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Contacts Are at the Heart of Connector Performance

The most obvious and familiar features of electrical connectors are those we can see. Shell styles,
mounting options, pin counts, and the physical footprint of a connector help engineers select the
right components for each design. However, while these characteristics are important, the true
performance of any connector is determined by features that are usually hidden at the point where
two electrical contacts meet.

The purpose of a connector is to join two electrical circuits, allowing current or signals to pass
efficiently while remaining easy to disconnect. The electrical interface between the two contacts must
therefore provide low resistance, stable mechanical engagement, and reliable performance over
hundreds, or even thousands, of mating cycles.

The electrical resistance at the contact interface determines how much energy is lost as heat when
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current flows through the connection. Mechanical forces ensure that the contacts remain engaged
during vibration or movement, while the materials used affect how well the connector will perform
after repeated operations. Contact design is therefore the critical element in the performance of any
electrical connector.

The Science of Electrical Contacts

Achieving these characteristics depends on four key elements:

o The construction method of the contact

o The base material from which it is manufactured
o The plating used to protect the surface

o The geometry of the contact interface itself

Examining how these factors interact allows us to understand how high-performance connectors are
engineered.

Machined Contacts Define High Performance

One of the most fundamental choices in connector
design is the method used to manufacture the

contacts themselves. For many decades, the ‘-_”‘
interconnect industry has relied on two principal ' )

manufacturing techniques: stamped-and-formed
contacts and machined or turned contacts.

Stamped contacts are manufactured from flat sheets of metal that are folded or formed into the
required shape. This lends itself to the manufacture of contacts in very large quantities, making it
an ideal solution for high-volume applications such as consumer electronics. However, the resulting
contact is typically hollow, as its shape is derived from the thickness of the original sheet material.

In contrast, machined contacts are manufactured by cutting the contact from a solid metal bar using
precision machining techniques. The result is a solid contact with a larger cross-sectional area and
greater mechanical integrity.

This difference in construction has several important implications for performance. The greater cross-
sectional area of a machined contact reduces electrical resistance, lowering energy losses that
would otherwise appear as heat. The solid construction also provides superior mechanical strength,
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improving resistance to vibration and repeated mating cycles.

Machined contacts also allow designers greater freedom when developing advanced contact
geometries. Because the contact body is produced through precision machining rather than forming,
more complex features can be incorporated into the design to improve the electrical and mechanical
characteristics of the contact interface.

The reliability of machined contacts is widely associated with connectors designed for aerospace,
defense, and rugged industrial systems.

Alloy Selection and Electrical Efficiency

B8 The base material used to manufacture an electrical contact has a

N significant impact on its performance. Copper alloys are commonly used
& for connector contacts because they provide an excellent combination of
electrical conductivity and mechanical strength.

Electrical conductivity is particularly important for contacts that must carry
significant current. When current flows through a conductor, any electrical
resistance causes a portion of the energy to be converted into heat. This heat must be dissipated by
the contact and surrounding components. If the temperature rise becomes excessive, it can affect
the reliability of the connector or nearby components.

Selecting the correct alloy is therefore a careful balancing act. Increasing the copper content of an
alloy improves its electrical conductivity because copper offers very low electrical resistivity compared
with most structural metals. Lower resistivity reduces heat generation within the contact.

At the same time, the material must retain sufficient mechanical strength and resilience to withstand
the stresses created during mating cycles. Connector manufacturers therefore choose alloys that
provide the optimum balance between conductivity, strength, and long-term mechanical stability.

Surface Engineering and Long-Term Reliability

While the base material of a contact determines its bulk electrical properties, the surface of the
contact plays an equally important role in the long-term performance of the connector.

Many engineers are familiar with the use of gold plating in connectors because of its resistance to
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corrosion. Gold is a noble metal, meaning it does not readily react with oxygen in the air. As a result,
gold surfaces do not form insulating oxide layers that could increase electrical resistance at the
contact interface.

Gold also has a relatively low coefficient of friction compared with many base metals. This allows
contact surfaces to slide against each other more smoothly during mating cycles, reducing wear and
helping the connector maintain consistent electrical performance over time.

Plating helps maintain stable electrical resistance by preventing oxidation and contamination, which
can degrade performance, particularly in low-voltage applications.

Finally, plating can help mitigate the effects of fretting corrosion. This phenomenon occurs when very
small movements between two contact surfaces repeatedly break through microscopic oxide layers.
Each movement exposes fresh metal to the environment, allowing oxidation to occur again. Over
time, this cycle can gradually increase contact resistance. A stable plating layer helps prevent this
process and preserves reliable electrical performance.

Plating serves not only as protection against environmental corrosion but also as an important
contributor to the mechanical reliability of the contact system.

Geometry and Force Distribution

The geometry of the contact interface is another crucial factor in determining connector performance.
In a traditional pin-and-socket arrangement, a male pin is inserted into a female socket that provides
a spring force to ensure electrical continuity.

While this approach has proven reliable over many decades, the actual area of electrical contact
between the two surfaces is relatively small. The true electrical interface is formed only at microscopic
points where the surfaces physically touch.

Modern contact designs therefore seek to increase the effective contact surface area between the
mating components. By distributing the contact force over a larger interface, designers increase the
number of microscopic conductive contact points between the two surfaces. This reduces electrical
resistance, improves current carrying capability, and increases the mechanical durability of the
contact system.
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Increasing the number of contact points can also improve reliability by providing multiple parallel
paths for electrical current. If small variations occur due to wear or contamination, the connection can
still maintain stable electrical performance.

For high-performance connectors, the geometry of the contact interface is therefore carefully
engineered to provide the optimal balance between contact force, surface area, and mechanical
durability.

High-Performance Contact Design at Positronic

Positronic takes a systematic approach to contact engineering at the core of connector performance.
Rather than developing individual contact designs for specific connectors, we have created a range
of contact solutions intended for high-reliability applications.

Across product ranges, these solutions apply the same underlying principles of precision machining,
optimized geometry, and carefully selected materials. Each design is tailored to specific contact sizes
and performance requirements, forming a coherent progression of contact technologies.

From the compact PosiBand design used in smaller contacts to the Large Surface Area and Crown
Band systems used in larger contacts, each solution reflects the same design goal: maximize contact
stability, increase effective surface area, and minimize electrical resistance.
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Engineered Contact Systems by Application and Size

PosiBand Contacts
The PosiBand contact system is designed for compact connectors
where reliability and durability are critical. The design employs a
closed-entry contact structure in which the mating face of the
female contact forms a solid ring rather than the traditional split-
tine arrangement.

“

Colors modified for clarity

Contact force is provided by a separate spring element positioned
within the contact body. This design allows the contact body itself to remain mechanically stable
while the spring element maintains consistent normal force against the mating pin.

The result is a contact system that provides excellent resistance to vibration and mechanical
relaxation. The closed-entry design also protects the contact interface from damage and
contamination during mating.

By combining machined construction with a dedicated spring element, the PosiBand system offers
stable electrical performance and long mating cycle life in compact connector formats.

Large Surface Area (LSA) Contacts

As power requirements continue to increase across modern
electronic systems, contact design must accommodate higher
electrical loads while maintaining efficient heat dissipation.

7 4

Positronic addresses these requirements through its Large
Surface Area contact design. Similar to the PosiBand system, Colors modified for clarity

the LSA contact increases the effective contact interface area, reducing electrical resistance and
improving current carrying capability.

The larger contact interface also distributes the contact force across a greater area of the mating
surfaces. This reduces localized pressure and wear, improving the durability of the contact while
allowing higher currents to pass without excessive heating.

By maximizing the effective contact surface area, the LSA design enables higher current ratings while
maintaining stable electrical performance.
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Crown Band Contacts

For the largest contact sizes and highest current applications, Positronic employs ; -
the Crown Band contact system. This design uses multiple spring elements l
arranged around the circumference of the contact. -

t L]
When the mating pin is inserted, these spring members flex inward and grip the i }‘: :‘

pin at several evenly distributed points around its surface. The contact surrounds
the mating pin rather than touching it at one or two locations.

This geometry creates multiple parallel current paths and greatly increases the effective contact
surface area. Because the contact force is distributed evenly around the circumference of the pin, the
connection maintains stable electrical engagement even if slight misalignment occurs during mating.

Similar principles are used in other high-performance contact technologies

Enabling Higher Power Density

Data centers, key users of high performance power systems which demand
advanced connector technologies

across the interconnect industry, including lamella or basket-style contacts
used in high-power connectors. In each case, the objective is the same:
maximize contact surface area while maintaining reliable spring force.

In the Positronic Crown Band system, the arrangement of multiple contact
points helps minimize electrical loss, improve current carrying capability, and
provide durable performance across many mating cycles.

In addition to advanced contact geometries,
Positronic also offers high-conductivity contact
variants for applications requiring enhanced
electrical performance.

These contacts are manufactured from alloys
that contain a higher proportion of copper than
standard contact materials. Increasing the
copper content lowers the electrical resistivity
of the material itself, allowing current to flow
more easily through the contact body. The
reduced resistivity lowers electrical resistance
and allows the contact to carry higher currents
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with less heat generation. This allows more electrical power to be delivered within a given connector
size, increasing overall power density.

This capability can provide designers with additional flexibility when specifying connectors for critical
power applications. Higher conductivity contacts may allow greater current capacity within an
existing connector footprint or enable designers to reduce the size of the connector while maintaining
the required electrical performance.

By combining optimized contact geometry with high-conductivity materials, Positronic connectors
can deliver high power density while maintaining reliable mechanical performance.

- Conclusion

The reliability of any connector ultimately depends on the
quality of the electrical interface between its contacts.
Achieving consistent performance requires careful attention
to every aspect of contact engineering, from manufacturing
methods and material selection to plating systems and
contact geometry.

By combining precision-machined contacts with carefully
selected alloys, advanced surface treatments, and optimized
contact designs, Positronic has developed a range of contact

systems capable of delivering reliable performance across a
wide variety of applications.

From compact signal contacts using the PosiBand system to
high-current connectors employing Large Surface Area and
Crown Band technologies, the Positronic approach reflects a
consistent focus on the science of contact engineering.

For designers working in demanding aerospace, industrial,
and high-power environments, this engineering focus provides
the foundation for connectors that deliver reliable electrical
performance throughout their service life.
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