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1.0 Passive Intermodulation Definition 

1.1 What is PIM? 
Passive Intermodulation (PIM) is when undesired signals are produced from multiple Radio Frequency 
(RF) signals mixing in a passive non-linear device. Examples of non-linear devices are connectors, 
couplers, combiners, switches, or even antennas. These new undesired signals are harmful if they are in 
the uplink or receive frequency band of interest because it reduces receiver sensitivity. Device non-
linearity can be caused by several factors such as bangs, dents, dirty connectors, aged antennas, 
oxidization (rusty bolts) or even loose cable connections.  

1.2 What causes PIM? 
Under normal circumstances, PIM can occur in equipment as it ages, when new equipment is installed, 
or when old antenna transmission cables of questionable condition are used. More commonly, PIM 
could be generated from moist or miniature water droplets in feedline connectors resulting from poor 
weatherproofing. Metal shaving inside connectors is another contributor to PIM resulting from 
excessive tightening and untightening of connectors. PIM sources can be categorized as internal (from 
within the radio system) or external (from outside the radio system). The coming sections will shed 
some light on both categories. 

1.2.1 Potential PIM Sources within a Radio System 

There are several factors within the radio system that could generate PIM. It is a best practice to make 
sure that all your passive devices are professionally installed or according to the manufacturer’s 
recommendation.  

Here is a list of potential internal and external PIM sources, some of which were witnessed by BV 
engineers while troubleshooting for PIM at customer premises. Internal refers to sources generated by 
devices inside the radio system while external refers to sources outside the specific radio system but 
within proximity: 

1.2.1.1 Internal 

• Poor cable termination – Coax cables in a radio system should always be properly 
terminated. Adapters provide low pressure metal-to-metal contact and are mixing 
points for signals. If not properly terminated, could cause PIM.  

• Damaged or poorly made components – Visual inspections of connectors and other 
junction points are important to discover corrosion, poor weatherproofing, debris, and 
physical damage. All of this could result in PIM.  

• Loose RF connections – Loose connections are a common source of PIM. Poor metal-to-
metal allows moisture to collect, and corrosion to form. Loose connectors will show a 
“spike” on your test equipment when flexed. Check all connections for correct tightness 
per manufacturer’s specifications.  
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• Type-N connectors – Type-N connectors tend to come nickel-plated which can scrape off 
as the connector is removed/reinserted repeatedly. Flakes of Nickel can collect within 
the connector and create mixing points for PIM. Figure 1 depicts an example of what 
you may witness while troubleshooting.  

 

Figure 1 Metal Flakes Inside the Connector 

1.2.1.2 External 

• Loose metal objects near your antennas such as ungrounded tower members, antenna 
mounts, disconnected antennas. Tower crews being close to the antenna with their 
metal belongings may cause PIM. 

• Rusty joints near your antennas – Corrosion on towers is quite common and frequent. 
Visual inspections in proximity of the installed antennas are required to identify and 
rectify the any corrosion issues.  

• Infrastructure sharing – As communication systems share frequency multiplexing 
components, there is an increase in the possibility of PIM. Examples include transmit 
combiners, receiver multicouplers, tower-top amplifiers, duplexing, and antennas. 

• Site sharing – As the number of carriers and antenna equipment increase per site, a 
corresponding increase in the possibility of PIM generation may be expected from the 
intermodulation of different carrier signals. 

1.3 Impact of PIM 
PIM is a significant issue within the cellular industry and sometimes it is extremely difficult to 
troubleshoot. PIM lowers the reliability or even inhibit communication of the wireless system by 
creating interference and reducing the receiver sensitivity. This interference can affect the cell that 
created it, as well as other nearby receivers. For example, in LTE frequency band 2, the downlink is 
specified from 1930 MHz to 1990 MHz, while the uplink ranges from 1850 MHz to 1920 MHz. If two 
transmitter carriers, depicted in Figure 2, located at 1940 MHz and 1980 MHz, are transmitting from the 
base station (BS) with PIM, their intermodulation will lead to a component at 1900 MHz that will fall into 
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the receiver band affecting the receiver. Furthermore, the intermodulation item at 2020 MHz may affect 
other systems in the band (Source: Everything RF).  

 

Figure 2  PIM, Falling Back into the Receiver Band (Source: Analog Devices) 

1.4 PIM Limits 
A typical PIM threshold requirement is between -150 dBc and -160 dBc (Anritsu: Passive 
Intermodulation PIM). dBc is used to measure phase noise, harmonics, or spurious signals with respect 
to the carrier power level. There is no direct relation between dBc and dBm. Although the typical 
reference (carrier) power level is 20 W (43 dBm), testing may also be done using a 2 W reference power 
level. In either case, knowing the carrier power level is critical to interpreting the results. A -150 dBc test 
result using a 2 x 2 W (33 dBm) carrier power translates to a -117 dBm PIM level. However, the same 
test results using 2 x 20 W (43 dBm) carrier power would yield a -107 dBm PIM level (Summitek 
Instruments, 2011).  

1.5 Defining Intermodulation Orders 
As stated earlier, PIM shows up as a set of unwanted signals created by the mixing of two or more 
strong RF signals at a nonlinear passive device on the downlink frequency (from the TX) resulting in 
unwanted RF signals on the uplink (RX) frequency. Often the nonlinearity does not manifest itself at low 
signal levels either because PIM levels are exceptionally low at thermal noise level or far enough out of 
band of interest to be of any consequence.  

The spurious products of two RF signals, which are generated due to non-linearity of a device, are 
mathematically related to the original input signals. The frequencies of the Intermodulation (IM) 
products can be computed by the following equation (Anritsu: Passive Intermodulation PIM): 

 𝑀𝑓1 ± 𝑁𝑓2 𝑤ℎ𝑒𝑟𝑒 𝑀, 𝑁 = 0, 1, 2, 3, …. (1) 

The order of the IM product is given by the sum of M+N. For example, the second order IM product of 
two RF signals f1 and f2 would occur at M=1 & N=1, M=2 & N=0, and M=0 & N=2. Therefore, the 
mathematical equation can be presented as f1 + f2, f2 – f1 (higher frequency minus the lower frequency), 
2f1 and 2f2. Also, the 3rd order IM products of f1 and f2 can be computed as follows: 

2𝑓1 + 𝑓2 

2𝑓1 − 𝑓2 

𝑓1 + 2𝑓2 

𝑓1 − 2𝑓2 
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Where 2f1 is the second harmonic of f1 and 2f2 is the second harmonic of f2. Figure 3 depicts the IM 
product of the 2nd and 3rd order IM products. 

 

Figure 3  The 2nd and 3rd Order IM Product of f1 and f2 (Source: EmpowerRF.com) 

 
Similarly, the 5th, 7th, and 9th IM products can be calculated from equation (1). Note that only IM 
products that fall into our receiver band are of interest.  

There exist couple of websites that allows for such calculations to be automatically generated for the 3rd, 
5th and 7th order. Here is a list of couple of them: 

• Rogers Corporation: https://rogerscorp.secure.force.com/calculators/Calculators_PIM 

• Arctic Peak: https://www.arcticpeak.com/radiopages/intermodulationproducts.htm 

• Softwright Tap7 Intermodulation Module Software: 
https://www.softwright.com/tap/tap-modules/intermodulation-products-module/ 

o BV has a single license for the intermodulation module in Tap7 software that 
can be shared amongst BV engineers. This module is used to compute 
intermodulation products as a function of frequencies and other transmitter 
and receiver specifications. After executing the study, the intermod report 
generator can be filtered and sorted to view results to isolate intermod 
problems that are likely to occur.   

  

https://rogerscorp.secure.force.com/calculators/Calculators_PIM
https://www.arcticpeak.com/radiopages/intermodulationproducts.htm
https://www.softwright.com/tap/tap-modules/intermodulation-products-module/
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2.0 Testing for PIM 

2.1 Test Equipment 
There are several PIM testing kits in the market, the two most popular are Anritsu PIM Master 
MW82119B and Freedom Communications R8100. BV utilizes the Freedom R8100 shown in Figure 4. 
Service monitors can be used to observe PIM in the receiver band.  

 

Figure 4  Freedom R8100 Utilized by BV Engineers for PIM Testing 

2.2 Test Procedure 
The test equipment vendor may vary but the PIM testing procedure should be the same. Here is the list 
of the general steps to be considered when testing for PIM, assuming a 4-channel transmitter site: 

Make sure the radio system is turned off and not transmitting while performing the steps below.  

1. Power up the Freedom R8100; it may take a couple of minutes to start. 

2. Freedom R8100, configure the receiver visual bandwidth by setting your start and stop 
frequencies:  

a. Usually, the receiver bandwidth is from your lowest receive frequency for the 
radio system to your highest receive frequency. However, it is good practice to 
observe frequencies beyond the receiver range to note any adjacent channel 
activity.  

3. On the Freedom R8100, set a marker(s) on the receiver center frequency(s).  

4. Find the radio system receiver multicoupler which should be in a rack in the 
communication room. 

5. Connect the BNC cable from the Freedom R8100 antenna port to the receiver 
multicoupler or receive antenna port located in the rack. 

6. Double check the radio transmitters have been powered off and put in test mode.  
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7. Test Results – each screenshot below should be recorded in normal mode and max hold 
mode. It is best practice to wait at least 30 seconds in both modes before capturing any 
data. 

a. On the Freedom R8100, take screenshots of the receiver band with all 
transmitters off to record noise floor level. This step is mandatory to give you an 
idea if there is an external interferer that is elevating your noise floor. 

b. On the radio system, turn on the 1st transmitter and record screenshots of the 
receiver band on the Freedom R8100. 

c. On the radio system, turn on the 2nd transmitter while the 1st transmitter remain 
on and record screenshots of the receiver band on the Freedom R8100. 

d. On the radio system, turn on the 3rd transmitter while the 1st and 2nd 
transmitters remain on and record screenshots of the receiver band on the 
Freedom R8100. 

e. On the radio system, turn on the 4th transmitter while the 1st, 2nd, and 3rd 
transmitters remain on and record screenshots of the receiver band on the 
Freedom R8100. 

8. Save all screenshots from the Freedom R8100 to a local hard drive or USB.  

The next section will go through some of the field PIM results collected by BV engineers while working 
on customer’s premises.  

2.3 Test Results 
The following results were collected while troubleshooting PIM issues at customer’s premises. Each 
figure will be accompanied by detailed description. The customer was deploying a Digital Mobile Radio 
(DMR) with sites having either 3 or 4 channels per site. The DMR system was operating in the VHF 
Spectrum (217 MHz to 220 MHz) where TX frequencies are in the 217 MHz and RX frequencies are in the 
219 MHz. The examples that we will be looking at had 4 channels per site. Even though the PIM in the 
examples below will be investigated when all 4 transmitters are up, it is imperative to note that PIM may 
have surfaced at an earlier stage, like at 2 or 3 transmitters up.  

It is best practice to record or measure the noise floor level before you start any PIM testing just to try 
to eliminate any external interference factors. 

2.3.1 Example Site 1: No PIM 

In the following example, we will be looking at a 4-channel site transmitting in the 217 MHz and 
receiving in the 219 MHz. Figure 5 and Figure 6 show screenshots from Freedom R8100 service monitor 
while all transmitters being turned OFF (Figure 5) and ON (Figure 6) in the normal mode for wideband 
view. Wideband view refers to a view window between 217 MHz to 220 MHz whereas a narrowband 
view window refers to a viewing window between 219 MHz to 219.500 MHz. Note the RX markers are 
indicated in #1, #2, #3, and #4 at the bottom in both figures. Notice the noise floor level when the 
transmitters were off was around -120 dBm, which is a normal noise floor level and expected, but was 
elevated when the transmitters were turned ON. Noise level is anticipated to increase when 
transmitters are being turned on one by one.  
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Figure 5  Wideband View with Normal Mode 
for a 4-TX Site (TX OFF) 

Figure 6  Wideband View with Normal Mode 
for a 4-TX Site (TX OFF) 

 

Figure 7 and Figure 8 inspect the behavior of the site with a narrowband view and max hold mode. It can 
be noticed that the maximum noise level during the capture period is close to -120 dBm when the 
transmitters were off while the maximum noise floor level captured in the next figure is elevated when 
the 4 transmitters are turned on.  

  

Figure 7  Narrowband View with Max Hold for a 
4-TX Site (TX OFF) 

Figure 8  Narrowband View with Max Hold for a 
4-TX Site (TX ON) 
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2.3.2 Example 2: PIM 

Example 2 is a similar 4-channel site however this time PIM was present. The first step is to verify that 
there are no existing external interferers affecting the radio the system that could induce PIM. The noise 
floor level was captured in normal mode and max hold Mode with all transmitters off as seen in Figure 9 
and Figure 10. An existing narrowband signal was being transmitted at 218 MHz as seen in Figure 9. 
However, this transmitted signal does not pose any interference to our system since it is outside our 
receiver band. Inspecting the narrowband view in the receive band in Figure 10 using max hold can 
confirm this.  

  

Figure 9  Wideband View in Normal Mode  
while all TX are OFF 

Figure 10  Narrowband View in Max Hold while 
all TX are OFF 
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Next, the transmitters are turned on one by one as described in Section 2.2. PIM was clearly observed 
when all the 4 transmitters were ON. Figure 11 and Figure 12 reveal the impact of PIM on the whole 
band in normal mode, including the receiver band. The blue rectangle in Figure 11 indicates the 4 
transmitters being turned on, not to be mixed up with the PIM signals. Taking a closer look in the 
narrowband in Figure 12, it is apparent that PIM has a significant impact on every receiver signal. The 
dashed orange arrow in Figure 12 points to a PIM signal different than our receiver signals. Note the PIM 
high signal strength at around -90 dBm and will surely cause degradation in audio quality for the system.  

  

Figure 11  Wideband View for all 4 Transmitters 
ON 

Figure 12  Narrowband View for all 4 
Transmitters ON 
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2.3.3 Example Site 3: PIM 

Here is another example for a 4-channel system that experienced severe PIM as well. As discussed 
previously, the first step is to always capture the noise floor level when all transmitters are off. Figure 13 
and Figure 14 depicts the noise level of the systems when all 4 transmitters are off in the normal mode 
and max hold mode. It is apparent that the noise floor is slightly higher than expected and there seems 
to be some intermittent activity close to two of the receiver frequencies but nothing that is worrisome 
at this point.  

  

Figure 13  Wideband View with all 4 
Transmitters OFF 

Figure 14  Narrowband View with all 4 
Transmitters OFF 
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Next, the transmitters are turned on one by one until all 4 transmitters up. Figure 15 and Figure 16 
depict high PIM in the wideband view in normal mode and max hold Mode. The blue rectangle in each 
image identifies the 4 transmitters are on. PIM can be seen clearly impacting the whole band in view, 
including the receiver band. Upon further inspection in the narrowband view (Normal and max hold 
Modes) in Figure 17 and Figure 18, it is obvious that PIM has impacted all receiver channels as indicated 
by the red arrows in each image. According to the images below, PIM was observed around -85 dBm, 
which is considered significantly high. If the radio system is left in its current condition, it will suffer a 
degradation in performance when all transmitters are being keyed at the same time.  

  

Figure 15  Wideband View for all Transmitters 
ON in Normal Mode 

Figure 16  Wideband View for all Transmitters 
ON in Max Hold Mode 

  

Figure 17  Narrowband View of all 4 
Transmitters ON in Normal Mode 

Figure 18  Narrowband View of all 4 
Transmitters ON in Max Hold Mode 

 

The next section will focus on methods and steps on how to mitigate PIM when encountered.  
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3.0 Steps to Mitigate PIM 
There are several steps to mitigate PIM. In this section, the most popular of those steps will be discussed 
along with what was applied in real-life scenarios by Black & Veatch (BV) BV engineering team when PIM 
was observed.  

• Antenna isolation – It is important to have sufficient antenna separation between the TX 
and RX antennas. This will avoid the signal being trapped in a feedback loop which can 
induce internal PIM on the system. Each antenna manufacturer provides specific 
antenna isolation requirements. A good rule of thumb would be 35 dB to 50 dB antenna 
isolation, which was implemented at the Eversource project. This antenna isolation 
dictates the vertical TX/RX separation. Calculating the vertical antenna separation 
between TX and RX is outside the scope of this document. 

• Line sweeps of feed lines is always recommended when troubleshooting for PIM. They 
can give an idea on where to look for PIM by inspecting the Distance-to-Fault (DTF) 
functionality and by inspecting antenna return loss (RL).  

• Connectors were the most common PIM source at the client sites inspected by BV 
engineering team either by finding metal shavings/debris or the connectors were not 
weatherproofed properly causing moisture penetration. Flexing a connector that causes 
a spike on the service monitor is a clear indication that this connector could be faulty. 
When inspecting a particular site for PIM, always have an extra set of connectors 
available. Connectors should be carefully inspected for debris, metal shavings, which 
result from removing/reinserting the connections repeatedly, and moisture, which can 
be the result of bad weatherproofing. In both cases, the connector(s) can be cleaned, 
and PIM test conducted to ensure PIM has been mitigated. A scotch tape can be applied 
to the inner of the connector(s) to remove the debris and a dry piece of cloth to remove 
moisture. If PIM persists, new connector(s) are recommended to replace faulty 
connector(s). Follow manufacturers’ installation instructions for proper sealing and 
weatherproofing. Finally, it is recommended that Type-N connectors be replaced with 
7/16 DIN connectors which are “PIM rated”, where possible; meaning 7/16 DIN 
connectors are stainless steel without plating, and thus more resistive to metal flaking 
and can form a better metal-to-metal contact. 

• Visual inspection of entire RF system (especially exterior, tower, structure, etc.), with 
particular attention paid to possible corroded connectors, rusty joints, and peeling paint 
on the tower. Mitigation takes place by replacing the corroded connector or rusty joint. 
As for paint, apply recommended tower paint after the any corrosion repair is made. 

• Unused/unterminated antennas near your antennas are potential sources of PIM. Tower 
crew members should inspect nearby antenna terminations. A permit from the tower 
owner may be needed to mitigate this. 
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4.0 Conclusion 
This document provides high-level information about PIM, its causes, PIM test equipment, and its 
mitigation accompanied with real-life scenarios experienced by BV engineers at client site. This 
document is to be used as a guide to help engineers in understanding and troubleshooting PIM issues.  
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Appendix A. Technical Definitions 

• dBc – decibels relative to the carrier power level. 

• normal mode – the display updates the signal behavior continuously  

• max hold Mode – the display retains the highest peak signal amplitudes measured 
during successive sweeps. 

• Phase Noise – the noise arising from the rapid, short term, and random phase 
fluctuations that occur in a signal. 

• Spurious Signal – Any unwanted signal generated by the amplifier outside the frequency 
band of interest. 

• Harmonic Signal – Harmonic signals are also spurious and unwanted signals but 
occurring at integer multiples of the fundamental carrier signal.  

 
(rfwireless-world.com) 
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