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The ongoing reduction in both the size and cost of electronic components is enabling 
electronic designers to meet the demand from end-users for greater functionality 
packaged in ever-smaller form factors at a lower price. In the aerospace industry, modern 
aircraft can contain thousands of sensors, with as many as 5000 elements monitored 
continuously during flight. Modern automobiles, which are now equipped with a host 
of advanced driver assistance systems (ADAS) and associated electronic control units 
(ECUs), communicate with an array of sensors distributed throughout the vehicle.

In packing more electronics into their applications, however, designers are having to 
deal with a number of physical constraints. The increase in electronic systems is placing 
pressure on the traditional wiring harness, which is becoming more complex and bulkier 
at a time when space and weight are at a premium. At the same time, PCBs within 
the ECU are becoming more densely populated, leading to problems with cooling and 
electromagnetic interference (EMI).

Figure 1: A 26-metre long, multilayer flexible printed circuit for an unmanned aerial vehicle (UAV)
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Equipment designers have benefitted from the characteristics of flexible printed circuits 
(FPCs) for many years, but the limited length of these components has constrained 
their use to smaller items of electronic equipment such as mobile phones, cameras and 
printers. However, UK company Trackwise has recently patented an innovative process, 
Improved Harness Technology™ (IHT), which enables the manufacture of FPCs of 
unlimited length (figure 1). Whereas traditional FPCs have been used within individual 
electronic units, IHT has enabled the realisation of a range of benefits between units, 
typically by enabling the replacement of heavy and bulky wire harnesses. 

FPCs however, just like their rigid counterparts, can also be assembled with active and/
or passive electronic components and, in this paper, we investigate how this capability 
can further extend the benefits available from IHT, bringing a potential solution to the 
problem of the overcrowded control unit. 

IHT Extends the Range of FPC Applications  

FPCs have long been popular with designers of industrial and consumer electronic products, owing to their 
ability to save weight, space and cost, along with their ruggedness and electrical performance. Established 
manufacturing techniques constrained FPC length to around 600mm, limiting their use to smaller applications 
including cameras, mobile phones, printers and instrument panels, control systems and medical instruments. 
IHT has changed the rules of the game by enabling the manufacture of FPCs of unlimited length, opening up 
their use to a whole new range of applications, particularly where weight, space and cost savings are a priority.

Initial targets for this new FPC technology have been the wire harnesses found in modern automobiles and 
aircraft which have been becoming heavier and bulkier as the increase in electronic control systems drives a 
corresponding need for more connectivity. Unlimited-length FPCs offer a number of benefits when used as a 
direct replacement for wire harnesses, including: 

• Weight reduction 
When used to replace traditional wire harnesses in modern cars, electric vehicles (EVs) and aircraft, FPCs 
have been shown to reduce weight by up to 75%, enabling substantial fuel savings in aircraft and longer 
battery life in EVs.  
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• Space saving 
With thicknesses as low as 50μm, FPCs can convert a bundled wire harness into a flat plane of 
connections. This planar characteristic of the FPC also enables further space savings, as it can be bonded 
to – or even within – the structure it is mounted on, for example a wall or chassis.

• Electrical characteristics 
The importance of PCB layout is well understood, and various techniques have been developed to address 
the issues involved in their construction, such as leakage resistance, stray capacitance and ground planes. 
These methods can also be applied to FPCs, where ground planes can be placed either below or above 
the signal plane (or both) to control impedance. FPCs have an additional advantage over wire harnesses, 
in that trace sizes and positions can be manufactured to very tight tolerances measured in microns, giving 
them much greater EMI predictability and repeatability.

• Cost savings 
FPCs can reduce costs, particularly during assembly, because their design is fixed and the traces are 
consistent, eliminating the possibility of wiring errors and incorrect connections.

The FPC as an Active Interconnect

Although the focus for unlimited length FPCs has until now been on ‘passive connectivity’, in other words as 
a direct replacement for wiring harnesses, the ability to mount electronic components on an FPC – effectively 
creating an ‘active interconnect’ – opens up further opportunities to the system designer. Signal conditioning 
and interfacing are two examples of design areas where the use of FPCs can bring significant benefits.

The EMI Challenge and Signal Conditioning

Electromagnetic Interference, (EMI), or noise, represents a particular challenge in control system design. 
Environments such as the engine compartment of the modern automobile and the factory floor are classic 
examples of noisy environments and are particularly hostile as far as electronic components and systems are 
concerned. Noise can be generated externally, for example by heavy machinery stopping and starting, or by 
interference from other systems operating nearby. Noise can also be internally generated; the microprocessor 
within a control unit generates radio frequency (RF) noise from its internal clock circuitry and this noise 
potentially appears on all of the pins of the IC. The power supply system for any controller is also a source of 
electrical noise with its voltage regulation and switching circuitry.

With circuitry operating at ever-increasing frequencies, designers must consider incorporating signal 
conditioning circuitry into their systems to combat the effects of this noise and this circuitry competes for PCB 
real estate with other system functionality. By using an FPC, signal conditioning and isolation circuitry can be 
‘decentralised’, away from the control box, alleviating space and heat pressure on the PCB. FPC designs may 
also enable digital conversion circuitry (ADCs, etc.) to be co-located with the signal conditioning components, 
effectively implementing a subsystem within the interconnect, reducing the path length for analogue signals 
within the system and further improving the immunity of measurements to EMI. 
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Within the traditional wiring harness, twisted and shielded pair configurations increase the immunity to noise 
of signals being carried over the harness. In multi-pair cables, alternate conductors can also be connected to 
ground to improve signal-to-noise ratios. These configurations can easily be replicated within FPCs (figure 2) 
and, as described above, the precision levels of tolerance achievable with the FPC manufacturing process 
leads to greater predictability of EMC performance.

 Figure 2a: Implementation of a non-shielded twisted pair in an FPC

Figure 2b: Implementation of a shielded twisted pair in an FPC

Interfacing Electronics

Popular networking protocols require dedicated interface circuitry between the physical network medium, or 
cable, and the controller functionality. With Ethernet, for example, the PHY circuitry, normally implemented in a 
chip, performs the physical layer functionality. In Cat5 cabling systems, Integrated Connector Modules, (ICMs), 
incorporate signal conditioning circuitry into the RJ-45 connectors, saving space in the ethernet PHY module.

FPCs, enable this concept to be taken to a new level since both the signal conditioning circuitry AND the 
interface functionality can be integrated into the active interconnect, again freeing space on the PCB within the 
control box.

Containing a number of complex sub-systems, interacting with each other and with an array of remote sensors, 
the modern automobile is an example of an application which stands to benefit significantly from unlimited 
length FPCs. The next section will take a closer look at this specific application.
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The Complexity of the Modern Automobile

Modern cars contain a wide range of sensors (figure 3), which are interfaced to the vehicles’ onboard computer 
systems, providing data which enables the computer to make thousands of decisions. The vehicle sensors 
are actually connected to an electronic control unit (ECU), which contains the hardware and software required 
to execute the control functions. Modern luxury cars contain multiple ECUs, which are distributed around the 
vehicle and can be found in the engine bay, footwells, glove compartments or even underneath the windscreen 
wipers.

 Figure 3: Sensors in the modern automobile

In most cases the outputs from these sensors must undergo some level of preparation or signal conditioning 
before they can be digitised and used by the controller in the ECU. Some sensors, such as thermocouples, 
output very low voltages which must be amplified before digitisation. Others such as strain gauges (figure 
4) require voltage to be applied, and other sensor outputs may need to be attenuated before being fed to an 
analogue-to-digital converter (ADC). Sensor outputs may also need to be filtered, to eliminate either mains 
frequencies or interference from high-frequency signals. Isolation may also be needed to protect the digital 
circuitry from high voltage spikes or to compensate for situations where the sensor is on a different ground 
plane from the measuring circuitry, for example with engine-mounted thermocouples.
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Figure 4: Strain gauge signal conditioning circuit

To ensure appropriate signal conditioning and hence accurate measurement, all sensors in the control system 
need to have specific circuitry designed to interface with the controller. This can present additional challenges 
to designers of ADAS systems because the physical size of the ECU is often strictly limited, and PCB real 
estate is at a premium, with components, EMI shielding and cooling devices competing for space (figure 5).

Figure 5: Inside the ECU
(Source: Wikipedia)
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The Growing Complexity of the On-board Power Supply

As ADAS systems are increasingly deployed in modern vehicles, a new set of requirements are placed on 
the on-board power supply system. Certain functionality delivered by ADAS systems, such as self-drive 
capabilities, demand extremely high levels of availability and functional safety from the power supply. 

Power supply designers must ensure resilience by building in duplication and also by incorporating diagnostic 
systems which monitor critical components to ensure that they are not operating outside of their designed load. 
These diagnostic systems must also monitor for signs of ageing and early failure and be capable of seamlessly 
switching from a failing supply to a healthy one. This diagnostic capability is added to the basic elements 
of the onboard power supply which include the physical harness, storage, (batteries), converter and power 
distribution. 

At the same time, as the popularity of EVs grows, the electrification of the drive train is placing weight 
restrictions on all systems within the vehicle, including the power supply. Innovative OEMs within the industry, 
such as Germany’s Dräxlmaier Group are addressing the challenges of increasing the functionality of onboard 
power supplies whilst saving space and weight by incorporating FPCs, figure 6.

Conclusion 

Unlimited-length FPCs have rapidly delivered benefits to applications such as modern automobiles and aircraft 
where increasingly complex control systems have driven an increased need for connectivity, resulting in bulky, 
complex and heavy wire harnesses. FPCs have been shown to offer up to 75% in weight savings when used 
as replacements for the wire harness, and they have also demonstrated other benefits such as improved EMI 
performance and reduction in installation errors and associated costs. 

Having demonstrated their advantages in these applications, the capability of unlimited-length FPCs to host 
electronic components is set to offer even more to the designer. With space inside the automobile, aircraft 
control box or factory controller increasingly at a premium, the possibility of combining certain subsystems with 
the inter-unit connectivity enables components to be distributed away from the control unit, relieving space 
pressure on the PCB and also bringing signal conditioning closer to the end sensor.
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Connected Technology

Trackwise manufactures specialist 
products using printed circuit 
technology. With a wide range of 
potential applications including 
medical, telecommunications, aviation, 
automotive and defence, our products 
are exported around the world, 
including the USA, Australia, Europe 
and Asia.


