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Flex-rigid boards allow integrated in-
terconnection between several rigid 
boards. This technology helps to re-
duce the number of soldered joints 
and plug-in connections and also the 
number of wires and cables, thus im-
proving quality and reliability. For this 
reason the flex-rigid board has now 
become firmly established in many 
sectors of industry. We take a look at 
the basic stack-up methods for flex-
rigid boards, as well as an innovative 
variant, the Yellowflex circuit board.

Modern-day electronic systems are 
characterised by high functionality 
and relatively compact construction. 
The amount of space that device de-
signers make available for the elec-
tronic equipment is always limited 
and therefore needs to be utilised in 
the best possible way. 

For these reasons, circuit boards need 
to have a high interconnection den-
sity and layer count. Many electronic 
devices are fitted with several rigid 
boards that need to be interconnected 
to form a compact module. Addition-
ally, connections to peripheral ele-
ments such as controls and displays 
and external connections are usually 
required, and these can be wires, ca-
bles, flat ribbon cables, jumpers, plug-
in connection systems, etc. Such con-
nections have to be set up during the 
automatic component insertion pro-
cess or made and tested with a high 
outlay in subsequent work steps.

These conventional interconnec-
tion systems take up a considerable 
amount of the limited space available, 
and are therefore not always the best 
solution. PCBs that can be assembled 
three-dimensionally can offer great 
advantages. Flexible boards are one 
possibility, but the most reliable tech-
nology is offered by the flex-rigid cir-
cuit board.

Flex-rigid circuit boards

Flex-rigid boards have a special advan-
tage: they consist of two or more rigid 
areas that are electrically intercon-
nected by flexible areas, thus obviat-
ing the need for separate interconnec-
tions with the rigid boards. The flex-
rigid board can then be packaged with 
minimal waste of space (Figure 1).

The interconnection technique 
used for flex-rigid boards has very 

high reliability factor because 
many plug-and-socket connections 
and soldered joints - a well-known 
source of faults - can be dispensed 
with. High-cost production steps, 
such as the soldering of flat ribbon 
cables to connect the rigid boards, 
plus testing, are also eliminated. 
The design engineer prepares only 
one layout including the intercon-
nections. Only one set of drawings 
is needed and only one article is pur-
chased and kept in stock.

Basic Designs Of Flex-Rigid 
Printed Circuit Boards

by Markus Wille,
 Ruwel

Figure 2 - Basic build-up of an asymmetrical Multiflex board with two layers

Figure 1 - A flex-rigid board with components assembled (left) and a flex-rigid 
board after assembly (right)
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Figure 3 - Basic build-up of a symmetrical Multiflex board with four layers
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Flex-rigid boards are used nowadays 
in numerous applications and are to 
be found in virtually all industrial seg-
ments, notably automotive, telecom-
munications, medical, sensor tech-
nology, mechanical and aeronautical 
engineering and military electronics. 
In the consumer goods industry they 
are used on a large scale for computer 
equipment, digital cameras, flat-panel 
displays and mobile telephones.

There are two kinds of flex-rigid 
boards. One is the low-cost Semiflex 
board, where the flexible - or bend-
able - areas consist of, for example, 
thin FR-4. These are highly suitable 
when only a small number of bends 
are needed during component inser-
tion and board installation. The other 
is the Multiflex board, in which the 
flexible layers normally consist of  a 
polyimide film that covers the whole 
surface of the board, including the 
rigid areas. These are suitable for ap-
plications where very small bending 
radii can occur, or for those involving 
dynamic bending loads.

The Multiflex board

Flex-rigid boards that comprise flexi-
ble films such as polyimide are known 
as “Multiflex” circuits. These are the 

traditional flex-rigid boards that have 
been produced on an industrial scale 
for more than 30 years.

Distinguishing features

Boards such as the Multiflex are 
known as hybrid designs, as they are 
made up of both rigid and flexible 
substrates. The electrical intercon-
nections between the individual lay-
ers are made through metal-plated 
vias, the plated-through holes, which 
normally go through the rigid and 
flexible layers, or microholes using 
the sequential build-up method.

The flexible base material, usually flex-
ible polyimide film, covers not only 
the flexible area but also the entire 
rigid area of the board. Stack-up tech-
niques also exist in which the flexible 
base material is only used selectively 
in the flexible area. However, this pro-
duction method is still very complex 
and therefore not used very often.

The design of a flex-rigid board 
should not be confused with that of 
the single- or double-layer flexible 
boards with reinforcing strip. These 
are sometimes also termed flex-rigid 
boards, but do not match the perfor-
mance features of a true flex-rigid 
boards which, for instance, enable 

components to be assembled on both 
sides of the rigid areas.

Multiflex boards can be characterised 
as flex-rigid boards with at least two 
conductive pattern levels. The flex-
ible and rigid layers are electrically 
connected by plated-through holes 
in the rigid area, can be automatically 
equipped and soldered, and are suit-
able for press fitting and bonding. The 
flexible area can be bent tightly many 
times, and even dynamic bending 
loads are possible.

Basic stack-up techniques

The Multiflex board offers a number 
of stack-up possibilities and gives the 
design engineer wide freedom in the 
design and selection of materials. Yet 

Figure 4 - High-layer-count Multiflex 
board
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Figure 5 - 3-layer board with two layers in the flexible area (left); 3-layer board with one layer in the flexible area (right)
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Figure 6 - 4-layer board, symmetrical with two layers in flexible area (left); N-layer, symmetrical board (right)
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all stack-up techniques of Multiflex 
boards derive from two basic designs: 
the asymmetrical and the symmetri-
cal build-ups (Figures 2 and 3).

The asymmetrical layer build-up is 
the simplest form of Multiflex board. 
The flexible base material is located 
on one outer side and the rigid ma-
terial forms the second side of the 
flex-rigid board. In the case of the 
two-layer asymmetrical Multiflex 
board shown in Figure 2, the flexible 
material need not be registered to the 
rigid material. The two base materials 
are usually bonded with NoFlow pre-
preg, which has a very low resin flow. 
The future flexible areas of the board 
are left free of NoFlow prepreg so as 
to avoid bonding of the flexible base 
material with the rigid material. The 

coverlay, used to protect the conduc-
tors on the flexible substrate, is gen-
erally applied selectively. Using the 
asymmetrical layer build-up method, 
Multiflex boards can be produced with 
several flexible and rigid layers. As 
shown, the built-up technique is not 
limited to two layers.

It has to be borne in mind that the 
outer layer is flexible, which means 
that when the plated-through hole 
is made a further Copper deposit is 
applied to the Copper of the flexible 
base material. This layer of Copper 
normally loses its original properties 
and is therefore not quite as flexible 
and elastic as in its untreated state. 
Flexibility is therefore dependent on 
the ductility of the deposited Copper 
from the through-hole plating and 

conductor electroplating processes. 
It is sufficiently good for many ap-
plications.

Multiflex boards with asymmetrical 
layer build-up are relatively easy to 
make at low cost. Component inser-
tion and assembly work is also non-
critical, and the boards can be sup-
plied in soldering frames or based on 
the snap-out technique to facilitate 
further processing.

If the flexible base material is located 
between two rigid substrates, this is 
known as a symmetrical layer build-
up (Figure 3). The flexible base ma-
terial is then an inner layer and can 
be prefabricated accordingly. The 
conductive patterns of the flexible 
layers are selectively protected by 
coverlays in the flexible area of the 
board. The dimensions of the rigid 
coverlays must if necessary be made 
to match the conductive patterns 
of the flexible inner layers. A good 
registration of rigid layers to flexible 
layers is important. NoFlow prepreg 
is generally used for bonding the 
complete layer stack-up.
As long as the flexible layers inside the 
stack-up are not through-plated, high 
flexibility and bending loadability of 

Figure 7 - Multiflex board with non-bonded flexible area
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Figure 8 - Snap-out technique (left); snap-out parts before removal (right)

Rigid parts snapped out of flexible area

Figure 9 - Removing the snap-out parts (left); the flexible area is visible after removal (right)
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the flexible layers can be attained. The 
bending loadability is mainly deter-
mined by the quality of the Copper 
cladding (RA or ED) of the coverlay 
material and the bending radius.

Because of the symmetrical distribu-
tion of the materials, this build-up 
technique offers advantages over the 
asymmetrical build-up as regards the 
plane-surface structure of the board. 
Higher mechanical and thermal sta-
bility is attained because rigid mate-
rials are located on both outer layers. 
This stack-up technique allows very 
high-layer-count flex-rigid circuit 
boards to be produced (Figure 4).

Design possibilities

Practically any layer configuration 
can be built up from the two basic 
designs presented. Figure 5 shows the 
layer stack-ups of two asymmetrical 
Multiflex boards with a total of three 
conductive pattern layers. In the ex-
ample on the left, the flexible area 
carries two layers, both of which are 
protected by selectively applied cover-
lay. The example on the right has only 
one layer in the flexible area, and the 
coverlay is needed there only once.
Similarly to the production of multi-
layers, several layers in the rigid area 
can be prefabricated as modules and 
fitted together to make flex-rigid cir-
cuit boards.

In the production of Multiflex boards, 
the rigid, non-bonded areas ultimate-
ly have to be removed. This can done 
by making grooves along the contour 
lines of the flexible area. A depth-con-
trolled countergroove made before 
routing the board contour will sepa-
rate these rigid areas from the circuit 
board (Figure 6, left). The right side 

of Figure 6 depicts a Multiflex board 
with several flexible layers that are not 
bonded together in the flexible area. 
This measure provides for greater 
flexibility as compared to a full-sur-
face bonded variant.

The Multiflex board can be used in 
conjunction with several flexible lay-
ers, thus allowing the production of 
transmission cables in place of coax-
ial cables to transmit radio frequency 
signals. Asymmetrical and symmetri-
cal transmission lines can be made 
with characteristic impedances in the 
range of 50 - 130 ohms and tolerances 
of between ± 5% and ± 10%.

Snap-out technique

Multiflex boards do not have to be 
delivered as single parts for further 
processing. To facilitate equipping 
and soldering, they are very often de-
livered in a multiple printed panel in 
a soldering frame. This enables them 
to be processed practically in the same 
way as rigid boards or multilayers.

The snap-out technique is also a form 
of delivery in which the flex-rigid 
boards are “artificially” kept in a rigid 
condition for ease of handling when 
the board is being assembled. With 
this method, the rigid, non-bonded 

areas are not removed during con-
tour milling of the circuit board, but 
remain connected to the board with 
a few tabs. These snap-out areas can 
easily be removed by the OEM or EMS 
prior to assembly after component in-
sertion and testing (Figures 8 and 9).  
In the case of symmetrical Multiflex 
boards, the snap-out parts should all 
be on one side otherwise the flexible 
material could be damaged when the 
parts are broken out.

Reliability

Flex-rigid circuit boards based on 
flexible polyimide film have proved 
successful for decades in applications 
(aeronautical and military) with high 
reliability requirements. Nowadays, 
the automotive and the telecom in-
dustries also set very high quality and 
reliability standards for PCBs. The re-
sistance to cyclic temperature stress 
with extended temperature limits and 
a higher number of cycles, in particu-
lar, constitute a great challenge for 
every type of circuit board.

In the design of Multiflex boards, such 
requirements need to be considered 
in the early design stage. Due to the 
relatively high coefficients of thermal 
expansion involved in flexible adhesive 
systems, such systems should, if pos-

Figure 11 - Results of thermal shock tests (left); micrograph after 2500 cycles (right)

Figure 10 - Semiflex board
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sible, not be used in the layer stack-
up. The plated-through holes in the 
rigid areas especially should be free 
from adhesive systems. Where special 
reliability standards are required, ad-
hesive-free flexible base materials are 
to be favoured and coverlays should 
always be applied selectively to the 
flexible area.

Furthermore, NoFlow prepreg nor-
mally has a lower glass transition 
temperature (Tg) compared to con-
ventional prepreg. For the FR-4 
grades, the Tg of NoFlow prepreg is in 
the range of 105°C, some 30°C lower 
than that of the standard prepreg.

Because of the different materials 
used, thermal cycling causes consid-
erable stress and strain in the flex-rig-
id build-up. The plated-through holes 
are particularly affected by these loads. 
Cracks in barrels and at junctions can 
cause breaks in interconnections. The 
materials to be used for applications 
with high thermal cycling loads there-
fore need to be selected with care. 

The thermal expansion coefficients 
in the x, y and z directions as well as 
the modulus of elasticity need to be 
taken into account and matched to 
the coefficients of the materials used 
in the build-up. If the values differ too 
much, the internal stresses would be 
too high after laminating. The chart in 
Figure 11 shows that Multiflex boards 
with a suitable stack-up survive high 
thermal shock stress perfectly well.

In addition to FR-4, almost all mate-
rials available on the market for the 
production of multilayers can be used 
for the build-up of flex-rigid boards. 
As alternatives to the polyimide film, 
films made of LCP (liquid crystalline 
polymer) and PEEK are suitable.

The Semiflex board

The vast majority of flex-rigid circuit 
boards are not subjected to continu-
ous dynamic bending when in opera-
tion. In many applications, the flexible 
areas are bent only a few times during 

assembly and possibly for refinishing 
and repair. In such cases it is not nec-
essary to use a flexible base material 
such as polyimide film. Bendable ma-
terial is often adequate (Figure 10).

Build-up and production 
of the Semiflex board

Semiflex boards (Figure 12) are 
made of the same conventional base 
materials used for multilayers and 
double-sided PCBs. The production 
method  consists of reducing the 
thickness of conventional multi-
layer materials selectively until the 
material is flexible. This is achieved 
by depth-controlled routing in the 
areas that have to be bent. This is 
the only additional manufacturing 
step (Figure 14) compared to the 
process for double-sided circuit 
boards and multilayers.

For technical reasons, a few restric-
tions apply to the use of Semiflex 
boards: only a few bending cycles 
are allowed (up to 10 cycles); the 
bend radius is limited to 5 mm 
minimum; the maximum length 
of the bending area should not ex-
ceed 16 mm; and only one conduc-
tive pattern layer is possible in the 
bending area.

Semiflex Type II

Where bending requirements are 
higher than those allowed by the 
original Semiflex technique, there is 
a variant, Type II, which was devel-
oped on the basis of the production 
process for Multiflex boards (Figure 
13). In place of flexible polyimide film, 
bendable materials can be used. The 
suitability and flexural strength of the 
materials are very different, and if nec-
essary should be checked for the appli-

Figure 12 - Basic layer build-up for a Semiflex board
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Figure 13 - Basic layer build-up for a Type II Semiflex
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Figure 14 - Depth-controlled routing to thin down the rigid material (left); depth- routed Semiflex board (right)
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cation in question. Figure 15 provides 
an overview of the bending loadability 
of various laminates (bend radius is 
1mm and bending angle 180°). Lam 8 
and Lam 9 are laminates made of very 
thin non-woven aramide. The new 
Yellowflex technology is also show. 
The other materials are glass-fabric 
reinforced bendable laminates.

The Yellowflex board

The Yellowflex circuit is a new tech-
nique enabling production of cost-
effective flex-rigid boards that are 
suitable for applications with small 
bending radii and several bending 
cycles. However, this technology 
was not developed for continuous 
dynamic bending loads.

Build-up technique for the Yellowflex 
board

Flexible or bendable base material is 
not needed for the Yellowflex process. 
Instead, a Copper foil is selectively 
coated with a flexible polymer ma-
terial. The coating is applied to the 
treatment side of the Copper foil with 
the shaping of the flexible areas of the 
circuit board. The coated foil is subse-
quently laminated in the normal way 
to the rigid material (Figure 16).

The Yellowflex board is normally 
made of FR-4 materials. In the rigid 
area, this build-up does not differ 
from that of the double-sided boards 
or multilayers. The Yellowflex board 
can hence be produced using entirely 
conventional methods and processes.
Further processing of the Yellowflex 
board is absolutely compatible with 
FR-4 materials. Drying before com-
ponent insertion and soldering is not 
necessary. In contrast, the flexible 
polyimide films used in conventional 
flex-rigid boards are hygroscopic. As 
such, these boards should be dried be-
fore the components are inserted, to 
avoid delamination by steam formed 
during the soldering process.

Compared to the bendable laminates 
available on the market, Yellowflex 
boards attain distinctly higher flex-
ural loadability values (see Figure 15). 
At a bend radius of 1 mm and a bend-
ing angle of 180°, the first conduc-

tor shorts will occur only after 1000 
bending cycles. Furthermore, as the 
flexible material is only applied to the 
flexible area of the board, this technol-
ogy reduces use of valuable raw mate-
rials and is environment-friendly.

A technique for every application

The Multiflex circuit board repre-
sents the highest level of rigid-flex 
PCB technology. It meets the high-
est quality and reliability require-

ments and can be used for highly 
dynamic bending loads. The Semi-
flex and the new Yellowflex tech-
niques are alternatives that can 
be used in low bending load ap-
plications. Neither technique uses 
flexible polyimide film and pro-
cessinging is practically the same 
as for rigid boards. The Yellowflex 
board is also suitable for semi-dy-
namic bending applications and, 
by selective use of the flexible 
polymer material, is an environ-
ment-friendly process.

Figure 15 - Flexural strength of bendable laminates

Figure 16 - The Yellowflex technique
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Figure 17 - A Yellowflex board


