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PIM

VIV e

Lokalizace a odstranéni pricin pasivnich intermodulaci v anténnich
systémech a jejich okoli
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Jak vznikaji pasivni intermodulace e

TX signals at site
A

Passive Intermodulation (PIM) ‘ A Passive Intermodulation (PIM)
N F1 F2 N

r A\ r A\
IM 3 IM 3

M
IM 5
IM 7 ‘
BTS Uplink BTS Downlink

e PIM = interference

IM 9

\
B

* PIM = new frequencies generated by Tx signals at a cell site when they encounter
“non-linear” junctions in the RF path

* PIMfalling in an operator’s uplink can elevate the noise floor:

* Dropped calls = Access failures = Slower data rates



Co je nelinearita

Linear junctions

A

Current

>
Voltage

Non-Linear junctions

Current increases linearly with applied voltage

High pressure, metal-to-metal contacts

Welded or soldered connections.

Current does not increase linearly with voltage

Low pressure, metal-to-metal contacts

Oxide layers on metal surfaces
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Nelinearity v anténnich systemech s

Poor connector
termination

Metal flakes

Loose copper

Metal folded
on itself
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Nelinearity v antennich systemech s

Metal flakes inside
connector

Touching inner
conductor

Touching outer
conductor




' ' ‘NN . HKE
Nelinearity v anténnich systemech s

Connectors only hand
tightened

Must be torqued with at
torque wrench
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Nelinearity v anténnich systemech s
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Rusty mounting
brackets

Metal objects in
front of antennas
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Nelinearity v anténnich systemech s

External PIM Sources
Antennas flush

mounted to * Fire suppression pipes
ceiling

e Air handling ductwork
* Metal hangers

* Lighting fixtures

e Ceiling tile frames

* Etc., etc,, etc.




Mereni spektralnim analyzatorem

|/mritsu 12/07/2012 03:01:53 p : File
Spectrum Analyzer

Save Measurement As

Ref Lvi i
-50.0 dBm o al_#2.spa

Input Atten et - — Save
0.0 dB i

Measurement

Detection
Poak

T #RBW

30 kHz

30 dB Yg:’HZ 5= ‘ ‘,: 'W '. ( Save

Sweep Time
7868 ms

""""" ERLE - Treces ' Pty Y XY SR b T R A e Tt i e A : Recall

&: Trace Hold

Measurement

-1200 Recall

Sweep
Continuous

-140.0 dBm
Freq Ref
Int Std Accy
1.740 GHz Center 1.747 500 GHz 4 Delete
Span 15.000 MHz

Amplitude Span ! I




Amplituda PIM
“X” characterizes the
linearity of the system \ Fl 2

IM 3 IM 3
IM5 ‘ ‘ IM5
M7 l __________ IM 7
IM 9 ‘ I =LAl NN B o ‘ IM 9
| ' 1 1 B ‘

* Low order IM products (IM3 & IM5) are higher magnitude than high order products
(IM7, IM9, etc)

* Higher magnitude = more likely to cause interference

* Does not mean IM7, IM9, etc. are never a problem... just less likely
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7X

5X

1 MHz

1.4 MHz
18MHZ

A\ V4

Sirka pasma PIM

3X

600 KHz

X

200 KHz

200 KHz

3X

600 KHz

T

5X

1 MHz 7X

1.4 MHz
l 1.8 MHz

—>[
IM 3

PIM bandwidth increases as carrier bandwidth increases

PIM bandwidth increase with PIM order
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Jak odstranit nelinearity

More Iinear>

Improving linearity reduces PIM

* Loose RF connector
* Metal flakes in connectors
* Braided cables

e Antenna near PIM source

More Iinear>

Tight RF connector
Connectors clean
Corrugated cables

Antenna re-located
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Jak se nelinearita zmeri

F1, F2

Test lead : : : F1, Fi

= )7

— z 71-?.

‘—-—d ] M

PIM tester ‘ lI ! l ‘ products

e With a PIM tester!

* Inject two CW test signals at a known magnitude
* Measure 3rd order intermodulation product (IM3)
* IM3 “characterizes” the linearity of the system

e If IM3is low = linearity is good
e If IM3 is high = linearity is poor
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| analyzator muze generovat PIM ==

F1, F2

Test lead : : : "L, Fi

1 ANTENNA

IM products

PIM tester

* Take good care of your equipment
* Verify PIM performance daily before use

e Test equipment PIM must be 10 dB lower than the system you will test

Example: Customer spec: <-140 dBc (<-97 dBm)
Test equipment: <-150 dBc (<-107 dBm)
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PIM level increases as power increases




PIM Master — wifi ov

See Application Note 11410-00784 for step-by-step instructions

adani

Control PIM Master using web browser
software on Wi-Fi enabled device (tablet,
phone, laptop PC)

Safari 6, Internet Explorer 10, Chrome
30, FireFox 23 (or later)

Firmware v1.15 (or greater)
ZyXEL MWR102 router (or equiv.)
Range: >100m (328FT) line-of-site
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PIM v zavislosti na Case

08/14/2014 08:20:51 pm = : Measurements

Ref Lvl
-70.0 dBm

Scale
7 dB/div

Auto Range

off

IMD 3
910.000 MHz

Test Duration

Trace Mode

Start Time 0 s

Measure Off

3rd Order IM Frequency 910.00 MHz

PIM -162.7 dBc. -119.7 dBm

°C (ow)  PEAK VALUE -1 dBc, dBm
S
— Frequency #1 935.00 MHz e
Frequency #2 960.00 MHz Measurement

QOutput Power 2 X 43.0 dBm, 20.0 Watts

Amplitude Measurements Marker

F1 and F2 fixed

PIM magnitude vs. time

Visual indication of PIM stability
Peak PIM held for Pass/Fail
Used for dynamic PIM testing
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Sumové pozadi —prvni test

08/14/2014 03:05:48 pm };J MNoise Floor

o T — _ * Measures IM frequency with
T EE sl transmitters turned OFF

Scale
7 dBfdiv

* Verify no external interference

— |
F:lﬂn Range pinTaT

G Al Al |
T e ™ * If interference:
Ol N O B

Tt Duration e Turn off all cell phones

30s

Trace Mode * Change test frequencies

Start Time 0 s MNoise Floor Measurement Stop Time 30 s

3rd Order IM Frequency 910.00 MHz

PIM ---- e, -104.2 dBm
a Measurement

PEAK VALUE - HBE.
— Frequency #1 935.00 MHz Back
on Frequency #2 960.00 MHz

Output Power OFF

Freq Amplitude Sgiup Measurements Marker

Calibration

Test tones OFF



698

Posun mimo oblast citlivosti

710 722 734

BTS Uplink

F1

746

Verizo

BTS Downlink

758

n

-
N

776 788 793

Verizon

BTS Uplink

806

IM3 in uplink
High mobile traffic

F1

Y

== 6.5 MHz

B

-
N

IM3 in guard band
No mobile traffic

PIM Ref Lvi
-70.0 dBm

Scale
7 dB/div
Auto Range
of
IMD 3
760.000 MHz

Test Duration
80s

PIM Ref LvI
-700 dBm

Scale
Auto Range
o
IMD 3
783.000 MHz

Test Duration
80s

Callbration
on

F2 moved 6.5 MHz
Noise reduced 60 dB

Start Time 0 s

3rd Order IM Frequency 780.00 MHz

pm  -183.0 a8, -140.0 dem

PEAK VALUE -132.4 dBc, -89.4 d&m
Frequency #1 73400 MHz
Frequency #2

JUTa T Y kAl

B

3rd Order IM Frequency 793.00 MHz

pm  -183.0 a8, -140.0 dBm

PEAK VALUE -173.8 dBc, -130.8 dBm
Frequency #1 734.00 MHz

Frequency #2 763.50 MHz

Output Power OFF
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Multiple PIM signals on a line combining in
and out of phase

08/14/2014 11:47:32 pm . Megsuremants i Fl fixed, Fz Swept

Ref Lvl

R i = * F2 fixed, F1 swept

Scale
7 dBfdiv

rr—— e e s * PIM magnitude vs. frequency

 Shows worst case PIM level

e 30 dB variation due to phasing!

100.000 kHz 3 Start Freq §90.000 MHz Stop Freq 915.000 MHz
Max Amplitude IM 3 @ 906.59 MHz

PM =LOL.0 dBc, Q0.0 dBm

PEAK VALUE 127.6

Test Duration
30s

Amplitude



DTP — Distance to PIM

E Sl L fived, F2 swept
ca, . — * PIM magnitude vs. distance
= * The fastest way to locate PIM
R * See PIM beyond the antenna
a * 6 markers + marker table

Output Power
43.0 dBm

Save

Calibration

on Measurement

ON  OFF 139421t

Distance Amplitude Measurements Marker



Prekryti DTP nameéru

07/24/2014 10:05:34 pm : Measurements
* Compare two DTP measurements

Data Points &1 8.28 dB @9.82 ft is L
128 Measure off

o N * Automatically displays distance between
LDF4-504 pea kS

Prop Velocity
0.580

» Useful for:

Cable Loss [dB/ft[105
0.02z2

rrr— VA - = * Showing “before” & “after” results

20s

 Identifying PIM beyond the antenna

Outpt Pover S Disnce 0001 * Saving the measurement keeps both
traces for reports

Save

Calibration
On Measurement

Distance Amplitude Measurements Marker




Measurements

Kovova vata Jako marker

[/nritsu 11/01/2013 12:37:10 pm

Data Points

= Measure Off
128

Cable Loss [dB/f] [32
0

Distance-to- @

Qutput Power
43.0 dBm Trace Overlay
off on

Save
Start Distance 0.00 ft Stop Distance 200.00 ft

Calibration Measurement

ON  ON 127.27 1t ] Qverlay 0.00 1t 29.73 dB Active

Distance

Amplitude Measurements

* Green trace = DTP with steel wool on antenna radome
* Yellow trace = DTP with steel wool removed

* Both peaks occur at the same location (A distance = 0 ft)
Steel wool as * PIM source is at the antenna aperture
“PIM marker” * The antenna is bad
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/INFIESL 09/12/2014 04:49:56 pm

Data Points a1 54.70 dB @-0.05 m
128

Cable
NONE

Prop Velocity
0.710

Cable Loss [dB/m
0

Test Duration

20s

Output Power I, i .’Inlmm i ll“'!” 48.0
el VIR W
e A

Stop Distance 15.00 m

Start Distance 0.00 m
Calibration
On

ON  ON 4.96m

Distance Amplitude

T
- 1
D

3 E! /)

o

6.

o

N A

£
~
=]

-005m 3} Active

Measurements

Trace Overlay
off  DTP DTE
Save

Measurement

Marker

Compare DTP to previously recorded DTF
measurement

PIM often occurs at RF connections

DTF provides a “map” showing
connector locations

Use high resolution DTF to help identify
PIM location.

=4 I
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Krok 1 — zahrati s s

MW82119A - Warm-up

i?_ e Turn on MWS82119A

o — * Warm-up 10 minutes before calibration

* New calibration required after 20°C temp

i;: - A = =t=Screen on only Change

== 46 dBm, 50% on
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Ne PO dcen UJ te cistoty b RS

ALCOHOL
PREPS

Reolﬂanﬂﬂﬁ‘ﬂ 50 Wipes \

* Clean RF connectors with alcohol wipe
* Push wipe with non-metallic stick
* Remove all metal flakes inside connector

* Visually inspect connectors for damage



Sandup

High {37 =45 ddem)
Cudpun Power
430
Lo 21537 ik}
Cudpust Power
10 d8m

= Duation

st ILoww M cimm

M Ad

Kontrola nastaveni

Ideazurements

|.’|r|ritsu 02102013 043012 pr

Fracpuancy Tast

hieasure off

Camier F1
1.930 GHz
Casiar F2

1.990 GHz

Stant Tine 0 2

3rd Order IM (=) Frequency 1882.5 MHz

PIM dBc, dBm

PEAK WVALUE THIS MEASUREMENT . dBm
Frequency #1 1930.0 bdHz

Caloration  |FFECUEncYy %2 1977.5 MHz Meas ur=ment
Output Pover 2 X 43.0 dBm, 20.0 \Watts

save

Mezsuraments

armlituce bty el

* Previous test settings remain active until changed

» Set-up files can be saved / recalled to save time

SHIFT <6>

Lirmid

» -

= Detaul Limid

L i Liowaar
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Kalibrace krok za krokem

SHIFT |

<2>
Calibration
< . .
START Step 1 screen instructions
* Calibration
/ -
| J Attention
T TO CALIBRATE:
1. Connect a PIM standard to TEST PORT.
Custom
2. Connect a Low PIM Termination onto the PIM Standard.
Calibrations y “*Note**
, Before calibration verify:
Calibration — Power Level
— Test Frequencies (F1, F2)
Due Date — IM Order
A Changing these parameters may require re-calibration.
Y
Days Before 3. Press ENTER to Calibrate or ESCAPE to Exit.
Calibration Reminder
i
d
N
Reset
Calibration
/ .
* Either PIM standard ( 910 or 1775 MHz) can
Lo . .
S be used for calibration
™
Back
- /




Calibration
START
Calibration
j
S —
Custom

Calibrations
d

Calibration

Due Date
d
Y

Days Before
Calibration Reminder

i
d
N
Reset

Calibration
d
T
— _‘-—-\.\__\_\_\___\__ -
™

Back

Kalibrace krok za krokem

Step 2 screen instructions

1. Remove the PIM Standard and Low PIM Termination from the TEST PORT.
2. Re-connect ONLY the Low PIM Termination to the TEST PORT.

3. Press ENTER to Calibrate or ESCAPE to Exit.

* This step must be low PIM

* No metal flakes in connector during calibration

* Connectors must be tight for this step

HKE
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Overeni vilastni PIM

PIM vs. Time
RESIDUAL PIM

uuuuuu

o e b g

LTI AL U

| oo g
Time {0.000000 - 20.000000 5)
Pibt 1830 dBe £ -140.0 dBm 3rd Order I (-} Frequency: 2050 0 hiHz hdode: Fast
Pihd Peak: - - Calibration: On
Frequency #1: 21100 MHz~ Calibration Due Date: 1042014 hAVE21 SM:13
Tequ 43 0 0 cemhar 1310

Measure PIM vs. TIME with low PIM termination attached to
instrument

Lightly tap termination with rubber end of wrench

PIM must remain 10 dB lower than limit
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vereni PIM standardem

PIM vs. Time
PIM STANDARD
-70.00
T
84,00
-91.00
[ELimit: -87.00
-92.00
= E
£ C
% -105.00
= -
= -
o r
-112.00
-119.00
-126.00
-133.00
D0 L S S Y e e e e ey
0o o] 4.0 6.0 80 0.0 120 140 16.0 18.0 o
Time (0.000000 - 20.000000 53
3rd Order M (-) Frequency: 2050.0 hMHz Trace hode: Fast
Calibration: On
- Calibration Due Date: 10/4/2014 RAEZ1194 SNA34H020
Frequency #2: 2170.0 MHz Output Power: 43.0 dBm ¢ 20.0 W' Vilednesday, December 04, 2013 10:50 PR

e Measure PIM standard

* Verify measurement = expected value + 3 dB



Overeni m

PIM vs. Time
TEST LEAD

PIM (dBm)

-1z

PV LT e W A

13300
Rl N N T N N T T T I T NN T Y T N I
o 20 LY 60 s 10.0

Time (0.000000 - 20.000000 s}

Pl -185.1 dBe / -122.1dBm  3rd Order M () Frequency: 20800 MH2  Trace hde: Fa =t
PIM Peak: -161.7 dBe ¢ -118.7 dBm [
Fraquency #1: 2110.0 MHz

al n Date:
Frequency #2: 2170.0 hHz Output Rower: 43.0 dBm / 200U Wednesday, December 0d, 2013 10:52 P

You test lead will eventually wear out!
Attach test lead to instrument

Attach low PIM termination to other end
Lightly flex cable at connectors

PIM must remain 10 dB lower than limit
Save results

e

r

ciho kabelu
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Stavovy diagram meric

Site Master

PIM Master

Repair '- |

START

| |

Verify Test
Equipment

Verify low
Return Loss

g

L

Verify low
Interference

-

Static
PIM vs. TIME

-

p

DTP

Repair
Dynamic b Final System
PIM vs. TIME Sweeps
Repair

/
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