
SIGNAL INTEGRITY

Minimizing INSERTION LOSS
Proper PCB stackup and trace geometry design are key
elements in the fight to lower losses.  by JEFF LOYER

As bus speeds exceed GHz speeds, signal attenuation due to
conductor and dielectric losses absorb a significant portion of
the signal integrity budget, especially eye height. Designers
need to carefully design their PCB to minimize these losses,
while meeting other constraints such as cost, manufactura-
bility and routing density. 

For any given impedance (especially differential impedance),
an infinite number of trace geometries can be used to attain the
impedance target, with a correspondingly infinite number of loss
values. A narrow trace can be made less lossy than a wide trace
if other parameters (loss tangent, trace thickness, etc.) are not
kept constant, even if the impedance is kept constant. In a real-
life scenario, however, parameters are going to be bounded, and
only certain combinations will be allowed. An exhaustive analy-
sis wasn’t practical for this example, nor was a Monte Carlo.
Instead, a design of experiments (DOE)1 approach was used to
carefully choose values for sweeps of the variables, which would
allow determining each parameter’s effect on loss.    

Parameter Value Selection
The first step was to identify the parameters that a designer
can most easily control: trace type (microstrip or stripline),
trace width, trace height, dielectric constant (Er) and loss

tangent (DF, dissipation factor). There are other parameters,
such as copper conductivity, but those aren’t easily changed
and their effect is not expected to be significant enough to
justify non-standard processing.

A minimum, nominal and maximum range for each
parameter that was considered reasonable for standard prod-
ucts was then chosen (TABLE 1). 

The rationale for the min and max values are as follows:
■ Trace width minimum: smallest dimension currently

manufacturable.
■ Trace width maximum: largest dimension possible while

maintaining reasonable routing densities.
■ Trace thicknesses represent typical 0.5 oz., 1 oz. and 1.5 oz
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PARAMETER MINIMUM NOMINAL MAXIMUM

TRACE TYPE MICROSTRIP OR STRIPLINE

Trace Width 3 mils 5 mils 8 mils

Trace Thickness 0.7 mils 1.4 mils 2.1 mils

Er 3.4 3.8 4.2

Loss Tangent (DF) .007 .012 .017

TABLE 1. Variable ranges considered for each parameter.

h t

w

t = 0.7, 1.4, or 2.1 mils

w = 3, 5, or 8 mils

h adjusted to 
attain 50 ohms 

Single-ended microstrip

Dielectric extends to  
0.5 mils above trace

Er = 3.4, 3.8, or 4.2
DF = 0.007, 0.012, or 0.017

GND

GND

h1 t

w

t = 0.7, 1.4, or 2.1 mils

w = 3, 5, or 8 mils

 

Er = 3.4, 3.8, or 4.2
DF = 0.007, 0.012, or 0.017

h2

GND

Single-ended stripline

h adjusted to
attain 50 ohms,
h1 = h2 

FIGURE 1. Single-ended trace topologies.
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FIGURE 2. Differential trace topologies.


