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Thermal Characteristics of Copper Alloys for Electronic Components
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There is a need to evaluate stress relaxation resistance, electrical contact reliability, thermal softening
resistance and heat dissipation of copper alloys and their plated surfaces that are used for electrical
terminals and IC lead frames. A study was conducted to determine how to suppress heat generation
and temperature rise at separable contact interfaces of terminals and connectors using copper alloys.
The study reviews electrical conductivities, electrical heating and self-heating at the contact points of
various metals, taking into account the effects of both the mechanical properties and contact reliability.
Previously, the heat dissipation and temperature rise of IC packages and lead frames, which have no
contact surface, have been described solely by the electrical conductivities of copper alloys. This paper
describes the future prospects of copper alloys used for the next-generation semiconductors, which
are more likely to be exposed, during the manufacturing and use of the ICs, to a temperature that is
higher than the temperature reached during the processing of the alloys.
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Table 1 Electrical conductivity of various metals

Electrical conductivity
Metals (%IACS)
Cu (6N) 102
Copper alloys 10- 90
Au 81
Ag 108
Al 64
Fe 17
Mg 39
Ni 25
Sn 17
Sn-3.5Ag-0.5Cu solder 12
400 Copper
300

Alminum
200

100

Themal conductivity(W/m=K)

0 20 40 60 80 100 120
Electrical conductivity (%IACS)
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Fig. 1 Relationship between electrical conductivities and thermal
conductivities of various metals
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(a)IC package cross section, (b)connector terminals cross section
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Fig. 3 Static interaction among electrical and thermal properties
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Table 2 Comparison of experimental and calculated values of
temperature rising by Joule heat generation of various
copper alloys

Current(A) 30 40 50
E.C.(%IACS) EVID | AV [ EVD | AV. | EVTD | AV
27 58 116 82 205 113 321
61 45 24 58 43 78 67
76 43 16 56 28 7 43
103 42 9 55 15 68 24

specimen: 1.0mm' X 3mm*x 65mm'  E.V.: Experimental value

AV.: Analytic value

(1)Elapsed time: 18 s

(2)Elapsed time: 36 s

(

(3)Elapsed time: 37 s (4) Elapsed time: 38 s

Length: 5 mm
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Fig. 4 Thermographic images of ¢0.2mm copper wire heated by
electrical current
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Table 3 Lengths and diameters of electric wires corresponding
to contact resistance

Cu wire Al wire
(100%IACS) (65%IACS)
, G1mm Length:1 m @1imm Length:1 m
Resistance - -
Length Diameter Length Diameter
(mQ)
(mm) (mm) (mm) (mm)
1 46 4.7 29 59
10 460 1.5 290 1.9
100 4,600 0.47 2,920 0.59
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Fig. 5 Schematic diagram of stress relaxation for connector
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Specimen (thickness: t)

Loaded condition [ l

d
Stress relief condition | !
(room temperature)

7]

Stress relaxation ratio SRR=d/d x100 (%)
6 S5 IR AR SR

Fig. 6 Schematic of cantilever stress relaxation test
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Fig. 7 Relationship between temperature and electrical conductivity
of typical copper alloys
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Fig. 8 Schematic models of (a) through-hall type and (b) press-fit
type pin terminals
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