
OVER 15 TRILLION INTERCONNECTS 
are formed by wire bonding each year. 
The vast majority of them are gold ball 
bonds, but aluminum wedge and ribbon 
bonding should not be forgotten. Wire 
bonding is generally considered the most 
cost-effective and flexible interconnect 
technology. It is commonly used to assem-
ble semiconductor packages. So why is it 
that when wire bonding is mentioned as an 
interconnect strategy in a new development 
project, it raises cause for concern? Wire 
bonding is not a process to be taken lightly.  
For long term success, a robust wire bond 
interconnect needs a solid process. Several 
fundamental requirements have to be thor-
oughly addressed. Wire bonding requires 
proper fixturing, appropriate bond tools, 
reliable bond parameters and loop geome-
try, and good incoming materials that are 
free of contamination and corrosion.

Fixturing
 Every wire bond application presents 
unique process challenges depending on 
the specific application of the product. 
Years of product development have shown 
that the leading “process-induced” wire 
bond challenges have originated from 
fixturing. In most cases a custom fixture 
must be designed to securely hold the 
parts before wire bonding can begin. Wire 
bonding requires that parts be held in a 
stationary position, with a fixed orientation, 
perpendicular to the bonding tool. The part 
must be held so that the area being bonded 
is secure and free from movement in the X, 
Y, and Z planes. Any movement in the part 
during bonding will absorb energy. This 
can cause process variation or an inability 
to bond the parts. For gold bonding the 
fixture must also be able to withstand tem-
peratures over 100˚C. It is vital that the 
fixture hold the part securely, not add any 
unintended stress to the part, and not inter-
fere with bond head movement. Sometimes 
the part may have a unique package design 
such that the die is thermally insulated. 
This presents further challenges when 

off. Aluminum wire bond tools can expe-
rience wear and can accumulate aluminum 
residue from the bonding process. Ribbon 
bonding tools tend to chip. In an estab-
lished process, for a specific part, it is not 
uncommon for a process or manufacturing 
engineer to perform a tool wear study to 
determine the tool life and the effect it 
has on the process stability. Through sta-
tistical process control (SPC) techniques 
upper and lower specification limits can 
be established for the wire bond process. 
As the bond tool wears, the wire bond 
strength can drift closer to the specification 
limit. Once the relationship between tool 
wear and performance is understood, an 
automatic wire bonder can be set to trigger 
limits for a tool change. In a development 
environment the tool wear and buildup is 
often accelerated due to over bonding. It 
is critical that the bond tool be checked 
before each operation change during 
development. All of the peripheral tool 
components in the bond head, like cutters, 
wire guides, and set screws should not be 
forgotten either. These need to be changed 
and adjusted as well. Did you know that 
the set screw that holds the wire bond tool 
in place should be changed every time 
the tool is changed? Did you also know 
that the set screw needs to be tightened to 
a specific torque setting? These are very 
important factors that will have an effect 
on the process variation.

Bond Parameters and Loop Geometry
 Once fixturing and tooling has been 
addressed, wire bond development can 
begin. A robust wire bond weld is devel-
oped using a very specific design-of-exper-
iments (DOE) for selection of critical bond 
parameters. The three main bond param-
eters that need to be optimized are force, 
power, and time. These three parameters 
are interdependent and typically require a 
full factorial DOE to resolve them prop-
erly. Wire bond parameters need to be 
developed for a given part on both the 
source and destination bonds. Loop opti-

designing a fixture for gold bonding as the 
bond surface must reach the required bond-
ing temperature. If wire bond fixtures are 
intended for medium to high volume man-
ufacturing over the life of the product, then 
they must be built to tighter tolerance and 
hardened for long term wear resistance. 
This will reduce the process variation that 
is introduced over time. Thoughtful design 
of wire bond fixturing is time consuming, 
but it is a very important first step.

Bond Tools
 Bond tools are often the most forgotten 
process component input. Like any other 
process tool, bond tools experience wear. 
In development work, this wear can be 
extensive and occur rapidly. Depending 
on the type of wire used, bond tools wear 
differently. When bonding with gold wire, 
material on the end of bond tools can wear 
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Compare the effects of a new wire bond tool 
(above) with a used wire bonding tool with Al 
build-up on the left side (below).



mization is a separate issue and requires 
an understanding of the product geometry 
limitations and the environment in which it 
will be used. Parts that have unique geom-
etries may present product limitations over 
life. If bond wires are too long they can fail 
in thermal stress. If they are short, but too 
tall, they can fail in vibration and mechan-
ical shock or interfere with other compo-
nents. By understanding loop geometry 
and bond head movement, proper looping 
geometry can be designed into the part and 
optimized for the life of the product. 

Incoming Material
 If fixturing is the leading “process-in-
duced” wire bond challenge, then variation 
with incoming material is the leading cause 
of “non-process” related wire bond chal-
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lenges and failures. In fact, variation with 
incoming material could be the number one 
cause overall. There are only two inputs to 
a wire bond process—the wire and the part 
to be bonded. Modern bonding wire by the 
leading manufacturers is very reliable and 
seldom a cause for concern. However, the 
incoming parts to be bonded are another 
story altogether. The part to be bonded is 
usually an assembly or at least a sub-as-
sembly. That means that there are at least 
two components, one of which needs to be 
interconnected to another. Sometimes it is 
a silicon die that needs to be wire bonded. 
The process of producing a silicon die is a 
chemical one. There is a lot of potential for 
contamination and variation in the silicon 
production process. The same holds true 
for a printed circuit board. The plating 
process is a chemical process and is prone 
to the same type of variation and contam-
ination. Oftentimes upstream assembly 
processes also cause incoming material 
variation. For example, the process of 
mounting a die on a printed circuit board 
can leave oil or handling contamination. 
Other common sources of contamination 
are left behind adhesives and solder flux 
residue.  
 It is likely that those experienced with 
wire bonding have seen most of the root 
causes of wire bond failure and process 
variation. Utilization of statistical tech-
niques such as “failure modes and effects 
analysis” or six sigma methods can address 
these challenges properly. If the fixtures 
and tooling are sound and the bond param-
eters are within established limits, then 
focusing on incoming material becomes 
the next step. Oftentimes product/process 
development projects are time constrained 
so there is no time for a deep dive or 
access to a previously established process 
is limited. In these cases, reliance on best 
practices can be used to produce customer 
samples in the shortest time with the best 
possible quality.
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Rough, dirty pad surface with handling marks.

Unknown issue with pad metal.

Gross surface contamination; pad surface is 
not bondable.

Break deformation caused by “cold working”.

Wire bond failure from vibration.

Vibration failure with view of break at the “heel”. 


