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Introduction
Wireless access into and out of buildings is a fundamental
requirement of current and future successful handheld
device usage. A number of factors, guided by energy
efficiency, can negatively influence the successful
propagation of such wireless signals through the building
envelope.
This work examines commonly used building materials in
terms of their attenuation on wireless frequencies from
800 6000MHz and concludes that the external doors are
the final remaining wireless openings.
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Building materials under test
• Individual testing of typical
building components
–Wall and roof materials
– Glass in window opes
– Insulation
• rock wool, polyisocyanurate,
graphite impregnated styrofoam



Test structures & equipment
• Rohde & Schwarz ZVB 20 VNA

– ZV Z32 calibration kit
– 7.62m Sucoflex 106 low loss cables

• Anritsu 68147A signal generator
– Anritsu MS2702A

– Backup tests



Test block diagram

• Propagated and reflected s parameters of interest
– Here MUT is double glazing



Far field selection criteria

• Selection criteria: 2D2/ , 5D, 1.6 , 3 (& more)
– Schwarzbeck BBHA 9120 LFA Horn Antenna D=0.33m
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Low energy & std. window propagation
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Dry building materials
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Heat insulation materials
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Results
• Low emissivity glass adds 10 30dB extra
attenuation over standard glass

• Standard wall/roof insulation has a negligible
effect on wireless attenuation

• More recent insulation is foil backed
– Adds 10 30dB attenuation depending on frequency
– Combined with dry concrete block on edge leads to
attenuations of 20 50dB



Conclusions
• Building heat energy efficiency efforts have
lead to the introduction of transparent
conductors in double/triple glazing
– Also foil back insulation in wall cavities and in
roof

– Prevents radioactive loss (gain in hot countries)
of heat energy

– However, also impacts significantly on wireless
propagation

– Front/back doors are the final opes for wireless!
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Technical Appendix
• The reflection and transmission coefficients
are related to the scattering parameters by:

• The reflection coefficient, , can be obtained
by inverting these equations:



Technical Appendix (2)
• Similarly, an expression for the transmission
coefficient, T, can be obtained:

• The free space wavelength, 0 , and the cut
off wavelength, c, are related to the
transmission and reflection coefficients by
the equation:



Technical Appendix (3)
• So, the permittivity and the permeability can
be derived from the above equations :


