
1

Introduction
This paper focuses on the characteristics of gap 

fillers and how they impact a printed circuit board 
(PCB) including compression characteristics of 
various types of gap fillers, from standard viscoelastic 
materials, to putties, to form-in-place. PCBs are 
very flexible and deform quite easily; how deflection 
impacts the overall compression of the gap filler will 
be addressed. Finally, the paper will offer suggestions 
for managing the stress created when implementing a 
gap filler onto a PCB electronic assembly. 

Terms and Definitions
When discussing thermal interface materials, it’s always 

good to define a thermal gap filler (thermal interface). 
They differ from a phase change or grease, which are 
designed to reduce contact resistance. A thermal gap 
filler fills in a gap that can vary due to tolerance. This 
means actual stress created in compression can vary and 
in most cases, can be higher than desired. Thermal gap 
fillers typically are not used in applications with a fixed 
force such as a spring-loaded heatsink; rather, they’re 

used in applications where there is a gap that is controlled 
and there’s some tolerance based on the component 
and assembly tolerances. Gap fillers are available in 
various form factors but all have some limitations and 
characteristics that should be understood. 

Generally speaking, thermal gap fillers come in three 
types (Figure 1). The softest are dispensable, or form-in-
place materials, which are an attractive option because 
they’re essentially a fluid or viscous material and create 
almost no stress. They are either curing or non-curing. 
Dispensable fillers require equipment and procedures to 
ensure the form-in-place is cured properly and that no air 
is trapped in the material. The correct dispense shape is 
created before assembly to ensure even contact.

The second type of gap filler is a putty or putty pad, 
also not requiring special equipment. The pads come in a 
specified thickness and because they are already formed, 
there’s no concern with air trapped inside. They are more 
of a viscous plastic material and tend to have very little or 
no elastic component. 

The most common thermal gap filler is viscoelastic. 
They come in a variety of thermal conductivities, from 
cost-effective materials to high-conductivity materials 
above 10 Watts per meter Kelvin. They often are 
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Figure 1. The three types of thermal gap fillers.
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characterized by their ability to bounce back or retain 
their viscoelastic properties. 

When selecting a thermal gap filler, the data sheet is 
the typical place to start. Data sheets will have a stress 
strain curve or other stress strain data. Often, this data is 
only for one thickness; stress strain will change with the 
thickness. The data sheet may not have information on 
compression speed or the effect of rate on compression 
and may not include data on relaxation over time. 

Boundaries also play a big part. If they interfere 
with flow of material, this results in higher stress. 
Understanding the difference in compression 
characteristics among thickness, impact on compression 
speed, and relaxation over time is important in 
understanding the varying stress a PCB will be under 
during compression (initial installation) and over time.

Compression Characteristics
The stress strain curve typically diverts about 30 to 

35% because the gap filler remains in the load path and 

requires more force to get to a given compression. Stress 
strain curves are not linear, so using a single modulus 
value to describe compression often would be inaccurate. 
You must know where on the stress strain curve you will 
be working; compressing beyond that point will cause the 
gap filler to densify and cease to flow. 

Form-in-place gap fillers are very popular because 
they do not create excessive stress. They are polymer-
based and usually silicone or another synthetic polymer 
base. They are not cross-linked or have very little cross-
linking, so they have no tensile strength — viscosity is 
what holds everything together. They will easily flow as 
the air compresses but they will eventually act as a hard 
stop. Using them in an application that is very sensitive to 
stress and compressing them beyond the point where the 
particles are bottoming out will lead to damage to the PCB 
and the components. 

Another characteristic of gap fillers is a compression 
rate dependency in the stress created. This is probably 
one of the most overlooked characteristics of a gap filler. 
There is a tendency to just focus on how much the pad is 
compressed and ignore the rate at which it is compressed. 
Gap filler putties and viscoelastic pads are highly 
dampened and will create different stresses; at different 
speeds, the forces can vary dramatically. 

In some cases, it is difficult to control the rate of 
compression. One option is to use a fixed load to compress 
the gap filler. Gap fillers under a given load will creep; the 
creep in viscoelastic materials is reversible to a certain 

PCB FR-4 (.060" 1.5mm 1/2 oz Cu ground plane)
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Figure 2. A four-point deflection test of an FR-4 PCB held 
by standoffs spaced at 100 x 100 millimeters. This case 
targeted a 2-millimeter deflection.

• PCB FR-4 .060" (1.5mm)

• Stand offs at 100mm in x and y

• Compression platen (dummy component)

   27mm x 27mm

• Deflect 2.0mm at a rate of 5mm/mm

Figure 3. A stress strain curve shows that the FR-4 PCB flexes quite a bit. The curve is linear, indicating that the stress 
is not close to damaging the PCB.
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extent. Putty gap fillers have a creep that is not reversible. 
Once they are compressed, they should not be reused. 
Even viscoelastic pads should be replaced if service is 
required because compression is so critical to the gap filler. 

The test system is basically a fixture with a given weight 
that applies a load that won’t exceed the maximum load the 
assembly can tolerate. Unlike creep, where the load is fixed 
and the curve indicates how much the gap filler compressed 
under that load over time, with stress relaxation, the curve 
shows how much the gap filler relaxes over time. Forces are 
highest during compression and generally will relax once 
there is no further deformation.

PCB Deflection
Application-specific tests show how much a single FR4 

board will deform. For this example, we used PCBs made 
of FR4 that is 0.60" thick with a half-ounce copper ground 
plane (Figure 2). This test focuses on the deflection of the 
PCB only. The components are the critical part of any PCB 
but the type of components and layoffs can vary from one 
application to the other.

There’s always concern with localized stress on the 
solder joints. The joints cannot flex along with a very 
flexible PCB. A basic four-point test was conducted in 
which the PCB is held by standoffs spaced at 100 x 
100 millimeters. A 27 x 27-millimeter platen acted as a 
dummy component. Stress strengths were recorded with 
forces along the Y axis and deformation along the X axis. 
This case targeted a 2-millimeter deflection, which is 
sufficient to illustrate the amount of deflection of a PCB.

The stress strain curve (Figure 3) shows that the 
PCB flexes quite a bit. The curve is linear, showing that 
the stress is not close to damaging the PCB. About 90 
Newtons (about nine kilograms of force) results in a two-
millimeter deformation.

Let’s look at the pad we want to compress onto the 
PCB and its compression characteristic on a rigid surface, 
which is similar to what you would get if you compress 
it using an Instron tester. We use the same size and 
compression speed as a PCB test. The curve is not 
linear and there are two gradients: one is from 0 to 0.5 
millimeters and the other from 0.5 millimeters to 1. If 
we compress it further, the gradient would increase even 
further as the pad begins to densify. 

What happens when we compress the pad and PCB 
together? We test the same sized pad with the same 
platen at the same speed and perform a compression 
test on the stackup. It shows quite a bit of deflection, 
even though the force is not very high relative to the gap 
filler. It’s almost as if the gap filler itself is quite rigid. This 
means we’re not getting down to the target compression.

The compression stress strain curve for the stackup 
doesn’t look much different than the PCB alone. Much like 
the PCB, the gap filler is almost rigid during compression. 
The PCB will return somewhat; how much and when will 
depend on the gap filler’s relaxation characteristics. For 
some gap fillers, it may not relax at all and in some cases, 
it may come close but it’s unlikely the PCB will return to 
its original position.

Planning and ensuring that standoffs are closer together 
will provide more support for the PCB. The test was 
performed again; this time, the standoff was moved to 
a 50-millimeter spacing. Boards are packed with surface 
mount components and traces that are designed to 
maintain signal integrity to higher frequencies. Laying out 
a PCB is a time-consuming process so it’s important to 
identify components that require thermal gap fillers and 
ensure they can support the compression of the pad. 

The same test was run on the PCB with closer standoffs 
(Figure 4). Again, it’s 0.60" by about a millimeter and 
a half with a half-ounce copper plane. Decreasing the 
spacing had a marked impact on the deflection of the 
board. The PCB under 700 Newtons (about 70 kilograms) 
deflected two millimeters. With the standoff even closer to 
the boards, it will deflect even less at a given load.

This doesn’t mean we can simply create standoffs that 
are close together and apply as much force as we want. 
The PCB is still under a lot of stress and so are the solder 
joints and standoffs, so basically anything in the load path 
is going to be strained.

• PCB FR-4 .060" (1.5mm)

• Stand offs at 50mm in x and y

• Compression platen (dummy component)

   27mm x 27mm

• Deflect 2.0mm at a rate of 5mm/mm

Figure 4. A four-point deflection test on a PCB with closer 
standoffs. Decreasing the spacing had a marked impact 
on the deflection of the board. 
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PCB and Gap Filler Deflection
The components of the PCB gap filler stackup are quite 

different (Figure 5). In the case of the PC25A, which is a 
very soft gap filler, the elastic component is quite small 
but there is a large viscous component. That means the 
force required to compress the gap is higher than the 
force created when the pad is in a deformed state. In 
the case of the PC25A, the force created by the pad in 
the deformed state is less than half the force required to 
compress the pad down to a given rate. 

The PCB is almost all elastic so the rate of compression 
will not have an impact on the stress created. The gap 
filler’s time-dependent component would require much 
higher force to compress compared to the PCB. In this 
case, the PCB elastic component would be reacting to the 
rate-dependent component of the gap filler. 

This analysis is a helpful way of looking at the stackup 
but the data required to create a detailed model is usually 
not available on a data sheet, although having a relatively 
good approximation is still better than trial and error. The 
compression of a gap filler in a PCB is not just a matter 
of a stress strain curve on a data sheet. In a real-world 
scenario, the gap filler in an assembly is not compressed 
anywhere near the target percentage of compression. The 
PCB is simply flexing, giving the impression that the pad is 
flexing under less load than anticipated.

Best Practices for Gap Filler Selection
Begin selection of the gap filler as early as possible. 

Identify components early on in the design, preferably 
before the PCB is laid out. Once the board is populated, 
placing thru holes for support can be difficult or require 
extensive changes to the PCB layout. When you have 
selected a pad, try to get a good understanding of its 
compression characteristics.

At Fujipoly’s engineering center, we offer testing of pads 
of a specific size, boundary conditions, and rate. This data 
is very helpful in understanding the stress created during 
assembly and the stress over time.

Creating standoffs and supports around the components 
or requiring a high-performing gap filler is always a good 
idea. This is the simplest way to reinforce a PCB. Fill of a 
PCB is not solely due to the solder joints. Solder joints are 
rigid but PCBs are not. Something will fail if the deformation 
is more than what the solder joint can handle. 
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Figure 5. In the case of the PC25A gap filler stackup (left), which is a very soft gap filler, the elastic component is small 
but there is a large viscous component. The PCB (right) is highly elastic. The rate of compression will not have an 
impact on the stress created.


