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“The network Is the
computer.”

John Gage, Sun Microsystems, 1984

Four decades on, that idea defines Al: the interconnect now sets the
pace of compute.




Qutline

Why Al interconnects are changing

The fundamental scaling challenges

Go faster: higher speed electrical interfaces

Go wider: new packaging and optical
architectures

Matching technologies to scale up, scale
out, and scale across

O O A W N =

The role of open ecosystems

°
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Remarkable era of iInnovation

More network bandwidth

is driving acceleration across every layer
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Cooling Co-packaged optics Optical/Copper
Old thinking (early 2024) Old thinking (early 2024) Old thinking (early 2025) Old thinking (Jan 2026)
Having liquid cooling PCB trace to front panel CPO challenges. We’'ll stay with copper in
is just too expensive. is how itis done. Maybe sometime in the future. scale up for as long as we can.

NOW
Not having liquid cooling

NOW NOW
CPO ramping this year. Optical scale up

NOW

Co-packaged copper

is justtoo expensive. next year.

already here for 224G,
path to 448G underway
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Interconnect technologies in and around the data center

Scale Across Scale Out Scale Up
RACK

REGION DATA CENTER

Switch

Compute

Inter-

: N o B =\ BaeE Storage
(1000km) (100km) (10m)
Inter-Component (1m)
Data centers built on campuses Racks organized by row
within regions into structured pods

10,000km 1,000km 100km 10km Tkm 100m 10m m

Long distance Switches, servers and storage devices

networks

organized into racks

400ZR+ 400ZR
800ZR+ 800ZR

1.6T PAM4 1.6 Retimer for AEC
DCS-Systems for IMDD 1.6T SerDes for DAC

1600ZR+ 1600ZR 1.6T LPO/LF
1.6T Coh-Li

3.21/6.4T NPO 3.27/6.4T NPO 3.2T/6.4T NPO/CPO

°
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Fundamental Interconnect challenges

Scale Up
Passive Copper getting shorter

Scale Out

Insufficient front-panel density
Power scaling issues

100Gbps 3m+ 50Tbps 1RU ~1.3 kW
I Y
e o A

200Gbps  ~1.3m 100Tbps 2RU~2.4 kW
) g QQQQJ[@@DD][DDDD][DDDB
P i bles most reliable, lowest cost.  ip= SN aNNNanuNaeen
assive ca labte, : H GD[DDDD]E:DDDFDGD][DDDC}]
Too short for many applications. e 0 o

0,
56% 65%
50Tbps 100Tbps
Optics power | Unsustainable
asa% trend
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Scale Across

Lossless connectivity
now required over distance

LLM training - from 10s of thousands of xPUs




Industry exploring diverse solutions for deployment

Scale Up
Passive Cables getting shorter

Scale Out

Insufficient front-panel density
Power scaling issues

Scale Across

Lossless connectivity
now required over distance

Individual hyperscalers implement optimized solutions — costs magnified at scale

Active cables
= Active electrical cables
= Active copper cables

Optical replacement
= Co-packaged optics

— Scale out 2026

— Scale up 2027/2028
= Optical circuit switch
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Linear solutions

Half-retimed solutions
Linear pluggable optics
Co-packaged optics / copper
Near package optics / copper

Coherent optical

= C&L DWDM systems
to maximize connectivity

= Coherent pluggables
— ZR/ZR+ at 400G, 800G
— Coherent-Lite, ZR-

= Hyper-rail/multi-rail
amplifier configurations

ciena.



Cracking the XPU beachfront bottleneck with optics

DSP based, retimed links are a
fundamental component of data
center networks today as they
provide robust connectivity among
other benefits.

At Al scale, the costs of these
benefits are enormous - measured in
100’s of MW’s and billions of dollars.

Further, at 448Gbps PCB connectivity
to front panel breaks down,
demanding a new paradigm.
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Fully Retimed (DSP)

Substrate [ Power: 30w (18.5 pJ/bit) ]

PCB

Electrical Channel

Power: 20w (12.5 pJ/bit)

m [ Half Retimed (LRO) ]

Substrate

PCB

Electrical Channel

Linear Pluggable (LPO)
Substrate Power: 10w (6.5 pJ/bit)

PCB

Electrical Channel

Optical
Substrate module

Near Package Optics (NPO)
Power: 8w (5 pJ/bit)

Pluggable optical module

Pluggable receive optics

Linear pluggable optics

©

TIA/DRV

] Fiber port

o

J

Electrical Channel

Co-Package Optics (CPO)
Power: 5w (3 pJ/bit)

Fiber port

o

)
)

Optical
module
Substrate

)0 0 0 0 o ¢
PCB
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Cracking the XPU beachfront bottleneck with optics using CPC

Flyover Cable
Substrate Electrical Channel TIA/DRV

©) Power: 30w (18.5 pJ/bit) |

Pluggable optical module ‘ Fully Retimed (DSP) |

30-60%

0) »‘ Half Retimed (LRO) power saving
Power: 20w (12.5 pJ/bit) but shorter

reach

Pluggable receive optics

TxDSP  TIA/DRV

Linear pluggable optics

TIA/DRV

@ » Linear Pluggable (LPO) |
Power: 10w (6.5 pJ/bit) |

. 70-85%
Fiber port A .
@ » Near Package Optics (NPO) power saving
Substrate Power: 8w (5 pJ/bit) but shorter

reach

Fiber port

@ » Co-Package Optics (CPO)
Power: 5w (3 pJ/bit)

Substrate
) © 6 © 0 ©

PCB

Shorter electrical paths and less retiming unlock major power savings — driving optics progressively closer to the XPU.
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Cracking the XPU beachfront bottleneck with copper

As speeds have increased, and port counts have exploded, it has become financially advantageous
to develop alternative forms of connectivity based on copper.

Copper Cable Direct Attach Copper
—
00000 ¢ [ 00000 Zero power
= o ey
Max reach: ~1.5m
Copper Cable Linear Redriver 1.6T Active
Copper Cable
¢ 1.5pJ/bit / head end
v Negligible latency

Nitro 2004 Max reach: 3-4m
Linear Redriver
-—

1.6T Active

Electrical Cable
10pJ/bit / head end

.-— |
90000 ] 00000

Max reach: 5m

Retimer Copper Cable

°
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Scale Up in the post-DAC era

Scale u[:? architects pushing for both intra-rack and rack-to-rack for larger XPU Pods
i

Longer

8 x200 Gbps

nks required beyond DAC capabilities

Active Cable Comparison

Length

Power per end
Added latency
Cost

Technology

AEC
sm+
10pJ/bit
~35ns
High
$$$$

Captive

Complexity:
= Configuration & software

= # of power supplies
= Advanced assembly for KGD

Nitro 2004
Linear Redriver
"
ACC 'MSAV” . .
Copper Cable Linear Redriver
[
Up to 4m ¢ ——
v ——
1 5pUbit . ——T] R e
Zero
Retimer Copper Cable Retimer

Low
.-—
$ N

—
N s

Open MSA

I ACC extends copper reach while preserving the simplicity, efficiency, and low latency of DAC.
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Example implementation: Nitro 2004 linear redriver
Zero-touch ACC

Extends 200Gbps

DAC - like

Efficient Design

Copper Interconnect

Simplicity

to Enable Massive Scaling

* Cable lengthsto 4m  uP free - saves cost & complexity,
faster to deploy

Rx direction only

* Intra-rack or rack to rack 1.5pJ/bit power consumption

* No tuning — plug and play

« Upto 70dB channel loss Zero added latency

budget * Mounts on standard PCB

* Automatically extends 1m .
DAC to 3m

Scales to 448G

No power rail design needed,
uses only standard 3.3V supply

—
A

°
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Scale Out evolution

Current
ASIC to Front Panel
Retimed Optics

100T

ASIC
T

Additional TkW
for retimed optics

Pluggable optics

Technology

Emerging
Single Vendor
Co-packaged optics

Integrated optical engines

Optimized
Open Ecosystem
Co-packaged optics

&
cliena
Vesta 200 6.4T CPX
Optical engine )

®* Increasingly high cost to retime
in dollars and Watts

= Retimers removed

= Power reduced with lower loss host

= Retimers removed

= Power reduced with lower loss host

sub-optimal optimal optimal
Interconnect supply chain
= Multiple vendors compete = ASIC + interconnect offered as unit = 6.4T module standardized
— Reduced buyer power . — Open CPXMSA
efficient = Deliver 10’s of millions annually some risk — Reduced supply chain efficient — Robust, multi-vendor supply
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Increasing density with co-packaging

100T Example

Co-packaging increases density versus pluggable architectures

iy
L
L

Front-panel pluggables

Long traces =» Retimers = MORE POWER

Faceplate area = Pluggable area
T1RU =32 OSFP = 256 lanes = 50T @200G

Number of ASICs per tray limited by faceplate

Systems spread out = HIGHER-POWER LINKS
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\1 02T CPO Switch with MPOs / VSFFs in 1 RU

O o)

EEEE

DO

ENEES

DOOe

OEEE 10

s o

Co-packaged 1/0

Short traces =» Retimer-free = LESS POWER

Faceplate area = Connector area
1RU =250 MMC connectors = 2000 lanes = 400T @200G

Number of ASICs per tray limited by liquid cooling

Denser systems = LOWER-POWER LINKS

ciena.



MSAS ensuring robust multi-vendor ecosystems

OPTICS INNOVATION OPEN CPX MSA OCI-MSA

Announced on Feb 23, 2026 Announced on Mar 12, 2026 Announced on Mar 12, 2026 Announced on Mar 12, 2026
AMDI1  Amphenol  esrorocon ARISTA ciena C@HERENT
# Celestica H alaln ° AM D !&‘ BROADCOM
cena - o ciena (|marve  Molex el
TD@LL HPE AN KEYSIGHT 0Q Met [ | ] M ft

echnologies = = —— E— e a icroso
LLLLLLLL T s molex eoptolink ESGEG TernHOP -
multiLane, \\_ <ANVIDIA. AR SEMTECH J|GHT|\”ATTER Accton intel ne)(thop Gl «2 NVIDIA. OpenAI
TERAHOP .
o R i = TE
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High-speed SerDes

NNOVATION

N
=
g

OPEN CPXMSA  OPTI

@)

S

-

OCI-MSA

{ YES )

Use high-speed SerDes
with Copper or Optics

§ 200G/400G §

o o e o

O | O O

: 200G/400G i

Processor %g % - Processor ;D’/g
E 400G i

A a 200G/400G o |
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{ NO )

Use Chiplet integration
with Wide & Slow Optics

WDM (e.g. 8x50G)

Optics

only WDM (e.g. 8x50G)

D2D (UCle)

WDM (e.g. 8x50G)

ciena.



Open CPX MSA: Accelerating CPO/NPO Deployment

Open CPX MSA reduces time from innovation to deployable products.
Defines both modules and ecosystem to bring CPO/NPQO products to market faster.

@ﬁ

OPEN CPX MSA

Standardized modules Reusable Building Blocks System-Level Guidance =

» Defines modules * Builds on existing * Addresses deployment
* Design flexibility - Type 1 industry standards considerations with host

and Type 2 connectors e Simplifies product * Accelerates adoption e
* Reduces engineering integration

"

OPEN CPX MSA

Version 1 Specification
Available Q3 2026
Less than 8 months

Accelerating the path from innovation to deployable CPO/NPO products.
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Example of Open CPX—compliant optical engine [c“*“aJ

Optical engine

High density, low Paves way for open

power pluggable High Reliability
ecosystem CPO/NPO
CPO/NPO
* 6.4T within CPX connector * Proven PIC and EIC technologies « Disaggregated
* ASICs up to 200T * Field replaceable ELSFP « Standards based
* Up to 70% power reduction * Press on connector, \
versus retimed Type 1 or Type 2 @

OPEN CPX MSA g

>4 e

-

&

Removing the obstacles to widespread NPO/CPQO adoption

ciena.
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OpenCPX MSA Module Types

=

i

Type 2

1
o
S

-

ciena.



Support for 102.4T with a path to 204.8T using 6.4T |O

6.4T CPO configuration 6.4T CPO configuration
supporting 102.4T Switch ASIC supporting 204.8T Switch ASIC OPEN CPX MSA

Vesta 200 6.4T CPX
Optical engine

[ ciena ]

External lasers enable a narrower optical engine footprint, providing a clear and scalable path from
102.4T to 204.8T platforms.

°
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Technology choices expanding for data center networks

At higher speeds, Coherent-Lite needed for campus and even scale-out applications

Electrons Photons

.4t
- A .
- - SR
4 L ™
Wl gy
3 d % &
s 7 . iy
e o N 25
N | B
Q

P
DAC -Direct Attach Copper, v
ACC - Active Copper Cable IMDD DSP, xPO

IMDD Electrical IMDD Optical
- _“» : K

s0008
*20000»
*+ 20000
s0000»
R E R R

10sm—=>1m 2km—>10’sm 202 2 km 100 -2 20 km
Most swtablg for short Runs out of gas Will be required for 1.6T/3.2T+
or lower-speed interconnect . : . !
within a rack at higher speed and distance and for longer distance interconnect

ciena.
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The rise of Scale-Across networking is here

SCALE-ACROSS SOLUTION Wavel ogic coherent optics

* WavelLogic 6 Nano 800G ZR+
Z / with interoperable PCS
"h..,f,;’ * C-and L-Band variants

RLS modern line system

RLS C&L terminal config RLS Hyper-Rail

Real Al Interconnect Example

* Hundreds of fiber pairs

* 64 x800G perfiber pair
(C&L-band)

fiber pairs in 5RU

°
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Form factors evolving to meet new system requirements

~

QSFP-DD800 =
r
&’ 4/ lﬁ” f” -
‘ "~ OSFP800
|
v v v v v
g R B . -% P
> & - /

—

"\
\\
¢«
P

OSFP IntLC

Media converter

= New form factor = Coherent transponder
= 2.4 xdensity pluggable

OSFP RHS

= Higher power design = Direct to plug liquid
MSA-standard form cooling

factor = Scales to higher
= System liquid cooling power design

More power. More density. More integration.

i i "~ Full Spectrum T d
More architecture choice. ult Spectrum Iransponder

= Full-fiber deployment

= QOperational simplicity

ciena.
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Liquid cooling inevitable with substantial advantages

» OPEX savings thru facility energy consumption, water

consumption, GHG emissions

» Eliminates fan power consumption and system fan noise.

Network Element Power

Air-cooled NE

Hybrid-liquid/air-cooled NE

Facility Cooling Power

Compact Modular Chassis

-

Fav b3 el ey -
Metro Router Chassis

Liquid cooling enables additional ASICs per RU

© Ciena Corporation 2026. All rights reserved. Proprietary Information.

Rooftop Chiller

Power (W)

Small Form-Factor Pluggable Optics Power Dissipation Trend

1600 ZR/ZR+

OSFP

NN

1600 FR/CL 4
OSFP
200 IR/ IR+
QsFP-DD/OSIPEm ¢
|2

ENNNN

400 IR+ QSHP-D0D

400G QSFP-DD
16 549 zooaaswu[]
10G XFP 406 QSFP: [ ]
106G SFPs a D
='D [} 100G QsFP28
AN NN NN N NN N NN N NN N NN N NN N NN N NN
8888888882222 E2EBRERRERER
N W AR VO N 0O O N WS VO N Y O N WesE VYO~

12.8T XPO
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Direct-to-plug cooling enables higher-power pluggables with
fewer thermal constraints

Riding Air-Cooled Riding Liquid-Cooled Direct-To-Plug Liquid-Cooled
Solution Solution Solution
Today’s solution Existing OSFP MSA-combliant New mechanical design

x Thermal Penalty
v" No external heatsink/cold plate

L Riding heatsink/cold plate v" No dry/sliding contact

Dry/Sliding interface } -

Plug case
TIM TIM

Integrated cold plate

Comp. 1 Comp. 2

ciena.
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XPO — scaling density with front-panel pluggability

Scaling routers and pluggables

e Standard, flexible liquid-cooled 12.8T pluggable
* Higher density routers —200T in 1RU

* Robust ecosystem with XPO MSA

* Flexible thermal envelope enables products for:
Scale Up, Scale Out, Scale Across and beyond

* Liquid Cooling provides important design and
reliability benefits

XPO broadens the architectural choices

available to customers, enabling higher density
while preserving front-panel pluggability.

12.8T Linear Drive 12.8T
Coherent-Lite

°
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Optical interconnect evolution

Coherent evolution IMDD evolution Liquid cooling

m Co-packaged optics (CPO) Direct-to-plug liquid cooling

= Higher density = Enables higher-power pluggables
Expanding to more applications = | ower electrical power and systems
) Blind-Mate

Male mini-QD liquid manifold
L(g_é

4

Integrated
cold plate

&

Female mini-QD

Al requirements are causing coherent, IMDD, and thermal innovation
to converge into entirely new classes of optical systems

v
")'

<N s 1 Y 51.2T Full Spectrum Transponder,

12.8TXPO (8x1.6T) oo = J == 6668
< \}/ L1 b r with CPO clients

°
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Examples of interconnect technology implementation

Scale up Scale out Campus / Scale across
Nitro 200 Vesta 200 WavelLogic Nano
ciena 5 ciena
Redriver Coherent
4 S, /a
\

°
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Looking ahead - 448G/lane ecosystem progress

April 2025 - OFC Oct 2025 -0OCP

Multiple 448G e 448G CPC
Oct 2024 -TEF 1 vendor demos: « Live demo over 500m link
First 448G e DSPs .
networkingindustry « EMLs April 2025 - Dec 2025 - TEF

OIF 448G Workshop
Second 448G networking
industry conference

conference

Oct 2024 - OCP April 2025 - OFC Sep 2025-ECOC Nov 2025 - OIF
First 448G PAM4 Post deadline paper Low Vpi TFLN 100GHz connector
Demonstration 3.2T -8 x 448G over 2km TFLN 448G with 750mV drive 448G with 750mV drive

kGl clena yrEnLIGa s A

S

e (ps
L00Ghps PAMY

- |-

-
-
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Feb 2026 - DesignCon 2026

March 2026 - OFC 2026

IEEE 802.3dv launching:
400G to 1.6T using

400G/lane, includes
electrical and up to
500m optical

ciena.



Takeaways

1 Alis blurring the boundaries between scale up, scale out, and scale across.
The next scaling challenge is not just bandwidth — it is bandwidth density, power, and reach.

Faster SerDes and closer-to-compute optics are complementary levers for continued scaling.

No single technology wins everywhere: copper, IMDD, coherent-lite, and coherent each have a role.

Open ecosystems and new thermal architectures will be essential to deploying these technologies
at Al scale.

@) EAN O8] N

The future of Al interconnects will be defined less by a single winning technology than by how effectively

we combine the right technologies across distance, power, density, and scale.

ciena.
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Thank You

© Ciena Corporation 2026. All rights reserved. Proprietary Information.




