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Faster Data Rate, Higher Efficiency

~50W ~150W ~250W >350W
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The Setup (System Level or Functional/Bench test)

"‘ "‘ "‘ o Heatsink

- I I I I I # Component dissipating heat

" 1

PCB

!

—— Heat Transfer by Conduction
ﬂ Heat Transfer by Convection and Radiation

Source: Electronics Cooling

« Mode of Cooling
=  Conduction

=  Convection
Natural
Force

= Radiation is mostly negligible
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Traditional Heatsink and Fan

63.24
59.61
55.99
5237
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4150
37.88
3425
3063
27.01
Temperature (Solid) [ C]

Surface Plot 1: contours

= Pros:
= Capable up to 250W
= Lead time ~3wks

= |owest cost

= Cons:
» Limited dissipation capability up to 250W

= Space limitation
= Weight / Ergonomics
* Fan noise > 63dBA
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Heatsink with Heatpipe or Vapor Chamber

Heatpipe heatsink:
= 300W
* Rca 0.1, Rjc 0.03
» Simulation: ~77°C
* Measured: 65°C

Spread Heat Move Heat

\

///

Y 4% ,“] 1'.\ h
Engineer Testing
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4012
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1 32.05
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Surface Plot 1: contours T’empemre‘(SoIid).|43.B1 °C|

Heat Generation Rate
300 W

Temperature (Solid)[41.14 °C|

Temperature (Solid)[43 52 °C |
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Heatsink with Heatpipe

= Heatpipe heatsink:
= 600W
= Rca: 0.08,
= Simulation: ~74°C
* Measured: ~58°C

= Pros:
= Capability up to 600W
* Long Lead Time ~5 to 7 wks
= High thermal conductivity
= Design flexibility due to bendability
* Lowest cost for high volume

= Weight / Ergonomics

= Cons:
= Space limitation (more Z, than X.Y)
» Lead time is longer for Heatpipe tooling

* High cost for low volume

smtths

Tc
(°C)
52.6
53.3
52.1
57.8
524
52.3
52.3
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Liquid-Cooled Heatsink

Liquid-Cooled Heatsink connects to
radiator

INEL YUIUITIE - luwy ’

0.75 gal (US)min

44 B7
42.31
38.95
37.59
3522
3286

Liquid-Cooled heatsink 3050

28.14

connects to waterline in lab 2578

2341
Temperature (Solid) [*C)

Surface Plot 1: contours

Heat Generation Rate
500 W

CorSair
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Liquid-Cooled with Chiller

Liquid-cooled heatsink connects to chiller
= Set point

Insulated hoses for low set point

One chiller can support multiple heatsinks

= Pros:
= Capability > 500W
= Chiller: Set Point

= Lower cost than heatpipe heatsink at low volume

. = Ease of maintenance
Chiller_15C 450W

= Lid portion has lower weight then conventional heatsink

= | ow/No noise

= Cons:

= Water/Coolant Source

90
80
Go
20
=
S50
Q.

Fix Flow rate

w Tam
S O

Fix Fluid temperature

Radiator: Fluid temperature is higher than ambient

Potential Leaks

195
Power (W)

smtths
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Temperature Control Unit

= Heatsink connects to fan/fluid/Chiller For Cooling | e | “q"‘fﬁ”“{:“m e

= Thermoelectric cooler or Heater Cartridge for heating. I TR

= Resistance temperature detector/ Thermocouple and Gerirella Oeatan | o™ IS
thermostat for temperature feedback | TEC e g

= Controller ::;&l;;:ﬁﬂ‘;: ESensor

\ HDUT Contactor
= Pros: RS232 com line
= Capability > 600W

= Chiller: Set Point

= Ease of maintenance
= Lid portion has lower weight then conventional heatsink

= Low/No noise

= Cons:
» Highest Cost
= Space/Set up
» High Maintenance if use TEC

= Potential Leaks
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Immersion Cooling

= Non-Conductive Fluid
»= 3M Novec 7500 Engineering Fluid

» Enclosed system

= Vapor is condensed by Facility Water.

= Pros:

= 1000x better than air cooled
= |ess Noise

* No Hose Routing

= [ ow maintenance cost

= Cons:

* Mainly used for Data Center, Crypto Mining
» High cost for setup/hardware

» Spillage / Safety

GigaByte Submer.com
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Summary

Cost
Wattage

Leadtime
Noise Level
Fluid Medium
Maintenance
Stand Alone
Space

Limitation

Ergonomic

smtths

Heatsink Air Cooled
Lowest
< 250W
Shortest

Up to ~76dBA
Air
No
Yes
Heatsink Size

Heatsink Weight

Heatpipe
Higher

< 600W
Long

Up to ~53dBA
Air
No
Yes
Heatsink Size

Heatsink Size
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Liquid-Cooled
Lower
< 500W
Short

No noise/Low

DI water/Coolant*

No/Coolant

Water line/Radiator

No/Radiator Size

No

Liquid-Cooled
(Chiller)

High
< 650W
Short

45 dBA
Coolant
Coolant
Chiller
Chiller Size

No

Temperature Control
Unit

Highest
= 650W
Long

45 dBA
Coolant
Coolant & Heater
Chiller, Controller
Chiller Size

Weight of hoses, cables
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‘ Premier Assembly Materials
Designer and Manufacturer:

Thermal Interface Materials
 Liquid Metals
 Hybrid Metal TIMs

®
« Heat-Spring®
INDIUM « Solder Pastels, Fluxes, Preforms,

e e Alloys, Wire, and Bars _'
 Semiconductor Fluxes and Pastes il
 Metals and Compounds

DI?SIDER Series

Free technical content at your fingertips
www.indium.com/insiderseries

© INDIUM CORPORATION
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content reflects the opinion of the author(s) and their respective companies. The inclusion of
presentations in this publication does not constitute an endorsement by MEPTEC or the sponsors.

There is no copyright protection claimed by this publication. However, each presentation is the work of
the authors and their respective companies and may contain copyrighted material. As such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any questions
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