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Leading the interconnection field since 1963.

Teledyne Electronic Technologies (TET), formerly Teledyne Electro-Mechanisms, has been a leader in the field of interconnection technology since its incorporation in 1963. At that time we designed and manufactured innovative single layer flexible circuits and unique multilayer rigid-flex harnesses to support the NASA Saturn V program. 

Throughout the years our design engineers and manufacturing personnel have worked together

perfecting solutions to customer design challenges from the simplest single layer applications to the most complex interconnection systems. TET is proud to hold numerous process patents related to flexible circuit manufacturing.

Today we continue to be in the forefront of the industry by contributing to a multitude of military and commercial applications. In addition to the standard circuits we have produced for many years, TET is continuing to develop new and better products in the flexible circuit and multilayer rigid-flex marketplace.

Teledyne is committed to assisting our customers from design development right through prototypes and production. This commitment includes a fully staffed engineering department utilizing the latest CAD/CAM/CIM systems for circuit design, document creation, artwork

generation, and drill/rout program creation. Our product engineers specialize in optimizing available tooling systems to help control costs.

Purpose of this Design Guide — Designing for Manufacture

This Design Guide is provided to assist you in designing the most cost-effective flexible circuits for your electronic packaging needs. It is our belief that designers who are aware of the processes used in the manufacture of flexible printed circuits will be rewarded by a circuit design that will effectively make use of all the advantages that these types of electronic interconnects have to offer.

This Design Guide is meant to be a reference for the electrical, mechanical, and artwork considerations which must be addressed when designing a flexible circuit. As needed, the materials and processes used in their manufacture are described in detail so that informed tradeoffs and design decisions can be made. By following the guidelines presented here, your design will be both cost-effective and producible. When used as a design reference, this Design Guide is not meant to override any existing military specifications or commercial preferred design practices, but supports them both. The information contained herein is based on Teledyne

Electronic Technologies’ extensive experience as a designer and manufacturer of quality flexible and rigidflex circuitry.

As you prepare to embark on a flexible circuit design program, Teledyne Electronic Technologies’ design and engineering staff is on call to assist you. Please contact us with any questions regarding your electronic packagingneeds.

What the designer needs to know

There are many parameters that must be determined before beginning an electromechanical design incorporating flexible or multi-layer flexible circuitry. The designer must fully understand the electrical properties of the system, such as current maximums, voltages, types of signals (video, digital, RF, etc.), shielding considerations, impedance characteristics, and capacitance

limitations. It is essential to define the circuit components selected, including connectors. To assist the manufacturer, the location of all components should be included. Also necessary is a detailed wire listing, net list and schematic. To allow the manufacturer the greatest amount of flexibility, only terminal areas, rather than specific pin-to-pin conductor runs, should be specified. This provides the manufacturer the necessary freedom to keep the circuit crossover points to a minimum, and

Please refer to the section of this guide titled Electrical Design for assistance in meeting the electrical concerns of your design. If you choose to have Teledyne’s experienced staff of electromechanical designers provide a finished design, it will be necessary to provide the electrical parameters listed above to assure an electrically sound design.

After the electrical parameters are defined, the overall physical requirements of the system must be determined. As a minimum, the designer should be provided with dimensioned prints of the unit and appropriate cross-sectional views. Dimensioned prints should be clear and detailed to avoid costly tooling errors. On all prototype designs for fit evaluation only, Teledyne’s product engineers will minimize tooling costs by taking the necessary steps.

The design of a flexible circuit interconnection system is facilitated by using an actual unit or an accurate mockup, or by using three dimensional software programs such as AutoCad or Pro-E™, rather than relying solely on dimensioned prints. By using a box, a series of Mylar or paper “dolls” can be made to determine mechanical approaches and general configurations. The unit or
mock-up should have all the required hardware installed to make the design complete and prevent physical interference. 

Refer to Figure 1-1. The flex harness must be designed to fit the general assembly sequence of its unit, so the cables do not cover any components that may require service or replacement. Cables should not be routed over an area where a component must be installed after the assembly is completed. If the flexible section of the unit will be designed to flex when the box is opened, then an adequate “service loop” should be long enough to allow access to the inside of the unit but

should not interfere with any other components when installed. Refer to Figure 1-2.

The final consideration is the environmental conditions to which the system will be subjected. Thermal rises, atmospheric conditions, humidity, vibration, and handling are all environmental factors that can influence design criteria. Adequate strain relief and sealing must

be provided for moisture and vibration applications. If the unit is subjected to constant thermal cycling, special consideration must be used when choosing insulating and bonding materials.

What Is a Flexible Circuit?

In its simplest form, a flexible circuit is a pattern of conductors printed on a flexible dielectric (insulating) film. The technology to print electronic circuits on flexible materials was developed in the 1950’s in response to the Space Program’s need to save weight and space. The relatively simple single-sided and double-sided circuits from that time have evolved into multi-layer circuits and combination rigid-flexible circuit assemblies which provide total electronic packaging solutions. Applications for flexible circuits today span the full scope of the electronics marketplace — from military and aerospace, to telecommunications and computers; from industrial controls and process equipment, to automotive instrumentation; from consumer goods to toys. The expanding application for this technology fuels its evolution as a cornerstone in the quest for better electronic packaging. Flexible circuitry can be designed to achieve maximum savings in assembly time, weight, space and cost. Flexible circuitry and rigid-flex circuits have a higher degree of reliability because of the decreased need for interconnection hardware normally used in conventional electronic packaging. Flexible circuit packaging reduces the chance of human error in installation and permits highly repeatable production assembly.
The Benefits of Flexible Circuits and How To Evaluate Them

In addition to the savings in assembly time, weight, space and cost, the flex conductor’s flat form provides about 50% more surface area than a round wire of equivalent cross-section. This provides greater heat dissipation and a higher current carrying capacity. Smaller conductor widths using lighter weight materials and very thin insulating materials can be used to carry the same current to further aid in weight and volume reductions. The overall reduction in weight and volume expected can be up to 70% as compared to a similar design using conventional round wiring harness methods.

Despite the advantages, not every packaging problem can be economically solved by the use of flexible circuitry. There are several factors that must be examined to be sure that this type of packaging would be the most cost-effective and still meet all mechanical, electrical, and thermal parameters. If cost is a major concern, then the total installed cost of the competing interconnect

system must be considered against using flexible circuitry in the electronic interconnect system. A correctly designed flexible or multi-layer flexible circuit can reduce not only weight and volume, but also the amount of connectors and other independent connection devices. The combined costs of the procurement, storage and assembly of all these independent pieces must

factor into any cost evaluation.

Overall circuit complexity and the total number of circuits that will be required must also be considered. If a circuit design is relatively simple, if total volume is low, and if space is available, conventional interconnect methods would likely be the most cost-effective. However, if the circuit is more complex, consisting of many signals or requiring specific electrical or mechanical

requirements, then flexible circuitry would be the better design choice.
Major Types of Flexible Circuits

Flexible circuits can be designed and manufactured to meet a wide variety of interconnect requirements. From the simplest single-sided circuit, to multi-layer circuits

with 40 layers or more, each is constructed using the same materials and techniques. Their materials and construction are described below.

Single-Sided Flexible Circuits

Single-sided flexible material with or without shield(s) or stiffener(s) (one conductor layer)

The single layer flexible circuit is the simplest and easiest to manufacture and is used primarily for point-topoint wiring. A wide choice of conductor thickness, widths and shapes, as well as connector attachments and termination pads are available. It is usually constructed of a single layer of copper foil laminated to a flexible substrate insulating dielectric film. Another layer of

flexible dielectric film, known as the covercoat, is laminated to the imaged and etched copper substrate, encapsulating the conductors to provide electrical insulation and protection from the environment. The design of a layer of circuitry for a single layer can be as simple as a solid copper plane with only one solderable connection, to a multitude of conductors and terminal pads

spread over a sheet as large as 24 X 30 inches (610 X 762 mm). Multiple single layers can be used together to make a complex assembly that consists of interconnects using either pins, connectors or other electrical components. Single-sided circuits can be supplied in different ways to meet specific application needs. Refer to Figure 2-4. There are three basic types of single-sided flexible circuits, presented in order of increasing cost – single access uncovered, single access covered, and double access covered. Each is described as follows.

