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Compressible Metal TIM - Principles

Pattern applied to metal shim to
form array of compressible columns

Metal TIMs possess high thermal
conductivity

— Pure indium: 86 W/mK
Multiple patterns available
— Application-specific
Various thicknesses possible BB [pesle
— Defined pre-patterning Al-Clad
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Compressible Metal TIM - Principles

 Under pressure, metal NN
plastically deforms to the N0 A Ny
interfaces

— Inelastic deformation through creep

— Thermal resistance decreases with
Increasing pressure

— Thermal resistance decreases over
time
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The Principle of ASTM D5470

Test heads have known
geometry and physical properties
— Planar and parallel surfaces

Temperature gradient and heat
flow are measured

Effective thermal resistance
(Rth¢) Is calculated as output

Pressure, bond line thickness
(BLT), and temperature are
controlled and/or measured

I e St CO nx The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal
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The Principle of ASTM D5470

* (Rth.¢) is the sum of bulk -
TIM thermal resistance Rt = Rthpuy + Rthy
(Rth,,) and all interfacial 1

thermal resistances (Rthy) |Rih.;r =—— A-B’LT+RH10

* Rth, . Is a function of TIM .
bulk thermal conductivity Theoretical Ideal TIM:
(Ao.), bond line thickness ~ * HIgN (Aoyy)

(BLT), and area e LowBLT
* Allows for low (Rth)
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TIM Bulk Thermal Resistance Comparison

BLT
R thb lk — Rth (K/W) Traditional / Polymer Phase Change TIMs Ph::;:U(;{rjlaMn;afI{nys Inpdl::xem Th I
“ A X A Rean (W/mK) erma
bulk a T ] 1 5 8.5 10 15 30 50 B6 . .

25 0.0083 0.0017 0.0010 0.0008 0.0006 0.0003 0.0002 0.0001 CO n d u CtIVI ty
50 0.0167 0.0033 0.0020 0.0017 0.0011 0.0006 0.0003 0.0002
75 0.0250 0.0050 0.0029 0.0025 0.0017 0.0008 0.0005 0.0003
AS S u m e 100 0.0333 0.0067 0.0039 0.0033 0.0022 0.0011 0.0007 0.0004
175 0.0417 0.0083 0.0049 0.0042 0.0028 0.0014 0.0008 0.0005
A — 5 Omm X 6 O mm 150 0.0500 0.0100 0.0059 0.0050 0.0033 0.0017 0.0010 0.0006
175 0.0583 0.0117 0.0069 0.0058 0.0039 0.0019 0.0012 0.0007
200 0.0667 0.0133 0.0078 0.0067 0.0044 0.0022 0.0013 0.0008
225 0.0750 0.0150 0.0088 0.0075 0.0050 0.0025 0.0015 0.0009
250 0.0833 0.0167 0.0098 0.0083 0.0056 0.0028 0.0017 0.0010
275 0.0917 0.0183 0.0108 0.0092 0.0061 0.0031 0.0018 0.0011
300 0.1000 0.0200 0.0118 0.0100 0.0067 0.0033 0.0020 0.0012
325 0.1083 0.0217 0.0127 0.0108 0.0072 0.0036 0.0022 0.0013
350 0.1167 0.0233 0.0137 0.0117 0.0078 0.0039 0.0023 0.0014
375 0.1250 0.0250 0.0147 0.0125 0.0083 0.0042 0.0025 0.0015
400 0.1333 0.0267 0.0157 0.0133 0.00839 0.0044 0.0027 0.0016
425 0.1417 0.0283 0.0167 0.0142 0.0094 0.0047 0.0028 0.0016
450 0.1500 0.0300 0.0175 0.0150 0.0100 0.0050 0.0030 0.0017
475 0.1583 0.0317 0.0186 0.0158 0.0106 0.0053 0.0032 0.0018
500 0.1667 0.0333 0.0196 0.0167 0.0111 0.0056 0.0033 0.0019

BLT
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TIM Bulk Thermal Resistance Comparison

BLT
R th — Rth (K/W) Traditional / Polymer Phase Change TIMs Liquid Metals/ Pl_!re
bulk Phase Change Alloys Indium Th I
/1 X A Au (W/mK] erma
bulk BT (um) 1 5 85 10 15 30 50 B6 o

25 0.0083 0.0017 0.0008 0.0006 00003 | 00002 | 0.0001 Cond u CtIVIty
50 0.0167 0.0033 0.0020 0.0017 0.0011 0.0006 0.0003 0.0002
75 0.0250 0.0050 0.0029 0.0025 0.0017 0.0008 0.0005 0.0003
AS S u m e 100 0.0333 0.0067 0.0039 0.0033 0.0022 0.0011 0.0007 0.0004
125 0.0417 0.0083 0.0049 0.0042 0.0028 0.0014 0.0008 0.0005
A — 5 Omm X 6 O mm 150 0.0500 0.0100 0.0059 0.0050 0.0033 0.0017 0.0010 0.0006
175 0.0583 0.0117 0.0068 0.0058 0.0039 0.0019 0.0012 0.0007
200 0.0667 0.0133 0.0078 0.0067 0.0044 0.0022 0.0013 0.0008
275 0.0750 0.0150 0.0088 0.0075 0.0050 0.0025 0.0015 0.0009
250 0.0833 0.0167 0.0098 0.0083 0.0056 0.0028 0.0017 0.0010
. 275 0.0917 0.0183 0.0108 0.0092 0.0061 0.0031 0.0018 0.0011
EX . Rth CO m p a I'I SO n 300 01000 0.0200 0.0118 0.0100 0.0067 0.0033 0.0020 0.0012
325 0.1083 0.0217 0.0127 0.0108 0.0072 0.0036 0.0022 0.0013
P C M (8 5 W / m K) 350 01167 0.0233 0.0137 0.0117 0.0078 0.0039 0.0023 0.0014
C 375 0.1250 0.0250 0.0147 0.0125 0.0083 0.0042 0.0025 0.0015
400 0.1333 0.0267 0.0157 0.0133 0.0089 0.0044 0.0027 0.0016
50 IJ m B LT 425 0.1417 0.0283 0.0167 0.0142 0.0094 0.0047 0.0028 0.0016
450 0.1500 0.0300 0.0176 0.0150 0.0100 0.0050 0.0030 0.0017

> 475 0.1583 0.0317 0.0186 0.0158 0.0106 0.0053 0.0032 0.0018
500 0.1667 0.0333 0.0196 0.0167 0.0111 0.0056 0.0033 0.0019
5
Indium (86 W/mK) | et
BLT
500 um BLT
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TIM Interfacial Resistance

Rth,: resistance resulting from

imperfections in contact at each
surface " /} o,
— Surface roughness and asperities Sample || |t |
TIMs fluid in operation: v/ TN
Solder TIMs: v V

Compressible TIMs: material-
dependent

theﬁc = Rl‘hbugf + thﬂ

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 8
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TIM Interfacial Resistance

 |ndium metal: low

flow stress ‘ b

e Conforms to -
surfaces over time Indium

Flowin Fill ¢
under pressure ito Gaps L

Asperities

« Patterning:
— Focuses pressure

on peaks

— Accommodates |
surface non-
coplanarity

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 9
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Experiment — Test Parameters

 Material * Pressure
— 99.99% Indium — 20 PSI — 30 PSI

o Pattern — 40 PSI — 50 PSI

_ Pattern “X”
— High peak, one-sided * Time ~250um peaks
X — Up to 72 hours

* 0.012" thick — Readings every 0.5 -5 w
« 0.0207 thick minutes

— Low peak, two-sided « Sample temperature Pattern “D”
D | _ 85°C ~75um peaks
* 0.004” thick

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 10
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* Initialize equipment
— Install and align test heads
— Activate heat and tare BLT

* Install sample, apply designated
pressure

* Take Rthsand BLT

measurements over 72 hours

— Manual measurements prior to thermal
stabilization

— Automatic readings until completion

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal 1
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Rth, . — Effect of Time

Rth.s vs Time
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Rth, . — Effect of Time
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Rth_ — Effect of Pressure

Rthgs vs Time

05 012" [20PSIfX

0.45 012" /30PSIfX

04 —()12" [A0PSI[X

%35 (12" [50PSI/X
0.3
0.25
0.2
0.15
0.1
0.05
0

0 & 12 18 24 30 30 42 48 54 o0 i) 72
Time (hr)
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Rth_ — Effect of Pressure

BLT vs Time .
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U].E",l'r?-ﬂpﬁlfx
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Rth_ — Effect of Thickness

Rth.s; vs Time
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Rth_ — Effect of Pattern

Rth.; vs Time
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Rth_ — Effect of Pattern

Rthes vs Ti
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Rth_+ — Combined Data

Rth.i vs Time
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Conclusions — ASTM D5470 Data

Time — substantial effect on Rth_4 through initial 24-48 hours
— Decreasing interfacial resistance near time of installation
Pressure — significant impact on Rth ¢

— Lower interfacial resistance

Thickness — low-moderate effect on Rth

— Marginalized by high thermal conductivity

Pattern — moderate effect on Rth_;near time of installation
— Impact on long-term Rth_«: application-dependent
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Compressible Metal TIM Considerations

 Maximum pressure

 Distribution of pressure
— Non-coplanarity
— Pattern selection

* Mechanism of pressure

— Torque loss prevention
hardware

— Installation best practices
« Washer orientation
» Torqueing process

The Impact of Time, Pressure, Thickness and Patterning on Compressible Metal Thermal Y
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Compression Analysis

99.99% Indium Pattern “X” peak height measurement

8312 - 132.87um

vy

efore Compression /2 hours @ 40PSI, 85°C
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Compression Analysis

0.012 "X" Pattern - Peak to Valley Compression
Uncompressed Height
250
30%
200
45% After
50% :
¢ 175um 52% Compression
E
2 150
}:;_J ® 138pm
E ® 125.8ym e 121.2pm
—
@ 100
o
50
0
15 20 25 30 35 40 45 50 55
Pressure (psi)
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P

Future Work

* Correlation of ASTM D5470 data with power cycling TTV performance

1 1 1 1
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