
Passive Intermodulation - PIM 
 &  

Peak Instantaneous Power - PIP 



Understanding PIM and PIP 
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Ô The rollout of Digital Modulation schemes like TETRA and P25 
Phase 1 (and 2), coincides with a change in Radio Users 
expectations. 

 

Ô User expectations have risen Sharply to the point where any 
sign of Interference or broken audio prompts a Complaint. 

 

Ô The background Noise/Static etc that was acceptable in Analog 
days, is not longer considered acceptable. 

 

Ô Therefore Digital Networks need to deliver the promised 
Performance improvement, so PIM and PIP need to be better 
Understood to Help achieve that. 



Intermodulation - IM 
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Ô IM is simply Mixing that occurs on Comms sites in a 
variety of Locations 

 

Ô Active IM typically occurs in: 

Ô Transmit Power Amplifiers 

Ô Receiver Preamplifiers 

 

Ô Active IM is controlled by: 

Ô Transmit Combiner Design using Isolators 

Ô High 3rd Order Intercept Point Receive (3OIP) Preamplifiers 
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Passive Intermodulation - PIM 

Ô PIM is Mixing that occurs anywhere in the complete 
Antenna system 

 

Ô Feeder Cables 

Ô Connectors 

Ô Lightning Arrestors 

Ô Antennas 

 

Ô As well as Tower Metalwork, Brackets, nearby Fencing etc. 
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PIM - General 

Ô Intermodulation products are Generated when two or 
more RF carriers enter a Nonlinear RF conductor. The 
Nonlinear conductor can be, for example, a metal to 
metal Junction within an Antenna. 

 

Ô Typically, when applying two Signals with powers of +43 
dBm to these devices, Intermodulation levels can range 
from -70 to -120 dBm. 

 

Ô Passive Intermodulation (PIM) products Generated in a 
base station Antenna appear as Interfering signals, which 
may degrade the Performance of base station Receivers. 

 



Measuring PIM in a Controlled Environment 
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Ô PIM tests are undertaken using 2 x 20 watt Transmitters 
measuring the Resultant 3rd order IM level  (ie -150dBc). 

 

Ô Test beds and Methods are TIA-329-C compliant. 

 

Ô Hardware generated 3rd order PIM figures increase 
relative to the Increase in power levels @ approx a 2:1 
ratio (3dB increase in power results gives approx 6dB 
Increase in the PIM figure). 

 

Ô The 5th order PIM figure is typically 15 dB lower than 3rd 
order, and 7th order is 15db lower again. 

 

 



Real World PIM Example using -110dBc Tx Antenna 
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Ô 2 x +47dBm Transmitters on antenna B 
Ô 493.000Mhz + 494.000Mhz 

 

Ô Antenna B PIM rating -110dBc ( Old style Antenna) 

 

Ô Resultant PIM Values 
Ô 3rd Order (+47minus 110 = -63dbm) 

Ô 5th Order (+47minus 110 minus 15 = -78dbm) 

Ô 7th Order (+47minus 125 minus 15 = -93dbm) 

 

Ô Antenna isolation of 35dB to Rx Antenna A 

 

Ô Will there be a problem?? 

 

 

 

Tx Ant B 

Rx Ant A   

35dB of isolation 
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AUST RX BLOCK 

495.200 MHz ï 500.000 MHz 

AUST TX BLOCK 

490.000 MHz ï 494.800 MHz 

Will PIM affect my 

network? YES! 
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Real World PIM Example using -110dBc Tx Antenna (Continued) 

Ô 2 x +47dBm Transmitters on antenna B (-110dBc) 
Ô 493.000Mhz + 494.000Mhz 

 

Ô Only 5th and 7th Order Mixes fall in Aust Rx Band 
Ô 496.000Mhz + 497.000Mhz 

 

Ô Antenna isolation of 35dB to Rx Antenna A 
 

Ô Resultant Rx Interference levels 
Ô 5th Order ( -78dbm minus 35db = -113dBm) 

Ô 7th Order ( -93dbm minus 35db = -128dBm) 
 

Ô Therefore the 5th order mix will cause a 6-10db Rx 
Desense problem 

 

 

Tx Ant B 

Rx Ant A   

35dB of isolation 
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Real World PIM Example using -150dBc High Spec Tx Antenna  

Ô 2 x +47dBm Transmitters on antenna B (-150dBc) 
Ô 493.000Mhz + 494.000Mhz 

 

Ô Only 5th and 7th Order Mixes fall in Aust Rx Band 
Ô 496.000Mhz + 497.000Mhz 

 

Ô Antenna isolation of 35dB to Rx Antenna A 
 

Ô Resultant Rx Interference levels 
Ô 5th Order  

 (+47minus 150 minus 15 minus 35 = -153dBm) 
 

Ô Therefore the 5th order mix will NOT cause a Rx 
Desense problem as is way below Squelch Point 

 

 

Tx Ant B 

Rx Ant A   

35dB of isolation 



PIM in Analog & 
Digital Networks 
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System Design Considerations 



PIM in Analog & Digital Networks 
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Ô The effects of PIM on Analogue networks are Generally well 
Understood and Documented. 

Ô However, there has been much Debate surrounding the effects of PIM 
on Digital networks. 

Ô General consensus is that Digital will perform Better in the presence of 
Noise / Interference due to Error Correction Techniques etc, BUT this is 
mostly Based on Opinion rather than Empirical testing. 

 

Ô Given the ongoing Progression towards Digital networks, the impact of 
PIM on systems Infrastructure design needed to be better evaluated. 

 



wCLΩǎ ¦IC tLa ¢Ŝǎǘ {ŜǘǳǇ 
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Measure PIM level 
at 417.150Mhz 

Tx1 - 415.100 

 

Tx2 - 415.050 

Device under Test 



UHF Analog and Digital Modified PIM Test Setup 
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Analog Digital 

PIM Adjust 
PIM Adjust 

Analog Rptr 

P25 Rptr 



PIM Test Process 
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Ô After Calibration, Tests were then conducted as follows: 

 

Ô Analog mode 

Ô  With Rx RF Modulated signal levels from -124 to -54dbm in 2db steps 

Ô PIM level was then applied from -125 to -70dbm in 5db steps 

Ô Repeater Analog Unsquelch Point was Noted 

 

Ô Digital mode 

Ô  With Rx RF Modulated signal levels from -124 to -54dbm in 2db steps 

Ô PIM level was then applied from -125 to -70dbm in 5db steps 

Ô Repeater Digital Unsquelch Point was Noted 

 

 



Initial Observations 
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Ô The spectral distribution of Unmodulated, Analogue-modulated, and 
Digital-modulated PIM varies substantially, refer next slides. 

Ô The Digital modulation produces a wide Spectral bandwidth in the 
PIM signal, due to the non-linear C4FM modulation Scheme adopted 
for P25. 

Ô The Bandwidth is wide Enough to spill into adjacent 12.5kHz 
channels, which may mean Re-assessing IM study Criteria for Digital 
networks. 

Ô Note that 5th order PIM products will have even greater Spectral 
spread. 

 


