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High-Reliability Bonding Wire for Automotive IC's

1. Overview

The development of electronics technologies in the pursuit of
safety and comfort of automobiles have accelerated the application
of electronicsto automobiles. Asaresult of such developments, the
role of |Cs used therein has become increasingly important. Such
automotive |Cs are usually required to operate safely with high reli-
ability over along period, even under harsh working conditions, such
as the high temperatures and high humidity conditions enveloping
an engine, which is peculiar to automobiles. Improved automotive
ICs are expected to achieve higher reliability of gold bonding wires
for sending and receiving electrical signals therein.

NSC and its subsidiary, Nippon Micrometal, have been develop-
ing and producing gold bonding wires, and as well as high-reliabil-
ity gold bonding wires that can be applied to the improvement of
high-temperature reliability of automotive ICs.

2. Improvement of Automotive I Csfor Higher Reli-

ability

These fine gold wires (on the order of 15 to 40y m in diameter)
can be used for the electric connection between aluminum electrodes
and theinterna terminals of the IC. Gold wires are required to meet
rigid quality control specifications for failure ratesin ppm at the IC
assembly processes, and must be serviceable at high reliability. Ac-
tual occurrences of the poor performance, such as high electric
resistance and low bonding strength at the gold wire and auminum
electrode connections, have been reported for certain special usesin
extended exposure to high temperatures. For automotive |Cs used
in high-temperature environments, highly pure gold wires (>99.99%
purity), the most commonly used today, do not always ensure suffi-
cient reliability with regard to bonded connections. An attempt was
made to look into the cause of this poor performance in high-tem-
perature environments. It was discovered that the design of the wire
components to control diffusion behavior in bonded interface was
effective in improving bond reliability. Through the design of wire
components and the optimizing of production conditions, highly re-
liable bonding wires have been devel oped in the form of the so-called
Series G.

3. High-Réliability Bonding Wires

The Series-G high-reliability bonding wires are being commer-
cialized to meet various customer needs for assembling, operating
and other conditions. The main features of G1 wires, which are al-
ready in use, are as follows.

(2) The deterioration of bonding strength, electric resistance and other
properties in high-temperature environment are minimal.

(2) Thefailurerate at 15000 for 2,000 hours, evaluation criteriafor
reliability of the automotive ICs, islow (Fig. 1). Thislow rate
has been achieved by controlling corrosion of Au-Al intermetal -
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lic compounds and void formation that are the causes of bond
failure (Fig. 2).

(3) The bondability, looping shape and other properties are main-
tained as good as those of highly pure, commercially used gold
wires. The G1 wire easily replaces that product.

(4) The G1 wire improves reliability compared to specification
changes to molding resin and package structure.

(5) The G1 wireis aso applicable to conventional semiconductors
by designing the wire components to reduce the increase in spe-
cific resistivity.

(6) The G1 wire is also applicable to state-of-the-art uses such as
high-density packaging and stacked dies.

(7) The G1 wire can be modified to have greater bonding capacity
with emphasis on applicability to thick-film electrodes of power
ICs.

G1 wires are mass-produced for automotive | Cs and are favor-

ably accepted for their high-temperature reliability.
In preparation for ever more strict requirements for reliability at
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Fig. 1 Bond strength of gold wire bonds after aging
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Fig. 2 Grosssectionsof high reliability wire G1 after aging
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higher temperatures, developments are proceeding for G5 wires that
have higher resistance to heat (Fig. 3). The G5 wire is one of the
high-concentration gold alloy wires (2N, with purity ~ 99%) taking
the lead in commercialization. They are expected to exhibit suffi-
cient reliability even at the very high temperature of 17501 .
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Fig. 3 High temperature evaluation and suitable bonding wires
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For further information, contact
Sales Promotion Division,
Nippon Micrometal Corporation



