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Export control Information

2 7/31/2023

Export Control Information

Section 1 (not applicable in France, please go to section 3)

This document contains Technical Infermation:

Yes[{] No[]

If No to section 1: please complete Section 2
If Yes to Section 1: please complete Section 3 as applicable

Section 2 (not applicable in France, please go to section 3)

| confirm the document does not contain Technical Information and is “Not-Technical”.
Name:

Date:

Section 3
3a. National and EU regulations Export Control Assessment

This document has been assessed against applicable export control regulations in

[ France [ Germany [ Spain [JUK [ Other
[J and does not contain Controlled Technology" and is therefore “Not Listed / Not Controlled™.

[ and contains Controlled Technology with export control classification 5E001 b.1

Note: Any transfer of this document in part or in whole must be made in accordance with the appropriate
export control regulations. Prior to any transfer outside of the responsible legal entity. confirmation of
an applicable export licence or authorisation must be obtained from the local Export Contral Officer
(ECQ).

3b. US (ITAR | EAR) Export Control Assessment

This document does net contain US origin Technical Data (Technology)

O®

This document contains “Technelegy” which is contrelled by the U.5. government under and which has
been received by under the authority of.

[ This document contains technology which is designated as EAR99 (subject to EAR and not listed on the
USML/CCL).
Note: Any re-export or re-transfer of this document in part or in whole must be made in accordance with the

appropriate regulation (ITAR or EAR) and applicable authorization. If in any doubt please contact your
local ECO.

3c. Technical Rater Information

This document has been assessed by the following Technical Rater;
Assessed and classified by: Thomas Thiry
Date classification completed: 25.07.2023
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Introduction of TRP

ESA Contract No:
Subject:

Aim of TRP

Contractor:

* Funding:

3 7131/2023

Sub-contractor:

4000126012/18/NL/HK

Test methodology investigations and parameters influencing Passive Inter Modulation (PIM) interference

For future ECSS work on PIM

Airbus Defence and Space GmbH
HPS GmbH

Kick-off
MTR
CDR
MRR
TRR
TRB
FR

700 k€

Feb. 2019
July 2019
Sept. 2020
Nov. 2020
Jan. 2021
Jul. 2022
July 2023
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Contents

1. PIM-TRP Overview

2. Phase 1: Survey in passive intermodulation.

3. Phase 2: Investigation and theoretical study on
4. Phase 3: Design, manufacturing and testing.
5. Phase 4: Conclusions and recommendations

6. Conclusions of TRP

4 7131/2023
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ESA-TRP PIM Interference overview

Phase 1: Survey in passive intermodulation.
Phase 2: Investigation and theoretical study on
parameters affecting PIM.
Test samples and
test plan definition.

Phase 3: Design, manufacturing and testing.

Phase 4: Conclusions and recommendations.

5 7131/2023

ATUR-RP-ADS0-1001750212

Test methodology investigations and parameters influencing Passive InterModulation
(PIM) interference
ESA ITT AO/1-9448/18/NL/HK

Phase 1 Phase 2 Phase 3 Phase 4
WP 1000 WP 2000 WP 3000 WP 4000 WP 5000
Management Survey in PIM Investigation and Design, Conclusions and
theoretical study on manufacturing and recommendations
parametres affecting testing

PIM. Test samples
and test plan
definition

CDR

FR

OTN ambient
PIM test

OTN thermal
=
) PIM test

I Esa-vsc
PIM test
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Phase 1 overview

Phase 1. Survey on
» PIM research status
» RF functions
» Market needs
» Test facilities

» Modelling tools

7 7/31/2023
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Institutes working on PIM research within ESA member states

Number of universities and institutes
actively working on PIM interference

Spain Germany The NL

Italy Denmark Finland

Denmark n.a TU Denmark

Finland n.a TU Helsinki

German n.a TU Darmstadt

. : TU Munich

Italy CIRA Univ. Florence

The

Netherlands ESTEC TU Delft
Univ. Politécnica

Soain VSC de Valéncia

P INTA Universitat de

Valéncia
Queen's Univ.
Belfast
Univ. Kent

UK Space Research Canterbury

m Center (SRC) Univ. of Leicester
Univ. of Surrey
Univ. of Sheffield
Univ. of Liverpool
8 7/31/2023
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Categorisation and statistics of publications on PIM

Categorisation of publications

Reflector PIM
3%

9 7131/2023

The PIM characterisation has been
performed in the past decades through tests.

The conducted PIM in waveguide contact
interfaces and the illuminated PIM on
reflector have been investigated.

Analytical studies were concentrated in
several topics:
» Tunnel effect
» Surface physics
v" Roughness
v' Coatings
» Electro-thermal effects related to the
local heating induced by the
concentrated surface current density
» Nonlinear conductivity of materials

AIRBUS
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Statistics of publication on conferences

® MulcoPIM

® EuCap
mEEEA &P

u C

IEEE

® IEEE Transactions on Electromagnetic Compatibility

Publications on Conferences

1%. 1%
lm \ 1% 1%

MulcoPIM - 40%

IEEE Transactions on Microwave Theory and

1
on Elec

Techniques

Compatibility aosly

-9%
M IEEE Transactions on Microwave Theory and Techiques

® [EEE Transactions on MTT-S
m Proceedings of IEEE

m |EEE Transactions on Communication Technology

Surface Science

® IEEE component, Hybrid, Manfucturing Technology
= IEEE Aerospace Electromagnetic System
International Conference on Electronics and Information Engineering

1 IEEE Conference on Military Communications

Solid state electronica

ications Satellite Sy Conference m EuMC

w Journal of Applied Physics

¥ International Wire and Cable Symposium

® International Microwave and Radar Conference
Journal of Electronic Communications
Physical Review

IEE Science Measurement Tech.

IEEE Holm Electric Contact Conf.

10 7131/2023

()

MulcoPIM (40 %)

» The majority of the PIM research results
were published and presented on
MulcoPIM

IEEE MTT (13 %)

IEEE Electromagnetic compatibility (9 %)

AIRBUS
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Companies working on PIM research within ESA member states

ESA Member

State

France

o Industry

TAS France

Airbus @ Toulouse
Airbus @ Les Mureaux
Cobham

Radial

Gemany

Airbus @ Ottobrunn
TESAT

OHB

HPS

Italy

TAS Italy

Spain

Airbus @ Madrid
TRYO(Rymsa)
TAS

Sweden

RUAG
Ericsson

Swiss

RUAG

UK.

Airbus @ Stevenage
Airbus @ Portsmouth
Surrey Satellite
Technology

Honeywell @ Aylesbury,

Edinburgh

Canada

MDA

HONEYWELL(ComDev) |

11

7131/2023

Space Industry

Space companies working on the
PIM research and mitigation are
well distributed within the ESA

member states.

AIRBUS



PIM Test facilities and capabilities within ESA member states

» The occupation of the frequency band is an
indication of the market needs

Frequency band occupation of PIM test facilities among > Telecommunication frequency bands

ESA member states (alphabetical order) (Ka and Ku) are dominant.
» The demand on L-/S-Band PIM

capability is also strong.
» The demand on Q-Band PIM capability

IS growing.
Test Capabilities
Frequency Band Capabilites
— 1 10 10
v o =
g X X fg) g
z Je) > Jo) 2 o
N ¢ & ¢ & & @ e
e & e g ‘p\ <¥ ;,?{\ «Q:\O L
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PIM analysis capabillities within ESA member states

13

Entities with Facility and Analysis TooI

m with facility ® with Analysis Tool

lhul

Spain

Sweden others
(Canada)

France Germany ltaly

7131/2023

The statistic on the PIM analysis tool
indicates market need.

PIM analysis tool is less in usage among
entities than test capability.

There is a motivation to develop a PIM

analysis tool based on wide PIM test
database.

AIRBUS
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PIM prone RF functions in guided wave parts

14

d)

7131/2023

Filters & OMUX
Coaxial connectors
Polarisers

Antenna feed chains
& BFNs

Waveguide joints have been
identified as PIM prone RF
functions.

PIM sources are distributed in
the waveguide equipment
interfaces as well as material
nonlinearities on the RF signal
transmit path.

Typical PIM prone waveguide
parts are

v OMUX / Filters

v BFNs

v' Antenna feed chains

Coaxial cables & connector
assemblies contains complex
potential PIM sources.

AIRBUS



PIM prone RF functions in radiated paths

* [lluminated structures have
been identified as PIM
sources distributed on the
surfaces

« Typical PIM prone elements
and structures on the
illuminated paths are

v" Sunshield

MLI + studs

v' Spacecraft structure
joints

v' Reflector surfaces, rim
and cut-outs

AN

a) Structures in the vicinity of antenna radiating element
b) Sunshield assembly on the feeder aperture

c) Feeder array structures

d) Antenna structure assemblies and MLI with studs

y 100 e) Spacecraft wall & reflector Al RB U s
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PIM prone materials (typical)

More detailed material list used in the space hardware is given in TNO2_ATUR-TN-ADSO-1000546498

PIM source o

material properties Description

Ferromagnetic Ferrites, nickel, steel, etc. - due to non-linearity and hysteresis effects

Contaminations dirt, moisture or oxidised layer on electrically conducting surfaces

Inconsistency Inconsistent metal - metal contact

Potential difference Galvanic mismatch of metals at contacts

Multipath Multipath with oxidised metal structures,

E;);l}i;ﬁfiae?sdlelectrlc In PCBs, non-linear trace resistance and nonlinear dielectric properties (second order).

16 7/31/2023 AI R B US
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PIM analysis methodology & equivalent circuit model as selected baseline

Vin(0)

PIM Generating System

‘ Power series expansion as

| Polynomial Model | | FinctioniModal | Equivalent circuit definition
Coefficient fitting for Function coefficients Equivalent circuit element
specific term fitting calculation/modeling
Specific PIM order Fourier Transformation Teantfer fanct
analysis or using HB-based SW ST
(e.g. ADS) l
l Fourier Transformation or
using harmonic balance based
FIM) spectiumaualysls software package (e.g. ADS)
PIM spectrum analysis
17 7/31/2023

a non-linear function

model for PIM
[e%s} M
Vout (t) = z Ik z ame(t)
k=0 m=1

- 4

/

Vour(t)

/ Z~(u)

Uln(t) ZL

v

-

™
Ugu(t)

&

Equivalent circuit

model for PIM

-

Z (U (t)) = voltage dependent impedance

/

e

For both approach the test data are required
to obtain the PIM model parameters !
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PIM Interference Analysis Tool (PIA)
- based on the equivalent circuit model developed at Airbus-G

Carrier1 GHz

Rc Ohm

[£] PIM Interference Analysis (PIA) - Betal - o X e |n the frame of the
RAE®
TRP a PIM
[ st analysis tool has
. Input fields  Input/ Output fields  Output fields Action
PIM Interference Analysis (PIA
v ( ) A. PIM Model Fitting B. PIM Analysis been developed.
1. Test Power & PIM Level 1. PIM Analysis Model Selection
__Dataload | Waveguide PIM v
2. Test Data (single point) 2. PIM Model Parameters .
Take parameter b The maln featu reS

Carrier2 GHz Gu 1/0hm are
PIM order z' z
Downward | Upward | i ‘/ PIM mOdeI

PIM freq. GHz

3. Model & Material Selection

3. Analysis Power & Frequency
Power & Freq. Set |
Tx1: w | GHz

parameter

Waveguide PIM v X2 w Gtz fltt' n g
Aluminium v 4. Frequencies & Orders .
4. PIM Model Parameter Fit F_min GHz \/ P I M an aIyS | S
Start ] Rx_lower GHz .
Optimised Parameters Rx_upper GHz usin g P I M
Rc_op Ohm F_max GHz
Gu opt 1/0h fresolition GHz model
Vt_opt v Max. Order ] .
Ve ont v Analyse | Resetall | v SpeCIerd
rC. Scenarios vs. PIM Scenano
Scenario1 (RF Power) ~
Scenario2 (PIM order) v .
: > analysis

18 7131/2023
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Phase 2 overview

Phase 2: Investigation and theoretical study on
parameters affecting PIM. Teste samples and
test plan definition

> PIM variation study

» Definition of test hardware and test plan

20 7/31/2023 AI R B US
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PIM variation study

« PIM as an effective noise becomes a great challenge for the data communication.
* PIM study main parameters are

» RF power,

»temperature,

» pressure,

» contact material,

» carrier frequencies,

» carrier frequency spacing,

» carrier phase variation,

» multi-carriers,

» carriers with digital modulations.

» Literature study have been performed

21 7/31/2023 AI RB US
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Definition of scenarios for the study

22

7 Scenarios were defined for the study as per the SOW (ESA ITT AO/1-9448/18/NL/HK) .

PIM Study
| ' ' ' ! ' !
Scenario 1: Scenario 2: Scenario 3: Scenario 4: Scenario 5: Scenario 6: Scenario 7:
RF power level vs Relation between Temperature vs Coatings and Signal characterisitc Multicarrier Modulation
PIM amplitude different PIM PIM Interface vs S scenarios vs schemes vs
orders PIM PIM PIM PIM

7/31/2023
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Scenario #1 study
RF power level vs. PIM amplitude
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PIM amplitude variation with respect to the power variation

« There have not been conclusive statement about roll-off values for the specific PIM orders of 3", 51" and 7t order with respect to the power
variation.
> 3" order PIM level roll-off over the power variation was shown closed to 2.6 dB/dB for the typical carrier powers at waveguide contact
interface.
v" However the contact pressure value was not fully defined for this roll-off value.
3 order PIM has some similarity with active intermodulation, which has a roll-off value close to 3 dB/dB.
5t order PIM power roll-off showed different values between 3 dB/dB to 4 dB/dB in the passive components.
7t order roll-off value was close to 5 dB/dB.

NSRNIN

» The roll-off values over power variation for PIM orders are, therefore, needs to be investigated with respect to the material and contact
pressure for waveguide contact interfaces.

* Moreover a question shall be clarified.

» Which carrier power of the two-tones has stronger impact on the resulting PIM level, when the total power of two tones are kept constant ?
v' Some analytic investigation about this question has been performed.

24 7/31/2023 AI RB US
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Theoretical amplitude difference of PIM signal using two-carriers (l)

We take an input signal consists of two tone as below

X(t) = Ap-cos(wqt + @) + Aycos(w,t + @)

We think about an example.
What happens at output signal of y(t), if the input signal x(t) is passing through a non-linear medium described by the function below.

-

7
y(t) = a;-x(t) +(a3-x3(t):t+ e @y XD

S -

==

The second term will contribute the flowing terms containing different frequencies and amplitudes to the output signal y(t).

azx3(t) = ag[A;-cos(wyt + @) + Aycos(w,t + @,)]°

= ag{[A;-cos(w;t + @)
+ 3*[(A;-cos(w;t + @,) ]2 - [A,,cos(w,t + @,)]
+ 3*[(A;-cos(w,t + @,) | - [A,-cos(ws,t + @,)]2
+[Ay-cos(w,t + )%}

(x+y)® = X3 + 3x%y + 3xy? +y°

25 7/31/2023 AI R B US
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Theoretical amplitude difference of PIM signal using two-carriers (cont'd)

[Arcos(w t + @,) ]2 - [Aycos(wyt + @,)] = [1+ cos(Zwyt + 2¢41)] - cos(wzt + @7)

= 21— [cos(wzt + ¢@;) + cos(Qwt + 2¢4) : cos(w,t + @,)]

\_Y_) \ Y J

PIM Case: A

[(A;-cos(wit + @) | - [Aycos(w,t + @,)]2 = =2 cos(w1t + @1) - [1 + cos(Lwyt + 2¢;,)]

2
= —2 - [cos(w1t + @1) + [cos(w1t + @1) - cos(2wyt + 2¢,)]
\_Y_) ( J
Y

PIM Case: B

We concentrate on the product case A and B which give the intermodulation product again.

A4y

Case: A=

+cos(Zwqt + 2¢4) - cos(w,t + @2)

Ap-A2

Case: B= 5

- cos(wqt + @) - cos(Qw,t + 2¢,)

26 7/31/2023

Using cos?(x) = ¥2 -[1+cos(2X)]

AIRBUS



DEFENCE AND SPACE

Theoretical amplitude difference of PIM signal using two-carriers (cont'd)

, cos(x) -cos(y)= 7z -[cos(X-y) + cos(x+Y)]
Case: A= Alzi -cos(Qwqt + 2¢4) - cos(w,t + @)

2
_A2A

% . [COS(Zwlt + Z(Pl — Wyt — (pz) + COS(Z(J)lt + 2(p1 + w,t + (Pz)]

=402 . [cos((2my — wp)t+ (201 -@2))] + [cos{(Zwy + w)t + (291 + @))]

A2
Case: B= %- cos(wqt + @q) - cos(Qw,t + 2¢5)
A2
= % [cos(w1t + @1 — 2wt — 2¢5) + cos(w1t + @1 + 2wyt + 2¢5)]

= AI'TAZZ- [cos{(w1 — 2w2)t + (@1—2¢2)}] + [cos{(w1 + 2w2)t + (@1 + 2¢2)}]
_ Aq-A2?

,C08“1s an even-function
7 [€0s{(2w; — w1)t + (292 — @1)}] + [cos{(wq + 2wz)t + (@1 + 2¢2)}]
f, f, i
o) Case: B= 2142
E
= 2*f1 — 1*f2 o —
There are four spectral components. < 2;2 ~
They have all the same amplutide, if A;=A, S A L4 1‘ 1\ 19, + 2*,
~ 7 > f
M + 1%,
A1%2.4,

Case: A =

27 7/31/2023 4 AI RB US
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Theoretical amplitude difference of PIM signal using two-carriers

The amplitude for the PIM level at the frequency of 2*f, — 1*f, increases with square of the

amplitude A,
The amplitude of the carrier 2 has square-
weighted influence on the PIM @ the
f frequency (2*f, — 1*f,).
1 f2 Aq4-A.2
. 14,
Amplitude =
Q
°
2| 2f-vh 24, — 1%
3 9%
N Y
\ l
~ 7/ f
2%, + 1%,
_ A1%.4,
Amplitude =
28 7/31/2023
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Scenario #2 study
Relation between different PIM orders
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PIM order relationship Roll-off based on the specific test data (MDA)

PIM Level normalised to 3rd order FIM {dB)

10

-E0

30

A0

S0

<60

Theoretical and Measured PIM for Triax Reflector at ambient normalised to 3rd order PIM

7 B 9 10 11 12 13 14 15

PIM Measured seems to

be setup related. 4" ~
order PIM did not fallew Y
the 3™ arder PIM nar

the input power

-
T - - .
s e

h"'\-. #
. -
=Y
Y

PIM Order

—{— BACK - Edges and Holas Uncoverad

—— FRONT - Holas Cowered and Edges Exposed

w y wm Eypgr - Front - Edges and Holes Uncovered
== Even - Fronk Edge s Covered and Holes Exposed
= == FOLOGINN ]

=g FRONT - Edges and Holes Uncovered

= a= Ewan - Back - Edges and Holas Uncovered

= o= Figor - Front - Holes Covered and Edges Exposed
== Ewan - Front Edges and Holes Covered

= = O0*LOGLO0N, M|

Reflector sample

15t020 dB 10to 15dB 10to 15dB
3 5 7 9
® ﬂ '}\ 66
fo 20 Sto o
45 dB 4 30dB 50:13 6 0 eode g 5%

5to 10 dB 5to10dB

Fig. 8. Summary of relationship between each PIM order based on Reflector

Steel wool and metallic nuts

25-35d8B

3 5 7 9
65 dB 44 heﬁ 35 dB g— 20dB

15dB 5dB

10-15 dB 10-15dB

Theoretical and Measured PIM for Reflector at ambient temperature normalized to 3™ order PIM

30

7131/2023

Fig. 9. Summary of relationship between each PIM order based on Steel wool and metallic nuts

The PIM order relationship is not unique
but dependent on the material and contact
pressure!

AIRBUS
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“rule of thumb” (MDA)

In RD7 an empirical formula was proposed to predict the relation between PIM orders.

« This formula was based on a specific Ku-Band reflector sample PIM test results using two carriers having 165 Watts per
carrier.

« The proposed formula for minimum PIM level distance of two orders was

PIM level distance between orders

= 70-logqy (%) where n and m are two odd orders.

« A prediction for the relation 3rd and 5th order PIM level using this formula is about 15.5 dB between two orders.

31 7/31/2023 AI RB US
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Scenario #3 study
Temperature vs. PIM
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Temperature related complex PIM behaviour

« Temperature variation initiates PIM level variation in complex mechanisms.

« Temperature related PIM behaviour and contact pressure related PIM behaviour of different materials are
difficult to separate.

* Therefore specific case shall be considered individually. (initial contact pressure @ ambient temperature,
expansion coefficients of specific materials and yield point for elastic/plastic deformation)

« As an example: typical yield strength of aluminium alloy (6082-T6) is about 250 MPa.

4 N R
Non-linear
Contact pressure .
. > impedance
variation .
variation
A / = /

33 7/31/2023 AI RB US
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Temperature vs. PIM test data as an example
(Temperature initiated complex PIM behaviour)

_ Temperature decrease
Temperature increases

90 — 200.00
P - Y

100 - / Worst case PIM level 1 15000

@ cold extreme 1 o

o

1 50.00 §

0.00 %

42 VLR I ! ; .so.ooé

160 l : ‘l' ‘;’ - I '2

o I TR N el

A8 ~ g + -150.00

190 T T T -200.00
00:00:00 01:12:00 02:24:00 03:36:00 04:48:00

—PIM  —Requirement ~——TC1 ~—TC2 ~——TC3 ~——TC4 ~—TC5

34 7/31/2023 AI R B U s
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Scenario #4 study
Coatings and Interface vs. PIM
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Different materials vs. PIM

There were no sufficient test data for the PIM variation induced by different materials !

The contact pressure values were unknown!

Material/Coating type Bare aluminium | Alodine Silver Gold! | Surtec?
Tested PIM order 3rd 3rd 3rd N/A N/A
Tested PIM level -116 dBm -135.0 dBm -140 dBm N/A N/A
Power a carrier 110 W 120 W 110 W N/A N/A
PIM frequency 14.1 GHz 13.96 GHz 14.1 GHz N/A N/A
Carrier 1 frequency 11.1 GHz 11.55 GHz 11.1 GHz N/A N/A
Carrier 2 frequency 12.6 GHz 12.725 GHz | 12.6 GHz N/A N/A
Contact Type High pressure High High pressure | N/A N/A
Nib pressure Nib | Nib
Reference Airbus internal RD 119 Airbus internal | N/A N/A
document Fig. 16 document

1. There has not been found the test data for waveguide with Gold coating
2. There has not been found the test data for waveguide with Surtec coating

36 7/31/2023
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PIM level behaviour related to the torque values

Aluminium waveguide test sample * The PIM level decreases rapidly
(RD31, Fig. 5) in the low torque value range

* Responsible for the PIM level
coming from the different

-100 e—eo First Assembly  |--- physical phenomena.

&—=a Second Assembly . i i

+—a Third Assembly Void regions between
A0\ metals.

* Metal-to-metal contacts
separated by contaminant
(i.g. oxid layer)
* The increasing PIM level due to
the deformation of the contact
interface.

8

Intermodulation level / dBm
S

5

Applied torque / Ncm

* With the high pressure at the
interface, PIM reduces again
and converges to a stable level

37 7/31/2023 AI RB US



DEFENCE AND SPACE

Surface roughness and PIM behaviour
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Surface roughness shows effect on high PIM
level in the low contact pressure region.

The PIM level is, however, converging with
the high contact pressure. (> ~ 1 MPa for
silver)
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Different materials vs. PIM analysis

39

PIM [dBm]

-80

-100
-120
-140
-160
-180
-200
-220
-240

39

V/M == Alunimum
' ~@-alodine

41

3rd order PIM level comparison

43 45 47 48 51 53
Power per carrier [dBm)]

—t—silver

0.00
-5.00
-10.00
-15.00
-20.00
-25.00
-30.00
-35.00
-40.00
-45.00
-50.00

PIM [dBm]

3rd order PIM level difference comparison

—&—Alunimum - Alodine

——Aluminum - Silver

39

41 43 45 47 49 51 53

Power per carrier [dBm]

Contact Material

PIM level distance in average [dB]

Aluminium vs. Alodine

-21.12

Aluminium vs. Silver

-24.53

7/31/2023

AIRBUS




DEFENCE AND SPACE

Contact pressure calculator for waveguide interface

Contact pressure = Force / area

' -
toque toabolt  [Tb 85|N*cm ! v i
nut-factor K 0.2|empircal # |
bolt diameter Cb 2.85[mm ig. M3
contact area An 182|mm*"2 m
frce F 1657 [N ._;'. | ¥ -
number ofbolt [N g 1 il I
pressure P 54,96 |Mpa 3 1L
ik
P = (F)/(An).
) TB Plane Flange Nib Flange
F=— An An 182|mm
K- DB af flange wide dimension af 34 |mm
bf flange narrow dimension |bf 28|mm
P=—=——-N [Pa] a_rf RF wide dimension a_rf 22 .86|mm
A K-Dg-A b_rf RF namow dimension b_rf 10.16|mm
Db Bolt hole diameter hole dia 3|mm
nib thickness 1.5|mm
7/31/2023 AI RB Us
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Contact pressure calculator for coaxial interface (informative)

41

Contact pressure at coaxial connector is dependent on the mechanical structure and belongs to

supplier confidential information. Therefore the torque values of the supplier recommendation is to

reference.

7131/2023

torque to the thread [Th 90 M cm
nut-factor K 0.2|empirical #
contact width d_ra 1] mm
contact area A 1021 mm"2
force F 4500(M
pre ssure P 44,07 |Mpa

P = (F)/(An).

)

K .Dp

/

ra+d ra

ra

ri
An 102 1| mm Contact area
ra 3.5/mm outer conductor radius
ri 152 mm inner conductar radius
dra 1|/mm contact area width
er 1| air relative pemitivity

50 0 coaxial line

N

%
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Scenario #5 study
Signal characteristics vs. PIM
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Carrier frequency variation

43

Frequencies of carriers were varied.

16.00
14.00 |
12.00 |

6.00

Frequency [GHz]

4.00 |
2.00 |
0.00 '

10.00 |
8.00 |

T
NN

Carrier Frequency variation

4 6 8
number of runs

10

—4—carrierl
—-carrier 2

12

7131/2023

PIM [dBm]

-100.

én
=]

PIM levels at each frequency combination of carriers

PIM level vs. Carrier Frequency Variation: case1: Carrier frequency variation

I ! ! ! I 1 I !
A S

o o < S SRS

=150
=200

-250

1 1
" # 4 v i " T v
| | + 3rd
R FeTeprepaapp——— .l ........................................ ~. ............ hassssssmamsnbsssssnamnnnn I pp——— e 5“1-
¢ Tth
1 | 1 | 1 | 1 | I

number of runs

10 11

In waveguide transmission lines, PIM amplitude does not

change with carrier frequency.
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Carrier spacing variation

Carriers spacing were varied. PIM levels at each frequency combination of carriers
PIM vs Carrier Spacing PIM level vs. Carrier Frequency Spacing Variation: case2: Carrier spacing variation
S S S S S
3.50 i
e A R T .
7 e e e e e
8 250 = 8ot CONStANt PIM levell |
£ @ . . : : : : : . .
§ 2.00 : : : : : : : : :
ior Spaci = A0 S S I S e
5150 —o—Carrier Spacing = i
: T
“ 1.00 e oo e ARl S e S omamee .
0.50 | | | | | | | | + 3
21 e T 5th 7
0.00 | | | . . . . .
o 2 4 & 8 10 1 ” i i i | | | | i O
number of runs %4 16 18 2 22 24 26 28 3 3.2 3.4
Carrier anacinn [GH71

In waveguide transmission lines, PIM amplitude does
not change with carrier spacing.
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Carrier phase variation

45

Carriers spacing were varied.

6.00

5.00

&
=]
S

Phase [rad]
(73]
(=]
[=]

Phase variation

—4—carrier 1

2.00 ~@-carrier 2
1.00
0.00
1 2 5 6 7 8 9 10 11
number of runs
7/31/2023

PIM levels at each frequency combination of carriers

PIM level vs. Carrier Frequency Phase Variation: case3: carier phase variation

R e B s P
L e 7
T Bpt e G ORSTANE PIM eVl -
m . . : : : : : . .
S 00 e b
= H H H H H H H H M
— i Fi i i A A A A F3
o M M M M M M M M M M M
L . e e e R— S
| | | | | | | | + 3rd
L —,—,<:» N NN ittnp + Sth]
E E E E E E E i ¢ Tth
_250 | | | | | | | |
1 2 3 4 5 6 7 8 9 10 11
number of runs

In waveguide transmission lines, PIM amplitude
does not change with carrier phases.
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Signal characteristics vs. PIM: cable length dependency (Coaxial-Line)

Non-linear impedance change at a contact surface is assumed frequency independent.

The number of PIM prone contacts increases with the longer cable length.

A PIM level prediction as a function of the cable length is available based on the approximation function.

8
L « A:5m
75k
:E e B:1lm
i « C:05m
E _95_
g 105 S
a « L-Band (1.5 GHz)
L 5| H ] « S-Band (3.0 GHz)
&
-128 . + C-Band (5.0 GHz)
ABL ABE ABC ABC ABC ABC
Ml M2 M Mz P M2
P [ S | | SO —
G—Band 5= Band L= Bond
(u) (b} (]
Fig. 4. Relationship between length and intermodulation products . - i i
at L- , 8-, and C-band frequencics for cables M1 and M2, A- Length M1 copper wire braid
of the cable sample = 5 m. B- Length of the cable sample = 1 m. * M2: tin-plated copper

C=Length of the cable sumple = (0,5 m.
wire braid

46 7/31/2023

Typical length dependent PIM level of
coaxial cable was reported in [RD37]

PIM [dBm)]

-103
-104
-105
-106
-107
-108
-109
-110
-111

PIM vs. Length @ C-Band

¢ M1(copper wire
braids), length(A to C)

(sample M1)

y=1.4212x-110.79 # -103.75

/
/
/
@ _A03.75
/
¢ -110.625
0 2 4 6

Cable length [m]

Linear (M1(copper
wire braids), length(A
to C))
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Scenario #6 study
Multicarrier scenarios vs. PIM
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Algorithm to determine the PIM frequency in multicarrier scenario

[fpimlmx1) = [Klmxm) * [fearrierslmx1) The matrix [K],m is a multiplication coefficient matrix
fPIMl K11 Klm fcarrierl m!
. — . % . . . n =
ol P : A AR
fPIMn Kni o Kam fcarrierm ! ? l

n different combination of multiplication coefficients in K-matrix

“first-zone” product condition (in the near of carrier frequency)

48 7/31/2023 AI R B US
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Example: 3" order PIM using 3 carriers

3!
=" 3 n=3 different combination of multiplication coefficients in K-matrix

frimq 1 1 -11 [feq 1-fe,+1-fe,—1-fcqg
lfPIMZ]:[ 1 -1 1]°lfc2]=l 1-fe;—=1-fe, +1-f¢qg

fPIM3 -1 1 1 fcg _1°fc1+1°fcz+1°f63

frimq

fRy, < lf PIMz] < fRx,

frims

49 7/31/2023 AI R B US
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Extrapolation of the PIM level with multiple carriers using multi carrier test data

PIM Level (dBm)

PIM Level- 2 to 5 Tones vs p|Mm

-110.0
-115.0 H
-120.0 H . q
5th Order Slope = 8dB = N
-125.0 /"
n/
-130.0 .
3rd Order 24
-135.0
Slope =6 dB
-140.0 |
-145.0 H
-150.0
A0 40—
o] [ 8} M 8] w w w ) - - F-Y -3 ] w w un
g8l 8 8 g g 8 8 8 8 8 8 8 8 8§ 8
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
D (1] m (1] m (1] m ] [1°] ('] 1] 1] m 1] (1] m
L B
Number of contributing carriers
=45 Total Carrier PIM —@— 4 Total Carrier PIM 3 Total Carrier PIM == 2 Total Carrier PIM ‘

50

Reference: Satellite level PIM test from RD49
“Multicarrier PIM Behaviour and Testing in Communications Satellites”

7/31/2023

3'd order:
Using 2 carriers PIM test, 3 carriers PIM level can be

estimated applying the slope value of 6 dB (for this
particular example)

5th order:
Using 2 carriers PIM test, 5 carriers PIM level can
be estimated applying the slope value of 8 dB (for

this particular example)

The slope values will be verified during phase
3 during scenario #6

AIRBUS
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Analytical investigation of multicarrier inter-modulation level variation
(based on the power series expansion PIM model)

Reference (RD 25): Investigation of multiple f.m./f.d.m. carriers through a satellite t.w.t. operating near to saturation !

0 PIM model -
Vin(t) = z anOS(a)nt) (pOWGI’ series Vout(t) = z ar(Vin(t))r
n=1 expansion) r=1

a, = coefficient of power term

r! 1
— B
PIM, = a, - =1 "‘ T '}(b1a' by" -+) - cosfaw; + fw, Tyws -} by, by, -+ = carrier amplitudes

r(order) = a+ B+ ..

* Assuming all the input carriers have the same amplitude,
each product type for each order can be calculated.

I . : 1
» Within each order it is possible to choose a reference and G 2By )
calculate the relative amplitude of the other products, =

compared to the reference amplitude.

a, S, =1{0,€ N}

51 7/31/2023 AI RB US
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Example for relative PIM amplitude using active intermodulation model

0(normalised amplitude) =

1

alply!-

Multiplication factor for carrier frequencies Using active intermodulation mathematical model
normalised . roll-off
) . relative level |number| slope .
amplitude relative level relative to
PIM order a B Y é € [4 n to reference of average rd
for products to reference ) 3
(dB) carriers| (dB)
(9) order(dB)

3 2 1 0 0 0 0 0 0.500 1 ~Raferencom 2 60 = = T —
3 1 1 1 0 0 0 0 1.000 2 | _602__ JT 3~ ]
5 3 2 0 0 0 0 0 0.083 1 Reference 2
5 3 1 1 0 0 0 0 0.167 2 6.02 3
5 2 2 1 0 0 0 0 0.250 3 9.54 3 10.8 15.56
5 2 1 1 1 0 0 0 0.500 6 o D26 4
5 1 1 1 1 1 0 0 1.000 12 ] 2158 j~ 5
7 4 3 0 0 0 0 0 0.007 1 Reference 2>~
7 5 1 1 0 0 0 0 0.008 1.2 1.58 3 S -
7 4 2 1 0 0 0 0 0.021 3 9.54 3 ~ ~
7 3 3 1 0 0 0 0 0.028 4 12.04 3 ~
7 4 1 1 1 0 0 0 0.042 6 15.56 4 8.6 37.15
7 3 2 2 1 0 0 0 0.042 6 15.56 4
7 2 2 2 1 0 0 0 0.125 18 25.11 4
7 2 1 1 1 1 1 0 0.500 72 37.15 6
7 1 1 1 1 1 1 1 1.000 144 43.17 7

In this investigation for the PIM level variation, no phase information was included.
Therefore, the straight forward increase of PIM level with increasing number of carrier
need to be investigated using phase information based on a reliable PIM model instead
power series model

For 3" order PIM:

v' 3 carrier PIM
level is 6 dB
higher than the
two carrier PIM
level

For 5t order:

v' 5 carrier PIM
level is 21.5 dB
higher than two
carrier
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Scenario #7 study
Modulated schemes vs. PIM

DEFENCE AND SPACE
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Introduction

There were not

54 7/31/2023 AI RB US
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Modulation signals for PIM investigation

« PNQ9 bit was proposed as data bit stream.

* A mapping between data bits and symbol is the fundamental step for each digital modulation scheme.
« Generally, the modulations can be applied for amplitude, frequency or phase changes.

« PSK-Modulation uses the phase as carrier of information coded by the data bits/symbols

QAM utilises both the amplitude and phase of carrier based on the bit/symbol data signal.

* In the developed software from bit-stream generation to the PIM analysis with different modulation scheme will be
implemented.

55 7/31/2023 AI RB US
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PN9 data bit stream and up-sampling

56

The PN9 sequence is required as input test digital data stream.
The length of the sequence is L = 29-1

The sequence is cyclic and has pseudo random characteristic

PMN9 Bit Stream: 511 bits

2 T T T T T
1.5+ Bit-Rate: 1 MHz =
140 -
a0
# os} —
=
D —
05 Bit duration = 1 pSec —
-1 1 1 1 1 [
0 100 200 300 400 S00 GO0
Woltage Signal
2 T
Bit-Rave: 1 MHz
1 —
=
ay
S o} .
=
E
o
-1 —
Bit duration = 1 pSec
2 1 1 1 1 1
0 100 200 300 400 500 500
hme [usS]
7/31/2023
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Pulse-shaping rrc-filter (fundamental concept)

5 pmeteltion | « Pulse shaping with RC(raised cosine) filter is often
1 : used for the digital modulated signal to limit the
bandwidth.

Magnitude
(=]
(2]

=4

« The bandwidth of the data is equal to the (1+roll-

L T A A 1
I e . —_— L] — off)*symbol-rate.
-4 -3 -2 -1 0 1 2 3 4
Time [psec]
SRRC Filter > The Signal bandwidth with roll-off = 0.2 and 1
y symetesiMersl | rofl-off factor MHz symbol rate is 1,2 MHz.
g |
0 ;
0.5
g 3 2 1 : 1 2 3 4

Frequency [MHz]

57 7/31/2023 AI R B US
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Pulse shaped up-sampled baseband signal (basic concept)

« Data bits are up-sampled in the bit duration time.
« The up-sampled rectangular pulse signal will be filtered with the specific bandwidth.

« Shaped-pulse contains the signal spectrum with the bandwidth of the filter including B(roll-off) values

58 7/31/2023

Bit States

Power Spectral Density [WiHz]

e

=

&

)

PN9 data sequence (upsampled): bit length = 21

Symbol-Rate: 1 MHz

0
time [pS]
Baseband Spectrum
Non-Modulated
4 r T T =
| —— PN9: bitlength = 21
3 L
2l Symbol-Rate: 1 MHz |
Span =+ 2 MHz
1 L
qz -1 0 1 2
frequency [MHz]

PNQ data voltage

Symbol-Rate: 1 MHz

[

—— PNB9 rect pulse: bits = 21 |
— RRC shaped pulse: (=0.2)

0 5 10 15 20 25

Signal amplitude [Volt]
¢ - o == [ 4]

time [uS]
RRC-filtered Spectrum
Non-Modulated
E 1r —— PN9 RRC-filtered: bits = 21 [|
= 08} —— RRC-Filter: (g =0.2)
=
E’ 06 -
‘% Symbol- Raﬁ-.\H1MHz
- 04 égrrler freq. =1 GH
§ 0.2
o
o ' 1 L
0.998 0.999 1 1.001 1.002

frequency [GHz]
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Example of PIM spectrum with modulation (QPSK)

59

The signal spectrum will be spread with the digital modulation.
The PIM signal will be correspondingly convolved with each other.

QPSK QPSK
PN9 data voltage PN9 data voltage
| | | |
= ymboLRaleH.z ........................................................................................ - 20 T ey L Oy (BTN e T o Lt T ot met oty Sy s L e e s |
% %‘ . H .
Eﬂ '}‘ "" 2 “M:" |"| I llil" ul »| """""" N
3 0l r I‘ ........... 4 @ | I FIN) 1l & ;1 LI ‘ ‘| \ Hjx" i: L | 1 — __
: | L R R R
£ " Ll Il Il {1 ”. ........... | = . bl s ll i ;u'\l-Jr“lu ]
el e i o s e g modulated signal E —— modulated signal
: : : srhapedsignal = e S S ahianed slovial
0 50 100 150 200 250 0 50 100 150 200 250
time [nS] time [nS]
PIM Spectrum PIM Spectrum
QPSK QPSK
PIM prone medium Pluprommedlum
g ™ Tx2 —— Composite Spectrum g ' i T2 —COm;)osite Spectrum
B 0+ Rx-Band H S 0 Rx-Band H
§ §
g - § -100
& &
£ - £ 200
[+8 1 L e Il 1
5 10 15 20 25 5 10 15 20 25
Frequency [GHz] Frequency [GHz]

Typical PIM behaviour of CW and Modulated signals

7/31/2023

Typical PIM behaviour of two Modulated signals
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Test plan

Test plan was established for the proposed 7 scenarios for waveguide contact interface and coaxial cables.

60

Waveguide sample test

ambient test

ambient test

==

coaxial sample test

ambient test

ambient test

ambient test

ambient test

WR75/WR112/

WR75 WR75 WR75 WR75 WR75/WR229 WR229 WR75
WG sample WG sample WG sample WG sample WG sample ‘Q’:::ir::l_e V:Iacli::ir::)l_e
(silver - silver) (silver - silver) (silver - silver) (alu - silver) (silver - silver) " "

silver) silver)

WG

(alodine -
silver)
WG

7131/2023

(silver - silver)

WG
(Gold - silver)

WG
(Surtec- silver)

TNC

SMA

Waveguide-Coax Transtion

Coaxial Cable

ambient test

TNC

SMA

Connector
(TNC/ SMA)

Connector
(TNC/ SMA)
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Tests and test samples

61

The test campaign consists of 7 different scenarios.

Detailed design of test samples.

C-Band WG sample

7131/2023

&0

X-Band WG sample

Waveguide-Coax Transtion

Coaxial Cable

Ku-Band WG sample

Connector
(TNC / SMA)

Cnnne:!‘

{TNC / SMA}

P = (F)/(Ay),
T
F_K-BDB

Picked Elements

F1 Type Planar

F1 Mormal 0.998630, 0.052336, 0
F1 Area 183435

F2 Type Planar

F2 Normal 0.998630, 0.052336, 0
F2 Area 130.3
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C-Band waveguide test sample drawing & surface current distribution area

Farfeld Drectnicy Abs (Phiso)

6 1 s 1 L A\ 4 3 1 2 1 1
8740,03
$s 58,1740,03 . 72.2L b
N\ v 254
+ + .£710.02)
$s L2 °\° . /0.2 ' (b/
5 B 1] A = d _$_ / N
0
ANIZEES: 1Py I
ol 3 1o ] G T |
sl o | 3 ;t: | g 2
S| # _— e - e = 4 = B e B o e —re
HERIES | P l 3 8 4 3 g I +—Tz| &
& i 3 &t L F
¢ 1 c
SRR s H $tot o
Ny T / — 2 \ /
75 0.5 T
- 412003 o
72,59 - 82,3 6‘
oL,17
L 1]
8 B
L | . ALLE NICHT BEMASSTEN ELEMENTE AUS CAD MODELL ENTNEMMEN.
Scatel: 2 TOLLERANZ DER HOHLLEITERKONTUR 40,2
= ALLE KANTEN IM BEREICH DER HOHLLEITER SCHARFKANTIG UND GRATFREL.
==’_" ot o t1 | aoeimmm 3
£
_jiﬁ'_a?_
— L] -
ESA-TRP C-Bawo TesT Sawme A
—Trawm T -
AIRBUS |27 0aw-050- 100089075 | 1
3 T it T T 7.\ = S A SAS—  E— =5

front side Rear side
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X-Band waveguide test sample drawing & surface current distribution area

& 1 s ! 4 A4 3 1 2 1
88 cC
(t.1) (r:1)
ML
s A y
A | 2 //// /
Lo o2
B L5
L2,62
29,62 AA
16.62 (r:n) \op.02 3744
20 LLP.0ZA 2.6
c % ~ : i
fu ! o [ [ asi.o '
% N l
agandh // - i
> [T+ 2 f [+t o
vinlals < wlan o|o ' -| Al <
2|%|5|2 “—;"'Jr' B g E)l mmilE SE N EE
i d T Y & | >
N 4 3 V Ll
8 N P,/J — - P &
A—{.‘ B @ q-.’ o(
12,624 0,02 b o
Scae !l 2 el 5 ay 1.1 l —
£ = . .
A0 B — Front side Rear side
Al 4 / / ESA TRP X -8an0 TEST Samme A
/\ e EE o O
—
i&% Y AIRBUS |27 caw a0s0 1000su9976 | 1
o] S ol ) ST — == % ﬁ
[] || k-] ] L ¢ ] 1 4 T T
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Ku-Band waveguide test sample drawing & surface current distribution area

Farfield Drectviy Abs (Phi=0)

q
(5]
NN
N
NN

1558
1324

5.5

o
Lal

L
|
|
1
25,05
8.
&0
&3
2.:

&1\
3%k

3

fan) ))

5

A 74
0848
of B
|
N
¢ N
o]
"IN
%\ |
e
g
N\
T
-
172
ﬁ/
L

I\ A

fa s\ /2 0\
|
1
é
1
|

S
13.21 Main lobe magntude = 6.3 dBi

< [ p ./ - -69- L1558 e Main lobe drection = 29.0 deg.
’ L) S Angular width (3 dB) = 134.3 deg.
L) = 55 1 Y & 5 2
5;‘ [ v - 3 - 1525
SR 9.5340,02 s 16,75
® AL M

POENIONTUR SCHARFRANTIG LND :.eurng.,

7 AuE BoreuGen
BN 3y = i1 l I_-a.'! ‘T
e =
R Sye
p— T OO
Al et ESA-TRP Ku-BanD TEST Sammse A
=
1
AIRBUS 215 0ew-20soi000s0077 | 1
T — —ET=—-_[ — To= & E
3 z T T

Front side Rear side

AIRBUS
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Coaxial test sample assembly

Waveguide-Coax Transtion

Coaxial Cable

Connector Conmnector
(THC / SkiA) {THC / Sk}
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Phase 3
Definition, manufacturing
and testing

DEFENCE AND SPACE
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Phase 3 overview

Phase 3: Definition, manufacturing
and testing

» definition of hardware
» manufacturing

» test campaign

67 7/31/2023
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Waveguide test samples

Waveguide test samples were manufactured

ESA-TRP | ‘ ESA-TRP ESA-TRP
C-Band WG Test Sample AIRBUS X-Band WG Test Sample | AIRBUS Ku-Band WG
849975)

ATUR-DRW-ADSO-1000 (ATUR-DRW-ADS0-1000849976) ATUR-DRW-AT

68 7/31/2023 AI RBUS
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C-Band waveguide test sample

Rear side (contacting side to the test setup) front side

ESA-TRP |
ESA-TRP |

C-Band WG Test Sample A|RBUS
C-Band WG Test Sample ‘ AIRBUS (ATUR-DRW-ADS0-1000849975) ‘|
(ATUR-DRW-ADS0-1000849975) |

AIRBUS
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X-band waveguide test samples

Rear side (contacting side to the test setup) front side

: Alocrom 1200
Silver

~O 3

ESA-TRP
X-Band WG Test Sample AIRBUS
(ATUR-DRW-ADSO-1000849976)

ESA-TRP [
X-Band WG Test Sample A|RBUS
(ATUR-DRW-ADSO-1000849976) ‘
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Ku-band waveguide test samples

Rear side (contacting side to the test setup) front side

Bare
Aluminium

ESA-TRP |

Ku-Band WG Test Sample | AIRBUS

(ATUR-DRW-ADSO-1000849977)

ESA-TRP

Ku-Band WG Test Sample | AIRBUS

(ATUR-DRW-ADS0-1000849977)

71 7/31/2023 AI RBUS



DEFENCE AND SPACE

SMA coaxial test samples

pe
N
4

!i
X

/i

SF104/SMAmM/SMAmM/500 EsA TR SF104/SMAmM/SMAmM/500

SMA Test Sample

— SN 556608/4 — SN 556610/4
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TNC coaxial test samples

ESA-TRP |

SF103/11TNC/11TNC/500 et | AIRBUS) SF103/11TNC/11TNC/500

— SN 578567/4 — SN 578567/4
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materials were tested in

TeSt Cam palgn Ku-Band for contact

ressure dition (= = e -
| ThermalPIMtests | | AmbientPIMtests |

L T S ——

Test Campaign with Waveguide Samples (final) Test Campaign with Coaxial Samples
A
e S — . _!__‘(___ |'I_l_ —— [ - N 7 — =
Scenario #1 Scenario #2 Scenario #3 Scenario #4 Scenario #4 Scenario #5 Scenario #6 Scenario #7
& | — i (saione ) [ ool . .
RF Power level vs. Relation between ‘ Temperature vs. Coating vs. PIM contact pressure Signal Multicarrier I Modulation — | —
I feve € 11 9 | 1 . | | ~ — |
PIM Amplituide different PIM I PIM I vs. PIM I Characteristics v: scenarios vs. PIM scheme vs. PIM I ~
orders I I I I PIM I I I I I {
l I I I | | | I I | scenario#3 Scenario #4 |
I '] 1 Te tui contact pressure
I ‘ ‘ | I I | I ‘ II ‘ ' I | I I ‘ ! l Pflrt/lnpem - I I vs. PIM I
I’ ambient test ‘ ambient test ‘l I ambient test I‘ I ambient test ‘I I ambient test I‘ I ambient test ‘ I ambient test ‘I I I I I
| — I S . S . S I ! l
i WR75(Ku WR75(Ku
I s s U e b e N1 s | 1) s e : [ p—
I (K“'Ta“d) ( ”'[a" » [ I [ | WR1[12(C) Iyl wenaa g | \ | | I : I : I
I ] I
I WG sample WG sample I WG sample I I WG sample | I WG sample I | WG sample I I WG sample I WG sample I I I | I
e Alocrom — e Alocrom — l I e Alocrom — I ° Aluminium-l e Ku-all five I e Alocrom— I I o Iridite - I I o Silver I I I
\ Silver) Silver) 4| Silver | Silver ll* X-Alocrom | silver Silver I (passivated) l TNC l TNC
) SJ—— _-— = \ - = | I | e C-Alocrom ] 11 - Silver | | |
WG sample h \ [ — \ -— - — R . Y I I
WG I |e Alocrom- | | | I |
Silver
sample I 1 | I SMA I | SMA |
Alocrom WG sample
I |« silver— | \ | \ ]
I SilveT i - e == -_—e—— == =
Silver-Silver contact showed no detectable e p— % %
PIM @ the lowest pressure (1 MPa) 1. kit = I Waveguide-Coax Transtion
[ — | WG T“’Iam ple WG sample
‘ WG sample Silver Silver
- - - I . Surtec650—I (dueto (due to Coaxial Cable
Ku-band samples with different coatings \ L silver 1 ridite @ OMUX S
.. L4 ilver
(Aluminium, Alocrom, and Surtec650) _—— -
. Passivation @ Connector Connector
were tested for scenario #1 and #2. VSC Triplexer (TNC / SMA) (TNC / SMA)
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General information

75

The most fundamental parameter for the PIM behaviour is the contact pressure.

The contact pressure can not be determined straight forward for many cases. (complex structure, unknown material,

workmanship variation etc.)

Therefore the universal prediction for PIM behaviour is not possible.

The prediction of the PIM behaviour is, therefore, related to the specific test case at every time.

The PIM test results is only valid for the specific test cases with following parameters,
A.

moow

Contact pressure,

Temperature,

Material,

Power,

Signal characteristics (frequency, phase, multicarrier, modulation etc.)

7131/2023
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Scenario #1 test
RF power level vs. PIM amplitude
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Ku-Band waveguide test samples

Waveguide samples (Type2)

Aluminium

i Alocrom Gold Surtec650
(bare)

Waveguide test samples with five different coatings.

ESA-TRP

Ku-Band WG Test Sample | AIRBUS

(ATUR-DRW-ADSO-1000849978-03-20)

Aluminium Alocrom

Silver Gold Surtec650
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General Test Setup Configuration in Ku-Band (Example)

Spectrum Band pass filter
Analyser Rx
I
|
|
|
10 MHz reference Reflected PIM signal
|
| Power
: maonitor
A
SVnt.hESIEEd Signal TWTA Band pass filter
Generator 1 Txl | Rx
Txl
L
: Triplexer ([)mm:]th
Low PIM
: T2 Waveguide
Synthesized Signal TWTA Band pass filter I PIM
Generator 2 Tx2 source
v
Power
manitor
Without PIM source (/\ DIAS With PIM source DIAS EXternaI PIM
/2 ot spens e Source (steel wool)
; 25°C
264°C
218°C
254°C
Waveguide joint
244°C - " s 208°C
234°C iy c
19.8°C
24°C
214°C 188°C
204°C
19.4°C L5
Temperature monitoring @ Test setup joint Temperature monitoring @ PIM source (steel wool)
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Example: 3rd order PIM with power ramp-up Tx1 & Tx2
— Alocrom @ 1 MPa (3.5 Ncm, 6xM4 )

Carrier RF power ramp-up vs. 3™ order PIM (Ku-Band)
Alocrom, @ 1MPa (3,5 Ncm; 6xM4)

Slope values
for different
power ramp-
up cases

rT T
=2.528 1|< -220.34

!
Y =|1.845}([ 195.96

I I
v 0.864Eix -156.75

- - -

35 40 45 50 55

—e— equally

—@— Tx2 ramp-up (Tx1=10W)
—8— Tx1lramp-up (Tx2=10W)
««««««««« Linear (equally)

--------- Linear (Tx2 ramp-up

(Tx1=10W))

————————— Linear (Tx1 ramp-up
(Tx2=10W))

Power [dBm]

79
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3rd order PIM: Power ramp-up equally
— Alocrom @ 1 MPa (3.5 Ncm, 6xM4 )

PIM level increase with the increase of the carrier powers.

S1 Test1 Ku Alocrom type2 0035Nmm_3rd 10W_120W rampup_equally 01

Input power
P p160 -

-55

-45

-40

| Voo
w w
o o

Temperature [°C]

oy
n
w

-20

170
160 L
120.W g
150 12OV >
140 Tvl ramn-orim 4 AA-NA & 120
ITAL] i '... u 'J lUU v « "
130
150 I S SOW =0
I'XZ 1TdllTPh=Uup il
110 0 80
100 O
90 60
P 40
70 AN AL -40
60 1N \A/ 4V, v
50 el ! 20
prol | o :
30 -
_ 20 r-20 -
£ 10 —
= 0 Toampnaratiiro r-40 E’
= i ||~J 1T ALUTC < -
X -10 F-60
-20
-30
-40 b
0 -100
-60
r-120
Al Ardar DI
-70 ora oraer Fiivi
-80 -140
-90
-100 F-160
-110 F
-120 180
-130 r-200
-140
-150 r-220
-160
=RXT =TX1 =TX emp. [
-170 : : : : : : : : : : : : : : : : : : : : : : : : p 240
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Time [min.]
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Example: 3rd order PIM with power ramp-up only Tx2

— Alocrom @ 1 MPa (3.5 Ncm, 6xM4 )

RX [dBm]

81

7131/2023

S1_Test1_Ku_Alocrom_type2 0035Nmm_3rd_Tx1_10W_fixed Tx2_10W_120W_rampup_unequally 01 | n p ut p ower
160 -
] -55
120 W i
Tx2 ramp-ub 100-\A/ < (L
LEVAY “5 l\.l.lllr.l u'.l J-UU vv - \ _50
30 0w
0 80 g
60 -
! 40 W _
DN \A/ -40 -40
1n \A/ LU VV .
U Vv - 20
J 1 0 -35
Tx1 fixed @ 10 W o T
1 1 1 —_ v
Tnnnnr\rq'ﬁ_ur 40 5-303
rermperatul <- £
te0 I 2
-25 §
_80 =
r-100 -

-20
ls F-120 -
3rd order PIM

F-140 - 15
F-160
--180 -10
--200 -
-220 0

: =RX —TX1 —TX 2 —Tamp. F-240 )

T T T T T T T T T T T T T T T T T T -0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Time [min.]
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Example: 3rd order PIM with power ramp-up only Tx1
— Alocrom @ 1 MPa (3.5 Ncm, 6xM4 )

82
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RX [dBm]

S1_Test1_Ku_Alocrom_type2 0035Nmm_3rd_Tx1_10W_120W_rampup_Tx2_10W_fixed_unequally 01 | n p ut p ower
170 100 :55
160 7 140 -
150 120 W ~ :
Tv1l ram N 1 < ( 120
140 AL tarrt up 1 h N 250
130 N
120 80-W o -
110 bao -
100 >0 “as
90 60
80 40 o
N\ C -40
0 N \A/ uyv -
60 U VvV [ r20 .
50 B
40 J o -3
30 )
3 x2 fixed @/10/W 0 -
(o) - D
10 £-30 5
0 Toamnaoaratiire r-40 E* 30 2
rernperaturc <- &
-10 60 FI &
20 =25 %
30 -80 - F
40 .
i -0
-60 - .
70 DA 120
U Ordcet riivi ,
80 140 45
-90 -
-100 r-160
-110 -
F- -10
-120 180 -
-130 r-200 -
-140 -5
-150 ¥ n ’ r-220 -
-160 =RX[T =TX1T |=TX emp. L. 240
-170 "
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Time [min.]
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Conclusions of scenario #1

The test was performed at a specific conditions

» 1 MPa contact pressure was used to get up to the 7" order PIM level beyond the noise level of the test setup.
» The results are based on this specific test case.
» The generalisation of the test results is not allowed.

PIM amplitude increased with the RF power increase.

The power of carrier 2 has more impact on the PIM amplitude than the carrier 1.

The slope determination using power ramp-up tests is useful method for PIM level assessment for other power cases.
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Scenario #2 test
Relation between different PIM orders
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Relation between different PIM orders

PIM level distance between 3" & 5" with RF Power Ramp-up

Alocrom, Surtec650, Aluminium @ 1MPa (3,5 Ncm; 6xM4)
« Roll-off between 3 and 5%

80 order PIM for this specific
70 contact condition showed
60 about 40 dB.
[aa]
% >0 « The roll-off between orders
£ 40 ‘\‘li;-,t‘q —=—3rd - 5th (Alocrom) are dependent on the
E 30 —&—3rd - 5th (Aluminium) contact pressure and
= 20 3rd - 5th (Surtec650) material.
0 « Derivation for the general
0 | I - roll-off value not possible.

Power a carrier [dBm)]
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Conclusions of scenario #2

86

The test was performed at a specific conditions

» 1 MPa contact pressure was used to get up to the 7" order PIM level beyond the noise level of the test setup.
» The results are based on this specific test case.
» The generalisation of the test results is not allowed.

PIM level distance between orders is contact pressure dependent.

For the reliable prediction, PIM test shall be performed with a specific PIM test sample to get the test data for PIM model
calibration.
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Scenario #3 test
Temperature vs. PIM
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Scenario #3: Temperature vs. PIM — Waveguide sample test result

5 cycles were applied
with variation of the
temperature slope
values.

88 7131/2023

20MPa (70 Nem 6xM4) @ DUT Interface

-60

-80

-200

-220

100

200

Ku-Band WG sample (Alocrom) 3rd order PIM (summary)
- 200
Hot dwell @ 140 °C (> 15 min)
- 150
a s ~ 120 W 4 carrier

- 100
Bake-out G
4°C (@ 50°C) ' -
I mi 4 - 50 E @
- 5 &
23
o o328
| £
2

- =50

Jo U @lbUe He L

>4 > = > & >4 >
Cold dwell @ -100 °C (> 15 min) . 150
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Time [min]
oM 3rd e—Tyx] ———Tx2 =——DUT Temperature (AVG) =T control
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Scenario #3: Temperature vs. PIM - Coaxial sample (TNC) test result

TNC Assembly (SN578567) using Torque (50 Ncm)
3°C/min — 4°C/min — 5°C/min — 4°C/min — 3°C/min — Bake-out

40 200
F,=7.25GHz

20 | F,=7.60 GHz - 180

10 W a carrier (CW) - 160

0 140

20 | 120

-4

o

T o
sl - §
Instable PIM behaviour 28 a0 | -
- = a
over the temperature S 2 .100 o £
o T £ | h
variation observed. 120 20
-40
-140 -60
I -80
Especially at the 160 | =
temperature transition 180 120
area, the PIM level 0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960
showd spike-like Time [min]
—TX1 —TX2 —PIM3rd@ 7.95GHz T control T DUT(avg)

variation.
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Scenario #3: Temperature vs. PIM - Coaxial sample (SMA) test result

I ™
SMA Assembly (SN556610) using Torque (40 Ncm)
3°C/min — 4°C/min — 5°C/min — 4°C/min — 3°C/min — Bake-out
40 F,=7.25GHz 200
20 F,=7.60GHz - 180
10 W & carrier ICWi 160
0 - 140
.20 Bake-out - 120
— 100 O
£ 2 40 80 %-
T = —
=2 .60 60 3
: i
Instable PIM behaviour 28 e 0 S
- 20 ©
over the temperature _‘_E' 3 100 . E’
variation observed. a = 20 @
-120 40
: -140 -60
Especially at the 80
‘. -160 4 N
temperature transition v 700
-180 -120
area, the PIM level 0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960
showd spike-like Time [min]
variation. —TX1 —TX2 —PIM3rd@ 7.95GHz ——T control T DUT(avg)
AN S
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Conclusion of scenario #3

The tests were performed at a specific conditions to characterise the 39 order PIM variation.

» Waveguide sample: 20 MPa contact pressure
» TNC cable: 50 Ncm
» SMA cable: 40 Ncm

« The results are based on this specific test case.
» The generalisation of the test results is not allowed.

« Temperature impact on PIM level is dominant at cold case. (Worst case)
« Temperature transition phase provides burst-like PIM behaviour for the coaxial connectors dominantly.
* The speed of temperature gradient showed no significant difference for PIM level variation.

» For both waveguide contact and coaxial contact, the defined contact pressure using thermal compensation shall be
applied.
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Scenario #4 test
Coatings and Interface vs. PIM
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Contact Pressure & Material Coatings vs. PIM (Ku-Band)

Waveguide samples (Type2) Contact Pressure vs. 3" order PIM (Ku-Band)
i e S (Silver to different contact materials) - log scale
: \'/ g” 5 ‘ ‘ 3 -80 I T T T T T T T T I T T T T T T T T I
; N — -90
ESA-TRP -100
ey | 110
£ 120
=
-130
« 5 coating materials tested 140
-150
- Silver and Gold showed very low PIM 160
1 10 100
« Alocrom showed highest PIM level at Contact pressure [MPa]
low contact pressure
—e—Aluminum —e—Alocrom 1200 Silver Gold —e—Surtec
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Example: Contact pressure change from 1 MPa to 50 MPa - Alocrom

To keep the constant temperature at test
interface and to minimise the contact
pressure variation via self-heating, “off”
times were introduced before every
contact pressure step changes.

94

7131/2023

RX [dBm]

S4 Ku Alocrom1200 120W 3order 1MPa 50MPa 02 type2 I n p u t p OW er
160 -
-55
ON (5 min) e g
. < (0
\ -50
F100 -
80 i45
1 2 o 4 o) 10 20U oU 40 ol 0o
MPz MPa Pal| MPal| MPa||MPa MPa MPa| | MPaj| | MPa L 1o i40
F20 -
b -35
EE (1min) . T
\ 7 ~ :
Temperature fa0 270 2
X S
— .\ e — [ 60 '_;¢5 g
-80 s
F-100 "0
F-120 -
Lo YPUA | -l DIMNA _140 -
ara order Plivl -15
F-160 -
F180 10
pu -200 -
[, g, L 220 :5
=RXT| =TXT +T1X2 =Temp. L_o49 -
5 10 15 20 25 30 35 40 45 50 55 60 65
Time [min.]
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Comparison: Contact Pressure & Material Coatings vs. PIM (C-X-/Ku-Band)

95

The comparison shows
exponentially reducing
PIM behaviour with
respect to the contact
pressure.

Tests with Alocrom
waveguide PIM test
sample showed nearly
same PIM levels
regardless of the
frequency band (C-/X-
/Ku-Band).

7/31/2023

[dBm]

-80

-90
-100
-110
-120
-130
-140
-150
-160

Contact Pressure vs. 3™ order PIM (Ku-,C- and X-Band)

Silver to - log scale

n

\/

10
Contact pressure [MPa]

Ku-Band —e—C-Band —e—X-Band

100
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Example: Contact pressure vs. PIM - coaxial sample test results TNC

96

High power (80W) pre-tested sample showed much higher PIM level.

PIM [dBm]

-20
-30
-40
-50

-70
-80
-90

-100
-110
-120
-130
-140

0 10 20 30 40 50 60 70 80

Torque vs. 3" order PIM (X-Band)
(TNC Assembly)

.

maximum

Torque [Ncm]

——o—SN 578568, 10 W per carriers (after max. 80 W per carriers power handling)
—o—SN 578567, 10 W per carriers

Supplier recommended torque value (46 Ncm — 69 Ncm)
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Example: Contact pressure vs. PIM - coaxial sample test results SMA

Torque vs. 3" order PIM (X-Band)

(SMA Assembly)
-20
-30
-40
-50

-70

PIM [dBm]
8

-100
-110
-120
-130 Z 2
-140

maximu

0 10 20 30 40 50 60 70 80 20 100 110 120
Torque [Ncm]

—4—SN 556608, 10 W per carriers (after max. 80 W per carriers power handling
—o—SN 556610, 10 W per carriers

Supplier recommended torque value (80 Ncm - 100 Ncm)

AIRBUS
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Conclusion of scenario #4

« With the increase of the contact pressure, the PIM level decreased exponentially.

« The PIM level reduction speed with the increasing contact pressure was slightly different for different materials.
« However, at about 50 MPa all test sample showed extreme PIM reduction below -140 dBm.

* This PIM levels are nearly same in C-/X-/Ku-Band.

« Recommendation for the contact pressure values is > 50 MPa regardless of the contact materials.

* For coaxial transmission line, the PIM behaviour was different.

« If the maximum allowable torque value is reached or even exuded the PIM level was increasing. (e.g. TNC connector)
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Scenario #5 test
Signal characteristics vs. PIM
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Example: Signal Characteristics vs. PIM (in Ku-Band)

@ Carrier spacing change
(@ 11.10/12.60/14.10 GHz
@) 11.10/12.55/14.00 GHz
(® 11.10/12.50/13.90 GHz

. Carrier frequency change
@ 11.00/12.60/ 14.20 GHz
@ 10.95/12.65/14.35 GHz
@ 11.10/12.50 / 14.50 GHz

© Carrier phase change
. 11.10/12.60 / 14.10 GHz (¢4, ©,)
. 11.10/12.60 / 14.10 GHz (¢4, 9-AQ)
. 11.10/12.60 / 14.10 GHz (¢ - AQ, ¢,)

100 7131/2023

RX [dBm]

S5 _Ku_Alocrom_3rd 0035Nmm_01

Input power

P ~~
® ® ©
| ] -
| | 1 | I b [ | : ( 120 \ 50
ON al
5 min S
. . . . . . le0 -
(D) 3 ) RN AN o T
\H/)1I\<) \2) \ %) \2) \©9 ) :
— —/ — _ — ~— | ' ] 20 -35
Lo S
- ¥
OFF OFF OFF 0 s
1min 3min 3min 0§
| [ | I [ | | | | 60 e E
i I _ _ ! i _Temperature e
e o —— il P S P, romty il 80
. , . . . | 100 -20
| | 120
- :
3 c_nrder j L-140  -15
-160 -
180 T10
] _ L200 -
J N " n a b~ r220 °
=RX1T =TX1 =TX2 —Temp. F.240 N
T T T T T T T t t t T -0
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time [min.]
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Test results: signal characteristics vs. PIM (Ku, X, C-Band)

PIM 3rd [dBm] | PIM 3rd [dBm]
@ 13 Ncm @ 260 Ncm
(1MPa) (20MPa)

Tx1 Freq. Tx2 Freq. PIM Freq.
[GHz] [GHz] [GHz]

seq Variation

PIM 3rd [dBm] | PIM 3rd [dBm]
@4,2 Ncm @ 84 Ncm
(1MPa) (20MPa)

Tx1 Freq. Tx2 Freq. PIM Freq.

Variati
seq anation [GHz] [GHz] [GHz]

PIM 3rd [dBm] | PIM 3rd [dBm]
@ 3,5 Ncm @ 70 Ncm
(1mMPa) (20MmPa)

Tx1 Freq. Tx2 Freq.

[GHz) [GHz] Freq. [GHz]

seq Variation

101 7/31/2023

PIM [dBm]

Signal characteristics vs. 3" order PIM ( Ku/C/X-Band)

-80
-90
e —
-100
-110
-120
-130 e
-140
-150 carflet‘ spacing
variation
-160
0 1 2

—&— Ku-Band spacing var. @ 1 MPa
—&— X-Band spacing var. @ 1 MPa
——o— C-Band spacing var @ 1 MPa

- @ = Ku-Band spacing var. @ 20 MPa
— # - X-Band spacing var. @ 20 MPa
- ® - C-Band spacing var. @ 20 MPa

alocrom @ 1MPa & 20 MPa

Tests @ 1 MPa

carrier frequency
variation
4 5 6

Test sequence

—— Ku-Band freq. var. @ 1 MPa
—— X-Band freq. Var. @ 1 MPa
—#—— C-Band freq. Var. @ 1 MPa
- % = Ku-Band freq. var. @ 20 MPa
- & — X-Band freq. var. @ 20 MPa
- % — C-Band freq. Var. @ 20 MPa

-
p
b

gees=¢====3}
carrier phase
variation
7 8 9 10

—— Ku-Band phase var. @ 1 MPa
—— X-Band phase var. @ 1 MPa
——+— C-Band phase var. @ 1 MPa

- 4 = Ku-Band phase var. @ 20 MPa
- 4 — X-Band phase var. @ 20 MPa
- # — C-Band phase var. @ 20 MPa
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Conclusion of scenario #5

« The tests were performed at a specific conditions to characterise the 3" order PIM variation.
» Waveguide sample were used for C-/X-/Ku-Band tests

» Contact pressure was defined at 1 MPa and 20 MPa to observe the difference of the PIM level variation over the
contact pressure.

« The variation of the carrier frequencies, carrier spacing and carrier phase showed no impact on the PIM level.

« The frequency band variation from C-Band to Ku-Band, which were possible for test, showed that the PIM levels were
nearly in dependent on the frequency band.
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Scenario #6 test
Multicarrier scenarios vs. PIM
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Multicarrier PIM Test @ ESA-VSC Test setup block diagram and setup

= EgezEEA
b e
e — DO =2 |
b
T E @ veaize
Paepe——— o _ g
o — §§9
. g :»l:::‘ BE120 E e
—— =1 eE=
- m @ o= Somsaa—— § J.8a120 LNA
=i et
iz (€
S Pemaa———
Sk
= DHO = :
o
. catEen
Mﬂ:ﬁn == wam
) o b
Figure 3: PIM tests with Multicarrier signals - basic test bed.
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Test Frequencies and PIM results (20 W per carrier)

Number of

_ used
PIM orders Measured PIM levels Active channels & factors frequencies channels

Test PIM PIM Measured Measured Measured Ch_#02 Ch_#3 Ch_04 Ch_#07 Ch_#08 Ch_#09 Ch_#10 Ch_#02 Ch_#03 Ch_#04 Ch_#07 Ch_#08 Ch_#09 Ch_#10 Used #
No. Order Frequency PIM Level PIM Level PIM Level factor factor factor factor factor factor factor frequency frequency frequency frequency frequency frequency frequency  of OMUX

[GHz] [dBm] [dBm] [dBm] [GHZz] [GHz] [GHz] [GHz] [GHz] [GHz] [GHZz] channels
g(lﬂaximum}g (Minim um}g(Average}g - | - | - |

0| 0| 0| 0 2 10,810 10,920 11,010 11,310 11,420 11,510

12,35] -78,20{ -78,20] -78,20] 0| 0| 0| 1 1 10,790 10,920 11,010 11,310 11,420 11,510

12,71] -127,00] -127,00| -127,00| 0| 0| 0| 3 0| 10,830) 10,910 11,010 11,310 11,420 11,510
4 12,73| -127,00| -127,00] -127,00] 0| -2 0| 1 0| 0 2 10,830 10,910 11,010] 11,310] 11,420| 11,510
5| 12,74] -119,00| -122,00] -120,50] -1 -1 0| 0| 2 0 1 10,810 10,910 11,010] 11,310] 11,420 11,510
6] 12,78| -121,50{ -123,00] -122,25] -1 -1 0| 0| 1 1 1 10,810 10,910 11,010] 11,310| 11,400 11,510
7| 12,75 -142,00{ -142,00] -142,00] -3 0| 0| 4 0| 0 0| 10,830 10,920 11,010] 11,310 11,420) 11,510
8| 12,72) -145,00| -145,00] -145,00] 1 0| -3 0| 0| 0 3 10,830] 10,910 10,990] 11,300) 11,390| 11,500
9| 12,61 -138,00 -140,00] -139,50] 1 0 3 0 0 1 2 10,830 10,910 10,990 11,320 11,440 11,510
10 12,55 -128,00] -138,00| -133,00| -1 -1 0| 1 0| 3 -1 10,790] 10,910 11,010 11,310] 11,380 11,510
11 7,00| 12,44 -124,00| -138,00] -131,00] 1 -2 -1 1 0 1 1 10,830 10,920 10,990 11,310} 11,440 11,510
12 7,00 12,47 -123,00 -148,00] -135,50] -1 -1 1 -1 1 1 1 10,780] 10,910 10,990] 11,310] 11,380 11,500]
13 9,00 14,31 na. n.a. n.a. -4 0| 0| 0| 0| 5 0| 10,810 10,900 11,010 11,300 11,380 11,510 11,570
14| 9,00 14,10 n.a. n.a. n.a. -3 0| 0| 0| 0| - 5 10,830] 10,920 11,010 11,310 11,420 11,510] 11,620
15| 9,00 14,10{ n.a. n.a. n.a. -3 0 0 0 -1 1 4] 10,820 10,910 11,010 11,310 11,420 11,500] 11,6200 400 |
16| 9,00 13,85| n.a. n.a. n.a. -3 0| 0| 1 - 1 3| 10,810 10,920 11,010] 11,310] 11,420 11,500 11,630
17 9,00 13,87| n.a. n.a. n.a. -1 -2 0| -1 1 1 3| 10,780 10,910 11,010] 11,310] 11,420] 11,500 11,620
18] 9.00| 13,89| n.a. n.a. n.a. -2 -1 -1 1 1 2 1| 10,780| 10,910 10,990 11,310 11,430] 11,500] 11,610 7.00

[Case 1 20 Watt constacnt per carrier Ref. ESA-TECEFE-LAB-TR-2022-001746 Iss1 Rev1 |
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Summary of test results

Carrier power kept constant = Total power increases with the
increasing number of carriers. * PIM level increases with the growing

number of carriers up to the number of
carriers equals to the order.

Constant carrier power Case (20 W per carrier)

70 3 order
-80 —
el :
-90 y=5.6x-95 « The fluctuation at 7" order PIM level
— ) :
E 100 5™ order observed as the number of carriers
-c -
3 110 y =2.075x- 131.45 were increased.
g -120 %
= -130 y =2.3143x-148.08 )
YO I I R ==Ll « The overlaying PIM orders resulted
150 I from other carrier frequency
-160 combinations resulted in the PIM level

1 2 3 4 5 6 7 8 variation.
Number of carriers

—e—PIM Max. 3rd order ~ —@—PIM Min. 3rd order ~ —#— PIM 3rd Average » Destructive superimposing lead to the
—— PIM Max. 5th order —k— PIM Min. 5th order ~—@— PIM 5th Average minimum PIM |eve|’ while the

PIM Max. 7th order PIM Min. 7th order PIM 7th Average Constructive SuperimpOSing aﬁ:ected
= = Linear (PIM 3rd Average) = = Linear (PIM 5th Average) = = Linear (PIM 7th Average)

the maximum PIM level.
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Summary of test results (cont’d)

« When only one PIM term was present at the specified PIM frequency, the PIM level was constant despite a phase
variation on one of the Tx carriers.

« Conversely, when more PIM tones were appearing at the same PIM frequency, this caused a fluctuation in the PIM level.
« The fluctuation was observed to be little when the overlapping PIM order is higher than the one of interest.

« However, when the overlapping PIM term belongs to an equivalent or lower order than the one of interest, huge
fluctuations in the range of 11 dB or more were observed.
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Conclusions of scenario #6

« The tests were performed to characterise the 3" order PIM variation at a specific conditions. (different interface contact
material)

» VSC 10 channel Ku-Band OMUX was used with Iridite surface treatment.
» Silver plated waveguide.

* PIM level increases with the growing number of carriers up to the number of carriers equals to the order number.
» The slope of PIM for 3" order with increasing carrier number showed about 5.6 dB

« With the increasing number of the carrier beyond of the order number, there was no contribution to the PIM levels.
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Test setup configuration (ambient temperature)

Frequencied of carriers
are:

Carrierl =11.40 GHz
Carrier 2 =12.74 GHz
3 order =14.08 GHz

Power & carrier =120
Watts

Input test data = PN9
Pulse shaping =RRC
Roll-off =0.2

Triplexer @ VSC:
Ch1=11.1-11.6 GHz,
Ch2=12.4-12.8 GHz,
Ch3=13.7-15 GHz

1/19/2022

10 MHz reference

Triplexer @ ADS:

Ch1=10.75-11.90 GHz,
Ch2=12.35-12.80 GHz,

Ch3=13.70-14.50 GHz

Reflected PIM signal

PIM chamber

Reference
WG

Triplexer @ VSC

ADS Triplexer

110

7131/2023

Test facility and setup
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3'd order CW PIM spectrum & PIM spectrum spreading
(with Tx1 signal modulation)

111

PIM spectrum bandwith = (1 + «) - (SR;,,)
PIM level dropw.r.t. PIMgy = 10 « log,|(1 + @) - (SR;,,)| [dB]

Tx1 modulated QPSK (SR=1 kbps, SR=5 kbps and SR=10 kbps) - Tx2 CW

PIM @ CW (~ -108 dBm)
PIM @ Symbol Rate 1 kbps -

PIM @ Symbol Rate 5 kbps

PIM @ Symbol Rate 10 kbps

Modulated PIM levelf@ 1 [kbps)] =

¥ PRy -

~37.8d8 ~40.8 d8

PIM level (CW) — 10 = log,, [(1 + «) - (SRy,, )]
= —108 [dBm] — 30.8 [dB] = —~138.8 [dBm|

Span: 16 kHz

7131/2023

PIM signal bandwidth is equal to the Tx1
modulated signal bandwidth itself.

PIM signal spreading is proportional to the signal

bandwidth (symbol rate)

AIRBUS
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3'd order CW PIM spectrum & PIM spectrum spreading
(with Tx2 signal modulation)

112

PIM spectrum bandwith = (1 + a)-(2-5R;,,)

PIM level dropw.r.t. PIMgy = 10 « logo|(1 + «) - (2 - SR;,,)| [dB)

Tx1 CW - Tx2 modulated QPSK (SR=1 kbps, SR=5 kbps and SR=10 kbps)

" .-

PIM @ CW (~-108 dBm)

B M ateentt ‘e Wi e pared

~33.8d8

PIM @ Symbol Rate 1 kbps

~40.848 ~43.8 dB

« PIM @ Symbol Rate S kbps

i .. PIM @ Symbol Rate 10 kbps y
: | 7 ' "1-1-—0"" +
‘.A i 1.“. Yf' ........

Span: 30 kHz

Modulated PIM levelf@ 1 [kbps| = PIM level (CW) — 10 « log o [i,l +a)-(2- SR,‘._)I
= —108 [dBm] — 33.8 [dB] = —142.8 [dBm)|

7131/2023

PIM signal bandwidth is equal to the two times of
the Tx2 modulated signal bandwidth

PIM signal spreading is proportional to the signal
bandwidth (symbol rate)
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Conclusion of scenario #7

* PIM test with modulates signal showed that the CW PIM level and modulated signal PIM level is mainly
related over the spectrum spreading.

 The CW PIM spectrum of a specific PIM order is spread over the modulated signal bandwidth.
* This spreading factor is independent on the modulation scheme. (QPSK, 8PSK, QAM, 16QAM)

« Using spreading factor, modulated single PIM level can be estimated based on the two-tone CW PIM test.
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Phase 4 - Conclusions
and recommendations

1. Evaluation of the test results and software parameter optimisation . %o
2. Methodology to transpose complex scenarios to simple ones
3. General guidelines and margins

DEFENCE AND SPACE

AIRBUS




DEFENCE AND SPACE

Developed PIM analysis tool for results evaluation and prediction

@ PIM Interference Analysis (PIA) - Beta1l = O X
RRNE® .

~Information
PIM Interference Analysis (PIA) B
—ﬁlM Model Fitting v rgnm Analysis —————————
1. Test Power & PIM Level — | 1. PIM Analysis Model Selection -
Data Load Waveguide PIM v
\k\“&_, i int) - ~2. PIM Model Parameters ‘
\\\\\\E i_ e S a AI RBU s 2. Test Data (single point) et
\ - Carytee S(‘I‘ Re [ Jom |||
Carrierz | |Gz Gu | tomm
PIM order vt ;{ v
Ve [ v
m -3. Analysis Power & Fr T
e Iq= Power & Freq. Set |
3. Model & Material Selection | Tx1: ’—] w ——‘ GHz
Waveguide PIM | ™2 | |W | |GHz
Aluminium | 4. Frequencies & Orders
:4. PIM Model Parameter Fit : F_min l: GHz
_stnt | Rdower [ | ome
Optimised Parameters Rx_upper [ leh
Reopt | | Ohn o . che
Guopt . 10 F_resolution l GHz
viopt [V Max.Order [ |
Ve_opt v \ m Reset all J/
{C. Scenarios vs. PIM AN

i ower)
Scenario2 (PIM order)
Scenario3 (Temperature) v
. J
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Evaluation for scenario #1 (RF power levels vs. PIM amplitude)
PIM analysis model “calibration”

|£ | PIM Interference Analysis (PIA) - Beta'l — ] X
LEREW ~
Information
T d f P I M d | P I M I nte rfe re n Ce An aIyS i S ( P IA) Input fields Input / Output fields Output fields Action
A. PIM Model Fitting B. PIM Analysis
11 H H » 1. Test Power & PIM Level 1. PIM Analysis Model Selection
calibration” import _ _ i WoveidePM %
PIM level comparison: Measurement vs. Analysis based on model fit acaitoa
T T T T T T T T T T T T T T
2. Test Data (single point) 2. PIM Model Parameters
Power steps| Tx1 / W[ Tx2/ W] Tx1 / dBm[ Tx2 /dBm| PIM 3rd / dBm| PIM 5th /dBm| PIM 7th [ dBm Carmiert e —_ Takeparamster |
1 10, 10 40.00 40.00 -132.50 -150.00 -150 1 Carrier2 malen Re Ohm
arrier. .a. z
2 20 0] 4301 4301 -123.50 -150.00 -150 PP 9205 1esh/ -20.27 dBm(analygis) ou o
3 40 40 4602 4602 -115.74 -150.00 -150 PIM-3 : -95.97(test) / -95.55 dBm(analysis) Pi order n-a.
ramp-up equally Ve v
4 60 60 47.78 47.78 -111.34 -150.00 -150 M-3: -99.2(test) / -99.30 dBm(analysis) i Downward Upward =
Tx1=Tx2 3. Analysis Power & Frequency
5 80 80 49.03 49.03 -108.12 -146.00 -150, PIM freq. n.a.| GHz
6] 100] 100] 5000 5000 -106.20 14412 -150 -3:-104. 14(test) -104.50 dBm(analysi) SETETAEEET 2
3. Model & Material Selection Txd: w GHz
7 120 120 50.79 50.79 -104.97 -142.68 -150
T -110 B Waveguide PIM v Tx2: w GHz
g Alocrom1200 4 4. Frequencies & Orders
* TeSt d ata. IS I m po rted E 4. PIM Model Parameter Fit F_min GHz
120 1 L Start ) Rx_lower GHz
Optimised Parameters Rx_upper GHz
Re_opt 3.36e-04| Ohm [P GHz
PIM-5: -128(test) /-126.95 dBm(analygis) F resolution
[ ] -130 | - Gu_opt 1.19e+04 1/Ohm - GHz
P I M m Od eI param ete rs PIM-5: -131(test) -130.91 dBm(analysis) Ve_opt 4.14e+03) v Max. Order
have been Optl m |Sed (P I M -135(test) /-135.75 dBm(analysis) Ve_opt 5.81e-02 v Analyse ‘ Reset all
140 B 2- Carriers Test Data (Alocrom1200) p C. Scenarios vs. PIM

m Od eI param ete r mmmgmm= Analysis (based on optimised PIM-model) Export | Scenario (RF Power) ~

I I I I I I I I I I I | I I | Scenarie2 (PIM order)

40 41 42 43 44 45 46 47 48 49 50 51 52 53 ‘ Seenario3 (Temperature) v

Cal I brated) Carrier Power [dBm] lls=

PIM analysis model parameter optimisation AIRBUS
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Unequally power ramp-up analysis & comparison with test results
- Aluminium (Example)

117

« Analysed PIM level using the obtained PIM model shows good agreement to

the test values.

« Analysis for 51" and 7™ using the same PIM model give prediction possibility.

RF power ramp-up vs. PIM (Ku-Band)

Bare Aluminum, unequally (Tx1 = 10 W, Tx2 = ramp-up)

-90
-110
=130
-150
-170
-190

[dBm]

=210
-230

-250
35 40 45 50
Power [dBm]

55

D ——
Analysis 3rd

—8—Test 3rd

—&— Analysis 5th

—8— Analysis 7th

o e ==
RF power ramp-up vs. PIM (Ku-Band)
Bare Aluminum, unequally (Tx1 = ramp-up, Tx1 = 10 W)
I T 'I T I
-90
-110 L
-130 -== -
¢ - '__——&—:—:_':.:';'3
E_:LSD T Analysis 3rd
s nalysis 3r
D _170 re—
= *~— —8— Test 3rd
-130 —&— Analysis 5th
-210 Analysis 7th
-230
-250
35 40 45 50 55
Power [dBm]

Demonstrate for other cases!

7/31/2023
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Recommendations and guidelines for PIM related to RF Power variation

PIM level comparison: Measurement vs. Analysis based on model fit

118

100 ,{}_,‘
Slope dB/dB :’-,‘,3, 104 978 est) 1103 79 dBm(finaiysis)
UL L Ol Alocrom Surtec650 o i B ] ot
ER Sth 7th 3rd Sth 7th 3rd 5th 7th RA3:411.340000 111148 B0ty
equall ramp-upf, 2.68 _ 4.57 6.41 3 5 7 2.99 4.99 6.99 P43 115, 74(1es) 116,28 dBm(analysi) :
Tx2 ramp-up 1.86 2.8 3.72 2 3 4 2 3 4 E 120 | |
Txl ramp_up 079 173 264 1 2 3 1 2 3 2 -3 1 -123 5(lest) [-124.79 dBm(analysis) :
= > PIM-5 ; -128(fst) /-127 52 dBm(ahalysis)
-130 1 ¥ - T O e e Pim-s . -1310esy - B30.89 cBm(analysif)
PIM levelgsimarea = SlOpe * AP + reference,,,,; + margin e
=140, 5: -141(test)/-140.74 dBerjandysis)
AP: 10*logio((Power of interest)/ (Power_tested) dB |
Reference value: Tested PIM value | Ansris (haged oo cotmid Pikrcdel \
0 4‘0 4 4‘2 :;3 ~1|4 -;5 4‘6 47 ~;8 49 5‘0 51 5|2 53 :';4 55
Carrler Power [dBm]
Using calibrated slope value, PIM level can be estimated for other power values.
Example: Estimation of 3" order PIM level at 2 x 200 W for aluminium?
TeSt PIM Order = 3I’d :> PIM levelEstimated
Reference PIM level =-108 dBm 200 W
@ Test power =2x100 W = 26810 xlogyo | 1507y | — 108 dBm
Material = Aluminium — —~ 999 dBm
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Evaluation for scenario #2 (RF power variation vs. PIM order relations)
Analysis of PIM level difference between orders using calibrated PIM model

average distance between orders / dB
Aluminium Alocrom Surtec650
Analysis Test Analysis Test Analysis Test
3rdpo 5th | 5th-7th (3rdto5th| 5th-7th | 3rdto 5th | 5th to 7th | 3rd to 5th | 5th to 7th | 3rd to 5th | 5th to 7th | 3rd to 5th | 5th to 7th
equall ramp-up 131\ 32 38 note 1 45 45 40 note 1 42 42 37 note 1
Tx2 ramp-u 381 38 52 51 49 48
e ! note 2 note 2 note 2
Tx1 ramp-up 381 38 52 51 49 48
‘\ / note 1: 7th order were not measurable (<-150 dBm, setup residual level)
note 2: 5th order were not measurable (<-150 dBm, setup residual level)
Power Varia@ion vs. PIM _Ievel -Alum?nium PowerVaria_lion vs. PIM _Ievel -Aluminium Power Variation vs. PIM level - Surtec650
I X50?91|B ] | I X50.7918
~ |vom X507918 i
400 - W 400~ Y1305 400+ T ¥
i ) i ord 3 Distance,, | =42dB
" Dlslancez_s_av mge-31 B : 7 31 ad 33 — 2 [ T , 345, averag
o 3 35,average k)
E im0k I 4 L L J
g 150 b Distanceg, | m:3z dB uE: -150 h I:IEI 450 Distance, =42 4B
° v Distance” =38 dB T 57, average
T, average
th
2001 200 - M 2001
250 : . : : 20— . : : : 0 '
40 2 4 4 8 50 52 3 40 2 “ 4 It 50 52 % 5
Power per carrier / dBm Power of carrier 2/ dBm Power per carrier / dBm
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Recommendations using an example of aluminium

« PIM level distance between 3@ and 5t

« 3 order at 100 W per carrier = -110 dBm

« Average distance of between 39 and 51" order = 31 dB
« Estimated 5" order PIM = -141 dBm

* The distance between orders is called also “roll-off”

» The roll-off values are contact pressure dependent.

* PIM test on sample level with the particular conditions (pressure, material, temperature) shall be available for the PIM model
calibration.
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Test data import, selection of temperature area and analysis

PIM model obtained
/ Test data are imported \ Test data are selected and PIM analysed

L scenaniod 2 - =] * | scenaried_2 - o =
S - %S »
Info »
Scgnario 3: Temperature vs. PIM Input fiekds  InputResult fis Resiilt fiekds Scenario 3: Temperature vs. PIM InputResult fields  Result fields
P TS ey - ~ m th Pl = ' Temperpture vs. PIM A. Test data (thermal)
‘est Data: S3-ESA-TRP- ocrom-3rd- -01.xlsx lected test dafa with spacing = 200
|__Import Data_| =]
00 : | _eEem— — 200 0 / . S—
110
———PIM — Tenmpifature Zoid points 20 [—}-PIM —s—Temperature | | 76 ‘ O pata@22.5°C :!""/ + gth & gt Jo+04 points
1150 . 1150
=120 e o8 Power & frequencies “ 92 Power & frequencies
. {100 %, Tx 430 {100 -108 Tx
£ 0.6 120 W | 111 GH = 124 120 W 111 GH
& a0 50 W Tx & 140 Y {so & & BYNT S— -..-.l-ll—---- =
= 0 B 04 w126 o © o & st RS PSS | 1w [ 126 cH
- B 1 L TP
8 -150 S aragy T 1000000000000000
160 150 a2 PIM order & Frequency ls0 © 88 °o¢¢¢¢oo¢°o¢o°° PIM order & Frequency
160 |
A70 1100 e GH e 204 3| @i cH
0 220
o 500 1000 0 0.2 L L o8 1 B. Data peints selection 0 50 100 150 200 250 50 100 150 200 250 B. Data points selection
Time / min Start End time Time / min Time / min Start End time
- miln 5 ~ 280 min
PIM spectrum & orders Temperature vs. PIM
1 1 Data points B Data points
From  Spacing  End 50 F1=11.1GHz -] F2=126GHz =120 From Spacing End
b . Pi=120W P2=120W 115 200 | | 6320
“SslsuDal | ’ -140 W Select Data
0.8 0.8 €. Analysis £ == £ C. Analysis
M I selecti PIM : -137.68 / dBm <160 R
0.4 04 atarial selaction o -100 @ temperature: 22.51 °C - laterial selection
Alwminiuen w 03 Alocrom1200 ~
. Analysis | Slope =k -180 Analysis Slope
02 o
200 1 1
Eponmests| NITT m X 00| [ s P P iR
% 0.2 0 08 08 1 % 0.2 0.4 08 08 1 250 5»| 1: .1'5 20 o
4 Close 0 % .0 bk & A R Close
Q- 03- - PL, ﬁ)- I&- o L 'b' Q.
Frequency / GHz v KN O &
Temperature °C
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scenario #3 (Temperature vs. PIM)

Slope over temperature calculation (Example)

Specific temperature area selected and the approximation function obtained.

dBm

-120 ¢

-140 1

-160 1

Temperature vs. PIM

f.ra(T) = -0.05"T - 138.51 dBm

5th(T) = -0.06*T - 155.75 dBm

f (T) =-0.07"T - 174.96 dBm

+ lesapprOx- e PIMSappI‘OX. — PIMTappI'OX.
> .9 % v A, 0 9 NN N

Qc ‘) %4 W« 6. C'ba 64 N+ C'bc ). .
DR LGRS RN N

Temperature °C

- O
B Info
Scenario 3: Temperature vs. PIM Input fields Input/Result fields Result fields
Temperatur? vS. PIIV_| PIM model Optimisation & Analysis A Test data (thermal)
selected test data with spacing = 200 200 e based on the selected data ‘ Import Data
120 ’]\‘:PIM —=—Temperature | 76 ‘ B Data@225°C e 39 &+ j5th ¢ gth 3e+04 | points
A 150
"""" . \ o 92 Power & frequencies
-130 % 100 <, -108 Tx
€ 5 € 124 120 w 11.1) GHz
@ -140 5 T 5 -14u'h.—.....-..-l'--'----l T
= n 2 T 4s6t. PPN IL LS P 1200w | 12.6/6Hz
£ e AT T A A s
150 & An2g, £00000000000000000
50 188 0000046094000 PIM order & Frequency
-160 ehos 00 204 3 @ 141 GHz
~_ 1 220 ) )
0 50 100 150 Teadd 250 50 100 150 200 250 B. Data points selection
Time / min Time / min Start End
5 |~ | 280 min
PIM spectrum & orders Temperature vs. PIM D
50 F1=11.1GHz © © F2=126GHz -100 fyra(T) = -0.06°T - 138.55 dBm Start  Spacing End
P1=120W P2=120W 115 200 | | 6320
0 120 X 16 |
vas.768 | fgm(T) = -0.06°T - 155.79 dBm _ Select Data |
50 Z-141.048
E g 140 f (T 90721 - 175.01 dBm C. Analysis
2 100 PIM : -137.68/dBm__ a s . Material selection
@ temperature: 22.51 °C 160
Alocrom1200 - V
150 :
y [ -180 W 4€A"""S" Siopel 5
-200 1 1
LA LTy 2| [ e T ] R
=250 = =
5 10 15 20 CIPL T e S L T L S Close
o 62 o 0 ot WP 6? AN o Q
Frequency / GHz DAY S S N
Temperature °C
122 7/31/2023
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PIM slope / Temperature and orders and PIM level estimation (Example)

123

PIM Slope - dB/Temperature
1" (3°C/min) 2™ (4°C/min) 3" (5 °C/min) 4™ (4 °C/min) 5" (3 °C/min)
PIM Order ambient| hot colf:l ambient| hot r.olf:l ambient| hot r.ulf:l ambient| hot ) a:::em ambient| hot ) a:l:?ent
-hot |-cold|-ambient| - hot |-cold|- ambient| -hot |-cold|-ambient| -hot |-cold -hot |- cold

- - (Note 1) (Note 1)

=t -0.01 -0.05 ; -0.03 -0.15 | -0.07 0 -0.01 |-D.02 -0.04 -0.11 |-0.08 0.33 -0.14 |-0.10 0.13

[ -0.01 Fos -0.03 -0.15 | -0.08 0 -0.01 |-D.02 -0.04 -0.11 |-0.08 0.34 -0.14 |-0.10 0.13

77 -0.01 |-0.07 -0.04 -0.17 | -0.09 0 -0.01 |-0.03 -0.05 -0.13 |-0.10 0.43 -0.16 |-0.12 0.13

Note 1: At4” and 5" cycle the contact was gradually instable due to the cycles before. Therefor the sign of the gradient changed.

Reference PIM level

Temperature vs. PIM

=120 ¢
f3rd(T) = -0.05"T - 138.51 dBm

140 % L. . ,
00000 0ROV T, (T) = -0.06*T - 155.75 dBm

PIM levelggtimatea = Slope * AT + reference,, . + margin

AT: (Temperature of interest - reference temperature )°C
Reference_value: PIM level at reference temperature

E
@ -160 r f_(T) = -0.07*T - 174.96 dBm

|—o—PIM3__ —e—PINS ——PIM7

approx. approx.
L

-200

D9 » DA D D NN N
c'@\gc

Using calibrated slope value, PIM level can be estimated for other power values.

DR R LR SR

Temperature °C

Example: Estimated PIM level at -150 °C for aluminium?

Tested PIM level =-141 dBm |:> Slope =-0.05dB/°C

Test power =2x120 W AT =(-150 — 43.6 °C) =-193.6 °C

Temperature =43.7 °C PIM \evei@200 w = -0.05*(-193.6) — 141 dBm

Material = Alocrom = -131.32 dBm
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Analysis tool: scenario #4 (Coating & contact pressure vs. PIM)

Test data are imported

| £ scenariod_2b

28R

Info

Scenario 4: £6ating & contact pressure vs. PIM Input fields InputResult fields  [Result fields

b TESt A
Import Data '

7 ;Tu'estﬁtaﬁ(u-a_ancﬁve-mnﬁct-ﬁ-m_moﬁlsx\

{ 80 Aluminium \ - == point
Alocrom
100 Surtec650 | 0 Power & frequencies
Silver Tx
| -110 Gold | 06 100w | 111 GHz
£ - .
I G 120 .
o I 0.4 100 w 12.6| GHz
I -130 ’
I -140 I o PIM order & Frequency
-150 I 3 @ | 141  GHz
I -160 l 0
\ 0 20 40 60 80 100 120 0 0.2 0.4 0.6 0.8 1 B. Coating selection
Pressure MPa
O iR 4 Aluminium (bare)
1 1 e .
C. Selection & Analysis
Data points
0.8 08 Start Spacing End
0.6 0.6

_ Select Data |
0.4 0.4 Analysis Approx.

0.2 0.2
Export Results

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 Close
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Test data selection and PIM model calibration for Aluminium

Aluminium

PIM model obtained

test data
selected

125 7/31/2023

I ™IAA 1 (|
| £ scenariod_2b ano |-J I IVI a.n alyseo - o X
QE S -
fo
P Scenariod: Cpanng_& contact pressure vs. PIM Input fields Input/Result fields Result fields
7 N\
’ Measured PIM Level vs. Pressure (selected) \ A. Test data
Aluminium (bare) Measured PIM Level & PIM |gvel analysis
.80 Vi Import Data
.88 I 94 —8—Data —e—3"™ / 5th —f—th 17 point
96 | -108 Power & frequencies
-104 122 Tx
112 I e -136
m -120 I % -150 Tx
-128 -164
136 | 178
144 192 PIM #fder & Frequency
\ -152 l 2206 3 @ 1410 GHz
-160 =220
N o G B k) mmGlmm G 5b0 2O 0 20 40 60 80 100 120 B. Coating selection
Pressure MPa Pressure / MPa
Aluminium (bare) ~
PIM spectrum & orders Pressure vs. PIM
50 [F1=11.1 GHz 9 ©F2=12.6 GHz - -0.6x C. Selection &Analysis
P1=100W P2= 100 W -100 fyeb =317 +99'9TE.¢; 62x Data points
0 f n(x) = 170.6 + 105.96¢ )
420 0.65% Start Spacing End
f7m(x) =-194.18 +127.13e 1 1 17
-50
£ £ 140 Select Data
2 100 PIM : -150 / GHz = ]
@ Pressure = 120MEa -160 Analysis | | Approx. |
-150
200 K N AEL Export Results
250 N‘H ﬁ\l\rk\r L =200
6 8 10 12 14 16 20 40 60 80 100 120 140 Close
Frequency / GHz Pressure / MPa

approximation function

/ obtained.
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Test data selection and PIM model calibration for Alocrom

PIM model obtained

|£] scenariod_2b - m] X
B and PIM analysed .
In|
Scenario 4: Coating & contact pressure vs. PIM Input fields InputResult fields ~ |Result fislds . . .
T Tasured P Uovel V5, Prossure seTected™ N\ A Teot data approximation function
’ I Alocrom1200 \ o Measured PIM Level & PIM Ii el analysis Import Data obta| ned
.88 I 94 —8—Data —e—3"™ / 5th —f—th 17 point !
96 -108 Power & frequencies
Alocrom 04 | a2z ™
112 136 100w | 111
test data > § 120 I s ™
128 | 164 100] w
SeIeCted 136 178 & Frequency
144 I -192
52 206 @ | 14.10 GHz
160 l 220
\ 0 20 40 60 80 100 120 / 0 20 40 60 80 100 120 . Coating selection
N e e e PPl = - - Pressure | MPa
Alocrom1200 ~
PIM spectrum & orders . Pressure vs. PIM
-80 ! .
50 F1=11.1 GHz Q@  OF2=126GHz fra(x) = 155.8 + 69.57¢0-05% C. Selection & Analysis
P1=100 W P2 =100 W )
-100 f_m(x) = -180.78 + 88.97¢ 005 Data points
0 5 0.04x Start Spacing End
f,m(x) = -211.6 + 115.18e ™" - - =
50 -120
£ & Select Data
2 100 PIM : -146 / GHz @ 140
@ Pressura = 120NES Analysis | [ Approx. ]
450 ¢ -160
=200 I W 180 Export Results
250 pel Wy " LYW
6 8 10 12 14 16 0 20 40 60 80 100 120 140 Close
Frequency / GHz Pressure / MPa
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Test data selection and PIM model calibration for Surtec650

PIM model obtained

| £ scenaricd_2b O X
iy and PIM analysed .
Info
Scenario 4: Coating & contact pressure vs. PIM Input fields InputResult fields  Result fields . t_ f t_
e et T e e e A Test data approximation function
Surtec650 Measured PIM Level & PIM lehel analysis .
a0 LI / —bmportPots_| / obtained.
88 I 94 —8&—Data —e— 3™ / 5ih —fp— 7th 17 point
96 -108 Power & frequencies
SUFtECGSO I 104 | 122 Tx
I 112 136 100w | 1116l
test data — §.a2 | & 150 Tx
| = 128 | S 164 100w | /1256 6Hz
-136 -178
SeIeCted I 144 I A9z r & Frequency
| o I o @ (1410 GHz
\ -160 220
‘ 0 20 40 60 80 100 120 / 0 20 40 60 80 100 120 B. Coating selection
N o = e mmPessumiPes = — - Pressure / MPa
Surtect50 ~
PIM spectrum & orders Pressure vs. PIM
50 [F1=11.1 GHz [ ©F2 =126 GHz f m(x] = 15295 + 77.038-0.211 C. Selection &Analysis
. P1=100W PZ=100W Al fn(x) = -173.8 +83.51e 02 Data points
. 420 f,m(x) = -200.44 +100.04¢ *2% 5‘1‘"‘ 5"*‘1“'"9 E1“:
£ E -140 Select Data
g 100 PIM : -150 / GHz g
@ Pressure = 120MPa 160 Analysis | : Approx. |
-150
-180
=200 Export Results
o M ™, -200
-250 2
6 8 10 12 14 16 0 20 40 60 80 100 120 140 Close
Frequency / GHz Pressure / MPa
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Test data selection and PIM model calibration for TNC

| £ scenaried_2b

&, \'E &

u
and PIM apalysed

approximation function

/" obtained.

Scenario 4: Coating & contact pressure vs. PIM Input fields InputResult fields  |Result fields
— e o . e e o e . A. Test data
7’ o Measured PIM Level vs. Torque (selected)\ Measured PIM Level & PIM level analysis R
7
{ 52 \ 58 |—=—Data —e—3rd [ gth —g—7th| E ooint
64 | -76 Power & frequencies
TNC | e | -
IE -88 £ 112 100 W 7.25 GH
M -100 m -130 T
Test data — 2 - S
1~ 112 I 148
: 124 -166
Imported I 136 I 184 Frequency
| 148 I 202 @ | 795  GHz
\ <160 220
20 40 60 80/ 20 40 60 80  Coating selection
N = = = TosgUoNOE = = = Torque / Nem
User defined ~
PIM spectrum & orders Torque vs. PIM
S0 F=7356GHz ® OF2=-76GHz C. Selection & Analysis
P1=10W P2=10W 80 S e
0 ata points
PIM : -79.24 | GHz 00 SEM - SprEhy S
-50 @ Pressure = fOMPa 1 1 6
T 420 Select Data
Analysis | i Approx. |
-150 140
.200 J \ 160 _
250 b ~ b alla ’
6.5 7 7.5 8 8.5 20 40 60 80 Close
Frequency / GHz Torque / Nem
128 7/31/2023
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Test data selection and PIM model calibration for SMA

TNC
Test data
imported

129 7/31/2023

DIMNM rmadal Abhtainad
4| scend |2 scenaricd_2b - 1ivl 111 UCI UlJl.aI Cu _ O
CRENCI R E R
and PIM apalysed
Scenario 4: Coating & contact pressure vs. PIM Input fields InputResult fields  |Result fields
— e o . e e o e . A. Test data
7’ Measured PIM Level vs. Torque (selected)\ Measured PIM Level & PIM level analysis
4 40 \ v Import Data
5 { -52 -58 |—=—Data —e—3rd [ gth —g—7th| 6 point
-6 64 | -76 Power & frequencies
Al 76 I 94 Tx
-8 I € -88 £ 112 100 W 7.25 GH
_é__u; @ -100 | D -130 Tx
L= o © 10w
a1l 12 I 148
2] 124 166 %
a3 36 | 184 e
1l 48 I 202 @ [ 795 | GHz
16\ -160 -220
0 20 40 60 80/ 20 40 60 80  Coating selection
N = = = TosgUoNOE = = = Torque / Nem
User defined ~
PIM spectrum & orders Torque vs. PIM
5 S0 F=7356GHz ® OF2=-76GHz C. Selection & Analysis
P1=10W P2=10W -80
0 Data points
PIM : -79.24 | GHz 100 Start Spacing End
5 50 @ Pressure = JOMPa " 1 1 6
Select Data
& 10 @ -100 120 _ Select Data |
© Analysis | { Approx. |
15 -150 -140
20 -200 J \ 160 _
) 250 K ~ LN PN ’
e 6.5 7 7.5 8 8.5 20 40 60 80 Close
Frequency / GHz Torque / Nem

/" obtained.

approximation function

AIRBUS



DEFENCE AND SPACE

Recommendations and guidelines for PIM related to contact pressure

« The test data shall be available for calibration.
« Equation with calibrated parameters can be derived and applied for the particular pressure values.

casel: exponential PIM behaviour

PIM levelggimarea = @ + B+ e¥t + margin

a, f, v: constant
P: contact pressure

casel: Polynomial PIM behaviour

PIM levelggimateda = @ P> + P +y + margin

a, f, y: constant
P: contact pressure
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Example

3 order was calibrated contact pressure vs. PIM
5t and 7™ order PIM

Pressure vs. PIM

f,ra(x) = -155.8 + 69.57¢ 0>

-100 fn(x) = -180.78 + 88.97e 9> |
fn(x) = -211.6 + 115.18e™"9
120 -
&
0 .140
-160
-180
0 20 40 60 80 100 120 140
Pressure / MPa
Alocrom waveguide
131 7/31/2023

-100

-120

-140

-160

The PIM level at every contact
pressure for order of interest can be
calculated using the approximation

function.

Torque vs. PIM

-3.01*x + -59.86
|-4.3* + -55.44

-5.56*x + -50.85

40 60 80
Torque / Ncm

TNC coaxial sample

AIRBUS
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Analysis tool: scenario #5 (Signal characteristics vs. PIM)

Scenario 5: Signal characteristics vs. PIM Info
Input fields Result fields

* PIM model calibration performed using

1 1 A. Power Setting
Input Power
 The Alocrom waveguide sample with 1 r T w

0.6 0.6

MPa contact pressure used | | Power Plot

0.4 0.4
B. Analysis Parameter

° Power: 2 X 120 W u 0.2 Initial frequencies

Carrier 1 GHz
0 0 .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 06 08 1 Carrier 2 GHz
Variation cases
1 Carrier frequency ~
Max. PIM order
T
0.8
Rx band selection
Upward ~
0.6 g . .
Material selection
Aluminium ~
04
Analyse
0.2

Export Results
0 1 1 1 1 1 1 1 1 1 I} c|°se
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 g
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Test scenario and results with frequency, spacing and phase variation in C-/X-

/Ku-Band)

C-Band
. PIM 3rd [dBm]
Waveguide samples o | varaion | TEER | e | pmme | 7O

“l ]

Ku-Band WG Sample X-Band WG sample C-Band WG sample

(1MPa)

X-Band Ku-Band
PIM 3rd [dBm]
PIM 3rd [dB R s
w Varistion | TAFea. | Tarrea | pimreq. |7 Aleom] seq | variaton | e | TERS [ peq o | @35Nem
9 [GHz] [GHz] [GHz] (1MPa)

(1MPa)

133 7/31/2023
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Analysis with frequency variation

134

Frequency variation

The Alocrom with 1 MPa contact pressure
used

2x120 W

Carrier frequency variation showed no
change of the PIM level

7/31/2023

| £ scenarind_2b

LED

Scenario 5: Signal characteristics vs. PIM

I_I%ut powers for analysis Tx1: 120 W Tx2: 120 W

Spectrum & orders

50 Q@ 9 f1=11.1GHz
125 0 f2 =12.5GHz
= -50
o £ 3
@ 120 o o @
£ T -100 5
S
7
115 150 14
AN L.
110 250 LASA L
110 115 120 125 130 5 10 15 20
Carrier-1 W Frequency / GHz
PIM level vs. Carrier Frequency Variation
T T T T T T T
50 - [ ¢ 3ra 5th ¢ 7Tth|+
0r ]
50 [ 7

&

- -100 - 7
T — |
-200 - 7
_250 | | | | 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10

Number of runs

Info

Input fields Result fields

A. Power Setting

Input Power
Tx 1 1200 w
Tx 2 1200 w

Power Plot

B. Analysis Parameter

Initial frequencies

Carrier 1 11/GHz

Carrier 2 12|GHz

Variation cases

Carrier frequency ~
Max. PIM order

T

Rx band selection
Upward ~

Material selection
Alocrom1200 ~

Export Results
Close
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Analysis with carrier spacing variation

135

Carrier spacing variation

The Alocrom with 1 MPa contact pressure used

2x120 W

Carrier frequency spacing variation showed no

change of the PIM level

7/31/2023

Carrier-2 W

Scenario 5: Signal characteristics vs. PIM

I-lnfﬁ"'t powers for analysis Tx1: 120 W Tx2: 120 W

Spectrum & orders

Number of runs

50 Q@ 9 f1=111GHz
125 0 f2 =12.5GHz
-50
120 a gE: 3
T -100 5
T
115 150 ®
AN LA
110 250 LALA \
110 115 120 125 130 5 10 15
Carrier-1 W Frequency / GHz
PIM level vs. Carrier Frequency Variation
T T T T T T T
50 F [+ 3rd 5th @ 7th|-
0 4
50 [ 7
100 7
sy ————— 44—
200 7
_250 1 1 1 1 1 1 1 1 1
0 1 2 g 4 5 6 7 8 9

Info
Input fields Result fields

A. Power Setting

Input Power
Tx1 1200 w
Tx 2 1200 w

Power Plot

B. Analysis Parameter

Initial frequencies
Carrier 1 11|/GHz

Carrier 2 12/GHz

Variation cases
Carrier spacing ~
Max. PIM order
T
Rx band selection
Upward ~
Material selection

Export Results
Close
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Analysis with carrier phase variation

136

Carrier phase variation

The Alocrom with 1 MPa contact pressure used

2x120 W

Carrier phase variation showed no change of

the PIM level

7/31/2023

| £ scenarind_2b

Carrier-2 W

LED

Scenario 5: Signal characteristics vs. PIM

I-lnfﬁ"'t powers for analysis Tx1: 120 W Tx2: 120 W

Spectrum & orders

Number of runs

50 Q@ 9 f1=111GHz
125 0 f2 =12.5GHz
-50
120 a gE: 3
T -100 5
T
115 150 $
AN L.
110 250 AL \
110 115 120 125 130 5 10 15 20
Carrier-1 W Frequency / GHz
PIM level vs. Carrier Frequency Variation
T T T T T T T T T
50 F [+ 3rd 5th @ 7th|-
0 4
50 [ 4
100 [ 4
sy ————— 44—
200 7
_250 1 1 1 1 1 1 1 1 1
0 1 2 g 4 5 6 7 8 9 10

Info
Input fields Result fields

A. Power Setting

Input Power
Tx1 1200 w
Tx 2 1200 w

Power Plot

B. Analysis Parameter

Initial frequencies
Carrier 1 11|/GHz

Carrier 2 12/GHz

Variation cases
Carrier spacing ~
Max. PIM order
T
Rx band selection
Upward ~
Material selection
Al

Export Results
Close

AIRBUS
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PIM / dBm

-250

DEFENCE AND SPACE

Analysis with carrier spacing, frequency and phase variation

carrier spacing variation

PIM level vs. Carrier Frequency Spacing Variation
T T

sl [» 3 o sh ¢ 7th|
0- C-Band X-Band Ku-Band |
50 r= =D r— =D r— =5 |
I | 1 1 1 |
| ———%————— |
150 - \N—— \N = | I
=200 — ]
I ! ' ' : ‘

5 0 05 : 15 2 25 carrier frequency variation

PIM level vs. Carrier Frequency Variation
T T

50 [ 3d o s5th ¢ 7t
or C-Band X-Band Ku-Band
e Y S \ N A \ Y 2 N
S 00 : s 3 — : 3 3 3 H e 3 3 (.
I v v v I v v v I v v v
50 |- 1 | I
| S 2 /2 S /
-200
250 I | | | I I | . . .
0 ! z 3 4 5 & 7 8 ® 10 carrier phase variation
Number of runs
PIM level vs. Carrier Frequency Phase Variation
50 — I I I [ ad 5|th ¢ Tthl
0~ C-Band X-Band Ku-Band -
S5 o mm=mE=m=mses—- ¢t - - - === Y - - - - T === \ —
& |' M L1 I
© 100 - e e — 11— o o —2 ye 2 ]
| ¢ A4 T \4 A4 — A4 ¢ ¢ 1
o ) \ 2 S J 5
-200
250 | I I I I I I

Number of runs

10
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Analysis vs. test results with carrier spacing, frequency and phase variation

carrier spacing variation carrier frequency variation carrier phase variation
Carrier spacing variation Carrier frequency variation Carrier phase variation

-80 80 80
85 0 2 4 6 8 10 -85 0 2 4 6 8 10 85 0 2 4 [ 8 10
-90 90 90
. @W—o—eﬁw o——o——o——o—o-.._—_.__—__:::—,—____: —————t————+——
-100 \ } \ } \ ’ -100 -100
-105 ! ! 105 105
-110 110 110
-115 -115 -115
-120 120 120
125 125 125

—o—Test3rd  —@—analysis 3rd analysis 5th  —@—analysis 7th —e—Test3rd  —@—analysis 3rd —@—analysis 5th  —@=—analysis 7th —@—Test3rd —@—analysis3rd —®—analysis Sth —@=analysis 7th

No changes in PIM amplitude were tested and also

: . . ] In case of two-tone PIM test carrier
analysed during carrier frequency , carrier spacing and . :
: . . : frequency selection is flexible.
carrier phase variation using 2 carriers
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PIM model calibration and analysis: scenario #6 (Multicarrier vs. PIM)

Two test data from 37 and 5" order were taken for the PIM model calibration.

PIM Level / dBm

Constant carrier power Case (20 W 4 carrier)
PIM Test (max. vs. min.)

P —
i\
1 ——
N/ E
Test data used for
. PIM model parameter
calibration
1 2 3 4 5

Number of carriers

=—4—PIM Max. 3rd order
——-PIM Min. 3rd order
——PIM Max. 5th order
—#—PIM Min. 5th order
PIM Max. 7th order
PIM Min. 7th order

139

7/31/2023

| £ | PIM Interference Analysis (PIA) - Betal

LRE®

PIM Interference Analysis (PIA)

80 - N

90 - I |
I
I
-100 F
E‘ l
L |
=
110 | l
T |
|

-120 -
|

-130 -

PIM level comparison: Measurement vs. Analysis based on model fit
T T T T T

I -] ‘PIMAB :-83.8(test) / -83.80 dBm(analysis)

‘ -] 'PIM-S 1 -127(test) /-127.00 dBm(analysis)

B 2- Carriers Test Data (Alocrom1200)

=g A nalysis (based on optimised PIM-model)
1 1

43.0103

44.0103

45.0103 46.0103 47.0103
Carrier Power [dBm]

48.0103

[

Information
Input fields

A. PIM Model Fitting
1. Test Power & PIM Level

Data Load

2. Test Data (single point)

Carrier1 n.a. GHz

Carrier2 n.a. GHz

PIM order n.a.
Downward Upward

PIM freq. n.a. GHz

3. Model & Material Selection
Waveguide PIM ~
Alocrom1200 =

4.9 Vo Pariete /Y Ty

(

Optimised Parameters
3.67e-03 Ohm
Gu_opt 1.21e+03 1/0Ohm
I Vt_opt 2.59e+03 Vv
‘ Ve_opt 1.30e-01 v

-_—"  em == - -

Export |

Close ‘

Input / Output fields

)

- [m] x
kY
Output fields Action
B. PIM Analysis
1. PIM Analysis Model Selection
Waveguide PIM »
2. PIM Model Parameters
Take parameter
Rec Ohm
Gu 1/0hm
vt v
Ve v

3. Analysis Power & Frequency

Power & Freq. Set

Tx1: w GHz
Tx2: w GHz

4. Frequencies & Orders

F_min GHz
Rx_lower GHz
Rx_upper GHz
F_max GHz
F_resolution GHz
Max. Order

Analyse ‘ Reset all ‘

C. Scenarios vs. PIM

Scenario1 (RF Power) A
Scenario2 (PIM order)
Scenario3 (Temperature) w

AIRBUS
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&4 seenanch_3c_phase

A e R

=100 [

dBm
2

<200

250

Brmi

= -100

150

=200

-250

10

Number of Carriers

Informaticn
Scenario 6: Multicarrier vs. PIM Impast fields
Carrier number vs. PIM level
. a E12350H
L
[} . " i
S _.flﬂ'm“}m_ ‘? LR R " T @12.47 Gz
"
gmn B GHz |
o
, 100 i rations, !
4 L 6 T A

13,89 GHz

13 14

Erpminneg | (SHF

il facion-2 -1 -1 1 1 2 H_ §.87 Gher (30 Wt

PIM Spectrum using T of T active contributing carriers for PIM order: 9

fim ic:'.?IS G (M Weet) |
2w 1097 G (20 Wt}
3= 1099 G (07 Wi}
s L 3 ErE (A W)
FEm 1143 GHr (20 Waet) |

PE= 1.5 GMr (20 War) |

Rosubt fields Actions.

A, Channels Infoamaitbon
lenipor Cigesed Data (7.xts)

Hurniteer of ¢ Bsnnes [}

B, Channel & Crder Selection

PIM e min. 7
PIM ordest mear. 3
Usad Tx channals .
{ep= 1.2 ) =
Trog. ponts & 5
schecled channels

C. Rz Band Sslection

RE i, 1 m:
Ri fax. 13 Mz
PIM Freq. Search & Expon |
[. PiM Analysis

Anaiysis ingwt Data ("xis)

1. Power Cace selection

casid; Constaal Camme po.
2. Malatial Skt

User defned w

[Anstyse | sop |

_ Cow |

7/31/2023

Analysis and with 7 carriers including random phase variation ( 2x 20 W)

Base on the
obtained/calibrated PIM
model, analysis were
performed.

The carrier phases were
randomly varied at each
carrier combination for
specific order PIM
calculation.

Maximum values were
recorded.

AIRBUS



DEFENCE AND SPACE

Recommendations and guidelines for PIM related to carrier numbers

Constant carrier power Case (20 W a carrier)

PIM Test vs. Analysis (max.)

-50
-70 = " y=6.01x-95.82 w—lp—= PIM Max. 3rd order
-90 y = 7.048x-140.04 ~—3é— PIM Max. Sth order _ .
£ -110 < g —— PIM Max. 7th order PIMmulticarrier - Slope * An + PIMref + margin
s e T ;
3 130 — —de— Analysis 3rd max. An = (# of carriers) - 2,
% -150 o = v= 12.36ix;l9’235 ~~@- Analysis Sth max. PIMref = PIM level with 2 carrier test
E -170 - -— - Analysis 7th max.
a -190 — s y = 12.544x - 235.57 - Analysis 9th max.
-210 - == == Linear (Analysis 3rd max.)
-230 == = Linear (Analysis 5th max.)
-250 == == Linear (Analysis 7th max.)
2 3 4 5 6 7 8 = = Linear (Analysis 9th max.)
Number of carriers
Example: Estimated 3 PIM level with 3 carriers ?
Tested PIM level  =-141dBm >  Slope = 6dB
Power per carrier =2x 20W An =3-2)=1
Material = thd PIM \evel@200 w =6*1 - 78 dBm
=-72dBm
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Analysis tool: scenario #7 (Modulation schemes vs.

Demonstration follows!

142 7/31/2023

PIM)

| £ scenario7_Tc_Informative

%9

06~

0.4

Scenario7: Modulation schemes vs. PIM

0.8 -

06 -

0z

Info
Input fields  Filter Generation

Result fields Action fields

|. Data Bits/Pulse Generation

Symbol Rate 100 MHz ~
PN-x Data Generation

1. Digital Modulation

Mod. Scheme PSK
Mod. Order 2
Transmit Length 51
Upsampling factor 100
Mod. Power 1

IIl. Pulse Shaping Filter

RRC Filter Plot

Roll-Off 0.2

Time Signal | Spectrum |

IV. Inputs for PIM Analysis

A. Frequencies

Carrier 1 1.4 GHz

Carrier 2 127 GHz
B. Powers (rms)

Carrier 1 100 w

Carrier 2 100 w

C. Contact Materials

PIM free (reference)
D. Combinations

CW-CwW v
Analysis _
Close |
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Time signal and spectrum of base band signal

Baseband modulated
time signal

|4d scenanio?_Tc_informative - a
L9
Info
Input fields  Filter Ganeration
C t ” t. Scenario7: Modulation vs. PIM Result fields (" Action flekds"
0 n S e a I 0 n o symbol constellation [°] Baseband Modulation Sifinal 1. Data Bits/Pulse Generation
- - SymboiRate 100 MEz
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Example: PIM analysis with QPSK
CW-CW & QPSK-CW analysis

PIM spectrum spreads over 1x bandwidth of the modulated Tx signal
CW carrier time signals
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Example: PIM analysis with QPSK
CW-QPSK & QPSK-QPSK PIM analysis

PIM spectrum spreads over 2 x bandwidth of the
modulated Tx2 signal
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PIM spectrum spreads over 1 x Tx1 bandwidth and

2 x Tx2 bandwidth of the modulated signals

Scenario7: Modulation schemes vs. PIM
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PIM level estimation for modulated signals (recommendation & guideline)

PIMyoguiated signat = PIMcw + Spreading factor + margin

PIM,, = Test level for specific order

Spreading factor = 10 - log10(PIM spectrum bandwidth)
PIM spectrum bandwith = (m:BWy,, + n-BWr,,)

PIM order =m +n BW ., = (1+roll-off)*(Symbol_rate of Tx1)

BW .,, = (1+roll-off)*(Symbol_rate of Tx2)
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Example for PIM level estimation based on the CW test results
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PIM spectrum bandwith = (1 + @) - (2 - SRy,,)
PIM level drop w.r.t. PIM¢y = 10 * logm[(l +a)-(2- SR'I'xZ)] [dB]

Tx1 CW - Tx2 modulated QPSK (SR=1 kbps, SR=5 kbps and SR=10 kbps)

PIM @ CW (~-108dBm) ————> (°F 3 ;

“'PIM @ Symbol Rate 1 kbps e
~40.8 dB
~43.8 dB

e PIM @ Symbol Rate S kbps \\\

5 .. .PIM @ Symbol Rate 10 kbps \

‘‘‘‘‘‘‘‘‘

,,,,,,,,,

Modulated PIM levelf@ 1 [kbps) = PIM level (CW) — 10 *log, [(1 + @) - (2 - SRy, )|
= —108 [dBm] — 33.8 [dB| = —142.8 [dBm|
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Conclusions

1. PIM amplitude increases with the RF power increase. The power of carrier 2 has more impact on the PIM amplitude than the
power of carrier 1. The slope evaluation from power ramp-up tests gives useful factor for PIM level assessment for other power
cases.

2. PIM level distance is strongly contact pressure dependent.
For the reliable prediction, PIM levels shall be measured with other contact pressure values to get a test data base for PIM model
optimisation.

3. Temperature impact on PIM level increase is dominant at cold case for both waveguide and coaxial contact. The temperature
transition phase provides burst-like PIM behaviour particularly for the coaxial connectors.

4. The coating material investigation shows that the Alocrom passivated surface has the highest PIM level in comparison to the
Surtec650 and bare Aluminium. However the increased contact pressure larger than 50 MPa for waveguide contact shows
significant reduction of the PIM level for all materials. Therefore the contact pressure about 50 MPa can be considered as
recommendation for interface of waveguide contact as a guideline.
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Conclusions (cont'd)

149

Signal characteristic including carrier spacing, carrier frequency variation, and carrier phase variation shows marginal change of
the PIM level. Moreover this signal characteristic shows frequency band independent behaviour for waveguide contact interfaces.

Complex multicarrier scenario analysis shows that the PIM model parameter determination using relevant test data seems to be
a good basis for other PIM analysis for other complex multicarrier scenarios. The analyses with the random phase variation of
each carrier showed good correlation to the PIM behaviour of the test cases. Based on the analysis the slope values in
dependence on the carrier number can be derived. Using this slope the prediction for other cases are available.

Modulation scheme shows nearly independency on the PIM level. The main parameter for the PIM level is the symbol rate
related to the band width of the modulated signal. The bandwidth of the signal is increased with the roll-off factor of the pulse-
shaping filter response. For the modulated signal case, the spectrum spreading was identified as a key factor for the estimation
for the modulated signal PIM level assessment. Complex modulated signal PIM level can be estimated using two carrier PIM test
using this spreading factor related to the signal band width.
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Conclusions

The ESA-TRP “Test methodology investigations and parameters influencing Passive Inter Modulation (PIM) interference
(4000126012/18/NL/HK)” has been performed successfully.

» The valuable information for common understanding about PIM behaviour has been obtained based on studies, tests and
analyses using seven defined scenarios.

« Based on the analysis results rule-of-thumbs could be derived with the help of tests and developed PIM analysis software.

+ Complex scenarios concerning power, temperature, contract pressure, coating, signal characteristic, multicarrier and modulated
signal cases can be simplified by two-tone PIM test

« The PIM model “calibration” based on the simple two-tone test data gives possibility for analyses with complex scenarios.
« The outcomes of this ESA-TRP may serve as input for the coming ECSS work in the near future.

» Airbus thanks to ESA-ESTEC for granting and lasting support for this very challenging TRP to achieve a common guidelines for
PIM test investigation among the ESA member states.
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System requirement for PIA

DEFENCE AND SPACE

AIRBUS




DEFENCE AND SPACE

System requirement for using “PIM Interface Analysis (PIA)”

« Download Matlab runtime from:
— https://www.mathworks.com/products/compiler/matlab-runtime.html

Release (MATLAB Windows Linux Mac
Runtime

Version#)

R2021a(9.10) 64-bit 64-bit Intel 64-bit

* Please follow “readme_main.txt” file

« Beta version test is required.
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Comparison: Test vs. Analysis
PIM model calibration using different data points
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Comparison: PIM 3 and 5" order (Alocrom)
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