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Polarization- and Temperature-Insensitive 8x400GHz
O-Band Cascaded AWG for Large Radix Data Center
and AI/ML Networks

Robert Palmer, Henk Bulthuis, Cleitus Antony, Member, IEEE, Jakub Zvéfina, Gunter Beelen, Jad Sarkis,
AbuBakar Bhatti, Giuseppe Talli, Member, IEEE, Maxim Kuschnerov, Member, IEEE

Abstract—We demonstrate a PLC-based O-Band 8-channel
cascaded AWG design. The manufactured prototypes achieve
400 GHz channel spacing while simultaneously reaching a
1 dB bandwidth of 300 GHz and a crosstalk below -40 dB. The
measured fiber-to-fiber loss is as low as 2.7 dB and the PDL is
below 0.2dB. We determine a low thermal drift
of -1.8 GHz/Kelvin. The combination of low IL, high bandwidth,
low crosstalk, and low thermal drift make the device particularly
attractive for WDM-based data center and AI networks
architectures that benefit from a large network switch radix.

Index Terms—AWG, Demultiplexing,
Multiplexing, PLC.

Integrated Optics,

I. INTRODUCTION

IGH-radix, high-capacity electrical switches in spine-

leaf network topologies are the heart of modern data

centers and high-performance compute clusters [1].
The capacity of spine switches is doubling every two years.
This is achieved by a doubling of the lane data rate and by an
interleaved doubling of the number of channels every four
years, e. g. Broadcom released the market’s first 51.2 Tbps
Tomahawk 5 switch with 512 lanes at 112 Gbps in 2023 [2] and
the first 102.4 Tbps Tomahawk 6 switch with 512 lanes at
224 Gbps two years later in 2025 [3]. Hence, first 204.8 Tbps
switches are expected in 2027, running at 224 Gbps per lane at
112 GBd PAM4 [4] with a total of 1024 lanes per switch. The
combination of fast SERDES rates and large channel counts
fueled the development of co-packaged optics transceivers [5],
[6] targeting shoreline densities exceeding 1 Tbps/mm [7].
Such high shoreline densities not only require ultra-compact
transmitters and receivers, but also space-efficient fiber-array
interconnects. A standard fiber array unit (FAU) with 127 pm
pitch, may support 1 polarization maintaining (PM) fiber for the
external light source (ELS) input and 3 transmitter (TX) and
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receiver (RX) fiber pairs per mm, requiring more than
0.33 Tbps/fiber pair for meeting the >1 Tbps/mm target, which
exceeds the 200 Gbps lane rate of next generation SERDES. To
improve the shoreline density of the fiber interconnect, two
strategies have been reported: 1) reduced cladding fibers [8] or
PLC pitch converters [9] are used to reduce the optical I/O pitch
of the CPO device or 2) the fiber capacity is increased through
WDM [7], [10]. While the reduction of the fiber pitch may
improve the I/O density by a factor of 2-3, the use of WDM has
the potential to increase the density by a factor of 10 or beyond.
Such WDM approaches, however, go along with a more
complex transceiver architecture, calling for passive or active
integrated multiplexers (MUX) and demultiplexers (DEMUX)
[11], [12]. However, this high capacity per fiber may be
impractical for achieving high-radix switches and thus flat
networks [1], which can lower the power consumption and
latency [13] of node-to-node interconnects. For enabling such
networks, optical (de-)multiplexers may be used to break out
the high-capacity WDM into individual 200G channels. Such
optical (de-)multiplexers may be realized as arrayed waveguide
gratings (AWG), Echelle gratings [14] or as a concatenation of
unbalanced Mach-Zehnder-Interferometers (MZI) [15] and
require low loss, low crosstalk, low polarization dependency
and low thermal drift. The selected wavelengths are typically in
the O-band to minimize dispersion related transmission
penalties [16]. The ideal WDM grid for such applications is
usually a compromise between achievable flattop response of
the filter and its residual temperature dependency. While a
200 GHz grid would offer the highest potential in scaling the
number of 224 Gbps channels, it provides close to no margin
for thermal drift and manufacturing tolerances for optical
(de-)multiplexers. We will show that even a low temperature
dependent material like SiO, calls for a relaxed frequency grid
requirement of ~400 GHz, for passive (de-)multiplexing.
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It has long been the goal of the optics industry to provide low
loss box-shape filter products using volume manufacturing
techniques. Planar lightwave circuits (PLC) based on silica-on-
silicon technology have become a leading platform for realizing
compact and reliable AWG multiplexers. A comprehensive
overview of silica planar lightwave circuits has been published
by C.R. Doerr and K. Okamoto [17]. The PLC platform offers
several advantages, including low insertion loss (IL), low
polarization dependent loss (PDL), low thermal drift, and
efficient coupling to standard fiber optics.

Temperature-insensitive operation is a key device property
when targeting passive demultiplexers. The temperature
dependency of silica-based devices [18] is a factor ten lower as
compared to its higher-index contrast counterparts based on e.g.
InP [19] and Si [20] and even a factor two lower compared to
Si3Ng-based devices [21]. Furthermore, Si-, InP-, and SizNs-
based devices are usually strongly birefringent, requiring
special engineering solutions for realizing AWGs with
moderate to low polarization dependency, e.g. using
polarization diversity [22], insertion of polarization rotators
into the middle of the AWG [23], using thick core layers to
lower birefringence [24], or by excitation of multiple inputs
[25]. Despite these efforts, these devices lag behind silica-based
AWGs [26] in terms of simultaneously meeting PDL, IL,
crosstalk, and temperature insensitivity targets at high
manufacturing yield.

In this paper, we present a comprehensive study of a flattop
integrated cascaded AWG (CAWG) [27], [28] demultiplexer
based on silica-on-silicon. We analyze the performance of the
PLC-based CAWG and compare it to characteristics of
conventional AWGSs and cascade MZI-AWGs. The discussion
focuses on key performance indicators such as insertion loss,
bandwidth, crosstalk, polarization dependency and thermal
drift, highlighting the unique advantages of the PLC platform
for high-performance AWG applications. Compared to earlier
work published on cascade AWG [29] we achieved a record low
fiber-to-fiber loss of 2.7 dB. Furthermore, the CAWG was
made with an etch technique that achieves improved isolation
between the individual AWGs, resulting in superior crosstalk
between the CAWG channels. The remainder of this paper is
organized as follows: Section II defines the targeted application
for the demonstrated DEMUX. From this, we derive the high-
level specifications for the AWG in section III. The design of
the cascaded AWG is illustrated in section IV. The fabricated
devices and their performance are discussed in section V and
we compare the key performance indicators of our DEMUX
design with competing approaches in silica and other material
platforms.

II. TARGETED DEMUX APPLICATION

The cascaded O-band AWG has been developed within EU
HORIZON 2021 project ADOPTION (grant 101070178) [30],
which is targeting innovative architectures and components for
hyperscale data center, artificial intelligence (AI), machine
learning (ML) and high-performance computing (HPC)

applications, such as co-packaged optics (CPO) based
transceivers [5], [6], [31] and fast optical switches [32]. As
discussed in the Introduction, generally such CPO transceivers
rely on single-wavelength transmission with high fiber counts,
or utilize wavelength-division multiplexing to increase the
capacity per fiber. Within ADOPTION, CPO transceivers are
developed that multiplex 16 channels on a 200 GHz or 8
channels on a 400 GHz grid, driven at 112 GBd, see Fig. 1(a).
While this results in a total capacity of 1.6 Tbps per fiber, when
deployed as part of a co-packaged optics switch, the achievable
switch radix is rather limited. E.g. for leaf switches a larger
radix with direct 100G or 200G links can be advantageous. This
can be realized by mating the ADOPTION CPO with a device
that we refer to as an optical port breakout, which can be built
as an unamplified or amplified AWG, see Fig. 1(b). The optical
port breakout acts as a wavelength demultiplexing interface
between the high-capacity WDM fiber of the CPO module and
individual lower-rate client ports. In its passive form, it
provides a purely spectral separation function, while an
amplified variant can include an integrated semiconductor
optical amplifier stage to compensate insertion loss for
extended reach or fan-out applications. Such an AWG has
stringent system requirements on insertion loss, bandwidth, and
on the crosstalk between channels. Section III summarizes the
requirements as high-level device specifications.
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Fig. 1. DEMUX application example. (a) A CPO module
transmits 112 GBd NRZ or PAM4 per wavelength on eight
400 GHz spaced wavelengths over four transmit fibers, yielding
3.2 Tbps / 6.4 Tbps (NRZ / PAM4) total capacity per direction.
(b) The radix of the CPO can be expanded by separating the
fiber pairs and spectrally demultiplexing the individual
wavelengths using a low-loss, low-crosstalk “optical port
breakout” device.

III. DEVICE SPECIFICATIONS

The high-level specifications of the AWG are summarized in
TABLE I and illustrated in Fig. 2. The targeted wavelength plan
is aligned with the DWDM-MSA [33] and is depicted in
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TABLE II. The AWG is designed to be mated with a CPO
transceiver that can support link budgets of 8 dB. We reserve
4 dB of loss to account for up to 2 km of SMF28 and fiber
connector losses. Consequently, an unamplified optical port
breakout device may have fiber-to-fiber losses of up to 3.5 dB
with a residual margin of 0.5 dB.

The 112 GBd signals can suffer from filter-related
transmission penalties and from temperature-induced
frequency misalignment between laser and AWG. TABLE III
depicts the recommended and the acceptable temperature
ranges for data centers according to ASHRAE TC 9.9 [34]. The
recommended temperature range spans 9 °C, while the worst-
case acceptable range in class A4 spans 40 °C. Assuming a
thermo-optic coefficient of SiO, of 8.2x10°%/K [18], and
including the contribution from the path-length expansion,
which contributes another 3.3x10°%/K, this corresponds to a
frequency drift of the AWG filter function of £8 GHz (+4.5 °C)
and £36 GHz (+20 °C), respectively.

TABLE I
HIGH-LEVEL SPECIFICATION FOR THE AWG, ASSUMING NRZ
OR PAM4 SIGNALS AT 112 GBAUD.

Parameter Target (NRZ / PAM4)
Insertion loss <3.5dB

1 dB bandwidth > 220 GHz
Grid 400 GHz
Wavelength plan See TABLE II

Crosstalk  with  neighboring <-27.0dB/<-38.4dB

channels (at +/-100GHz)
Integrated crosstalk

<-23.5dB/<-31.0dB

TABLE II
DWDM-MSA [33] COMPLIANT WAVELENGTH PLAN.

Channel Center frequency Center wavelength
1 231.4 THz 1295.56 nm
2 231.0 THz 1297.80 nm
3 230.6 THz 1300.05 nm
4 230.2 THz 1302.31 nm
5 229.8 THz 1304.58 nm
6 229.4 THz 1306.85 nm
7 229.0 THz 1309.14 nm
8 228.6 THz 1311.43 nm
TABLE III
ASHRAE TC 9.9 [34] RECOMMENDED TEMPERATURE RANGES
FOR DATA CENTERS.
Equipment Recommended Acceptable
class temperature temperature
range (°C) range (°C)
Al 18 to 27 15to 32
A2 18 to 27 10 to 35
A3 18 to 27 5 to 40
A4 18to 27 5to 45

3
400 GHz grld 200 GHz
O i T
° ¥
m
©
o
N
' 20dB BW '
Frequencil

Fig. 2. Definition of filter specifications. The vertical dashed
lines mark the location of the targeted frequencies. The gray
200 GHz wide areas mark the expected overlap with the input
signals, composed of ~125GHz signal bandwidth plus
~75 GHz for thermal drift.

Next, the bandwidth-related filter penalty is studied using
VPItransmissionMaker™. The TX and RX bandwidth of the
CPO lanes was set to 112 GHz and 56 GHz, respectively. We
assume a CAWG passband shape as depicted in Fig. 12. The
frequency axis is rescaled for achieving filters with varying
1 dB bandwidth, ranging from 100 GHz to 300 GHz. The
receiver sensitivity penalty for 112 GBd NRZ and PAM4 as a
function of the AWG’s 1 dB bandwidth is depicted in Fig. 3(a).
While ~150 GHz of bandwidth is sufficient to keep the penalty
low (~0.1 dB for NRZ, ~0.7 dB for PAM4), no margin is given
to allow for frequency offsets between the CPO output
wavelength and the AWG channel. We target to support at least
+36 GHz frequency offset to cover the estimated thermal
frequency drift within a 40 °C temperature span. This sets the
lower bound for the 1 dB bandwidth to ~220 GHz. Increasing
the bandwidth beyond this value is advantageous for relaxing
frequency alignment requirements between CPO and AWG, as
studied in Fig. 3(b). We find that a narrow 1 dB filter bandwidth
of 130 GHz is very prone to misalignment and requires around
20 GHz of alignment accuracy. The targeted filter 1dB
bandwidth of 220 GHz relaxes the alignment requirement and
gives sufficient margin for thermal drift: Up to +62 GHz and
+70 GHz misalignment are allowed to keep the penalty below
0.5dB in case of NRZ and PAM4, respectively. When
increasing the filter’s 1dB bandwidth to 300 GHz, the
misalignment tolerance increases to ~100 GHz.

The combination of AWG filter bandwidth, filter shape, and
wavelength grid impacts the optical crosstalk between
neighboring channels, see Fig. 2. Our definition of crosstalk
refers to the residual transmitted power into the neighboring
gray bands in Fig. 2, that mark the expected possible overlap of
the filter with the input signals. In our use case, the width of
such overlap span is set to 200 GHz and derives from the signal
bandwidth of ~125 GHz plus ~75 GHz margin for thermal drift.

We analyze the crosstalk requirements of the DEMUX in the
presence of 7 aggressor channels using an analytical receiver
model [35] in Python. The channel under test is exposed to
crosstalk from 2 neighboring channels and 5 non-neighboring
channels. We assume a TX extinction ratio (ER) of 4 dB,
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0.5 A/W input-referred RX photo diode responsivity, a TIA
with input-referred noise density of 18 pA/VHz, and a receiver
bandwidth of 56 GHz. Each aggressor channel is treated as a
white noise source that degrades the SNR of the received
channel under test.
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Fig. 3. Receiver sensitivity penalty for 112 GBd NRZ and
PAM4 at a pre-FEC BER threshold of 1x1073. (a) Penalty as a
function the 1 dB bandwidth of the demultiplexing AWG. At
least 150 GHz of 1 dB bandwidth are required to limit the filter
related penalty to 0.1 dB for NRZ and to 0.7 dB for PAMA4.
(b) Penalty as a function of frequency misalignment between
signal and AWG passband center for filters with 1 dB
bandwidth of 130 GHz, 220 GHz, and 300 GHz.
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Fig. 4. Simulated sensitivity penalty of a 112 GBd NRZ and

PAM4 signal at a pre-FEC BER threshold of 1x103 as a

function of integrated crosstalk due to neighboring and

non-neighboring channels.

-35

RX OMA penalty due to optical crosstalk between channels
_15 i

—1.0
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10 Jre
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|
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Fig. 5. Simulated sensitivity penalty in dB of an 8 channel
112 GBd NRZ (blue) or PAM4 (magenta) system as a function
of crosstalk due to neighboring and non-neighboring channels
ata pre-FEC BER threshold of 1x1073. Penalties above 2 dB are
not depicted in the figure.

The simulated RX sensitivity penalty as a function of
integrated crosstalk is depicted in Fig. 4 for 112 GBd NRZ and
PAM4. In order to keep the sensitivity penalty below 0.1 dB,
the integrated crosstalk should not exceed -23.5 dB for NRZ
and -31.0 dB for PAM4.

We define two groups of channels: Neighboring and
non-neighboring channels. We assume equal crosstalk
contributions from all 5 non-neighboring channels. Likewise,
we assume equal crosstalk contributions from both neighboring
channels. The sensitivity penalty as a function of crosstalk from
neighboring and non-neighboring channels is illustrated in
Fig. 5. From these contour plots, assuming a non-neighboring
channel crosstalk of < -40 dB, we extract a neighboring channel
crosstalk target of < -27.0 dB and < -38.4 dB for NRZ and
PAMA4, respectively, for a sensitivity penalty below 0.1 dB.

The crosstalk between neighboring channels is
predominantly determined by the steepness of the filter. For a
flattop filter this is often characterized by the 1 dB/ 20 dB
bandwidth ratio. E.g. the bandwidth ratio of a perfect
rectangular filter (with no crosstalk) would be 1, while a typical
bandwidth ratio for a flattop AWG in PLC is around 0.41 [26].
Assuming the minimum 1 dB bandwidth of 150 GHz from
Fig. 3(a), the resulting 20 dB bandwidth of such AWG filter
would be 341 GHz (+170.5 GHz). We can see that such a
flattop filter cannot support < -27 dB neighboring channel
crosstalk for an (ADOPTION) CPO with 200 GHz grid,
however, such filter may be sufficient for systems with
400 GHz grid, as the extrapolated crosstalk at +300 GHz
is -44 dB. Therefore, a 400 GHz AWG grid was selected, as it
combines low crosstalk with a wide flattop passband that
provides adequate thermal margin for passive operation over
data center temperature ranges and stable alignment with
112 GBd CPO transceivers without active wavelength control.
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IV. SILICA-ON-SILICON PLATFORM

The cascaded AWG of this work has been fabricated on a silica-
on-silicon platform. The refractive index contrast between SiO»
waveguide core and SiO, waveguide cladding is approximately
0.019. The simulated fundamental TE mode at a wavelength of
1300 nm of a waveguide with 4 um width and 6 pm height is
depicted in Fig. 6. The mode field diameters of the mode are
4.75 pm x 6.27 pm. The manufacturing process flow of the
AWG is illustrated in Fig. 7. A crystalline silicon substrate (1)
gets thermally oxidized (2). The resulting thermal oxide layer
has a thickness of 16 pm. A 6 um-thick core Germanium-doped
SiO; layer is then deposited (3) on top of the thermal oxide via
Flame Hydrolysis Deposition (FHD). The core oxide is then
patterned through lithography (4) and dry etching (5). After
etching, a 22 um-thick cladding oxide layer is deposited via
FHD (6). For improving the crosstalk between neighboring
channels, as will be discussed in section V, an additional
lithography (7) and SiO; etching (8) step is performed, followed
by a local deposition of black paint (9).

Cladding SiO,
n = 1.44604
/Core SiO,
—_ n = 1.46435
=)
s
W
.
o
W
«—4puym—
Thermal SiO,
=1.44580

0 n

Fig. 6. Simulated mode profile of the fundamental TE mode
of a 4 um wide waveguide core.

1) Silicon wafer 2) Thermal oxidation 3) Core oxide

deposition via FHD
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Si Si Si
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Photo resist ) - -
Core SiO, Cladding SiO,
A
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| q o l:
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Fig. 7. Manufacturing process flow.
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Fig. 8. Cascaded AWG layout. (a) Schematic. (b) Layout.

TABLE IV

CAWG DESIGN PARAMETERS.
Design parameter AWG, AWG:
Number of arrayed waveguides 10 165
Width of arrayed waveguides 6 um 4 um
Path length difference 505.195 um 35.689 um
Focal length 664.814 um 3384.670 um
Spacing of output waveguides - 29.6 um
Width of input/output WGs 4 um 4 um
Minimum bend radius 2250 pm 2250 pm
Diffraction number 566 40
Free spectral range 0.400 THz 5.659 THz

V. CASCADED AWG DESIGN

The CAWG consists of two directly joint AWGs. The
individual AWGs have been designed following the design
approach described by Dragone [36] where the first 1x1 AWG
has a free spectral range of 400 GHz and the second 1x8 AWG
has a channel spacing of 400 GHz. The 1x1 stage pre-shapes
the spectrum by creating a spot that travels the Brillouin zone
of AWG; for the duration of one order. The 1x8 stage has eight
spots moving at the same location, one for each output, each
being synchronized for the duration of exactly one order of
AWG;. Because both stages are spectrally synchronized, their
fields combine coherently to produce a flatter, broader, and
lower-loss response than a single AWG can achieve.

The layout of the cascaded AWG is depicted in Fig. 8. Spot
size converters are used to convert the mode field diameter to
~9 um for efficient coupling to standard single mode fibers.
Optical loopbacks are included in the PIC layout for simplifying
the optical alignment procedure of the fiber array units.
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The key design parameters of AWG; and AWG,, e.g. the
number of arrayed waveguides, their dimensions and spacing,
the path length difference between adjacent waveguides, the
minimum radius, and the focal length, are summarized in
TABLE IV. The eight output waveguides of the second AWG
are located on a circle with diameter equal to its focal length
(Rowland mounting). All input and output waveguides have a
width of 4 pm.

For illustration of the superior bandwidth and insertion loss,
we compare the measured passband of the AWG cascade with
the measured passband of a regular flattop AWG that uses a
non-adiabatic taper on the input side, see Fig. 9(a). The AWG
cascade has significantly lower loss and a much squarer
passband than the single flattop AWG counterpart [29]. Due to
the adjacent order diffraction modes from the first AWG
entering the second AWG one will observe detrimental
sidelobes in the passband approximately one channel away
from the central wavelength of each channel. These sidelobes
can be eliminated by creating an iris, as proposed by Maru et al.
[37], i.e. by etching a slot which is subsequently filled with
black paint, at the location where the first and second AWG
meet. A microscope image of this section with etched iris, prior
and after deposition of black paint is depicted in Fig. 10. A
comparison of the achieved crosstalk with and without applied
iris is shown in Fig. 9(b). By reducing the aperture of the iris
one can further improve the isolation as the stopband is
squeezed while the passband is maintained.
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Fig. 9. (a) Measured transmission spectra of a cascaded
AWG vs. a standard flattop AWG with non-adiabatic taper on
the input side. (b) Measured transmission spectra of a cascaded
AWG without and with iris. The iris successfully suppresses the
sidelobes, thus improving the device crosstalk.
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deposition

................

AWG; output

AWG, input

Fig. 10. To reduce crosstalk between channels, an iris is
created at the location where the first and second AWG meet
(white dashed lines). The iris is realized by etching a slot which
is subsequently filled with black paint.

The CAWG samples have been fabricated in the cleanroom
facility of Broadex Technologies UK, following the
manufacturing process flow as depicted in Fig. 7. Individual
dies are separated via dicing. The optical facets were 8° angle-
polished after dicing. A total of 20 devices have been fabricated
and tested. A photograph of a fabricated sample is depicted in
Fig. 11(a). The samples were tested prior to and after pigtailing
the chips with fiber array units (FAU). FAU-to-chip coupling
losses are 0.4 dB per interface. A picture of a pigtailed CAWG
is depicted Fig. 11(b). The AWG is mounted on a Kovar
substrate for good thermal conductivity during thermal testing.

of a packaged device. The PIC is pigtailed with a 5-channel
FAU at the input and a 12-channel FAU at the output. 4 fibers
per FAU are exclusively used for alignment loopback. The PIC
is mounted on a Kovar substrate for good thermal conductivity
during thermal testing.
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VI. TEST RESULTS

The fabricated samples have been tested prior and after
pigtailing. Die testing was performed with a tunable laser
source, a polarization controller, an SMF FAU at the CAWG
input, an MMF FAU at the CAWG outputs, and a power meter
array terminating the outputs. The Mueller Matrix analysis [38]
is used for evaluating the polarization dependent loss of the
CAWG channels. The pigtailed samples are characterized using
an O-band broadband source and an optical spectrum analyzer.
Fig. 12 depicts exemplary transmission spectra of a pigtailed
AWG. The gray dotted lines indicate the targeted center
frequency of the pass-bands. The gray bands indicate the
targeted 200 GHz input frequency spans for the input signals.
Our crosstalk values refer to these gray 200 GHz spans,
assuming a signal bandwidth of ~125 GHz. The average
crosstalk between neighboring channels is below -45 dB.
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Fig. 12. Measured transmission spectra of the 8 AWG outputs.
The gray dashed line and the gray areas indicate the targeted
passbands. RBW set to 3.5 GHz. The background crosstalk
level is around -45 dB.
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Fig. 13. Measured spectra at coarse (125 GHz) resolution
bandwidth to illustrate the insertion loss for a 112 GBd signal.
The measured insertion loss varies from channel to channel
between -2.6dB and -2.8dB.

When measuring the insertion loss (IL) of the channels, we
must consider the bandwidth of the expected input signals of
~125 GHz. Therefore, we perform a conversion of the
resolution bandwidth (RBW) of the measured spectra from
3.5 GHz to 125 GHz as depicted in Fig. 13. The measured IL
varies from channel to channel between 2.6 dB to 2.8 dB.

We characterize IL, PDL, frequency offset, grid, 1 dB
bandwidth and crosstalk of all 8 channels on 20 samples before
pigtailing and partially after pigtailing. The IL and PDL
distributions of the devices are depicted in Fig. 14. Violin plots
are visualizing the channel-to-channel variation. Prior
pigtailing, the best device had an IL of 2.3 dB. After pigtailing,
the best device has a mean IL of 2.7 dB, while the average IL
of the pigtailed samples is 3.2 dB. The typical PDL is below
0.5 dB; 0.2 dB on average.
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Fig. 14. Measured insertion loss and polarization dependent
loss of 20 devices before and after pigtailing. The violin plots
depict the distribution within each set of 8 channels.

340
E 320
~ & r © z : % =
= 300 <3 + - e T
@ =
EE 280 Actively aligned MMF FAU
260 Pigtailed SMF FAU
_.550
T
£500{ , —® 5 . £ g
% E e %
m 450 == % z &
3 Actively aligned MMF FAU
™ 200 Pigtailed SMF FAU
0 5 10 15 20

Device ID
Fig. 15. Measured 1 dB bandwidth and 20 dB bandwidth of
20 devices before and after pigtailing. The violin plots depict
the distribution within each set of 8 channels.

© 2026 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.



This article has been accepted for publication in Journal of Lightwave Technology. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/JLT.2026.3660127

MANUSCRIPT ID NUMBER: JLT-38985-2025

410
§405
9400— LA | '.:III;Erzzlzl
e
O 305 l Actively aligned MMF FAU
Pigtailed SMF FAU
390
= x

& z

S 0 - I L

9 Y S

$-20 * - Actively aligned MMF FAU
& Pigtailed SMF FAU

2 .40

w- 0 5 10 15 20

Device ID
Fig. 16. Measured channel grid and frequency offset from
target of 20 devices before and after pigtailing. The violin plots
depict the distribution within each set of 8 channels.
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Fig. 18. AWG transmission spectra measured at 15°C, 30°C

and 46°C. RBW set to 3.5 GHz.

Fig. 15 depicts the distributions of the bandwidth. The 1 dB
bandwidth is (300.8 + 4.4) GHz and 20 dB bandwidth is (479.5
+ 20.0) GHz. The resulting 1 dB to 20 dB bandwidth ratio is
(0.63 £ 0.03). The distributions of grid and passband center
frequency offset from the target are depicted in Fig. 16. The
measured grid is (399.8 £ 0.4) GHz. Observed frequency
offsets remain below 40 GHz at room temperature.

The measured crosstalk is shown in Fig. 17. The crosstalk
into neighboring bands is on average below -40.2 dB prior
pigtailing. During die testing the measured crosstalk level was
limited by stray light captured by the large aperture of the multi-
mode FAU used to probe the output waveguides to simplify
coupling. After pigtailing the output with a single mode fiber
array unit, less stray light is coupling into the output fibers and
the measured average crosstalk improves further to -45.1 dB.
The measured integrated crosstalk is (-39.6 + 3.2) dB.

Finally, we characterize the temperature drift of the CAWG
passband center frequencies by mounting a pigtailed sample
onto a TEC. The CAWG spectra are measured at 15 °C, 30 °C,
and at 46 °C, see Fig. 18. The measured thermal drift of
(-1.8£0.3) GHz/K is in line with the original estimation
of -1.8 GHz/K based on the thermo-optic coefficient of glass
[18] and including the contribution from thermal expansion of
the relative path length differences.

A summary of our experimental results and a comparison
with the device specifications from TABLE 1 is depicted in
TABLE V. It can be seen that all targets are met for both NRZ
and PAM4 operation, proving that the device performance is
well suitable for expanding the radix of 400 GHz WDM
transceivers for high-switch radix data center networks.
Furthermore, the consistent results from 20 devices proves that
the design is well manufacturable.

The performance of our flattop CAWG design is compared
to prior art flattop designs in PLC, silicon and SizNs. A
high-level comparison of the insertion loss and flattop shape of
the reviewed filters is illustrated in TABLE VI. We find that the
CAWG passband outperforms previously reported flattop
AWGs in PLC [26] both in terms of insertion loss and in terms
of its rectangular shape. Resonant integrated photonic filters
based on ring cascades [39] or Bragg gratings [40] can also
feature comparable 1 dB to 20 dB bandwidth ratios (~0.6),
however, their functionality is limited to a single polarization
and channel. Cascading such single channel filters for WDM
and applying polarization diversity can overcome this
limitation, however, at the cost of increasing the DEMUX
insertion loss.
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TABLE V

COMPARISON OF ACHIEVED PERFORMANCE AGAINST TARGET

SPECIFICATION (TABLE I), INCLUDING FIBER COUPLING LOSSES.

Parameter Measured Target
(best / average) (NRZ /| PAM4)

Insertion loss 2.7dB/3.2dB <3.5dB

1dB bandwidth 307.8 GHz / > 220 GHz
300.8 GHz

Grid 400 GHz / 400 GHz
399.8 GHz

Crosstalk from -50.7dB/ <-27.0dB/

neighboring -45.1 dB <-38.4dB

channels

Integrated <-434dB/ <-23.5dB/

crosstalk <-39.6 dB <-31.0dB
TABLE VI

COMPARISON OF ACHIEVED DEVICE PERFORMANCE WITH
PREVIOUSLY PUBLISHED FLATTOP DEMUX DEVICES,
EXCLUDING FIBER COUPLING LOSSES (2% 0.4 DB).

Reference Approach 1dB-to-20dB Channel
bandwidth insertion
ratio loss (dB)
This work Cascaded PLC 0.63 +0.03 24+0.3
AWG (0.67 best) (1.9 best)
[26] PLC MZI-AWG 0.54 3.2
[26] Single PLC 0.41 4.7
AWG (Flattop)
[29] Cascaded SiN Not reported 4.0
AWG
[39] 5 coupled SiPh ~0.6 22
ring resonators (single
(single pol. + channel)
active tuning)

VII. CONCLUSION

We experimentally demonstrated a flattop PLC-based

O-band 8-channel cascaded AWG design with 400 GHz
channel spacing, simultaneously reaching a 1 dB bandwidth of
300 GHz and a crosstalk below -40 dB. The device has a steep
filter response with 1 dB to 20 dB bandwidth ratio of 0.67. The
measured fiber-to-fiber loss is as low as 2.7 dB and the PDL is
below 0.2 dB. The combination of low IL, high bandwidth, low
crosstalk, and reproducible manufacturability make the device
particularly attractive for WDM-based data center and Al
networks architectures that benefit from a large network switch
radix.
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