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Pumped-Refrigerant Cooling: A
Strategic Solution for Al Data Centers
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Why Two-Phase Cooling is Essential?
=Our Core Innovation: Two-Phase Cold Plate and CDU Development for

Direct-To-Chip Cooling.
«Technical Excellence & Performance Data

Path Forward & Commitment
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Why Two-phase Cooling?

: Semiconductor
Al computing Dual Carbon goal Soverdlonty

Ultra-low PUE (<1.2) Problem: IT sector's
for new mega-data Hl energy consumption
centers. IS growing

exponentially.

Need: To fully utilize
and push the limits of
high-performance
chips, we need world-

Alr cooling Is Opportunity: Cooling BRGNS
insufficient for next- can be the biggest RO

gen Al clusters lever for direct
(50kW +/rack). energy savings.
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Cold plate validation
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Our Core Innovation - A Leap
In Cooling Architecture

Cold plate Loop Architecture

|

T.

CDU Prototype
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Evaporator/Condenser: Main Challenge
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" Flooding _

Liguid on the Condenser surface
IS detrimental to performance

Removing the unwanted phase is necessary to improving the heat transfer™

performance. 4 

Vapor on the evaporator surface
IS detrimental to performance
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Our Core Innovation - Boiling NP vof )
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Assisted Cold Plate

Cold plate Internal Fins

Hybrid micro-structured Cold Plate

‘Boiling gives a higher heat transfer coefficient than single-
phase water.
‘Better temperature Uniformity. -

,
‘Increase in serviceability due to low operating temperature.

Use an environmentally friendly liquid for a sustainable

cooling platform. ///
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Evolution of Cold Plate Design
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‘Material: Brazed Aluminum cold plate
Internal Fins: Microscale structures made
from Wire cutting, laser cutting, and Skiving

to ensure efficient boiling and capillarity.

Flow Physics: Vapor expansion needs a

SO0V SO0V 2000w larger area to escape, and the design should

accommodate the vapor and liquid flow

efficiently.
‘Boiling: Boiling enhancement, efficient
vapor flow,  and Increased departure /
frequency. -
> -
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Cold Plate Testing Platform

. Air-cooled
Refrigerant Pump @) 5
Tcund,in Condenser Tcund,uut
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Air Flow

Reservoir
(Storage Tank)
'\

Refrigerant Flow

Real-time Monitoring
Temperature Sensor

Data Logging

Flow Meter | Pressure Sensor

High Speed Acquisition Signal / Data Connection

Multi-channel Input

Refrigerant Flow Sequence
(Loop)

o Cold Plate (Evaporator)
@ Outlet Manifold

Condenser

Reservoir (Storage Tank)
Inlet Manifold Y ik OIN ) Outlet Manifold Pump

' A Flow Meter

Inlet Manifold

Heat Input (Heater)
Aluminum Cold Plate

| REFRIGERANT FLOW SEQUENCE (Evaporator Section)

o Cold Plate e Outlet Manifold o Air-cooled Condenser o Reservoir 9 Refrigerant Pump o Flow Meter o Inlet Manifold
(Evaporator) (Storage Tank)
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Cold Plate Testing Result
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Two-Phase Condenser: Performance RO
Improvement by Phase Separation
Stage 1: Phase Separation Stage 2: Drainage

Liquid vapor separation during
the phase-change process

Single-phase liquid drainage
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Two-Phase Condenser: Performance
Improvement by Phase Separation
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400W, Tongin =33°C

Rear View

Inlet:

Liquid-vapor mixture Outlet:

Liquid-vapor mix

The Outlet Temperature is reduced by ~3°C by comparing with
the original (without phase separation, no rear tube COM
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3D ICs Cooling

3D IC Cooling Module
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Heat Flow

Heat Flow
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Micro vapor chamber (MVC)
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Silicon Vapor C
Micro vapor chamber (MVC)
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Air-Cooled Product Portfolio S ;YES%SE

Recent Innovation in"Air Cooling (3U)

T Type @J)

> Ext@?‘d«‘the volume of the
ea ‘dissmauon area

7 ‘_ a > High Performance ,@_
LT | 9 W 2V > Multi-row design to

)&%@"’ MaXImum: 0 -‘ \f
& enhance the efficiency o

heat dissipation.

BestRValue  700W @ 200 CFM 1200W > 200 CFM ~ TestRange
0.033°C/W. 0.036°C/W  0.044 "C/W. 700~ 1oow
7 00 W @ 2 5 OF [ 'y CP U NT=2 N C J %ép U AT=5 3 1\@ | \
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The Path Forward and Our .
Commitment
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eOur Proposed Next Steps:
Pilot Project: Propose to deploy a full-scale module at data centers.

eOur Commitment:
To provide a secure, and reliable cooling solution that underpins the digital future and green transition.
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