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Abstract: Optical pulses are essential as information carri-

ers, for driving nonlinear light sources, imaging, the study

of attosecond science and 3D printing. Inmany applications,

short pulses are needed. For example, the resolution of

imaging methods which utilize short pulses is limited by

the temporal width of the pulses, as is the capacity of time

division multiplexed data. The temporal compression of

optical pulses is an important approach to achieving ultra-

short pulses. With the widespread proliferation of silicon

photonics and their use in a multitude of applications, an

integrated, CMOS-compatible approach for pulse compres-

sion would allow its seamless integration with other pho-

tonic integrated circuits. In this work, we experimentally

demonstrate silicon-based pulse compression fabricated in

a CMOS foundry. The first technique utilizes two stages,

one for generating self-phase modulation through the Kerr

nonlinearity in silicon, and the second for temporal syn-

chronization of the newwavelengths. The second technique
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leverages Bragg soliton-effect temporal compression. We

experimentally demonstrate temporal compression of up to

3.6× and good agreement with numerical calculations. This

work represents efficient silicon-on-insulator devices for

temporal compression realized using a wafer-scale CMOS

foundry process and may therefore be mass manufactured

and integrated seamlessly with other photonic and elec-

tronic circuits.

Keywords: silicon photonics; nonlinear optics; temporal

pulse compression; wafer-scale manufacturing

1 Introduction

Temporal compression of optical pulses may leverage the

Kerr effect, facilitating access to ultrashort pulses required

for a variety of applications including optical imaging and

high-speed communications based on optical time division

multiplexing (OTDM) [1]–[6]. OTDM may further be com-

bined with wavelength multiplexing to augment the aggre-

gate data rate [6], while the temporal compression of optical

pulses allows a larger number of pulse trains to be inter-

leaved to achieve a higher overall OTDM rate [7]. Earli-

est demonstrations of temporal compression utilized bulk

optics. In 1969, Treacy reported compression using a diffrac-

tion grating pair [8]. Temporal compression involving the

Kerr effect was reported by Fischer et al. that same year,

forming the foundations for a compressionmethodwhich is

widely used today [9]. In that work, temporal compression

utilizednonlinear phase acquisition in anoptical Kerr liquid

followed by differential optical delays. With advancements

in the manufacture of low-loss, high-quality single mode

fiber, methods for temporal compression which were once

limited to theory could be experimentally demonstrated.

Theoretical predictions of fiber-based self-phase modula-

tion combined with a grating pair could be used to tempo-

rally compress pulses [10]. In this method of optical pulse

compression, the optical pulse undergoes a frequency chirp,
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prior to rephasing with a dispersive element. This approach

decouples nonlinearity and dispersion. In integrated pho-

tonics, a waveguide is analogous to bulk crystal used for

nonlinear phase acquisitionwhereas a chirped on-chip grat-

ing is used in place of a bulk grating.

In parallel, seminal work from Molleneur set the stage

for decades of advancements in optical soliton science,

providing new approaches for short pulse generation [11].

Today, the field of solitons is flourishing not just within the

optical fiber community but also in integrated photonics.

Short pulses may be generated through soliton effects via

the initial temporal narrowing experienced by a high order

soliton. Contrary to compression using self-phase modula-

tion prior to propagation through a dispersive element, in

soliton-effect compression, the nonlinearity and dispersion

are distributed over the fiber or waveguide. Bragg-soliton

effect compression facilitates strong compression dynamics

through the strong grating induced dispersion on the stop-

band edge [12], [13]. In particular, Bragg soliton phenom-

ena in chip-scale platforms have undergone tremendous

advancements in the last few years due to improvements

in nanofabrication and the availability of high nonlinear

figure of merit platforms [14]–[17]. Compared to optical

fiber, chip-scale devices may have nonlinear parameters

six orders of magnitude larger, enabling significantly lower

power operation and smaller form factors to be used [14],

[18].

Significant progress has been made in both types

of compression in chip-scale devices [19]–[24]. In many

of these demonstrations, devices with sub-100 nm critical

dimensions were required. To achieve the requisite fab-

rication resolution, electron-beam (e-beam) lithography is

typically used. While e-beam allows very high-resolution

patterning to be performed, it requires line by line writing

which limits the throughput. Conversely, the use of pro-

cessing techniques which adopt optical lithography (e.g. UV

lithography) such as that used in CMOS foundries allows

very high throughput manufacture of photonic devices. The

research question which needs to be answered is whether

designs whichworkwithin the limited resolutions available

in wafer-scale processes may be successfully established

and reduced to practice.

In this paper, we explore nonlinear temporal pulse

compression fabricated using an 8-inch wafer-scale CMOS

foundry process. We present the design and experimen-

tal characterization of two types of nonlinear phenomena

for temporal compression in integrated devices, achieving

a compression factor of up to 3.6×. We further explore

how foundry limitations may be overcome to achieve

the required device performance and device limitations

arising from the material platform. These results showcase

the widescale manufacturability of such devices which thus

far have been mainly limited to realization using e-beam

lithography and may accelerate their implementation in

more complex photonic integrated circuits for applications

in high-speed communications and optical sources.

2 Device design

Figure 1 shows the schematic of the device studied in this

paper. The device is implemented on the silicon-on-insulator

platform with a height, H = 220 nm. All devices have SiO2

under- and over-cladding. Though this is a prolific material

in CMOS-wafer scale fabrication of photonics devices, sili-

con has some drawbacks in nonlinear efficiency due to its

small bandgap of 1.1 eV. This results in two-photon absorp-

tion (TPA) and free-carrier absorption (FCA) at wavelengths

shorter than 2.2 μm including the important telecommu-

nications wavelengths [25], [26]. We analyze the impact

of these effects through numerical simulations later. The

device shown in Figure 1(a) consists of two sinusoidally

modulated gratings which are coupled. The coupled grating

has widths, W 1 = 400 nm and W2 = 500 nm and a length

of 4 mm. The maximum modulation amplitude forW1 and

W2 is 40 nm and 50 nm respectively. The gap between the

modulation peaks is 150 nm which is selected such that it

may be well resolved by the 8-inch CMOS foundry process

used to fabricate the devices. The coupled grating’s mod-

ulation amplitude varies from its maximum value at the

center of the grating to 0 at the ends in a raised cosine

profile to achieve apodization. The average grating pitch,Λ0

is selected to have a stopband within the C-band and varies

linearly along the length of the coupled grating according

to the expression, 𝚲(z) = 𝚲0 +𝚫𝚲 ⋅ z

L
. Figure 1(a) further

designates Ports 1–4.

We describe the two configurations for using the device

for temporal compression. Configuration 1 involves launch-

ing input pulses at Port 3 and pulses undergo Bragg-soliton

effect compression prior to exiting at Port 4. In this con-

figuration, the single grating with width, W2 generates a

stopband within the C-band. The stopband is centered at

wavelength, 𝝀
B,1, is governed by the equation, 𝝀

B,1 = 2 ×
n
eff,2 ×𝚲, where neff2 is the effective index of the grating

with width W2. The blue-side of the grating stopband is

characterized as having a rapidly increasing group index

as wavelength is increased. Figure 2(a) shows the measured

transmission and group index spectrum for the gratingwith

ΔΛ = 0. The transmission spectrum is measured using

a broadband light source adjusted for transverse electric

polarization and an optical spectrum analyzer, whereas
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Figure 1: Schematic of the device used for temporal compression. An optical micrograph of the device is shown. Configuration 1 refers to an input

at Port 3 and output at Port 4. Configuration 2 refers to an input at Port 1 and output at Port 4.
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Figure 2: Optical properties of the device when using configuration 1. (a) Measured transmission spectrum and group delay profile for the silicon

grating used for temporal compression. The inset shows the group index as a function of wavelength. (b) Measured transmission spectrum of silicon

gratings with forΔΛ from 0 nm to 10 nm. It may be observed that the bandwidth of the stopband increases with ΔΛ.

the group index spectrum is measured using a dispersion

analyzer. It may be observed that as the wavelength

increases from 1556 nm to 1561 nm, the group index under-

goes a large increase from 4.2 to 5.4, further indicating

a large anomalous dispersion. This large dispersion origi-

nates from the interaction between the forward and back-

ward propagating grating modes that are a result of the

grating periodicity [27]. In addition, the elevated group

index results in an augmented effective nonlinear param-

eter, 𝛾eff = 𝛾
(
ng

n0

)2
, where 𝛾 , ng and n0 refer to the non-

linear parameter, group index and core refractive index,

respectively. The strong nonlinearity and anomalous dis-

persion distributed along the grating length leads to Bragg

soliton-effect compression when the pulse wavelength is

located on the blue side of the grating stopband. Since the

apodization is implemented by gradually increasing the

modulation amplitude from zero at its ends to its maxi-

mum value of 50 nm in the center in a raised cosine pro-

file, it is not clear if the resolution available in the wafer-

scale process is sufficient to implement it effectively. It may

be observed that there is minimal ripple in the transmis-

sion spectrum owing to the apodization being effectively
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implemented. Figure 2(b) further shows the measured

transmission spectra forΔΛ from 0 nm to 10 nm. It may be

observed that the bandwidth of the stopband increases with

ΔΛ.
The second configuration for temporal compression

(configuration 2), involves launching input pulses into Port

1 and an output at Port 4. In this configuration, the wave-

length of the input pulses needs to be located within the

grating stopband. The optical pulses will first undergo

self-phase modulation in the 4 mm long silicon waveguide

with width W 1. The spectrally broadened pulses will next

enter the coupled grating, where cross coupling between

gratings with width W 1 and W2 will generate a stopband

centered at wavelength, 𝝀
B,2 =

(
n
eff,1 + n

eff,2

)
⋅𝚲, where

neff,1 refers to the effective index of the grating with width

W 1. Light at wavelengths within the coupled grating’s stop-

band will couple to the adjacent grating (W2) along the

coupled grating’s length. Any uncoupled light will exit at

Port 2. WhenΔΛ has a positive, non-zero value, anomalous

dispersion will be generated. The distance over which the

different wavelengths of light will travel will differ and

give rise to a linear differential group delay. The spectrally

broadened pulses will undergo temporal rephasing such

that the blue (red) components will be accelerated (delayed)

and approach the center of the pulse. This form of temporal

compression decouples the nonlinear and dispersive effects

and is a distinct compression mechanism from configura-

tion 1. We note further that the stopband locations for con-

figurations 1 and 2 of each device are different by virtue of

the different governing Bragg conditions.

We design and fabricate several devices with different

values ofΔΛ. All gratings have a length of 4 mm. The trans-
mission spectrum of the gratings when using configuration

1 (input at Port 3 and output at Port 4) is first measured

using an amplified spontaneous emission source and optical

spectrum analyzer. Light from the source is first aligned

for transverse-electric (TE) polarization. Figure 2(b) shows

the measured transmission spectra of the gratings where

minimal ripple exists in the transmission spectrum. It may

also be observed that the bandwidth of grating stopband

increases withΔΛ. The transmission and group delay spec-
tra of the grating with ΔΛ = 0 nm used for the temporal

compressionmeasurements in configuration 1 are shown in

Figure 2(a). The group delay spectrum is measured using a

dispersion analyzer.

Next, the measured transmission spectra for config-

uration 2 for the devices with different values of ΔΛ
are shown in Figure 3(a). It may be observed that the

bandwidth of the stopband increases with ΔΛ. The mea-
sured dispersion within the stopband as a function of

ΔΛ is further shown in Figure 3(b). The achievable dis-

persion within the range of devices 5.7 × 105 ps/nm/km

(a) (b) 

(c) 

Figure 3: Optical properties of the device when using configuration 2. (a) The measured transmission spectrum and (b) dispersion for Configuration 2

as a function of chirp. (c) The measured transmission and group delay spectrum within the grating stopband for ΔΛ= 10 nm.
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to 1.1 × 107 ps/nm/km. Figure 3(c) shows the measured

transmission and group delay spectrum for ΔΛ = 10 nm,

corresponding to a dispersion of 5.7 × 105 ps/nm/km, which

will be used for demonstrating pulse compression. It may

be observed that the group delay within the stopband is lin-

ear, with the delay increasing with wavelength, generating

anomalous dispersion.

3 Temporal compression

characterization

We first study configuration 1 for temporal compression of

pulses using the grating shown in Figure 2(a). In this config-

uration, Bragg soliton-effect compression is leveraged. The

wavelength of the optical pulses is located on the blue side

of the stopband edge, varied between 1548 nm–1558 nm.

We first characterize the output of 1.4 ps pulses at a fixed

input peak power of 12.5 W as a function of the pulse

wavelength. The measured output pulse width is shown

in Figure 4(a) while Figure 4(b) shows the autocorrelation

traces as a function of the wavelength of the input pulses.

It may be observed that the compression strengthens as

the pulse wavelength approaches the stopband centered

at 1565 nm. The strongest compression is observed at a

wavelength of 1558 nm where the pulses are compressed

to a pulse width of 0.39 ps, corresponding to a compression

factor, CF = Input Pulse FWHM

Output Pulse FWHM
of 3.6×. At this wavelength, the

group delay changes most rapidly with wavelength, indicat-

ing the strongest anomalous dispersion and largest group

index. We perform further characterization with an input

pulse wavelength of 1558 nm as a function of input pulse

peak power. In Bragg soliton-effect compression, higher

input peak powers result in larger soliton orders, N =√(
T2
0
P0𝛾eff

|𝛽2|
)
, where T0 ≈ TFWHM

1.665
for hyperbolic secant pulses

(a)

(c)

(d)

(b)

Figure 4: Experimentally measured wavelength dependent temporal compression for configuration 1. (a) The output pulse width and (b) the

normalized autocorrelation as a function of input pulse wavelength. (c) Experimentally measured autocorrelation traces. (d) Measured (blue

diamonds) and calculated (fuchsia dashed line) output pulse width as a function of input peak power for 1.4 ps pulses centered at 1558 nm.
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(a)

(b)

Figure 5: Experimentally measured temporal compression for configuration 2. (a) The measured autocorrelation traces as a function of input peak

power of 5.7 ps input pulses for Configuration 2, from lowest (bottom) to highest (top) input peak power. (b) The experimentally measured (fuchsia

diamonds) and numerically calculated (blue dashed line) compressed pulse width as a function of input peak.

and TFWHM is the pulse width [28]. At higher soliton orders,

the optical pulses experience a stronger initial temporal nar-

rowing prior to splitting and recombining within a soliton

period. Figure 4(c) and (d) show the temporal compression

strengthening with increasing power.

Next, we study configuration 2 using the device shown

in Figure 3(c) for temporal compression. In these experi-

ments, 5.7 ps pulses are coupled into Port 1 and the output

measured at Port 4. The pulses are centered at a wavelength

of 1544 nm so as to be located well within the stopband of

the grating where transmission is high and the group delay

profile is linear. The output pulses are measured with an

autocorrelator as a function of the input peak power of the

pulses. Figure 5(a) shows the autocorrelation traces as the

input peak power of the pulses is increased. The output

pulse width as a function of power is shown in Figure 5(b),

where it may be seen that the pulses are compressed to

1.7 ps at an input peak power of 6.2 W, representing 3.4×
compression of 5.7 ps pulses.

Next, we perform numerical calculations using the

generalized nonlinear Schrödinger equation (GNLSE). The

GNLSE may be described by the following expression [28],

[29]:

𝜕A

𝜕z
= −𝜶

2
A+ i

3∑
k=2

𝜷
k

𝜕k
A

𝜕Tk
= i𝜸

eff

[|A|2A]

− 𝜷
TPA

2

[|A|2A]+
[
ik

c
− 𝝈

2

]
N(z, t)A (1)

Here, we assume a slowly varying pulse envelope,

A(z, t). 𝛼, 𝛽 and 𝛾eff refer to the experimentally

measured loss coefficient, dispersion and effective

nonlinear parameter, respectively. The effective nonlinear

parameter is derived from the experimentally measured

group index and reported n2 for silicon [25], [30]. 𝛽TPA, 𝜎

and kc denote the TPA coefficient, FCA cross section and

the free-carrier dispersion coefficient, respectively [29].

The free carrier density, N(z,t) varies as a function of the

propagation distance and time, described by the expression,
𝜕N

𝜕t
= 𝜷

TPA

2ℏ𝜔A2
eff

|A|4 − N

𝝉
c

, where ℏ is Planck’s constant,𝜔 is the

angular frequency and Aeff is the effective area of the mode.

We first calculate the output pulse widths as a function

of input power for configuration 1 using the experimental

conditions used for Figure 4(c) and (d). The calculated val-

ues are plotted on Figure 4(d) as the dotted fuchsia line.

Good agreement with the measured values is obtained, cor-

roborating the observed trend of decreasing pulse width

with an increase in the pulse peak power.

The output pulse widths for configuration 2 as a func-

tion of input peak power corresponding to the experimental

conditions used for Figure 5(a) and (b) are calculated and

plotted in Figure 5(b) as the blue dashed line. Good agree-

ment with the measured data is achieved.

4 Discussion

In this work, an 8-inch CMOS foundry process was lever-

aged for fabrication of the devices. This work showcases the

feasibility of wafer-scale manufacturing to realize devices

which have in the past involved designs with very small

critical dimensions, requiring low throughput lithographic
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approaches such as electron-beam lithography. However,

some inherent trade-offs and limitations associatedwith the

wafer-scale process exist which needed to be accounted for

in the device design.

(1) Due to resolution limitations, the coupled grating was

designed to have a gap of 150 nm, which was around

the smallest value that could be resolved. For strong

cross-coupling, the condition, 𝜅.L >> π where 𝜅 is

the cross-coupling coefficient needs to be satisfied to

ensure that most of the light undergoes cross coupling

[31]. If this condition is not satisfied, the optical loss

incurred through incomplete cross-coupling will be

large. In previous reports of coupled gratings fabri-

cated using electron-beam lithography, gaps of tens of

nanometers could be used and the condition could be

easily satisfied. In this work, due to limitations to the

critical dimensions, the grating length needed to be

extended to ensure that 𝜅.L >> π is satisfied. In addi-
tion, as a result of the longer grating length required,

the resulting dispersion could have a large magnitude

that would exceed that required for optimal compres-

sion. A trade-off with the selected value of ΔΛ would

help to counter this effect. In addition, we note that

with the small gap of 150 nm, non-conformal deposi-

tion of the oxide cladding in the deposition could occur

which may lead to some air gaps. The air gaps may

cause a slight modification in the coupling between

the coupled gratings. As the wafer-scale process is well

controlled and consistent from across different runs,

this artifact can be accounted for in the design and not

pose issues for reliability.

(2) The resolution limitation of the wafer-scale process

also restricted the type of grating modulation that

could be used. Previous reports of gratings used for

Bragg soliton effects utilized a periodic effective index

modulation realized with pillars placed a distance,

G(z) away from a central waveguide with the small-

est value of G being 50 nm [17]. Since this value

of G is too small to be resolved by the 8-inch pro-

cess, the grating designs in this work utilized sinu-

soidal sidewall modulation which did not require

small gaps. The gap of 150 nm between the coupled

gratings could be resolved, enabling the good perfor-

mance of the temporal compression device. In addi-

tion, one question which needed to be answered was

whether the apodization which required the modula-

tion amplitude to increase from a value of 0 nm at the

ends to 50 nm in the center could be well resolved.

The smooth transmission spectrum achieved for the

gratings (Figure 2(b)) with minimal out of band ripple

showcases the effectiveness of the apodization.

(3) Of particular significance in this work is the use of sili-

con for implementation of the wafer-scale fabricated

devices. In wafer-scale processing of photonic inte-

grated circuits, silicon and silicon nitride are two com-

monmaterials that are used for waveguide devices. Of

the two, silicon waveguides have a significantly larger

nonlinear parameter, 100× larger than silicon nitride

waveguides and implementing the device on silicon

allows lower powers and shorter device footprints.

However, it is well known that silicon suffers from TPA

and FCA at telecommunications wavelengths. The effi-

ciency of nonlinear phase acquisition is sub-optimal

compared to other platforms such as ultra-silicon-rich

nitride which may be grown using low-temperature,

CMOS-compatible processes but are not widely avail-

able yet in foundries [18], [32].

To study the impact of TPA and FCA, we utilize Eq. (1)

to observe the output pulse profile as a function if input

peak power for Configurations 1 and 2 in the presence

and absence of TPA and FCA. Figure 6(a) and (b) simu-

late the temporal pulse profile as the input peak power

is varied between 0.001 W (low power) and 15 W for Con-

figuration 1, using the conditions used for experiments

in

Figures 4 and 6(a) simulates the pulse profile in the

presence of TPA and FCA. It may be seen that for an input

peakpower rangebetween0.001 Wand 15 W, temporal com-

pression occurs. However, the highest peak power of the

output pulse is 7.5 W, corresponding to an input peak power

of 9 W. This suggests that while temporal compression has

successfully reduced the pulse width, the attenuation in the

pulse power has led to the peak power of the compressed

pulse being even lower than the uncompressed pulse.

Conversely, Figure 6(b) simulates the pulse profile as

a function of input peak power in the absence of TPA and

FCA. The output pulse width is observed to monotonically

decrease up to an input peak power of 7.2 W. The shortest

pulse width and the peak power at which it occurs is similar

in the presence or absence of TPA and FCA. However, with

TPA and FCA absent, this compressed pulse is associated

with an output pulse peak power of 15 W, which is con-

siderably higher than when TPA and FCA is present. From

Figure 6(b), it may be observed that as the input peak power

of the pulses is increased beyond 7.2 W, the compressed

pulse starts to broaden from its narrowest point and starts

to develop pulse pedestals with increasing amplitude. At
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(a) (b)

(a) (b)

Figure 6: Numerical calculations of configurations 1 and 2. The output pulse profile as a function of input pulse peak power for configuration 1 using

the input pulse width of 1.4 ps used in the experiments, in the (a) presence and (b) absence of TPA and FCA. The output pulse profile as a function

of input pulse peak power for configuration 2 using the input pulse width of 5 ps used in the experiments, in the (a) presence and (b) absence of TPA

and FCA.

these power levels, the nonlinear phase acquisition contin-

ues to be efficient in the absence of TPA and FCA, resulting

in the Bragg soliton evolving into a high-order solitonwhich

splits over the length of the grating. For optimal temporal

compression at these power levels, the length of the grating

should be shorter to capture the regime of initial pulse

narrowingwhere significant enhancement in thepulse peak

power occurs, prior to the splitting of the high-order Bragg

soliton.

A similar observation may be made when simulat-

ing the temporal pulse profile as a function of input peak

power for configuration 2, using the conditions used for the

experiments in Figure 5 and varying the input peak power

from 0.001 W to 15 W. It may be observed from Figure 6(c)

that the pulse gradually narrows when the input peak

power is increased. A compressed pulse width of 1.1 ps

corresponds to an input peak power of 11 W and output

pulse peak power of 4.0 W. In the ideal scenario where the
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system is lossless and the compressed pulses are transform

limited, the peak power increase should be proportional to

the compression factor, CF = Input Pulse FWHM

Output Pulse FWHM
. In this case,

nonlinear loss effects result in significant attenuation in the

peak power of the pulses.

Figure 6(d) simulates the temporal pulse profile as a

function of input peak power for configuration 2, using the

conditions used for the experiments in Figure 5, but in the

absence of TPA and FCA. In this case, the compressed pulses

have a narrowest pulse width of 0.8 ps at an input peak

power of 15 W, which is a compressed pulse width similar to

the casewith TPAandFCA.However, this is associatedwith a

maximum peak power of 80 W, which is significantly larger

than when TPA and FCA is present. The temporal compres-

sion dynamics for configurations 1 and 2 implemented on

silicon, are efficient from the standpoint of narrowing the

pulse width. However, simulations for both configurations

confirm that the peak power of the compressed pulses suf-

fers from significant impairment from TPA and FCA.

In this paper, we have explored the feasibility of imple-

menting temporal compression systems based on high-

resolution gratings using an 8-inch CMOS-foundry process.

The resolution limitations intrinsic to the manufacturing

process dictated the device design. The silicon-on-insulator

based devices were used to demonstrate two types of

nonlinear optical compression phenomena, namely Bragg

soliton-effect compression and compression through decou-

pled self-phase modulation in a waveguide and dispersive

temporal synchronization in a grating. The devices were

experimentally shown to enable up to 3.6× compression

of 1.4 ps optical pulses to a pulse width of 0.39 ps. It is

further elucidated that resolution limitations in wafer-scale

CMOS-foundry manufactured devices could be overcome

through device designmodifications.While siliconwas used

in this work thus resulting in reduced power efficiency as

a result of TPA and FCA, reasonably good compression fac-

tors could be achieved. Today, there are several foundries

providing wafer-scale manufacturing on high nonlinear

figure of merit platforms such as silicon nitride and alu-

minium nitride [32]–[35]. Silicon nitride and aluminum

nitride possess similar nonlinear refractive indices of 2.4

× 10−15 cm2/W [36], [37] and 2.4 × 10−15 cm2/W [38] and

no TPA and FCA at telecommunications wavelengths. Both

materials are widely used for nonlinear optics given the

availability of low loss devices. Their availability has greatly

accelerated advancements in wide-scale manufacturing of

photonic devices. One limitation is the low nonlinear refrac-

tive index associated with these platforms which necessi-

tates very high powers or extremely long interaction lengths

in non-resonant, waveguide-based nonlinear effects. In the

future, foundry availability of high nonlinear figure ofmerit

CMOS platformswith Kerr nonlinearities on parwith or bet-

ter than silicon [18], [39] could provide a useful alternative

for the design and implementation of efficient, low power

nonlinear devices to be implemented inwafer-scale foundry

processing.
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