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• Agenda
– Progress in measurement techniques
– Progress in phenomenological description of the PIM signal
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PIM Measurement
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Measuring Techniques: Black Box

• Transmission lines connected 
via cable to board connectors 
and certified coaxial assemblies
firmly mount in acetyl cradle

• Transmission lines in contact 
less connection
– Single Sided Boards

– Double Sided Boards
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Measuring Techniques: Black Box

• Powermaps

GSM layout           Dual Band

Examples:
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Measurement Techniques: Probing Near Field

• Hienonen: Magnetic Probe
• Shitvov et al: Open Ended 

Capacitive
– Results on planted nonlinearities
– Results on micro-strip

IEEE TRANSACTIONS ON MICROWAVE
THEORY AND TECHNIQUES, VOL. 56, 
NO. 12, DECEMBER 2008
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Non Linear Transmission Line Theory

• Perturbation expansion of the current in a small parameter, for 
instance the non linear resistivity coefficient R2 in R=R0+R2|I2|

• Study the Fourier components of the current, i.e. the interesting 
frequency component to given order of perturbation, for instance
first order.

• A reverse wave is predicted to depend both on the forward pump 
waves and on load reflections already in k=1, IM3 products.

• Constructive interference in the forward wave and quasi-periodic 
length dependent reverse wave, note one type of source.

Zelenchuk et. al.
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Planted Non Linearities Above the Line

• Equal forward and reverse amplitude 
from a point source when no reflections

• Current or Voltage dependence? 
• Point sources of different types

– Hienonen modeled voltage source in series

• Interference from two point sources
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Distributed PIM Sources and NTL*

• Consistency in Port Amplitude for 
Planted Non Linearity

• Consistency in Probed Amplitude for 
Intrinsic Non Linearity

NTL=Non Linear Transmission Line Theory
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Perturbations
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Hypotheses of Sources

• Copper Laminate Interface
– Dendritic and fractal structure
– Surface- and bonding chemistry

• Etched edges
– Delamination and contamination
– Fractures
– Copper residues

• Copper Upper Side
– Rough structure
– Exposure for contamination
– Non stable metallic surface
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Conclusion

• Experimental techniques demonstrated for:
– Accurate two port measurement of PIM level in micro-strip lines
– Generation of sufficient statistical sampling to distinguish small differences 

feasible by contact free measurement. 
• Processing 
• Ageing
• Disturbances

– Efficient method for material selection in industrial application and for board 
material development.

• Phenomenological understanding of PIM-wave distribution along the 
line and at the ports.
– Still missing quantitative prediction from microscopic structure and 

microscopic resolution in measurement. 

• Thanks to: 
– Board Providers: Taconic, Park Nelco, Arlon, Rogers Corp., CLP
– Processing companies: Trackwise Ltd; Teltex AB, Optiprint AG


