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Abstract: An efficient source of quantum-correlated photon-pairs that is integrable with existing
silicon-electronics fabrication techniques is desirable for use in quantum photonic integrated
circuits. Here we demonstrate signal-idler photon pairs with high coincidence-to-accidental count
ratios of over 103 on a coarse wavelength-division-multiplexing grid that spans 140 nm by using
a 300-µm-long poled region in a thin-film periodically-poled lithium-niobate ridge waveguide
bonded to silicon. The pairs are generated via spontaneous parametric downconversion pumped
by a continuous-wave tunable laser source. The small mode area of the waveguide allows for
efficient interaction in a short length of the waveguide and, as a result, permits photon-pair
generation over a broad range of signal-idler wavelengths.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

A source of bright, wideband, quantum-correlated photon-pairs integrated on a silicon chip is
useful for deployment in quantum photonic integrated circuits (PICs). Ideally, such a source can
be integrated with other PIC devices, such as electro-optic (EO) switches, modulators, and optical
filters [1–3], while remaining compatible with existing fabrication techniques used in silicon
electronics. Although lithium niobate (LN) has excellent nonlinear and electro-optic properties,
the generally large component sizes make PIC implementations problematic when attempting
to fit many devices on a single chip. Traditional lithium-niobate technology typically requires
cm-scale waveguides [4] for photon-pair generation and EO switching. Such sizes reduce the
potential for integration, while also constraining the bandwidth of the generated photon-pairs.
Thin-film LN (TFLN) is a modern technology platform capable of tighter integration of

nonlinear devices that can be exploited for making brighter entangled photon-pair sources with
shorter-length devices, while permitting wider phase-matching bandwidths. The increased
nonlinear conversion efficiency stemming from the smaller waveguide dimensions shown in
Fig. 1 can allow for a shorter interaction length [1,5–8] compared to reverse proton exchange
(RPE) waveguides. RPE waveguides in the buried configuration have limitations on the amount
of lateral confinement that can be created in the standard proton exchange process because of
restrictions on the control of the index contrast between the waveguiding strips and surrounding
lithium niobate. These RPE waveguides can have small-signal second-harmonic-generation
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(SHG) conversion efficiencies ηSHG of around 150%W−1cm−2[9]. In contrast to the above, TFLN
can use either direct etching of the thin-film lithium niobate or rib-loading with index-matched
materials to create the smaller lateral optical confinement. Most recently, direct-etched TFLN
ridge structures wafer-bonded to SiO2 have achieved ηSHG as high as 4600%W−1cm−2[8].

Fig. 1. Waveguide chip schematic of top view and cross-section: (a) Top view of waveguide
where the waveguide length is less than 2mm, and the poled region has total length of
300 µm. Opposing poling electrodes colored in yellow are separated by 8 µm and do not
touch the waveguide of 1.5 µm in width. (b) The waveguide cross-section is 1.5 × 0.3µm2

composed of x-cut lithium niobate.

Both rib-loaded and direct-etched TFLN can be used for photon-pair generation [6,10] in short
devices. Recently in [6], a 4-mm-long TFLNwaveguide reported multiplexed pair generation with
channel-center separations limited by the available filters to 6.9 nm. Photon-pair correlations over
broader spectral ranges and channel-separations have been performed in other platforms ranging
from fibers to resonators. For example, pair-sources from an induced second-order nonlinearity
in periodically-poled silica fiber have been recently reported in a poled-fiber length of 20 cm,
and produce a bi-photon spectrum of 100 nm [11]. While such a fiber source is not integrable,
other technologies like SiN ring resonators [12] and LN microdisk resonators are compatible
with dense PICs. LN microdisk resonators have been fabricated on silica pedestals, and can
generate combs with large pair-matching bandwidths. A high-Q LN microresonator with 45 µm
radius has shown measured correlations between signal-idler channels spanning about 100 nm,
and based on spectrum measurements of the signal counts there is potentially up to 400 nm of
available pair-matching bandwidth [13]. The generated spectrum of the signal-idler pairs in disk
resonators is discrete because of the resonance condition imposed on the allowed modes. Unlike
a disk resonator, the traveling wave structure in our periodically-poled lithium-niobate (PPLN)
waveguide supports a continuous wideband spectrum of signal-idler pairs that can be sliced into
different channels using standard filtering technology.

Here, we take a step towards photonic integration by realizing photon-pairs on a 20 nm coarse
wavelength division multiplexed (CWDM) grid with channel-center separations up to 140 nm in
TFLN. The sub-micron mode size achievable in this technology platform allows for a substantial
reduction in the size of nonlinear and electro-optic devices, potentially enabling much denser
PIC implementations. This work expands upon materials published in Frontiers in Optics [14].

2. Correlated photon-pair measurement scheme

2.1. PPLN nonlinear conversion efficiency

In our experiment, we generate photon-pairs via spontaneous parametric downconversion (SPDC)
in the 300-µm-long poled region of a 1.5mm-long ridge waveguide fabricated on TFLN bonded
to silicon. The fabrication details of this device (structure shown in Fig. 1) can be found
in [8]. Photon-pairs can be generated with a few µW or less of power in periodically poled
waveguides when pumping at the second harmonic (SH) wavelength that would be generated
under phase-matched SHG [15], which is about 771 nm in our present work. The SH small-signal
conversion efficiency (undepleted-pump approximation [16]) is measured using the experimental
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system depicted in Fig. 2 by tuning a CW pump from a Santec tunable laser (TSL-210) and using
a fiber polarization controller (FPC) to excite the TE mode of the waveguide. The pump is split
by a 99/1 splitter, monitored by a power meter, and coupled into (collected out of) the waveguide
using lensed fiber (single mode at 1550 nm). The output pump and second harmonic are collected
simultaneously by the same lensed fiber, separated by a 775/1550 nm band wavelength division
multiplexer (BWDM) filter, and detected by power meters with real-time simultaneous monitoring
of the pump insertion loss and SHG power. The measured SH small-signal conversion efficiency
ηSHG is shown in Fig. 3(a) with a nearly 15-nm-wide phase-matching bandwidth centered around
1541 nm for the pump fundamental wavelength. The reported ηSHG is based on the estimated light
intensities just before the output facet of the waveguide with facet-to-lensed fiber coupling losses
of around 6.5 dB and less than 5 dB for the SH and fundamental pump at the phase-matching
peak, respectively. The SH conversion efficiency (ηSHG) shown in Eq. (1) corrects for losses
using the fundamental pump transmissivity Gf and the SH transmissivity Gsh, and includes the
SH powers at the fundamental Pf and harmonic Psh with total length of the poled region (Lp) in
cm.

ηSHG =
PshGsh

(Pf Gf Lp)2
× 100% (1)

The waveguide has flat polished endfaces which result in modest Fabry Perot resonances of both
the pump-loss (Fig. 3(c)) and SH-loss. These resonances lead to the oscillations in the small
signal conversion efficiency near the phase-matching peak in Fig. 3(a) that diminish for greater
phase-mismatch (Fig. 3(b)). The data points are outlined in blue to highlight the oscillations
at the phase-matching peak and the less obvious interference effects far from phase matching
in Figs. 3(b) and (c). The corresponding peak conversion efficiency for down conversion will
occur for signal/idler filters spaced symmetrically about 1541 nm in frequency space for a
down-conversion pump around 771 nm.

Fig. 2. Upconversion setup for SH phase-matching curve acquisition using a TSL:tunable
Santec laser as a pump, FPC:fiber polarization controller, 99/1 splitter, 3 power meters
(D1,D2,D3), LF:lensed fiber , 775/1550 nm BWDM.

Our down-conversion pump laser (Velocity 6300 by New Focus) can be tuned from 772.2 nm
to longer wavelengths, making our optimal pump wavelength of 771 nm unreachable, but still
within the SH phase-matching bandwidth. This results in a modest loss of efficiency, which
is further compounded by the fact that when pumping at 772.2 nm the half-frequency of the
down-conversion pump (1544.4 nm), hereinafter referred to as half-frequency pump (fp/2), is
not perfectly centered with respect to the signal and idler channel pairs (e.g. 1550 nm for
1530/1570 nm) of the 8-channel coarse-wavelength division multiplexing (CWDM) grid. Even
though the CWDM grid has equal spacing between channel centers in wavelength, they are
unequal in frequency space. This becomes more important for signal/idler channels sitting at
very (non-energy conserving) unequal distances from the half-frequency pump. This nuance
will require defining an effective bandwidth that is expected to contribute to correlations when
looking at the many signal/idler wide-band channel sets considered in this work.

2.2. Pair generation setup with assymetric filter spacing

Wemeasure correlations between a set of 4-signal/4-idler channels for signal/idler channel-centers
ranging from (1470 to 1530 nm) and (1550 to 1610 nm). Our set-up, shown in Fig. 4, uses a
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Fig. 3. (a) Phase matching curve of ηSHG (resonances outlined in blue) assuming a SH facet-
to-lensed fiber coupling loss of 6.5 dB out from the waveguide facet to the collection-lensed
fiber. (b) ηSHG measured far from phase matching (c) up-conversion pump facet-to-lensed
fiber coupling loss (resonances outlined in blue) used in calculation of (b).

series of waveplates to control the pump power and polarization launched into the waveguide.
A tap is inserted before the waveguide to monitor the pump wavelength, but not relied on for
insertion loss measurements of the down-conversion pump power. The pump is coupled into (out
of) the waveguide via a lensed fiber that is single mode (SM) at 780 nm (1550 nm). Emerging
from the waveguide, the SPDC pairs are separated from the pump using a combination of fiber
(775/1550 BWDM) and free-space filters (short-pass Dichroic) that provide ≥ 110 dB of pump
isolation prior to additional pump filtering provided by the 8-channel CWDM demultiplexer. A
power meter is used to monitor the power out of the waveguide via the 775- BWDM port. For the
fundamental wavelength we estimate the waveguide output coupling loss into the collection-lensed
fiber to be around 4 dB for the entire 120 nm range of interest. This loss is inferred from half
the total insertion loss from lensed-fiber to lensed-fiber (both SM at 1550 nm and anti-reflection
coated) using a polarized-broadband ASE source from a semiconducting optical amplifier, and
measuring both the input and output spectrum on an optical spectrum analyzer (OSA). Half the
measured insertion loss of the down-conversion pump can be between 6 and 7.5 dB depending
on the angle between the lensed fiber and waveguide-input facet for our partitioned data set. For
simplicity, we take the higher loss and apply it to our partitioned data set of 4-signal/4-idler
channels to give a lower bound on the brightness of all photon-pair generation values. The limited
angular degree of control in the setup between waveguide facet and lensed fiber is reserved
for the collection-lensed fiber to ensure optimal collection of generated photon-pairs, making
this additional loss likely associated with the input facet. The mean net losses per channel
from waveguide to detectors range from 10.8 to 14.7 dB for 1460 to 1620 nm, with a spread in
loss/channel introduced from coupling efficiency for free-space filtering and detection efficiency
that both fall off outside the traditional fiber C-band (1525-1565 nm). The single photon detectors
are polarization-sensitive superconducting nanowire single-photon detectors (Quantum Opus,
Inc.) that have mean detection efficiencies that range between 44–73% per detector/channel
as measured over a 1500 to 1620 nm span. Quantum detection efficiencies at 1470 nm were
inferred from manufacturer calibration data while the value at 1490 nm is estimated from the
efficiency measured at 1500 nm. The detector dark-count rates range from 110 to 130 counts/s.
The detected photon counts are time stamped using a time tagger (Time Tagger 20 by Swabian
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Instruments, Inc.) which allows for the singles counts and coincidence counts between detectors
to be measured.

Fig. 4. Setup for correlated photon-pair generation from SPDC in a PPLN waveguide
pumped with a CW pump. Red/blue lines for free space, and yellow for fiber. Before (after)
waveguide fiber is single mode at 780 nm (1550 nm). LF:lensed fiber, M1, M2: broad band
mirrors, DM:short-pass dichroic mirror, FPC:fiber polarization controller,D1:power meter,
SNSPDs:superconducting nanowire single-photon detectors

3. Measurement of broadband-pair source

We characterize the quality of our pair source by its brightness, heralding efficiency, and
coincidence-to-accidental ratio (CAR).We use a brightnessmetric normalized to poledwaveguide-
length squared (Eq. (2)), similar to what is typically used to characterize small-signal SHG
conversion efficiency. Our measured (raw) normalized brightness (NB) shown in Fig. 5(a) is
defined with respect to a loss-corrected pump power source (PT ) that is based on the measured
pump power exiting the waveguide, but corrected for losses including fiber device loss and half
the net waveguide insertion loss at the pump wavelength. In our estimated normalized brightness,
we assume flat-top 18 nm channel bandwidths ∆λs,i for both channels of the signal-idler pair
unless stated otherwise. The length Lp is defined to be the 0.03 cm total length for the poled
region. Coincident count rates (CCR) are measured in pairs/s.

NB =
CCR

∆λs,iL2
pPT

(2)

In Fig. 5(a), we present a measured [loss-corrected] normalized brightness of (337 ± 6) × 103
[(252 ± 5) × 106] pairs/s·nm·cm2·mW at a loss-corrected pump power of −20.5 dBm for the
signal-idler channels with 120 nm separation assuming 7.5 dB of facet-to-lensed fiber coupling
loss stated earlier. The corresponding CAR of 6900 ± 200 in Fig. 5(b), indicates a low level of
pollution from multi-photon emission and other sources of background counts. Error bars for
CAR and normalized brightness are taken from the standard deviation of 10 sets of measurements
each with an integration time of 60 s (total time of 600 s). For these normalized brightnesses we
assume a fixed known loss and the error bars do not account for the uncertainty in measured
signal/idler loss, which we estimate is ±1 dB per channel.
Correlation counts of photon-pairs between two wide-filter channels of equal frequency

bandwidth should be optimal when the frequency spacing between the signal/idler channel
frequency centers fs/fi and half-pump frequency fp/2 are equal as predicted by energy conservation
in the SPDC process. Our photon-pair measurement effectively utilizes only a fraction of the
channels’ bandwidth because of the unequal channel-frequency bandwidths, and frequency-
spacing asymmetry between fs, fi, and fp/2 . We take the loss-corrected normalized-brightness
that assumes 18 nm passbands in Fig. 5(a) and replace this fixed 18 nm bandwidth of the
demux filters with an effective bandwidth per channel set calculated using fs, fi, fp/2 and the
signal/idler pass-bands in Hz (illustrated in Fig. 5(c)). This bandwidth/loss-corrected normalized
brightness uses frequency bandwidths that should contribute to correlation counts. The effective
frequency bandwidths (1.434, 1.106, 0.909) THz are expressed with respect to the half-pump
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Fig. 5. (a) Mean and standard deviation of normalized brightness pairs
s·nm·cm2 ·mW for raw data

(blue circles) and loss-corrected data (red asterisks) assuming 18 nm channel bandwidths (b)
CAR and its standard deviation for 3 signal-idler channel separations. Accidental coincidence
rate (ACR) is calculated using measured singles-count rates or measured directly via cross
correlation of time stamps between two detection events for different channel delays. (c)
Illustration of asymmetry in signal-idler channel center frequencies fs, fi with respect to
half the pump frequency (fp/2) where ∆f1 and ∆f2 define the bounds of each channel band
sitting symmetric to fp/2 in the real spectrum. The conjugate spectrum projects the filter
boundaries and defines an effective bandwidth that should contribute to correlation counts.
(d) The effective bandwidth is used per channel set in place of the 18 nm filter bandwidth to
estimate the loss/bandwidth-corrected normalized brightness.

frequency (2 × 772.2 nm = 1544.4 nm), and lead to effective bandwidths of 11.4, 8.8, and
7.2 nm for channel-sets of 1490/1610, 1510/1590, and 1530/1570 nm, respectively. The revised
bandwidth/loss-corrected normalized brightness, indicated by red squares, is shown in Fig. 5(d).
While we expected the pair-matching 3-dB bandwidth to far exceed 120 nm given our 15 nm
SHG phase-matching bandwidth, available filters constrained the pair-generation measurement
range to channels separated by 120 nm. Correcting for uncorrelated bandwidth of signal/idler
filters by ratio of the design to effective bandwidth, we obtain a loss/bandwidth-corrected
normalized brightness reported in Fig. 5(d) of 398 × 106 pairs/s·nm·cm2·mW. The data corrected
for loss, uncorrelated-bandwidth, and length of the poled region falls in line with recent work
[6] in a similar thin-film PPLN with poled region of 4mm total length with loss-corrected
normalized brightness of 431 × 106 pairs/s·nm·cm2·mW (reported loss-corrected brightness of
69MHz/mW/nm).
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To better illustrate the impact of the half-frequency pump/channel-pair asymmetry shown in
Figs. 5(a)-(d), we find all existing correlations between neighboring channel-pairs. In Fig. 6(a),
we show the measured raw CCR (pairs/s) for all 16 signal-idler combinations of 4-signal and
4-idler channels. The corresponding CAR for all channel combinations is shown in Fig. 6(b). For
signal-idler channel combinations where correlations are not expected nor found, the measured
CCR are ≤ 0.1 pairs/s and counts are taken for total of 1 integration time TI = 60 s compared to
all other channel sets collected for a total of 10 integration times (600 s).

Fig. 6. (a) Photon-pair correlations expressed as coincident counts per second using
assymetric signal/idler channel-pairs of the 8-channel demuxwith channel-centerwavelengths
(1470 to 1610 nm). The pump is set at 772.2 nm on a phase matching peak around 1541 nm
(771 nm SHG peak). (b) CAR measured over all channel sets in (a) uses the measured ACR

The system losses and lack of symmetry of signal-idler channels with respect to the half-
frequency pump degrade the corresponding heralding efficiencies. The heralding efficiency
(HET ,y) for channel-y is defined in Eq. (3) below as the ratio of the total number of coincident
counts (CCT ) to singles counts (SCT ,x) measured in channel-x where x, y = s, i for signal or idler
respectively. Heralding efficiencies are around 0.3 − 3 % as shown in Table 1. These heralding
efficiencies are similar to other works operating under a combination of different losses, noise
sources, when measuring correlated photons from waveguide sources using waveguide-fiber-
coupled collection optics, and can be improved on [17]. Correcting for these wide-band channel
losses and singles counts of uncorrelated bandwidth introduces significant error, for example, in
1530/1570, 1510/1590, and 1490/1610 nm channels sets we have idler heralding efficiencies of
about 130, 79, and 89%, respectively. Ideally, perfectly correcting for all losses would lead to a

Table 1. Raw Heralding Efficiency (HET ,y ) measured using demux channels for signal and idler,
and the associated standard deviations (STD) about their mean values

Idler (nm) HET,i (%) ± STD (%) Signal (nm) HET,s (%) ± STD (%)

1570 1.26 0.05 1510 2.13 0.08

1550 1.17 0.04 1530 1.53 0.05

1570 1.95 0.06 1530 3.19 0.09

1590 1.83 0.08 1510 2.25 0.09

1590 1.1 0.03 1490 0.62 0.02

1610 1.54 0.03 1490 2.25 0.04

1610 0.42 0.02 1470 0.3 0.01
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heralding efficiency approaching 100% for wide-band correlated-channels [18].

HET ,y =
CCT

SCT ,x
× 100% (3)

4. Pair production with symmetric filtering

The results of section 3 show strong correlations despite the asymmetry of the signal/idler
filters with respect to the half-frequency pump. Here we employ a programmable filter (Finisar
Waveshaper 4000S) to enable symmetric filtering within the standard 1550 nm C-band using the
experimental configuration depicted in Fig. 7. In order to maintain many channels in this smaller
wavelength band, we program the filter bandwidth to be ≈6 nm. The waveshaper channel sets
have C-band losses per channel of about 5 dB, and a pump isolation > 50 dB (waveshaper-input
to output). From our measured losses, we infer a pump power of -20.6 dBm coming out of
the waveguide (facet-to-lensed fiber coupling loss of 7.5 dB). All programmed channel sets are
measured for 10 integration times (total time) of TI = 60 s (Tt = 600 s) each with the raw values
reported for CCR (pairs/s) in Fig. 8(a) and the CARs in Fig. 8(b). All errorbars are reported
as the standard deviation over the set of 10 measurements (each with TI = 60 s). In this setup,
the correlated channels see CCR as high as 23.5 ± 0.9 pairs/s and a lower CAR (relative to
Fig. 5(b)) of 36.3 ± 1.3 in channel-set 1542.0/1548.0 nm. Estimating the waveguide facet-to-
lensed fiber coupling loss in the C-band as about 4.5 dB, we find loss-corrected normalized
brightness of 230 × 106, 190 × 106, 280 × 106 pairs/s · nm ·mW · cm2 in signal-idler channels
of 1530.3/1560, 1536.2/1553.9, and 1542/1548 nm respectively. Total losses of ≈13 and 14 dB per
channel that include coupling and quantum-detector losses where applied to the raw coincidence
count rates along with the loss-corrected pump power and design channel bandwidth. These
values are the same order-of-magnitude as both [6] and the bandwidth/loss-corrected brightnesses
calculated in Fig. 5(d) where the loss-corrected normalized brightnesses should be independent
of channel bandwidths, losses, pump power, and device length. In contrast, the CARs for
such channel-pairs in Fig. 8(b) are much smaller than Fig. 5(b) because of extremely high
levels of background counts generated inside the waveshaper in the absence of the pump. The
waveshaper generates a background (pump off) singles count rate of around 2.5x104cnts/s per
channel (irrespective of filter bandwidth) that originates from out-of-band light leakage generated
inside the unit independent of any waveshaper input. This background singles count dominates
the total singles count in the presence of the pump field at ≥ 92% of the total counts in each
channel. It increases the ACR, while reducing the CAR and the heralding efficiency. We expect
this background light could be removed with appropriate filtering, but here we correct for the
background light levels by appropriate subtraction techniques as described in [19] and shown in
Eqs. (4)–(6).

Fig. 7. Pair generation performed with computer controlled signal-idler channels of the
Finisar waveshaper designed to be roughly 0.745 THz (≈ 6 nm) of passband each while the
pump is centered at 772.5 nm.

We measure the background singles and accidental counts generated in the system with the
pump off. We denote background singles counts in channel-x (x=s,i for signal or idler) by SCbkg,x
(pump off) that are subtracted from the total singles counts in channel-x (SCT ,x) to give the
singles count due to all pump-system interactions of SCT ,x − SCbkg,x. Likewise, the coincident
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Fig. 8. (a) Mean-raw coincident-count-rate between signal-idler channel pairs using
adjustable filter channels on a Finisar waveshaper (b) Corresponding mean CAR without
background subtraction. (c) ± standard deviation in CCR, (d) ± standard deviation in CAR

counts for pump on(off) are CCT (CCbkg). All singles, coincident and accidental counts are
measured simultaneously over the same integration time (total time) TI = 60 s (Tt = 600 s),
where coincident and accidental count events are defined for channel-delays with 1 ns time-delay
bin widths Tb. The background accidental counts contributing to coincident counts are defined
by CCbkg in Eq. (4).

CCbkg = (SCT ,s · SCbkg,i + SCbkg,s · SCT ,i − SCbkg,s · SCbkg,i) · Tb/TI (4)

The background-corrected heralding efficiencies HEc,y and their standard deviations for y, x = s, i,
for the signal and idler are calculated from Eq. (5), are shown in Table 2.

HEc,y =
CCT − CCbkg

SCT ,x − SCbkg,x
× 100% (5)

The raw CARs in correlated channels shown in Fig. 8(b) of order 10 increase by nearly 3 orders
of magnitude after background subtraction (Eq. (6)), exceeding CAR levels in Fig. 5(b). For
the 1530.3-1560.0 nm channel-pair, the raw CAR of 32.1 ± 0.6 becomes 152 ± 9 × 102 after
background subtraction. The background-corrected CAR uses an accidental count inferred
from the singles counts of ACT = SCT ,i · SCT ,s · Tb/TI in place of the ACT found directly in the
cross-correlation measurement, and shows no significant difference in value.

CARc =
CCT − CCbkg

ACT − CCbkg
(6)

Comparing Fig. (8) to Fig. (6) we see that symmetric filtering makes the correlation matrix a
clean diagonal in contrast to Fig. 6(a).
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Table 2. Mean heralding efficiency (HEc,y ) with background (pump off) subtraction for signal-idler
channel pairs that are symmetric with respect to half the pump frequency. The error about the mean

values are expressed as the standard deviation (STD).

Idler (nm) HEc,i (%) ± STD (%) Signal (nm) HEc,s (%) ± STD (%)

1548.0 1.07 0.04 1542.0 2.49 0.12

1554.0 0.93 0.05 1536.2 2.27 0.15

1560.0 0.94 0.03 1530.3 3.15 0.15

5. Conclusion

We have successfully demonstrated correlated-pair measurements on a 300-um long poled-region
of lithium-niobate on-insulator platformwith a signal-idler channel separations exceeding 120 nm.
The large bandwidth was segmented using standard filtering technology, including demonstrating
correlations on several channels of the demux CWDM grid. This technology has the potential to
serve as chip-based sources of entangled pairs where the broad and continuous pair-matching
signal-idler channel-bandwidths offer high channel capacities for a large number of users. The
lack of noise processes from fluorescence of the pump allows the SPDC process to occur
with high CARs. In the future, low-loss coupling [20] and filtering can lead to much higher
heralding efficiencies than the 3 % measured here. Correcting for all losses from waveguide
to detectors would bring the heralding efficency of the 1490/1610 demux channels to 90% and
73% respectively. Elimination of some fraction of this loss would make this type of waveguide
technology a good choice for entangled pair generation in quantum photonic integrated circuits,
including for wavelength division multiplexed systems.
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