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COPYRIGHT NOTICE

The presentation(s)/poster(s) in this publication comprise the Proceedings of the 2018
BiTS Workshop. The content reflects the opinion of the authors and their respective
companies. They are reproduced here as they were presented at the 2018 BiTS
Workshop. This version of the presentation or poster may differ from the version that
was distributed in hardcopy & softcopy form at the 2018 BiTS Workshop. The inclusion
of the presentations/posters in this publication does not constitute an endorsement
by BiTS Workshop or the workshop’s sponsors.

There is NO copyright protection claimed on the presentation/poster content by BiTS
Workshop. However, each presentation/poster is the work of the authors and their
respective companies: as such, it is strongly encouraged that any use reflect proper
acknowledgement to the appropriate source. Any questions regarding the use of any
materials presented should be directed to the author(s) or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks of BiTS
Workshop. All rights reserved.
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Characterization of Electronic Coollng Solution
and Thermal Interface Material using Thermal

Test Vehicle
Suhail Azim, Test Tooling Solutions Group

INTRODUCTION:

Increasing the power density of chips with small footprints requires to cool down device
within the expected range of temperature. Otherwise it can cause chips to malfunction
or to burn under extreme condition. This scenario poses challenges to the performance
and reliability of cooling solutions like Heatsink, Liquid Cooling, Heat pipe etc.
(combined with Thermal Interface Material).

APPROACH:

To qualify and characterize these cooling solutions, a dummy chip is required to act as
a heat source. Our goal is to create a package which mimics the actual chip to be
tested. This would give us an idea on the thermal performance of customer chip under
different test condition.

Thermal Test Vehicle (TTV) is the best tool to use in this case. It consists of two main
elements:

1-Highly doped resistors which act as a heater to power up the chip.

2-Thermal sensors with Diodes to sense and measure the temperature.

There are two different types of Thermal Test Vehicle available; one is Compact type
and another one is Configurable type.

Pros/Cons of Compact TTV: Small in size with Heating power limited up-to 2 digits. No
option to measure Junction Temperature.

Pros/Cons of Configurable TTV: Bigger in size with Heating power up-to 3 digits.
Configurable to generate different heat flux. Measurement option is available for
Junction Temperature, if calibrated properly.

Test Setup for Thermal Characterization

COMPACT TYPE
(LOW POWER)
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Thermal Test Vehicle (TTV)

Thermal Test Vehicle

CONFIGURABLE TYPE

(LOW/HIGH POWER)
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CALIBRATION FOR THERMAL TEST VEHICLE (TTV):

It is recommended to calibrate Thermal Test Vehicle prior to test. A controlled
environment test chamber is required to calibrate TTV over a range of temperature.
Two common methods use to calibrate TTV are:

1- Four (4)-wire Resistance Calibration
2- Diode Calibration

COOLING SOLUTION CHARACTERIZATION:

To characterize a cooling solution (example a fan heatsink), the solution is placed onto
the surface of the TTV. Power is applied to the TTV to heat up to a certain required
level with proper set-up (example with Compression Jig). The surface of the ‘package
metal casing’ and ‘Heatsink base’ are to be attached with a thermocouple for
measurement of temperature. To calculate the thermal resistance of the cooling
solution used, measure the heatsink to ambient temperature difference and divide by
the power applied.

MAXIMUM POWER HANDLING CAPABILITY

Using this method, you can estimate: OF VARIOUS COOLING SOLUTION
(TO MAINTAIN DEVICE CASE TEMPERATURE (Tc) <70C)

[N]
o
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= Thermal Resistance of cooling solution

= Power handling capability of cooling
solution to maintain maximum allowable
temperature at device case or junction.

The graph on the right shows Power
Handling Capability of cooling solution to
maintain device case temperature at <70°C.
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The graph below shows thermal resistance

of different cooling solution over a range of Solwlon ¥l Solwion 2 Sohmon 5 Solaon 84 Solnlon 5
power applied. DIFFERENT COOLING SOLUTION
THERMAL COOLING SOLUTION CHARACTERIZATION
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THERMAL INTERFACE MATERIAL (TIM) CHARACTERIZATION

TIM is placed between the TTV surface and the cooling solution, where the
temperature is measured by connecting a thermocouple at the bottom of the cooling
solution and heat spreader. Calculate the temperature difference and divide by
power, will evaluate TIM thermal resistance for that specific pressure. It is
recommended to refer to the TIM datasheet to check how much pressure/force is
required to get optimum performance.

Below result is shown for reference. The Chart concludes:
= That by applying proper compression on TIM, performance can be optimized.

= TIM selection would be more easier if tested on the same platform under same
test condition.

TIM (Thermal Interface Material) Characterization
Pressure VS Thermal Resistance

0.325 —e—GREASE TIM -1

0.300 Test Condition: . —e— GREASE TIM -2

0.275 Heat Source»l Thermal Test Vehicle GREASE TIM -3
Heat Source Size>> 5Q12mm —e— GREASE TIM -4

0.250 Ambient Temperature>> 25C —e— GREASE TIM -5

0.225 Power Applied>> 100W —e—PCM -1

0.200 = (Tc=Ths) —e—PCM -2

0.175 8 = TTLCP Ths —e—METALTIM -1

0.150 ower METAL TIM -2

Thermal Resistance (oC/W)
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TIM TYPE Thermal Resistance (C/W) of TIM at Different Pressure
No Pressure 20 PSI 40 PSI 60 PSI
GREASE TIM -1 0.092 0.053 0.043 0.042
GREASE TIM -2 0.038 0.025 0.021 0.022
GREASE TIM -3 0.072 0.037 0.030 0.029
GREASE TIM -4 0.090 0.045 0.040 0.037
GREASE TIM -5 0.060 0.030 0.029 0.030
METAL TIM -1 0.303 0.138 0.111 0.099
METAL TIM -2 0.208 0.063 0.050 0.046
PCM -1 0.250 0.179 0.119 0.097
PCM -2 0.257 0.078 0.072 0.070
CONCLUSION:

= Thermal Test Vehicle is an inexpensive way to estimate the thermal performance
of your cooling solution/system .

= Dedicated test chips coupled with validated models can be used to understand
temperature distribution and heat transfer characteristics.

= Measurements and simulation models are compared to see offset differences.

= The value of the test chip and validation will become even more evident as more
experiments are performed on the samples. If tested properly, you are ready to
produce a COOLING SOLUTION AT THE RIGHT TIME, AND AT THE RIGHT

COST!
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