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Logistics Qﬁ

- The slides are available under the attachments tab at the bottom of
your console.

- Questions are welcome!
- Please rate the session and provide feedback!
- Want more sessions like this or other topics, let us know!

®
4 | OSNIA. All Rights Reserved. S N IA .ﬁ



SNIA Legal Notice

= The ré\aterial contained in this presentation is copyrighted by SNIA unless otherwise
noteaq.

= Member companies and individual members may use this material in presentations
and literature under the following conditions:

= Any slide or slides used must be reproduced in their entirety without modification

=  SNIA must be acknowledged as the source of any material used in the body of any document containing
material from these presentations.

= This presentation is a project of SNIA.

= Neither the author nor the presenter is an attorney and nothing in this presentation is
intended to be, or should be construed as legal advice or an opinion of counsel. If
you need legal advice or a legal opinion please contact your attorney.

= The information presented herein represents the author's personal opinion and
current understanding of the relevant issues involved. The author, the presenter, and

the SNIA do not assume any responsibility or liability for damages arising out of any
reliance on or use of this information.

NO WARRANTIES, EXPRESS OR IMPLIED. USE AT YOUR OWN RISK.
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Agenda:

Liquid cooling for storage
Storage spec work with liquid cooling

DLC Storage Industry Readiness
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Liquid Cooling for Storage




|s Storage Driving this Transition? Qﬁ

I i : : ‘ Wh it Started
- No, storage is not the driver of liquid cooling erer >ane
GPUs, XPUs are driving the transition. Mainframes

1960s, IBM System/360 cold plates

Fully liquid cooled system have power/cost benefits over
hybrid liquid/air

Storage is along for the ride.

Supercomputers
1980s, Cray-2 immersion cooling

- However, storage can definitely take advantage of

HPC clusters
t h i S 1990s-2010s, niche supercomputing use

Allows higher performance usages.

This is the only path to hit some of the higher 2020s, mgrlms(:r?az?nf:z:oe;Udensity
throughputs (PCle 7+)
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TODAY’S ANCHOR FASTEST PULL

EARLY PROOF NEXT WAVE

GREENFIELD BET NICHE BUT HARD

DLC adoption follows markets where rack
density is directly tied to business output.
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With So Many Ways to Cool Data, Storage is Now Cool Too!

Air-Cooled has long been the standard
Host system runs air across a device to
transfer heat away from the device.

Direct Liquid Cooling (DTC and DLC)
Direct Liquid Cooling (DLC): Host system
provides a thermal medium (e.g., cold plate)
to contact the device for heat transfer

Direct-to-Chip (DTC): System provides access
to the cooling liquid exchange. Device has
the thermal medium built into it and
connects to this liquid exchange

Immersive experiences are growing
Device is submersed into a non-air medium
(e.g., a liquid). Some companies ship it as
"Food Grade Lubricant”
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Tradeoffs of Each Method

Cooling Method Air Cooling Direct Liquid Direct-to-Chip Immersion
Cooling (DLC) Cooling (DTC)

Cooling method Convection Conduction Conduction Convection

Thermal transfer Poor Good (1-sided) Better Best
Better (2-sided)

Serviceability Baseline Hard (1-sided) Hard to Hardest Harder
Harder (2-sided)

Implementation Easy Easy Hard Hard

Industry alignment Aligned Aligned No Alignment No Alignment

Industry moved to Direct Liquid Cooling for standardization
More detailed comparison available on the SSD SIG Liquid Cooling webpage
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SSD as a Thermal Bridge

1 ’ HEAT ORIGIN 2 ‘ HEAT CONDUCTED 3 | COLD PLATE PULLS HEAT 4 COOLANT FLOW CARRIES 5 ’ SYSTEM CONTEXT: GPUs + SSDs

INSIDE THE SSD THROUGH ENCLOSURE THROUGH LARGE SURFACE HEAT AWAY SHARE THE SAME LOOP

SSD
Enclosure
(Thermal Bridge)

|
f

IN
(Lower
Temp)

Thermal
Interface
Material (TIM)

i
;

|
— E3.S SSD
LIQUID LOOP BENEFITS
E3.S SSD
Liquid Cooling High heat removal capacity
Plate / Manifold E3.S SSD

(Inlet & Outlet

in Same Plate) Stable component temperatures E3.5SSD

EDSFF E3.S
Card Edge

Lower power for cooling infrastructure

® Enables fanless, high-density systems

Heat Flow (Conduction) => Warm Coolant Flow =’ Coolant Return Flow Thermal Interface Material (TIM)

®
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Direct Liquid Cooled (DLC) SSDs - Challenges Qﬁ

© PClc 7.0 CHALLENGES —_— € LIQUID COOLING FOR SSDs
/‘“‘ E1S

CRITICAL
B> E1L

PCle 4.0 PCle 7.0 ISSUES
Signal Integrity
» g - Gets Harder . :
| BUDGET& | = Budget / Topology
ﬂ. 2 el -M aters ®, &
A e ) _ One Solution,

S=~ — PCle 4.0 l

Form Factor
Changes

g i e Not Many
I > . —-PC70 Insertionloss - N o %
5 T Increases
3 P NEXT-GEN
- Frequency - SSD

[ ] .
—'| —’%—» -l—» @ End-to-End 2 % i\vond 2

Requirements YA-FF

Device Connector Cable/  Connector  Host
Backplane

System Vendor
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Unique Challenges Exist for “Removal” Needs

Dusl Sided Cold Plate
- Many platforms have space p , N
constraints | j j | |
- Designing for “single-sided” is a key
enablement of deployment SUHSHI SIS
Az
- Unique challenges to get ‘properly
cooled’ 1 H H E
Single-sided components H E HH k oI S 1f s 1] §
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Storage Specification Work
with Liquid Cooling




E1.S (SFF-TA-1006)

Rev 2.0: https://members.snia.org/document/dl/26956

1. Defined “Cooling Interface Area” on secondary side for 9.5mm
Supports air-cooled and direct liquid cooling
Mating surface between device and cold plate.

2. Add leading edge chamfer on secondary side and leading-edge
radius on primary side

Aids with insertion

3. Flatness and roughness specs on Secondary side
Flatness: < 0.12 mm
Roughness: <1.6 um Leading edge
Improves cooling efficiency between device and cold plate chamfer

4. Added max pressure (138 kPA) supported on Cooling Interface Area
Prevents damage when force applied

Cooling Interface Area
R1.00+0.2—s

180510

O
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https://members.snia.org/document/dl/26956

E3 (SFF-TA-1008)

Ay . -
AN PRIMARY THERMAL CONTACT ZCHE.

Rev 3.0: https://members.snia.org/document/dl/26716

1. Defined “Cooling Interface Area” on top side for 7.5mm
E3.Sand E3.L

- Supports air-cooled and direct liquid cooling
- Mating surface between device and cold plate.
2. Label on bottom side only
- Improves cooling efficiency of SSD and label durability
3. Flatness and roughness specs on top side
- Flatness: < 0.2 mm (E3.S), < 0.25 mm (E3.L)
- Roughness: <1.6 um
- Improves cooling efficiency between device and cold plate

4. Added max pressure (103 kPA) supported on Cooling
Interface Area

- Prevents damage when force applied

AN TN AN

=l h———— 37 8920 3%
UEFUCE CONTECL [ IMENSION
FCR B8, X6 L T3d CARB ERG
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https://members.snia.org/document/dl/26716

[m] =]
E2 (SFF-TA-1042)

"

- |In development:

Details at https://members.snia.org/document/dl

- What is going into this specification:
Cooling Interface Area and opposing support area

Flatness/roughness requirements for the Cooling Interface Area
Pressure supported by the enclosure

Define chamfer edge to lead-in (connector) side of the enclosure
Other adjustments for DLC if needed

- A draft specification expected soon

18 | OSNIA. All Rights Reserved.

SNIA W

SU


https://members.snia.org/document/dl/26716

Thermal Characterization SpeC|f|cat|on (SFF-TA-1023)

Recently reopened ol
Details found at https: //members shia.org/document/dl/58773

What is going into this specification for DLC:
Thermal curves
Reference test fixtures (cooling, pressure)
Other items as needed

This is needed!

A draft specification expected soon

®
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https://members.snia.org/document/dl/58773
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Micron 9650 SSD is Liquid-Cooling Ready

» Al servers already utilize liquid cooling for the
CPU/GPU

» Many Al servers will use liquid-cooled storage for
PCle® 6.0 data rates

Jmicron . . . :
« Micron has available support for liquid cooling,
which increases power for the most demanding

9650
E1S SSD | PCle®* NVMe™
workloads

Additional announcements coming soon
SNIA W
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KIOXIA Status

KIOXIA

Tl erve
D
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Samsung PM1763 Supports Liquid Cooling

SAMSUNG

PM1763

Leading-Edge PCle” Gené EDSFF SSD Delivering Industry’s Top Performance

Performance
Delivering PCle” Genb performance
x optimized for Al-intensive workloads

* Compared to PM1753 Up to 28.4 GB/s Seq. Read

Power Efficiency

1 8 Optimizing energy use to support
& scalable Al performance
e OX £

* Compared to PM1753 Upto 1.91 G B/J

System Compatibility

Direct-to-chip (D2C) cooling technology

° o 5
L' q UuiG Designed for seamless integration with liquid-
e " cooled server systems.
Cooling

E1.S form factor Engineered for effortless
serviceability across liquid-cooled Al

infrastructure.

®
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NVIDIA NVL144 CPX Announcement

VR NVL144 CPX
Compute Tray

NVIDIA announced a 100%
liquid cooled compute tray

> 100% would include any
storage components in this Rl
SYStem ‘/ u 3 '/l i Rubin CPX

ConnectX-9
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Source: https://www.opencompute.org/events/past-events/2025-ocp-global-summit

Ramp Ready Innovations

OCP MGX Cable Cartridges
Supports Rubin 400G Serdes
2X Scale-Up BW

Same Rack Footprint

OCP MGX Compute Tray
100% Liquid Cooled

45°C Max. Inlet Temp

PCB Midplane

OCP MGX Bay System
CPX + CX9 Bays

Context Processing
800G Networking

SNIA W
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Conclusions

Direct Liquid Cooling is here for storage!

Host-defined cold plates, SSD defined surfaces is standardized

Industry currently offers systems, cold plates, and SSDs designed to
support direct liquid cooling

®
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Want to Be Part of Defining the Future? Join SNIA! Qﬁ

We are continuing work on ensuring future data will continue supporting
the evolving industry needs

For more information:

Join SNIA: Learn more: Read the specs from SNIA SFF:

https://www.snia.org/member_com https://www.snia.org/liquidcooling https://www.snia.org/sff/specifications

[=]} [=]}
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https://www.snia.org/member_com
https://www.snia.org/liquidcooling
https://www.snia.org/sff/specifications

After this Webinar

= Please rate this webinar and provide us with your feedback

= This webinar and a copy of the slides are available at the SNIA
Educational Library snia.org/educational-library

= A Q&A from this webinar, including answers to questions we couldn’t
get to today, will be posted on our blog at https://www.snia.org/blog

" Follow us on Linkedln and X @SNIA

®
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https://www.snia.org/educational-library
https://www.snia.org/educational-library
https://www.snia.org/educational-library
https://www.snia.org/blog
https://www.linkedin.com/company/snia/
https://twitter.com/SNIA
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