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Foreword

iSO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards ts normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1S0, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

- Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an international Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this pant of ISO 11452 may be the subject of
patent rights. 1SO shall not be held responsible tor identifying any or all such patent rights.

International Standard SO 11452-3 was prepared by Technical Committee 1SO/TC 22, Road vehicles,
* Subcommittee SC 3, Electrical and electronic equipment.

This second edition cancels and replaces the first edition (ISO 11452-3:1995), which has been technically revised.

1ISO 11452 consists of the {ollowing parts, under the general title RHoad vehicles — Component test methods for
* electrical disturbances from narrowband radiated electromagnetic energy:.

- Part 1: General and definitions
—  Part 2: Absorber-lined shielded enclosure

— Parnt 3: Transverse electromagnetic (TEM) cell

——  Part 4: Bulk current injection (BCI)
— Part 5: Stripline

— Part 6: Parallel plate antenna

— Parn 7! Direct radio frequency (RF) power injection

Annexes A to D of this part of ISO 11452 are for information only.
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Introduction

Immunity measurements of complete road vehicles are generally able to be carried out only by the vehicle
manufacturer, owing to, for example, high costs of absorber-lined shielded enclosures, the desire to preserve the
secrecy of prototypes or a large number of ditterent vehicle models.

For research, development and quality control, a laboratory measuring method can be used by both vehicle
manufacturers and equipment suppliers to test electronic components.

The TEM cell method has the major advantage of not radiating energy into the surrounding environment. The
method can be used for testing either the immunity of a component with the field coupling to the wiring harness or
the immunity of the component alone with minimum exposure to the wiring harness.

© 1SO 2001 - All rights reserved | v
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INTERNATIONAL STANDARD ISO 11452-3:2001(E)

Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic energy —

Part 3:
Transverse electromagnetic (TEM) cell

1 Scope

This part of 1SO 11452 specifies transverse electromagnetic (TEM) cell tests for determining the immunity of
electronic components of passenger cars and commercial vehicles to electrical disturbances from narrowband
radiated electromagnetic energy, regardless of the vehicle propulsion system (e.g. spark-ignition engine, diese!
engine, electric motor).

The electromagnetic disturbances considered are timited to continuous narrowband electromagnetic fields,

2 Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of
this part of 1ISO 11452. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 11452 are encouraged to investigate the
possibility of applying the most recent edition of the normative document indicated below. For undated references,
lhe latest edition of the normative document referred to applies. Members of 1SO and IEC maintain reqisters of
currently valid International Standards.

1ISO 11452-1, Road vehicles — Component test methods for electrical disturbances by narrowband radiated
electromagnetic energy — Part 1: General and definitions.

3 Terms and definitions

For the purposes of this part of ISO 11452, the terms and definitions given in ISO 11452-1 apply.

4 Test conditions
The upper frequency range limit of the TEM cell is a direct function of the TEM cell dimensions.

For testing automotive electronic systems, a 0,01 MHz toc 200 MHz TEM cell should be used. See annex A for
suggested cell dimensions.

The user shall specify the test severity level or levels over the frequency range. See annex D for suggested test
severity levels.

@ 1SO 2001 - All rights reserved 1
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Standard test conditions shall be those given in 1ISO 11452-1 for the following:

5

5.1

The TEM cell used for this test is a rectangular coaxial line with a 50 Q characteristic impedance (see Figure 1).

test temperature;

supply voltage;

modulation;

dwell time;

frequency step sizes;

definition of test severity levels;

test-signal quality.

Test apparatus

TEM cell

The device under test is exposed to a uniform TEM field.

The TEM celi is a laboratory measurement system which can be used to generate test fields within 2 dB of the
theoretical value if the device under test does not occupy an excessive portion of the test volume (see 5.3).

T A

1

Quter conductor (shield)
Septum (inner conductor)
Access door

Connector panel (optional)

2 6

coo=too=
T

- — —— —

Coaxial connectors

Device under test
Input/output leads

o~ O On

Figure 1 — TEM cell

_—_— = ==

Dielectric support (relative permittivity & < 1,4)
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5.2 Instrumentation |

Figure 2 shows an example of a TEM cell test set-up. The TEM cel has high resonances in the region greater than
the recommended upper frequency limit. A low pass filter with an attenuation of at least 60 dB at frequencies above
1,5 times the cut-off frequency of the TEM cell shall be installed (e.g. 200 MHz TEM cell: 60 dB for frequencies

above 300 MH2).
12
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Signal generator
Broadband amplifier

Low pass filter

Dual-directional coupler {30 dB decoupling ratio minimum)
HF-power meter

Peripheral

Device under test

Dielectric support

Low pass filters/connector panel
Coupler

High power load (50 Q)
Controlier

TEM cell

Prefiected (reflected power).

O DN D WN -

1
O N Y
G BN = O

o

Piorwarg (forward power).
¢ Poutput (output power).

Figure 2 — Example TEM cell configuration
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5.3 Test set-up

5.3.1 General

In order to maintain the homogeneous field in the TEM cell and obtain reproducible measurement results, the
device under test shall be no larger than one-sixth of the cell (inside) height, b (see Figure 3 and Figure A.1). The
device under test should be placed in the centre of the cell on a dielectric equipment support.

The device under test and the wiring harness may be positioned in either of two arrangements, depending on
whether the exposure of the device under test and the wiring harness (5.3.2) or that of the device alone (5.3.3) is

being testeq.

5.3.2 Exposure of device under test and wiring harness (for major field coupling to the harness)

The height of the dielectric support is one sixth of cell height b (see Figure 3). In order to obtain reproducible
measurement results, the device under test together with its wiring harness or printed circuit board shall be placed
in the same position in the TEM cell for each measurement. In addition to the direct RFF-field coupiing to the device
under test, the use of an unshielded harness or printed circuit board will result tn a common mode electrical field
coupling and a differential mode magnetic field coupling, depending on the inclination and the width of the harness

or circuit board.
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Device under test

Dielectric support (reiative permittivity & < 1,4)

Printed circuit board (no ground plane) or wiring harmess, unshielded
Connector

Coaxial connectors

Connector panel

TEM cell wall

Cables

Septum

TEM cell height (see annex A)

o B e+ IS S I L B - S L A\ T

!-u..n

Figure 3 — Example test set-up — Major field coupling to wiring harness (side view)
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The connector panel should be attached to the TEM cell as close as possible to the printed lead system. The
supply and signal leads from the connector in the cell wall are directly connected to the device under test using
either a printed circuit board of length suitable for positioning the device under test in the allowed working region of
the TEM cell, or a set of leads secured to a rigid support {see Figure 3 and Figure 4). The printed circuit board or
supported wiring harness between the connector and the device under test will yield reproducible measurement
resuits if the position of the leads and the device under test in the TEM cell are fixed.
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Key
1 Device under test
2  Dielectric suppon (relative permittivity & < 1,4)
3 Printed circuit board or wiring harness
4  Connector
£ Coaxial connectors
6 Connector panel
7 TEMcell wall
8 (Cables
NOTE
ceill wall,

AN

/

RF filters can be connecled to the coaxial connectors in the connector panel or directly to the connector in the TEM

Figure 4 — Example test set-up — Major field coupling to wiring harness (top view}

5.3.3 Exposure of device under test alone (for major field coupling to that device)

The height of the dietectric support is 50 mm (see Figure 5). In order to obtain reproducible measurement results,

the device under test shall be placed in the same position in the TEM celi for each measurement.

©I1S0 2001 — All rights reserved
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Dimensions in millimetres
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Key
1 Device under test
2 Dielectric suppon {relative permittivitye, < 1,4)
3  Shielded wiring harness
4 Connector
5  Coaxial connectors
6  Connector panel
7 TEM cell wall - |
8 Cables
g  Septum
F  TEM cell height (see annex A)

Figure 5 — Example test set-up — Major field coupling to device under test (side view)

The connector panel should be attached to the TEM cell. The arrangement and nature of supply and signal leads
shall be chosen in order to minimize the coupling on these leads, which shall be secured on the floor of the TEM

cell and shielded between the connector in the ceil wall and the device under test. This can be done by using metal
tape with conductive adhesive to cover the leads on the fioor of the TEM cell.

The shield shall be in electrical contact with the cell floar, but shall not be in contact with the case of the device
under test.

6 Test procedure

6.1 Test plan

Prior to performing the test, a test plan shall be generated which shall cover the following:

_— —— —_—

— test set-up;
— frequency range;

—  modulation;

—  test set-up to be used {5.3.2 or 5.3.3);

6 © 1SO 2001 ~ All rights reserved
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-— device under test mode of operation;

— device under test acceptance criternia;

— definition of test severity levels;

— test signal quality;

— use of net or output power measurements;
— device under test monitoring conditions;
—- device under test orientation;

— test report content (see 6.3);

— any special instructions and changes from the standard test,

Each device under test shall be tested under the most significant situations: i.e. at least in stand-by mode and in a
mode where all the actuators can be excited.

6.2 Test method

CAUTION — Hazardous voltages and fields may exist within the test area. Take care to ensure that the
requirements for limiting the exposure of humans to RF energy are met.

Make a net, or output, power (see Figure 2) measurement and calculate the electric field using equation 1:

ZxP
IEI=‘Qr (1)

where
iEI is the absolute value of the electric field in volts per metre;
Z is the characteristic impedance of the TEM cell in chms {typically 50 Q);
P is net power (P = Piorward — Prefiected) OF output power, Pautput, IN Waltls;

d is the distance, in metres, between the floor and the TEM cell septum (b/2 in Figure A.1).

An electrically small field-measuring device may be used to verify the calcutated calibration curve for the field in the
uniform field region.

The conductor on the printed circuit board shall be designed to handle the load current.
The doors of the TEM cell shall be closed at all times during the measurement.
Unused connectors shall be shielded, so that they do not emit radiation.

Wherever possible, use the actual vehicle loads, sensors and actuators.

Do not ground the device under test to the TEM cell floor unless it is intended that the actual vehicle configuration
be simulated.

Care should be taken not to create ground loops.

Q@150 2001 - All nghts reserved 7
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6.3 Testreport

As required by the test plan, a test report shall be submitted detailing information on the test equipment, systems
tested, frequencies, power levels, system interactions and other relevant information regarding the test.

8 © 1SO 2001 - All rights reserved




S - -

Annex A
(informative)

TEM cell dimensions

The dimensions of a typical TEM cell are shown in Figure A.1 and given in Table A.1.

0,95¢

peaigl f—

a) Horizontal section view through septum

50

- —_——,—_——

ISO 11452-3:2001(E)

Dimensions in millimetres

50

b) Vertical section view

Key

1 Allowed working region: 0,33w: 0,60}
2  Access door
3  Dielectric supports

Figure A.1 - TEM cell
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Table A.1 — Typical TEM cell dimensions

Upper frequency Cell form factor TEM cell height Septum width

MHz

W [

Typical for automotive component testing:
1,69
1,00
300 1,67
500 1,50

200 :

10 @ 1S0O 2001 — All rights reserved
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Annex B
(informative)

Calculations and measurements of TEM-cell frequency range

B.1 General

The usetul frequency range for each TEM cell and its test set-up can be determined by one of two methods, using,
for example, a network analyzer.

B.2 Method 1

Verify that, for the whole useful frequency range at both inputs (of the empty TEM cell), the following requirements
are met:

r= J Frefiected 0,15 or voltage standing wave ratioc (VSWR) = 17 <135 (B.1)
Ptorward 1-r
where
r Is the reflection factor:

Preflected IS the reflected power:

Ptorwarq IS the torward power.

B.2.1 Method 2

Before testing the operative device under test, determine the TEM cell's resonances with the installed test set-up
and device under test (without electrical connection). In this case. the TEM cell fransmission loss in the useful
frequency range shall be:

P
Aioss = 10xiag(P reflected | WP i <1dB (B.2)
Preflected P forward
where
Biloss Is the TEM cell transmission loss;

Preflected 18 the reflected power;
Piorward 1S the forward power:;
Poutput IS the power at the TEM cell output.

Measurements and results at frequencies at which the requirements (equation B.1 or equation B.2} are not met
shall be disregarded, but shall be noted in the test report.

© IS0 2001 ~ All rights reserved 11
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NOTE 1 A TEM cell impedance that does not equal 50 Q resulting in an r not equal to zero leads to a variation of the field ‘
strength along the TEM cell longitudinal direction. Such variations can be measured over the whole useful frequency range in |
the empty TEM cell. The relative field strength nonuniformity { AE') in the longitudinal direction of the TEM cell can be calculated ‘

with the following equation:

AE = Emax - Emin = Of

Eq

(typical: AE =0,3for r=0,15)

where

E, isthe uniform field strength (without any refiection);

Enax IS the maximum value of a non-uniform field strength;

E.i. isthe minimum value of a non-uniform field strength.

NOTE?2  Measurements at the TEM cell resonance frequencies are not allowed, because there is no field unitormity and no
TEM mode {e.g. transmission line coupling instead of radiated coupling).

I
12 © ISO 2001 — All rights reserved
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Annex C
(informative)

Installation of external components and low pass filter design

C.1 Connector panel

The wiring in the connector panel between connector (4) and the coaxial connectors (5) shown in Figure 3 should
be done with 50 Q coaxial cable to transter the 50 Q RF-impedance from the low pass filters attached to the coaxial

connectors in the connector panel to the connector in the TEM cell wall.

C.2 External components and low pass filter

External components such as sensors, power supply and actuators should be connected to the filter at the
connector panel.

All power and signal leads should be connected via a low pass filter (see Figure C.1) at the connector pane! to the
peripheral, to the directly connected parts at the panel or to the vehicle. This minimizes influences from the external
connection, such as type and length of leads and lead impedances (peripheral if possible with original sensors and
loads), and unwanted radio frequency (RF) emissions into, or out of, the TEM cell.

L
o
p——

I~
Yo

Minimum attenuation, dB

L)
=

20

10

1 10 100 1 000
Frequency, MHz

Key

1 Device under test (DUT) port
2  Supply port

Figure C.1 — Minimum attenuation and frequency response of the low pass filter with schematic circuit
diagram (artificial network)
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In Figure C.1, the low pass filter's minimum attenuation from 1 MHz to 800 Mz is shown. For leads with wanted

RF signals in the TEM cell useful trequency range, the low pass titer must be designed in such a way that this
minimum attenuation is only effective outside the RF bandwidth of the device under test.

The low pass filter should be designed so that its impedance (from the side of the device under test) does not
change the electric data of the input and output of the device under test. Above the useful frequency range of the
TEM cell, the impedance of the low pass filter shall be 50 .

NOTE The transfer function is measured between the TEM cell input and the connector panel referenced to a 50 Q
impedance.

C.3 Design rules for the low pass filter

C.3.1 General

The minimum attenuation and frequency response of the low pass filter is as shown in Figure C.1. It is necessary to
terminate the device under test at the TEM cell wall with a well-designed low pass RF filter in order to:

— limit the radio frequency emissions into the surrounding space;

— isolate the external peripheral or sensors from the TEM cell RF;

— define the RF load of the printed circuit board output with the result of mintmized resconances;
— decouple the TEM cell septum and the circuit board from external loads;

— ensure that the RF filter does not influence the device under test and its external load in the useful frequency
range.

All of the above can be measured and guaranteed via the transfer function between connector panel and TEM cell
input.

EXAMPLE The transfer function is the same for connectors terminated by a shonrt circuit and open circuit if the RF filter is
used. If the transfer function is measured without using the RF filter, the results differ by up to 30 dB.

It is difficult to define a schematic circuit diagram for the low pass filter because its design is highly dependent on
the positioning of the filter elements. It is therefore important to define the three ranges of filter responses versus

frequency, as follows.

C.3.2 Lower cut-off frequency

It is not necessary to define the attenuation from DC to 1MHz because TEM cell automotive immunity
measurements normally start at 1 MHz.

C.3.3 Useful frequency range

The necessary attenuation, ap, of the RF filter in the useful frequency range of the TEM cell can be calculated with
the following equation:

P
ap 210 xlog AF max ~ 33 dB (C.1)

Prg max X4 TEM X max

where

PrE max IS the maximum RF power outside the TEM cell, < 0,1 W;

14 © IS0 2001 — All rights reserved
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Pgmax 1s the TEM cell max. power input, 200 W:

ac,Tem ! the coupling factor of the TEM cell, 0,01;

M"max IS the number of connected leads, 100.

Since the coupling factor of the TEM cell decreases strongly for frequencies below 30 MHz, the minimum
attenuation can be lowered, as shown in Figure C.1.

C.3.4 Upper cut-off frequency

Above the TEM cell cut-off frequency, only harmonics of the broadband amplifier with nominal 20 dB harmonic
attenuation occur, so that a reduced filter attenuation of 20 dB is sufficient.

Since the impedance of the harness of the device under test outside the TEM cell lies between 20 Q and 200 Q, it
is recommended that the high frequency impedance from the measurement side of the RF filter be 50 Q. This

compromise will allow the RF filter to be the same as the well known arificial network defined in CISPR 25 [1]
(100 nF and 50 Q).

© 180 2001 - All rights reserved 15
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Annex D

(informative}

Function performance status classification (FPSC)

Suggested test severity levels and the frequency bands are given in Table D.1 and Table D.2, respectively.

NOTE See 1SO 11452-1 for a detailed explanation of FPSC,

Test severity
level

Table D.1 — éuggesfeci test severi"ty levels

Value
Vim

50

100
150

16

200

Table D.2 — Frequency bands

Frequency band

Frequency range
MHz

>001to < 10

Specific value agreed between the users of this part
of 1ISO 11452, if necessary.

= 10 t0 < 30

R

> 3010 £ 80

—— e — — e — — -

» 80 to £ 200

© IS0 2001 ~ All rights reserved
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[1] CISPR 25:1995, Limits and methods of measurement of radio disturbance characteristics for the protection
of receivers used on board vehicles.
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