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One of the main attributes of copper alloys is their high electrical and thermal conductivity, making these

alloys quite attractive in electrical and electronic applications. With a steady move towards miniaturization,
alloys with high electrical conductivity at the same strength levels are required.

Conductivity

Electrical Conductivity

Electrical conductivity of copper alloys are generally stated in terms of %IACS (International Annealed
Copper Standard) with electrical conductivity of ETP copper slightly greater than 100% IACS. Knowing
the resistivity (in units of pQ cm), the %IACS for an alloy is calculated by:

%IACS=172.41/Resistivity

The addition of alloying elements to improve various properties of copper such as strength, reduces electrical
conductivity. When added to copper as an alloying addition, each element and combination of various
elements influences electrical conductivity in different ways. High Performance alloys have been designed
to provide high strength with a lesser reduction in electrical conductivity of elemental copper.

Thermal Conductivity

Since electrons carry both electrical current and thermal energy in metals, alloys with high electrical
conductivity also possess high thermal conductivity. For example, thermal conductivity of phosphor bronze
C510 with 15% IACS electrical conductivity is .17 cal/sq cm/cm/sec/°C while thermal conductivity of alloy
C197 with 80% IACS electrical conductivity is .77 cal/sq cm/cm/sec/°C.

Heat Rise

When an alloy with high electrical conductivity is selected, the commensurate high thermal conductivity
drastically reduces the temperature rise in a current carrying part. Assuming I’R heating, no heat loss due to
convection or radiation (conduction only), the following equation estimates the maximum heat rise, AT in °C
for a part of cross sectional area A and length L,

AT=pPL*/2AK,

where, I is current in amps, P is electrical resistivity in ohm-cm and K, is thermal conductivity in
Watts/cm°C. The effect of current on temperature rise of three typical interconnect alloys are illustrated
below for typical 1.0 mm and .5 mm square pins.
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