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Abstract- Silver (Ag) bond wires are mainly used in 
consumer products as a reliable low-cost alternative to gold (Au) 
bond wires. In previous investigations, we have shown that silver 
wires also have potential for use in the automotive sector (1, 2, 
3, 4], where the materials are exposed to particularly harsh 
environmental conditions. In order to understand thc intluence 
of these conditions in the electronic package on the silver­
aluminum material system, we carried out extensive studies on 
test packages built on laboratory level. For the future 
development of challenging automotive devices, it will be 
important to have a cooperation between semiconductor 
package developer and material supplier with an assist of 
characterization spccialists. In this project, we formed a three­
party project in which characterization specialists, package 
developer, and wire manufacturer collectivcly conduct a 
feasibility study of a new Ag wire material for automotive 
application. Two wire types (standard Ag wire and new type of 
Ag wire GX2s) were chosen for the investigation in direct 
comparison regarding long-term reliability. Samples were built 
under mass production conditions and then subjected to various 
reliability tests following AEC-Q006 requirements. 
Subsequently, mechanical characterizations by means of ball 
shear and pull tests as weil as high resolution SEM 
microstructure analyses on cross-section samples are applied. 

In the paper, results of the different tests will be 
summarized, but a more in-depth analysis will be given to the 
temperature cycle test (TCT), where the most significant 
differences between the sample variations occurred. Overall, the 
results show the importance of the knowledge for the material 
reliability upfront a device qualification process (robustness 
validation) and give further guidance for material selection. 
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l. lNTRODUCTION & MOTIVATION

In the past decade, gold has been widely replaced by 
copper as a bonding wire material for ultrasonic ball-wedge 
bonding. The main driver here was the cost factor due to the 
enormous difference in the price ofthe raw materials. Copper 
is ideal as a bonding wire contact material because it has very 
good electrical and thermal conductivity as weil as high 
stiffness. However, the copper wire material also has 
disadvantageous properties. Due to the higher hardness and 

stiffness, there is an increased risk of chip cratering effects 
when bonding on particularly thin semiconductor 
metallization or for chip-to-chip bonding. Silver wire 
materials can bridge the gap between gold and copper bond 
wires here. Like copper, it has very good electrical and 
thermal properties, but has more favorable mechanical 
characteristics for wire bonding applications. Table 1 
compares relevant properties of the three bonding wire raw 
materials (1, 2, 3]. 

Typically, silver wire materials are used in LED 
applications, where copper wires cannot be applied due to the 
necessary reflectance and in consumer electronics for 
challenging chip configurations, where the mechanical 
properties of the copper material can become a problem. In 
our previous publication [ 4], we have already investigated the 
reliability of silver wire bond contacts under harsh 
conditions, such as automotive applications, and were able to 
show that specially enhanced silver wire materials can also 
perform reliable in such application scenarios. The study now 
available is a follow-up to the results of the last publication. 
Based on the positive findings of the investigations on 
dummy samples manufactured at the laboratory level, an 
extensive study was now carried out on functional standard 
packages manufactured under mass production conditions. 
These were subjected to a variety of reliability tests based on 
the requirements of the AEC-Q006 standard. The aim is to 
demonstrate the reliability of a silver wire bonded mass 
production component for automotive applications. 

II. SILVER WIRE BONDING

Silver wire bonding in the ball-wedge process is carried 
out in the common process steps as also known from gold or 
copper wire bonding. Due to its tendency to oxidize, the Free 

TABLE I. Comparison ofbond wire raw materials [1, 2, 3] 

Property / Material 

Electrical resistivity [µOm) 

Thermal conductivity [W/(m*K)l 

Elastic modulus [1011PaJ 

Ultimate strength [MPa) 

Gold Copper Silver 

0.024 

318 

0.88 

100 

0.017 

401 

1.36 

210 

0.016 

428 

1.01 

170 
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