PIM Measurements - the fundamentals

Whatis PIV

In multi frequency communications environments, such as Cellular or Land Mobile radio sites,
satellite earth stations, ships and surveillance aircraft, passive intermodulation products (PIM)
generated by nonlinear materials and metallic contacts can cause serious radio interference.

PIM products falling in other Operator's bands (e.g. uplink, this means the receive band) can
elevate the channels noise floor.

Potential results are dropped calls, access failures and slow data rates.
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Figure 1: Carriers F1 and F2 with 3rd through 7th order products

Intermodulated signals are generated late in the signal path; IM cannot be filtered out and may cause
more harm than the stronger, but filtered, IM products from active components.
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Figure 2: PIM bandwidth increases with the order of the product

When referring to PIM products, the sum of n + m is called the product order, soifmis2andnis 1,
the result is referred to as a third-order product (Fig1). Typically, the third-order product is the
strongest, causing the most harm, followed by the fifth- and seventh-order products. Since PIM
amplitude becomes lower as the order increases, higher order products typically are not strong
enough to cause direct frequency problems, but usually assist in raising the adjacent noise floor (Fig2).
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What causes PINV

PIM can occur wherever at least two or more signals encounter a non-linearity or a loose connection, e.g. two GSM RF carriers. Independent from this a single UMTS or
LTE carrier has also the potential to create PIM. UMTS consists of several RF carriers operating at the same frequency, whereby e.g. an LTE carrier consist of 600 carriers,
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each 15 kHz separated. Some of the most common instances:

e Loose metal-to-metal contacts:
- Poorly terminated RF connectors
- Metal flakes inside connectors

- Loose RF connectors
Antenna system components:
connectors, cables, antennas,
circulators, duplexers, diplexers,

- Metal flashing on rooftops

Current

- Loose rivets, screws, etc. and others designed to route

the radio’s signal.

e Rusty / corroded surfaces

e Non-linear materials:
- Dissimilar Metals in RF path

- Ferrous Metals (Steel, Stainless Steel, Nickel, Rust)
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e Examples of Linear Materials that don’t create PIM:

Aluminium Silver
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Metal objects in front of antennas
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- Inject two CW test signals at a known magnitude
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Reducing IM3 reduces all IM products

- Measure 3" order intermodulation product (IM3)

- IM3 “characterizes” the linearity of the system

How PIM Is Measurec
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The PIM Test Set applies two precise test signals and measures the PIM at a third frequency (one that is
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What PIM causes

an acceptable PIM level.

are generally considered good.

For new installations typical accepted PIM
levels are in the range of -107 to -110 dBm. A 1
dB drop in uplink sensitivity due to PIM may
reduce coverage by approx 11%. In addition,
drive tests have revealed an approximate 18%
drop in download speeds when PIM levels were
increased from -125 dBm to -105 dBm, even
though the latter number can be considered

PIM interference can have substantial impacts
on the LTE SINR (Signal to interference plus
noise ratio) performance (e.g. cell coverage,

What does PIM look like to an operator?
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Almost always PIM is seen as
a sloping increase in noise,
with noise increasing in the
direction of the LTE uplink
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The PIM Master generates two precise test signals at
its output connector (called the Test Port)

The two test signals travel through the cable/antenna
until they come to the non-linearity

At the non-linearity (frequently a loose connection) the
two test signals increase PIM

The PIM Master measures the PIM and reports its location (DTP)
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PIM Analyzer Measurements

Noise Floor / Spectrum View

PIM Analyzer measurements -

Lightweight: 9.2 kg to 12.4 kg depending on frequency
band

PIM vs. TIME

Small size: 350 mm x 314 mm x 152 mm

Swept PIM

Freq. options for LTE, Bands 1,2 &4, 3, 5,7, 8, 12-14 &17,20 and 28

Distance-to-PIM (DTP)

Battery Operated: 12 V DC Li-Ionen battery

Noise Floor

PIM Frequency Formulas

Enter F1 and F2 to operate
F2 2F2

Intermodulation Calculator

3F2

4F2 5F2

850.0

Order Lower PIM Freq. Upper PIM Freq.
34 Order PIM: PIM Freq=2xF1-1xF2 2xF2-1xF1 X
5t Order PIM: PIM Freq=3xF1-2xF2 3xF2-2xF1
7t Order PIM: PIM Freq=4 xF1 -3 x F2 4xF2-3xF1 X

XX XX XX

2F1 |1.700.0

840.0

3F1 |2550.0

4F1

3,400.0

5F1 |4,250.0

1,690.0 (1 830.0

F1 £60.0 11,720.0 2,680.0 3,440.0 4,300.0

1,710.0_2,570.0 3,430.0 4,290.0 5,150.0
10.00870.0 | 1,730.0 2,590.0 3,450.0

2,560.0 3,420.0 4,280.0 5,140.0 6,000.0
20.0[ 880.0 1,740.0 2,600.0

3,410.0 4,270.0 5,130.0 5,990.0 6,850.0
30.00890.0' 1,750.0

4,260.0 5,120.0 5,980.0 6,840.0 7,700.0
2,540.0 1,680.0 | 820.0

5,110.0 5,970.0 6,830.0 7,690.0 8,550.0
3,390.0 2,530.0 1,670.00  810.0

40.0{7900.0

50.0

- Determine the frequency difference between F1 and F2

- That is the difference between the main signal and 3 Order PIM and also
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Frequency Options

PIM is power sensitive!

Power Level (dBm)

LTE 700 MHz (Upper & Lower)
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PCS/AWS 1900/2100 MHz
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Actual = different for each PIM source

LTE 2600 MHz

20 dBm (0.1 Watt) to 46 dBm (40 Watt) output power

PIM Test Process
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PIM Measurement

Info/Results Screen
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1000 milliwatts +30 dBm Main Main
100 milliwatts +20 dBm £ Signal Signal
10 milliwatts +10 dBm : dBm (P
Tmilliwatt 0dBm ™) 5‘ PIM
.1 milliwatt -10 dBm P4 dBm (PIM)
01 milliwatt -20 dBm 2
. o
.001 milliwatt -30 dBm >' 60 dBc > o
o]
.0001 milliwatt -40 dBm 3
.00001 milliwatt -50 dBm " '
.000001 milliwatt -60 dBm _J a » .
.0000001 milliwatt -70 dBm o Order F1 F2 Order
.00000001 milliwatt -80 dBm ) — Tosno B &
000000001 milliwatt -90 dBm o canbe ?eal‘sure us'n? |m (I)r dC. e o500
0000000001 milliWatt 2100 dBm Y, -dBmis a.n abso uté power leve I.'e aFe toa nomlna. impe ?nce of 50 Ohm
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Measurements

Test

PIM Test ON/OFF

Measure  Off

FIM ®
vs.

PIM vs Time Test

PIM vs. TIME
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Shows excessive PIM along a cable
and in an antenna

DTP can also measure PIM beyond
an antenna (such as a nearby
rusty cabinet / fence)

Setup is very similar to DTF

Pinpoints bad spots like DTF 148.6

Noise Floor

Time
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3rd Order IM Frequency 910.00 MHz

-149.8 = -106.8

-148.8 -105.8
wer

Frequency #1
Frequency #2
Output Power

.00 MHz
Transmit Po

2 X 43.0 dBm, 20.0 Watts

Setup

Freq Amplitude Measurements
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3rd Order IM Frequency 910.00 MHz

-105.6

- Shows PIM over time (as time passes)
- Captures the peak PIM reading
- Used along with the Dynamic Tap Test
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Measures external interference
at the 3 Order PIM frequency
(the handset’s transmit frequency)

- A cellular phone making a phone
call near the rooftop antenna
(under test) generates signals
that can fail a PIM test

31d Order IM Frequency 1730.00 MHz

-140.0
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- The Noise Floor detects these
signals and displays them

1805.00 MHz
1880.00 MHz
OFF

Frequency #1
Frequency #2
Output Power

Ampitude

Keep cellular phones away from
the antenna being tested

Sometimes two PIM problems
can cancel each other and look
OK in PIM vs TIME mode

Swept PIM catches these problems
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Test

Note: PIM Master has high reflection warning
If return loss < 6 dB, warning appears

If return loss < -6 dB, then emergency shut down
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results

SAFETY PRECAUTION

I Observe the minimum
distance from the
antenna’s front side
(plastic side)

! Otherwise stay behind
or to the side of the
antenna

! At least 10 meters away
from any side of
antenna to avoid
coin/key PIM

END

! There is no safety issue
when testing a cable

with a load attached
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