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Specifying Base Materials

In collaboration with the supplier, define the materials that will meet the 

intended operating environment. Establish dielectric film thickness, 

finished copper foil thickness requirement, and determine whether the 

design requires an adhesive layer for bonding copper foil to the flex 

material or specify an adhesiveless copper clad dielectric. In regard to 

the base material, copper bonded to the dielectric using adhesive film is 

the most economical choice; however, when the product requires long-

term dynamic flex operation, the adhesiveless copper-clad dielectric may be warranted. 

Additionally, adhesiveless copper flex can be supplied much thinner than the copper foils 

bonded onto flex with adhesive.  The thin copper enables very fine-line circuit pattern 

capability.

It is important to research the various products in order to choose the one that best meets 

the design requirements. The key physical attributes that should be considered when 

selecting base materials for flexible circuits are:

• Moisture absorption

• Fire-retarding properties

• Electrical properties

• Mechanical properties

• Thermal properties

Both adhesiveless copper-clad films and materials relying on lamination with high-

temperature adhesives will continue evolve. For example, DuPont, a major supplier of 

polyimide base materials, is said to have developed high-temperature adhesive 

technology that combines new polymer systems that significantly improves moisture and 

chemical resistance. The new material is tougher, exhibits better thermal conductivity and 

furnishes higher tensile strength with less dimensional distortion.

Semi-Additive Circuit Plating Process
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Although applying copper foil to both sides of the polyimide film with adhesives is 

common, the copper can also be furnished on both surfaces without adhesive. The vapor 

deposition process, for example, furnishes a copper base metalization as thick as 200 

microns. The sputter deposition process provides a thin seed layer of copper onto the 

polyimide film while in a vacuum chamber. A cathode element is charged with positive 

ions that form small particles of the copper that adhere to the dielectric films surface. In 

both variations, additional copper thickness is built-up onto the copper seed layer by 

electrolytic pattern plating.

Cover-Layer and Cover-Coat Materials

The cover-layer (commonly referred to as “coverlay”) is a thin dielectric film that is 

laminated over the copper surfaces following the chemical etching process. The purpose 

of the cover-layer film is to insulate and protect the copper circuit during operation as well 

as conforming to the same flex and form requirements of the base material. The cover-

layer film material will normally be a thinner version of the base dielectric. For example, 

while the copper-clad base dielectric may be 25 microns (0.001“) or 50 microns (0.002“) 

thick, the coverlay material thickness will be only 12 microns (0.0005“).

Cover-coat is a more economical photoimageable dry (semi-liquid) film applied onto the 

copper-clad surface by lamination or as a liquid photoimageable material deposited onto 

the circuit surface using a screen or spray-coating process. As far as mechanical integrity, 

the laminated cover-layer film materials are physically the most durable while the thin 

cover-coat materials may exhibit pinhole voids and it may become brittle, commonly 

forming micro-cracks in the bend area.

Fabrication Documentation

Flexible circuit and rigid-flex fabrication drawings often have common issues with 

dimensioning. Too often the fabricator receives flex circuit documentation that is 

dimensioned as if they were sheet metal or machined parts with tolerances that are often 

made too tight for standard flex manufacturing processes or material properties. Over-

dimensioning and tolerance issues commonly cause delays in getting drawings checked 

and approved or delays in getting on-time delivery from suppliers. Too often QA will reject 

parts that would work just fine because they just don’t meet tolerances specified on 

drawings and source inspectors cannot buy these parts without some higher-level 

approval. Unnecessary part rejection ties up supply chain, quality control, engineering, 

and manufacturing resources. Although the mechanical data within the computer-

generated design file will be very detailed and include all dimensional attributes of 

everything needed to manufacture the circuit, the documentation developed for user 

acceptance can be simplified.
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On the other hand, key information must be furnished. The intent is to provide the 

fabricator with the locations of the critical areas that are to be folded or flexed. Separate 

views showing an installed flex configuration should be added to the fabrication drawing 

as well. Drawings should contain a detailed list and description of the materials contained 

in the flex-circuits construction:

• Material stack-up

• Reinforced/stiffened areas

• Critical thickness areas

Include cross-section details for the more complex multilayer and rigid-flex applications 

and point out critical thickness areas. Define both upper and lower ends of the thickness 

requirement. When multiple conductors are routed in the same direction on both surfaces 

of the flexible base material, the circuit path on each side in the bend or fold area must be 

offset from one another to prevent stress cracking in the copper foil.

In regard to specifying fold and bend areas on the flexible circuit fabrication and assembly 

documentation, IPC-2223 recommends the following:

• Bend/fold line location dimensions on the fabrication document shall be depicted as a 

reference.

• The assembly document should show the dimensions of the finished folded 

configuration as a reference only.

• Bend/fold lines should be depicted as centerlines and noted as “bend line 

corresponds to center of the arc formed when folded.”

For maximum dynamic flex life and reliability, conductors in the bend area should always 

be routed perpendicular to the bend area. Furthermore, all conductors in the flex or bend 

zones (with the exception of those carrying current), should be uniform in width and evenly 

spaced. The neutral bend axis, where possible, should be located at the center of the 

conductor pattern. Although the design may require copper build-up during the via-hole 

plating process, avoid specifying additional build-up plating in areas requiring bending or 

maximizing flexibility.

There are bound to be a number of material-related questions that will arise during the 

planning and design phase of the flexible and rigid-flex substrate. As a general rule, the 

fabricator will be able to address most material issues. Other resources to consult when 

researching materials for the more unique flexible and rigid-flex applications are material 

suppliers. Both material specifications and application notes will often be available for the 

asking. 
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Vern Solberg is an independent technical consultant based in Saratoga, California, 

specializing in SMT and microelectronics design and manufacturing technology. To reach 

Solberg, click here.
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