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Abstract

Link technologies in today’s data center networks impose a funda-
mental trade-off between reach, power, and reliability. Copper links
are power-efficient and reliable but have very limited reach (< 2 m).
Optical links offer longer reach but at the expense of high power
consumption and lower reliability. As network speeds increase, this
trade-off becomes more pronounced, constraining future scalability.

We introduce MOSAIC, a novel optical link technology that breaks
this trade-off. Unlike existing copper and optical links, which rely
on a narrow-and-fast architecture with a few high-speed channels,
MosAIC adopts a wide-and-slow design, employing hundreds of par-
allel low-speed channels. To make this approach practical, MOSAIC
uses directly modulated microLEDs instead of lasers, combined with
multicore imaging fibers, and replaces complex, power-hungry elec-
tronics with a low-power analog backend. MOSAIC achieves 10x
the reach of copper, reduces power consumption by up to 68%, and
offers 100 higher reliability than today’s optical links. We demon-
strate an end-to-end MOSAIC prototype with 100 optical channels,
each transmitting at 2 Gbps, and show how it scales to 800 Gbps and
beyond with a reach of up to 50 m. MOSAIC is protocol-agnostic and
seamlessly integrates with existing network infrastructure, providing
a practical and scalable solution for future networks.
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Figure 1: As network speeds increase, the reach of copper links
shortens and the power of optical links grows.

(SIGCOMM °25), September 8—11, 2025, Coimbra, Portugal. ACM, New
York, NY, USA, 14 pages. https://doi.org/10.1145/3718958.3750510

1 Introduction

To meet the increasing demands of cloud and Al workloads, data
center operators are forced to make a hard compromise by choosing
between reach, power, and reliability for the network links. Electrical
(copper) links are power-efficient and highly reliable but can only
transmit up to a very short distance (< 2 m), restricting their use to
within a single rack. On the other hand, predominant optical links
used in data centers (active optical cables or AOCs [2]) span tens of
meters but at the cost of high power consumption and high failure
rates (up to 100x worse than copper).

Looking ahead, as network speeds increase, these limitations are
worsening as optical links’ power consumption continues to rise
while copper’s reach keeps shrinking (Fig. 1). Therefore, in the
near future, we expect an increased reliance on optical links even
within a rack. This perfect storm suggests that data centers might
face a networking wall, similar to the memory wall [14], leading to
higher deployment costs, greater power consumption, and reduced
reliability.
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To solve these challenges, we need a fundamental rethinking of
the link technology. In this paper, we introduce MOSAIC, a novel
optical link technology that breaks the optics versus copper trade-
off, enabling long reach, low power, and high reliability simulta-
neously. MOSAIC is backward-compatible with existing standard
link form factors (e.g., pluggable QSFP/OSFP [54]) and electrical
host interfaces (e.g., PCle or VSR/MR [57, 63]), offering a drop-in
replacement for today’s optical and copper links without requiring
any server or switch changes.

The key insight behind this work is that the optics versus cop-
per trade-off stems from their reliance on a narrow-and-fast (NaF)
model, which utilizes only a few high-speed serial channels (e.g.,
8 % 100 Gbps channels for an 800 Gbps link). In copper links, higher
channel speeds lead to greater signal integrity challenges, which
limits their reach. In optical links, high-speed transmission is inher-
ently power-inefficient, requiring power-hungry laser drivers and
analog/digital converters (ADC/DAC) as well as complex digital
signal processing (DSP) and forward error correction (FEC) to com-
pensate for transmission impairments. Sustaining high speeds also
pushes the limits of optical components (e.g., lasers and modulators),
which increases failure rates and reduces overall reliability (§2).
These challenges worsen as channel speeds increase.

In contrast, MOSAIC employs a wide-and-slow (WaS) architec-
ture, shifting from a small number of high-speed serial channels to
hundreds of parallel low-speed optical channels. This is reminis-
cent of memory and chip buses, where parallel low-speed channels
are preferred due to their lower power consumption, higher reliabil-
ity, and simpler design [19, 25]. Unfortunately, today’s copper and
optical technologies make such a design impractical due to i) elec-
tromagnetic interference challenges in high-density copper cables
and i) the high cost and power consumption of lasers as well as the
increase in packaging complexity. MOSAIC overcomes these issues
by leveraging directly modulated microLEDs (§3.2), a technology
originally developed for displays [44]. MicroLEDs are significantly
smaller than traditional LEDs (ranging from a few to tens of ttm)
and, due to the small size, can be modulated at several Gbps using
a simple ON-OFF scheme. MicroLEDs are manufactured in large
arrays with over half a million microLEDs in a small physical foot-
print for high-resolution displays, e.g., head-mounted devices or
smartwatches [3, 8]. For our purposes, small arrays of these devices
are sufficient to meet high (aggregate) speeds. For example, assum-
ing 2 Gbps per microLED channel, an 800 Gbps MOSAIC link can
be realized by using a 20x20 microLED array, which can fit in less
than 1 mm x 1 mm die.

MosAIC’s WaS design provides four core benefits. First, operat-
ing at low speed improves power efficiency, achieving up to 68%
power reduction compared to today’s optical links (§5). Second,
by leveraging optical transmission (via microLEDs), it sidesteps
copper’s reach issues, supporting distances up to 50 m, i.e., > 10x
longer than copper and comparable to current AOCs. Third, mi-
croLEDs are more reliable than lasers due to their simpler structure
and temperature insensitivity [65]. The parallel nature of WaS$ also
makes it easy to add redundant channels, further increasing relia-
bility — two orders of magnitude better than AOCs (§7). Finally,
the WaS approach is also scalable as higher aggregate speeds (e.g.,
1.6 Tbps or 3.2 Tbps) can be achieved by increasing the number of
channels and/or raising per-channel speed (e.g., to 4-8 Gbps).
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While conceptually simple, realizing this architecture posed a few
key challenges. First, using individual fibers per channel would be
prohibitively complex and costly due to the large number of chan-
nels. We addressed this by employing imaging fibers, which can
support thousands of cores in a single fiber, enabling multiplexing
many channels within a single fiber (§3.3). Second, compared to
lasers, microLEDs are a less pure light source with i) a larger beam
shape (which complicates fiber coupling) and #i) a broader spectrum
(which negatively affects fiber transmission due to chromatic disper-
sion). We tackled these issues through innovative optical lens design
(§3.4) and a power-efficient analog-only electronic backend, which
does not require any expensive digital signal processing (§3.5). We
also leverage MOSAIC’s high channel count to explore new system
design opportunities to improve reliability (§4.1), reduce electronics
complexity (§4.2), and achieve power proportionality (§4.3).

We demonstrate the feasibility of MOSAIC through an end-to-end
prototype comprising 100 channels, each transmitting at 2 Gbps over
20 m (1.6 Gbps over 30 m) and show how this can naturally scale to
higher aggregate speeds (800 Gbps and beyond) and longer distances
(up to 50 m) in §6. MOSAIC is protocol-agnostic as it simply relays
bits from one endpoint to another without terminating or inspecting
the connection. We have validated our prototype using Ethernet and
InfiniBand stacks (§6) and have confirmed its compatibility with
newer protocols such as NVLink [38] and CXL [17].

In this work, we focus specifically on link technology with the
goal of providing a practical path to scaling existing network designs
(e.g., mainstream Clos topologies) to future generations. Histori-
cally, however, step changes in network technologies have triggered
transformative advances in computing and applications [64]. By
overcoming the reach, power and/or reliability limitations of ex-
isting link technologies, we hope that MOSAIC will also act as an
enabler for many recently proposed (and hopefully new) topologies
and architectures for next generation of data center and Al clusters.
We briefly outline some of these opportunities in §8.

[This work does not raise any ethical issues.]

2 Motivation

In this section, we discuss the limitations of existing copper and
optical interconnects, and explain how MOSAIC’s WaS architecture
overcomes these challenges.

The curse of narrow-and-fast (NaF) architectures. Fig. 1 il-
lustrates the fundamental scaling bottleneck faced by current link
technologies: as data rates increase, copper reach shrinks while opti-
cal power consumption rises. In both copper and optical domains,
the root cause of this poor scalability is the continued reliance on a
NaF architecture with a small number of high-speed channels.

For copper links, higher data rates imply higher modulation fre-
quencies, which suffer from greater signal attenuation over the wire
due to the skin effect and dielectric loss [30]. As signal loss increases
approximately linearly with frequency, this results in roughly halving
the reach at every generation.

For optical links, scaling to higher data rates is challenging both
on the electronics and photonics front. On the electronics side, the
power of analog components such as drivers, clock-and-data recov-
ery (CDR) circuits, and ADCs/DACs grows proportionally to the
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modulation frequency and, unlike digital logic, it has not scaled effi-
ciently to smaller CMOS process nodes [24]. On the photonics side,
higher speeds stretch the performance of optical components such
as lasers and modulators, reducing system margins and tolerance
to noise, thus requiring advanced DSP and forward error correction
(FEC) logic to compensate for impairments. As a concrete exam-
ple of these scaling challenges, in the latest 800 Gbps generation,
the optics industry has resorted to doubling the channel count, i.e.,
moving from 4x100 Gbps lanes for 400 Gbps to 8x100 Gbps lanes
for 800 Gbps, rather than doubling the channel speed as in previous
generations, due to the difficulty of scaling to 200 Gbps per channel.

Beyond power consumption, higher speeds are also directly linked
to higher failure rates. As optical margins shrink, the impact of aging
effects, temperature fluctuations (causing laser wavelength drift),
mechanical stress, and environmental contamination (e.g., dust and
humidity) becomes more pronounced. Further, high-speed DSP chips
consume more power, increasing heat dissipation and accelerating
optical component wear, which further shortens component lifetime.
Finally, the high cost per channel makes it impractical to adopt any
form of redundancy to protect against individual channel failure.

The future looks even bleaker. For example, the next-generation
1.6 Tbps copper links will support <Im reach [41], i.e., less than half
of the size of a rack. In principle, signal loss could be compensated
by adding retimers on-path (active electrical cables or AECs [32]),
which would avoid halving the reach, but this would incur higher
power consumption, bringing it closer to optical solutions. In optics,
the difficulty of scaling beyond 100/200 Gbps per lane leaves the
industry with two costly paths: doubling channel count or moving to
even more complex modulation schemes (e.g., PAM8 or QAM), both
of which will lead to significantly higher power and lower reliability,
not to mention cost implications.

Al clusters: a case in point. The recently announced NVIDIA
NVL72 pod, which comprises 72 Blackwell B200 GPUs in a single
NVLink scale-up domain [40], provides a prime example of the
impact of these limitations on modern Al clusters. A single B200
GPU consumes approximately 1 kW and supports 7.2 Tbps (per di-
rection) of network connectivity through NVLink [39]. NVIDIA has
estimated that connecting them using optics would have increased
rack power consumption by 20 kW per rack (i.e., the equivalent of
20 GPUs), a prohibitive penalty given fixed data center power bud-
get [22]. Further, assuming a 100,000-GPU cluster [46] and typical
failure rates for 800 Gbps links (§7), using optics would also result
in a link failure every 6-12 hours, which would be particularly dis-
ruptive for Al workloads due to their synchronous nature. As a result,
NVIDIA has opted to use copper to support NVLink connectivity.
Due to copper’s short reach, however, all 72 GPUs had to be hosted
within a single rack with a total power consumption of 120 kW per
rack [45]. This resulted in extremely high power density, requiring
complex liquid cooling solutions, which have already caused deploy-
ment delays [61]. Looking ahead, the continuous increase in GPU
power, combined with the shrinking distances of copper intercon-
nects, will make this approach even more challenging. For example,
next-generation NVIDIA NVL576 is projected to consume as much
as 600 kW per rack [35], further raising the complexity of efficiently
scaling future GPU clusters. These trends reinforce the need for link
solutions that are low-power, long-reach, and highly reliable.
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Figure 2: Energy efficiency in pJ/bit (equivalent to W/Tbps)
for different memory and die-to-die interconnects operating at
different data rates per channel.

Can a wide-and-slow (WaS) architecture help? The challenges
associated with NaF architectures suggest that a disruptive shift is
necessary. Interestingly, memory and chip interconnects typically
adopt WaS architectures with many low-speed parallel channels to
reduce power consumption. Fig. 2 shows the relationship between
channel speed and energy efficiency in pJ/bit (which is equivalent to
‘W/Tbps) across various chip interconnect technologies, comparing
traditional high-speed serial links (XSR [59]) with wide-and-slow
approaches (UCle [36], BoW [42, 56], OpenHBI [43]). The results
demonstrate that lower per-channel data rates consistently lead to
higher overall energy efficiency. Beyond power savings, as pre-
viously discussed, slower speeds also provide lower channel loss
(for copper links) and higher reliability (for optical links). Given
these advantages, one might wonder why networking link technolo-
gies deviated from memory and die-to-die interconnects, adopting a
narrow-and-fast design instead?

The reason lies in fundamental physical constraints. Unlike board
traces, which can be densely routed with fine-pitch wiring, meter-
long copper cables would suffer from electromagnetic interference
(EMI) and crosstalk when multiple lanes are closely packed. As a
result, increasing the number of lanes in a copper cable is impracti-
cal beyond a certain point, forcing high-speed serial transmission to
maximize bandwidth over fewer lanes. While optics eliminate EMI,
laser power consumption does not scale well with increasing channel
count. A single laser used for communication typically consumes
10s to 100s of mW, and scaling up to hundreds of lasers would result
in excessive power consumption. Additionally, the complexity of
packaging multiple lasers and fibers at scale would incur severe reli-
ability and manufacturing constraints. Finally, due to their reliability
issues, increasing laser count would proportionally increase failure
rates.

By adopting microLEDs as light source, MOSAIC overcomes
these limitations, providing a practical way to implement an optical
WaS solution. First of all, unlike copper, microLEDs use optical
transmission, eliminating EMI and allowing channels to be densely
packed without interference. Second, a microLED operates at just a
few 100s of W, orders of magnitude lower than traditional lasers,
making it possible to scale to hundreds of channels without excessive
power consumption. Third, a monolithically-integrated microLED
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Figure 3: MOSAIC’s high-level WaS architecture and key com-
ponents.

array can accommodate over 400 channels in 1 mm?2, enabling ultra-
dense solutions with a simple packaging design when combined
with MOSAIC’s compact multicore imaging fiber (§3.3). Finally,
unlike lasers, which require temperature control and active wave-
length stabilization, microLEDs are intrinsically more robust and
due to their array nature it is easy to add redundant channels to
further enhance reliability. In the following sections, we describe
how MOSAIC leverages microLEDs to create a WaS interconnect
that combines long reach, low power, and high reliability.

3 MOSAIC Design

In this section, we describe the key components of our proposed
link technology and highlight the main differences compared to
mainstream, laser-based optical cables. We first start with a high-
level overview and then we discuss each individual component in
detail.

3.1 Overview

Fig. 3 illustrates the key building blocks of our technology. MOSAIC
adopts a WaS architecture, i.e., it uses a large number of parallel chan-
nels, each operating at relatively low data rate per channel, 2 Gbps in
our prototype (§6), using microLEDs as transmitters (§3.2). To scale
to speeds of 800 Gbps and higher, we use a grid architecture. Sim-
plistically, we could assume to just provision as many microLEDs
as the ratio between the target link speed and the channel rate (e.g.,
400 microLEDs in a 20 x 20 grid for 800 Gbps, at 2 Gbps per mi-
croLED). However, we show in §4 that introducing a few spare
channels or overprovisioning can greatly improve link reliability as
well as reducing the electronic complexity and power consumption
with only marginal impact on overall power and cost.

Unlike lasers used for communication, which operate in the infra-
red range, microLEDs operate in the visible range (400 nm—700 nm).
This is advantageous because it allows the use of low-cost CMOS
sensors as receivers, similar to those found in mobile phone cam-
eras (§3.2). A potential downside of using a large number of channels
though is the increase in fiber count. In fact, if we were to naively use
a separate fiber per channel as is the case today, the additional cost
and complexity of managing such a large bundle would be unsustain-
able. Therefore, in MOSAIC, we depart from traditional single-core
fiber in favor of multicore imaging fiber (§3.3) and we use custom
micro-optics to efficiently couple light into it (§3.4). Transmitting
at low speeds significantly reduces the electronics complexity, as
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Figure 5: MOSAIC can seamlessly replace existing optical and
copper cables without any hardware changes.

no DSP is needed. We take advantage of this to design a power-
efficient electronic backend, which relies on simple ON-OFF (NRZ)
modulation scheme and low-speed analog equalization (§3.5).

In the design of MOSAIC, we ensured that all these components
can fit within the form factor and support the same electrical interface
as today’s network links, enabling full compatibility with current
network architectures and hardware. Modern data center networks
use a multi-tier structure where copper cables connect servers to rack
switches and AOCs link racks to row switches (Fig. 4), although
due to the copper scalability challenges discussed in §2, in the
near future we expect optical links to be used within the rack too.
Both copper and optical links rely on the same standard pluggable
connectors (e.g., QSFP, OSFP [54]) and electrical interface (e.g.,
PCle, VSR/MR [57, 63]), ensuring deployment flexibility as both
copper and optical cables can coexist.

We adopted a similar approach in MOSAIC and followed the
same standards (§6), thus enabling replacing today’s optical and
copper links with MOSAIC ones, without requiring any modifica-
tions to switches or network interface cards (NICs) (Fig. 5). This
provides a practical solution to scale to next generations of network
speeds while maintaining full compatibility with current network
architectures. At the same time, however, MOSAIC also unlocks new
possibilities for novel and more efficient network topologies and
protocols, which we discuss in §8.
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3.2 MicroLEDs and CMOS sensors

MicroLEDs are functionally similar to standard LEDs used for il-
lumination but they are significantly smaller (ranging from a few
um to tens of um, compared with the mm scale of standard LEDs).
The smaller size combined with higher efficiency and lifetime com-
pared to OLED devices used in today’s displays makes them very
attractive for next-generation devices, especially portable ones such
as augmented/virtual reality (AR/VR) head-mounted displays and
smartwatches [44].

Blue and green microLEDs are fabricated on Gallium Nitride
(GaN) wafers, while red microLEDs typically use aluminum gallium
indium phosphide (AlGalnP) although recently red GaN microLEDs
have also been developed. Compared to lasers, microLEDs exhibit a
much simpler structure because they emit light through spontaneous
rather than stimulated emission, i.e., light is generated by simple
recombination of electrons with holes without requiring the use of
any cavities like in lasers. This reduces manufacturing costs and
increases reliability (including resilience to temperature variations).
Further, unlike lasers, microLEDs have no lasing threshold, enabling
operating at very low power levels. However, microLEDs also intro-
duce two main downsides compared to lasers. First, the light beam
generated by microLEDs is not collimated and it covers most of
the emitting surface. This makes it harder to couple into the fiber,
requiring the development of a new micro-optics design, specifically
tailored for microLED emitters (§3.4). Second, microLEDs emit
light with a much broader spectrum (tens of nm versus sub-pm)
than lasers. This is particularly challenging for communication over
fiber due to the impact of chromatic dispersion. This occurs be-
cause the propagation speed of light within a medium depends on its
specific wavelength and, hence, if a signal comprises different wave-
lengths (i.e., it has a broad spectrum), each component will travel at
a different speed, distorting the signal. We discuss the implications
of this phenomenon and our proposed solution in §3.5.

A key advantage of operating in the visible range is the abil-
ity to use CMOS sensors (or silicon photodetectors), which are
functionally equivalent to the ones found in mobile phone cam-
eras, although operating at higher frequency (1-2 GHz as opposed
to cameras’ 120 Hz rates). This provides two key benefits. First, it
enables leveraging the very mature and proven CMOS ecosystem
and technology, which results in lower costs. Second, since they
share the same CMOS technology as the receiver-side electronic
backend (§3.5), they allow for tighter integration, including mono-
lithic design, i.e., having a single silicon die with both the analog
electronic components and the photodetector array, which further
reduces costs (because it leads to fewer dies and avoids the need for
complex packaging) as well as power (due to the tighter integration
and shorter electrical traces).

3.3 Multicore Imaging Fiber

Imaging fibers are mass-produced and commercially available for
medical applications (e.g., endoscopy) and illumination but they
are typically not used for communication. They can comprise up to
10,000 cores per fiber. This is important because it enables multiplex-
ing many MOSAIC channels within a single fiber, greatly simplifying
packaging and deployment, and reducing costs.
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Figure 6: Example of a multicore imaging fiber with 1,000s of
cores and 400 channels (left). Each channel is mapped onto
multiple cores (right).

In principle, we could implement a 1:1 mapping between each
fiber core and a microLED. In our design, however, given the abun-
dance of available cores, we found it more beneficial to map a single
microLED onto multiple fiber cores (see Fig. 6). This approach sig-
nificantly relaxes alignment accuracy requirements, thus reducing
overall complexity and cost.

Another advantage of using a single imaging fiber, as opposed
to a bundle of discrete fibers, is that an imaging fiber is fabricated
in a single process. This fabrication approach ensures that transmis-
sion characteristics such as optical loss and chromatic dispersion
remain highly uniform across all cores within the same fiber. It also
means that all cores have nearly identical lengths. Combined with
the relatively slow per-channel data rate, this results in negligible
channel-to-channel skew. For example, even assuming an extremely
large length mismatch of 1 cm, with a light propagation speed in
fiber of 5 ns/m, the resulting delay difference is only 50 ps. This
corresponds to just 10% of the bit period (0.5 ns at 2 Gbps), which
can be easily tolerated.

3.4 Micro-optics

A major disadvantage of using microLEDs compared to traditional
lasers is that the former are Lambertian emitters, i.e., as shown
in Fig. 7 (left), they emit across a hemisphere rather than generating
a collimated spot as lasers do. This makes it harder to couple into
the fiber without compromising on coupling efficiency. Additionally,
the Lambertian beam shape in a multi-channel setup can lead to
inter-channel crosstalk, as light from one microLED may couple
into adjacent channels within the array.

To address this issue, initially we experimented with using stan-
dard micro-lens array (MLA) as depicted in Fig. 7 (center). However,
while MLAs helped to improve coupling efficiency, they were still
unable to capture much of the light. Therefore, we developed a
novel custom lens design that leverages the principle of total internal
reflection (TIR). TIR lenses are functionally similar to those used
in torches and consist of a two-component micro-optics design, as
shown in Fig. 7 (right). This design traps light within the lenses and
achieves more than 2x higher coupling efficiency than MLAs. An
important feature of these lenses is that despite their unconventional
design, they are compatible with wafer-scale, high-throughput and
low-cost manufacturing using nano-imprinting lithography [15].
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3.5 Electronics

In today’s optical links, the electronic backend is a critical contribu-
tor to overall power consumption (§5), largely due to the presence
of complex DSP circuitry required to compensate for transmission
impairments at 100 Gbps speeds and beyond.

In MOSAIC, instead, we take advantage of the low channel speeds
to drastically simplify the electronic design and achieve a very low-
power solution. We adopted the following three design principles.
First, each channel employs a simple non-return-to-zero (NRZ) cod-
ing scheme, consisting of just two levels (ON and OFF). Compared
to the more complex 4-level signaling scheme (PAM-4) prevalent
in today’s links, NRZ requires a lower signal-to-noise ratio (SNR),
has less stringent linearity requirements, and does not require expen-
sive digital-to-analog (DAC) or analog-to-digital (ADC) converters.
Due to the lower SNR requirements, no additional forward error
correction (FEC) logic is needed, which further reduces complexity.
Second, due to lower channel speeds, MOSAIC does not require any
DSP logic but it only relies on analog equalization blocks to compen-
sate for transmission impairments. Finally, by leveraging the ability
to overprovision channels, we dedicate some of them to transmit
the clock signal, thus avoiding the need for a full-fledged clock-and-
data-recovery (CDR) circuit at the receiving end. We discuss this in
more detail in §4.

4 Channel Overprovisioning

A key benefit of the WaS architecture is that overprovisioning redun-
dant channels is relatively inexpensive, since the cost per channel
represents only a small fraction of the total. MOSAIC leverages this
overprovisioning to enhance reliability (§4.1) and reduce power
consumption (§4.2 and §4.3).

4.1 Fault tolerance

Each channel in MOSAIC targets a Bit Error Rate (BER) before
applying forward error correction (FEC) specified by the layer-2
protocols used in data centers, such as Ethernet and InfiniBand. For
example, IEEE standard for Ethernet [23] specifies a pre-FEC BER
of 2 x 10~*. More specifically in the Ethernet physical layer (PHY),
MosAIC wide-and-slow conversion is effectively applied in the
physical medium attachment (PMA) sublayer, and the physical cod-
ing sublayer (PCS) handles the FEC encoding and decoding. Since
PCS sits higher in the PHY stack than PMA, all the independent
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channels including the redundant ones in MOSAIC are still under
the FEC protection. Hence, the layer-2 link will expose the same
post-FEC error characteristics and post-FEC BER guarantee as using
the original narrow-and-fast architecture.

MosAIC further leverages extra channels to increase link relia-
bility. It maintains a small set of channels as hot spares, so when
a channel is determined to have failed, it is replaced by one of
these hot-spare channels. However, such hot sparing, by itself, is
insufficient as any failure will lead to a short downtime.

To achieve near-zero downtime upon channel failure, MOSAIC
adopts a two-layer approach that combines hot spares with a light-
weight, power-efficient error correction code (ECC) such as Ham-
ming coding across all data channels. This enables single-channel
failure masking and localization, while triggering rapid switchover
to a spare channel—all without exposing a link failure or exceeding
pre-FEC BER thresholds. Notably, MosAIC’s ECC scheme operates
at lower latency and overhead than layering an additional FEC on
top of the existing link-layer FEC.

For each transmission cycle, MOSAIC transmits payload bits over
k data channels, augmented by n redundancy channels. The k chan-
nels are partitioned into blocks of b channels; for each block, p parity
bits are generated and transmitted via p additional channels, yielding
a total of k+n channels, where n = % - p. To correct a single-bit error
per block, Hamming coding requires 27 > b+p. For example, with
a channel rate of 2 Gbps, an 800 Gbps link would require k£ = 400
data channels. Assuming b =40, p = 6 parity bits per block would
be required to satisfy the above formula, leading to n = 60 additional
channels and 460 channels in total (i.e., 15% overhead).

We evaluate the effectiveness of this design through both empiri-
cal experiments and large-scale simulations (§7), demonstrating that
MOSAIC achieves reliability comparable to copper links.

4.2 In-band Control Plane

Overprovisioning also enables physically separated in-band con-
trol channels to support link operations (e.g., link training and ne-
gotiation, and network telemetry) without impacting data channel
throughput. An example of how MOSAIC leverages these additional
channels is to forward the clock signal. A common challenge in end-
point communication is ensuring the receiver’s clock is synchronized
with the transmitter’s to accurately sample incoming signals. Tradi-
tionally, transceivers achieve this using a clock-and-data-recovery
(CDR) circuit at the receiver end. This circuit extracts the clock sig-
nal from the incoming data stream using a phase-locked loop (PLL),
a process that consumes significant power and area. In contrast, in
MoOsAIC, the transmitter directly sends its clock signal through a
control channel, allowing the receiver to use this clock signal without
a power-hungry CDR. This approach results in substantial power and
area savings. Implementing this in conventional, NaF transceivers
would be costly; for example, adding an extra channel to a 4-laser
transceiver would increase the channel count, and thereby the cost,
by 25%, whereas adding one channel to a 400-channel array would
only result in a 0.25% increase.

4.3 Power Proportionality

Clock forwarding in MOSAIC not only eliminates the need for a
CDR circuit but it can also contribute to reducing average power
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Figure 8: Power breakdown for one end of the link for today’s
optical links (top) and MOSAIC links (bottom).

consumption. Current CDR-based transceivers must continuously
transmit data, even during idle periods using idle frames, leading to
unnecessary power usage. By leveraging clock forwarding, MOSAIC
avoids the need for constant transmission. Consequently, during idle
periods, it is possible to deactivate some channels, thus aligning
power consumption with actual data transmission. The transmitter in
MoOsSAIC utilizes a simple FIFO (First-In, First-Out) queue for out-
going packets. When this queue is empty, channels are progressively
deactivated. As the queue fills, channels are reactivated as needed,
either until all are operational or the queue is emptied. An in-band
protocol communicates these status changes to the receiver, ensuring
smooth operation. This approach could be particularly beneficial
for Al inference workloads, which are read-dominated and, hence,
exhibit significant asymmetry in utilization across different links.

5 Power Consumption Analysis

In this section, we present our estimates for MOSAIC power con-
sumption and compare it against today’s optical links. We do not
consider copper links as they are passive devices so their power
consumption is essentially zero. In our analysis, we use a 10 m,
800 Gbps AOC as reference [2] because it is the latest generation
for which specifications have been confirmed. We also extrapolate
how power scales for future generations.

Power analysis. We report our power comparison in Fig. 8. Since
the power consumption is the same for both ends of the link, for ease
of illustration, we focus on only one end of the link (i.e., half of the
total link power). We start by considering the power breakdown for
the mainstream baseline [37]. The host interface is responsible for
driving the signal from the optical module to the host (i.e., the switch
ASIC or the NIC) over the PCB trace (see Fig. 5). This is independent
of the optical technology used (e.g., laser or microLEDs) and it is
mostly a function of the trace length. This power can vary from
2.4 W for pluggable modules to 0.2 W for co-packaged optics (CPO),
in which the optical module is located next to the host itself (see
CPO discussion in §9). Next, we have the digital backend (DSP,
CDR, and ADC/DAC), which consumes 3.5 W. The analog frontend,
comprising laser drivers (DRV) and receiver amplifiers (AMP), and
lasers account for 4.7 W (photodetectors’ power consumption is
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negligible). Finally, the on-board microcontroller unit (MCU) and
DC/DC conversion contribute 1.4 W. In total, the aggregate power
for today’s optical links is 9.8-12 W depending on the host interface
used (24 W for the full AOC including both ends).

In contrast, the power of MOSAIC’s optical link is 3.1-5.3 W
(10.6 W for the full AOC), i.e., 56-68% lower than mainstream
baseline. The digital backend only consumes 0.4 W due to its lack of
complex functions such as DSP, ADC/DAC, and CDR (§3.5). It only
has simple gearboxing and lightweight failure protection. The analog
frontend and microLEDs are also significantly lower power than
their mainstream counterparts due to the lower speeds and the lower
power consumption of microLEDs, amounting to 1.2 W. Finally,
we include 1.3 W for the remaining MCU and DC/DC conversion
(the figure is slightly lower than mainstream because DC/DC is
proportional to the module power).

Scaling to 1.6 Thps and beyond. Looking ahead, we expect the
absolute power difference between mainstream and MOSAIC to
grow at each generation due to the challenges of continuing to scale
bandwidth per channel. While 1.6 Tbps optical links are not com-
mercially available yet, initial guidance from leading manufacturers
suggests a power consumption of 23-25 W per transceiver [6]. In
contrast, MOSAIC can scale out to higher speeds by doubling the
number of channels every generation, which would lead to 10.6 W
per transceiver. In fact, we expect that as microLEDs further mature,
it should be possible to achieve even lower power consumption.

Cost. A detailed cost analysis is harder to prepare and it is outside
the scope of this work. Cost breakdowns are typically not publicly
available and final prices depend on complex business arrangements
and volumes. However, beside operational expenditure (OpEx) re-
duction due to lower power consumption, we speculate that the
MOSAIC innovations also result in lower fabrication cost and, hence,
ultimately lower capital expenditure (CapEx). In particular, we envi-
sion three main cost reduction vectors. First, the lack of advanced
DSP or ADC/DAC functionality means that the electronic backend
does not need to be manufactured with small process node (e.g.,
5 nm or 7 nm) as with today’s optical links. Second, the microLED
array is significantly cheaper to fabricate and to integrate with a
CMOS die. Third, the use of imaging fiber with thousands of cores
simplifies alignment. Finally, the ability to overprovision channels
(§4.1) also helps to improve overall yield and, hence, to reduce costs.

6 Prototype

To validate the design of MOSAIC, we implemented an end-to-end
prototype comprising 100 channels, each capable of transmitting
at 2 Gbps. In the following, we first review the key building blocks
of our prototype and then we summarize how this design can be
extended to build an 800 Gbps link in a standard QSFP form factor.

100-channel prototype. We partnered with microLED and CMOS
suppliers to fabricate bespoke 10 x 10 array microLED and CMOS
sensor dies, which we wire-bonded onto a printed circuit board
(PCB) as shown in Fig. 9 (a). The microLEDs require no structural
changes compared to those used for displays, except for the need to
control each pixel individually. For the receiver array, we worked
with a CMOS supplier to fabricate the array shown in Fig. 9 (b).
To improve coupling efficiency, we manufactured a set of custom
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Figure 10: An illustration of the MOSAIC pluggable module (top)
and the cross-sectional view of the chip packaging (bottom left).

micro-lenses on top of both microLEDs and CMOS sensor array,
using the TIR design presented in §3.4.

On the transmitter side, we employed one HTG-940 FPGA [20]
to emulate our electronic backend (§3.5). The FPGA generates the
streams of data, using ON-OFF (NRZ) signaling, feeding a set of
discrete drivers that modulate the microLEDs. The microLED light is
emitted through the micro-lenses and then coupled into the imaging
fiber using a combination of discrete lenses. On the receiver side,
the light from the fiber is coupled into the CMOS sensor array, also
leveraging both discrete lenses and the micro-lenses. The CMOS
sensor array converts the optical signal back to the electrical signal
that is further amplified by discrete transimpedance amplifiers (TIAs)
before entering the receiver FPGA board. In our experiments (§7.1),
following standard industry practices, we used pseudorandom binary
sequences (PRBS) to measure bit error rate (BER). In addition,
we have also connected FPGA boards to two server NICs to send
Ethernet and InfiniBand traffic over our prototype. This is possible
because MOSAIC is protocol-agnostic and operates at the physical
layer, without any connection termination or traffic inspection.

Pluggable module design. In our testbed prototype, we had to
compromise on the channel count and performance due to several
prototyping constraints, e.g., wire bonding and discrete, bulky lenses
and electronics. For the production module, we can take advan-
tage of miniaturization and integration to avoid these limitations.
We envision the design sketched in Fig. 10, whose feasibility has
been confirmed by our suppliers. Compared to our prototype, this
presents several advantages, resulting in better performance and effi-
ciency. First, the use of integrated lenses and custom fiber couplers
drastically improves coupling efficiency and launching conditions,
which results in lower modal dispersion. Second, all drivers and
TIAs are included in a single CMOS chip. Both microLEDs and
CMOS sensor arrays can be vertically bonded on top of the chip.
This configuration improves overall performance by i) considerably
shortening the length of electrical traces and by ii) enabling the use
of smaller microLEDs with smaller pitch by avoiding the wire bond-
ing pitch constraints. Our analysis indicates that 10 wm microLEDs
are sufficient to meet our transmission target while allowing more
than 460 channels to be packed within a single fiber. This would be
sufficient to realize an 800 Gbps transceiver, including more than
10% redundant channels. Higher speed transceivers (e.g., 1.6 Tbps
or 3.2 Tbps) could be realized by using the same microLED sizes
but with smaller pitches, multiple fibers (today’s 800 Gbps AOCs
already use 16 fibers) and/or by increasing modulation speed (e.g.,
to 4 or 8 Gbps per microLED).

7 Evaluation

In the following, we first demonstrate MOSAIC’s performance using
our 100-channel prototype (§6), and then we evaluate the behavior
at scale through large-scale simulations.

7.1 Prototype Experiments

For our prototype experiments, we consider the same setup shown
in Fig. 9. The FPGA on the transmit side generates PRBS and sends
it over the MOSAIC prototype. Upon receipt of the data, the FPGA
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connected to the CMOS sensor array compares the received stream
with the expected PRBS to measure the bit error rate (BER), which
we use as a key metric of interest throughout this analysis. Our target
is to achieve a BER < 2 x 10~%, which is the FEC threshold adopted
by Ethernet and InfiniBand standards for a link to be considered
error-free [23]. Unless otherwise specified, we consider a data rate
per channel of 2 Gbps and a transmission distance of 20 m. In §7.2,
we estimate that MOSAIC can achieve longer distances (up to 50 m)
by avoiding the limitations of our current prototype. Due to the com-
plexity of manually wiring 100 drivers and TIAs, in our transmission
experiments we only used 25 channels at a time but any subset of
the 100 microLEDs could be used.

System performance. We start our analysis by measuring the
individual BER of each channel. Fig. 11 shows the cumulative dis-
tribution of the measured BER for the 25 channels. All of them
are below the FEC threshold with a median BER < 2 x 10~8, This
demonstrates that despite the limitations of our current prototype
(especially the use of large microLEDs, wire bonding, and discrete
components), we can still meet the desired performance. While most
of the channels have very low BER (BER < 1 x 1079), the worst
BERs (albeit still below the FEC threshold) are experienced by the
channels at the edge of the 2D channel array (BER < 4 x 1079).
This is expected because the loss of the imaging fiber is 1 dB higher
for the cores at the edge as their light confinement is lower than
that of the central ones. While this has an impact on the prototype
BER, we do not anticipate this will be a concern for our envisioned
transceiver because by having much smaller microLEDs we can
ensure that we do not utilize the edge cores as discussed in §7.2.

Transmission speed and distance. We evaluated the impact of vary-
ing channel rates from 1.3 Gbps to 2 Gbps on BER as the fiber length
increases from 10 m to 30 m. Fig. 12 demonstrates that our prototype
can sustain 2 Gbps transmission over 20 m with BER < 10_6, ie.,
more than two orders of magnitude below the FEC threshold. At
30 m, the BER at 2 Gbps slightly exceeds the FEC threshold, requir-
ing a reduction to 1.6 Gbps to meet FEC requirements. This is due
to the limitations of our current prototype, e.g., wire bonding and
discrete electronics and optics, and we expect a production-quality
pluggable module (Fig. 10) to achieve greater BER margin thanks
to tighter optoelectronic integration and improved microLEDs and
coupling (§6). Indeed, as discussed in §7.2 (Fig. 15), simulations in-
dicate that the pluggable module should sustain 2 Gbps transmission
over 50 m with BER < 1079,

The results in Fig. 12 further show that decreasing the data rate
or transmission distance significantly improves BER. This improve-
ment is due to reduced chromatic dispersion at lower speeds and
shorter distances. While laser sources typically have very narrow
linewidths (<1 pm), microLEDs emit over a much broader spec-
trum (>10 nm), making chromatic dispersion more significant. At
1.3 Gbps per channel and below, we observe error-free transmission
(BER < 10712) up to 20 m (and up to 10 m for 2 Gbps).

These observations suggest that, by lowering channel speed and/or
link distance, MOSAIC can be deployed even in scenarios without
host-side FEC. The trade-oft is that maintaining the same aggregate
speed would require more channels (e.g., at 1.3 Gbps per channel, an
800 Gbps MOSAIC transceiver would require 616 channels), which
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Figure 12: BER for different transmission speeds per channel
and distances. Our prototype meets FEC requirements when
transmitting up to 2 Gbps per channel over 20 m (or 1.6 Gbps
at 30 m).

could be achieved by reducing the microLED pitch or using larger-
diameter fiber. In return, NIC and switch chips could save silicon
area and power, and avoid the latency overhead of FEC (~100 ns).
As discussed above, we expect the pluggable module to overcome
current limitations, making error-free transmission feasible at higher
per-channel rates and/or longer distances.

Fault tolerance. After validating M0OSAIC’s BER performance,
we evaluate the effectiveness of the dual-layered fault-tolerance
approach described in §4.1. In addition to experiments with the 100-
channel MOSAIC prototype, we set up a live 10 Gbps Ethernet link
over a 10 m span using a 12-channel MOSAIC prototype connecting
two network interface cards. This setup allocated six channels for
data transmission (~ 1.7 Gbps per channel) to support the 10 Gbps
data rate.

According to the Hamming coding requirements in §4.1, protect-
ing b = 6 data bits requires at least p = 4 parity bits for single-error
correction. In practice, our FPGA IP implementation provides single-
error correction and double-error detection (SECDED) [1], which
necessitates one additional parity bit. Thus, the prototype uses b =6
data channels and p =5 parity channels. This relatively high over-
head is a consequence of the short codeword (b+p = 11) used in
this experiment, dictated by prototype limitations. In a production
system, longer codewords (e.g., b+p =46 as discussed in §4.1) signif-
icantly reduce the required number of additional channels, yielding
only a 15% overhead in our example.
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We set up an experiment in which we artificially failed two chan-
nels in real time. We compare the behavior of MosaIC (ECC +
Hotswap) with the system using only ECC but no hotswapping
(ECC Only). The results in Fig. 13 show that if only ECC is used,
the BER remains stable after the first failure but it cannot protect
against the second failure. The transceiver would need to be replaced
after the second failure. If we only use hotswapping without ECC,
we will need extra channel-failure detection logic and cannot pre-
vent a link failure from the first failure. In contrast, when both ECC
and hotswapping are used, the BER is not impacted even after the
second failure. The reason is that ECC is able to protect against the
failure happening since time step 7, and the hotswapping has quickly
occurred during the time between time step 7 and 14.

Micro-optics. In the prototype, the functionality of the micro-optics
was experimentally validated by assessing coupling efficiency and
directionality using goniometer measurements. The output power of
the microLED was measured at various detection angles to visualize
the beam shape. Fig. 14 illustrates the measured beam shape: (a)
before the TIR lens print, and (b) after the TIR lens print. Without the
TIR micro-lens, the microLED emitted light in a +90° cone, creating
significant challenges for coupling to the fiber and leading to high
levels of crosstalk, as light from one microLED could easily interfere
with adjacent ones. After printing the TIR micro-lenses, the beam
shape was successfully collimated into a +12° cone, resulting in
improved fiber coupling and suppressed crosstalk between channels.
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Figure 15: Channel data rate versus distance simulations to
achieve BER < 10~ for our current prototype and for 800 Gbps
pluggable system. The experimental data are based on the mea-
surements in Fig. 12.

7.2 Simulation Results

We now focus on assessing the behavior of MOSAIC at scale, target-
ing the 800 Gbps link with 460 channels described at the end of §6.
First, we evaluate how to achieve longer transmission distances and
higher data rates. Second, we evaluate the impact of reliability with
hundreds of channels. Finally, we evaluate whether the pitch and size
of microLEDs combined with micro-optics are adequate to ensure
high coupling efficiency with tolerable crosstalk.

Distance and speed scalability. As discussed in §7.1, the reach and
achievable speed of a MOSAIC link are dictated by the characteristics
of the microLED and CMOS sensors, with noise and chromatic
dispersion as the primary limiting factors. Improving transmission
speed and distance will require advancements in both microLED
and CMOS sensor performance. For microLEDs, manufacturers
expect improvements in efficiency, directionality, and spectral width.
For the CMOS sensors, tighter integration with CMOS chips (e.g.,
TIAs) should significantly enhance link sensitivity compared to
our prototype. Taking these anticipated improvements into account,
Fig. 15 shows simulation results for the achievable data rate and
transmission distance with an 800 Gbps pluggable module, assuming
a target BER < 1079 to ensure sufficient margin with respect to the
FEC threshold. For reference, we also include simulated prototype
performance cross-validated against the experimental measurements
in Fig. 12. The results indicate that a MOSAIC pluggable module
could achieve 2 Gbps per channel over 50 m (or more than 8 Gbps
per channel for distances up to 10 m).

Reliability. We simulate the effectiveness of MOSAIC’s dual-layered
reliability design at large scale. First, we evaluate the resilience when
relying on ECC code alone. Similar to the baseline “ECC-only” in
Fig. 13, this can only tolerate up to 2% of failed channels (results not
shown for space reasons). Next, we turn our attention to evaluating
the combination of ECC and hotswapping. We opted for failures in
time (FIT) as the metric of interest since this is often used in the
industry. A FIT is defined as one failure in a billion hours. As a
reference point, typically short-reach optical links exhibit FIT values
of few 100s while passive electrical cables have very low values
of FIT (< 10). In the graph, we report estimated FIT values for an
800 Gbps link, assuming both a conservative FIT of 1 per microLED
and a more typical FIT of 0.1 per microLED. Fig. 16 plots the
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Figure 17: Optical simulation of an 800 Gbps link with 460 chan-
nels (3 x3 subset shown for ease of visualization).

results for a MOSAIC instantiation with 400 active data channels
and an arbitrary number of redundant channels, ranging from zero
(“No backup”) to 100 (“1.25x”). Not surprisingly, if no redundant
channels are present in the conservative setting, then the FIT matches
or exceeds that of mainstream optical links because one microLED
failing out of 400 channels is sufficient to consider the link failed.
On the other hand, even just 5% redundant channels are sufficient to
bring the FIT below 20. This is already one order of magnitude better
than mainstream optical links. If additional redundant channels are
included, or if we use more reliable microLED channels, the FITs
become even lower, matching the failure rates of electrical cables.
Since the marginal cost of redundant channels is very small, this
provides a practical way to achieve very high reliability without
impacting costs.

Coupling efficiency and crosstalk. Next, we want to verify that
when packing 460 channels per fiber, we still ensure that i) enough
light is coupled into the fiber and that ii) crosstalk is negligible. We
use Zemax, a commercial ray-tracing engine and de facto standard in
the industry. Zemax enables modeling of light rays and quantifying
the fraction of light emitted by the microLEDs that is captured by the
CMOS sensors after passing through the fiber (coupling efficiency),
as well as the amount of light that spills into neighboring pixels
(crosstalk). For ease of visualization, we present a 3x3 scaled-down
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version of the analysis in Fig. 17. The insets in the figure show that
the beams are clearly separated with virtually zero crosstalk. Further,
we could verify that the received optical power is comparable to that
observed in the 100-channel prototype, indicating that there will be
enough margin for an 800 Gbps link. Higher bandwidth could be
achieved by further optimization of the source, fiber and detection
arrays to conceivably scale out the number of channels to 800 and
beyond.

8 Discussion

MOSAIC combines the best properties of copper and optical links,
enabling networks that are long-reach, low-power, and highly reli-
able, and can scale to future bandwidth demands. Historically, each
10x increase in network bandwidth (and corresponding reduction in
latency) has driven a new era of distributed computing, from FTP
and email in the 1970s to today’s epoch of machine learning and
resource disaggregation [64]. By enabling the next step-change in
bandwidth, MOSAIC could not only unlock recently proposed ar-
chitectures but also enable the community to explore entirely new
designs for networks, compute, memory and clusters. In this section,
we discuss some of these broader implications. We hope that by high-
lighting these new directions, this work will spur future innovation
at the intersection of networks and systems.

Network design. The limited reach of copper links imposes sig-
nificant constraints on network architecture and topology. For ex-
ample, top-of-rack (ToR) switches are usually deployed because
copper cables cannot span longer distances. Similarly, while 3D
torus topologies are suboptimal in terms of bisection bandwidth,
they are often used in high-performance computing (HPC) clusters
(e.g., Google TPU cluster [26] or Amazon Trainium [48]) due to
their compatibility with short copper interconnects.

MosAIC challenges this status quo by providing an interconnect
with the power and reliability of copper links but with a reach of tens
of meters. This enables network designs that were previously infeasi-
ble. For instance, eliminating ToR switches becomes practical, allow-
ing servers to connect directly to row or end-of-row switches [12].
This reduces both network latency and hardware costs, while im-
proving reliability by removing the ToR as a single point of failure.
Traditional optical links negated these gains due to their higher power
consumption, cost and reliability overheads. Additionally, MOSAIC
makes fully non-blocking topologies more viable, potentially simpli-
fying congestion control protocols (e.g., [10, 16, 34]). Longer-reach
links also make advanced topologies, such as multi-dimensional
torus, dragonfly, and hypercubes [21], practical, as designers are
no longer constrained by short-reach copper or the high cost and
complexity of current optical solutions. Overall, MOSAIC expands
the design space for custom, application-optimized networks.

GPU design. The exponential growth of AI/ML workloads and the
slowdown of Moore’s Law have pushed GPU vendors toward multi-
die solutions and ever-larger package sizes (e.g., TSMC CoWoS [58]).
For example, the upcoming NVIDIA Rubin Ultra GPU will feature
four dies per package [35], AMD MI450X supports up to eight [27],
and Cerebras WSE-3 integrates a full wafer-scale chip [18]. These
trends are driven by the need for high-speed, low-power die-to-die
interconnects, which are currently only possible via millimeter-scale,
on-package copper traces. This approach increases manufacturing
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complexity and cost, and is emerging as a fabrication bottleneck for
Al accelerator production [49]. By providing a fast, reliable, and low-
latency optical fabric, MOSAIC enables new possibilities in GPU
design. For example, it could facilitate the disaggregation of large,
complex multi-die packages into smaller, single-die "LiteGPUs" in-
terconnected by a low-power, microLED-based optical network [7].

Memory design. Similar packaging constraints also impact mem-
ory design, leading to a dependence on expensive 3D-stacked high-
bandwidth memory (HBM) to maximize capacity and bandwidth
density. However, scaling HBM is increasingly difficult due to the
physical limits of individual DRAM layer scaling and the growing

complexity and thermal challenges associated with deeper stacks [53].

Thus, GPU memory remains capped (e.g., 192GB for NVIDIA B200
GPU [39]), which limits utilization, especially for I/O-intensive in-
ference workloads [50].

Memory disaggregation, i.e., decoupling compute and memory
across nodes [13], has long been proposed as a solution to these
scaling challenges, but adoption has been hampered by the lack of
interconnects that are simultaneously low-power, low-latency, and
highly reliable. Latency is especially critical for memory links, where
even modest delays can stall compute cores. Current optical links
rely on strong FEC and DSP, adding up to 100 ns of latency, which
would more than double typical HBM access times. In contrast,
because MOSAIC requires neither FEC nor DSP, it incurs only a
few nanoseconds of latency, while maintaining low power and high
reliability. This makes it a promising candidate to finally enable oft-
package memory without being constrained by on-package area. The
benefits are twofold: i) increasing the memory capacity available to
GPUs and ii) reducing the reliance on expensive HBM and complex
3D stacking, thus creating new opportunities for using novel, more
efficient memory technologies [29, 60].

Cluster design. The extended reach and low cost and power of MO-
SAIC has significant implications for the design of AI/ML clusters as
well. Currently, tensor parallelism and other scaling techniques are
constrained by the limited bandwidth and short reach of electrical
links (§2). By enabling larger GPU clusters with high-bandwidth low-
latency connections, MOSAIC has the potential to accelerate training
and inference as well as improve resource utilization by reducing
fragmentation [47]. This could also enable rethinking commonly-
used parallelization strategies [5] and collective optimizations [31]
in networks where bandwidth is abundant. Furthermore, in conjunc-
tion with resource disaggregation, MOSAIC could make possible a
physical form of “elastic computing”, where resources are dynami-
cally aggregated at runtime to match workload requirements, driving
greater efficiency and flexibility.

Limitations and future work. MOSAIC intentionally leverages
technologies from the consumer space, like microLEDs and imaging
fibers, to make WaS optical links practical and deliver its perfor-
mance benefits. However, adapting the manufacturing lines of these
technologies for data center environments—and developing the asso-
ciated ecosystem—poses unique challenges. Further, while MOSAIC
opens up a range of promising opportunities for rethinking network,
GPU, memory and cluster design, realizing these visions requires
much more work to co-optimize the link and system architecture
technology, including advances in several areas like packaging, de-
ployment, system integration, and reliability at scale.

K. Benyahya et al.

9 Related Work

Silicon Photonics. Silicon Photonics refers to the ability to manu-
facture some optical components (e.g., modulators or mux/demux
but not lasers) in silicon, using processes compatible with CMOS
fabrication [9, 28, 55]. This has attracted much interest from com-
panies that were already invested in the CMOS ecosystem, e.g.,
GlobalFoundries or TSMC. While this technology can enable some
cost savings because of CMOS ecosystem, overall it still relies on a
NaF architecture and, hence, it still suffers from the same issues in
terms of power, scalability, and reliability that we discussed in §2.

Co-packaged Optics (CPO). In this paper, we have focused on
pluggable transceivers as these are the predominant solution adopted
in the industry. Pluggables provide high flexibility because they
can be selected independently from the NIC/switch vendor, enabling
horizontal integration across different suppliers. On the negative side,
though, they require long electrical traces to transmit the signal from
the host die (e.g., NIC or GPU) to the front panel. This increasingly
consumes a nontrivial amount of power (§5). CPO can circumvent
this issue by integrating optical transceivers directly onto the same
package as the host die [9, 33], possibly saving up to 25-30% of
the power according to recent industry estimates [62]. MOSAIC is
fully compatible with such arrangement. In fact, as shown in Fig. 8,
if CPO is adopted, the benefits for MOSAIC should be even higher
because it can take advantage of the low data rate of chip-to-chip
interconnect to directly modulate microLEDs without requiring high-
speed conversion as is the case for incumbent technology.

MicroLED-based communication. While microLEDs have pri-
marily been developed for display applications, there have been a
few proposals in the literature exploring their use for free-space com-
munication [11] and short-reach chip-to-chip links [4, 51, 52]. In
contrast, MOSAIC targets much longer reach over fiber (up to 50 m)
to enable rack-to-rack connectivity in data centers. This required
addressing a different set of challenges related to fiber impairments
(such as chromatic and modal dispersion) and coupling losses, which
in turn required novel microLED optimizations and system design
choices. MOSAIC further introduces mechanisms for high reliability,
improved alignment tolerance, and a new micro-lens design for effi-
cient fiber coupling. Finally, while prior work has mostly focused on
single-channel demonstrators operating over free-space or very short
waveguides, we evaluate MOSAIC with a 100-channel prototype
over up to 30 m of fiber.

10 Conclusions

In this paper, we introduced MOSAIC, a novel optical link technology
that breaks today’s fundamental trade-off between reach, power, and
reliability. By leveraging a WaS$ architecture with microLEDs, it
achieves long reach, low power, and high reliability while remaining
fully compatible with existing network architectures and offering a
practical path for scalability to future network generations.

In the past, step changes in network technologies have enabled
entirely new, and often unforeseen, classes of applications and work-
loads. We aspire to trigger the next wave of innovation with MO-
SAIC-based data center networks. While we have provided some
preliminary examples in this paper, we hope this work will stimulate
further discussion and innovation within the community.
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