The Engineered Beam: What is e
Actually Inside an Optical Module -~ B

Translating the analog hardware that makes
100,000-GPU Al clusters possible.
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The network is a circulatory system, scaling from capillary to aorta.

THE CAPILLARY
10G to 50G PON bursts

Shared across 1:32 or
1:64 neighborhood splits

THE AORTA

108G and 466G modules
in every faceplate

70-80% of data movement
is east-west
(server-to-server)

Every home fiber box is simply a slow optical module. But inside an Al data center, east-west traffic accounts for the
vast majority of all data movement. When wiring a massive Al training cluster, the network becomes the compute.



Optical module demand hangs directly on GPU shipments.

The Scale-Out Multiplier

[
THE SCALE:

A single training run strings
together up to 188,008 GPUs
across thousands of racks
(e.g., NVL72 architectures).

Top-of-Rack
Switch

GPU
. . : =2 THE MULTIPLIER: )
GPUs compute in parallel—like a row of wide-open 1 GPU pulls 2 to 3+
mouths all eating at once. Cards sitting tens of PN, L0, LIRERES
meters apart must cooperate on a single training job it ol L
with near-zero latency. That link can only be light.

Leaf & Spine
Switches
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The physical bridge:

Light in one end, electricity out the other.

Photons In/Out.
Bound for the
spine switch.

O
Electrons In/Out.

PCB.

An optical module has one job: optical-to-electrical
conversion for communication. It is a highly engineered
translator sitting flush in the faceplate of a switch.

Bound for the host
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A perfectly symmetric signal chain.
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Inside the metal casing is a mirrored pathway. The transmit direction turns
electrical signals from the motherboard into a laser beam. The receive direction
catches incoming light and translates it back into readable voltage.
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The bumpy electrical road requires constant repair.

The PAM4 Waveform Repair

Eight lanes of 100G-class
electrical signal travel from
the host board to the module.
By the time the signal reaches
the connector, the waveform is
heavily degraded.

112G SerDes

Operating at 106.25 Gbps per N Th_e DSP e_qualizes and_
lane (including FEC overhead). ) retimes this smeared signal
back into a clean PAM4 wave.

Pulse-amplitude modulation uses 4 voltage levels
(00, 61, 10, 11) to encode two bits per symbol,
cutting the required symbol rate in half.
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Pushing the laser: Electricity becomes light.

PAM4 Driver
(Amplifier)

The clean signal from the DSP
1is too weak to operate a laser.
The Driver amplifies the signal
into a massive voltage swing.

| R
A [)
\ \
Ianl / Glass Fiber
EML TOSA
(Electro-absorption (Lens Array)

Modulated Laser)

This amplified voltage pushes
the Laser/Modulator, translating
the electrical data directly
into photons.

Finally, the Transmit Optical
Subassembly (TOSA) perfectly
couples that resulting beam
into the glass fiber.
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The recovery phase: Catching faint light and amplifying microamps.

MCU: The module's physician,
_________________________________ * monitoring temperature and
g optical power.

' v \ 4
\/ / PD Fiber

TIA (Photodetector)
(Transimpedance

Amplifier)

Incoming light has attenuated over distance. The Photodetector turns this faint light into

a microscopic electrical current. Because downstream chips cannot read microamps, the
TIA immediatelly steps the signal up to a usable voltage before the DSP’s analog-to-digital
converter takes over to finalize bit decisions.
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The DSP demands power, creating a packaging war over heat.

DSP Power < 18.35mm wide D
Draw (~8W) == ==
QSFP-DD [ il >\< F|
‘ fﬁ@w;,. ?#,ffffﬁhhﬂﬁﬁg —ﬁ?%éi;

16 Watts
Total Module
Power

&

w I L

Remaining OSFP jias |5 |
System Power ==

(~8W) L O~

A modern 800G module draws roughly 16W of power, and the DSP alone consumes nearly half of it.
As speeds increase, dissipating this heat dictates physical standards. While QSFP-DD has the

backward-compatible installed base, 1.6T modules are migrating almost entirely to the slightly
larger, better-cooled OSFP format.
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Decoding the market standard.

Total Bandwidth

800G

800G DR8 OSFP

Optical Scheme: Lane Count: Physical Form Factor:
Parallel single-mode, 8 physical lanes The heat-dissipating cage
500 meters at 108G each

PZ = 3=

=

=

To read an optical module spec sheet, you must combine the total speed, the physical cage, and the suffix that dictates

distance and laser type. This specific DR8 configuration is the workhorse for connecting racks on the same data center floor.

—=

=
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The Optics Taxonomy: Matching wavelength to distance.

Suffix Distance Limit Wavelength Fiber Type/Tech
SR & < 100m HEODR wultinode
DR 500m 1310nm 0-Band |  groielel
i 2km 1310nm 0-Band gﬁfﬂ;ﬁ:gd
LR 10k 1310nm 0-Band |  paYeIeNIEh
/R 80km+ 1550nm C-Band Coherent

From cheap 850nm lasers spanning a single room to coherent 1550nm lasers crossing a city,
the suffix defines the physics of the connection.
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Two distinct paths to 800G bandwidth.

Parallel / DRS : 8 physical lanes x 100G

4 distinct wavelengths
x 200G multiplexed on 1 pair

The digit in a module suffix is not always a simple physical lane count. DR8 and SR8 utilize eight parallel physical fibers.
FR4 and LR4 utilize Wavelength-Division Multiplexing (WDM) to stack multiple distinct colors of light onto a single fiber.

== =il
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The 1.6T Bottleneck: The exponential difficulty of analog design.
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Physical Space Limit Reached

Same Fiber Count
+

Double Bandwidth

200G Lane Rate

— /N —m* Driver

— & % Laser

—&mnn

L
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6T is not 16 x 100G; it is 8 x 200G. Switch faceplates only fit so many physical fiber ribbons. To double
bandwidth, the industry must double the speed of the individual lanes. When the lane rate jumps from
|_1 00G to 200G, the DSP, driver, laser, and TIA must all be entirely re-engineered.

_|_I
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The stark economics of copper versus light.

The Interconnect Economics Matrix I

800G Passive Copper DAC 800G Optical Module

if:::
£

£ r..:_.: _
Distance: < 3m Distance: Up to 8@km+
Cost: $105 - S300 BosE: S900 - S6000+
Media: Electrons Media: Photons
Use Case: In-rack server-to-switch Use Case: Spine/Leaf scale-out

It ]
| Passive copper is heavily preferred for short runs due to cost. Trenching fiber and converting signalsj
| costs money, and electricity is always the cheaper option if distance allows. |

1L
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Electricity governs the rack. Light governs the floor.

The domain of
electricity

RS The domain
| e ] of light =

Electricity doesn't travel far; light does. From the transatlantic telephone cables of 1956 to the 100, 000-GPU
AI clusters of today, the rule remains unbroken: every time data has to cross a meaningful distance,
electricity must be translated into an engineered beam of light.
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