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The Road Ahead: Designing Durable and Reliable
Automotive Interconnects

By Michael Meckl, Signal Product Portfolio Director at ENNOVI (formerly known as Interplex)

ENNOV/I’'s Signal Product Portfolio Director, Michael Meckl, discusses the challenges of
designing durable and reliable interconnects for the increasingly complex electronics systems in
cars. He outlines the limitations of traditional solder connections and proposes an alternative
press-fit approach.

The automotive industry is undergoing a rapid transformation, driven by the increasing
integration of complex electronic systems to support everything from advanced driver-
assistance systems (ADAS) to full autonomy and electric powertrains. This surge in automotive
electronics, resulting in higher integration in modules, requires interconnect solutions that offer
enhanced reliability and higher density within increasingly smaller footprints. The performance
and durability of these interconnects are paramount, as failures can have significant safety and
operational consequences. Simultaneously, there is pressure to reduce costs and adopt
environmentally friendly processes.

Limitations of Soldered Interconnects

Traditionally, soldering has been a common method for creating electrical connections on
printed circuit boards (PCBs) in automotive applications. While being a robust and well-
understood technique, electronic systems become increasingly complex and compact, which
introduces some limitations, see Figure 1.

+ Heat must be applied to the system
during the soldering process.

+ Various potential quality defects that are
difficult to inspect.

+ Challenging to rework when defects are
found.

+ Solder joints are prone to cracking during
thermal cycling.

Figure 1- Common issues with traditional soldering techniques
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One major issue is the necessity of applying heat to the entire system during the soldering
process. This heat can potentially stress or damage sensitive electronic components already
populated on the PCB. Furthermore, the soldering process is susceptible to various potential
quality defects that can be difficult to inspect reliably. Examples of these defects include cold
joints, voids, splatter, and cracks. When defects are found, reworking solder joints can be a
challenging task.

Perhaps most critically for the demanding automotive environment, solder joints are prone to
cracking over time due to thermal cycling. Temperature fluctuations, common in vehicles
operating in diverse climates and conditions, cause materials to expand and contract at different
rates, resulting in a Coefficient of Thermal Expansion (CTE) mismatch. Over time, this stress
can lead to fatigue and cracking in brittle solder joints, compromising the electrical connection.
These inherent issues with soldering highlight the need for more robust and reliable
interconnect technologies in modern automotive designs.

The Press-Fit Approach

Introducing a different approach, press-fit technology provides a solderless connection between
terminals and a PCB. Unlike soldering, the assembly of a press-fit connection does not require
heat. This eliminates the heat-related issues, and the common problems and risks associated
with the soldering process.

The fundamental principle behind press-fit technology involves an elastic interference fit. A
compliant pin is pressed into a plated through-hole (PTH) on the PCB. The elastic deformation
of the compliant section of the pin and the hole wall creates a tight contact, resulting in a low
contact resistance and a mechanically secure connection.

This compliant, high normal force technology is a key aspect of press-fit reliability. Various types
of press-fit pins exist, as shown in Figure 2, including EON (Eye Of the Needle), MultiSpring,
Web Offset, C-press, and "H" shape pins. The ENNOVI patented EON Press-Fit technology, for
instance, falls under the "Eye Of the Needle" category. This technology has been validated to
meet industry standards like IEC 60352-5 and IPC-9797, particularly in high-stress, high-
temperature applications.

“H" shape pin EON (Eye Of EON (Eye Of MultiSpring Web Offset
the Needle) the Needle)

Figure 2 - There are several types of press-fit pin designs
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Advantages of Press-Fit Interconnects

Press-fit technology offers substantial advantages over traditional soldering for automotive
applications. One of the most compelling benefits is its significantly higher reliability. According
to IEC 60352-5, the failure rate for Press-Fit connections is 0.005 FIT (failures in 10"9
component hours), whereas the failure rate for Solder connections (IPC 610, Class 2) is 0.5 FIT.
This indicates that press-fit connections are 100 times more reliable than soldered connections
based on these standards.

The robustness of the press-fit structure makes it more durable than solder-based board-to-
board connectors, particularly when subjected to load. Press-fit technology’s high normal force
interface enables movement to accommodate CTE mismatch, providing excellent performance
during high temperature cycling conditions, a critical advantage over solder joints, which are
prone to cracking under such stress.

Beyond reliability, press-fit connections also offer improved manufacturing efficiency and
potential cost savings. Since no heat is required for assembly, the process is simpler and
eliminates the need for flux and subsequent cleaning. This supports automation and high-speed
assembly processes.

Compared to soldering, press-fit processes are highly repeatable. They also offer easier rework
capabilities, allowing individual pins to be replaced if necessary. These factors contribute to
lower manufacturing and quality costs throughout the entire product lifecycle. Press-fit
technology does not alter the fundamental design of the product and can even facilitate the use
of double-sided PCBs for complex circuits in compact spaces, which may be more challenging
with certain soldering processes.

Press-fit connections provide tight contact with the PCB hole wall and low contact resistance
through their elastic interference fit. They are well-suited for applications requiring
miniaturization, high current, and low temperature rise.

Key Considerations When Designing with Press-Fit

When designing with press-fit technology, there are several key considerations to ensure
durable and reliable connections. While material selection for pins is a critical factor influencing
properties like spring performance, conductivity, and maximum operating temperature, the focus
here is on other design aspects.

A key goal in press-fit development is to optimize the shape of the compliant section (such as
the "eye" in an EON pin) to distribute stress as evenly as possible. This helps the material retain
its elasticity, which is crucial for maintaining the required normal force overtime and under
environmental stress. Finite Element Analysis (FEA) is often used in development to calculate
estimated normal force values and correlate them with actual force measurements from sample
parts.

Design for Assembly (DFA) is another crucial area. Features like proper lead-in and stand-off
are necessary to guide the pin accurately into the PCB hole and control the insertion depth.
Adding locator tips to the press-fit eye can also aid in alignment. It is critical to control the
bending radius during the pin manufacturing process to ensure the compliant section performs
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correctly. Additionally, anchor pins can be incorporated into the design to help fix and support
the PCB during and after the press-fit process.

Achieving a consistent and reliable connection depends heavily on maintaining strict
manufacturing tolerances for the shape and length of the press-fit pins, as well as ensuring that
the PCB’s plated through-hole diameters fall within the specified range. The application and
design of the PCB are also factors that can affect the current-carrying capacity of the press-fit
connection.

Market Drivers for Press-Fit Applications

Press-fit technology finds widespread application across various industries, with Automotive
Electronics representing the lion’s share. The number of press-fit units per vehicle is growing
significantly, driven by trends such as the increasing adoption of 800V platforms in electric
vehicles (EVs) and vehicles equipped with smart driving/domain controllers. Specific automotive
applications include battery management systems (BMS), high-voltage connectors, charging
interfaces, electronic control units (ECUs), zone/domain controllers, and ADAS sensors.

Beyond these, press-fit is used in Direct Insert Terminals found in body control modules
(BCMs), power distribution centers, door/window switch modules, and rearview mirrors. It is also
integrated into custom molded modules for engine, brake, and body control functions, as well as
sensor (airbag, pressure) and actuator controls (power steering, active suspension).

Furthermore, press-fit technology is used in customized solutions like header connectors for
small control modules, switch assemblies, board-to-board stacking, and wire-to-board
connections. Power lead frames utilizing wire-bondable press-fit connections also leverage this
technology.

Practical Application Benefits of Press-Fit

To illustrate the practical benefits and application of press-fit technology in the challenging
automotive environment, consider a radar interconnect module. Radar sensors are critical for
ADAS and autonomous driving, requiring robust and reliable interconnects that can withstand
harsh conditions and prevent interference.

ENNOVI's radar interconnect is designed to house and protect these sensors from heat,
electromagnetic interference (EMI), vibration, and shock, see Figure 3. This module uses
automotive-qualified press-fit terminals, which often incorporate a combination of signal and
power terminals.
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Figure 3 - ENNOVI’s radar interconnect module is designed to house and protect sensors

The structure features EMI shielding and a physical vapor deposition (PVD) coating for added
protection. The use of solder-free press-fit connections contributes to the ease of assembly,
toughness, compactness, and cost-effectiveness of the unit. It can also feature selective
whisker mitigation plating, such as IndiCoat™, which prevents the risk of short circuits caused
by tin whisker growth, enhancing reliability over time.

The steering control unit is another mission-critical component in which press-fit technology can
be used in multiple ways, as shown in Figure 4. It involves a board-to-board connector,
potentially using a snap-in biscuit design like the ENNOVI-MB2B platform, which allows units to
be stacked solderlessly. This provides the robust and reliable board-to-board connectivity
needed between different boards within the control unit.
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Figure 4 - Press-fit technology can be used in multiple ways in a steering control unit

One final safety-critical area is the braking system. Headers for integrated braking electronics
use automotive-qualified press-fit terminals. These are often implemented through insert
moulding within heavy duty plastic housings designed to withstand harsh operational settings. A
key benefit illustrated here is inclusion of selective whisker mitigation plating on the terminals.
As discussed, whisker mitigation is crucial for long-term reliability, particularly in tin-plated
systems, preventing potential short circuits from occurring. The combination of a rugged press-
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fit connection, protective housing and whisker mitigation means headers will continue to perform
as expected.

Conclusion

The increasing demands on automotive interconnects, driven by the rise of complex electronics
and autonomous driving, expose the limitations of traditional soldering methods, particularly in
terms of reliability under thermal stress and manufacturing complexities. Press-fit technology
offers a compelling alternative, providing a solderless, highly reliable, repeatable, and robust
connection that is significantly less prone to failure than solder joints. Its benefits extend to
improved manufacturing efficiency, cost-effectiveness, and design flexibility.

Careful design considerations, including optimizing pin shape, incorporating proper assembly
features, and adhering to strict tolerances, are essential for successful implementation. As
illustrated by use cases in critical automotive systems like radar interconnects, steering control
units, and integrated braking electronics, press-fit technology is well-suited to meet the stringent
requirements of modern vehicles, contributing to enhanced safety, durability, and performance.
The trend towards press-fit structures in automotive ECUs and other systems is clear, paving
the way for the reliable interconnects needed for higher levels of autonomous driving and the
future of automotive electronics.
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