the 
radiofrequency domain to optical frequencies.
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