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Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as the list
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. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
EMC EVALUATION OF CAN TRANSCEIVERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

+ the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62228, which is a technical specification, has been prepared by subcommittee 47A:
Integrated circuits, of IEC technical committee 47: Semiconductor devices.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
47A/747/DTS 47A/761/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

transformed into an international standard;
reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

A bilingual version of this publication may be issued at a later date.
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INTEGRATED CIRCUITS -
EMC EVALUATION OF CAN TRANSCEIVERS

1 Scope

This document specifies test and measurement methods, test conditions, test setups, test
procedures, failure criteria and test signals for the EMC evaluation of CAN transceivers
concerning:

e the immunity against RF common mode disturbances on the signal lines,

e the emissions caused by non-symmetrical signals regarding the time and frequency
domain,

e the immunity against transients (function and damage), and

e the immunity against electrostatic discharges — ESD (damage).

All measurements and functional tests except ESD are performed in a small (three transceiver)
network. For ESD damage tests a single transceiver configuration on a special test board is
used.

External protection circuits are not applied during the tests in order to get results for the
transceiver IC only.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61967 (all parts), Integrated circuits — Measurement of electromagnetic emissions,
150 kHz to 1 GHz

IEC 61967-4, Integrated circuits — Measurement of electromagnetic emissions, 150 kHz to
1 GHz — Part 4: Measurement of conducted emissions — 1 /150 2 direct coupling method

IEC 62132 (all parts), Integrated circuits — Measurement of electromagnetic immunity,
150 kHz to 1 GHz

IEC 62132-1, Integrated circuits — Measurement of electromagnetic immunity, 150 kHz to
1 GHz — Part 1: General conditions and definitions

IEC 62132-4, Integrated circuits —Measurement of electromagnetic immunity 150 kHz to
1 GHz — Part 4: Direct RF Power Injection Method

IEC 61000-4-2:1995, Electromagnetic compatibility — Part 4: Testing and measurement
techniques — Section 2: Electrostatic discharge immunity test!)

Amendment 1 (1998)

Amendment 2 (2000)

ISO 7637-2: 2004, Road vehicles — Electrical disturbances from conduction and coupling —
Part 2: Electrical transient conduction along supply lines only

1) A consolidated edition 1.2 exists including IEC 61000-4-2:1995 and its Amendment 1 (1998) and
(2000) Uﬁ”&iﬁ’iﬁents
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61967 and
IEC 62132 apply.

4 Measurements and tests

4.1 General

For evaluation of the EMC characteristic of CAN transceivers different test conditions and test
set-ups are used:

— configuration of three powered transceivers in a CAN network for:
e evaluation of narrowband emission at the bus lines and

e evaluation of RF and transient immunity at the bus lines, voltage supply line Vg, and
the wake-up line;

— configuration of single unpowered transceiver for testing the damage immunity against
ESD of the pins for bus lines, Vg, and wake-up on a test board with functional required
external components.

An overview of the requested measurements and tests is given in Table 1.

Table 1 — Overview of requested measurements and tests

Transceiver Required Test method Evaluation Transceiver
state test mode
I 150 Q direct coupling Spectrum and
RF emission (IEC 61967-4) asymmetry Normal
Normal
RF immunity DPI Function Stand by
(IEC 62132-4)
Active Sleep
(powered) Supply lines- direct Normal
galvanic coupling .
Function Stand by
Transient 1/O lines- capacitive
immunity coupling Sleep
Test pulse wave forms
(IS0 7637-2) Damage Normal
Passive Contact discharge
(unpowered) | ESP (IEC 61000-4-2) Damage Normal

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

In order to reduce the effort for the characterization and to increase the compatibility of the
results of different transceiver types, the number of test methods is defined to a necessary
minimum. The 150 Q direct coupling, DPI and direct galvanic and capacitive coupling methods
are chosen for the evaluation of the EMC characteristic of active transceivers in a network
configuration with three CAN nodes. While using a conductive decoupling and coupling, these
three test methods are based on the same approach. Thus it is possible to use the same PCB
for all required active/functional tests and measurements. These tests can be performed on
the same test board in a common test configuration and set-up.

To get more reproducible test results, all measurement and tests should be done with
soldered transceivers.

The described test conditions, configurations and test procedures are based on present
stand-alone CAN transceivers. In case of ASICs with an integrated CAN transceiver, the test
conditions cannot be defined completely for any type of IC. If it is possible, the tes ifi

pletely for any typ P Dyéiitients
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of stand-alone CAN transceivers should be used. The configuration of the physical layer of
the CAN bus should be the same.

4.2 RF and transient tests
4.21 General test conditions and configurations
4.21.1 Test conditions

The general test conditions are given in Table 2:

Table 2 — General test conditions

Parameter Value
Voltage supply Vpat (14£0,2) V
Voltage supply Vcc (5+0,1) V (default)
Voltage supply V|o (5£0,1) V (default)
Test temperature (23 +5) °C

The ambient noise floor for emission measurements shall be below the expected signal noise
and shall be documented in the test report.

4.2.1.2 Test configuration

For the transceiver EMC analysis, a minimum network of three bus nodes has to be set up
according to Figure 1.

Documents
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Node 1
Filter
VBat > VBat Transceiver ‘Decoupling X < 1
VBat network
vee >— vee voe ‘ RX % RX1
CAN_H
GND>— GND GND - ERR% ERR1
CAN_L 5 00 3
g2z g INH ——< Nk
| mode 1
Counlina/ Central 1) | Node 2
HE1 > oupling termination
decoupling Transceiver ‘ Decoupling
HF2 >— networks
network RX2
HF3 >— Rx —<
CAN_H CAN_H ERR% ERR2
CAN_L CAN_L 5 Q0 8
o
IMP1> VBat €85 E‘ INH ——<  INH2
IMP2 >— Wake-up mode 2
IMP3>—
Node 3
EMI >—
Transceiver ‘ Decoupling
network RX < RX3
CAN_H
ERR% ERR3
CAN_L 5 00 3
g2z g N —< NH3
| mode 3
1) only for CAN high speed
IEC 206/07

Figure 1 — Overview of a minimum configuration of a CAN system for emission and
immunity tests against transient and RF disturbances

An example of a test circuit diagram for filter and the transceiver network for CAN high speed
systems is given in Figure 2 and for CAN low speed systems in Figure 3.

Documents

Document Sharing Hub

Full document details: IEC TS 62228-2007

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d


http://www.avadocuments.com/doc/iec-ts-62228-2007
http://www.avadocuments.com/doc/iec-ts-62228-2007

TS 62228 © IEC:2007(E)

—-10 -

LICENSED TO MECON Limited. - RANCHI/BANGALORE

FOR INTERNAL USE AT THISLOCATION ONLY, SUPPLIED BY BOOK SUPPLY BUREAU.

| |
oo 9
2 [ -
8 -]
N~ 2z
- ' 4 0 [ )
Xm ”, Xm ”, Xm
| |
| |
| |
| |
| |
| |
| |
B |
[52] ,, [s¢] | [32]
< I ! ¢}
@ ,” o ,” o
| |
| |
| |
» -
I o I
I 8 < I
”, i > m 8 ”,
L o |I= __. !
,” Il ,”
| |
L __. o
P ;!
,” [ (¥=] ol 5 (2] (o] £} ,”
| |
| |
| |
IzQo8ax A ! Izoogox b P! zzQoog8aox A
ZUu= Z - | ZzZW= Z | ZW= Z
2USECE o Ly 2 @ L £538>5 2
T I [ I [
xew522m |2 ! xee5=Zm |2 ! xeyg5=2Zm |2
[ < ! rd s < o o <
< 6225336 (0 L o 6225336 o ° 6225336
~ | [ | ™
) ! Joe) ! Jus)
ofolg]d[y|als; 9 ”” |___. o|o|o|d|y|m]= ..m ”” |___. ol|o|o|d|N|mls ..m
u\_ _L c Py ﬂ\_ L@ = &\_ L9
& 5 8 g : 5 8 & & 3
- C__1 ___. ” ! - C__1 ___. ”, - ©
¥ Il L & Il L 2
! —+—¢ |
| |
| |
| |
| |
| |
| |
| |
\\\\\\\\\\\\\\ -y ____ ‘- rrr------ - -~~~ _____|_L
|
T
_|_|_ | !
T
~ o ! ~
28 —~ 3
! [ >
S ______ T

JP11

Coupling/

VBAT

L2
e.g. 6-hole ferrite

L1

X30
VBat

IEC 207/07

Figure 2 — Example of the circuit diagram of the minimum network for a CAN high speed
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¢ CAN nodes:

A CAN node consists of a transceiver, mandatory external components for functional settings
and support and decoupling networks at monitored pins or inputs. Node 1 operates as a
transmitter for a bit pattern, which simulates a CAN message to be received and monitored at
the RX output ports of all nodes in the configured network.

At all voltage supply ports (Vg,t, V) of the transceiver buffer, ceramic capacitors shall be
used corresponding to the manufacturers specifications (default value: 100 nF).

Every control input for operation modes shall be connected corresponding to the
manufacturers specifications for a setting either to normal, stand by, or sleep mode.
Connections to the peripheral control equipment shall be decoupled from the test circuit board.

The resistor values at the wake-up pin (R41, Rq2, Ro4, Rys, R34, R3y) are to be selected
corresponding to the manufacturers specifications in the following way:

- resistors Rqy4, Ryq and R34: maximum specified value (default: 10 kQ)

— resistors Ry, Ry, and R3,. minimum specified value (default: 3,3 kQ)

For RF decoupling of outputs (RX, ERR, INH) as well as the input TX, resistors R = 1 kQ are
used.

In respect to avoid a floating voltage at pin INH (stand by or sleep mode), a pull down resistor
shall be used corresponding to the manufacturers specifications (default value R = 10 kQ).

Before RF and transient testing the wake-up function needs to be tested be using the jumpers
JP11, JP21 and JP31.

e Bus termination:

In the test circuit for CAN high speed systems as shown in Figures 1 and 2, the termination
shall be realized by a central termination using the resistor R; = 60 Q.

In the test circuit for CAN low speed systems, the termination shall be realized on every CAN
node (R = 560 Q, see Figure 3).

o Filter:

The central voltage supply is buffered by two electrolytic capacitors C43 = C4g = 22 yF. For
the decoupling of external connected voltage supplies V¢ and Vg, , two-stage LC-filters are
connected to each of them (L4, Cy4, Ly, Cyp at Vg and Ly, Cyy, Ly, Cygat V). The parts L,
and L, should have an impedance above 400 Q in the frequency range of interest (e.g.
6-hole- ferrites). The jumper JP1 is used to disconnect the supply and RF decoupling filter
network for the transient tests at IMP3. In this case, the voltage supply Vg, is directly
provided via the IMP3 path.

4.21.3 Operation mode definitions

e Definitions of transceiver communication test signals

Two different communication test signals TX1 and TX2 are defined. Depending on partial
emission measurement or immunity test, the respective communication test signal
(transmitted by transceiver 1) shall be used. Emission measurements in the frequency domain
on CAN high speed transceivers shall be done with the communication test signals TX1 and
TX2, in the case of CAN low speed system only with communication test signal TX
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e Communication test signal TX1:

The communication test signal TX1 shall be used for emission measurements and immunity
tests with communication (normal mode). The input signal is defined as a square wave with a
duty cycle of 50 %. This represents a CAN signal with permanent data alternation (0-1-0 data)
with the frequencies and bit rates as shown in Table 3.

Table 3 — Communication test signal TX1

f Bit rate
Bus system —_— -
kHz kBit/s
High speed 250 500
Low speed 50 100

e Communication test signal TX2:

The communication test signal TX2 shall be used only for emission measurements with CAN
high speed systems additionally. The input signal is defined as a square wave with a duty
cycle of 90 % with the frequency as shown in Table 4. This represents an asymmetrically data
stream.

Table 4 - Communication test signal TX2

Bus system L
kHz
High speed 50

4.21.4 Definition of evaluation criteria for bus system immunity
4.2.1.41 Damage test evaluation criteria for bus system immunity

For evaluation of immunity against damages, a functional test of the transceiver shall be
performed. The functional test includes:

e send- and receive-functionality,
e error detection,
e wake-up capability by the bus and by the wake-up pin, and

e operation mode setting.

All monitored functions shall be within the specifications given by the semiconductor
manufacturer after expose to the disturbances.

4.2.1.4.2 Function test evaluation criteria for bus system immunity

The immunity of a CAN bus system shall be tested in different transceiver modes while the
specified function is monitored at pins RX, ERR and INH according to the scheme in Table 5.
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