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Fig. 1. The levels of electronic packaging.”

Table 2. Properties of common materials used in mi-
croelectronics.”

Material Density Thermal — Thermal  Elastic
(g/cm®) Expansion Conductivity Modulus
(ppm/K)  (WmK)  (GPa)
alumina 3.96 7.6 39 360
aluminum 2.70 24 177 71
alloys
aluminum 3.29 5.8 270 345
nitride
beryllia 2.86 8.0 210 311
beryllium 1.85 12 194 318
boron carbide 2.52 35 39 448
boron nitride 2.10 2.0 15 78
cobalt 8.90 13 96 211
copper 8.96 17 403 145
cordierite 2.58 2.3 1 118
epoxy 12 60 0 0.1
gallium 532 6 46 100
aresenide
gold 193 14 316 79
invar 8.04 0.4 11 144
iron 7.86 12 75 196
kovar 8.36 6 17 131
molybdenum 10.2 5 138 326
nickel 8.9 13 95 214
silica 2.3 1 2 70
silicon 223 4 139 113
silicon carbide 3.21 5 270 414
silver 10.5 19 431 76
stainless steel 8.0 15 14 216
tungsten 193 4.5 174 411

Table 1. Requirements and components for electronic packaging composite materials.”

Materjal requirements

Packaging components

Level I

Heat dissipation (high thermal conductivity)
Low Thermal Stresses (CTE match)
Hemeticity

Electromagnetic Shielding

Level 11

Heat Dissipation

Low Thermal Stresses

Vibration (high stiffness, damping)
Light Weight

Level 11T

Heat Dissipation/Insulation
Vibration and Shock (high stiffness, strength)
Electromagnetic Shielding

Light Weight

Level IV

Vibration and Shock

Level I

Carriers

Electronic Packages

Microwave Packages

Photonics Packages

Laser Diode Packages

Level I

Printed Circuit Boards

Printed Circuit Board Heat Sinks
Package Mounting Plates

Level IIT
Electronic Enclosures (chassis, black boxes)
Covers

Level IV
Support Structures
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Table 3. High thermal conductivity and low thermal
expansion materials.”

High Thermal Conductivity = Low Thermal Expansion
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Table 4. Predicted attributes of 7 ppm/K CTE systems.”
Low Hight Metal Metal TC Density Modulus
CTE TC v/o w/o W/mK g/em? GPa
AIN Cu 12.5 28.0 285 6.70 306
Ag 10.5 27.2 284 4.05 279
Al 8.6 7.1 267 3.23 286
Au 14.5 49.8 277 5.61 261
8iC Cu 18.8 393 293 4.28 330
Ag 16.2 38.8 293 4.38 284
Al 13.0 11.2 265 3.14 298
Au 22.8 64.0 281 6.87 253
W Cu 20.0 104 210 17.2 325
Ag 17.1 10.1 207 17.8 278
Al 13.9 2.2 182 17.0 290
Au 24.0 24.0 203 19.3 247
Mo Cu 14.9 13.3 166 10.0 287
Ag 12.6 129 162 10.2 258
Al 10.5 3.0 146 9.4 .264
Au 17.5 28.6 162 11.8 240
WC-Co Cu 21.0 13.7 161 13.7 432
Ag 18.0 13.3 158 14.2 353
Al 14.5 3.0 134 13.2 379
Au 25.0 30.0 157 16.1 302
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dispersed and interconnected microstructures

Fig. 2. Schematic microstructures of dispersed low
themal expansion phase and interconnected phases typ-
ical of liquid phase sintering.”
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Table 5. Characteristics and processes of composite
thermal management materials.

Materials Application Process  Advantage
W-Cu PC & workstation « MIM-LPS
Mo-Cu (heat loaded; « Infiltration  Cost
40~125 W/cm?) Process
SiC-Al Avionic « Pressure
AIN-Cu applications infiltration  Density
SiC-Cu process
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Fig. 3. Processing of PM W-Cu alloy.
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Table 6. Material design of W-Cu heat sinks using
nanocomposite powder.

Requirement Design
Compatible CTE ‘
W-10~
(6~7 pprm/K) 10~-20wt% Cu

= High thermal conductivity
+ Dimensional stability

» High strength & toughness
« Microwave absorption

+ Full density

* Homogencous
microstructure

« Particle refinement

Complex shaping
(hermetic package)

g

Synthesis of nanocomposite W-Cu powder 4‘

Metal injection molding

=

Optimized hydrogen reduction
® Nucleation/growth rate control

IMPROVEMENTS:

® Whole range of commercially useful compositions can be achieved easily.
e Micropore of ball milled oxide controls reduction rate.

Fig. 4. Mechano-chemical process for synthesis of nanocomposite W-Cu powder."'

)

Vol. 4, No. 1, 1997



6 o]+

oFe] F2E 0|23 olrh oS R GEYS] B4
717l et A QA7 Yo FoARTE B

100

&)

Ho 907 NanocompbGsite
é’ 80

g 0.5umW-Cu
S 70-
g~

2 60

E

L 504

o

TGreen density
40

1000 1200 1400
Temperature(°C)

Fig. 5. Densification process of nanocomposite W-Cu
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Fig. 6. Schematic diagrams of composite heat sink materials for microelectronic applications.
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