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SummarY: our whole world literally revolves 
around electromagnetic fields. much insight into 
high-speed pcB design can be gained by under-
standing the behavior of transmission lines and the 
influence of their associated electromagnetic fields.

Migrating birds, turtles, whales, etc., all use 
the earth’s magnetic field to navigate vast dis-
tances. Whales, for instance, can negotiate a 
9,000 mile stretch of open, ocean without vary-
ing from their course by more than 1 degree. 
However, one theory for their occasional mass 
beaching cites the highly magnetic materials 
on the ocean floor that apparently mislead the 
whales, pointing them in the wrong direction. 
According to an article by environmental writer 
Larry West, “Mass strandings of dolphins are far 
less common than mass strandings of whales. 
And among whales, deep-water species such as 
pilot whales and sperm whales are more likely 
to strand themselves on land than whale spe-
cies such as orcas (killer whales) that live closer 
to shore.” 

This phenomenon obviously does not affect 
birds insulated from the ocean floor by miles 
of water (and air). And as for turtles, they are 
also surface dwellers that lay their eggs on the 
beach, so this may be an advantage for them.

We can glean more information from a Web 
presentation by Georgia State University’s De-
partment of Physics and Astronomy: 

The earth’s magnetic field is similar to that of a 
bar magnet tilted 11 degrees from the spin axis of the 
earth. The problem with that picture is that the Cu-
rie temperature of iron is about 770°C. The earth’s 
core is hotter than that and therefore not magnetic. 
So how did the Earth get its magnetic field?  Mag-
netic fields surround electric currents, so we surmise 
that circulating electric currents in the earth’s molten 
metallic core are the origin of the magnetic field…
The earth’s magnetic field is attributed to a dynamo 
effect of circulating electric current, but it is not con-
stant in direction. Rock specimens of different age 
in similar locations have different directions of per-
manent magnetization. Evidence for 171 magnetic 

field reversals during the past 71 
million years has been reported. 

Danish physicist Hans 
Christian Oersted made great 
strides in electromagnetic re-
search. During a lecture in 
1820, he discovered that elec-
tric currents create magnetic 
fields. He later found that a 
current-carrying wire created a 
circular magnetic field around 
that wire, and that this circu-
lar field was strongest closer to 
the wire.

Traces in a multilayer PCB 
act in much the same way. 
A current loop produces a 
field similar to that of Earth, 
although much smaller of 
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course. Electromagnetic fields are produced 
when a logic driver delivers a high-speed, fast 
rise time pulse into a trace. The electromagnetic 
wave propagates down the length of the trace 
radiating into the surrounding dielectric mate-
rial and coupling energy to nearby trace seg-
ments. These electromagnetic fields are not re-
stricted to the multilayer substrate and if proper 
care is not taken, they may emit radiation caus-
ing electromagnetic interference. 

A stripline configuration (traces embedded 
between planes) contains this radiation very 
well, but microstrip (outer layer traces) tend to 
emit high levels of radiation. This can be seen 
in Figure 1. Notice how the fields do not cross 
the plane layers. So, each microstrip and each 
stripline configuration is totally isolated from 
the layers above or below. 

That is why high-speed, critical signals 
should always be routed between two planes 
in a stripline configuration. I discussed this in 
detail in a past column, Beyond Design: Em-
bedded Signal Routing. I wrote: “Routing high-
speed signals embedded between the planes re-

duces the radiated emissions 
by as much as 10 dB. Adding 
a series terminator may help 
reduce this even further, but 
this should be determined by 
simulation and there has to be 
a trade-off with other factors 
as in any design.”

In Figure 1, electric field 
lines are plotted in blue. These 
can be thought of as the “lines 
of force.” Note that they begin 
and end on conductor surfac-
es (where physical charges re-
side). They refract (i.e., change 
direction) at boundaries be-
tween different dielectrics. 
Electric fields, which capaci-
tively couple current into a 
nearby trace, are somewhat 
absorbed by the plane but  
still tend to radiate noise out-
ward.

Magnetic fields are plot-
ted in red. These existed in 
circular form around the trace 

along which the electric potential (i.e., volt-
age) is a constant. They form closed contours 
around one or more conductors, and refract at 
dissimilar dielectric boundaries and couple volt-
age inductively into a nearby trace. The induc-
tance of the trace depends on the geometry of 
the circuit and the magnetic properties of the 
media containing the field.

The differential pair in Figure 2 illustrates 
the electromagnetic field coupling between the 
two trace segments. Magnetic fields tend to ra-
diate into air, which is actually just another di-
electric with a dielectric constant of one.

Crosstalk is caused by capacitive and induc-
tive coupling:

• Capacitive coupling causes signal 
   voltages to couple current into nearby 
   nets. This is also referred to as forward 
   or far-end crosstalk (FEXT).
• Inductive coupling causes signal currents 
   to couple voltage into nearby nets. This
   is also referred to as backward or 
   near-end crosstalk (NEXT).

Figure 1: electromagnetic fields of traces on a multilayer PCB 
displayed in Hyperlynx.

ELECTROMAGNETIC FIELDS: PART 1 continues

http://www.pcbdesign007.com/pages/columns.cgi?clmid=65&artid=79868
http://www.pcbdesign007.com/pages/columns.cgi?clmid=65&artid=79868
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ELECTROMAGNETIC FIELDS: PART 1 continues

Points to remember:
• Our whole world literally revolves around 

electromagnetic fields. Migrating birds, turtles, 
and whales all use Earth’s magnetic field to  
navigate vast distances. 

• The earth’s magnetic field is attributed to a 
dynamo effect of circulating electric current in 
the core.

• Electromagnetic fields are produced when 
a logic driver delivers a high-speed, fast rise time 
pulse into a trace. The electromagnetic wave 
propagates down the length of the trace radi-
ating in to the surrounding dielectric material 
and coupling energy to nearby trace segments.

• In a multilayer board, each microstrip and 
each stripline configuration is totally isolated 
from the layers above or below. 

• Electric fields, which capacitively couple 
current into a nearby trace, are somewhat ab-
sorbed by the plane but still tend to radiate 
noise outward.

• Magnetic fields refract at dissimilar dielec-
tric boundaries and couple voltage inductively 
into a nearby trace. 

Part 2 of “Beyond Design: Electromagnetic 
Fields” continues next month and in it, we will 

look at how electromagnetic fields influence 
transmission lines and how they can be applied 
to a BEM field solver.  PCBDESIGN
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Figure 2: Microstrip differential pair coupling.
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