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Air Liquid

Å Inexpensive and benign

ÅPractical at hot setpoints only

ÅPractical for limited power capacity

ÅHigh performance applications noisy

ÅHigher thermal capacitance Ą better 
performance
ÅBest fluids are either flammable or limited in 

temperature range
ÅWater

Å Great performance
Å Limited from 0°C to 100°C (can extend 

somewhat by mixing glycols)
Å Requires leak tolerant design

ÅHFE
Å Lower performance
Å No fluid version is optimal over entire 

needed temperature range

ÅThermal losses from cooling source                            
to DUT control location

Coolant Sources 
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LN2 Refrigeration Water

ÅCan be used to extremely 

low temperatures

ÅLow thermal capacity, 

consumption costly, and 

safety concerns

ÅResistance from customers 

due to various reasons

Å High thermal capacity

ÅMost effective with 

evaporator at test site (not 

through secondary 

medium)

ÅRouting supply and return 

lines complex

ÅComplexity and cost 

increase significantly below 

-40ᴈ

ÅMulti-stage

ÅOil return

ÅAt high temperature 

setpoints

Å Great performance, 

benign material

Phase Change
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Geometric Constraints - Flatness

Large Device Area

ÅUsually implies lower power density Ą easier to 
control

ÅDUT not flat
Å Larger thermal gaps
Å Poorer control

Å Convex curvature is typical
Å Larger thermal gap 
Å less risk to damage bare die edges

Å Sometimes can take advantage of DUT flexibility to 
ȰÆÌÁÔÔÅÎȱ
Å Significant performance improvement
Å3ÍÁÌÌ ÒÉÓË ÏÆ ÐÅÒÍÁÎÅÎÔ ȰÄÁÍÁÇÅȱ ÔÏ $54

ÅMany device and package styles
Å Requires custom thermal unit designs
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Geometric Constraints

Multichip Applications

ÅSingle high-power device, multiple low power

ÅContact surface on devices may not be coplanar

ÅHigh power device

ÅNeeds tight temperature control

ÅAll other devices

ÅTemperature  control not as critical

ÅPrevent exceeding maximum temperature

ÅOptimize TU to control high power device

ÅControl low power devices with compliant TIM https://research.nvidia.com/publication/2017-06_MCM-GPU%3A-Multi-Chip-
Module-GPUs

Source: NVIDIA MCM-GPU: Multi-Chip-Module GPUs for Continued Performance 
Scalability. June 26, 2017

https://research.nvidia.com/publication/2017-06_MCM-GPU%3A-Multi-Chip-Module-GPUs
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Geometric Constraints

Multichip Applications

ÅMultiple high-power devices, multiple low power

ÅRequires that contact surfaces for high power chips 
be coplanar

Å If not:

ÅMultiple thermal units or control zones

ÅTechnically feasible but costly

ÅHigh performance TIM

Å Increasing requests to test multichip bare die

ÅNo lid Ą lower thermal resistance path (a plus)

ÅNon coplanar Ą higher thermal resistance 
path (a minus)

https://research.nvidia.com/publication/2017-06_MCM-GPU%3A-Multi-
Chip-Module-GPUs

Source: NVIDIA MCM-GPU: Multi-Chip-Module GPUs for Continued Performance 
Scalability. June 26, 2017

https://research.nvidia.com/publication/2017-06_MCM-GPU%3A-Multi-Chip-Module-GPUs
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Geometric Constraints

Large Lidded Multichip Devices

ÅContact surface is planar (Yay!)

ÅStill a testing challenge

ÅAssume 

ÅPower density is equal on all devices pictured

ÅThermal unit does not contact entire device

ÅQuarter symmetry analysis Ą large temperature 
gradient

ÅLarge device requires large thermal unit

ÅMany different sizes on the market (no standard)

lid contact area
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Thermal Interface Materials (TIM)

Ç Requirements

Å Low thermal resistance

Å Highly compliant

Å Reusable to many cycles

Å Repeatable performance

Å No residue or easily cleaned

Å Easily refurbished

Thermal Interface    
to DUT
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TIM Examples

Helium Malleable Metal Liquid Metal Alloy

Å Inert

ÅSubstantially better than a 
dry interface

ÅHigh consumption cost

ÅGlobal shortage

ÅUsually indium

ÅGood conductivity

ÅSubject to oxidation 
(unless Au)

ÅCreep over time

ÅLimited life

Å Indium melts at ~150ᴈ

ÅExcellent conductivity and 
compliance

ÅOxidation

ÅNeeds containment 
mechanism

ÅLimited temperature 
range

ÅMay attack other metals 
(gallium)
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TIM Examples

Volatile Liquid Elastomeric Graphite/Carbon-based

ÅGood conductivity and 
compliance

ÅLimited temperature 
range

ÅPossible application, 
removal, and cleaning 
issues

ÅBulk conductivity may be 
good

ÅGood compliance

ÅCompression pressure 
may be limited

ÅSubject to creep

ÅTypically needs additional 
treatment or material to 
easily release from DUT

ÅĄAdditional thermal 
resist

ÅExcellent bulk conductivity 
but may be directional

ÅUsually not very compliant

ÅFairly robust

ÅOnly as good as thermal 
contact resistance to DUT 
and thermal unit
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Ç In high power applications, major thermal resistance is between DUT and 
thermal unit

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

Ç Market for TIM used in test is small Ą limited supplier competition

Practical Good Performing TIM is a Critical Need!

Thermal Interface    
to DUT
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Ç Need procedure to test TIM performance in manufacturing test 
environment

Ç Typical method is steady state

ǒ Well proven direct method

ǒ Not an option if DUT thermal sensor is not available

ǒ Applying known amount of power not trivial

ǒ 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

Manufacturing Test Environment

Thermal Interface    
to DUT
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Ç For high power devices one must minimize thermal 
resistance from the thermal unit to the DUT, ʃDUT to TU

Ç When ʃDUT to TU approaches the DUT in plane resistance 
ʃDUT in plane or becomes less ĄDUT can develop 
significant temperature gradients

Ç Temperature gradients proportional to power dissipated

Ç Important to understand gradient

ǒ Location of temperature sensor important

ǒ One application controlled DUT at sensor location well

üGradient caused solder balls to melt

Ç See example on next slide

ǒ Center sensor poor choice for control

Temperature Gradient 

DUT Power/ 
Temperature 

Gradient
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Center Sensor Poor Choice for Control
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Power Dissipation on most Devices not Uniformly Distributed

DUT Power/ 
Temperature 

Gradient

Ç Device shown is 4 core processor

ǒ DUT power concentrated near cores

ǒ Hottest near cores



February 10, 2021

Page 17
Company Confidential

Ç Referencing the simplified figure shown

ǒ For constant DUT power Pd thermal unit required temperature is also constant

ǒ Slow or small changes of Pd require simple changes of thermal unit temperature

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

ü Lagging changes of required thermal unit temperature can result in significant DUT temperature rise 
Ą increased DUT power (higher leakage current) Ą thermal runaway

DUT Power vs. Time

DUT Power/ 
Temperature 

Gradient
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Ç DUT power change magnitude more important than absolute power magnitude

ǒ Burn-in power dissipation fairly constant Ą easy to control

ǒ Functional test & SLT power varies Ą harder to control

ǒ Figures below show two DUT power dissipation profiles

Importance of DUT Power Change Magnitude
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