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 Coolant Sources

AlIr

A Inexpensive and benign

A Practical at hot setpoints only
A Practical for limited power capacity
A High performance applications noisy

A Higher thermal capacitancd better
performance
A Best fluids are either flammable or limited i
temperature range
A Water
A Great performance
A Limited from @°C to 100C (can extend
somewhat by mixing glycols)
A Requires leak tolerant design
A HFE
A Lower performance
A No fluid version is optimal over entire
needed temperature range
A Thermal losses from cooling source (50@
to DUT control location 2
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 Phase Change

|

A Can be used to extremely A High thermal capacity A At high temperature
low temperatures A Most effective with setpoints

A Low thermal capacity, evaporator at test site (not A Great performance,
consumption costly, and through secondary benign material
safety concerns medium)

A Routing supply and return
lines complex
A Complexity and cost
Increase significantly belov
-403
A Multi-stage

N A Oil return gilé ‘
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A Resistance from customers
due to various reasons




 Geometric Constramts- Flatness

A Usually implies lower power density easier to
control

A DUT not flat

A Larger thermal gaps .
A Poorer control thermal unit

A Convex curvature is typical
A Larger thermal gap % UDtJ)T O%
A less risk to damage bare die edges

A Sometimes can take advantage of DUT flexibility t

O&I AOGOAT o
A Significant performance improvement
A31All OEOE 1T &£ PAOI ATAT O OAAI AcAo O $54
A Many device and package styles
A Requires custom thermal unit designs
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 Geometric Constraimnts

A Single highpower device, multiple low power
A Contact surface on devices may not be coplanar
A ngh power deVICe E!dtked Hacked
. DRAM |= - - ||| DRAmM
A Needs tight temperature control " 7 Monolilthic |
i I ::': GPU =
A All other devices — = [scackea
DRAR § E [HR.A A
A Temperature control not as critical T
A Prevent exceeding maximum temperature Package
A Optlmlze TU to ContrOI hlgh power deVICe Source: NVIDIA MCGRIPU: MultiChipModule GPUs for Continued Performance
Scalability. June 26, 2017
A ContrOI IOW power deVICeS Wlth Comp“ant TIM https://research.nvidia.com/publication/20106  MCMGPU%3AMulti-Chip-
Module-GPUs
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https://research.nvidia.com/publication/2017-06_MCM-GPU%3A-Multi-Chip-Module-GPUs

 Geometric Constraimnts

A Multiple high-power devices, multiple low power

A Requires that contact surfaces for high power chi
be coplanar

A If not:
A Multiple thermal units or control zones
A Technically feasible but costly
A High performance TIM
A Increasing requests to test multichip bare die
A No lidA lower thermal resistance path (a plu:

A Non coplana®y, higher thermal resistance
path (a minus)
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||| oRam = =||| brRAM
1 GPU [ GPU |*
"=/ Module|-|Module -
Stacked = i ;:{ Stacked
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Source: NVIDIA MGBPU: MultiChipModule GPUs for Continued Performance
Scalability. June 26, 2017

https://research.nvidia.com/publication/20406_ MCMGPU%3AMulti-
Chip-Module-GPUs
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 Geometric Constraints

A Contact surface is planar (Yay!)
A Still a testing challenge

A Assume
A Power density is equal on all devices pictured
A Thermal unit does not contact entire device

A Quarter symmetry analysi8, large temperature
gradient

A Large device requires large thermal unit

A Many different sizes on the market (no standard)

[«

contact area

>

lid

lid

contact area
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' Thermal Interface Ntaterialts((TIM)

¢ Requirements

A

o o P Do I

Low thermal resistance
Highly compliant

Reusable to many cycles
Repeatable performance

No residue or easily cleaned

Easily refurbished
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' TIM Examples

A Inert A Usually indium A Excellent conductivity and
A Substantially better than & A Good conductivity compliance
dry interface A Subject to oxidation A Oxidation
A High consumption cost (unless Au) A Needs containment
A Global shortage A Creep over time mechanism
R Limited life A Limited temperature
A Indium melts at ~15€ range
A May attack other metals
(gallium)

He ' 4
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' TIM Examples

A Good conductivity and
compliance

A Limited temperature
range

A Possible application,
removal, and cleaning
Issues

:
am|

AN

A Bulk conductivity may be
good

A Good compliance

A Compression pressure
may be limited

A Subject to creep

A Typically needs additional
treatment or material to
easily release from DUT

A A Additional thermal

resist —

I
—>

A Excellent bulk conductivity
but may be directional

A Usually not very complian
A Fairly robust

A Only as good as thermal
contact resistance to DUT
and thermal unit

&
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| Practical GoodrRerformingTiMds a @Gritical Need!
| _

¢ In high power applications, major thermal resistance is between DUT and
thermal unit

¢ Currently TIM when used is limited to a particular type of application

¢ Market for TIM used in test is smalp, limited supplier competition

Thermal Interface

to DUT
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' Manufacturing Test Environment

—

¢ Need procedure to test TIM performance in manufacturing test X T-Core
environment =

¢ Typical method is steady state

0

0

0

0

Well proven direct method
Not an option if DUT thermal sensor is not available
Applying known amount of power not trivial

For lidded devices, lid to DUT thermal resistance variation may be greater than
resolution needed for measuring the resistance of the TIM between the lid and heater
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 Temperature Gradient
|

¢ For high power devices one must minimize thermal
resistance from the thermal unit to the DUT,f DUT to TU

¢ When[ DUT to TU approaches the DUT in plane resistance

[ DUT In plane or becomes les DUT can develop LSO
significant temperature gradients . BouT 0 TU
¢ Temperature gradients proportional to power dissipated
¢ Important to understand gradient 'e VYV
DUT in plane

o Location of temperature sensor important
o One application controlled DUT at sensor location well
i Gradient caused solder balls to melt DUT Power/
¢ See example on next slide
o Center sensor poor choice for control
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Temperature
Gradient




 Center SensorrRoor ChaicéstarControl
|
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 Power Dissipation @nrmostRewviees not/UniformlyDistibuted

¢ Device shown is 4 core processor

DUT power concentrated near cores
Hottest near cores

O¢ O«

— R DUT Power/

Temperature
Gradient

February 10, 2021

Page 16 Company Confidential //_— Co h U



DUT Powerws. T Time

¢ Referencing the simplified figure shown A Z

o For constant DUT power Pd thermal unit required temperature is also constant
o Slow or small changes of Pd require simple changes of thermal unit temperature

o Large or fast changes of Pd require more difficult changes of thermal unit temperature

i Lagging changes of required thermal unit temperature can result in significant DUT temperature rise
A increased DUT power (higher leakage currefytthermal runaway

thermal unit

ObUT to TU

P, DUT DUT Power/
—> Temperature

Gradient
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| Importance of DUT frRowerChange/Magnitude

¢ DUT power change magnitude more important than absolute power magnitude
Burn-in power dissipation fairly consta§ easy to control

Functional test & SLT power variés harder to control

Figures below show two DUT power dissipation profiles
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