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The term wireless communication has been 
around for many years, and it can mean many 
different things. The wireless communication 
between your mouse and your computer is 
very different than the wireless communica-
tion between a satellite and its ground station. 
The PCBs which are used for wireless com-
munications are as diverse as the term. As a 
general statement, a more complex wireless 
communication system will require a more 
complex PCB.

Depending on the wireless system, the 
requirements for the PCB can be diverse. Even 
within a system, the different modules or com-
ponents can have very different requirements. 
A good example of a complex wireless com-
munication system would be an application 
for a LEO (Low Earth Orbit) satellite system. 

Optimizing Thermal Management for 
Wireless Communication Systems

The ground station will have different require-
ments than the space-based station. Two 
major differences between these two compo-
nents are power level and power management.

The satellite will be designed to be very 
efficient for the use of electric power, due to 
the normal limits of operating in space. The 
ground station is typically less concerned with 
power management and can offer much higher 
power levels than the satellite, although with 
higher power levels will usually come tradeoffs 
between thermal management and system 
performance.

The satellite systems will have concerns with 
thermal management, but often different than 
the concerns for thermal management of the 
ground station electronics. The thermal man-
agement issues for the ground station PCBs are 
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usually focused around using high-frequency 
circuit materials with low loss, high thermal 
conductivity, low CTE (coefficient of thermal 
expansion), and low TCDk (thermal coeffi-
cient of Dk). The PCB design and fabrication 
are also considered for thermal management 
concerns and, when practical, design features 
like via farms or via fences are included. 

Most dielectrics used for high-frequency cir-
cuit materials have poor thermal conductivity 
when compared to the excellent thermal con-
ductivity of metals. As a simple comparison, 
the thermal conductivity of copper is about 
400 W/m∙K and most PCB dielectric materi-
als have a thermal conductivity around 0.3 W/
m∙K. Because of the big difference in thermal 
conductivity, some PCBs with thermal man-
agement challenges will have cavities built 
into them, which will minimize the amount of 
dielectric material in the heat flow path. The 
heat flow path originates from the heat source 
that resides on the PCB or a RF trace on the 
circuit, and the migration of that heat to a heat 
sink that will absorb the heat.

Over many years of dealing with thermal 
management issues, the PCB industry has 
informally adopted a rule of thumb that a 
dielectric with thermal conductivity of 0.5 W/
m∙K or higher is considered good for thermal 
management concerns. Many of the ceramic-
filled high-frequency laminates have this ther-

mal conductivity value or higher but there are 
a few special materials with significantly higher 
thermal conductivity. 

RF designers must consider the different 
properties of the high-frequency circuit mate-
rials used in the board. For thermal manage-
ment issues, a thicker substrate will increase 
the heat flow path, and that is not desirable. 
However, a thicker laminate is often desired 
when operating at lower microwave frequen-
cies because there will be less insertion loss. 
This assumes the use of a low-loss material, 
with a low dissipation factor. Insertion loss is 
directly related to heat generation due to RF 
power heating the circuit, and higher insertion 
loss will cause more heat to be generated. A 
thin circuit will have a shorter heat flow path 
and that is desired for good thermal manage-
ment. However, a circuit using a thinner sub-
strate will have higher insertion loss and more 
heated generated from the applied RF power. 

The tradeoffs for thermal conductivity are 
described here, but an application using a thick 
substrate should consider a material with high 
thermal conductivity and low dissipation fac-
tor. Of course, an application using a thin sub-
strate will also benefit from these properties, 
but typically more attention is put on minimiz-
ing insertion loss so there is less heat generated. 
In minimizing insertion loss for a circuit based 
on a thin substrate, copper surface roughness 
is often a consideration. 

Copper surface roughness at the substrate-
copper interface can have significant impact 
on insertion loss and that is especially true for 
circuits based on thinner substrates. A rougher 
copper surface will increase conductor loss and 
conductor loss is usually a large portion of the 
overall insertion loss for a circuit based on thin 
material. Basically, when the copper planes are 
close together, which is the case for a circuit 
using a thin substrate, the effects of the cop-
per surfaces will be more impactful on RF per-
formance. The effects on RF performance are 
related to phase angle, wave velocity, effective 
Dk and, as already stated, insertion loss. 

Most dielectrics used for 
high-frequency circuit 
materials have poor 

thermal conductivity when 
compared to the excellent 

thermal conductivity 
of metals.
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An example of material formulated specifi-
cally for thermal management concerns is a 
laminate with a thermal conductivity value of 
1.24 W/m∙K, considered very good for this 
property, designed for high-frequency circuit 
materials. Additionally, the laminate has a low 
dissipation factor of 0.0017 and is available with 
a very low-profile copper offering a smooth 
copper surface. Another property not previ-
ously mentioned but that can be significant for 
thermal management, is moisture absorption. 
The moisture absorption for this laminate is 
extremely low at 0.05% and that will greatly 
minimize the undesired effects that moisture 
can have on RF performance.

There are several different test methods 
which can be used to determine the thermal 
conductivity of a substrate. We always use a 
test method that does not include the effects of 

copper, so the stated thermal conductivity of 
the laminate is that of the substrate only. There 
are other suppliers of high-frequency lami-
nates, which will include the effects of copper 
in their testing for thermal conductivity and 
that will cause the property to appear much 
better than is actually true of the substrate. For 
this reason and many others mentioned, it is 
always good to contact your material supplier 
when working on a new design that is sensitive 
to thermal issues.  DESIGN007

John Coonrod is technical 
marketing manager at Rog-
ers Corporation. To read past 
columns, click here.

I recently spoke with American Standard Circuits 
CEO Anaya Vardya about ways to bridge the gap 
between designers and fabricators, and the need 
to stay flexible and not be locked into designing 
boards in one certain way.

What issue should designers be most concerned 
about in circuit board fabrication today?
The thing we preach to our customers is this: When 
you start to design difficult or complex boards, form 
a partnership with your board shop. Really partner 
with them, and work with them through the design 

phase. You can do a lot of things on a computer 
screen, but can you take that and translate it into 
something that’s manufacturable? Left to their own 
devices, many times the design ends up being 
unmanufacturable, or it could be very expensive 
to manufacture.

We’ve built designs that are just perfect night-
mares to build, and customers will pay a lot of 
money to get those boards because very few fabri-
cators will even tackle them. In the end, they could 
have probably simplified their design along the 
way, but they are somehow locked into a design 
and now they can’t change it.

Do you see more designers engaging in that?
We do have a lot of designers who come to us 
ahead of time with very complex boards that we 
spend quite a bit of time on. We also have cases 
where we’ve had people fly down just to do in- 
person meetings on particularly difficult designs.

Thanks for your time, Anaya.
Thank you, Barry.

Flexibility, Communication Help 
Prevent ‘Nightmare’ Boards by Barry Matties
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