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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
interpatiroratco upclc\t;ull orm—att qucat;ullo \.ulluclll;lly standardizationrinthe—etectricat2 tect t elds. To
this ¢nd and in addition to other activities, IEC publishes International Standards, ifications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereaf{ ed\ to [as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i interested
in thle subject dealt with may participate in this preparatory work. Intern nd non-
govefnmental organizations liaising with the IEC also participate in this prep b closely
with |the International Organization for Standardization (ISO) in accordaf hined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters exppe 2 rnational
consgnsus of opinion on the relevant subjects since each technical com from all
inter¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for infernatignal use/an National
Compnittees in that sense. While all reasonable efforts are| made fo enstwe thattp i t of IEC
Publications is accurate, IEC cannot be held respongi P i i for any
misirfterpretation by any end user.

4) In order to promote international uniformi lications
transparently to the maximum extent possible in h' : iyergence
betwgen any IEC Publication and the corresponding nation icated in
the latter.

5) IEC provides no marking pro edure o indjcate approvalNand cannot be rendered responsible| for any
equipment declared to be i 3 ith IECRublication.

6) All ugers should ensure fhat the latespedition of jthis publication.

7) No lipbility shall attach o IEC er ire ployees, servants or agents including individual exgerts and
mempers of its t nica itte ational Committees for any personal injury, property dgmage or
otherl damage o‘@ d v direct or indirect, or for costs (including legal fg¢es) and
expepses arising “odt R use\of, or reliance upon, this IEC Publication or any other IEC

Publications.

8) Attenftion is dra e atlv referghces cited in this publication. Use of the referenced publicjtions is
indispensable for t A-Of this publication.

9) Atterftion is\drawn\to\the\possibility> that some of the elements of this IEC Publication may be the spbject of
patent rights.NEC shal\pot\be held’responsible for identifying any or all such patent rights.

The main echnical committees is to prepare International Standafds. In
exceptional cite ces, a technical committee may propose the publication of a technical
specifi¢ation whe

 thelrequired 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
47A/747/DTS

Report on voting

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 datgrelated-to-the—speecifiepublication—Atthis—date—thepublication—willbe

« transformed into an international standard;
* recpnfirmed;

o with
° rep

drawn;
aced by a revised edition, or

* aménded.

A bilingual version of this publication may be issued a
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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 thep

e the
domain,

quency

e thelimmunity against transients (function and damage), and

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

All measurements and functional tests except ESD are peH : sceiver)
network. For ESD damage tests a single transceiver config i ecial test bpard is
used.

External protection circuits are not apglied d e es@in oxder to get results [for the
transcdgiver IC only.

2 Ngrmative references

The foI saple for the application of this doqument.
For dafed references, anly diti i For undated references, the latest|edition
of the rleferenced docu 3 2 ents) applies.

IEC 61P67 (all p a ircujts”— Measurement of electromagnetic emissions,

150 kHz to 1 GHz

IEC 61
1 GHz

kHz to
thod

IEC 62
150 kH

munity,

IEC 62[132-4 Integrated circuits — Measurement of electromagnetic immunity, 150kHz 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 Amendment 2
(2000)
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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:

- corlfiguration 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 ot and

hgainst
ESD of the pins for bus lines, Vg, and wake-up on a pquired

external components.

An ovefview of the requested measurements and

Table 1 — Overview &f regquésted and tests

Transceiver Required Test met Evaluation Transceiver
state test mode
Nei ireckeoupling Spectrum and
RF gmission (IEC &m \> asymmetry Normal
N
\J Normal
F immuxi (DIEI §2%32-4 Function Stand by
Active Q Sleep
(powered) Wes- direct Normal
galvanic coupling .
Function Stand by
lines- capacitive
i coupling Sleep
< \ z-less(; F;Lél,;?_;")ave forms Damage Normal
Pas ve\ ESD Contact discharge Damage Normal
(unpo (IEC 61000-4-2) 9

In ord 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.

rto reduce the effort for the characterization and to increase the anquihiIH}

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 test conditions
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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 /\\ \\

R

helo

The ambient noise floor for emission measurements
and shgll be documented in the test report.

4.2.1.2 Test configuration

For thg transceiver EMC analysis, a mi e kof three bus nodes has to be

accord|ng to Figure 1.

W

the expected signs

| noise

set up
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Node 1
Filter
VBat >— VBat Transceiver ‘Decoupling ™ < ™1
VBat network
vee >— vce Voo ‘ rx |—< R
CAN_H
GND>— GND GND - erRRl—<  ERR1
CAN_L = o a 3
gggg\ INH%INM
| mode 1
Couplina/ Central 1) | Node 2
Hit oupling termination
decoupling . ‘
Transceiver .
Decoupl
HF2 >——1 networks p
nety/ork RX2
HE3 >—
CAN_H CAN_H
CAN_L CAN_L o gRR2
|| _ T O Q2 v
Mp1 >—— §923
VBat > > N INH2
Mp2 H>— Wake-up | \V L ode 2
~N
IMP3 >— <
ENI >—
Decoupling
network RX < RX3
ERR—— ERR3
INH % INH3
hode 3
1) only for CAN high speed
IEC | 206/07

Figyre 1 —
transient and RF disturbances

iguration of a CAN system for emission [and

An exa i for filter and the transceiver network for CAN higH speed

system i d for CAN low speed systems in Figure 3.
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Central

Coupling/ termination

decoupling networks

Al
----F- g /ERR  INH
0 Wake EN
1 VBa VIO
SPLIT RXD

CANL Vcc
CANH GND

12
13
14
/STB X RX1
CAN HS 14 1K
STB1

A3

/ERR  INH
Wake EN
VBa VIO
SPLIT RXD
CANL  Vcc
CANH GND
/STB >

I—O CAN HS 14
STB3

NN I S]]

'
VBAT
C31

P Filter |

o2 =1  VBAT Voe
L1 L2 L3

L4 zr
YL YY)
46

e.g. 6-hole ferrite

47 pH e.g. 6-hole ferrite
+
Cc42 ca3 Ca4 C45 :|:C
2

1n 330 p 220F 1n 330p UE

X30 X31 X32

|
|
|
|
|
|
|
|
|
|
|
|
|
|
VBat Vee GND :
|

IEC 207/07

Figure 2 — Example of the circuit diagram of the minimum network for a CAN high speed
system for measuring emission and immunity in respect to RF disturbances and
transients
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decoupling networks
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| R18 §— RTH Wake —¢ T RX1 |
‘ T— — R EN ——OENI K ‘
‘ 560 77— Ve STB ——OSTBL |
. >— CH ERR—3 X13 |
3 CL RX > R15 ~ |
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I X14 |
| c11 c12 CANLSTC R16 s |
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|

|

|

|

R33 /_\X‘IS !

ERR3,
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X19 !

R34 |

9 | RTL WdEﬁ L6 oEns KR
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| vBAT P e _|c% = |
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H |

: P Filter |

! o2 1  VBAT Ve ‘

‘ L1 L2 L3 L4 zr |

| YL YY) :

: e.g. 6-hole ferrite 47 uH e.g. 6-hole ferrite — |

| + + - I

! c42 c44 c45 !

| ca3 c46 |

! 1n 330p 29uF Tn 330p 22uF !

|

| = = = = = = |

|

| X30 X31 X32 |

: VBat Vee GND :

|
IEC 208/07

Figure 3 — Example of the circuit diagram of the minimum network for a CAN low speed
system for measuring emission and immunity in respect to RF disturbances and
transients
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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
manufg iffeati ; ; mode.
Conne if board.

The repistor values at the wake-up pin (Rq1, Ry2, Roq, Rog, R3 elected

corresgonding to the manufacturers specifications in the following

- resjstors Rqy4, Ry4 and R34: maximum specified value (d

— resjstors Rq5, Ry, and R3,. minimum specified value (de

For RF| decoupling of outputs (RX, ERR, INH) as w esistors R = 1[kQ are

used.

In respect to avoid a floating voltage a p"mode), a pull down resistor
shall b¢ used corresponding to the manufact s spegifications’ (default value R = 10 KQ).

Before|RF and transient testing the wake- eds to be tested be using the jumpers
JP11, JP21 and JP31.

e Bug termination:

In the test circu
shall be realized by &

ems as shown in Figures 1 and 2, the ternjination
sing the resistor R; = 60 Q.

In the fest circuit fQ systems, the termination shall be realized on evefy CAN
node (/ {

o Filt

the deg¢oupling of external connected voltage supplies V¢ and Vg, , two-stage LC-filters are
connegted“to each of them (L4, Cy4, Lo, Cyoat Vg and Ly, Cpy. Ly, Cygat Vo). 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.

The CHntral voltage_sudpply is buffered by two electrolytic capacitors Cy3 = Cyg = 22 pF. For

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 TX1.
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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 Bitrate
kHz kBit/s

Bus system

High speed 250 500

(
Low speed 50 100 A(\\ (\/

e Communication test signal TX2:

The communication test signal TX2 shall be used only issi h CAN
high speed systems additionally. The input signal i§ defined a duty
cycle of 90 % with the frequency as shown in Table 4. This c ly data
stream

Bus syst

AN
Hig}§pe}&

Defini Iwia for bus system immunity
D et e

a

4.2.1.4
4.2.1.4

For evpluatid inmynij hall be

e send-
e errgr deteetion

e wakle<dup 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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Table 5 — Basic scheme for immunity evaluation

Mode Type of disturbance Failure v:lilr:jatlon on
Normal RF / Transients RX, ERR, INH
Stand by RF / Transients RX, INH
Sleep RF / Transients INH

The boundary values for normal IC operation at different functional pins defined in Table 6 will
be used for failure monitoring.

Table 6 — Boundary values for normal IC operati

(@RN
Type of TX- Maximum voltage variations M um tim varﬁ\ilons
Mode . .
disturbance signal \Y,
RX*¢ ERR® INH® /\Rx\ RR INH
Normal | |RF With +0,9 +0,9 + + Q2" ¥ -°
1%\
Transient With +0,9 +0,9 A5 _° > " _®
Standby| |RF / Transient |Without | + 0,9 -\ J_r/é N _® _v _v
Sleep RF / Transient | Without -° ( ({\\ s é <) ‘\/— ° -° -°
?  The yindisturbed voltage level depends on th wer. the immunity evaluation, the monfitored pin
of all transceivers in the network with an disturbances shall be compared by |using an
oscil iation to the undisturbed signal.
® Independent of the duration.
° No ejaluation, because the
¢ The definition for the maxi deviatiof e leyels on the RX and/or ERR pin were done acg¢ording to

the tlansceiver specific

¢ The gefinition fod 0 age levels on the pin INH were done under the following limit
cond|tions: Virp g on typ_voltreg. = 3,6 V5 Vost typ volt.reg. = 0,8 V and pogsible RF
supefposition on pin ¥ Bat With an amplitude of approx. 3 Vg

" Only

9 Only

The bg ormal IC operation apply to all three transceivers. As soop as at

least o network violates a boundary value an error event has occufred. In

some g set of the system may be necessary before the test can be continued.

NOTE Todeset an error indicated by the ERR pin, a dominant or recessive level is required for a minimurp time at

the communiCation test signal TX1. This minimum reset time is to be chosen according to the semicpnductor

manufacturer information (typical value > 40 us).
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4.2.2 Emission of RF disturbances
4.2.2.1 Test configuration
4.2.211 Test circuit diagram
T !
- . HtCen_tra:_ H |&| Node 1 :
Decoupling bus lines ) termination | !
= 1 :
| R X R1[JR12 ~ R13 f\xn |
N 0 = ERRT |
N h | : , ® _\,/ |
[t Bl il 9 /ERR  INH 5 R14 X12 |
! | >— Wake EN|—2 EN1 [
| ‘ 1 e vio U =AU
X9 IC1 — | ‘ = CANL va >Vec - [
EMI1 4,70 120 | : 7 CANH GND R16 X13 !
|c2 R2 | : /STB TX VY, :
T CANHS 14
arn 720 ! | c1 I-OSTBl :
R3 | ! _-— ‘
51 | : 100n |
! |
| ! |
| ! |
| ! |
— U I N\ \ S0 U U _
- ] AN e N Y
de2 |

|
|
|
|
|
| R31[]R32 R33 !
N XK ERR |
\ [, 2 K Y |
[ 8RR NH L R34 19 !
! 5] Wake EN = EN3 |
T— VBa_ VIO — 1K INH3 I
! 5— SPLIT RXD R35 ‘
: 2— CANL Vo >Vee !
‘ %1 CANH GND R36 X20 :
| [O ISTB TX RX3 !
[N CANHS 14 1K |
VBAT
| ca1 ©OSTB3 c32 !
| “Toon 100n = !
! |
| . i |
T = - - |
|
| |
G ______. .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e
[ P Filter |
! | e | VBAT \Yed
! D2 L1 L2 T L3 L4 !
l { BARAS SRR ‘
| e.g. 6-hole ferrite 47 pH e.g. 6-hole ferrite — |
| + + = |
! c41 c42 c44 c45 |
| c43 c46 |
| tn 330p 220F T 330p 220F \
| —L —L — — — — |
| - - - - - - |
: X30 X31 X32 l
| VBat Vee GND |
| |
IEC 209/07

Figure 4 — Example of the circuit diagram of the minimum network for a CAN high speed
system for measuring the emission of RF disturbances
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|
|
|
|
|
|
|
|
|
|
|
| |
| |
| | R17 R12
|
! | 560 8 7
| | R18 S— RTH Wake —&
‘ | —|560 T 5— RTL  EN —=—OEN1
Ic1 R1 ‘ I 7— Voo STB —3—OSTBL
X9 I T t > CH ERR
EMI1 4,7n 120 T t 3 CL RX
|c2 R2 | I S— OND  TX
I | : Vba  INH
4,7n 120 |
‘ CANLS TC
|
|
|
|
T
|
|
|
|
|

IEC 210/07

Figure 5 — Example of the circuit diagram of the minimum network for a CAN low speed
system for measuring the emission of RF disturbances
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4.2.2.1.2 Networks for decoupling of disturbances

The decoupling of disturbances shall be realized by impedance matching networks according
to IEC 61967-4 with passive components (see Figures 4 and 5). The maximum components
mismatch is 1 %, which can be confirmed by measurement. For the resistors R, and R, used
for symmetrical decoupling, a maximum mismatch of 0,1 % is recommend (see Table 7).

Table 7 — Overview of decoupling ports for emission

Port Purpose Components

EMI1 RF decoupling on bus lines In pairs RC-serial circuit, matching resistor:
R1 =R2=1ZOQ, C1 =Cz=4,7nF, R3=51 Q

e Deg¢oupling port EMI1

The capacitors C = . nected
measutement equipment. The decoupling resistors R = - ) iner for
symmejtrical decoupling of RF disturbances. The resistor R divider
accord|ng to IEC 61967-4.

4.2.2.2 Test set-up

The RKF emission measurement of tra e 6 on

the bug lines in the frequency and the ti
All networks for transient circuit
during the emission mea

e Mehsurements in tl[uéﬂeq

To evaLuate the@ i e _transceiver’ (common mode emission of the differentigl mode
data transfer) ! € WA ectrum of the bus signals CAN_High and CAN_Low
as sum accordin ; 19674 should be measured.
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RF measurement Monitoring and
conrel PC stimulation

SA/ EMI receiver D

4 Pattern generator |

IEC bus IEC bus |
™ |
Mode control unit |
Decoupling [
DUS TITes
Coaxial /_\<
connector—] 1
— = H 5 C\/
2]

Test eq

IEC 211/07

Figure 6 — Test set-up for measur

uipment requiremé

- Sp drding to CISPR 16
— Digjtal storag i : bandwidth = 500 MHz
wit

The infg
by a sh

according to Annex A

(if possible remotely controlled by the PC

ut,of the measuring instrument shall be connected with the port EMI1 of the tes|
orficoaxial cable according to Figure 7.

efen disturbances on the bus lineg

t board

HF- analysis Test board
(spectrum analyser/

measuring receiver) c1 R1

fmmmmmis - —— —T=—ocan_H

! r EMI 47nF 120

i 9 1 )

! : c2 R2

i R RS | —t—=—ocan_L
1

! %0 47nF 120

! 1

1

IEC 212/07

Figure 7 — Decoupling network for emission measurement at
CAN_High and CAN_Low in the frequency domain
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e Measurements in the time domain

To evaluate the emission of the transceiver in time domain, a measurement of the bus signals
CAN_High and CAN_Low and its mathematical addition should be done by using of a digital

storage oscilloscope.

To determine the emission of the bus lines in the time domain, the signals CAN_High and
CAN_Low shall be measured directly on the test board with high impedance probes during
communication with communication test signal TX1. The measuring instrument or software

should be used to build the mathematical addition of the signals.

. ChJaracterization of the measurement port/path

The ingertion losses (S,4 measurement) between the respective trak
port EMI1 of the test board (without transceiver) shall be measuted
test report.

Each decoupling path shall be measured separately. B
unconrjected.

4.2.2.3 Test procedure and parameters

The chpracterization of the RF emission
test pafameters (Table 8) and documen

Measutements in frequencyxdomain

IR

e performed with the fo
hre-fest report.

jest in the frequency domain

@s \> Mode Test signal
Hz

High spéa&\ 0,15\? 7 000 Normal/high speed ® X1, TX2

Lm/\Ksp\egd No:45't0 1 000 Normal X1

Q W%&Wslope for the bus signals, the maximum slew rate shall be
used in

The settings o he RK analyzer or EMI receivers are given in Table 9.

5 to the
in the

uld be

[lowing
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Table 9 — Settings of the measurement device for measurement
of emission in the frequency domain

Measu

Measuring equipment Spectrum analyzer EMI receiver
Detector Peak
Frequency range 0,15 to 1 000 MHz
Resolution bandwidth (RBW)
150 kHz to 30 MHz 10 kHz 9 kHz
30 MHz to 500 MHz 100 kHz 120 kHz
Video bandwidth (VBW) equal to RBW -
Numbers of sweeps 10 (max hold) - (
Measurement time per step - > 1/\(5 N (\
Frequency sweep time >20s -\ \/
Frequency step width
150 kHz to 30 MHz - <9k
30 MHz to 500 MHz - | 120K

ements in time domain

The enpission in the time domain shall

the tes
CAN_H

ignal TX1 and docume
irectly on the test board at th
mpedance probes.

t report. The bus signals shal
igh and CAN_Low of transceive

nted in
e pins
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4.2.3 Immunity to RF disturbances
4.2.3.1 Test configuration
4.2.3.11 Test circuit diagram
””””””””””” Ct.
Coupling bus lines || termination :
I 1
: ?g }\ RI[IR12
| H AT
‘,,,,,7;: g /ERR  INH
: Ve vieo
- CANL Vec
3 1] S S

|

|

|

|

|

|

|

|

|

|

|

|

! f=¥l
[ " TCT

|

I |HF1 lym T2
: Ic2 R2
| l47n 120
|

|

|

|

|

|

|

|

|

|

|

/
T 58; JERR [ INH
Wake\ \EN

CAN H3 14
2

R33 /\)(18
A3 ERR
X T
7
/ERR  INH 5 R34 X19

Wake EN ———OEN3

Filter

|
|
|
|
|
! 5
: VBa VIO Zl 1K INH:
! SPLIT RXD R35
: CANL Ve > Voo
‘ v %gH G’#Q R36 X20
| RX3]
| CAN HS 14 1K
! c31 OSB3 c32
! “THoon “THoon =
|
| — —
T = —
|
il
! JP1
| 02 | o | VBAT Vee
| L1 L2 L3 L4 zr
! /YY) NW\J /YY) /YY)
: 47 yH e.g. 6-hole ferrite 47 uyH e.g. 6-hole ferrite —
| + + -
| C41 C42 C44 C45
| 1n 330 p 1n 330p g;SF
|
| — — — — — =
| = = = = =
| X30 X31 X32
: VBat Vce GND
| o __________

Figure 8 — Example of the circuit diagram of the minimum network
for a CAN high speed system for testing the RF immunity

213/07
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|
! |
|
! |
|
! |
|
! |
|
|
| ! :
| : R13 |
—c:p?( ERR1
|
I ! R17 R12 1K :
|
[ 560 X121
|
: [ i 5] RTH Wake | —¢ U RX1 |
! | s — | RL EN —2—OEN = ‘
|c1 R1 | | \éﬁ: E;g 2 STB1 !
X1 :
HF1 ly7n 20 } ‘ cL RX R15 /\)(13 !
Ic2 R2 ‘ | 2 GND TX ™ !
I = | ‘ Vba  INH 1K !
— 47 ‘ | CANLSTC R16 X14 [
= | | c11 Cc12 _e_( INH1 !
I _— I
n n |
\ I Toon ] 00 S
15 RS | R17 ‘
X2 I I ! |
larT I09 | T I
| ! |
‘
|
|
|

RTH Wake
R35
GND > I—l:l— INH3
Vbat  INH 1K
R36
CANLSTC

|
|
|
|
|
|
|
|
|
RTL  EN —=—OEN3 K ‘
Ve STB —2—OSTB3 !
CH ERR X2 !
cL RX :
|
|
|
|
|
|
|
|
|
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
Hilter !
Voo !
T L3 L4 :
Y Y |
47 pH e.g. 6-hole ferrite I 47 pH ] e.g. 6-hole ferrite — |
= |
c41 ca2 = ca4 c45 = ‘
in 3% c43 i 3% C46 I
P 22uF p 22uF I
|
= = = = = = |
X30 X31 X32 |
VBat Vce GND |
|
IEC 214/07

Figure 9 — Example of the circuit diagram of the minimum network
for a CAN low speed system for testing the RF immunity
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4.2.3.1.2 Networks for coupling and decoupling of disturbances

The coupling of disturbances shall be realized by passive components (see Figures 8

, 9 and

Table 10). The maximum components mismatch is 1 %, which can be confirmed by
measurement. For the resistors Ry and R, used for symmetrical coupling, a maximum

mismatch of 0,1 % is recommend.

Table 10 — Overview of coupling ports

Port Purpose Components
RF injection
HF1 Syllllllctl;\.la: Rr \JUUP:;”H \vAN} CA?‘I Pulto :|| }JG;IO RC ch;a: \J;I\Ju;‘.
Ry =R, =120 Q, C, =/C;>4,KnF
HF2 [ RF-coupling on Vgy ci=470F (N~
HF3 RF-coupling on wake-up Ci=4,7 nF < \

RF moniforing /\ \

MHF1 Symmetrical RF decoupling on CAN ports for additional | In p?i\-serial\cbgum\\/
Re

measurement of RF disturbances during immunity tests | R 909 Q&; =Ce\=1nF

MHF2 RF decoupling on Vg, for additional measurement of oltage 'vicﬁan Mk:
RF disturbances during immunity tests R}\= 1 ) = 50 Cg=1nF

MHF3 RF decoupling on wake-up for additional measure n\/}ol age divider MC-block:
of RF disturbances during immunity te}{s (De\ R/ = ﬁs\) Rip=50Q, Cg=1nF
N N\

e Colpling ports HF1 to HF3

The ca
connega
(R =19
4.2.3.2

4.2.3.2

The m of the CAN transceiver shall be carried out by
power to IEC 62132-1 and IEC 62132-4. This met
compl rheasurement method according to IEC 61967-4 and th
test bo & d.\|n addition, the applied RF voltages onto the respective tran

All netyorks for traqsi
test cirpuit: ‘For test level definition, the forward RF power shall be used. Only the RF ir

to the
sistors

direct
hod is
B same
sceiver

nt coupling and emission measurement shall be disconnected flom the

jection

port nel -

ure 10.
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RF generation Monitoring and
stimulation
Power meter [
— Control PC
I RF generator ] D
I RF amplifier

IEC bus

«I Pattern generator |

Directional coupler
with power sensor
Coaxial Q
IRF injection: connectors T \/
Bus lines HF1 \
Bat HF2 i HF 1
[Vake up HF3 Fonafunnna)PbadHF2 L
F monitoring: N ...II\-illFH?:1 l: 2
Eus lines MHF1 BreredPeaneMHF2 | )

= nmnn)Punda| MHF3

!
J

Bat MHF2
[Vake up MHF3
VBat, VCC
GND,
| External power supply
IEC 215/07
Fig easurements

Test equipment requir
e RF generato@
e RF [amplifier

e Power meter withk

=1-1000 MHz, AM
Pocw 25W

Br f=1-1000 MHz

e Tedt board according to Clause A.1
e Osgillpscope bandwidth = 1 000 MHz
e Pattern gen

o Exte
e Mode control un
e PC

(if possible remotely controlled by the PC)

4.2.3.2.2 Coupling and decoupling networks at bus lines

The RF disturbances coupling network consists of capacitors C; and C, and resistors R, and
R, in accordance with Figure 11. The wideband power amplifier output shall be connected
with port HF1 of the test board by a short coaxial cable (0,5 m) via a transition power sensor
head (or a directional coupler with separate power sensors). The transition head shall be
located as close as possible to the test board.
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RF- generator c1 R1

and amplifier 11
i {1 O CAN_H

Fmmmmmm - =

' R i HF1 4,7 nF 120

1 L

; 1 >—0

1 50 : C2 R2

E l | —T3——ocant

: i 4,7nF 120

1

T ____ : Test board IEC 216/07

Figure 11 — Coupling network for DPI measurements on bus lines

The RH disturbance monitoring network for the bus lines consists of capagitorssCs and [C4 and
resistofs R and Rg in accordance with Figure 12.
RF- analyzer
(Dso/
spectrum analyzer)
____________ -i MHF1
1
1
1
1
i
|
: IEC 217/07
rements of bus lines
The vo nstrument (Vinstrument ) has afratio to

the cor

The o
analyz

4.2.3.2
The R

wideband power amp

coaxial
separa
board.

the RF monitoring network, ac

F disturba oupling network consists of capacitor C5 according to Figure 1

fier output shall be connected with port HF2 of the test board by

cording

ectrum

3. The
a short

cable (0,5 m) via a transition power sensor head (or a directional coupl

RF- generator
and amplifier

! 1

: R HF2 (I;3I

i : ; 11 o VBat

: 50 ! 4,7 nF

- i

! 1

! 1

: 1

L ____________ : TeSt board IEC 218/07

Figure 13 — Coupling network for DPl measurements on Vg,

er - with
he test
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The RF disturbance monitoring network for the Vg, line consists of capacitor C; and resistors
R; and Rg in accordance with Figure 14.

RF- analyzer Test board
(DSO/
spectrum analyzer

MHF2 Cc7

i !
1
i 4 ; —_J I I OVBat
I ' 1k 1nF
! R 1 R8
: 50 ! 51
l !
W 1

The voltage at the input impedance of a 50 Q measuring instrument ratio to
the baftery voltage (Vg,), defined by the RF monitoring net Ilowing
equatign:

The o ectrum
analyz

4.2.3.2

The RF 5. The
wideband power amplifieou a short
coaxial i G power sepéor head (or a directional couplér with
separa Sitio il be located as close as possible to fhe test

board.

—O Wake-up

Test board IEC 220/07

Figure 15 — Coupling network for DPI measurements on wake-up

The RF disturbance monitoring network for the wake-up line consists of capacitor Cg and
resistors Rq and R, in accordance with Figure 16.

RF- analyzer Test board
(DSO/
spectrum analyzer

MHF3 RY c8

—1— 1| -0 Wake-up

! 1

i :

! i 1 I
| ' Tk 1nF
! R 1 R10

: 50 51

I '

: 1

! IEC 221/07

Figure 16 — RF monitoring network for DPI measurements of wake-up
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The voltage at the input

impedance of a 50 Q measuring instrument (Vjnsyrument ) has a ratio to

the wake-up voltage (Viygxe.up). defined by the RF monitoring network, according to the

following equation:

Vinstrument = 0,025 VWake—up

The output MHF3 shall be connected with a digital storage oscilloscope (50 Q) or spectrum

analyzer.

e Characterization of the measurement port/ path

The ingertion losses (S,4 measurement) of the ports RF1 to RF3 to the

sceiver

signal pad of the test board (without transceiver) shall be measured in the
test report.

For alllmeasurements to characterize the power injection sekup, 8 jch are
directly connected to the coupling path (e.g. filter to power > ced on
the PCB. For characterization of coupling path for multiplé bupling
path shall be measured separately. By this way the othe

4.2.3.3 Test procedure and parameters

To determine the immunity of the tr i xnd disturbances (defined in
IEC 62[132-1) measurements with the folowi : le 11):

f
MHz Range (NN fstep/
11019 0,25
Q 10 to *4Q0 DR
TETT AN
200:o 48Q__/ 4
(\x 490 to 4,000 10
Minimurrm}i\powq\er\ 10 dM(m mWw)
Maximu.h}m{ahs}ww\r @ dBm (4 W)
Power step size \ 0,5dB

Power cpntrol procedM

Searching for malfunction while power is stepwise increased. A combined cpntrol
procedure to reduce the measurement time can be used. As a result, the immunity

threshold-eurve-with-forward-poweras-theparametershall-be-documented

Example: Procedure for each frequency:

e start with maximum forward power or with the level that caused a malfunction
at the last frequency,

e in case of malfunction at this test power test with half power,

e increase the power by power step size until malfunction occurs or maximum
forward power.

e the immunity level for this frequency is the maximum forward power that acts
no malfunction

Dwell time

1s

Modulation

CW, AM 80 %, 1 kHz ®

a

Use peak conversion for the forward power ( Pap = Pow )
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The test shall be performed and documented for symmetric coupling according to the scheme
in Table 12. Tests using unsymmetrical coupling according to the scheme below may be
added for information purposes.

Table 12 — Required DPI measurements for function test

Mode Coupling Failure validation on pin
Port Pin Test signal Parameter RX ERR INH

Normal HF1 CAN_H, CAN_L TX1 Symmetric X X X
5 % unsymmetrical ® X X X

T0 % unsymmetrical © )5/\ X X

HF2 | Vgt X1 - X X X

HF3 Wake-up TX1 - /\ X X X

Stand by HF1 CAN_H, CAN_L - Symmetric \X X
5 % unsymmetrical < k\ > X

10 % unsymmefric a\ \\X \ X

HF2 | Vgt - - L\ xS X

HF3 | Wake-up - - / ~ >x X

Sleep HF 1 CAN_H, CAN_L - Sy(‘n’r?x@ i / /\ X
/’g% urc%ymrr(etri&aﬁ’ ‘\/ X

1\0\% u}s\ymm\e@_ay X

HF2 Vpgat (- - X

HF3 | Wake-up \ \ N X

nc

? To afljust the imbalance ofgoupting the resj e\ua)u the two coupling resistors, R4 and R, $hall be
chanped according to TWe 18 Tes a;e\optl and shouid be done only with CW disturbances.

Table 1;%\&\% tors for coupling on DPlI measurements

R, R,

Q Q

“S¢mmetry 120 120
)5 % Unbalance 126 114
10 % Unbalance 132 108

For each measurement, an immunity threshold curve with the forward power as the parameter
has to be determined and presented in the test report in a diagram. The monitored RF
coupling voltage on the corresponding pin should be added additionally.
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4.2.4 Immunity to transients

4.2.4.1 Test configuration

42411 Test circuit diagram
r--—-—>—>>">"">-"~"~"=-"~"-"=-"~"=~"~"~"=~"=~"=~" - -~ - - " -~" - - - - - - - - - - - - - === = I
i . . H Cen_tral_ i: I&I
| Coupling bus lines ,, termination | !
| Lo 1
! - }: RI[RI12
! ! ! Al
| I I 8 ERR INH
| : 1 Wake EN
! ‘ SR
: = : 5 CANL Ve
e | T o
: : CAN HS 14
: 1
! I
! I
! I
! I
! I
|
|
|
|

JERR [ “INH
Wake\ \EN

VBa\\WI/0
SPLIT D

NL Vi

N H GND
/STl >

CAN H3 14
2

A3

/ERR  INH
Wake EN

VBa VI/O
SPLIT RXD

CANL Vcc
CANH GND

/STB >

I_O CANHS 14
c31 ©STB3

[oon

X30
VBat

L4

/YY) ’
e.g. 6-hole ferrite
+
C46
22uF

c45
330p

Figure 17 — Example of the circuit diagram of the minimum network

for a CAN high speed system for testing the transient immunity

222/07
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|c51
l

IMP1 1nF
|c52

1nF

|

|

|

|

|

|

|

: R17 R12
| 560 vee | g A1

[ R18 S| RTH  Wake —%

[ 1 s— RIL  EN — EN1
! 560 Ve STB —3 STB1
- CH ERR

L cL RX

‘ =— GND  TX

: Vbat  INH

|

| 1" CANLS TC

|

|

|

|

]

|

RTH Wake

RTL  EN —2—OEN3
Ve STB — STB3
CH ERR
cL RX
GND  TX
Vbat  INH

CANLSTC

Figure 18 — Example of the circuit diagram of the minimum network
for a CAN low speed system for testing the transient immunity

IEC 223/07
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4.2.4.1.2 Coupling and decoupling of disturbances

The coupling of disturbances shall be realized by passive components (see Figures 17, 18
and Table 14). The maximum components mismatch is 1 %, which can be confirmed by
measurement.

Table 14 — Overview of coupling ports

Port Purpose Components
IMP1 Symmetrical transient coupling on CAN ports In pairs Cgq = C5, = 1 nF
IMP2 Transient coupling on Vgt Diode D1 (repetitive peak reverse voltage

RRI—= 200 \/ non-repetitive Ir'n:-:\l( farward

current Iggy > 10 A)

IMP3 Transient coupling on wake-up Cs3=1nF /\\ aN

e Colpling ports IMP1 and IMP3

The cqupling capacitors (C = 1 nF) represent the of the

supply|line to the corresponding line with 100 pF/m and a couypli

e Couipling port IMP2

Transignts at voltage supply line Vg, shall £ i h diode
D1. Sugh a diode is a mandatory passiye
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4.2.4.2 Test set-up
4.2.4.21 General

For testing the immunity against transients on the bus, power supply line, as well as on the
wake-up line, a test set-up according to Figure 19 shall be used. The coupling network for bus
and wake-up line is similar to the DPI network (IEC 62132-4), supply line coupling and test
pulses are according to ISO 7637-2.

NOTE A dedicated version of a transient test method is under development by the IEC and will be integrated
during the next maintenance cycle.

All networks for RF coupling tests and emission measurement shall be disconnected from the
test cirpuit. Only the pulse injection port necessary for the test shall be cofinected.

Transient generation

Control PC
Test pulse generator

T\ YEC fgs
gur }l/\/\l <SI\ = <\ [)\/ ] bSO | Pattern gdnerator

L
mbqe\qa{trol unit ™

Coupling
VBat

RX/ INH

Coupling
Wak ‘
C t
Ext a@m\ M onnectors
X
Test board o 22407
Figure 19 — Test set-up for direct capacitive impulse coupling

Test equipment requirements:
e Test pulse generator according to 1ISO 7637- 2
e Test board according to Clause A.1
e Oscilloscope bandwidth = 500 MHz
e Pattern generator
e External power supply
e Mode control unit (if possible remotely controlled by the PC)

e PC
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4.2.4.2.2 Coupling network at bus lines

The transient coupling network consists of capacitors Cgq and Cg, as shown in Figure 20. The
test pulse generator shall be connected with the port IMP1 of the test board by a short coaxial
cable (0,5 m). The transients are coupled through two lumped capacitors to the bus lines
according to Figure 20.

e \ _[———9CANH

! R IMP1 C51 1nF

: O—»

1 1

i i Cc52 L 1nF

i | T ocanL

1 1

T _L i Testboard

1

Pulse generator IEC 22670

Figure 20 — Coupling network for direct capacitive imp in

on CAN_High and CAN_Low

4.2.4.2|13 Coupling network at Vg line

The trgnsient coupling network consists of diode D1/as shov e 21. This diode shall
be abl¢ to withstand a test voltage of 200 V and h ak current of mjnimum
10 A. The test pulse generator shall be connected ' P2 of the test board by a
short cpaxial cable (0,5 m). The voltage supp i Yy the pulse generatpr. The

filter ngtwork shall be disconnected m thecentral/pewer ling supply Vg, by openjng the
jumper[JP1 in order to avoid a reaction i ; k the coupled voltage on [the pin
of the isshown in Figure 21.

0 VBa(

Test board

IEC 226/07

4.2.4.2|4

The trgnsient-coupling network consists of capacitor Cz3 as shown in Figure 22. The test
pulse generator shall be connected with the port IMP3 of the test board by a short coaxial
cable (Py5m). By this way the transients are coupled through a lumped capacitor acconding to
Figure 22 to the wake-up tine of the transceiver 2 in the minimat test network.

famn T

h -

: R i IMP3 C53

! o NN { |—oWake-up

1

: : 1nF

i '

: 1

! . Test board

T '

Pulse generator IEC 227/07

Figure 22 — Coupling network for direct capacitive impulse coupling on wake-up
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e Characterization of the measurement port/ path

The test pulses transmitted from the ports IMP1, IMP2 and IMP3 to the respective pad of the
transceiver shall be measured on the test board at the landing pad of the pin under test
(without transceiver) and documented in the test report.

4.2.4.3 Test procedure and parameters
4.2.4.31 Functional test

e Test parameter

The trgnsceiver immunity against transients (defined in 1ISO 7637-2) shall be tested\with the

following parameters:
Table 15 — Parameters for functional te&

Pulse/ burst repetition ) \{

Tept pulse ' Usﬂ frequency (1/t4?) Test duraton M emarks
v Hy min Q

1 - 200 2 U \1o t,=0sf

2a +100 2 JRUEQ)

s e ANTLE S

3b + 200 10 \ ) 50

@ |According to ISO 7637-2

4

Eos

Parameters for rise time and duration for 1 syst

Battery off time

e Tegt procedure

The amplitudes@ ‘ ~ ihcreased until malfunction function occurs| or the
peak lgvel has beer 9 Size shall be 10 V. For every voltage level, g dwell
time of ) n voltage level for the immunity achieved in this case
shall b¢ proved i min. As a test result, the respective peak voltage|values
of each standa Rable 15) shall be documented for the immunity of the bus
system|i

The measure \ smMctional test are to be carried out and documented for operation
mode gnd mohitaring signal as specified in Table 16.

Table 16 — Required impulse tests for functioning

Mode Coupling TX signal Failure validation on pin
Port Pin RX ERR INH
Normal IMP1 CAN_H, CAN_L TX1 X X X
IMP2 Vgat TX1 X X
IMP3 Wake-up TX1 X X
Stand by IMP1 CAN_H, CAN_L - X X
IMP2 Vgat - X X
IMP3 Wake-up - X X
Sleep IMP1 CAN_H, CAN_L - X
IMP2 VBat - X
IMP3 Wake-up - X



https://iecnorm.com/api/?name=e5e1125a72243e2463ff7f81a0938c28

TS 62228 © IEC:2007(E)
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2 Damage test

e Test parameter

In addition to functional testing damage tests with the test parameters specified in Table 17
shall be performed:

Table 17 — Parameters for impulse test (damage test)

Pulse/ burst repetition . .

Test pulse® & frequency (1/t4?) Test duration & Remarks
\Y, Hz min Q

1° - 100 2 1 107 [ =052
2a +50 2 1 3
3a - 150 10 1 o
3b +100 10 AN \io

@ According to 1SO 7637-2

Parameters for 12 V- systems

Battery off time

e Teg

t procedure

The mpeasurements for damage test
8 — only for normal mode with |

Table 1

tests for damage

N\
Mode upli Test signal Failure validation
0 Port b\\:&\
Norm<\@r71\ CANENCAR L X1
IMb& \\(Qat > X1 After each single test
IR7N<3 Wake-up X1

vice (IC) has to be evaluated again after each single test (c

ling to

bupling
pakage

on IMP1, IMR2 3) by a complete functional test as described in 4.2.1.4 and a |
currenf measurement of the tested pin to ground prior and after the test.

4.3 ESD

4.31 Test conditions

The requirements of IEC 61000-4-2 climatic environmental conditions shall be applied.

4.3.2
4.3.21

Test configuration

Test circuit diagram

ESD immunity tests shall be carried out with a transceiver without any voltage supply on a
test PCB and with a minimum-wiring network according to Figure 23 and Figure 24.
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EP4
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EP3 g JERR  INH ;
O Weke EN —¢
3 0 vea w0 —>
ST RXD —%
EP2 12— CANL Voo —3
13| CANH GND —=
24 st TX
X4 CANHS 14
Y[ —

—Cl

100nF
GND

Figure 23 — Circuit diagram of the test set-up for
at CAN high speed transceiver

EP3 >———

EP4 1

EP2

9,

Figure\24

. CANGransceiv
~X

The CAN transseiver\shall be tested without any voltage supply and with a minin
externgl components’and wiring network. The value for the series resistor on the pin W
(R4) sHould'be chosen according to the definitions of the semiconductor manufacturer V

LN \ INH

CANLSTC

—==C1 C2

nF 100nF

IEC 229/07

hum of
ake-up
vith the

possible-minimum value (defauttvalue: 3,3 K2). For decoupling of the power supply fines V¢
and Vg, ceramic capacitors (C4, C, = 100 nF) shall be used.

In the test circuit for the CAN low speed system according to Figure 24 the bus termination at

the pin’s RTH and RTL is realized through the resistors R, and R; = 560 Q.

For the external components assembled at the test PCB the following default values for C,

and C, are defined:

e Capacity: 100 nF £ 10 %
e Material: X7R or similar
e Rated voltage: >50V

o Type: SMD (e.g. 1206, 0805)
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