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Executive Summary
We have discussed the challenges that vendors are facing in quickly

bringing CPO to market. NPO and Pluggable CPO provide an alternative

that delivers power efficiency while sidestepping the attach yield

problem and enabling optical engine vendor diversity.

For Scale-up, Amazon’s Trainium4 will use NPO for both the UALink and

NVLink versions; Huawei’s Ascend 950 UB-Mesh-Pod will also use NPO.
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Nvidia’s VRU NVL576 remains on CPO for now, and they could pivot to

NPO. They could also opt to scrap the optical cross-rack solution and

try again with Feynman.

We expect the total key component TAM for CPO and NPO to reach

$31.5B by 2030. NPO should drive most of the growth in this TAM in

2028 and 2029, representing 60-70% of optical engines shipped in

those years. By 2030, however, CPO will likely represent the majority of

OE shipments as more platforms successfully develop their CPO

solutions and as OCI-MSA becomes an option.

System Vendors Falling back to
NPO
We have  facing even the lower

risk and simpler use cases for CPO, namely scale-out switching. Nvidia has

been struggling with its CPO optical engine (OE) production and with fiber

attach issues and is currently hamstrung by lower than ideal Optical Engine

attach yields. This might not only stymie their scale-out switch projects but

could also derail plans to ship their VRU NVL576 8-rack scale-up world size

system if these issues persist. Ramping scale-up optics is not easy and

carries significant production risk.

Meanwhile, the first systems to use optics for scale-up appear to be tapping

NPO and Pluggable CPO first instead of CPO in part to de-risk, while still

harnessing some of the benefits of CPO. Amazon’s Trainium 4 will be the first

large custom silicon system to attempt adopting NPO, while Huawei’s Atlas

UB-Mesh-Pod built around the Ascend 950 is also adopting NPO for scale-up

networking.

On the scale-out front, Meta is playing many angles. Not only does it have a

DR Optics CPO scale-out switch program built by Celestica, but it is also

exploring an NPO scale-out switch program. Meta is also driving an OCI-

MSA based CPO scale-up Tomahawk 6 based switch program that could be

used for its own MTIA system or in conjunction with systems from merchant

discussed at length the various challenges
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silicon vendors that are also part of the OCI MSA, but as deployment is still a

few years out – Meta still has time to wait for the kinks to be ironed out.

The implication is that NPO will drive much of Optical Engine shipments in the

early days of CPO/NPO – making up most shipments in 2028 and 2029

before scale-up CPO matures in earnest in 2030.

Source: SemiAnalysis AI Networking Model

Recall that in the AI Networking Model, estimates and outputs such as pivot

tables are on an install base convention. The “Install Base

Convention” allocates units and $ spend to the quarter in which the cluster

is brought online. Each component and company will differ in lead times and

revenue recognition and will require a different lead time to reconcile to

revenue. Our company reconciliation tabs will use a lead time that is

typically a “bring forward” of the unit demand indicated under the install

base convention to reflect that fact that equipment is usually purchased in

advance of cluster installation.

Pluggables vs NPO vs CPO vs
XPO and CPC
To understand the current battleground with respect to optical connectivity

solutions, let’s quickly recap the definitions and basic architecture of these

solutions.

The most common form factor today is the pluggable transceiver – the

optical engine sits at the faceplate in a standardized cage, and the electrical

signal must travel from the ASIC through the package BGA and across

roughly 300mm of host PCB trace before it reaches the module’s connector.

https://semianalysis.com/ai-networking-model/


The copper trace is lossy enough that the transceiver module carries a

full/partial DSP to retime the signal – and that DSP is most of what the

industry is trying to remove since it accounts for roughly half the module’s

power.

Source: SemiAnalysis AI Networking Model

A few form factors to replace pluggable optics exist. Near-Packaged Optics

(NPO) moves the optical engine of the faceplate and lands it next to the ASIC

package – but critically, not on the ASIC substrate. As the diagram below

shows, the engine sits on its own substrate, mated through a socketed NPO

connector, with the high-speed channel running roughly 150mm through a

high-performance substrate rather than an ordinary host PCB – only low-

speed signals and power are delivered through the channel.

We expect current NPO implementations to adopt 200G per lane PAM4

modulation and that most NPO solutions will be a pluggable form factor (as

detailed by the CPX-MSA), which enables vendor diversity within the rack.

Source: SemiAnalysis AI Networking Model
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Co-Packaged Optics (CPO) puts the engine on the ASIC substrate itself,

cutting the electrical channel to ~10mm. The key element at play here is that

CPO is on the ASIC substrate – this is what differentiates CPO vs NPO as

opposed to whether the optical engine is pluggable. For example, Nvidia’s

Quantum CPO solution uses three 1.6T optical engines on an assembly that is

pluggable onto the substrate – and for most, it still counts as “CPO”.

To clarify what we mean, if the optical engine is pluggable AND it connects to

the ASIC substrate, then we will call it “Pluggable CPO”, but if it is

permanently attached to the ASIC substrate, then we will simply refer to this

as “CPO”. A few industry players have set out to push for CPO solutions to be

pluggable as this is the only way to open the ecosystem to third-party OE

vendors and as it also Pluggable CPO dramatically more deployable by de-

risking yield and rework.

Source: SemiAnalysis AI Networking Model

What is the impetus for exploring CPO in the first place? CPO saves power

because it eliminates the DSP by placing the optical engine next to the XPU

or switch ASIC. However, if this is not matched by a commensurate

downgrade in power for the Switch or XPU SerDes from LR SerDes to shorter

reach SerDes, power benefits are limited beyond what can be achieved by

Linear Pluggable Optics.

Today’s CPO implementations focus on DR Optics based Optical Engines, but

if the OCI-MSA version of CPO is achieved, power savings on the optical

engine will be even more significant with the optical engine running on 50G

NRZ lanes instead of 200G PAM4 SerDes lanes, taking down the OE + ELSFP

power down from 5-6pJ/bit in the case of DR Optics CPO down to below 3

https://semianalysis.com/ai-networking-model/


pJ/bit for OCI-MSA CPO. Further system power savings can be achieved by

eliminating SerDes on the Switch or XPU and using a chip-to-chip

interconnect to the optical engine.

CPO also has the benefit of supporting bandwidth density scaling beyond

what is possible with OSFP pluggable optics. CPO eliminates the faceplate

thermal and throughput limit, since unlike a pluggable module, data

transmission occurs within the package. In fact, Nvidia’s scale-out CPO

switches will exclusively use denser MMC connectors for the faceplate,

abandoning the ubiquitous MPO connector form factor. Optical Engines on

Interposer will also unlock more overall bandwidth escape from the package

as shoreline density can be far greater if OEs are connected directly to the

Switch or XPU, much like HBM is connected today.

The technical challenges with implementing CPO from the get-go are the

reliability and serviceability issues associated with packaging optical engines

close to the ASIC as well as 

 as the supply chain ramps to support growing volumes. On

top of this, one of the largest hesitations over CPO adoption stems from the

fact that CPO implementations that are not pluggable result in vendor lock in,

and the resulting loss of sourcing flexibility, field serviceability and have the

consequence of the switch vendor likely taking a 70% gross margin stack on

the optical engines vs the 40% gross margin that a third party pluggable

Optical Engine vendor might charge.

Meanwhile – NPO and Pluggable CPO offers much of the above benefits but

without the vendor lock in. It also inherently sidesteps the attach yield issue

that is the current headache for scale-out CPO switch production.

We compare key interconnect solutions from power efficiency and cost per

bit perspective in the table below. NPO, CPO, and Pluggable CPO all have the

potential to drive better energy efficiency than LPO if all opportunities for

power savings are harnessed. Only OCI-MSA on interposer has the potential

to deliver even greater power savings, but this will require customers to

potentially accept vendor lock in, or at the very least accept that the switch

yield issues at the initial stages of CPO

implementation

https://semianalysis.com/institutional/powered-down-lights-off-800vdc-pushout-and-cpo-delays/
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or ASIC vendor will be the protagonist when it comes to deciding which

vendor will be chosen for Optical Engines.

Source: SemiAnalysis AI Networking Model

We outline below how total power could look like when contemplating the

use of CPO/NPO for scale-out switching. Here we see that NPO, CPO and

Pluggable CPO can offer the best energy efficiency, especially if Switch

ASICs can be designed with lower power SerDes.

Turning to total system cost from a scale-out perspective, we see that the

CPO and CPO (OCI-MSA) have higher total switch selling prices than

Pluggable CPO and NPO. This is because we are assuming a 70% vendor

margin stack on the Optical Engines and FAU Assembly.

As mentioned above, OCI-MSA based CPO remains the most efficient

interconnect with 2-3 times better energy efficient than NPO and 5 times

better efficiency than LRO, but as with CPO, it inherently means vendor lock-

in.

https://semianalysis.com/ai-networking-model/


Source: SemiAnalysis AI Networking Model

What is clear from the table is that the intersection of best power efficiency

and lowest cost today is in pluggable CPO and NPO, and this is why these

solutions are becoming the focal point for current system deployment. What

is not explicitly spelled out in this table is the fact that a less-than-ideal

optical engine attach yield tends to increase unit optical engine costs, driving

up overall costs for everyone.

Source: SemiAnalysis AI Networking Model

As promising as CPO is, it remains risky to leapfrog straight to CPO, and NPO

is becoming a viable choice for go-to market in late 2027 and beyond for

both scale-out and scale up. Some scale-up programs have elected to start

with NPO – for instance Trainium4, while other scale-up programs like

Nvidia’s VRU NVL576 appear to be pivoting into NPO given challenges with

yielding CPO.

Scale-up NPO Projects
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Amazon Trainium4

The design for Trainium4 remains in flux still – but as a base case scenario

we see Trainium4 as being designed to implement a large world size

architecture using both copper backplanes and NPO.

We use the Trainium3 liquid cooled NL72x2 switched (i.e. Trainium3 MAX) as

a starting point but this time rather than forming a two-rack world size

through cross-rack AECs, we will form a higher desnity rack and a larger

world size using NPO to connect local GPUs to distant switches.  Each

Trainium4 rack will have 144 GPUs, four GPUs per each of 36 compute trays.

For the UALink version, 36x 57.6T UALink switches will be used, with four

switches per each of 9 compute trays.

Source: SemiAnalysis AI Networking Model

A copper backplane will be used to connect each of the 144 Trainiums in

each rack locally to every switch within the rack, and NPO will be used to

connect each GPU directly to distant switches within each of 7 other racks

within the world size. We expect that Amazon could continue to make use of

smaller scale-up switches within compute trays to provide additional scale-

up switching capacity.

Trainium 4 – NeuronLinkv5 Protocol (UALink or
NVLink)

AWS’s Trainium scale up interconnect protocol is known as NeuronLink, a

modified version of PCIe protocol with AWS’s own definition that suits the

scale up requirements. Trainium 2 uses NeuronLinkv3, which corresponds to

PCIe 5, and Trainium 3 uses NeuronLinkv4, which corresponds to PCIe 6.

https://semianalysis.com/ai-networking-model/


For Trainium 4, NeuronLinkv5 will be a bit more complicated as AWS aims to

support both UALink and NVLink protocols. Off the package, Trainium 4 will

offer UALink protocol running at 128G based on PCIe 7. This will be the basis

of NeuronLinkv5 and all the scale up connections coming out of the Trainium

4 packages. For NVLink Fusion integration, the UALink protocol signal will be

converted into NVLink lanes via an external gearbox off the Trainium 4

package. Below we will discuss the content each supplier plays in the

NeuronLinkv5 UALink or NVLink protocol as well as how NPO ties into all of

this.

Therefore, there will be two versions of the Trainium4 rack:

UALink running at 128G based on PCIe Gen7

PCIe Gen7 gearboxed into NVLink Fusion running at 200G per lane

The NPO modules are placed on the PCB via “  CPX” connectors from

Samtec close to the Trainium 4 package. The “  CPX” connector socket

is speced up to 224Gbs coonnectivity and 128DPs each. The connectors can

support both fly over cables and NPO modules, which means AWS also have

the flexibility to decide on NPO later given the flexibility. In the image below,

Samtec demo their CPX connector under the CPO or CPC form factor, yet,

the CPX connector also supports NPO and NPC (flyover cables) form factor.

The use of SiFly will follow Amazon’s design, which is the UALink rack, while

Nvidia will likely use another solution.

Si-Fly

Si-Fly

https://www.samtec.com/high-speed-cable/flyover/si-fly-hd/
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Source: Samtec

Trainium4 Scale-up Network Suppliers

The ultimate production mix among the two rack types is highly uncertain,

and one track could even get cut, but for now we pencil in a 50%/50%

UALink/NVLink split over the product lifetime.

For UALink – we think Astera Lab will be the primary vendor, bundling it’s I/O

chiplet, its UALink switch as well as an NPO solution. Astera has been pulling

its timelines for NPO/CPO – late last year it had penciled in 2028-29 for

scale-up optics, while by June 2026 it was expecting first optical revenue by

2027 – with NPO revenue in 2H27 for rack-to-rack connectivity, followed by

CPO scale-up by 2028 and after.

Similarly, for the NVLink-based SKU, Astera will be providing the I/O chiplet

with a gearbox, while Marvell will tackle the NPO module as well as the

NVLink switch. In fact, a key revision to NVLink fusion in the past few months

means that Nvidia is no longer the only place to get an NVSwitch, creating an

opening for Marvell. Indeed, on the 4Q F1/26 earnings call, “NPO” entered

Marvell’s vocabulary for the first time, and the company introduced a

broader “scale-up optics” category guided to roughly $300M for F1/28 –

more than double the prior outlook of $150M which was solely based on

Celestial AI. It is important to highlight that the design of the rack will be



heavily driven by Nvidia to ensure successful implementation of the NVLink

scale-up network, and as such, Nvidia may have the final word on whether

NPO is used at all. For now, we pencil in the use of NPO for the NVLink SKU.

Though the $500M quarterly revenue run rate for Celestial exiting F1/28

guided during the acquisition announcement was linked to a Tier 1 customer

win and for a scale-up product (thus aligning with Trainium 4), subsequent

commentary has highlighted CelestialAI’s EAM based technology as one

solution of a broad portfolio of NPO and CPO implementations that also

include MRMs and MZMs and we think that Celestial’s EAMs will not be used

in the Trainium4 NPO solution. Instead, we expect to see Celestial products

could be deployed in applications that utilize the photonic bridge or could

include deployments of the Photonic Fabric Memory Appliance (PFMA) given

that Marvell is well into the design phase for various hyperscaler CXL /

memory attach products.

Trainium4 Scale-up Network Architecture

We think that Trainium4 will mirror the rack design of the Trainium3 NL72x2

(Teton3 MAX), only with greater density at 36 compute trays, with 144 XPUs

per rack vs the 72 GPUs per rack of the Teton3 MAX. It will use backplane to

connect to switch trays, could also use PCB traces to connect to smaller

switch chips on the compute tray, and finally will use NPO to connect XPUs

to distant switch trays in the other racks.



Source: SemiAnalysis AI Networking Model

We are still finalizing our view on what the scale-up networking topology

could look like, but the 

 could be a starting point. We should expect that Trainium4’s

topology could include smaller switches on the compute tray itself in

addition to a backplane that connects to a set of larger bandwidth switches.

Again, the main evolution would be that each Trainium4 is now also

connecting via NPO to distant scale-up switches in other racks.

scale-up network topology employed in the

Trianium3

https://semianalysis.com/ai-networking-model/
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Source: SemiAnalysis AI Networking Model

While we are still finalizing our view on what the scale-up topology would

look like, we see 144 GPUs delivering 4.72 Pbit/s uni-di of total scale-up

bandwidth in the UALink configuration and 3.69 Pbit/s in the NVLink

configuration, which equates to 6 and 4.75 of 3.2T-equivalent NPO OEs per

GPU.

https://semianalysis.com/ai-networking-model/


Source: SemiAnalysis AI Networking Model

Nvidia Scale-up NPO

We have discussed the various yield issues and fiber attach challenges Nvidia

has been facing on its CPO program – these also impact the Vera Rubin

NVL576 8-rack scale-up CPO project and may even carry over to a future

OCI-MSA style DWDM-based CPO that would have otherwise made its

debut in Feynman. This is why Nvidia has been contingency planning by

ramping a potential NPO implementation that focuses on 200G or 400G

PAM4 also using DWDM.

Nvidia’s VRU NVL72 CPO architecture will employ the QM5 NVLink Switch

with 3x 3.2T Optical engines as a building block. Each switch will have

19.2Tbit/s uni-di of connectivity using a copper backplane connecting to all

https://semianalysis.com/ai-networking-model/


GPUs within the same rate and will employ either two or three optical engines

to connect with at most 9.6Tbit/s uni-di via CPO to NVLink switches in other

racks. Each compute tray of 4 NVSwitch chips will have a total of 108.8Tbit/s

uni-di of bandwidth, 76.8Tbit/s connecting within the rack over the

backplane, and 32.0Tbit/s via a total of 10 actively used 3.2T Optical Engines

to connect to the other 7 racks in the system. Only 10 out of the 12 optical

engines available in each switch tray are used, giving rise to the irregular

CPO bandwidth coming off each NVLink switch – two connect with 6.4Tbit/s

of bandwidth and two with 9.6Tbit/s.

Source: SemiAnalysis AI Networking Model

If the above NPO implementation is ready in time for the VRU NVL576, then

Nvidia could look to substitute NPO optical engines in place of the CPO

optical engines. It is also quite possible given the high production risk that

Nvidia shelves the cross-rack scale-up design for Vera Rubin Ultra and

continues with Oberon style racks until Feynman.

Huawei NPO

Huawei’s Atlas 950 SuperPod implements a multi-stage dragonfly with a

scale-up world size of ~8k NPUs: 8x 1,024-NPU UB-Mesh-Pods connected

by high-radix switches (HRS), each UB-Mesh-Pod comprising 16 racks

connected in a 4D FullMesh, and each rack pairing 64 NPUs with 7.2T lower-

radix switches (LRS) across 4 planes. We covered the architecture in depth

, including our estimate of $192 per NPU of in-rack copper backplane

content.

here

https://semianalysis.com/ai-networking-model/
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Source: SemiAnalysis AI Networking Model

Unlike Trainium4, where NPO reaches all the way to the GPU, Huawei keeps

the NPU side copper – of each NPU’s 18x 400G ports (7.2 Tbit/s scale-up

bandwidth), seven connect to other NPUs on the same tray over flyover

cables, seven connect across trays in the intra-rack 2D mesh over the

backplane, and four connect up to the LRS layer over the backplane as well.

NPO comes exclusively at the LRS-to-LRS layer where every switch-to-

switch link within and exiting the rack is optical.

https://semianalysis.com/ai-networking-model/


Source: SemiAnalysis AI Networking Model

Source: SemiAnalysis AI Networking Model

The LRS network is a two-level hierarchy per plane – 10 L1 switches and 8 L2

switches in each plane which comes to 72 LRS switches per rack. The first

eight L1 switches (LRS 1-8) are NPU-facing leaves – each takes 8x 400G

downlinks from NPUs through copper and drives 10x 400G of uplinks

through NPO – eight uplinks in a full mesh to the plane’s L2 switches and one

link each to the intra-plane LRS switches (LRS 9 and LRS 10). Each L2 switch

takes 8x 400G downlinks from the L1 leaves and drives 8x 400G up to the

L2 switches in the other 15 racks of the UB-Mesh-Pod, all through NPO.

Calculating NPO attach rate, on the L1 side, 256 leaf uplinks and 128 hub links

give 384 ports, on the L2 side, 256 downlinks and 256 rack exits give 512

ports – which in total gives us 896x 400G optical port-ends per rack, or

358.4 Tbit/s of NPO bandwidth. At 3.2T per optical engine, that is 112 optical

engines per rack – an attach ratio of 1.75x 3.2T-equivalent OEs per NPU.

https://semianalysis.com/ai-networking-model/
https://semianalysis.com/ai-networking-model/


Source: SemiAnalysis AI Networking Model

Scale-out NPO Projects

Meta NPO

Meta has spent considerable time and energy highlighting the advantages of

Broadcom’s CPO solution. Their ECOC paper published reliability data across

1,409,000 400G-port device hours of operation for Bailly 51.2T CPO

Switches. Its talk at ECOC presenting the paper went even further, presenting

results for up to 15M 400G-port device hours, showing no uncorrectable

codewords (UCWs) for the first 4M 400G-port device hours as well as a 0.5-

0.1M device hour mean time before failure (MTBR) for 400G 2xFR4

transceivers (550k for 2xFR4 globally) vs 2.6M device hour MTBF for CPO.

A follow-up update at OFC 2026 highlighted that testing had now reached

40M 400G-port device hours, and pointing out the >20M 400G-port device

hours MTBF.

https://semianalysis.com/ai-networking-model/


Source: Meta

There has been some follow thru on CPO switches – Celestica will be

manufacturing 102.4T switches for Meta, with production ramping in 2H27.

However, Meta is also simultaneously pursuing an NPO switch program

based on Broadcom’s 102.4T Tomahawk 6 Switch. In theory, CPO should be

able to provide a better channel than NPO and thus eventually superior

power and BoM cost – but NPO’s advantage lies in optical engine module

vendor flexibility and the cost savings from unbundling the optical engines

from the switch ASIC vendor and effectively paying a 30-40% gross margin

instead of a 70% + margin. Another factor in favor of deploying NPO-based

solutions at this stage is the ongoing yield and production issues for CPO

optical engines built using TSMC’s COUPE.

Unlike the Davisson CPO platform, this NPO approach allows a multivendor

sourcing approach for optical engines, and Meta will almost certainly be

working with its current transceiver vendors such as Innolight, Eoptolink,

Coherent, and others. This NPO switch also allows operators to mix and

match various types of optical engines. For instance, some hyperscalers are



opting to deploy FR optics in some leaf to spine links to simplify fiber

deployments and reduce fiber costs – so a switch that could utilize DR NPO

for downlink and FR NPO for uplink could be useful.

Meta is taking its CPO program planning one step further and has been

exploring CPO Optical Engines and ELSFPs that support OCI MSA Gen1

specs – with 8 different wavelengths per 12.8T ELSFP. The light source can

be split across two 6.4T Optical Engines, with each 6.4T OE providing 32

lanes of 200G each, and each lane in turn built up with 4 lambdas modulated

at 50G NRZ each. The use of OCI MSA means it will almost certainly be for a

scale-up role, possibly with the Tomahawk Ultra 2 102.4T switch.

In pursuing an OCI MSA based CPO switch, Meta may be aiming to

bootstrap the OCI MSA switch and OE ecosystem and could be looking to

see how much traction it can get and whether it can not only build its own

MTIA scale-up networks around the OCI MSA but also incorporate this into

merchant silicon systems like that of AMD’s, which is also an OCI MSA

consortium member. If there is good buy in from vendors and suppliers, then

this could potentially give rise to broader adoption of OCI MSA beyond

Meta, but time will tell how much traction they get. If Meta has enough clout,

they might even convince Broadcom to work with them to create a pluggable

CPO version, which would doubtless be welcomed by hyperscalers and

ASIC vendors.

Source: SemiAnalysis AI Networking Model
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Arista’s Interconnect Options – XPO vs.
NPO

We  as an answer to CPO right after the

MSA dropped in March 2026. The large form-factor pluggable promotes

better thermal management by enabling LPO and could quadruple the

bandwidth density of a faceplate.

The XPO solution retains the pluggable model, but in a new, much larger

form factor, packing 64x200G lanes in the same module, all while allowing

better thermal management with liquid cooling. This would only require

16×12.8T transceivers per switch; Arista claims that they can deliver a total of

204.8T on a 1OU front panel and keeping the benefits of the pluggable: being

hot swappable.

XPO aims to come to market alongside, Tomahawk 7, which will double the

port radix to 1,024 200G SerDes compared to Tomahawk 6, which has 512

200G SerDes. Switch vendors that are building Tomahawk 7 based switches,

but are stopping short of non-pluggable CPO, therefore have three available

options: Use XPO, NPO/Pluggable CPO and OSFP transceiver cages.

Arista Networks is clearly focused on bringing XPO to market for Tomahawk

7 switches, but it would not be surprising if they are also entertaining NPO-

based solutions also. Both achieve the objective of a much denser faceplate,

and both open the door to eliminating DSPs. The main difference boils down

to where it wants to take implementation risk, in getting optics to work or in

getting a longer electrical channel to work with Linear optics.

An NPO solution would allow for a very high faceplate density as the optical

engine is now placed on the PCB, only leaving fiber connectors on the front

of the switch. However, servicing a failed optical engine requires opening the

box and reseating or replacing a socketed engine – far more intrusive than

hot-swapping a front-panel pluggable, though external laser sources remain

field-replaceable.

discussed the merits of the XPO MSA
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The OSFP transceiver-based option will still likely remain popular among

operators that have an established, low-cost 1.6T transceivers supply chain,

despite the large switch form factors that this implies.

Source: SemiAnalysis AI Networking Model, Arista Networks

Google NPO

Google has in the past been very pluggable optics focused, but 

 in future TPU versions,

with considerable orders already placed for delivery in late 2026 and early

2027! We think Google could explore NPO later for its Virgo network, but we

don’t see a role for NPO in the next few years and think these reports

probably stem from some kind of misunderstanding.

The argument here is that NPO could be used to enable higher density

interconnect on the compute trays, replacing the use of ACCs and DACs.

However – the TPUv8i (Boardfly) only requires 2x 1.6T ACCs, 1x 1.6T DAC

and 1x 1.6T pluggable optical transceiver, employing another 1.6T over

flyover cables and 1.6T over PCB traces to achieve 9.6T of bandwidth.

Meanwhile, the TPU V8t (3D Torus) also has 9.6T of scale-up bandwidth per

TPU, carried over PCB as well as 4 OSFP cages per TPU to which ACCs or

DACs or Pluggable transceivers can be inserted depending on where in the

some have

claimed that they are also exploring the use of NPO

https://semianalysis.com/ai-networking-model/
https://bccmedianews.com/?p=6231
https://bccmedianews.com/?p=6231


3D Torus topology that TPU is. Again, this is hardly pushing the limits on

faceplate density – so the use of NPO here seems to only add risk and

complexity, with the main positive, NPO’s greater range, not needed for the

copper-based links.

Some also say that Google could use NPO for Virgo. The first instances of

the Virgo network are currently being deployed and will be in use with the

TPUv8t, which means that Virgo network is not using XPO or NPO as of now,

and current scale-out bandwidth needs can easily be covered by current

pluggable solutions. Google is likely to keep the Virgo network for scale-out

with the upcoming version of the TPUs, mainly with Humufish (TPUv9t) and

Icefish (TPUv10t). Current scale-out bandwidth for Zebrafish generation

(TPUv8t) sits at 800G per TPU but is very likely to increase over time with

next generations, which could require the Virgo network to adopt XPO with

Tomahawk 6 and TPUv9t, but NPO would only come in with Tomahawk 7 and

TPUv10t in the coming years.

Here, the benefits are like what has been mentioned above in our XPO vs

NPO discussion. NPO is another way to implement linear optics, but the

tradeoff vs XPO is taking on different risks – XPO uses CPC to deliver a

cleaner electrical channel to the faceplate, but the attenuation due to

distance is unavoidable. NPO cuts that electrical channel distance

considerably, but it introduces the risk of ramping optical production and

reliability risk.

CPO and NPO Market Estimates
Updated
We have updated our CPO and NPO market projections to incorporate the

developments outlined.



Source: SemiAnalysis AI Networking Model

Source: SemiAnalysis AI Networking Model
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