TOCS

ThreeeOmega CharacterizationSystem

@ Nl \N 0 I ES I © 2024 Nanotest. All rights reserved.

simplymeasured




» Thermal conductivity of thermal interface materials can be critical for thermal management in
microelectronic systems

» Thermal conductivity usually measured bgteadystate method ASTM D5470 (e.g., TIMA, but
b Measurement during curing is not easily possible (because relatively hidgbl must be applied for measurement)
b Not well suitable for high thermal conductivity materials and timeconsuming preparation for cured samples,

because samples of different thicknesses must be prepared
» Bidirectional 3omega method is an alternative to the standard method for measuring thermal

conductivity
b Sensitive
bRapid (& 1 minut e)
b Temperature and time dependent measurements during curing
b Suitable forlow and high thermal conductivities

—linear fit
air, 4=0.03 W/(mK)
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TOCS

Fast-paced thermal material characterization Sample material is

_ simply applied on
Material parameters the test chip and T
b Bulk thermal conductivity tested with amere ‘

b Thermal diffusivity buttonpress .

Feasible samples
b Liquids
b Gels
b Pastes
b Soft solids

Measurement X -section

Glass Substrate




New approach using three -omega method

Conventional 3f -method Bidirectional 3f -method
sample
3w sensor© 3w Sens passivation
samplev
glass substrate
Sensoron top of sample Sampleon chip

»Requires 3Ff sensor f oxTa&a crimetlBdfmom laleto

» Only for solid materials industrial application
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One-minute -thermal conductivity

» highly-sensitive measurement platform for thermal conductivity and diffusivity
measurements based on the 8 method

3f from lab to
Industrial level

Glass Substrate

0.05 W/mK

Results In
<1 min
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Method

TOCS physical basics

© 2024 Nanotest. All rights reserved.




Three-omega method used by TOCS®
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[1] Dames Cet al., Rev. Scilnstrum. 76, 124902 (2005).
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Three-omega method: substrate calibration

Model by Cahill, 1990 [1]:

If substrate thicknes®) v AT ‘A 07 [2],
where‘ /| ¢ (= penetration depth):
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Three-omega method: measurement of sample on top of chip

If thickness of substrate’Q p) and sample {Q

I(t
®) e N ¢)Q ° andsensorlengthO v* ,
=\ sample _
) with JxQ [1]:
O p OE] cB,Q
q) “ L‘) l_ l_ ’ ('I)

_ dthermal conductivity of material'Q
®dthermal diffusivity of material’Q

a1 sensor half width,0dsensor length
Y : sensor resistance.

substrate

Boundary mismatch approximation {1 &*‘ 5 & [1]:

Thermal conductivity of sample:| _ C € _ |o0sl ope met hodéd

[1]Lubner, S. Det al, Rev. Scilnstrum. 86, 014905 (2015).
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Bidirectional three-omega method with passivation

,0 U where* /I Ta [1]:
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¢ Gsensor width,0dsensor length,’Y : sensorresistance
| gthermal diffusivity of material'Q

_ dthermal conductivity of material’Q
0 : thickness of passivation

Boundary mismatch approximation {1 " wo << )[1]:

Thermal conductivity of sample:— G € _ 0sl ope met hodc

[1]Lubner, S. Det al., Rev. Scilnstrum. 86, 014905 (2015).
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Analysis models of TOCS’

Sensor

#  Fit model Results REINEIS Use case
Substrate
0] Linear fit Thermal conductivity of Passivation is neglected all
substrate and sample 0 s | emetbodl
Cahill model Thermal conductivity & : Sample
1] (only substrate) diffusivity of substrate Alr or vacuum as sample !
2] Bidirectional Thermal conductivity & To be used for chip w/o Substrate
w/0 passivation diffusivity of samples passivation
[3] Fit passivation parameters Thermal conductivity & Results to be used as input 3
P P diffusivity of chip passivation for fit model 4 Passivation
@ Sensor
Bidirectional Thermal conductivity & Substrate
[4] w/ passivation fit diffusivity of samples 4
conductivity + diffusivity
Bidirectional w/ passivation e Conductivity should be.
[5] it diffusivi Thermal diffusivity of samples  known or measured with 4 i
It diffusivity other model Passivation
6] Bidirectional model w/ Thermal conductivity & Passivation assumed 4
passivation short diffusivity of samples as Rth (offset) Substrate
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TOCS chips

Bl Aluminium: 80 nm
Gold: 500 nm

Silicon oxide: 200 nm or 250 nm or 300 nm

A

Heaters

N\

A 4

Sensors:

L

>w:5pm+ 4

L=500pm

y_

Chip type
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o

12 mm  Position on wafer

Side view (not to scale):

Passiv = Au I 500 nm

!} 80 nm
Glass ' 0.7 mm
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On-Chip heating options

double -sided heating single-sided heating
. 88 mW total power = - 190mW total power
LD e = ()
temperature rise relative to
ambient temperature
,// "\ N\

A Heating of chip, for temperature-dependent thermal conductivity measurement

A Chip temperature up to 180C
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Measurement examples

TOCS in action




Thermal interface materials

0.8
: i C i o air
» Different pastes have been characterized N EW}E\?II’ A o
» Three non-cured thermal greases : . . TCabs
: < 0.6 |DC340 = SPG-30A
» One cured two components gap filler = — linear fit
. . Q 0> F TG4525 ag %o
» Pastes dispensed on the top of the chips & L f e, LIRSS,
. 04 © SPEBOA ™24, 0, o
» Gap filler has been cured 0 : -"""'*-.._____.‘.
at 150C for 1 h directly on the chip i CTmeag gty
- . 0.2 L L Ll , B d
» Data fitted with model [O] 3 30 fpy 300 3000
- 1T TOCS 1 Datasheet
Sarcon® SPG-30A  Dow® TC-4525 Wacker® P12 Dow Corning® 340 Materia W/(mIK) W/(mIK)
1 Sl NS P12 0.58+ 0.02  0.81
340 0.79+ 0.04  0.67

P
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— e = . dndbin ikl
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TG 4525
SPG30A

2.40+ 0.20
3.81+ 0.05

2.6
3.2




Liquid metal
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Graphite dispersed in Vaseline

Graphite (99% pure, 1520 um particle size) in Vaseline
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Thermal conductivity of epoxy during curing

2-component gap filler
» Room temperature
» 48 hours curing

» Room temperature

» Continuous measurement

\4

Initial:

» 0.124 0.004 W/(m®)

After 8h:

» 0.191 0.004 W/(m®) (+54%)
» No more (thermal) curing
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