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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 is 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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 different 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 ofnot radlatlng energy 1nto the surroundlng environment.
Thegmmett : : : etd coupling to the
wirjng harness or the immunity of the component alone w1th minimum exposure to the wikihg harness.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD ISO 11452-3:2016(E)

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

1 [Scope

Thip document specifies transverse electromagnetic (TEM) cell tests for détermining thg immunity
of dlectronic components of passenger cars and commercial vehicles to electrical disturbances from
narpowband radiated electromagnetic energy, regardless of the vehiclepropulsion system [e.g. spark-
ignition engine, diesel engine, electric motor).

Thg electromagnetic disturbances considered are limited to continuous ngrrowband
ele¢tromagnetic fields.

2 |Normative references

The following documents are referred to in the teXt'in such a way that some or all of thpir content
conptitutes requirements of this document. For.'dated references, only the edition cited dpplies. For
undated references, the latest edition of the reférenced document (including any amendments) applies.

[SO| 11452-1, Road vehicles — Component.test methods for electrical disturbances from rarrowband
radjated electromagnetic energy — Part-1:General principles and terminology

3 |Terms and definitions

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

[SOJand IEC maintain terminological databases for use in standardization at the following addresses:

— |IEC Electropediar available at http://www.electropedia.org/

— |ISO Onlinebrowsing platform: available at http://www.iso.org/obp

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 to 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 E for
suggested test severity levels.

Standard test conditions shall be those given in ISO 11452-1 for the following:
— test temperature;

— supply voltage;

© IS0 2016 - All rights reserved 1
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— modulation;

— dwell time;

— frequency step sizes;

— definition of test severity levels;

— test-signal quality.

5 Test apparatus
5.1 TEM cell
The TEM cgll used for this test is a rectangular coaxial line with a 50 Q characteristic impedance [see
Figure 1). The device under test is exposed to a uniform TEM field.
The TEM c¢ll is a laboratory measurement system which can be used to generate test fields within 4 dB
of the theofetical value if the device under test does not occupy an excessive pértion of the test voljime
(see 5.3).
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Key
1  outer conductor (shield)
2 septum (inner conductor)
3 access door
4 connector panel (optional)
5 coaxial connectors
6  dielectric support (relative permittivity e, < 1,4)
7  device under test
8 input/outputleads

Figure 1 — TEM cell
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5.2 Instrumentation

Figure 2 shows an example of a TEM cell test set-up. The TEM cell has high resonances in the region
greater than the recommended upper frequency limit.

Alow pass filter with an attenuation of at least 60 dB at frequencies above 1,5 times the cut-off frequency
of the TEM cell may be installed (e.g. 200 MHz TEM cell: 60 dB for frequencies above 300 MHz) to avoid
resonances.

12
a b c
5 5 5
/3 ° 3\
13 7 8
1 2 3 4 10 11

9
6
Key
1 |signal generator 9  low pass filters/connector panel
2 |broadband amplifier 10 coupler
3 |low pass filter)(optional) 11 high power load (50 Q)
4 |dual-direetional coupler (30 dB decoupling ratio 12 controller
minimum) 13 TEM cell
5 |RE‘power meter a  Prorward (forward power)
6 Lperipheral b Predecied (reflected power)
7  device under test ¢ Poutput (output power)
8 dielectric support

Figure 2 — Example TEM cell configuration

5.3 Testset-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

© IS0 2016 - All rights reserved 3
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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 (see 5.3.2) or that

of the device alone (see 5.3.3) is being tested.

An alternative test set-up without low pass filter is presented in Annex D.

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 tq“ob
reproduciljle measurement results, the device under test, together with its wiring harness(t-prir

the direct RF-field coupling to the device under test, the use of an unshielded harness or printed cir
board will[result in a common mode electrical field coupling and a differential mdde’magnetic
coupling, depending on the inclination and the width of the harness or circuit board.

circuit board, shall be placed in the same position in the TEM cell for each measurement. I additio; to
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device finder test

dielecttfic suppert(relative permittivity e, < 1,4)

printed| cireuit board (no ground plane) or wiring harness, unshielded

connecfor.
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coaxial connectors

connector panel

TEM cell wall

cables

septum

TEM cell height (see Annex A)
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Figure 3 — Example test set-up — Major field coupling to wiring harness (side view)

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
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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 results if the position of the leads and the device under
test in the TEM cell are fixed.
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Key
1 |device underAest
2 |dielectricsupport (relative permittivity e, < 1,4)
3 |printed-circuit board or wiring harness
4 |connector
5 [coakial connectors
6  connector panel
7  TEM cell wall
8 cables
NOTE RF filters can be connected to the coaxial connectors in the connector panel or directly to the

connector in the TEM cell wall.

Figure 4 — Example test set-up — Major field coupling to wiring harness (top view)
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5.3.3 Exposure of device under test alone (for major field coupling to that device)

The height of the dielectric support is b/6 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 cell for each

measurement.
Dimensions in millimetres
— ;\” NE——— —N - : . — — —
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6 . /l/ 1
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5 |
' 2
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8 4 2
Key
1  device finder test
2 dielecttic support (relative permittivity e, < 1,4)
3 shieldef wiring harness
4 connector
5 coaxial|connectors
6  connecfor panel
7  TEM cell wall
8 cables
9 septum
b  TEM ce]l height (see Annex'A)
Figurfe 5 — Example test set-up — Major field coupling to device under test (side view)
The conneftor paniel should be attached to the TEM cell. The arrangement and nature of supply pnd
signal leads shall be chosen in order to minimize the coupling on these leads, which shall be securedl on
the floor of : A

This can be done by usmg metal tape Wlth conductive adheswe to cover the leads on the floor of the

TEM cell.

The shield shall be in electrical contact with the cell floor, but shall not be in contact with the case of the

device under test.
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Test procedure

Test plan

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

frequency range;
modulation;

test set-up to be used (5.3.2 or 5.3.3 or Annex D);

Eac

modle and in a mode where all the actuators canbe excited.

6.2

6.2

IMRORTANT — The appropriate guidelines (national regulation, ICNIRP,[2][3] etc.

foll

6.2

Pri
per
levd

—_

The

device under test mode of operation;
device under test acceptance criteria;
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 stapdard test.

h device under test shall be tested under the most significant situations, i.e. at least in stand-by

Test method

1 General

pwed for the protection’of the test personnel.

2 Testlevel setting

r to applyingthe test field intensity to the DUT and harness, a test field intensity calibrat
formed at-all test frequencies with an empty TEM cell. This will determine the test forw
Is Ptorward (test) to be used during the DUT test.

doors of the TEM cell shall be closed at all times during the measurement.

) shall be

on shall be
rard power

Unused connectors shall be shielded, so that they do not emit radiation.

At each test frequency with a CW RF signal:

calculate the net power required to achieve the test electric field intensity using Formula (1);

apply a given forward power (see Figure 2);

record the reflected power and calculate the corresponding net power;

adjust the forward power level until the net power to obtain the required test field intensity is

achieved and record this test forward power level as Pgorward (test).

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=de51c23558054af24b1c7ffa71948bfb

ISO 11452-3:2016(E)

E::/ijhgl
d

where

E i

Z i

Pnet i

s the value of the electric field in volts per metre;
s the characteristic impedance of the TEM cell in ohms (typically 50 Q);

s the net input power (Pnet = Pforward — Preflected), in watts;

@)

d

i

NOTE

The test forward power level established during the empty TEM cell field calibration(at'the requ

test field in
achieve thq

An electrid
the field in

6.2.3 DU

Place the
Figure D.2,

The condu
for a test s§

The doors

Unused comnectors shall be shielded, so that.tliey do not emit radiation.

Wherever

Do not ground the device under test to the TEM cell floor unless it is intended that the actual veh

configurat

Care shoul

T

5 the distance, in metres, between the floor and the TEM cell septum (b/2 in Figure Au19)

he theoretical or supplier data characteristic impedance of the TEM cell can be used in.Formula

tensity) will be the levelling parameter used during the DUT test. The test power require
test field intensity level shall be maintained at 0/+1 dB of Pforward (test)during the DUT t

ally small field-measuring device may be used to verify the calculated calibration curve

the uniform field region.
T test
DUT and harness inside the TEM cell as shown in Eigure 3, Figure 5 or Figure D.1

depending upon what type of major field coupling (harness or DUT) is desired.

Ctor on the printed circuit board shall be designed to handle the load current. See Anng
etup without low pass filters.

bf the TEM cell shall be closed at all times)during the measurement.

bossible, use the actual vehicledoads, sensors and actuators.

on be simulated.

1 be taken not to create ground loops.

The test oj
establishe

For AM sig

Apply the

redetermmed test field 1nten51ty to the DUT at each frequency whlle monltorlng the I

| the DUT and‘wiring harness shall be performed using the test level forward power, B
| during the test field calibration of 6.2.2.

als, thexpeak power conservation principal as defined in ISO 11542-1 shall be used.

(1).

red
d to
est.

for

x D

icle

test,

UT

tion

occurs. A response threshold amplltude measurement should be made at each respondlng frequency to

assist with

6.3 Test

the evaluation of the test results and DUT performance.

report

As required by the test plan, a test report shall be submitted detailing the following information:

the tes

t equipment;

— the systems tested;

— thefre

quencies;
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— the power levels;

— the test modulation;

— the major field coupling method used (DUT and/or harness);
— the system interactions;

— other relevant information regarding the test.

© IS0 2016 - All rights reserved 9
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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.

Dimensions in millimdtres

3
0,951

a) Horizontal section view through septum

Figure A.1 (continued)

10 © IS0 2016 - All rights reserved
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50 1/2 ! 1/2 50

b) Vertical section view

Key
allowed working region: 0,33w; 0,601
access door

dielectric supports

Figure A.1 — TEM cell

Table A.1 — Typical TEM cell. dimensions

Upper frequency Cell form factor TEM cell height Septum width
MHz w/b 1% b o
100 1,00 1,00 1,20 1J00
Typical for automotive component testing:
1,69 0,66 0,56 0[70
200
1,00 1,00 0,60 0]50
300 1,67 1,00 0,30 0J36
500 1,50 1,00 0,20 0]23

© IS0 2016 - All rights reserved 11
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Calc

B.1 Gen

Annex B
(informative)

ulations and measurements of TEM-cell frequency range

ral

The useful
methods, u

B.2 Met

Verify that
requireme

P

r= |-

P

where

r

Preflect]

Pforwa

B.3 Met

Before tesft

frequency range for each TEM cell and its test set-up can be determined by one, of
sing, for example, a network analyser.

hod 1

for the whole useful frequency range at both inputs (of the empty FEM cell), the follow
nts are met:

147 4 52
1-x

eflected <(),15 or voltage standing wave ratio, Vgyr
forward

is the absolute value of the reflection coefficient;
ed is the reflected power;

d is the forward power.

hod 2

fwo

fing

B.1)

ing the operative device under test, determine the TEM cell’s resonances with the installled

test set-up fand device under test (without electrical connection). In this case, the TEM cell transmisgion
loss in the piseful frequency range shall be:
)2 P
ok = 101og[ reflebegl’ | __output J <1dB (B.2)
reflected P forward
P
¢ 1oss (10 log[ output ] <1dB
forward ~ " reflected

where

At loss is the TEM cell transmission loss;

Preflected is the reflected power;

Ptorward is the forward power;

Poutput  is the power at the TEM cell output.

12
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Measurements and results at frequencies at which the requirements [Formula (B.1) or Formula (B.2)]
are not met shall be disregarded, but shall be noted in the test report.

NOTE1 A TEM cell impedance that does not equal 50 £, 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 non-uniformity (AE) in the
longitudinal direction of the TEM cell can be calculated with Formula (B.3):

- E —-E .
AE —_Max —"min 5. (B.3)
E,

(typical: AE =0,3forr=0,15)

whére

Eo is the uniform field strength (without any reflection);
Emax is the maximum value of a non-uniform field strength;
Emin is the minimum value of a non-uniform field strength.

NOTE 2 Measurements at the TEM cell resonance frequencies ate not allowed, because therd is no field
uniformity and no TEM mode (e.g. transmission line coupling instead of radiated coupling).

© IS0 2016 - All rights reserved 13
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Annex C
(informative)

Installation of external components and low pass filter design

C.1 Conpectorpanel

The wiring in the connector panel between connector (4) and the coaxial connectors (5) showh in
Figure 3 should be done with 50  coaxial cable to transfer the 50 Q RF-impedance from the low pass
filters attaghed to the coaxial connectors in the connector panel to the connector in the TEM cell w3ll.

C.2 External components and low pass filter

External components such as sensors, power supply and actuators should beeonnected to the filtdr at
the connecftor panel.

All power find signal leads should be connected via a low pass filter {sée Figure C.1) at the conneftor
panel to the peripheral, to the directly connected parts at the panelor to the vehicle. This minimjzes
influences[from the external connection, such as type and length of leads and lead impedarces
(peripheral, if possible with original sensors and loads), and unwanted radio frequency (RF) emissjons
into, or ouf of, the TEM cell.

14 © IS0 2016 - All rights reserved
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device under test (DUT) port

supply port
frequency, MHz

< X N P

minimum attenuation, dB

Figure C.1 — Minimum attenuation and frequency response of the low pass filterjwith
schematic circuit diagram (artificial network)

In Higure C.1, the low pass filter’s minimum attenuation from 1 MHz to 800 MHz is showr}. For leads
with wanted RF signals)in the TEM cell useful frequency range, the low pass filter shall be designed
in sjuch a way that this minimum attenuation is only effective outside the RF bandwidth of|the device
under test.

The low passfilter should be designed so that its impedance (from the side of the device finder test)
does not_change the electric data of the input and output of the device under test. Above|the useful
frequercy range of the TEM cell, the impedance of the low pass filter shall be 50 Q.

NO I Tl 4= £ £ des H i) 4= 4l TIONA 11l 4= el 4= 1 f d
L I'TICT LI dIISITT TUIICLIUIT IS TTIITASUTI TU UTLVWIUUIT UIIT 1T LIVI LTI1 111}JLAL dIlU UIICT CUILITITULUL Pallcl I erence tO

a 50 W 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,

© IS0 2016 - All rights reserved 15
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isolate

define

freque

the external peripheral or sensors from the TEM cell RF,

the RF load of the printed circuit board output with the result of minimized resonances,

decouple the TEM cell septum and the circuit board from external loads, and

ncy range.

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

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

EXAMPLE
RF filter is y|

It is difficy
dependent
of filter req

C3.2 Lo

Itis not neq
measurem

C3.3 Us

The neces§
calculated

aD >1
where

PRF,ma
PE,max
Aac,TEM

Nmax

Since the c
attenuatios

C.3.4 Upper cut-off frequency

The transfer function is the same for connectors terminated by a short circuit and open circuit

It to define a schematic circuit diagram for the low pass filter because its design’is hig
on the positioning of the filter elements. It is therefore important to define the'three raf
ponses versus frequency, as follows.

wer cut-off frequency

essary to define the attenuation from DC to 0,01 MHz because TEM Cell automotive immu
ents normally start at 0,01 MHz.

pful frequency range

ary attenuation, ap, of the RF filter in the useful frequency range of the TEM cell cay

with Formula (C.1):

15 RF,max

xlog ~33dB

PE,max ><aC,TEM XNyax

L is the maximum RF power outside the TEM cell, <0,1 W;
is the TEM cell maximum power input, 200 W;
is the coupling factor of the TEM cell, 0,01;

is the numberoficonnected leads, 100.

1 can be lewered, as shown in Figure C.1.

Above the

if the
sed. If the transfer function is measured without using the RF filter, the results differ by up to-30 dII.

rhly
ges

hity

1 be

C.1)

pupling facter’ef the TEM cell decreases strongly for frequencies below 30 MHz, the mininpjum

TEM cell cut-off Frnqnanr-y’ nn]y harmonics of the hraadhand amp]ifinr with nominal 2(

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, itis recommended that the high frequency impedance from the DUT side of the RF filter be 50 (1.
This compromise will allow the RF filter to be the same as the artificial network defined in CISPR 25[1]
(100 nF and 50 Q).
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