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Humidity-Dependent Loss
in PCB SuBStrateS

The in-use environment needs to be part of the model 
during system design and validation.  by Paul Hamilton, 
Gary Brist, Guy Barnes Jr. and Jason scHrader

Moisture in electronics has been and 
continues to be a significant concern for 
system reliability due to its impact on 
mechanical stresses during thermal cycles, 
ability to alter adhesion properties, and 
its corrosive nature when mixed with 
ionic compounds such as salts. Moisture 
also affects the electrical properties of a 
dielectric by altering its dielectric con-
stant and loss tangent1. As IO bus speeds 
exceed 1 GHz and move toward 5 GHz 
and beyond, it is becoming critical to sys-
tem designs that the change in loss with 
respect to moisture be quantified. At these 
signaling speeds, small changes in the 
dielectric material properties can result in 
failure of electronics systems to commu-
nicate across an IO bus. A complicating 
factor for designers is that the electrical 
impact due to the moisture concentration 
within the dielectric is time-dependent 
and atmospheric condition dependent.

The electrical properties of a material 
are partially a function of the amount 

of moisture in the material. The extent 
to which a material absorbs moisture is 
characterized by its moisture diffusiv-
ity and saturated moisture concentration. 
Moisture diffusivity describes the rate of 
change of a material’s moisture concentra-
tion. The saturated moisture concentra-
tion provides an expression for the limit 
to the amount of moisture that a material 
can contain. It is important to note that 
both are a function of temperature and 
relative humidity. Another measure of a 
material’s susceptibility to moisture is its 
maximum moisture uptake. This is typi-
cally reported on material data sheets as 
%weight and is related to the saturated 
moisture concentration.

System designers need to be able 
to determine the typical, minimum and 
maximum impact of moisture on trans-
mission line loss. This will depend on the 
system design. Surface microstrips and 
embedded microstrips are more suscepti-
ble to humidity conditions in the environ-
ment than striplines. Measurable changes 
in microstrip losses occur in hours as 

moisture concentrations change quickly. 
Transmission lines placed between ref-
erence planes, such as striplines, are 
significantly slower to respond to humid-
ity conditions in the environment. The 
response time of striplines is measured in 
weeks or months and is dependent on the 
continuity and perforation of the refer-
ence planes as these provide a barrier to 
the diffusion of moisture. 

Moisture Impact on 
Transmission Line Loss
A set of test boards was designed to 
determine the maximum impact of mois-
ture on transmission line loss. In actual 
computing designs, the power and ground 
planes are not continuous barriers to 
moisture absorption perpendicular to the 
plane of the board. There are anti-pads 
around each via pad that carry signals 
between layers and those that provide 
attach points for through-hole connec-
tors. These provide a path for moisture 
to diffuse through the PCB. To simulate 
actual product designs in this experimen-

figure 1.�Ninety�percent�power�
plane�coverage.

Table 1. Values�of�tand�and�er�measured�using�split-post�dielectric�resonator.

7628 (FR-4) 20˚C 10% RH 360˚C 95% RH

	 1.2	GHz	 3.2	GHz	 7.2	GHz	 10.2	GHz	 1.2	GHz	 3.2	GHz	 7.1	GHz	 10.2	GHz

tand	 0.01255	 0.0126	 0.0129	 0.0125	 0.0180	 0.0193	 0.0197	 0.0197

er	 4.5	 4.55	 4.47	 4.24	 4.65	 4.725	 4.58	 4.475


