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Flexible Substrate Technology  
Flexible circuitry needs were roadmapped for the first time in 
the 2004 iNEMI Roadmap. Substrate technology requirements 
for interposer packaging needs were covered at that time, as 
were product board flexible substrates. There are some new 
uses of these materials for which the unique properties of un-
reinforced materials have a better chance of meeting product 
requirements (at a reasonable cost), especially with printed 
technology rather than etching away original copper foil.

Flexible printed boards are most likely to be used where 
interconnect structures must survive severe flexural lifecycles 
and torque (e.g. hard disk drives, printers), or where shock and 
vibration absorption are required (e.g. military applications). 
Most flexible printed boards are not subjected to dynamic flex 
requirements but need flex to be installed in 3D static shapes, 
a feature that assists miniaturization in hand-held electronic 
equipment and certain medical applications. Specialty applica-
tions also include membrane switches (key pads) and single-layer 
structures serving as superior alternatives for wire harnesses. 

The disadvantages of these products are closely related 
to their flexibility advantage: dimensional instability, unique 
tooling requirements and uniqueness of applications that add 
engineering costs. High Tg flex substrates suitable for solder-
ing (typically polyimide) are more expensive than comparable 
rigid substrates.

Because of the material capability, new markets are being 
explored for flexible and non-flexing applications. Some of 
these are in the automotive sector; however, medical and tele-
communications are close behind. Since polyimide materials 
are more expensive, the cost-driven markets look for ways to 
use polyester as the basis material in those applications where 
severe temperature exposure is not an issue. New processing 
techniques are being implemented where the conductive pat-
tern is screened on the materials and (after being cured) has 
the components attached, usually with conductive epoxy.

Table 4 provides an overview of the current status of some 
of the key substrate characteristics of the flex circuit industry.

Dielectric substrates are selected based on needs such 
as flexibility, dielectric properties, dimensional stability and 
strength, CTE, thermal and chemical resistance, and cost. 
Dielectric resins may be thermosetting or thermoplastic, and 
they may be reinforced by glass or organic fibers such as 
aramid. The most common flex structures use thermoplastic, 

non-reinforced dielectric film such as polyimide or polyester.
Polyimide is chosen for its good flexibility, high tem-

perature (200 to 240˚C) compatibility, low CTE and dielectric 
properties. Cost and moisture absorption are drawbacks. 
However, advances in polyimide polymer compositions have 
yielded materials that have less than 1% moisture absorp-
tion, compared to standard polyimides that have 2.5% to 3% 
moisture absorption. Polyester is chosen for good flexibility, 
low CTE, good chemical resistance and low cost, but polyester 
cannot be processed much above 100˚C. See Figure 2 for a 
summary of flex circuit product types.

Embedded Components
The electronics industry has had the ability to embed passive 
components in interconnect substrates for many years, but 
the market for this technology has been small. However, with 
the advent of wireless technology and high-speed/frequency 
circuits, passive components that are buried inside the PCB 
are appealing for the wiring density and electrical perfor-
mance advantages they provide. As a result, is it paramount 
that the infrastructure to support this technology evolves.

It is no longer just saving assembly real estate that is the 
issue; it is the fact that performance of the electronic package, 
module or unit requires that resistor and capacitor devices 
be close to the power I/Os of the semiconductor. This phe-
nomenon requires that these elements are a part of the PCB, 
making the board truly perform a circuit function. 

The decision to integrate or embed components must be 
made early in the design process. Some components are easy 
candidates for integrating into the multilayer structure. For 
others, it is more difficult to rationalize the added perfor-
mance value compared with the extra processing steps needed 
to achieve the desired results. The cost trade-off discussions 
are ongoing and will continue for a number of years. 

There is no doubt that the technology of including resis-
tive material or capacitive structures in the substrate will 
become a way of increasing the performance of the product 
being designed. However, CAD systems and board fabrica-
tion infrastructure are not as ready as they need to be in order 
to have full implementation capability for using embedded 
passives. Nevertheless, both Europe and Asia are making 
some significant strides toward using this technology to 
increase density advantages.

Table 3. Forecast of rigid board technology (product boards).

	 Current	 2007	 2009	 2011	 2017
	 Conventional	 Build-up	 Conventional	 Build-up	 Conventional	 Build-up	 Conventional	 Build-up	 Conventional	 Build-up

Inner trace width/
line space (µm)	 100/125 	 45/45 	 85/125	 35/35	 75/100	 25/25	 66/88	 20/25	 50/ 75	 15/18

PTH hole size, 
un-plated (µm)	 250	 N/A	 250	 N/A	 200	 N/A	 150	 N/A	 125	 N/A

Drill capture	 300 	 110	 275 	 90 	 250 	 75	 225 	 60	 200 	 50
land size (µm)	 Over drill	 Microvia	 Over drill	 Microvia	 Over drill	 Microvia	 Over drill	 Microvia	 Over drill	 Microvia

Microvia 
diameter (µm)	 125	 60	 100	 50	 80	 42	 70	 35	 55	 25

Buried passives 
(+actives)	 No	 Yes	 No	 Yes	 No	 Yes (+actives)	 Yes	 Yes (+actives)	 Yes	 Yes (+actives)


