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Overcome Mechanical
Constraints to Balance
PCB Design Functionality

Modern PCB manufacturing trends require designers to keep tabs on multiple design
rules and components. Some manufacturers try to compel designers to apply every
rule in their projects, causing complex integrated electromagnetic designs and

assemblies.

roper communication is necessary when creat-
ing products in a team with diverse backgrounds.
Disclosing the product requirements to other team
members early raises your chances of establishing
conflicting design issues and solving them while still in the
schematic stage. In turn, the design process becomes a cost-
effective, flawless, and less time-consuming exercise.

If you have clear and practical electronic requirements,
you can quickly formulate early mechanical and electrical
designs. Cover limitations and industrial design will shape
the mechanical design of your project. Other factors like er-
gonomics, industry guidelines, and standards also will play
arole.

When mechanical personnel receive a practical working
plan and electrical personnel have a working schematic, you
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can create your printed-circuit-board (PCB) design.

PCB Outline and Keepouts

The initial step in creating a PCB design is approving the
first circuit board outline. This will enable you to agree on
the board size and shape early in the process. A mechanical
expert should create a sketch containing the PCB outline,
regions with height limits, components, and trace keepouts.

The PCB outline represents the final shape after manufac-
turing, and it relies on the mechanical aspect of the board.
The mechanical engineer can start by creating a sketch con-
taining the largest board size, considering the projected
points in the mechanical plan. The mechanical engineer
collaborates with the electrical engineer to minimize the
board outline to the smallest possible measurement, reduc-

1. An All Layer keepout
is applied to confine all
parts, except tracks.
(Courtesy of Altium)
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2. Connecting a daughterboard to a motherboard reduces the number of required links on the

mainboard. (Courtesy of MCTPCB)

ing substrate costs.

Remember, rectangular PCB outlines are more cost-ef-
fective than curved outlines due to the minimal substrate
waste and little manual work in routing the shape. There-
fore, when sharing your PCB outline with other members, it
includes the highest height limit for electrical parts. Mostly,
the highest height constraint differs across the board be-
cause of mechanical limitations.

Your sketch should highlight the PCB points with height
constraints that are lesser than the highest limit to prevent
interference hitches during PCB assembly. Component
keepouts are regions where the mechanical shape touches
the board or is so close that there’s an inadequate allow-
ance for small parts. You should notify other team members
about these regions as was the case with height constraints.

Figure I shows an All Layer keepout integrated to confine
all parts, except tracks. This facilitates net connections in
layouts where such components are applied, while limiting
the close mounting of other parts.

Lastly, the trace keepouts are board regions in any layer
that lack traces. For mechanical engineers, the primary con-
cerns at this stage are areas with metal components posi-
tioned close to the board, mounting structures, and board
edges (e.g., inner cutouts). Ensure you leave a small space
from the PCB edge with no trace to inhibit electrical arc-
ing. This space is determined by the voltage, current, and Dk
value of the board substrate.

If your electronics needs regulatory certification by a local
agency, you should follow their guidelines to avoid future
problems. But, generally, start with the IPC-9592B stan-
dards. Remember to create additional keepout distance to
accommodate the size of the screw head when dealing with
metal hardware.

Layout
At this stage, the electrical engineer can start creating trac-
es that join electrical parts on the board. It's recommended

to categorize the parts into joints with
no height constraints before relocating
them into constrained sections. Me-
chanical and electrical engineers should
partner to establish large, unusual, and
high-risk parts.

Of course, care should be taken when
laying out these components—the en-
tire team should appraise the specifica-
tion document. You should mold the
components in CAD to ensure they fit
well with the mechanical design. Some
layout regions, like ac and dc circuits,
limit component placement.

When you finish creating the design,
the PCB software you're using will export it in a three-di-
mensional format, which is essential when parts are closely
mounted. The mechanical specialist should transfer the for-
mat into the mechanical format for assessment. If the whole
team approves the design and perfectly fits into one board,
your design is successful and ready to move into the manu-
facturing phase.

Fitting Several Components into an Inadequate Space

The surface area is an essential part of a PCB layout. At
first, you will realize that there’s lots of space to mount com-
ponents. However, as connectivity becomes denser, that
space disappears to the point where it becomes difficult to fit
all required devices onto the board. You can overcome this
issue through various techniques such as:

Adding more layers to the board

In this scenario, you have sufficient space to mount all
your devices. Still, when the electrical engineer routes the
traces and creates the necessary distance to inhibit arcing,
the area becomes limited. The best option is adding more
board layers, though it will increase the cost. Most boards
have between one to eight layers, but you can add more lay-
ers to accommodate your components.

Creating daughter PCBs

When experiencing space constraints on your primary
board, the motherboard, you can relocate a complete circuit
onto a new board—the daughter PCB. This will minimize
the number of necessary links on the main board and in-
crease the assembly cost because of the additional board.
Your assembly also will become more complex due to the
new way of accommodating the extra board in your me-
chanical structure and linking it to the primary board. Fig-
ure 2 shows how a daughterboard is connected to a moth-
erboard.

Nevertheless, this is still an ideal solution since it’s easy
to design a circuit board with reliable placement structures
and off-the-shelf mechanisms of linking the daughterboard
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to the motherboard.

Moving big parts off the board

A situation may arise where significant parts like capaci-
tors and inductors inhibit you from creating a miniaturized
and dense board. In such cases, you can’t add more layers or
create a daughterboard. The best solution is to move large
components off the board in order to free it up.

Create customized placement structures to hold large
parts within your package in injection molds. Then, link
them with the board using leads.

Linking everything together

If you created space via a daughterboard, the circuits must
be linked together in a reliable and low-cost manner. You
can use a horizontal or vertical header if a dense circuit sys-
tem is needed between the motherboard and the daughter-
board. If the design rejects the use of headers, you can still
use a customized cable assembly.

When space limitations offset cost limitations, the ideal
solution is to use a flexible connector or PCB. Instead of
applying fiberglass as the base material, a flexible PCB uses
Kapton material. This allows users to bend and fold it as they
want.

Like in the case of cables, flexible PCBs are customized
and low cost when produced in high volumes. However,
low-volume production runs are costly due to the equip-
ment that produces the shapes. You can solder flexible con-
nections directly to the board or utilize zero-insertion-force

(ZIF) connectors.

Conclusion

Balancing functionality in the context of mechanical con-
straints in PCB designs is shaped by various considerations.
If you manage to detect and solve spatial limits early, you
will reduce the number of prototypes it takes to create a
functioning product. Cost and performance should be your
main concerns when components fail to fit perfectly into the
board. Hopefully, this article has enriched your memory,
and you will be more creative in your next PCB project.
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