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1 Introduction

The MP Cl coupling inductance measurement set is used to measure the EMC characteristics of
connectors and cables. It helps to determine the coupling inductance of connectors and thus speeds up
their development in terms of EMC.

These measurements are carried out against the practical background that high-frequency signals
escape from the connector and may cause disturbances (Figure 1). Disturbances may also enter the
connector from the outside and interfere with the device.
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Figure 1 Block diagram showing the disturbance coupling phenomena on a TTL system

The coupling process can be technically described with the coupling impedance R or the shield
attenuation a (Figure 2). The coupling impedance can be measured with the tube-in-tube method
(Figure 3). A high-frequency current is coupled into a signal pin of the connector with an RF generator. A
voltage U is transferred to the connector's shielding housing via the coupling impedance (frequency
response Figure 2). The voltage U that is present on the outside of the connector is measured with the
measuring head and receiver. The ratio of the voltage measured and the generator current is the
frequency-dependent coupling impedance (Figure 2).
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Figure 2 Frequency-dependent shield attenuation
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The coupling impedance (Figure 2) can be divided into three frequency sections. Section A includes the
ohmic voltage drop across the shielding system of the connector in the lower frequency range. Section B
describes the voltage drop on the coupling inductance of the connector in the medium frequency range.

The voltage drop on the coupling inductance is described with (Eqn 1).

U, =o*L *I Egnl

ind

The connector (or cable, respectively) changes from an electrically short to an electrically long condition
in section C.

Equipment under test

Receiver —\
= (#)

Measuring head
with shielding sleeve

/— Generator —— Tube

Connection

Tube in tube
cable

(Angled) housing

Figure 3 Measuring the coupling impedance; source: Rosenberger, CoMeT_RB 2007 dt.pdf

Being a function of w, the voltage rises by 20 dB per decade in section B (Egn 1). The coupling inductance
Ly is a frequency-independent constant. A frequency-independent constant (Ly) is an EMC parameter
that is much easier to handle than a frequency-dependent quantity (Figure 2). The development process
thus becomes much more expedient.

Section B (Figure 2) is relevant for emissions from the connector and its immunity. Determining the
coupling inductance Ly is usually sufficient. The measurement set-up (Figure 3) can be simplified due to
the correlation (Eqn 1), but only to the extent that the connector remains easily accessible. This allows
quick and flexible measurements in the development process and means that the connector can even
be modified quickly during the tests.
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2 Design and function

P550 transfer probe:

Connection Type of connection
Input of the RF signal SMA

50 Q SMA: RF -in

Pin contact

\

M probe 550

max 1A/50V

RF injection
R: 500, DC - 3GHz HF (3~

LANGER EMV-Technik

AN

GND contact area 50 Q SMA

Figure 4 Schematic diagram of the P550 transfer probe

The P550 probe contains an RF-compliant, longitudinal 50 Ohm resistor for the frequency range
between 0 and 3 GHz.

Figure 5 shows the simplified measurement set-up that is used to measure the coupling inductance L,.
The measurement current is supplied by the tracking generator (TG) of a spectrum analyzer and fed into
the housing (ground reference) of the connector via the P550 transfer probe with a 50 Ohm line
termination. The measurement current that is fed in induces the voltage u;,q across the coupling
inductance L, of the ground and shielding contacts.

The voltage u;,q is picked off via a 50 Ohm line termination and forwarded to the input of the spectrum
analyzer (AV). The induced voltage u;,q depends on the geometrical structure of the ground / shielding
contacts and the position of the signal pin in the connector. The inductive linkage (Figure 6) L, is the
ratio between the current that flows via the ground / shielding contacts and the voltage induced on the
signal pins.

The degree of interlinkage is described by the value of L.

The coupling inductance L, (Eqn 1) is calculated in the ChipScan-Cl software with the 'coupling
inductance' tool on the basis of the measured curve.
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Figure 5 Schematic cross-sectional view of the measurement set-up
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Figure 6 Abstract representation of the inductive coupling in the connector
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3 Measuring the coupling inductance

3.1 Equivalent circuit diagrams

The coupling inductance describes how disturbance currents that are carried by the cable and/or
connector shields are coupled inductively with the signal lines inside the cable or connector. This
coupling takes place via a magnetic field. The coupling inductance Ly is identical for emissions and
immunity.

Disturbance immunity Disturbance emission
i Effect
Stor Cause Stor
Stor
l’\ 19 o
mt i ' m
], I cause i,
Effect
A D l \ L Ja o
uind B A \/J_

Figure 7 Abstract model of the coupling inductance for individual signals

Flux linkage iss, relative to ujng:

. i Eqn 2
uind — dq)stor — I—k % dIStor a
dt dt
U = JoxL, *1g, Eqn 3

Figure 7 shows the cause (is;sr) and effect (uing) relationship for both emissions and immunity on the
basis of a simplified connector model.

The coupling inductance L, parameter is a frequency-independent constant. It only depends on the
geometry of the connector's metal system. This means it is based on the connector's structural design.
The coupling inductance L, shows the EMC characteristics of the connector in a simple way. The EMC
quality can thus be compared universally and adapted to the practical requirements. EMC targets can be
clearly defined and implemented selectively through structural measures within the scope of connector
development.

The voltage U;,q induced in the signal line is a linear function of the frequency, the disturbance current
and the coupling inductance. Eqn 3 shows this relationship in a mathematical formula.

According to Egn 3, the coupling inductance Ly can be determined by the electrical quantities ls; and
Uing- This means that the measurement principle of the MP Cl coupling inductance measurement set-up
is based on Eqn 3. The current I, is supplied by the tracking generator of a spectrum analyzer. The
voltage U,.q4 is picked off in the connector and supplied to the AV input of the spectrum analyzer (Figure
5).
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Coupling inductance in differential systems
A distinction is made between the two coupling modes in differential systems.

1. Common mode: describes how pairs of lines are subjected to currents that flow in the same
direction with the same absolute value.

2. Differential mode: describes how pairs of lines are subjected to oppositely directed (differential)
currents. Thus, the disturbance voltage that is induced affects the differential data signal

directly.
L COM cI)Stiir L DIF (DSttir
S‘i" ’\ /\ ,\ Stor
m 1 ; i T mh |
b :
uind (‘.0?\11 b :'_I ui"d - l b fI]
Commom mode Differential mode

Figure 8 Representation of the flux linkage in a differential system

Both common mode and differential mode interference are characterised by their own respective flux
linkage (Figure 8). The disturbance current is, is coupled to the induced common-mode voltage Uing com
via the common-mode inductance Lcom and also to the induced differential-mode voltage Ui.qpir Via the
differential mode inductance Lp. Thus, there are two parameters (Lcom, Loir) to describe the EMC
characteristics of a connector that carries differential signals.
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3.2 Measurement set-up

Figure 9 shows a photo and Figure 10 a schematic diagram of the measurement set-up.

Figure 9 Design of the coupling inductance measurement set-up (photo)

RF
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probe carrier
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amplifier
(optional) P550 current
/ peeslgiprone
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Plug connectors,

— cables
Test board

Tracking ____== 5 —
generator GND 25

Voltage U_ .

GNDA
Spectrum
analyzer
A—
Control T l Measured data

PC, Chipscan ESA-CI,
Analysis: L (inductivity)

Figure 10 Schematic diagram of the coupling inductance measurement set-up




LA N G E R DE-01728 Bannewitz IVI P CI

mail@langer-emv.de
EMV-Technik  www.lancer-emv.com

The measurement set-up comprises:

GND25 ground plane

KT102 probe carrier

GNDA ground adapter (the size depends on the size of the object to be measured)
P550 50 Ohm wheeling probe

SMA-SMA 1 m measuring cable

SMA-SMB 1 m measuring cable

Test board

Spectrum analyzer (with tracking generator)

Power amplifier (optional)

OO NOOULL A WN B

3.2.1 Test board

The test board is used as a carrier for the connector (equipment under test). Selected signal pins and
ground / shielding pins are contacted on the test board via soldered connections.

Both parts of the connector have to be connected to a separate test board (Figure 13) if a board-to-
board connector is measured. The board's soldered connection has to be linked to the test board if a
board-to-cable connector is used (Figure 11).

Figure 11 Board to Cable Figure 12 Board to Cable

-10 -
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Figure 13 Board to Board

3.2.1.1 Design of the test board

Four ground adapters with different sized openings are available to secure the test board. Test board
size selection depends on the size and number of pins of the connector under test.

GNDA 01 GNDA 02

GNDA 03 GNDA 04

Figure 14 GNDA 01 — GNDA 04 ground adapter

-11 -
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Variant Width / mm Length / mm Th_lckness of the te_st board Tolerance
without solder resist / mm

1 22.7 22.7 1.0 +0.1 mm

2 32.7 32.7 1.0 +0.1 mm

3 22.7 68.1 1.0 +0.1 mm

4 100.0 100.0 1.7 +0.2 mm

Table 1 Test board dimensions

Signal through-hole

Ground through-hole

Top Layer /
component side

imm

\ Edge metallization

Bottom Layer /
Signal connection area

Figure 15 Cross-sectional view of the test board

Surface: electroless Ni/Au

Information on how to prepare the test board (Figure 16):

e Project all of the connector pins from the top to the bottom layer via plated through-holes. Test
signals can thereby be assigned at random if corresponding load resistors / terminating resistors
are fitted.

e Use the footprint of the connector.

o Fill up the top and bottom layer with consistent ground areas (Figure 16).

e Connect the top and bottom layer of the circuit board to each other via a close mesh of ground
through-holes.

o Metallise the edges of the circuit boards.

e Enclose the pads with ground as much as is technically feasible.

e Design the adjustment bores as through-holes.

e Provide contact surfaces for the shields of the pads, load resistors and terminating resistors.

e Keep the contact surfaces for the GND adapter free of solder-resist.

Figure 16 Example circuit board for connectors USB type A, SMB and THT design

-12 -
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3.2.2 Connection of the test board

The completely assembled connector has two connection sides. The P550 is used to couple into the
upper side that is shown in Figure 17 to Figure 19. The upper side will be called the coupling side in the
following.

The side that is inserted into the GNDA is called the measurement side.

3.2.2.1 Connector for TTL signal

Terminating resistor

Shield Signal pin
Test board
f —~ | _couplingside
GND pin | )
Y
M‘ M M GNDA
1 1, —
m—— LL L\ \ : ;r
Test board \

: Semi-rigid cable
measurement side  Shield g

Figure 17 Schematic set-up for common-mode measurements

The two parts of the connector have to be connected differently to measure the coupling inductance
(Figure 17). The TTL signals to be measured are terminated with a 50 Ohm resistor on the connector's
coupling side. The signals to be measured are picked off via an RF line (semi-rigid coaxial cable; SG SMB
10 cm) on the connector's measurement side. The TTL signal circuit is protected against disturbances by
a closed shield. This shield is fitted on both the coupling side and the measurement side of the test
board. The shield must be metal and completely closed. This can be implemented through a
circumferential soldered connection.

A heavily shielded cable has to be used to lead the measurement signal out of the shielding to ensure an
interference-free transmission of the TTL measurement signal. Figure 20 shows how semi-rigid lines are
used to ensure proper shielding. The ground or shielding contacts of the connector are connected to
ground on both the coupling side and the measurement side.

3.2.2.2 Connector for symmetric signals

Connectors for symmetric signals have the coupling inductances Lcom and Ly (Figure 8). Two different
circuits (Figure 8) are required to determine the coupling inductances.

Consequently, two sets of test boards are required. One set of test boards is needed to determine L¢om
and another set of test boards is needed to determine the coupling inductance Lp.

3.2.2.3 Common-mode configuration for symmetric signals

The two parts of the connector have to be connected differently to measure the coupling inductance
Lcom (Figure 19). The two lines that carry the symmectric signal are connected and terminated with a 50
Ohm resistor on the coupling-side connector part. The two lines that carry the symmectric signal are
also connected on the measurement-side connector part and the signals are picked off via a (semi-rigid)
RF line. The circuit is protected from disturbances by a closed shield. This shield is fitted on both the
coupling side and the measurement side of the test board. The shield must be metal and completely
closed. This can be implemented through a circumferential soldered connection.

-13 -
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A heavily shielded cable has to be used to lead the measurement signal out of the shielding to ensure an
interference-free transmission of the measurement signals. Figure 20 shows how semi-rigid lines are
used to ensure proper shielding. The ground or shielding contacts of the connector are connected to
ground on both the coupling side and the measurement side.

Shield Signal pin pair Terrmnatmg
resistor
Test board
; 1 ﬂ s 1 | coupling
GND pin  * I - |
\M M M M side
~1 B | —
L S0 GNDA
Test board \ \
measurement side Shield Semi-rigid cable

i Test board
et Signal pin pair ciiplicr:agrside
[ == )
GND pin S g — T )
M M M M GNDA
/

Test board /

measurement Termlnatlng

Semi-rigid cable
side resistor

Shield

Figure 18 Schematic set-up for common-mode
measurements

Figure 19 Schematic set-up for differential-mode
measurements

3.2.2.4 Differential-mode configuration for symmetric signals

The two parts of the connector have to be connected differently to measure the coupling inductance Ly
(Figure 19). The two lines that carry the symmetric signal are bridged on the coupling-side connector
part. One of the two lines that carry the symmetric signal is terminated with a 50 Ohm resistor on the
measurement-side connector part. The other line is connected to the semi-rigid cable (Figure 19). The
circuit is protected from disturbances by a closed shield. This shield is fitted on both the coupling side
and the measurement side of the test board. The shield must be metal and completely closed. This can
be implemented through a circumferential soldered connection.

A heavily shielded cable has to be used to lead the measurement signal out of the shielding to ensure an
interference-free transmission of the measurement signals. Figure 20 shows how semi-rigid lines are
used to ensure proper shielding. The ground or shielding contacts of the connector are connected to
ground on both the coupling side and the measurement side.

3.2.2.5 Design of the measurement-side test board taking a USB connector as an example

The USB connector has pin pairs for symmetric signals. Two sets of test boards are designed according

to Figure 8 and according to Figure 18 and Figure 19.

Common mode

Differential mode

1. The connector is fitted on the measurement-
side test board, top layer.

1. The connector is fitted on the measurement-
side test board, top layer.

2. All ground and shield contacts of the connector
are connected to the test board ground.

2. All ground and shield contacts of the connector
are connected to the test board ground.

3. The connections of the signal pair are joined
and then connected to the signal line of the
semi-rigid cable.

3.0ne signal connection of the signal pair is
terminated with a 50 Ohm resistor and the
other one is connected to a semi-rigid cable on
the bottom layer.

-14 -
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Figure 20 Connection of the signal pair, common-
mode measurement

Figure 21 Connection of the signal pair,
differential-mode measurement

4.Further signal pairs can be treated in the same
way.

4. Further signal pairs can be treated in the same
way.

5. The whole circuit area is shielded with Cu foil.
The Cu foil is soldered to a soldering area that
has been prepared on the test board. The
sheath of the semi-rigid cable is soldered to the
Cu foil along its circumference.

5. The whole circuit area is shielded with Cu foil.
The Cu foil is soldered to a soldering area that
has been prepared on the test board. The
sheath of the semi-rigid cable is soldered to the
Cu foil along its circumference.

Figure 22 Shielded connection area, common
mode

Figure 23 Shielded connection area, differential
mode

-15 -
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3.2.2.6 Design of the coupling-side test board

Common mode

Differential mode

1. The connector is fitted on the coupling-side test
board’s top layer.

1. The connector is fitted on the coupling-side test
board’s top layer.

2.The connections of the signal pair are joined and
terminated with a 50 Ohm resistor on the
bottom layer.

Figure 24 Connected signal pair terminated with a
50 Ohm resistor

2. The signal connections of the signal pair are
bridged on the bottom layer.

Figure 25 Connected signal pair

3. Further signal pairs can be treated in the same
way.

3. Further signal pairs can be treated in the same
way.

4. The whole circuit area is shielded with Cu foil.
The Cu foil is soldered to a soldering area that
has been prepared on the test board.

4. The whole circuit area is shielded with Cu foil.
The Cu foil is soldered to a soldering area that
has been prepared on the test board.

Figure 26 Shielded connection area

Figure 27 Shielded connection area

-16 -




LANGER DE-01728 Bannewitz IVIP CI

mail@langer-emv.de
EMV-Technik  www.lancer-emv.com

3.2.2.7 Preparation of the coupling-side cable connectors taking a USB connector as an example

Table 2 Cable connector, common-mode

Common mode Description
‘L
L,

Figure 28

Cut the cable so that a piece approximately 1 to 2
cm remains

Figure 29

Remove the cable sheath

-17 -
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Figure 30
Fold the shielding outwards

Figure 31

Bridge the wire pair to be measured and
terminate with a 50 Ohm resistor (the cable shield
is the reference contact).

s

Figure 32
Shield the entire cable end with Cu foil (solder the
terminating resistor to the Cu foil and insulate the

signal cores)

-18 -
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Table 3 Cable connector, differential mode

Differential mode

Figure 33
Cut the cable so that a piece of approximately 1 to
2 cm remains

Figure 34
Remove the cable sheath

Figure 35
Fold the shielding outwards
The core pair to be measured is bridged.

Figure 36
Shield the entire cable end with Cu foil (insulate
the bridged signal cores against ground)

-19 -
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3.3 Performing the measurement

Since the coupling inductance is determined by the magnetic field distribution in the connector under
test, many factors that may affect the measurement have to be taken into account. The coupling
inductances of a connector's signal pins will be different. Metal parts that are fitted next to the
connector may also alter the coupling inductance in special cases. The potential influence of adjoining
metal parts on the coupling inductance has to be checked when assessing the practical use of
connectors.

The coupling inductance is a frequency-independent constant. It is, therefore, sufficient to analyze one
measuring point. The measuring point may be located in a wide frequency range. The frequency
response has to be checked to locate the linear range that could be used for a measuring point. In
practice, a straight line is placed in the frequency response characteristic so that it coincides with the
linear section.

Due to the limited sensitivity of the measurement device (spectrum analyzer), there is a deviation from
the linear curve in the lower frequency range.

Transients will occur in the upper frequency range due to the open measurement set-up and the
parasitic elements that become thereby effective. These effects determine the upper measurement
limit. The useful frequency range is between around 1 MHz — 500 MHz. The coupling inductance is a
constant in this range. The frequency response of the measurement signal is, thus a linear function if a
double logarithmic scale is used.

1004

954

904

83

B0+

73

704

03

Level (cB)

60+

554

50

3{) T T T T T T T T 1T T T T T T T LI T
™ 2M 5M 10M 20M S0M 100M 200M
Frequency (Hz)

" 500M 16

Figure 37 Measurement curve (blue), straight inductance line (red)

-20-
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We suggest the following measurement process:

=

Set up the measurement equipment as shown in Figure 10

Insert the measurement side of the fitted test board into the ground adapter (GNDA 01-04)
and fix with adhesive copper (Cu) tape.

Plug in the coupling side test board or the cable connector.

Switch on the measurement device and the PC.

Connect the measurement device to the PC

Start the ChipScan-Cl.

Adjust the ChipScan-Cl and the measurement device >4

Normalise the measurement device to the measurement set-up

Connect the ends of the cables to the interfaces of the measurement set-up (P550 and test
board coupling side)(see Figure 10).

10.Establish the contact between the P550 probe and the coupling-side test board or cable plug.
11.Record the measurement curve.

12.Analyse the measurement curve with the ChipScan-Cl 'coupling inductance' tool.

N

LN AW

The measurement value has to be recorded sequentially if there are several signals per connector. The
cable has only to be connected to another measurement device entry for this purpose.

-21-
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4 Operating the ChipScan-Cl
4.1 Basic ChipScan-Cl operation

The basic operation / installation of ChipScan-Cl is described in the respective software manual.

Start ChipScan-Cl
Search and integrate the measurement device

1. Menu->Devices—> Device Manager

ex Langer EMV-Technik GmbH ChipScan-C1 3.10 develop - Untitied.csd

Specirum Analyzer Hanager

Comection

Subtract Merge
Naltipy Truncate.
Dwide. Smooth.
Geid
impart
Clone Export

Figure 38 User interface of the Chipscan Cl with the Device menu opened

-22 -
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2. Adjust the interface (RS232, GPIB, LAN). Click 'Detect Devices'
Your measurement device appears in the list: 'Identified devices used for measurement'
Close the 'Device Manager'

Device Manager li:-?-J

Devices to scan for

Spectrumn Analyzer

R5232 All COM Ports
¥| GPIB
LAM|VXI
|AII Spectrum Analyzers - |

‘ Detect Devices ‘ | Load Last Setup ‘

Identified devices used for measurement

Spectrum Analyzer | Mot Found

Video Device | Mot Found

b

Figure 39 Device Manager menu

3. Adjust the spectrum analyzer via the 'Spectrum Analyzer Manager' console and directly on the
spectrum analyzer.

Basic settings for the measurement:

Table 4: Basic settings of the spectrum analyzer to measure the coupling inductance

Parameter Value Where this is set

Span 1GHz Spectrum Analyzer
Manager

Center Frequenz 500MHz Spectrum Analyzer
Manager

Tracking Generator 100dBuvV Spectrum Analyzer

Level Manager

RBW / VBW 100kHz / 300kHz Spectrum Analyzer
Manager

Reference Level 100dBpv Spectrum Analyzer

Manager

Mode Continuous oder Spectrum Analyzer
Average Manager
Internal Preamplifier ON Directly at the
spectrum analyzer
Input Impedance 50 Ohm Directly at the

spectrum analyzer

-23-
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—>The entries in the 'Spectrum Analyzer Manager' only become effective by clicking the 'Set' button.

4. Normalise the spectrum analyzer
- Connect the free end of the cables that are connected to the measurement device
- Click on the 'Normalise' button in the 'Spectrum Analyzer Manager'
- Split the connection
5. Record the measurement value
- Connect the free end of the generator cable to the P550 input
- Bring the P550 into contact with the coupling point (shield) of the coupling-side test board
- Connect the measurement output of the measurement-side test board to the measurement
input of the spectrum analyzer
Click the 'Measure' button in the 'Spectrum Analyzer Manager' to transfer the measured values
to the PC

4.2 Using the Coupling Inductance ChipScan-Cl tool

The following sequence describes how the coupling inductance L, EMC-parameter is created from the
measured data by the 'Coupling Inductance' tool that is integrated into Chipscan-Cl.

1. Start the ChipScan-Cl software and load the measured data (.csd)

Start the tool: 'Coupling Inductance' in the title menu 2Window/'Coupling Inductance'

3. Only enter the tracking generator voltage Ug [dBuV] in the 'TG Level' field (for a measurement
set-up without power amplifier)

4. If a power amplifier is used, enter the sum of the tracking generator voltage and gain of the
power amplifier in the 'TG Level' field.

5. Apply and confirm the entry and confirm by clicking 'Apply'.

N

7

# ° Coupling Inductance 1.4-r155 =LC
fm TG Level (Utg) [dByV] [ Apply
Trace
Select from TraceManager v

Trace is relative to 100dBuV

| Frequency Range

Minimum [Hz] Maximum [Hz]

Lh[H] 1.000n

Simulate ‘ Fit

= ——

Figure 40 Interface of the 'Coupling inductance' tool

6. Select the measurement curve to be fitted

- The 'Select from TraceManager' dropdown box contains all curves that are also contained in
the 'TraceManager' (Figure 41).

-24-
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Figure 41 Selection of the measurement curve to be analyzed with the 'Coupling Inductance' tool

7. Enter the window limits for automatic fitting 'Frequency Range' Figure 42
by entering the minimum and maximum frequency

Symbols: k 10
M 10°
G 10°

8. Start the calculation via 'Simulate' and 'Fit'

'Simulate': simulates the straight inductance line with the value entered in L;, [H].
—>This allows you to approach the curve manually.

'Fit': starts the recursive nestling of the straight inductance line to the measurement curve
- Extraction of the coupling inductance and display in in Ly, [H]
Symbol: p 10™2

n 10°
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Figure 42 Unfavourable selection of the frequency range leads to visible errors when the straight
inductance line tries to nestle against the measurement curve
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Figure 43 Favourable selection of the frequency range

9. The fitted curves are stored in the 'TraceManager' and the coupling inductance is stored in the
curve's comment box.

Note:

This measurement example clearly shows how the curve deviates from the linear curve in the frequency
range 0 — 20 MHz and how the measurement curve is distorted in the frequency range 400 -1000 MHz
on account of the connector's shielding resistance.

Thus, special attention has to be paid to the curve of the straight inductance line during analysis. A
family of curves can be generated quickly by matching the evaluation frequency range.
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5 Safety instructions

This product meets the requirements of the following directives of the European Union: 2004/108/EC
(EMC directive) and 2006/95/EC (low-voltage directive).

When using a product from Langer EMV Technik GmbH, please observe the following safety instructions
to protect yourself from electric shock or the risk of injuries.

Read and follow the instructions in the user manual and keep it in a safe place for later reference. The
device may only be used by personnel who are qualified in the field of EMC and who are fit to work with
and possibly be influenced by disturbance voltages and (electric and magnetic) burst fields.

e Read the operating and safety instructions for all devices used in the set-up.

e Never use any damaged or defective devices.

e Carry out a visual check before using a measurement set-up with a Langer EMV-Technik GmbH
product. Replace any damaged connecting cables before using the product.

e Never leave a product from Langer EMV-Technik GmbH unattended whilst it is in operation.

e The Langer EMV-Technik GmbH product may only be used for its intended purpose. Any other use is
forbidden.

e People with a pacemaker are not allowed to work with this device.
o The test set-up should always be operated via a filtered power supply.

e Attention! Functional near fields and interference emissions may occur when the probe is operated.
The user is responsible for taking appropriate precautions to prevent any interference with the
correct function of products outside the operational EMC environment (in particular through
interference emissions).

This can be achieved by:
- observing an appropriate safety distance

- using of shielded or shielding rooms

e The disturbances that are injected into the modules can destroy the device under test (latch-up) if
their intensity is too high. Protect the device under test by:

- connecting a protective resistor to the IC's incoming power supply
- increasing the disturbance gradually and stopping when a functional fault occurs
- interrupting the power supply to the device under test in the event of a latch-up

Attention! Make sure that internal functional faults are visible from outside. The device under test
may be destroyed due to an increase in the injection intensity if the faults are not visible from outside.
Take the following precautions if necessary:

e monitor the representative signals in the device under test
e use a special test software

e monitor visible reaction of the device under test to inputs (reaction test of the device under test)

We cannot assume any liability for the destruction of devices under test!
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6 Warranty

Langer EMV-Technik GmbH will remedy any fault due to defective material or defective manufacture,
either by repair or by delivery of spare parts, during the statutory warranty period.

This warranty is only granted on condition that:
- the information and instructions in the user manual have been followed.

The warranty will be forfeited if:

- an unauthorized repair is performed on the product,
- the product is modified,

- the product is not used for its intended purpose.
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7 Technical specifications
Table 5: Technical data of the P550 probe

Parameter P550
Frequency range 0-3GHz
Max. input power 1W/30dBm
Max. RF input current 142 mA
Internal resistance 50 Ohm
Dimensions (L x W x H) (70 x 35 x 30) mm
§ (]
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Figure 44 Current transferred by P550 measured on a load of 1 Ohm
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8 Scope of delivery

Item Designation Type Parameter Quantity
1. Transfer probe P550 1
2. SMA-SMA measuring cable SMA-SMA 1m 1
3. Semi-rigid coaxial cable SRSMB 10 cm 10
4, SMA-SMB measuring cable SMA-SMB 1 m 1
5. Contact table for probe KT 102 1
6. Ground plane GND 25 1
7. Ground adapter GNDA 01-04 1
8. High conductive fleece HCF 2
9. ChipScan Cl software Cs-Cl 1
10. Case with foam insert 1
11.  User manual 1
12. Quick guide 1

Scope of delivery might vary depending on your individual order.

This document may not be copied, reproduced or electronically processed, either in its entirety or in part, without the prior
written permission of Langer EMV-Technik GmbH. The management of Langer EMV-Technik GmbH assumes no liability for
damage that may arise from using this printed information.

Langer EMV-Technik-GmbH

Noethnitzer Hang 31
DE-01728 Bannewitz
www.langer-emv.com

Tel.: +49(0)351/430093-0
Fax: +49(0)351/430093-22
mail@langer-emv.de
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